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CHAPTER 6. Water Quality-Based Effluent Limitations 

When drafting a National Pollutant Discharge Elimination System (NPDES) permit, a permit writer must 
consider the impact of the proposed discharge on the quality of the receiving water. Water quality goals 
for a waterbody are defined by state water quality standards. By analyzing the effect of a discharge on the 
receiving water, a permit writer could find that technology-based effluent limitations (TBELs) alone will 
not achieve the applicable water quality standards. In such cases, the Clean Water Act (CWA) and its 
implementing regulations require development of water quality-based effluent limitations (WQBELs). 
WQBELs help meet the CWA objective of restoring and maintaining the chemical, physical, and 
biological integrity of the nation’s waters and the goal of water quality that provides for the protection 
and propagation of fish, shellfish, and wildlife and recreation in and on the water (fishable/swimmable). 

WQBELs are designed to protect water quality by ensuring that water quality standards are met in the 
receiving water. On the basis of the requirements of Title 40 of the Code of Federal Regulations (CFR) 
125.3(a), additional or more stringent effluent limitations and conditions, such as WQBELs, are imposed 
when TBELs are not sufficient to protect water quality. Exhibit 6-1 illustrates the relationship between 
TBELs and WQBELs in an NPDES permit, as well as the determination of final effluent limitations. 

Exhibit 6-1 Developing effluent limitations 

 

CWA section 301(b)(1)(C) requires that permits include any effluent limitations necessary to meet water 
quality standards. As illustrated above, to satisfy that requirement, permit writers implement a process to 
determine when existing effluent limitations (e.g., TBELs) and existing effluent quality are not sufficient 
to comply with water quality standards and to, where necessary, develop WQBELs. Exhibit 6-2 illustrates 
the four basic parts of the standards-to-permits process used to assess the need for and develop WQBELs. 
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After completing that process, the permit writer determines the final effluent limitations, includes any 
compliance schedules and interim effluent limitations, as appropriate, and documents all his or her 
decisions and calculations. 

Exhibit 6-2 Standards-to-permits process 

 

This chapter provides basic information on the standards-to-permits process. For more detailed 
information on water quality standards and water quality-based permitting, and some of the specific 
topics discussed in this chapter, refer to the NPDES Website <www.epa.gov/npdes> and Water Quality 
Standards Website <www.epa.gov/waterscience/standards>. 

6.1 Determine Applicable Water Quality Standards 

CWA section 303(c) and Part 131 establish the framework for water quality standards. The CWA and 
implementing regulations require states to develop and, from time to time, revise water quality standards 
applicable to waters of the United States, or segments of such waterbodies, that are in the jurisdiction of 
the state. States must review their water quality standards at least once every 3 years and revise them as 
appropriate. Wherever attainable, water quality standards should protect water quality that provides for 
the protection and propagation of fish, shellfish and wildlife, and recreation in and on the water (i.e., the 
CWA section 101(a)(2) fishable/swimmable goal). In establishing standards, states must consider the use 
and value of their waters for public water supplies, propagation of fish and wildlife, recreation, agriculture 
and industrial purposes, and navigation. The U.S. Environmental Protection Agency (EPA) has provided 
information regarding procedures for developing water quality standards in the Water Quality Standards 
Regulation at Part 131 and EPA’s Water Quality Standards Handbook: Second Edition1 
<www.epa.gov/waterscience/library/wqstandards/handbook.pdf.> (hereafter WQS Handbook). Under CWA section 
510, states may develop water quality standards that are more stringent than those required by the CWA. 
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EPA Regions review and approve or disapprove new and revised water quality standards adopted by 
states. The purpose of EPA’s review is to ensure that the new and revised water quality standards meet 
the requirements of the CWA and the Water Quality Standards Regulation. Water quality standards 
adopted and submitted to EPA after May 30, 2000, must be approved by EPA before they may be used to 
implement the CWA (e.g., used in NPDES permitting). If an EPA Region disapproves a submitted new or 
revised state water quality standard, and the state does not adopt the necessary changes within 90 days of 
notification of the disapproval, EPA must promptly propose and promulgate a replacement standard [see 
§ 131.22(a)]. 

When writing an NPDES permit, the permit writer must identify and use the state water quality standards 
in effect for CWA purposes. EPA maintains a compilation of current state water quality standards on the 
Water Quality Standards: State, Tribal, & Territorial Standards Website 
<www.epa.gov/waterscience/standards/wqslibrary/>. In addition, EPA’s Water Quality Standards: Laws and 
Regulations Website <www.epa.gov/waterscience/standards/rules/> provides federally promulgated standards 
applicable to specific states. The remainder of this section provides permit writers with a general 
overview of water quality standards and how they are implemented in NPDES permits. 

6.1.1 Components of Water Quality Standards 

Water quality standards comprise three parts: 

 Designated uses. 
 Numeric and/or narrative water quality criteria. 
 Antidegradation policy. 

Each of those three components, along with general policies that also may be included in state water 
quality standards, is described below. 

6.1.1.1 Designated Uses (§ 131.10) 

The first part of a state’s water quality standards is a classification system for waterbodies based on the 
expected uses of those waterbodies. The uses in this system are called designated uses. The regulations at 
§ 131.10(a) describe various uses of waters that are considered desirable and that must be considered 
when establishing water quality standards. Those uses include public water supplies, propagation of fish, 
shellfish, and wildlife, recreation in and on the water, agricultural, industrial, and other purposes 
including navigation. The regulations allow states to designate more specific uses (e.g., cold water aquatic 
life) [see § 131.10(c)] or uses not specifically mentioned in the CWA, with the exception of waste 
transport and assimilation, which are not acceptable designated uses [see § 131.10(a)]. States must also 
consider and ensure the attainment and maintenance of the water quality standards of downstream waters 
when establishing designated uses [see § 131.10(b)]. 

The regulations in § 131.10(j) effectively establish a rebuttable presumption that the uses in CWA section 
101(a)(2) (fishable/swimmable) are attainable. If a state fails to designate a given waterbody for such 
uses, or wishes to remove such uses, it must provide appropriate documentation demonstrating why such 
uses are not attainable. This analysis is commonly called a Use Attainability Analysis (UAA) (see 
§ 131.3(g) and section 6.1.2.1 below). 
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6.1.1.2 Water Quality Criteria (§ 131.11) 

The second part of a state’s water quality standards is the set of water quality criteria sufficient to support 
the designated uses of each waterbody. EPA’s Water Quality Standards Regulation at § 131.11(a) requires 
states to adopt water quality criteria using sound scientific rationale and to include sufficient parameters 
or constituents to protect the designated use. If a waterbody has multiple use designations, the criteria 
must support the most sensitive use. The regulation at § 131.11(b) allows states to adopt both numeric and 
narrative water quality criteria. Numeric water quality criteria are developed for specific parameters to 
protect aquatic life and human health and, in some cases, wildlife from the deleterious effects of 
pollutants. States establish narrative criteria where numeric criteria cannot be established, or to 
supplement numeric criteria. Criteria newly adopted or revised on or after May 30, 2000, do not become 
effective for purposes of the CWA until approved by EPA [see § 131.21(c)]. 

CWA section 304(a) directs EPA to develop, publish, and, from time to time, revise criteria for water 
quality accurately reflecting the latest scientific knowledge on the following: 

 The kind and extent of all identifiable effects on health and welfare, including effects on aquatic 
life and recreational uses, that may be expected from the presence of pollutants in any body of 
water. 

 The concentration and dispersal of pollutants or their byproducts through biological, physical, and 
chemical processes. 

 The effects of pollutants on biological community diversity, productivity, and stability. 

EPA’s recommended criteria developed under CWA section 304(a) assist states in developing their water 
quality standards. EPA’s numeric criteria are ambient levels of individual pollutants or parameters or they 
describe conditions of a waterbody that, if met, generally will protect the CWA section 101(a)(2) fishable 
and swimmable uses. EPA’s recommended criteria developed under CWA section 304(a) do not reflect 
consideration of economic impacts or the technological feasibility of meeting the chemical concentrations 
in ambient water. EPA provides a table of the nationally recommended CWA section 304(a) criteria on 
the National Recommended Water Quality Criteria Website <www.epa.gov/waterscience/criteria/wqctable/>. The 
regulation at § 131.11(b)(1) indicates that, in establishing numeric criteria, states may (1) adopt EPA’s 
recommended criteria published under CWA section 304(a), (2) adopt those criteria modified to reflect 
site-specific conditions, or (3) adopt criteria based on other scientifically defensible methods. 

CWA section 303(c)(2)(B) specifically requires states to adopt numeric criteria for CWA section 307(a) 
toxic (priority) pollutants for which EPA has published recommended criteria if the discharge or presence 
of the pollutant can reasonably be expected to interfere with designated uses. Furthermore, § 131.11(a)(2) 
requires states to review water quality data and information on discharges to identify specific water 
bodies where toxic pollutants might be adversely affecting water quality or attainment of designated uses 
or where levels of toxic pollutants would warrant concern and to adopt criteria for such toxic pollutants 
applicable to the waterbody that are sufficient to protect the designated use. As discussed in section 1.2 
and presented in Exhibit C-1 in Appendix C of this manual, the CWA section 307(a) list contains 
65 compounds and families of compounds, which EPA has interpreted to include 126 toxic (priority) 
pollutants. 
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Numeric Criteria—Aquatic Life 

Numeric criteria for the protection of aquatic life are designed to protect aquatic organisms, including 
both plants and animals. EPA’s aquatic life criteria address both short-term (acute) and long-term 
(chronic) effects on both freshwater and saltwater species. Each of those criteria generally consists of 
three components: 

 Magnitude: The level of pollutant (or pollutant parameter), usually expressed as a concentration, 
that is allowable. 

 Duration: The period (averaging period) over which the in-stream concentration is averaged for 
comparison with criteria concentrations. 

 Frequency: How often criteria may be exceeded. 

 

Are criteria and effluent limitations expressed in the same terms? 

Generally, criteria and effluent limitations are not expressed in the same terms. As discussed above, 
criteria are generally expressed as a magnitude, duration and frequency. Effluent limitations in NPDES 
permits are generally expressed as a magnitude (e.g., milligrams per liter, micrograms per liter) and an 
averaging period (e.g., maximum daily, average weekly, average monthly). A permit writer should be 
aware of the procedures used by his or her permitting authority to appropriately reflect the magnitude, 
duration, and frequency components of aquatic life criteria when determining the need for and 
calculating effluent limitations for NPDES permits. Typically, the components of the criteria are 
addressed in water quality models through the use of statistically derived receiving water and effluent 
flow values that ensure that criteria are met under critical conditions (see section 6.2 below). 

 

Exhibit 6-3 is an example of freshwater aquatic life criteria for cadmium from the National 
Recommended Water Quality Criteria Website <www.epa.gov/waterscience/criteria/wqctable/> and at 66 FR 
18935, April 12, 2001, Notice of Availability of 2001 Update: Aquatic Life Criteria Document for 
Cadmium <www.epa.gov/EPA-WATER/2001/April/Day-12/w9056.htm>. 

Exhibit 6-3 Aquatic life criteria example: Cadmium (dissolved) 

Except possibly where a locally important species is unusually sensitive, freshwater aquatic organisms and their 
uses should not be affected unacceptably if 

Chronic criterion: 
The 4-day average concentration (in micrograms per liter [μg/L]) does not exceed the numerical value given by 
e(0.7409[ln(hardness)]-4.719) (1.101672 – [(ln hardness)(0.041838)]) more than once every 3 years on average. 

Acute criterion: 
The 24-hour average concentration (in μg/L) does not exceed the numerical value given by 
e(1.0166[ln(hardness)]-3.924) (1.136672 – [(ln hardness)(0.041838)]) more than once every 3 years on average. 

 

It is apparent that the acute and chronic aquatic life criteria for cadmium are not simply single numbers. 
Rather, they are expressed as a magnitude, a duration (4-day average or 24-hour average), and a 
frequency (not more than once every 3 years). Furthermore, the magnitude is expressed by a formula that 
is hardness-dependent, as is the case for most criteria for metals. 
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The magnitude of other aquatic life criteria can vary according to other conditions in the water or even 
based on the presence or absence of certain aquatic life. For example, EPA’s 1999 recommended 
ammonia criteria vary according to pH, temperature, the presence or absence of salmonid species, and the 
presence or absence of early life stages of fish. A permit writer must be aware of the applicable criteria 
and any state regulations, policies, and procedures for interpreting numeric criteria and for implementing 
the criteria in NPDES permits. The durations of aquatic life criteria vary as well. For example, EPA’s 
criteria recommendations for ammonia include a 30-day average chronic criterion. Also, many acute 
criteria for toxic pollutants are expressed as a 1-hour average. The frequency component of most aquatic 
life criteria specifies that they should be exceeded no more than once every three years. 

Some states have adopted numeric criteria for nutrients as part of their water quality standards. EPA has 
developed nutrient criteria recommendations that are numeric values for both causative (phosphorus and 
nitrogen) and response (chlorophyll a and turbidity) variables associated with the prevention and 
assessment of eutrophic conditions. EPA’s recommended nutrient criteria are different from most of its 
other recommended criteria, such as the criteria for cadmium and ammonia. First, EPA’s recommended 
nutrient criteria are ecoregional rather than nationally applicable criteria, and they can be refined and 
localized using nutrient criteria technical guidance manuals. Second, the recommended nutrient criteria 
represent conditions of surface waters that have minimal impacts caused by human activities rather than 
values derived from laboratory toxicity testing. Third, the recommended nutrient criteria are do not 
include specific duration or frequency components; however, the ecoregional nutrient criteria documents 
indicate that states may adopt seasonal or annual averaging periods for nutrient criteria instead of the 
1-hour, 24-hour, or 4-day average durations typical of aquatic life criteria for toxic pollutants. The 
ecoregional nutrient criteria documents, technical guidance manuals, and other information on EPA’s 
nutrient criteria recommendations, are available on the Water Quality Criteria for Nitrogen and 
Phosphorus Pollution Website <www.epa.gov/waterscience/criteria/nutrient/>. 

Water quality standards also typically include aquatic life criteria for parameters such as temperature and 
pH that are not chemical constituents. Criteria for pH generally are expressed as an acceptable pH range 
in the waterbody. Temperature criteria might be expressed as both absolute temperature values (e.g., 
temperature may not exceed 18 degrees Celsius [°C]) and restrictions on causing changes in temperature 
in the waterbody (e.g., discharges may not warm receiving waters by more than 0.5 °C). 

In addition to criteria for individual pollutants or pollutant parameters, many states include in their water 
quality standards criteria for dissolved oxygen. Often, criteria for dissolved oxygen are addressed by 
modeling and limiting discharges of oxygen-demanding pollutants such as biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), and nutrients (phosphorus and nitrogen). 

Finally, states could also include in their water quality standards numeric criteria to address the effect of 
mixtures of pollutants. For example, whole effluent toxicity (WET) criteria protect the waterbody from 
the aggregate and synergistic toxic effects of a mixture of pollutants. WET is discussed in detail later in 
this chapter. 

Numeric Criteria—Human Health 

Human health criteria for toxic pollutants are designed to protect people from exposure resulting from 
consumption of fish or other aquatic organisms (e.g., mussels, crayfish) or from consumption of both 
water and aquatic organisms. These criteria express the highest concentrations of a pollutant that are not 
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expected to pose significant long-term risk to human health. Exhibit 6-4 is an example of human health 
criteria for dichlorobromomethane. 

Exhibit 6-4 Human health criteria example: Dichlorobromomethane 

For the protection of human health from the potential carcinogenic effects of dichlorobromomethane through 
ingestion of water and contaminated aquatic organisms, the ambient water criterion is determined to be 0.55 μg/L. 

For the protection of human health from the potential carcinogenic effects of dichlorobromomethane through 
ingestion contaminated aquatic organisms alone, the ambient water criterion is determined to be 17 μg/L. 

These values were calculated based on a national default freshwater/estuarine fish consumption rate of 
17.5 grams per day. 

 

Other criteria for protection of human health (e.g., bacteria criteria) consider a shorter-term exposure 
through uses of the waterbody such as contact recreation. EPA’s current bacteria criteria 
recommendations use enterococci and Escherichia coli bacteria as indicators and include two 
components: a geometric mean value and a single sample maximum value. EPA has developed 
information on implementing those criteria in water quality standards on the Microbial (Pathogen) Water 
Quality Criteria Website <www.epa.gov/waterscience/criteria/humanhealth/microbial/>. 

Other Numeric Criteria 

In addition to aquatic life and human health criteria, some state water quality standards include other 
forms of numeric criteria, such as wildlife, sediment, and biocriteria. 

Wildlife criteria are derived to establish ambient concentrations of chemicals that, if not exceeded, will 
protect mammals and birds from adverse impacts resulting from exposure to those chemicals through 
consumption of aquatic organisms and water. EPA established four numeric criteria to protect wildlife in 
the Great Lakes system in its Final Water Quality Guidance for the Great Lakes System 
<www.epa.gov/EPA-WATER/1995/March/Day-23/pr-82.html> (60 FR 15387, March 23, 1995). 

In a healthy aquatic community, sediments provide a habitat for many living organisms. Controlling the 
concentration of pollutants in the sediment helps to protect bottom-dwelling species and prevents harmful 
toxins from moving up the food chain and accumulating in the tissue of animals at progressively higher 
levels. For more information on this topic, see EPA’s Suspended and Bedded Sediments Website 
<www.epa.gov/waterscience/criteria/sediment/>. 

The presence, condition and numbers of types of fish, insects, algae, plants, and other organisms are data 
that, together, provide direct, accurate information about the health of specific bodies of water. Biological 
criteria (biocriteria) are narrative or numeric expressions that describe the reference biological integrity 
(structure and function) of aquatic communities inhabiting waters of a given designated aquatic life use. 
Biocriteria are based on the numbers and kinds of organisms present and are regulatory-based biological 
measurements. They are used as a way of describing the qualities that must be present to support a desired 
condition in a waterbody, and they serve as the standard against which biological assessment results are 
compared. EPA’s Biocriteria: Uses of Data in NPDES Permits Website 
<www.epa.gov/waterscience/biocriteria/watershed/npdes.html> provides more information on the use of 
bioassessment information. 
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Narrative Criteria 

All states have adopted narrative water quality criteria to supplement numeric criteria. Narrative criteria 
are statements that describe the desired water quality goal for a waterbody. Narrative criteria, for 
example, might require that discharges be “free from toxics in toxic amounts” or be “free of objectionable 
color, odor, taste, and turbidity.” Narrative criteria can be the basis for limiting specific pollutants for 
which the state does not have numeric criteria [§ 122.44(d)(1)(vi)] or they can be used as the basis for 
limiting toxicity using WET requirements where the toxicity has not yet been traced to a specific pollutant 
or pollutants [§ 122.44(d)(1)(v)]. For toxic pollutants, EPA’s Water Quality Standards Regulation at 
§ 131.11(a)(2) requires states to develop implementation procedures for toxics narrative criteria that 
address how the state intends to regulate point source discharges of toxic pollutants to water quality 
limited segments. 

6.1.1.3 Antidegradation Policy (§ 131.12) 

The third part of a state’s water quality standards is its antidegradation policy. Each state is required to 
adopt an antidegradation policy consistent with EPA’s antidegradation regulations at § 131.12. A state’s 
antidegradation policy specifies the framework to be used in making decisions about proposed activities 
that will result in changes in water quality. Antidegradation policies can play a critical role in helping 
states protect the public resource of water whose quality is better than established criteria levels and 
ensure that decisions to allow reductions in water quality are made in a public manner and serve the 
public good. Along with developing an antidegradation policy, each state must identify the method it will 
use to implement the policy. It is important for permit writers to be familiar with their state’s 
antidegradation policy and how that policy is to be implemented in NPDES permits. 

A state’s antidegradation policy provides three levels of protection from degradation of existing water 
quality: 

 Tier 1: This tier requires that existing uses, and the level of water quality necessary to protect the 
existing uses, be maintained and protected. 

 Tier 2: Where the quality of waters exceeds levels necessary to support propagation of fish, 
shellfish, and wildlife and recreation in and on the water (sometimes referred to as high-quality 
waters), Tier 2 requires that this level of water quality be maintained and protected unless the 
state finds, after full satisfaction of the intergovernmental coordination and public participation 
provisions of the state’s continuing planning process, that allowing lower water quality is 
necessary to accommodate important economic or social development in the area where the 
waters are located. In allowing any such degradation or lower water quality, the state must assure 
water quality adequate to protect existing uses fully and must assure that there will be achieved 
the highest statutory and regulatory requirements for all new and existing point sources and all 
cost-effective and reasonable best management practices for nonpoint source control. 

 Tier 3: This tier requires that the water quality of outstanding national resources waters 
(ONRWs) be maintained and protected. 

States take a variety of approaches to implementing antidegradation policies. Some states designate their 
waters as Tier 1, Tier 2 (high-quality water) or Tier 3 waters in their antidegradation implementation 
methods, while others designate a waterbody as a Tier 2 or high-quality water only when activities that 
would degrade water quality are proposed. In some cases, states may have classified the waterbody as 
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receiving a tier of protection for all pollutant-related parameters, whereas in other cases, tiers of 
protection have been determined on a parameter-by-parameter basis. 

6.1.1.4 General Policies (§ 131.13) 

In addition to the three required components of water quality standards, states may, at their discretion, 
include in their standards policies that generally affect how the standards are applied or implemented. 
Examples of such policies include mixing zone policies, critical low flows at which criteria must be 
achieved, and the availability of variances. Some general policies are discussed in more detail later in this 
chapter. As with the other components of water quality standards, general policies are subject to EPA 
review and approval if they are deemed to be new or revised water quality standards (i.e., if they 
constitute a change to designated use(s), water quality criteria, antidegradation requirements, or any 
combination). 

Additional and more detailed information on water quality standards is available in the WQS Handbook. 

6.1.2 Water Quality Standards Modifications 

Permit writers should be aware of several types of modifications to water quality standards that could 
permanently or temporarily change the standards and, thus, change the fundamental basis of WQBELs. 
Those modifications, described below, are as follows: 

 Designated use reclassification. 
 Site-specific water quality criteria modification. 
 Water quality standard variance. 

6.1.2.1 Designated Use Reclassification 

Once a use has been designated for a particular waterbody or segment, that use may not be removed from 
the water quality standards except under specific conditions. To remove a designated use, the state 
demonstrates that attaining that use is not feasible because of any one of the six factors listed in 
§ 131.10(g). The regulations at § 131.10(j) specifically require a state to conduct a UAA if the designated 
uses for a waterbody do not include the uses in CWA section 101(a)(2) (i.e., fishable/swimmable uses); if 
the state wishes to remove designated uses included in CWA section 101(a)(2) from its water quality 
standards; or if the state wishes to adopt subcategories of CWA section 101(a)(2) uses with less stringent 
criteria. The WQS Handbook discusses UAAs and removing designated uses in detail. Reclassifying a 
waterbody’s designated uses, as supported by a UAA, is a permanent change to both the designated use(s) 
and the water quality criteria associated with that (those) use(s). 

States may conduct a UAA and remove a designated use but not if it is an existing use. Existing uses are 
defined in § 131.3 as those uses actually attained in the waterbody on or after November 28, 1975 (the 
date of EPA’s initial water quality standards regulation at 40 Federal Register 55334, November 28, 
1975). At a minimum, uses are deemed attainable if they can be achieved by the implementing effluent 
limits required under CWA sections 301(b) and 306 and by implementing cost effective and reasonable 
best management practices (BMPs) for nonpoint source control. EPA’s Water Quality Standards: UAA 
Website <www.epa.gov/waterscience/standards/uses/uaa/index.htm> provides additional information and some 
example UAAs. 
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6.1.2.2 Site-Specific Water Quality Criteria Modification 

As noted above, CWA sections 303(a)–(c) require states to adopt water quality criteria sufficient to 
protect applicable designated uses. In some cases, a state might find that the criteria it has adopted to 
protect a waterbody or segment of a waterbody do not adequately account for site-specific conditions. In 
such cases, states have the option of modifying water quality criteria on a site-specific basis. Setting site-
specific criteria might be appropriate where, for example, a state has adopted EPA’s CWA section 304(a) 
criteria recommendations and finds that physical or chemical properties of the water at a site affect the 
bioavailability or toxicity of a chemical, or the types of local aquatic organisms differ significantly from 
those actually tested in developing the EPA-recommended criteria. Site-specific criteria modifications 
change water quality criteria permanently while continuing to support the current designated uses. 

Development of site-specific criteria for aquatic life is discussed in section 3.7 of the WQS Handbook for 
cases when (1) there might be relevant differences in the toxicity of the chemical in the water at the site 
and laboratory dilution water (Water-Effect Ratio Procedure) and (2). the species at the site are more or 
less sensitive than those used in developing the natural criteria (Species Recalculation Procedure). EPA’s 
Office of Science and Technology (OST) has developed the Interim Guidance on Determination and Use 
of Water-Effect Ratios for Metals <www.epa.gov/waterscience/standards/handbook/handbookappxL.pdf> in 
Appendix L of the WQS Handbook and the Streamlined Water-Effect Ratio Procedure for Discharges of 
Copper2 <www.epa.gov/waterscience/criteria/copper/copper.pdf>. In addition, pages 90-97 of Appendix L provide 
guidance for using the Species Recalculation Procedure. States may also consider establishing aquatic life 
criteria based on natural background conditions. Further information can be found in the memo 
Establishing Site Specific Aquatic Life Criteria Equal to Natural Background3 
<www.epa.gov/waterscience/library/wqcriteria/naturalback.pdf>. 

6.1.2.3 Water Quality Standard Variance 

Water quality standard variances are changes to water quality standards and have similar substantive and 
procedural requirements as what are required to remove a designated use. Unlike use removal, variances 
are time-limited and do not permanently remove the current designated use of a waterbody. Variances are 
usually discharger- and pollutant-specific, though some states have adopted general variances. Where a 
state has adopted a general variance, the analyses necessary for the variance have been completed on a 
watershed-wide or statewide basis and, therefore, the process of obtaining a variance is simplified for 
individual dischargers in that watershed or state. 

A variance might be appropriate where the state believes that the existing standards are ultimately 
attainable and that, by retaining the existing standards rather than changing them, the state would ensure 
that further progress is made in improving the water quality toward attaining the designated uses while the 
variance is in effect. State-adopted variances have been approved by EPA where, among other things, the 
state’s standards allow variances and the state demonstrates that meeting the applicable criteria is not 
feasible on the basis of one or more of the factors outlined in § 131.10(g). A variance typically is granted 
for a specified period and must be reevaluated at least once every 3 years as reasonable progress is made 
toward meeting the standards [see section 5.3 of the WQS Handbook and § 131.20(a)]. 

Modifications of water quality standards could affect effluent limitations in permits in several ways. 
Specifically, the modifications can change the fundamental basis for WQBELs, potentially affecting an 
assessment of the need for WQBELs and possibly resulting in either more or less stringent WQBELs than 
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would otherwise be required. It is the permit writer’s responsibility to ensure that any EPA-approved 
modification of water quality standards is properly reflected in an affected NPDES permit. 

6.1.3 Water Quality Standards Implementation 

As previously noted, CWA section 301(b)(1)(C) requires NPDES permits to establish effluent limitations 
as necessary to meet water quality standards. Effluent limitations and other conditions in NPDES permits 
may be based on a parameter-specific approach or a WET testing approach to implementing water quality 
standards. A third approach to implementing water quality standards, using biocriteria or bioassessment, 
is not directly accomplished through NPDES permit effluent limitations but can lead to effluent 
limitations for specific parameters or for WET. Each of those approaches to implementing water quality 
standards is discussed briefly below. 

 

What procedures should permit writers use to implement water quality standards? 

The terminology used and procedures described in this manual when discussing both assessing the 
need for and calculating WQBELs are based on the procedures in EPA’s Technical Support Document 
for Water Quality-Based Toxics Control4 <www.epa.gov/npdes/pubs/owm0264.pdf> (hereafter TSD). Those 
procedures were developed specifically to address toxic pollutants but have been appropriately used 
to address a number of conventional and nonconventional pollutants as well. Permit writers should be 
aware that most permitting authorities have developed their own terminology and procedures for water 
quality-based permitting, often derived from, but with variations on, EPA’s guidance. For example, 
EPA itself promulgated Final Water Quality Guidance for the Great Lakes System (60 FR 15387, 
March 23, 1995) with minimum water quality criteria, antidegradation policies, and implementation 
procedures, including permitting procedures based on the TSD. Under the CWA, Illinois, Indiana, 
Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin were required to adopt 
procedures for the Great Lakes system that are consistent with that guidance. Permit writers should 
always consult the applicable permitting regulations, policy, and guidance for the approved water 
quality-based permitting procedures in their state. 

 

6.1.3.1 Parameter-Specific Approach 

The parameter-specific approach uses parameter-specific criteria for protection of aquatic life, human 
health, wildlife, and sediments, as well as any other parameter-specific criteria adopted into a state’s 
water quality standards. The criteria are the basis for analyzing an effluent, deciding which parameters 
need controls, and deriving effluent limitations that will control those parameters to the extent necessary 
to achieve water quality standards in the receiving water. Parameter-specific WQBELs in NPDES permits 
involve a site-specific evaluation of the discharge (or proposed discharge) and its potential effect on the 
receiving water or an evaluation of the effects of multiple sources of a pollutant on the receiving water 
(e.g., through a total maximum daily load [TMDL] analysis). The parameter-specific approach allows for 
controlling individual parameters, (e.g., copper, BOD, total phosphorus) before a water quality impact has 
occurred or for helping return water quality to a level that will meet designated uses. 

6.1.3.2 Whole Effluent Toxicity (WET) Approach 

WET requirements in NPDES permits protect aquatic life from the aggregate toxic effect of a mixture of 
pollutants in the effluent. WET tests measure the degree of response of exposed aquatic test organisms to 
an effluent. The WET approach is useful for complex effluents where it might be infeasible to identify 
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and regulate all toxic pollutants in the effluent or where parameter-specific effluent limitations are set, but 
the combined effects of multiple pollutants are suspected to be problematic. The WET approach allows a 
permit writer to implement numeric criteria for toxicity included in a state’s water quality standards or to 
be protective of a narrative “no toxics in toxic amounts” criterion. Like the parameter-specific approach, 
the WET approach allows permitting authorities to control toxicity in effluents before toxic impacts occur 
or may be used to help return water quality to a level that will meet designated uses. 

6.1.3.3 Bioassessment Approach 

The biocriteria approach is used to assess the overall biological integrity of an aquatic community. As 
discussed in section 6.1.1.2 above, biocriteria are numeric values or narrative statements that describe the 
biological integrity of aquatic communities inhabiting waters of a given designated aquatic life use. When 
incorporated into state water quality standards, biocriteria and aquatic life use designations serve as direct 
endpoints for determining aquatic life use attainment. Once biocriteria are developed, the biological 
condition of a waterbody can be measured through a biological assessment, or bioassessment. 

A bioassessment is an evaluation of the biological condition of a waterbody using biological surveys and 
other direct measurements of resident biota in surface waters. A biological survey, or biosurvey, consists 
of collecting, processing, and analyzing representative portions of a resident aquatic community to 
determine the community structure and function. The results of biosurveys can be compared to the 
reference waterbody to determine if the biocriteria for the designated use of the waterbody are being met. 
EPA issued guidance on this approach in Biological Criteria: National Program Guidance for Surface 
Waters5 <www.epa.gov/bioindicators/html/biolcont.html>. As previously discussed, biocriteria generally are not 
directly implemented through NPDES permits but could be used in assessing whether a waterbody is 
attaining water quality standards. Nonattainment of biocriteria could lead to parameter-specific effluent 
limitations where the permitting authority is able to identify specific pollutant(s) and source(s) 
contributing to that nonattainment (see EPA’s Biocriteria: Uses of Data – Identify Stressors to a 
Waterbody Website <www.epa.gov/waterscience/biocriteria/uses/stressors.html>) or could lead to WET limitations 
where the permitting authority identifies sources of toxicity to aquatic life. EPA’s Biocriteria: Uses of 
Data - NPDES <www.epa.gov/waterscience/biocriteria/watershed/npdes.html> provides examples on the use of 
bioassessment information in the NPDES permitting process. 

Sections 6.2–6.4 below discuss, in detail, implementing water quality standards using the parameter-
specific approach to assess the need for and develop effluent limitations in NPDES permits. Section 6.5 
below provides additional detail on WET requirements in NPDES permits. 

6.2 Characterize the Effluent and the Receiving Water 

After identifying the most current, approved, water quality standards that apply to a waterbody, a permit 
writer should characterize both the effluent discharged by the facility being permitted and the receiving 
water for that discharge. The permit writer uses the information from those characterizations to determine 
whether WQBELs are required (section 6.3 below) and, if so, to calculate WQBELs (section 6.4 below). 
Characterizing the effluent and receiving water can be divided into five steps as shown in Exhibit 6-5 and 
discussed in detail below. 
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Exhibit 6-5 Steps for characterizing the effluent and receiving water 

Step 1. Identify pollutants of concern in the effluent 

Step 2. Determine whether water quality standards provide for consideration of a dilution 
allowance or mixing zone 

Step 3. Select an approach to model effluent and receiving water interactions 

Step 4. Identify effluent and receiving water critical conditions 

Step 5. Establish an appropriate dilution allowance or mixing zone 

 

6.2.1 Step 1: Identify Pollutants of Concern in the Effluent 

There are several sources of information for and methods of identifying pollutants of concern for 
WQBEL development. For some pollutants of concern, the permit writer might not need to conduct any 
further analysis and could, after characterizing the effluent and receiving water, proceed directly to 
developing WQBELs (section 6.4 below). For other pollutants of concern, the permit writer uses the 
information from the effluent and receiving water characterization to assess the need for WQBELs 
(section 6.3 below). The following subsections identify five categories of pollutants of concern for 
WQBEL development. 

6.2.1.1 Pollutants with Applicable TBELs 

One category of pollutants of concern includes those pollutants for which the permit writer has developed 
TBELs based on national or state technology standards or on a case-by-case basis using best professional 
judgment. By developing TBELs for a pollutant, the permit writer has already determined that there will 
be some type of final limitations for that pollutant in the permit and must then determine whether more 
stringent limitations than the applicable TBELs are needed to prevent an excursion above water quality 
standards in the receiving water (see Exhibit 6-1 above). A permit writer can determine whether the 
TBELs are sufficiently protective by either proceeding to calculate WQBELs as described in section 6.4 
below and comparing them to the TBELs or by assuming that the maximum daily TBEL calculated is the 
maximum discharge concentration in the water quality assessments described in section 6.3 below. 

6.2.1.2 Pollutants with a Wasteload Allocation from a TMDL 

Pollutants of concern include those pollutants for which a wasteload allocation (WLA) has been assigned 
to the discharge through a TMDL. Under CWA section 303(d), states are required to develop lists of 
impaired waters. Impaired waters are those that do not meet the water quality standards set for them, even 
after point sources of pollution have installed the minimum required levels of pollution control 
technology. The law requires that those jurisdictions establish priority rankings for waters on their CWA 
section 303(d) list and develop TMDLs for those waters. 

 

What is a WLA? 

The term WLA refers to the portion of a receiving water’s loading capacity that is allocated to one of its 
existing or future point sources of pollution [see § 130.2(h)]. The WLA could be allocated through an 
EPA-approved TMDL, an EPA or state watershed loading analysis, or a facility-specific water quality 
modeling analysis. 
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A TMDL is a calculation of the maximum amount of a single pollutant that a waterbody can receive and 
still meet water quality standards and an allocation of that amount to the pollutant’s sources. The portions 
of the TMDL assigned to point sources are WLAs, and the portions assigned to nonpoint sources and 
background concentrations of the pollutant are called load allocations (LAs). The calculation must 
include a margin of safety to ensure that the waterbody can be used for the purposes designated in the 
water quality standards, to provide for the uncertainty in predicting how well pollutant reduction will 
result in meeting water quality standards, and to account for seasonal variations. A TMDL might also 
include a reserve capacity to accommodate expanded or new discharges in the future. Exhibit 6-6 depicts 
the parts of a TMDL. 

Exhibit 6-6 Parts of a TMDL 

 
TMDL = ΣWLA + ΣLA + Margin of Safety + Reserve Capacity 

 

The NPDES regulations at § 122.44(d)(1)(vii)(B) require that NPDES permits include effluent limitations 
developed consistent with the assumptions and requirements of any WLA that has been assigned to the 
discharge as part of an approved TMDL. Thus, any pollutant for which a WLA has been assigned to the 
permitted facility through a TMDL is a pollutant of concern. 

Permit writers might also choose to consider any pollutant associated with an impairment of the receiving 
water a pollutant of concern, regardless of whether an approved TMDL has been developed for that 
pollutant, a WLA has been assigned to the permitted facility, or the permitted facility has demonstrated 
that the pollutant is present in its effluent. Permitting authorities might consider monitoring requirements 
to collect additional data related to the presence or absence of the impairing pollutant in a specific 
discharge to provide information for further analyses. 

6.2.1.3 Pollutants Identified as Needing WQBELs in the Previous Permit 

Another category of pollutants of concern includes those pollutants that were identified as needing 
WQBELs in the discharger’s previous permit. Permit writers must determine whether the conditions 
leading to a decision to include WQBELs for the pollutant in the previous permit continue to apply. 
Where those conditions no longer apply, the permit writer would need to complete an anti-backsliding 
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analysis to determine whether to remove the WQBELs from the reissued permit. Chapter 7 of this manual 
provides additional information on anti-backsliding requirements of the CWA and NPDES regulations. In 
addition, the permit writer might need to conduct an antidegradation analysis if the revised limitation 
would allow degradation of the quality of the receiving water. 

6.2.1.4 Pollutants Identified as Present in the Effluent through Monitoring 

Pollutants of concern also include any pollutants identified as present in the effluent through effluent 
monitoring. Effluent monitoring data are reported in the discharger’s NPDES permit application, 
discharge monitoring reports and special studies. In addition, the permitting authority might collect data 
itself through compliance inspection monitoring or other special study. Permit writers can match 
information on which pollutants are present in the effluent to the applicable water quality standards to 
identify parameters that are candidates for WQBELs. 

6.2.1.5 Pollutants Otherwise Expected to be Present in the Discharge 

A final category of pollutants of concern includes those pollutants that are not in one of the other 
categories but are otherwise expected to be present in the discharge. There might be pollutants for which 
neither the discharger nor the permitting authority have monitoring data but, because of the raw materials 
stored or used, products or by-products of the facility operation, or available data and information on 
similar facilities, the permit writer has a strong basis for expecting that the pollutant could be present in 
the discharge. Because there are no analytical data to verify the concentrations of these pollutants in the 
effluent, the permit writer must either postpone a quantitative analysis of the need for WQBELs and 
generate, or require the discharger to generate, effluent monitoring data, or base a determination of the 
need for WQBELs on other information, such as the effluent characteristics of a similar discharge. A 
discussion on determining the need for WQBELs without effluent monitoring data is provided in section 
6.3.3 below. 

6.2.2 Step 2: Determine Whether Water Quality Standards Provide for 
Consideration of a Dilution Allowance or Mixing Zone 

Many state water quality standards have general provisions allowing some consideration of mixing of 
effluent and receiving water when determining the need for and calculating WQBELs. Depending on the 
state’s water quality standards and implementation policy, such a mixing consideration could be 
expressed in the form of a dilution allowance or regulatory mixing zone. A dilution allowance typically is 
expressed as the flow of a river or stream, or a portion thereof. A regulatory mixing zone generally is 
expressed as a limited area or volume of water in any type of waterbody where initial dilution of a 
discharge takes place and within which the water quality standards allow certain water quality criteria to 
be exceeded. Section 6.2.5 below discusses dilution allowances and mixing zones in greater detail. 

State water quality standards or implementation policies might indicate specific locations or conditions 
(e.g., breeding grounds for aquatic species or bathing beaches) or water quality criteria (e.g., pathogens, 
pH, bioaccumulative pollutants, or narrative criteria) for which consideration of a dilution allowance or 
mixing zone is not allowed or is otherwise considered inappropriate. 
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6.2.3 Step 3: Select an Approach to Model Effluent and Receiving Water 
Interactions 

Where consideration of a dilution allowance or mixing zone is not permitted by the water quality 
standards or is not appropriate, the relevant water quality criterion must be attained at the point of 
discharge. In such cases, there is no need for a water quality model to characterize the interaction between 
the effluent and receiving water. In this situation effluent limitations are based on attaining water quality 
criteria at the “end of the pipe.” 

Where a dilution allowance or mixing zone is permitted, however, characterizing the interaction between 
the effluent and receiving water generally requires using a water quality model. In the majority of 
situations, and in all of the examples provided in this manual, permit writers will use a steady-state water 
quality model to assess the impact of a discharge on its receiving water. Steady-state means that the 
model projects the impact of the effluent on the receiving water under a single or steady set of design 
conditions. Because the model is run under a single set of conditions, those conditions generally are set at 
critical conditions for protection of receiving water quality as discussed in section 6.2.4 below. The 
permit writer would determine the amount of the dilution allowance or the size of the mixing zone that is 
available under these critical conditions as provided in section 6.2.5 below. 

6.2.4 Step 4: Identify Effluent and Receiving Water Critical Conditions 

Where steady-state models are used for water quality-based permitting, an important part of 
characterizing the effluent and receiving water is identifying the critical conditions needed as inputs to the 
water quality model. Permit writers should discuss selection of critical conditions with water quality 
modelers or other water quality specialists. Identifying the right critical conditions is important for 
appropriately applying a water quality model to assess the need for WQBELs and to calculate WQBELs. 
Some key effluent and receiving water critical conditions are summarized below. 

 

What if I am not a water quality modeler? 

Permit writers are not always water quality modelers, nor do they necessarily need to be experts in 
this field. Many permitting authorities have a team of water quality specialists who model point source 
discharges to provide data required for permit writers to assess the need for and develop WQBELs. In 
some cases, this team might even calculate WQBELs directly for the permit writers, who then only 
need to compare them to TBELs and determine the final effluent limitations for the NPDES permit. 
Permit writers should, at a minimum, familiarize themselves with water quality modeling concepts 
presented in this manual, particularly the identification of critical conditions input to a steady-state 
water quality model, and should consult water quality modelers or other water quality specialists as 
needed in the process of NPDES permit development. 

 

6.2.4.1 Effluent Critical Conditions 

In most any steady-state water quality model there will be at least two basic critical conditions related to 
the effluent: flow and pollutant concentration. 
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Effluent Flow 

Effluent flow (designated Qd in the water quality modeling equations used in this manual) is a critical 
design condition used when modeling the impact of an effluent discharge on its receiving water. A permit 
writer should be able to obtain effluent flow data from discharge monitoring reports or a permit 
application. Permitting authority policy or procedures might specify which flow measurement to use as 
the critical effluent flow value(s) in various water quality-based permitting calculations (e.g., the 
maximum daily flow reported on the permit application, the maximum of the monthly average flows from 
discharge monitoring reports for the past three years, the facility design flow). Permit writers should 
follow existing policy or procedures for determining critical effluent flow or, if the permitting authority 
does not specify how to determine this value, look at past permitting practices and strive for consistency. 

Effluent Pollutant Concentration 

Permit writers can determine the critical effluent concentration of the pollutant of concern (designated Cd) 
by gathering effluent data representative of the discharge. To establish the critical effluent pollutant 
concentration from the available data, EPA has recommended considering a concentration that represents 
something close to the maximum concentration of the pollutant that would be expected over time. In most 
cases, permit writers have a limited effluent data set and, therefore, would not have a high degree of 
certainty that the limited data would actually include the maximum potential effluent concentration of the 
pollutant of concern. In addition, the NPDES regulations at § 122.44(d)(1)(ii) require that permit writers 
consider the variability of the pollutant in the effluent when determining the need for WQBELs. To 
address those concerns, EPA developed guidance for permit writers on how to characterize effluent 
concentrations of certain types of pollutants using a limited data set and accounting for variability. This 
guidance is detailed in EPA’s TSD. 

By studying effluent data for numerous facilities, EPA determined that daily pollutant measurements of 
many pollutants follow a lognormal distribution. The TSD procedures allow permit writers to project a 
critical effluent concentration (e.g., the 99th or 95th percentile of a lognormal distribution of effluent 
concentrations) from a limited data set using statistical procedures based on the characteristics of the 
lognormal distribution. These procedures use the number of available effluent data points for the 
measured concentration of the pollutant and the coefficient of variation (or CV) of the data set, which is a 
measure of the variability of data around the average, to predict the critical pollutant concentration in the 
effluent. Exhibit 6-7 provides an example of a lognormal distribution of effluent pollutant concentrations 
and projection of a critical effluent pollutant concentration (Cd). For additional details regarding EPA’s 
guidance, see Chapter 3 of the TSD. Many permitting authorities have developed procedures for 
estimating a critical effluent pollutant concentration that are based on or derived from those procedures. 
For pollutants with effluent concentrations that do not follow a lognormal distribution, permit writers 
would rely on alternative procedures developed by their permitting authority for determining the critical 
effluent pollutant concentration. 
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Exhibit 6-7 Example of lognormal distribution of effluent pollutant concentrations and 
projection of critical concentration (Cd) 
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6.2.4.2 Receiving Water Critical Conditions 

As with the effluent, flow (for rivers and streams) and pollutant concentration are receiving water critical 
conditions used in steady-state water quality models. In addition, depending on the waterbody and 
pollutant of concern, there could be additional receiving water characteristics that permit writers need to 
consider in a water quality model. 

Receiving Water Upstream Flow 

For rivers and streams, an important critical condition is the stream flow upstream of the discharge 
(designated Qs). That critical condition generally is specified in the applicable water quality standards and 
reflects the duration and frequency components of the water quality criterion that is being addressed. For 
most pollutants and criteria, the critical flow in rivers and streams is some measure of the low flow of that 
river or stream; however, the critical condition could be different (for example, a high flow, where wet 
weather sources are a major problem). If a discharge is controlled so that it does not cause water quality 
criteria to be exceeded in the receiving water at the critical flow condition, the discharge controls should 
be protective and ensure that water quality criteria, and thus designated uses, are attained under all 
receiving water flow conditions. 

Examples of typical critical hydrologically based low flows found in water quality standards include the 
7Q10 (7-day average, once in 10 years) low flow for chronic aquatic life criteria, the 1Q10 low flow for 
acute aquatic life criteria, and the harmonic mean flow for human health criteria for toxic organic 
pollutants. The permit writer might examine stream flow data from the state or the U.S. Geological 
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Survey to determine the critical flow at a point upstream of the discharge. The permit writer might also 
account for any additional sources of flow or diversions between the point where a critical low flow has 
been calculated and the point of discharge. EPA also has developed a biologically based flow method that 
directly uses the durations and frequencies specified in the water quality criteria. 

 

Climate Change Considerations 

As noted in this section, the receiving water upstream flow is an important factor in modeling the 
interaction between the effluent discharge and a river or stream. In most instances, state water quality 
standards or implementation policies establish the critical low flows that should be used in modeling 
this interaction. The most common source of upstream flow data for water quality modelers is historical 
flow gage data available through the U.S. Geological Survey. Modelers should be aware that the 
effects of climate change could alter historical flow patterns in rivers and streams, making these 
historical flow records less accurate in predicting current and future critical flows. Where appropriate, 
water quality modelers should consider alternate approaches to establishing critical low flow conditions 
that account for these climatic changes. 

 

Receiving Water Background Pollutant Concentration 

In addition to determining the critical effluent concentration of the pollutant of concern, the permit writer 
also should determine the critical background concentration of the pollutant of concern in the receiving 
water before the discharge (designated Cs) to ensure that any pollutant limitations derived are protective 
of the designated uses. Permitting authority policies or procedures often address how to determine that 
critical background concentration value for the pollutant. For example, using ambient data or working 
with the discharger to obtain reliable ambient data, the permit writer might use the maximum measured 
background pollutant concentration or, perhaps, an average of measured concentrations as the critical 
condition. Ambient data will provide the most reliable characterization of receiving water background 
pollutant concentration. EPA encourages permitting authorities to collect and use actual ambient data, 
where possible. Where data are not available, however, the state might have other procedures, such as 
establishing that without valid and representative ambient data, no dilution or mixing will be allowed 
(i.e., criteria end-of-pipe), or using a percentage of an applicable water quality criterion or a detection, 
quantitation, or other reporting level. The permit writer should consult the permitting authority’s policies 
and procedures or, if there are no policies or procedures available, look at past permitting practices and 
maintain consistency with those practices when determining the critical receiving water background 
concentrations. 

Other Receiving Water Characteristics 

For waterbodies other than free-flowing rivers and streams, there might be critical environmental 
conditions that apply rather than flow (e.g., tidal flux, temperature). In addition, depending on the 
pollutant of concern, the effects of biological activity and reaction chemistry might be important in 
assessing the impact of a discharge on the receiving water. In such situations, additional critical receiving 
water conditions that might be used in a steady-state water quality model include conditions such as pH, 
temperature, hardness, or reaction rates, and the presence or absence of certain fish species or life stages 
of aquatic organisms, to name a few. 

 

Chapter 6: Water Quality-Based Effluent Limitations 6-19 

Exhibit 21 
AR K.3



September 2010 NPDES Permit Writers’ Manual 
 

 

Sections 6.3 and 6.4 below provide further discussion of how critical conditions are applied in a water 
quality model to determine the need for and calculate WQBELs. 

6.2.5 Step 5: Establish an Appropriate Dilution Allowance or Mixing Zone 

Following verification of whether the applicable water quality standards allow any consideration of 
effluent and receiving water mixing and, for a steady-state modeling approach, the critical conditions that 
apply to the effluent and receiving water, permit writers can determine how the effluent and the receiving 
water mix under critical conditions. Based on this determination, permit writers can then establish the 
maximum dilution allowance or mixing zone allowed by the water quality standards for each pollutant of 
concern. 

6.2.5.1 Type of Mixing Under Critical Conditions 

On the basis of requirements in the water quality standards, the dilution allowance or mixing zone used in 
water quality models and calculations are likely to vary depending on whether there is rapid and complete 
mixing or incomplete mixing of the effluent and receiving water under critical conditions. Thus, the 
permit writer needs to understand something about how the effluent and receiving water mix under 
critical conditions. 

Rapid and complete mixing is mixing that occurs when the lateral variation in the concentration of a 
pollutant in the direct vicinity of the outfall is small. The applicable water quality standards might specify 
certain conditions under which a permit writer could assume that rapid and complete mixing is occurring, 
such as the presence of a diffuser. Some standards may also allow a demonstration of rapid and complete 
mixing in cases where the conditions for simply assuming rapid and complete mixing are not met. For 
example, the applicable water quality standards might specify a distance downstream of a discharge point 
by which the pollutant concentration across the stream width must vary by less than a certain percentage 
to assume that there is rapid and complete mixing. 

If the permit writer cannot assume rapid and complete mixing and there has been no demonstration of 
rapid and complete mixing, the permit writer should assume that there is incomplete mixing. Under 
incomplete mix conditions, mixing occurs more slowly and higher concentrations of pollutants are present 
in-stream near the discharge as compared to rapid and complete mixing. Thus, an assumption of 
incomplete mixing is more conservative than an assumption of rapid and complete mixing. For 
waterbodies other than rivers and streams (e.g., lakes, bays, and the open ocean) the permit writer usually 
would assume incomplete mixing. 

6.2.5.2 Maximum Dilution Allowance or Mixing Zone Size 

Once a permit writer determines whether the applicable water quality standards allow consideration of 
some ambient dilution or mixing and determines the type of mixing taking place (rapid and complete 
mixing versus incomplete mixing), he or she would again consult the water quality standards to determine 
the maximum size of the dilution allowance or mixing zone that may be considered in water quality 
modeling calculations. 
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Dilution Allowances in Rapid and Complete Mix Situations 

The maximum permissible dilution allowance for rivers and streams under conditions of rapid and 
complete mixing should be indicated in the water quality standards or standards implementation policy. 
For example, some water quality standards allow a permit writer to use up to 100 percent of the critical 
low flow of a river or stream as a dilution allowance in water quality models and calculations when there 
is rapid and complete mixing. In some cases, water quality standards implement a factor of safety by 
permitting only a percentage of the critical low flow to be used as a dilution allowance, even when there 
is rapid and complete mixing under critical conditions. Water quality standards might incorporate such a 
factor of safety to account for any uncertainty related to other conditions in the waterbody or to ensure 
that some assimilative capacity is retained downstream of the discharge being permitted. Recall as well 
that for some pollutants (e.g., pathogens in waters designated for primary contact recreation, 
bioaccumulative pollutants), the water quality standards or implementing procedures might not authorize 
any dilution allowance, even where the effluent and receiving water mix rapidly and completely. 

Dilution Allowances and Regulatory Mixing Zones in Incomplete Mix Situations 

In an incomplete mixing situation, the water quality standards or implementation policies might allow 
some consideration of ambient dilution. Rather than permitting as much as 100 percent of the critical low 
flow as a dilution allowance, however, they will likely specify either a limited dilution allowance (such as 
a percentage of the critical low flow) or the maximum size of a regulatory mixing zone. A regulatory 
mixing zone is a limited area or volume of water where initial dilution of a discharge takes place and 
within which the water quality standards allow certain water quality criteria to be exceeded. While the 
criteria may be exceeded within the mixing zone, the use and size of the mixing zone must be limited 
such that the waterbody as a whole will not be impaired and such that all designated uses are maintained 
as discussed in section 6.2.5.3 below. Exhibit 6-8 is a diagram illustrating the concept of a regulatory 
mixing zone. The mixing zone often is a simple geometric shape inside of which a water quality criterion 
may be exceeded. The geometric shape does not characterize how mixing actually occurs. Actual mixing 
is described using field studies and a water quality model. 

Exhibit 6-8 Regulatory mixing zones for aquatic life criteria 
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Note that Exhibit 6-8 above illustrates two different mixing zones, one for an acute aquatic life criterion 
and one for a chronic aquatic life criterion. The water quality standards could specify different maximum 
mixing zones sizes for different pollutants, different types of criteria, and different waterbody types. 
Exhibit 6-9 provides examples of different maximum mixing zone sizes and dilution allowances. 

Exhibit 6-9 Examples of maximum mixing zone sizes or dilution allowances under incomplete 
mixing conditions by waterbody type* 

For rivers and streams: 
 Mixing zones cannot be larger than 1/4 of the stream width and 1/4 mile downstream 
 Mixing must be less than 1/2 stream width with a longitudinal limit of 5 times the stream width 
 Dilution cannot be greater than 1/3 of the critical low flow 

For lakes and the ocean: 
 Mixing zones for lakes cannot be larger than 5% of the lake surface 
 A maximum of 4:1 dilution is available for lake discharges 
 A maximum of 10:1 dilution is available for ocean discharges 
 The maximum size mixing zone for the ocean is a 100-foot radius from the point of discharge 

* Examples were adapted from state standards and procedures and do not reflect EPA guidance or recommendations. 

 

Permit writers should always check the applicable water quality standards to see if mixing zones are 
permitted and determine the maximum mixing zone size for the waterbody type, pollutant of concern, and 
specific criterion being considered. 

6.2.5.3 Restrictions on Dilution Allowance or Mixing Zone Size 

In addition to specifying the maximum dilution allowance or mixing zone size allowed under both rapid 
and complete mixing conditions and incomplete mixing conditions, the water quality standards or 
implementation policies generally include constraints that could further limit the available dilution 
allowance or mixing zone size to something less than the absolute maximum allowed. For example, one 
restriction on the size of the acute mixing zone could be that it must be small enough to ensure that the 
potential time of exposure of aquatic organisms to a pollutant concentration above the acute criterion is 
very short, and organisms passing through that acute mixing zone will not die from exposure to the 
pollutant. Such a restriction might lead the permitting authority to give a discharger an acute mixing zone 
for a specific pollutant that is smaller than the maximum size allowed by the water quality standards or to 
not allow any acute mixing zone at all. Other possible restrictions on dilution and mixing zone size 
include preventing impairment of the integrity of the waterbody as a whole and preventing significant 
risks to human health. For example, a permitting authority might restrict the size of a mixing zone for a 
human health criterion to prevent the mixing zone from overlapping a drinking water intake. 

6.3 Determine the Need for WQBELs 

After determining the applicable water quality standards and characterizing the effluent and receiving 
water, a permit writer determines whether WQBELs are needed. This section provides an overview of 
that process. 
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6.3.1 Defining Reasonable Potential 

EPA regulations at § 122.44(d)(1)(i) state, “Limitations must control all pollutants or pollutant parameters 
(either conventional, nonconventional, or toxic pollutants) which the Director determines are or may be 
discharged at a level that will cause, have the reasonable potential to cause, or contribute to an excursion 
above any [s]tate water quality standard, including [s]tate narrative criteria for water quality.” [emphasis 
added] Because of that regulation, EPA and many authorized NPDES states refer to the process that a 
permit writer uses to determine whether a WQBEL is required in an NPDES permit as a reasonable 
potential analysis. Wording the requirements of the regulation another way, a reasonable potential 
analysis is used to determine whether a discharge, alone or in combination with other sources of 
pollutants to a waterbody and under a set of conditions arrived at by making a series of reasonable 
assumptions, could lead to an excursion above an applicable water quality standard. The regulation also 
specifies that the reasonable potential determination must apply not only to numeric criteria, but also to 
narrative criteria (e.g., no toxics in toxic amounts, presence of pollutants or pollutant parameters in 
amounts that would result in nuisance algal blooms). A permit writer can conduct a reasonable potential 
analysis using effluent and receiving water data and modeling techniques, as described above, or using a 
non-quantitative approach. Both approaches are discussed below. 

6.3.2 Conducting a Reasonable Potential Analysis Using Data 

When determining the need for a WQBEL, a permit writer should use any available effluent and receiving 
water data as well as other information pertaining to the discharge and receiving water (e.g., type of 
industry, existing TBELs, compliance history, stream surveys), as the basis for a decision. The permit 
writer might already have data available from previous monitoring or he or she could decide to work with 
the permittee to generate data before permit issuance or as a condition of the new permit. EPA 
recommends that monitoring data be generated before effluent limitation development whenever possible. 
Monitoring should begin far enough in advance of permit development to allow sufficient time to conduct 
chemical analyses. Where data are generated as a condition of the permit (for example for a new 
permittee), it might be appropriate for the permit writer to include a reopener condition in the permit to 
allow the incorporation of a WQBEL if the monitoring data indicate that a WQBEL is required. 

A reasonable potential analysis conducted with available data can be divided into four steps as shown in 
Exhibit 6-10 and discussed in detail below. 

Exhibit 6-10 Steps of a reasonable potential analysis with available data 

Step 1. Determine the appropriate water quality model 

Step 2. Determine the expected receiving water concentration under critical conditions 

Step 3. Answer the question, “Is there reasonable potential?” 

Step 4. Document the reasonable potential determination in the fact sheet 

 

6.3.2.1 Step 1: Determine the Appropriate Water Quality Model 

Steady-state or dynamic water quality modeling techniques can be used in NPDES permitting. As 
discussed in section 6.2.3 above, the examples in this manual consider only steady-state modeling 
techniques, which consider the impact of a discharge on the receiving water modeled under a single set of 
critical conditions. 
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The specific steady-state model used will depend on the pollutant or parameter of concern and whether 
there is rapid and complete mixing or incomplete mixing of the effluent and the receiving water under 
critical conditions. For example, to model dissolved oxygen in a river, the permit writer might choose the 
Streeter-Phelps equation. For modeling heavy metals in an incomplete mix situation, the permit writer 
might choose the CORMIX model. For pollutants such as BOD, nutrients, or non-conservative 
parameters, the effects of biological activity and reaction chemistry should be modeled, in addition to the 
effects of dilution, to assess possible impacts on the receiving water. This manual focuses only on dilution 
of a pollutant discharged to the receiving water and does not address modeling biological activity or 
reaction chemistry in receiving waters. For additional information, permit writers should discuss 
modeling that accounts for biological activity or reaction chemistry with water quality modelers or other 
water quality specialists as needed and consult EPA’s Water Quality Models and Tools Website 
<www.epa.gov/waterscience/models/>. 

For many pollutants such as most toxic (priority) pollutants, conservative pollutants, and pollutants that 
can be treated as conservative pollutants when near-field effects are of concern, if there is rapid and 
complete mixing in a river or stream, the permit writer could use a simple mass-balance equation to 
model the effluent and receiving water. The simple mass-balance equation as applied to a hypothetical 
facility, ABC, Inc., discharging Pollutant Z to a free-flowing stream called Pristine Creek is presented in 
Exhibit 6-11 below. 

Exhibit 6-11 Simple mass-balance equation 

 

Mass = Flow (Q) 
in million gallons per day (mgd) or 

cubic feet per second (cfs) 

X Pollutant concentration (C) 
in milligrams per liter (mg/L) 

 
QsCs + QdCd = QrCr 

where 
Qs = stream flow in mgd or cfs above point of discharge 
Cs = background in-stream pollutant concentration in mg/L 
Qd = effluent flow in mgd or cfs 
Cd = effluent pollutant concentration in mg/L 
Qr = resultant in-stream flow, after discharge in mgd or cfs 
Cr = resultant in-stream pollutant concentration in mg/L (after complete mixing occurs) 
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6.3.2.2 Step 2: Determine the Expected Receiving Water Concentration under Critical 
Conditions 

When using a steady-state model, the permit writer, or water quality modeler, determines the impact of 
the effluent discharge on the receiving water under critical conditions. This step examines how this 
steady-state analysis is conducted in situations where there is incomplete mixing and then provides a 
detailed discussion of this analysis for situations where there is rapid and complete mixing. 

 

How are critical conditions defined? 

When using a steady-state water quality model, permit writers generally input values that reflect critical 
conditions. State permitting procedures should guide permit writers in this task. When characterizing 
the effluent and receiving water for water quality-based permitting, the permit writer should follow the 
permitting authority’s policies and procedures for selecting the critical conditions to use in a steady-
state model. The discussion in section 6.2.4 above provides a discussion of how those values might 
be selected. 

 

Permit writers generally would input into a steady-state model for a reasonable potential analysis the 
critical conditions identified in the effluent and receiving water characterization discussed in section 6.2.4 
above. Recall that critical conditions include the following: 

 Effluent critical conditions 
− Flow. 
− Pollutant concentration. 

 Receiving water critical conditions 
− Flow (for rivers and streams). 
− Pollutant concentration. 
− Other receiving water characteristics such as tidal flux, temperature, pH, or hardness 

(depending on the waterbody and pollutant of concern) 

As discussed in section 6.2.4.1 above, EPA and other permitting authorities have developed guidance for 
determining those critical conditions. Permit writers should rely on their permit authority’s policies and 
procedures or past practices to determine values for all other critical conditions. 

Expected Receiving Water Concentration in an Incomplete Mixing Situation 

Exhibit 6-12 illustrates a situation where there is incomplete mixing of a discharge from a hypothetical 
facility, Acme Co., with the receiving water, the Placid River. The concentration of the pollutant of 
concern discharged by Acme Co. (Pollutant Y) is highest nearest the point of discharge and gradually 
decreases until the pollutant is completely mixed with the receiving water. To determine expected 
receiving water concentrations resulting from the Acme Co.’s discharge of Pollutant Y to the Placid 
River, the permit writer, or water quality modeler, would use the appropriate incomplete mixing model, 
calibrated to actual observations from field studies or dye studies, to simulate mixing under critical 
conditions. In Step 3 below, the concentrations of the pollutant of concern in the receiving water, as 
predicted by the water quality model, will be overlaid by a regulatory mixing zone established by the 
applicable water quality standard to determine whether WQBELs are needed. 
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Exhibit 6-12 Example of receiving water concentrations in an incomplete 
mixing situation determined using an incomplete mixing water quality model 

 

Expected Receiving Water Concentration in Rapid and Complete Mixing Situation 

For many pollutants, if there is rapid and complete mixing in a river or stream, the permit writer could use 
the simple mass-balance equation presented in Exhibit 6-11 above to determine the expected receiving 
water concentration of the pollutant of concern under critical conditions. As noted previously, the simple 
mass-balance equation is a very basic steady-state model that can be used for most toxic pollutants, 
conservative pollutants, and other pollutants for which near-field effects are the primary concern. In 
Exhibit 6-13, that equation is applied to ABC Inc.’s, discharge of Pollutant Z (a conservative pollutant) to 
Pristine Creek under conditions of rapid and complete mixing. The mass-balance equation is rearranged 
to show how it would be used in a reasonable potential analysis. 

To use the simple mass-balance equation to predict receiving water impacts for a reasonable potential 
analysis, the permit writer needs to input one value for each variable and solve the equation for Cr, the 
downstream concentration of the pollutant. Because this model, like other steady-state models, uses a 
single value for each variable, the permit writer should be sure that the values selected reflect critical 
conditions for the discharge and the receiving water. In Exhibit 6-14, those critical conditions have been 
identified and the equation has been solved for Cr. 

It is important for permit writers to remember that, in some situations, the selected steady-state model 
could be more complex than the simple mass-balance equation shown. For example, there could be other 
pollutant sources along the stream segment; the pollutant might not be conservative (e.g., BOD); or the 
parameter to be modeled might be affected by multiple pollutants (e.g., dissolved oxygen affected by 
BOD and nutrients). For illustrative purposes, this example focuses on a situation where using a simple 
mass-balance equation is sufficient (i.e., rapid and complete mixing of a conservative pollutant in a river 
or stream under steady-state conditions). 
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Exhibit 6-13 Mass-balance equation for reasonable potential analysis for conservative 
pollutant under conditions of rapid and complete mixing 

 

The mass-balance equation can be used to determine whether the discharge from ABC Inc., would cause, 
have the reasonable potential to cause, or contribute to an excursion above the water quality standards 
applicable to Pristine Creek. The equation is used to predict the concentration of Pollutant Z, a conservative 
pollutant, in Pristine Creek under critical conditions. The predicted concentration can be compared to the 
applicable water quality criteria for Pollutant Z. Assume the discharge mixes rapidly and completely with 
Pristine Creek. 

Mass = Flow (Q) 
in million gallons per day (mgd) 
or cubic feet per second (cfs) 

X Pollutant concentration (C) 
in milligrams per liter (mg/L) 

 
QsCs + QdCd = QrCr 

where 
Qs = critical stream flow in mgd or cfs above point of discharge 
Cs = critical background in-stream pollutant concentration in mg/L 
Qd = critical effluent flow in mgd or cfs 
Cd = critical effluent pollutant concentration in mg/L 
Qr = resultant in-stream flow, after discharge in mgd or cfs (Qr = Qs + Qd) 
Cr = resultant in-stream pollutant concentration in mg/L (after complete mixing occurs) 

Rearrange the equation to determine the concentration of Pollutant Z in the waterbody downstream of a 
discharge under critical conditions: 

r

ssdd
r Q

))(CQ())(C(Q
C



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Exhibit 6-14 Example of applying mass-balance equation to conduct reasonable potential 
analysis for conservative pollutant under conditions of rapid and complete mixing 

 

 
Mass-Balance Equation: QsCs + QdCd = QrCr 

 

Dividing both sides of the mass-balance equation by Qr gives the following: 

r

ssdd
r Q

))(CQ())(C(Q
C


  

where Cr is the receiving water concentration downstream of the discharge 

The following values are known for ABC Inc. and Pristine Creek: 
Qs = critical upstream flow (water quality standards allow a dilution allowance 
 of up to 100% of 1Q10 low flow for rapid and complete mixing) = 1.20 cfs 
Cs = critical upstream concentration of Pollutant Z in Pristine Creek = 0.75 mg/L 
Qd = critical discharge flow = 0.55 cfs 
Cd = statistically projected critical discharge concentration of Pollutant Z = 2.20 mg/L 
Qr = downstream flow = Qd + Qs = 0.55 + 1.20 = 1.75 cfs 
Acute aquatic life water quality criterion for Pollutant Z in Pristine Creek = 1.0 mg/L  

Find the projected downstream concentration (Cr) by inserting the given values into the equation as follows: 

cfs) (1.75

mg/L) cfs)(0.75 (1.20)mg/L cfs)(2.20 (0.55
Cr


  

 
Cr = 1.2 mg/L of Pollutant Z* 

* calculated to 2 significant figures 

 

6.3.2.3 Step 3: Answer the Question, Is There Reasonable Potential? 

The next step in the reasonable potential analysis is to consider the results of water quality modeling to 
answer the question, Is there reasonable potential? 

 For most pollutants, if the receiving water pollutant concentration projected by a steady-state 
model (e.g., a simple mass-balance equation or a more complex model) exceeds the applicable 
water quality criterion, there is reasonable potential, and the permit writer must calculate 
WQBELs. (Note that for dissolved oxygen, reasonable potential would occur if the water quality 
model indicates that the projected effluent concentration of the oxygen-demanding pollutants 
would result in depletion of dissolved oxygen below acceptable values in the receiving water). 

 If the projected concentration is equal to or less than the applicable criterion, there is no 
reasonable potential and, thus far, there is no demonstrated need to calculate WQBELs. 
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Reasonable Potential Determination in an Incomplete Mixing Situation 

To determine whether there is reasonable potential in an incomplete mixing situation, the permit writer 
would compare the projected concentration of the pollutant of concern at the edge of the regulatory 
mixing zone or after accounting for the available dilution allowance, with the applicable water quality 
criterion. Exhibit 6-15 illustrates the reasonable potential determination for Acme Co. in a situation where 
the regulatory mixing zone is described by a geometric shape. In the example, the water quality criterion 
for Pollutant Y being considered is 2.0 micrograms per liter (µg/L). The illustration shows that at many 
points along the edge of the regulatory mixing zone specified by the water quality standards, which is 
represented by the rectangle, the concentration of Pollutant Y exceeds 2.0 µg/L. Therefore, there is 
reasonable potential, and the permit writer must calculate WQBELs for Pollutant Y for Acme Co. 

Exhibit 6-15 Reasonable potential determination in an incomplete mixing situation 

 

Reasonable Potential Determination in a Rapid and Complete Mixing Situation 

In the rapid and complete mixing example for ABC, Inc., shown in Exhibit 6-14 above, a projected 
downstream concentration (Cr) of 1.2 mg/L of Pollutant Z was calculated. The permit writer would 
compare the calculated concentration to the acute aquatic life water quality criterion of 1.0 mg/L for 
Pollutant Z in Pristine Creek presented in Exhibit 6-14. Because 1.2 mg/L > 1.0 mg/L, the projected 
downstream concentration exceeds the water quality criterion; therefore, there is a reasonable potential for 
the water quality criterion to be exceeded, and the permit writer must calculate WQBELs for Pollutant Z. 

A permit writer should repeat the reasonable potential analysis for all applicable criteria for the pollutant 
of concern and must remember that the critical conditions could differ depending on the criterion being 
evaluated. For example, the critical stream flow used when considering the acute aquatic life criterion 
might be the 1Q10 low flow, whereas the critical stream flow used when considering the chronic aquatic 
life criterion might be the 7Q10 low flow. If calculations demonstrate that the discharge of a pollutant of 
concern would cause, have the reasonable potential to cause, or contribute to an excursion of any one of 
the applicable criteria for that pollutant, the permit writer must develop WQBELs for that pollutant. 
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In addition, it is important for permit writers to remember that they must repeat the reasonable potential 
analysis for each pollutant of concern and calculate WQBELs where there is reasonable potential. For 
each pollutant for which there is no reasonable potential, the permit writer should consider whether there 
are any existing WQBELs in the previous permit and whether they should be retained. The permit writer 
would complete an anti-backsliding analysis (see Chapter 7 of this manual) to determine whether it is 
possible to remove any existing WQBELs from the reissued permit. 

6.3.2.4 Step 4: Document the Reasonable Potential Determination in the Fact Sheet 

As a final step, permit writers need to document the details of the reasonable potential analysis in the 
NPDES permit fact sheet. The permit writer should clearly identify the information and procedures used 
to determine the need for WQBELs. The goal of that documentation is to provide the NPDES permit 
applicant and the public a transparent, reproducible, and defensible description of how each pollutant was 
evaluated, including the basis (i.e., reasonable potential analysis) for including or not including a WQBEL 
for any pollutant of concern. 

6.3.3 Conducting a Reasonable Potential Analysis without Data 

State implementation procedures might allow, or even require, a permit writer to determine reasonable 
potential through a qualitative assessment process without using available facility-specific effluent 
monitoring data or when such data are not available. For example, as noted in section 6.2.1.2 above, 
where there is a pollutant with a WLA from a TMDL, a permit writer must develop WQBELs or other 
permit requirements consistent with the assumptions of the TMDL. Even without a TMDL, a permitting 
authority could, at its own discretion, determine that WQBELs are needed for any pollutant associated 
with impairment of a waterbody. A permitting authority might also determine that WQBELs are required 
for specific pollutants for all facilities that exhibit certain operational or discharge characteristics (e.g., 
WQBELs for pathogens in all permits for POTWs discharging to contact recreational waters). 

Types of information that the permit writer might find useful in a qualitative approach to determining 
reasonable potential include the following: 

 Effluent variability information such as history of compliance problems and toxic impacts. 

 Point and nonpoint source controls such as existing treatment technology, the type of industry, 
POTW treatment system, or BMPs in place. 

 Species sensitivity data including in-stream data, adopted water quality criteria, or designated 
uses. 

 Dilution information such as critical receiving water flows or mixing zones. 

The permit writer should always provide justification for the decision to require WQBELs in the permit 
fact sheet or statement of basis and must do so where required by federal and state regulations. A 
thorough rationale is particularly important when the decision to include WQBELs is not based on an 
analysis of effluent data for the pollutant of concern. 

After evaluating all available information characterizing the nature of the discharge without effluent 
monitoring data for the pollutant of concern, if the permit writer is not able to decide whether the 
discharge causes, has the reasonable potential to cause, or contributes to an excursion above a water 
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quality criterion, he or she may determine that effluent monitoring should be required to gather additional 
data. The permit writer might work with the permittee to obtain data before permit issuance, if sufficient 
time exists, or could require the monitoring as a condition of the newly issued or reissued permit. The 
permit writer might also include a clause in the permit that would allow the permitting authority to reopen 
the permit and impose an effluent limitation if the required monitoring establishes that there is reasonable 
potential that the discharge will cause or contribute to an excursion above a water quality criterion. 

6.4 Calculate Parameter-specific WQBELs 

If a permit writer has determined that a pollutant or pollutant parameter is discharged at a level that will 
cause, have reasonable potential to cause, or contribute to an excursion above any state water quality 
standard, the permit writer must develop WQBELs for that pollutant parameter. This manual presents the 
approach recommended by EPA’s TSD for calculating WQBELs for toxic (priority) pollutants. Many 
permitting authorities apply those or similar procedures to calculate WQBELs for toxic pollutants and for 
a number of conventional or nonconventional pollutants with effluent concentrations that tend to follow a 
lognormal distribution. Permit writers should consult permitting authority policies and procedures to 
determine the methodology specific to their authorized NPDES permitting program, including the 
approach for pollutants with effluent concentrations that do not follow a lognormal distribution. 

6.4.1 Calculating Parameter-specific WQBELs from Aquatic Life Criteria 

The TSD process for calculating WQBELs from aquatic life criteria follows five steps as shown in 
Exhibit 6-16 and discussed in detail below. 

Exhibit 6-16 Calculating parameter-specific WQBELs from aquatic life criteria 

Step 1. Determine acute and chronic WLAs 

Step 2. Calculate long-term average (LTA) concentrations for each WLA 

Step 3. Select the lowest LTA as the performance basis for the permitted discharger 

Step 4. Calculate an average monthly limitation (AML) and a maximum daily limitation (MDL) 

Step 5. Document the calculation of WQBELs in the fact sheet. 

 

6.4.1.1 Step 1: Determine Acute and Chronic WLAs 

Before calculating a WQBEL, the permit writer will first need to determine the appropriate WLAs for the 
point source discharge based on both the acute and chronic criteria. A WLA may be determined from a 
TMDL or calculated for an individual point source directly. Where an EPA-approved TMDL has been 
developed for a particular pollutant, the WLA for a specific point source discharger is the portion of that 
TMDL that is allocated to that point source, as discussed in section 6.2.1.2 above. Where no TMDL is 
available, a water quality model generally is used to calculate a WLA for the specific point source 
discharger. The WLA is the loading or concentration of pollutant that the specific point source may 
discharge while still allowing the water quality criterion to be attained downstream of that discharge. Of 
course, the WLA calculation should take into account any reserve capacity, safety factor, and 
contributions from other point and nonpoint sources as might be required by the applicable water quality 
standards regulations or implementation policies. 
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When a WLA is not given as part of a TMDL or where a separate WLA is needed to address the near-
field effects of a discharge on water quality criteria, permit writers will, in many situations, use a steady-
state water quality model to determine the appropriate WLA for a discharge. As discussed in section 6.3 
above, steady-state models generally are run under a single set of critical conditions for protection of 
receiving water quality. If a permit writer uses a steady-state model with a specific set of critical 
conditions to assess reasonable potential, he or she generally may use the same model and critical 
conditions to calculate a WLA for the same discharge and pollutant of concern. 

As with the reasonable potential assessment, the type of steady-state model used to determine a WLA 
depends on the type of mixing that occurs in the receiving water and the type of pollutant or parameter 
being modeled. As discussed in section 6.3.2 above, permit writers can use the mass-balance equation as a 
simple steady-state model for many pollutants, such as most toxic (priority) pollutants or any pollutant 
that can be treated as a conservative pollutant when considering near-field effects, if there is rapid and 
complete mixing in the receiving water. For pollutants or discharge situations that do not have those 
characteristics (e.g., non-conservative pollutants, concern about effects on a downstream waterbody), a 
water quality model other than the mass-balance equation would likely be more appropriate. 

The mass-balance equation is presented again in Exhibit 6-17. In the exhibit, the equation is rearranged to 
show how it would be used to calculate a WLA for a conservative pollutant discharged to a river or 
stream under conditions of rapid and complete mixing. 

6.4.1.2 Step 2: Calculate LTA Concentrations for Each WLA 

The requirements of a WLA generally must be interpreted in some way to be expressed as an effluent 
limitation. The goal of the permit writer is to derive effluent limitations that are enforceable, adequately 
account for effluent variability, consider available receiving water dilution, protect against acute and 
chronic impacts, account for compliance monitoring sampling frequency, and assure attainment of the 
WLA and water quality standards. In developing WQBELs, the permit writer develops limitations that 
require a facility to perform in such a way that the concentration of the pollutant of concern in the effluent 
discharged is nearly always below the WLA. 

To accomplish that goal, EPA has developed a statistical permit limitation derivation procedure to 
translate WLAs into effluent limitations for pollutants with effluent concentration measurements that tend 
to follow a lognormal distribution. EPA believes that this procedure, discussed in Chapter 5 of the TSD, 
results in defensible, enforceable, and protective WQBELs for such pollutants. In addition, a number of 
states have adopted procedures based on, but not identical to, EPA’s guidance that also provide 
defensible, enforceable, and protective WQBELs. Permit writers should always use the procedures 
adopted by their permitting authority. In addition, permit writers should recognize that alternative 
procedures would be used to calculate effluent limitations for pollutants with effluent concentrations that 
cannot generally be described using a lognormal distribution. 
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Exhibit 6-17 Example of applying mass-balance equation to calculate WLAs for conservative 
pollutant under conditions of rapid and complete mixing 

 

Mass Balance Equation: QsCs + QdCd = QrCr 
where 

Qs = background stream flow in mgd or cfs above point of discharge 
Cs = background in-stream pollutant concentration in mg/L 
Qd = effluent flow in mgd or cfs 
Cd = effluent pollutant concentration in mg/L = WLA 
Qr = resultant in-stream flow, after discharge in mgd or cfs 
Cr = resultant in-stream pollutant concentration in mg/L (after complete mixing occurs) 

Rearrange the equation to determine the WLA (Cd) for ABC Inc., necessary to achieve the acute water quality 
criterion for Pollutant Z in Pristine Creek (Cr) downstream of the discharge: 

d

ssrr
d Q

CQCQ
C


  

The following values are known for ABC Inc., and Pristine Creek: 
Qs = critical upstream flow (water quality standards allow a dilution allowance 
 of up to 100% of 1Q10 low flow for rapid and complete mixing) = 1.20 cfs 
Cs = upstream concentration of Pollutant Z in Pristine Creek  = 0.75 mg/L 
Qd =discharge flow      = 0.55 cfs 
Qr = downstream flow = Qd + Qs     = 0.55 + 1.20 = 1.75 cfs 
Cr = acute water quality criterion for Pollutant Z in Pristine Creek = 1.0 mg/L 

Determine the WLA for ABC Inc., by inserting the given values into the equation as follows: 

cfs) 55.0(

 mg/L)75.0 cfs)(20.1( mg/L)0.1 cfs)(75.1(
C Inc.  ABCforWLA d


  

Cd = 1.5 mg/L of Pollutant Z* 

* calculated to 2 significant figures 

 

For those pollutants with effluent concentrations that do follow a lognormal distribution, the distribution 
can be described by determining a long-term average (or LTA) that ensures that the effluent pollutant 
concentration remains nearly always below the WLA and by the CV, a measure of the variability of data 
around the LTA. Exhibit 6-18 illustrates a lognormal distribution with the LTA, CV, and WLA highlighted. 

When applying aquatic life criteria, a permit writer generally establishes a WLA based on the acute aquatic 
life criterion and a WLA based on the chronic aquatic life criterion. Thus, the permit writer determines two 
LTAs—one that would ensure that an effluent concentration is nearly always below the acute WLA and one 
that would ensure that an effluent concentration nearly always below the chronic WLA. Each LTA, acute 
and chronic, would represent a different performance expectation for the discharger. 

 

Chapter 6: Water Quality-Based Effluent Limitations 6-33 

Exhibit 21 
AR K.3



September 2010 NPDES Permit Writers’ Manual 
 

 

Exhibit 6-18 Example of lognormal distribution of effluent pollutant concentrations and 
calculation of LTA 

 

 

6.4.1.3 Step 3: Select the Lowest LTA as the Performance Basis for the Permitted 
Discharger 

EPA recommends that WQBELs be based on a single performance expectation for a facility; therefore, 
once a permit writer has calculated LTA values for each WLA, he or she would select only one of those 
LTAs to define the required performance of the facility and serve as the basis for WQBELs. Because 
WQBELs must assure attainment of all applicable water quality criteria, the permit writer would select 
the lowest LTA as the basis for calculating effluent limitations. Selecting the lowest LTA would ensure 
that the facility’s effluent pollutant concentration remains below all the calculated WLAs nearly all the 
time. Further, because WLAs are calculated using critical receiving water conditions, the limiting LTA 
would also ensure that water quality criteria are fully protected under nearly all conditions. 

6.4.1.4 Step 4: Calculate an Average Monthly Limitation (AML) and a Maximum Daily 
Limitation (MDL) 

The NPDES regulations at § 122.45(d) require that all effluent limitations be expressed, unless 
impracticable, as both AMLs and MDLs for all discharges other than POTWs and as both AMLs and 
average weekly limitations (AWLs) for POTWs. The AML is the highest allowable value for the average 
of daily discharges over a calendar month. The MDL is the highest allowable daily discharge measured 
during a calendar day or 24-hour period representing a calendar day. The AWL is the highest allowable 
value for the average of daily discharges over a calendar week. For pollutants with limitations expressed 
in units of mass, the daily discharge is the total mass discharged over the day. For limitations expressed in 
other units, the daily discharge is the average measurement of the pollutant over the period of a day. 

R
el

at
iv

e 
fr

eq
u

en
cy

 

CV 

LTA WLA 

Concentration 

 

6-34 Chapter 6: Water Quality-Based Effluent Limitations 

Exhibit 21 
AR K.3



September 2010 NPDES Permit Writers’ Manual 
 

 

In the TSD, EPA recommends establishing an MDL, rather than an AWL, for discharges of toxic 
pollutants from POTWs. That approach is appropriate for at least two reasons. First, the basis for the 
AWL for POTWs is the secondary treatment requirements discussed in section 5.1.1.1 of this manual and 
is not related to the need for assuring attainment of water quality standards. Second, an AWL, which 
could be the average of up to seven daily discharges, could average out peak toxic concentrations and, 
therefore, the discharge’s potential for causing acute toxic effects might be missed. An MDL would be 
more likely to identify potential acutely toxic impacts. 

Chapter 5 of the TSD includes statistical tools for calculating MDLs and AMLs from the LTA value 
selected in Step 3 above. Again, note that those procedures apply to pollutants with effluent concentration 
measurements that tend to follow a lognormal distribution. EPA has not developed guidance on 
procedures for calculating effluent limitations for pollutants with effluent concentrations that generally 
cannot be described using a lognormal distribution. For such pollutants, permit writers should use other 
procedures as recommended by their permitting authority in its policies, procedures, or guidance. 

Whether using the TSD procedures or other procedures for calculating WQBELs, the objective is to 
establish limitations calculated to require treatment plant performance levels that, after considering 
acceptable effluent variability, would have a very low statistical probability of exceeding the WLA and, 
therefore, would comply with the applicable water quality standards under most foreseeable conditions. 

6.4.1.5 Step 5: Document Calculation of WQBELs in the Fact Sheet 

Permit writers should document in the NPDES permit fact sheet the process used to develop WQBELs. 
The permit writer should clearly identify the data and information used to determine the applicable water 
quality standards and how that information, or any applicable TMDL, was used to derive WQBELs and 
explain how the state’s antidegradation policy was applied as part of the process. The information in the 
fact sheet should provide the NPDES permit applicant and the public a transparent, reproducible, and 
defensible description of how the permit writer properly derived WQBELs for the NPDES permit. 

6.4.2 Calculating Chemical-specific WQBELs based on Human Health 
Criteria for Toxic Pollutants 

Developing WQBELs for toxic pollutants affecting human health is somewhat different from calculating 
WQBELs for other pollutants because (1) the exposure period of concern is generally longer (e.g., often a 
lifetime exposure) and (2) usually the average exposure, rather than the maximum exposure, is of 
concern. EPA’s recommended approach for setting WQBELs for toxic pollutants for human health 
protection is to set the AML equal to the WLA calculated from the human health toxic pollutant criterion 
and calculate the MDL from the AML. Section 5.4.4 of the TSD describes statistical procedures used for 
such calculations for pollutants with effluent concentrations that follow a lognormal distribution. Once 
again, for pollutants with effluent concentrations that do not follow a lognormal distribution, permit 
writers should use other procedures as specified by their permitting authority. 

If the permit writer calculates chemical-specific WQBELs from human health criteria, he or she should 
compare the limitations to any other calculated WQBELs (e.g., WQBELs based on aquatic life criteria) 
and TBELs and apply antidegradation and anti-backsliding requirements to determine the final limitations 
that meet all technology and water quality standards. As discussed above, that process should be 
documented in the fact sheet for the NPDES permit. 
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6.5 Calculate Reasonable Potential and WQBELs for WET 

WET tests measure the degree of response of exposed aquatic test organisms to an effluent mixed in some 
proportion with control water (e.g., laboratory water or a non-toxic receiving water sample). WET testing 
is used as a second approach, in addition to the chemical-specific approach, to implementing water 
quality standards in NPDES permits. This section provides a brief introduction to WET testing and WET 
limitations. 

 

Test of Significant Toxicity (TST) 

At the time of the writing of this guidance manual, EPA had recently published a new statistical 
approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce. This new approach is called the Test of 
Significant Toxicity (TST) and is a statistical method that uses hypothesis testing techniques based on 
research and peer-reviewed publications. The hypothesis test under the TST approach examines 
whether an effluent, at the critical concentration (e.g., in-stream waste concentration [IWC]), and the 
control within a WET test differ by an unacceptable amount (the amount that would have a measured 
detrimental effect on the ability of aquatic organisms to thrive and survive). The TST implementation 
document and the TST technical document are available at the NPDES WET Website 
<www.epa.gov/npdes/wet>. 

 

6.5.1 Types of WET Tests 

In many WET tests, the effluent and control water are mixed in varying proportions to create a dilution 
series. Exhibit 6-19 is an example of a typical dilution series used in WET testing. 

Exhibit 6-19 Example of typical dilution series 

 

 

Percent Dilution Water

Percent Effluent 100 50 25 12.5 6.25

100

0

0 50 75 87.5 93.75 

There are two types of WET tests: acute and chronic. An acute toxicity test usually is conducted over a 
short time, generally 96 hours or less, and the endpoint measured is mortality. The endpoint for an acute 
test is often expressed as an LC50 (i.e., the percent of effluent that is lethal to 50 percent of the exposed 
test organisms). A chronic toxicity test is usually conducted during a critical life phase of the organism 
and the endpoints measured are mortality and sub-lethal effects, such as changes in reproduction and 
growth. A chronic test can occur over a matter of hours or days, depending on the species tested and test 
endpoint. The endpoint of a chronic toxicity test often is expressed in one of the following ways: 

 No observed effect concentration (NOEC), the highest concentration of effluent (i.e., highest 
percent effluent) at which no adverse effects are observed on the aquatic test organisms. 

 Lowest observed effect concentration (LOEC), the lowest concentration of effluent that causes 
observable adverse effects in exposed test organisms. 
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 Inhibition concentration (IC), a point estimate of the effluent concentration that would cause a 
given percent reduction in a biological measurement of the test organisms. 

 Effect concentration (EC), a point estimate of the effluent concentration that would cause an 
observable adverse effect in a given percentage of test organisms. 

For additional information on WET monitoring and WET test methods, see section 8.2.4 of this manual. 

6.5.2 Expressing WET Limitations or Test Results 

There are two options for expressing WET limitations or test results. First, WET limitations or test results 
can be expressed directly in terms of the WET test endpoints discussed above (e.g., LC50, NOEC, and 
IC25). Alternatively, the limitations or test results can be expressed in terms of toxic units (TUs). A TU is 
the inverse of the sample fraction, calculated as 100 divided by the percent effluent. Exhibit 6-20 presents 
example TUs for expressing acute and chronic test results. 

Exhibit 6-20 Example of toxic units 

If an acute test result is a LC50 of 60 percent, that result can be expressed as 

 TU 7.1unitstoxic  acute 7.1
60

100
a  

If a chronic test result is an IC25 of 40 percent effluent, that result can be expressed as 

 TU 5.2unitstoxic chronic  5.2
40

100
c  

 

It is important to distinguish acute TUs (TUa) from chronic TUs (TUc). The difference between TUa and 
TUc can be likened to the difference between miles and kilometers. Both miles and kilometers are used to 
measure distance, but a distance of 1.0 mile is not the same as a distance of 1.0 kilometer. Likewise, both 
TUa and TUc are expressions of the toxicity of an effluent, but 1.0 TUa is not the same as 1.0 TUc. It is 
possible, however, to determine the relationship between the acute toxicity of an effluent and the chronic 
toxicity of that same effluent, just as it is possible to determine the relationship between miles and 
kilometers (i.e., through a conversion factor). Unlike the conversion between miles and kilometers that 
remains constant, the conversion factor between acute and chronic toxic units varies from effluent to 
effluent. 

For an effluent, the permit writer could develop a conversion factor that would allow conversion of TUa 
into equivalent TUc or vice versa. This conversion factor is known as an acute-to-chronic ratio (ACR) for 
that effluent. The ACR for an effluent may be calculated where there are at least 10 sets of paired acute 
and chronic WET test data available. The ACR is determined by calculating the mean of the individual 
ACRs for each pair of acute and chronic WET tests. Where there are not sufficient data to calculate an 
ACR for an effluent (i.e., less than 10 paired sets of acute and chronic WET test data), EPA recommends 
a default value of ACR = 10. Exhibit 6-21 presents examples showing how the ACR converts TUa into 
TUc, how to calculate an ACR from existing data, and how, once an ACR is calculated, a permit writer 
could estimate the chronic toxicity of an effluent sample from its measured acute toxicity or vice versa. 

 

Chapter 6: Water Quality-Based Effluent Limitations 6-37 

Exhibit 21 
AR K.3



September 2010 NPDES Permit Writers’ Manual 
 

 

Exhibit 6-21 Using the ACR 

The ACR is expressed 

25

50

IC

LC 

EndpointChronic  

Endpoint  Acute
ACR   

A TU is the inverse of the sample fraction. 
Therefore, by definition 

25

c

50

a
IC

100
TU            

LC

100
TU   

Consequently, toxicity as percent sample, 
may be expressed 

c
25

a
50

TU

100
IC            

TU

100
LC   

Substituting into the original equation gives 

a

c

c

a

25

50

TU

TU

TU

100
 

TU

100
 

IC

LC
ACR   

 
Example 1 
Given: LC50 = 28%, IC25 = 10% 

8.2
10% 

28% 

IC

LC 
ACR

25

50   

 
Example 2 
Given: TUa = 3.6, TUc = 10.0 

8.2
3.6

10.0

TU

TU
ACR

a

c
  

 
LC50 

(% effluent) 
IC25 

(% effluent) 
ACR 

62 10 6.2 
18 10 1.8 
68 25 2.7 
61 10 6.1 
63 25 2.5 
70 25 2.8 
17 5 3.4 
35 10 3.5 
35 10 3.5 
35 25 1.4 
47 10 4.7 

 
 
Example 3 
Given: Toxicity data for a facility’s effluent 

for C. dubia. as presented in the 
table to the right. 

 
 
 
The ACR in the third column is calculated 
using the following equation: 

25

50

IC

LC 
ACR   

Mean 3.5 
Example 4 
Given: TUa = 1.8, ACR = 3.5 

ac
a

c
TU x ACRTU            

TU

TU
ACR   

ca
a

c
ac TU 6.3TU 1.8x 

TU

TU
 3.5TU x ACRTU Estimated   

 

6.5.3 Determining the Need for WET Limitations 

If a state has numeric criteria for WET, a permit writer could use the results of WET tests to project acute 
or chronic toxicity in the receiving water after accounting for the applicable dilution allowance or mixing 
zone made available in the water quality standards. The permit writer would compare the projected 
toxicity of the receiving water to the applicable water quality criterion for WET. If the projected toxicity 
exceeds the applicable numeric water quality criterion for WET, the discharge would cause, have the 
reasonable potential to cause, or contribute to an excursion above the applicable water quality standards, 
and the permit writer must develop a WQBEL for WET [see § 122.44(d)(1)(iv)]. In that way, numeric 
criteria for WET can be treated similarly to chemical-specific criteria. Exhibit 6-22 provides an example 
of how the mass-balance equation is used to conduct a reasonable potential analysis for WET. 
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Exhibit 6-22 Example of mass-balance equation for a WET reasonable potential analysis 

 

The mass-balance equation can be used to determine whether the discharge from ABC Inc. would cause, have 
the reasonable potential to cause, or contribute to toxicity in Pristine Creek that exceeds the numeric water quality 
criteria for acute or chronic toxicity. Assume the discharge mixes rapidly and completely with Pristine Creek. 

Mass-Balance Equation: QsCs + QdCd = QrCr 

Dividing both sides of the mass-balance equation by Qr gives the following: 

r

ssdd
r Q

))(CQ())(C(Q
C


  

The following values are known for ABC Inc. and Pristine Creek: 
Qs = Critical upstream flow  (1Q10 for acute protection)  = 23.6 cfs 
    (7Q10 for chronic protection)  = 70.9 cfs 
Cs = Upstream toxicity in Pristine Creek (acute)              = 0 TUa 
                                     (chronic)           = 0 TUc 
Qd = Discharge flow      = 7.06 cfs 
Cd = Discharge toxicity (acute)     = 2.50 TUa 
          (chronic)     = 8.00 TUc 
Qr = Downstream flow       = Qd + Qs 
 
Acute Water Quality Criterion in Pristine Creek   = 0.3 TUa 
Chronic Water Quality Criterion in Pristine Creek   = 1.0 TUc 

 
Find the downstream concentration (Cr) by inserting the given values into the equation as follows: 
 
For acute toxicity: 

a
aa

r TU 58.0
cfs23.6cfs7.06

)TU 0)(cfs 6.23()TU cfs)(2.5 (7.06
C 




  

 
The downstream concentration (Cr) exceeds the water quality criterion for acute toxicity of 0.3 TUa. 
 
For chronic toxicity: 

c
cc

r TU 72.0
cfs70.9cfs7.06

)TU 0)(cfs 9.70()TU cfs)(8.00 (7.06
C 




  

 
The downstream concentration (Cr) does not exceed the water quality criterion for chronic toxicity of 1.0 TUc. 

 

In Exhibit 6-22 above, the downstream concentration under critical conditions for the acute water quality 
criterion (Cr = 0.58 TUa) exceeds the water quality criterion for acute toxicity (0.3 TUa); therefore there is 
reasonable potential and WET limitations are required. WET limitations would be calculated in much the 
same way as limitations on specific chemicals. The limitations would be calculated to ensure that WET 
criteria are not exceeded after any available dilution or at the edge of the applicable mixing zone. 
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Where state water quality standards do not include numeric criteria for WET, a permit writer could 
evaluate the need for WQBELs for WET on the basis of narrative criteria; specifically, a narrative 
criterion stating that waterbodies must be free from toxics in toxic amounts. To make it easier for a permit 
writer to readily establish WET limitations in this situation, the permitting authority should have a policy 
for implementing the narrative criterion. Following the permitting authority’s policy, if the permit writer 
determines that a discharge causes, has the reasonable potential to cause, or contributes to an in-stream 
excursion above a narrative criterion, the regulations at § 122.44(d)(1)(v) require that the permit include 
WQBELs for WET unless the permit writer demonstrates that parameter-specific limitations for the 
effluent are sufficient to attain and maintain applicable numeric and narrative water quality criteria. In 
other words, the permit must include WET limitations unless the permit writer is able to determine the 
specific pollutants that are the source of toxicity and include parameter-specific limitations for those 
pollutants that assure, and will continue to assure, attainment of water quality standards. If there are no 
criteria in the state water quality standards for the specific parameters causing the toxicity, the permit 
writer can establish WQBELs using one of three approaches outlined in § 122.44(d)(1)(vi): 

 Use EPA’s national recommended criteria. 
 Calculate a numeric criterion that will attain and maintain the applicable narrative criterion. 
 Control the pollutant using an indicator parameter for the pollutant of concern. 

A permit also could include a requirement to conduct a toxicity identification evaluation and toxicity 
reduction evaluation (TIE/TRE) as a special condition in an NPDES permit. (Chapter 9 of this manual 
presents more information on special conditions.) A TIE/TRE is a site-specific study designed to 
systematically investigate and identify the causes of effluent toxicity problems, isolate the sources of that 
toxicity, identify and implement appropriate toxicity control options, and confirm the effectiveness of 
those control options and the reduction in toxicity. The permit writer might require a TIE/TRE when 
WET limitations are exceeded or, if there are no WET limitations in the permit, where WET testing 
demonstrates an unacceptable level of effluent toxicity. Because WET testing indicates the degree of 
toxicity of an effluent, but does not specifically identify the cause of that toxicity or ways to reduce 
toxicity, a TIE/TRE is necessary to achieve compliance with effluent limitations or other effluent toxicity 
requirements in NPDES permits. If a TIE/TRE is not required through the special conditions section of 
the permit, it could be required via a CWA section 308 letter, a CWA section 309 administrative order, or 
a consent decree. 

6.6 Antidegradation Review 

Early in the permit development process, a permit writer should check the state’s antidegradation policy 
and implementation methods to determine what tier(s) of protection, if any, the state has assigned to the 
proposed receiving water for the parameter(s) of concern. The regulations concerning antidegradation and 
each of the tiers are described above in section 6.1.1.3. The tier of antidegradation protection is important 
for determining the required process for developing the water quality-based permit limits and conditions. 
In some cases, where a waterbody is classified as Tier 3 for antidegradation purposes, the permit writer 
might find that it is not possible to issue a permit for the proposed activity. 

If the state has not specified the tier, the permit writer will need to evaluate, in accordance with the state’s 
implementation procedures, whether the receiving waterbody is of high water quality for the parameters 
of concern, and thus will require Tier 2 protection. After identifying the tier(s) of protection for the 
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proposed receiving waterbody and parameter(s) of concern, the permit writer should consult the state’s 
antidegradation implementation procedures relevant to the tier(s). 

The following sections provide methods permit writers should consider for implementing, through the 
WQBEL development process, the three levels of protection typically found in a state’s antidegradation 
policy. Implementation of the state’s antidegradation policy could have a significant effect on the 
calculation of WQBELs. 

6.6.1 Tier 1 Implementation 

All waterbodies receive at least Tier 1 protection. Tier 1 protection means that the permit writer must 
include limits in the permit sufficient to maintain and protect water quality necessary to protect existing 
uses. In practice, for a Tier 1 receiving waterbody, the permit writer typically calculates the WQBELs on 
the basis of the applicable criteria because the state’s designated uses and criteria to protect those uses 
must be sufficient to protect the existing uses. If a Tier 1 waterbody is impaired for a parameter that 
would be present in the proposed discharge, the permit writer should identify and consult any relevant 
TMDLs to determine what quantity of pollutant (if any) is appropriate. 

6.6.2 Tier 2 Implementation 

For new or increased discharges that could potentially lower water quality in high-quality waters, Tier 2 
protection provides the state with a framework for making decisions regarding the degree to which it will 
protect and maintain the high water quality. A new or expanded discharge permit application typically 
triggers a Tier 2 antidegradation review. Depending on the outcome of the review, the permit could be 
written to maintain the existing high water quality or could be written to allow some degradation. 

Each state’s antidegradation policy or implementation procedures should describe the Tier 2 
antidegradation review process. Though the process varies among states, EPA’s antidegradation 
regulation at § 131.12 outlines the common elements of the process. To permit a new or increased 
discharge that would lower water quality, the state is required to make a finding on the basis of the 
following: 

 The state must find that allowing lower water quality is necessary for important social or 
economic development in the area in which the waters are located. 
− The state would perform an alternatives analysis to evaluate whether the proposed discharge 

is actually necessary (i.e., whether there are less degrading feasible alternatives) and that 
might include consideration of a wide range of alternatives (e.g. non-discharging options, 
relocation of discharge, alternative processes, and innovative treatments). 

− The state should provide a justification of important social or economic development (or 
both) that would occur as a result of permitting the proposed discharge. 

 The state’s finding must be made after full satisfaction of its own intergovernmental coordination 
and public participation provisions. 

 The state must assure that the highest statutory and regulatory requirements for all new and 
existing point sources will be achieved. 

 The state must assure that all cost-effective and reasonable BMPs for nonpoint source control will 
be achieved. 
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 The state must assure that water quality will still protect existing uses. 

If, after fulfilling the above conditions of the Tier 2 antidegradation review process, the state makes a 
determination to allow a new or increased discharge that would lower water quality, the permit writer 
may include such limitations in the NPDES permit for that discharge provided the limitations meet all 
other applicable technology and water quality standards. 

6.6.3 Tier 3 Implementation 

States identify their own ONRWs for Tier 3 protection, which requires that the water quality be 
maintained and protected. This is the most stringent level of protection. ONRWs often include waters in 
national or state parks, wildlife refuges, and waters of exceptional recreational or ecological significance. 
Waterbodies can be given Tier 3 protection regardless of their existing level of water quality. Some states 
implement Tier 3 by prohibiting any new or increased discharges to ONRWs or their tributaries that 
would result in lower water quality, with the exception of some limited activities such as those that would 
result in temporary changes in water quality ultimately resulting in restoration. Some states allow 
increased discharges as long as they are offset by equivalent or greater reductions elsewhere in the 
waterbody. 

In addition to Tiers 1, 2, and 3, some states have a class of waters considered outstanding to the state and 
for which the state might have specific antidegradation requirements. Such waterbodies are sometimes 
referred to as Tier 2 ½ waters because implementation of the antidegradation policy for them affords a 
greater degree of protection than Tier 2 but more flexibility than Tier 3. 

Chapter 4 of EPA’s WQS Handbook and the Water Quality Standards Regulation Advance Notice of 
Proposed Rulemaking (64 FR 36742, July 7, 1998) include additional information on implementing 
antidegradation policies. The permit writer should clearly explain the antidegradation analysis and how it 
affects calculation of WQBELs in the fact sheet or statement of basis for the permit. 

 

 
1 U.S. Environmental Protection Agency. 1994. Water Quality Standards Handbook: Second Edition (WQS Handbook). 
EPA 823-B-94-005a. U.S. Environmental Protection Agency, Office of Water, Washington DC. 
<www.epa.gov/waterscience/standards/handbook/>. 
2 U.S. Environmental Protection Agency. 2001. Streamlined Water-Effect Ratio Procedure for Discharges of Copper.  
EPA-822-R-01-005. U.S. Environmental Protection Agency, Office of Science and Technology, Washington, DC. 
<www.epa.gov/waterscience/criteria/copper/copper.pdf>. 
3 Davies, Tudor T. 1997. Establishing Site Specific Aquatic Life Criteria Equal to Natural Background. U.S. Environmental 
Protection Agency, Office of Science and Technology, Washington, DC. 
<www.epa.gov/waterscience/library/wqcriteria/naturalback.pdf>. 
4 U.S. Environmental Protection Agency. 1991. Technical Support Document for Water Quality-Based Toxics Control (TSD). 
EPA-505/2-90-001. U.S. Environmental Protection Agency, Office of Water, Washington, DC. 
<www.epa.gov/npdes/pubs/owm0264.pdf>. 
5 U.S. Environmental Protection Agency. 1990. Biological Criteria: National Program Guidance for Surface Waters. 
EPA-440/5-91-004. U.S. Environmental Protection Agency, Office of Science and Technology, Washington, DC. 
<www.epa.gov/bioindicators/html/biolcont.html>. 
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CHAPTER 8. Monitoring and Reporting Conditions 

This chapter describes the monitoring and reporting conditions that a permit writer establishes in a 
National Pollutant Discharge Elimination System (NPDES) permit. The monitoring and reporting 
conditions require the permittee to conduct routine or episodic self-monitoring of permitted discharges 
and internal operations (where applicable) and report the analytical results to the permitting authority with 
the information necessary to evaluate discharge characteristics and compliance status. Periodic 
monitoring and reporting establish an ongoing record of the permittee’s compliance status and, where 
violations are detected, create a basis for any necessary enforcement actions. 

The monitoring and reporting conditions section of an NPDES permit generally includes specific 
requirements for the following items: 

 Monitoring locations. 
 Monitoring frequencies. 
 Sample collection methods. 
 Analytical methods. 
 Reporting and recordkeeping requirements. 

The following sections provide an overview of the considerations involved in determining appropriate 
monitoring, reporting, and recordkeeping requirements, and how to properly incorporate the appropriate 
requirements in an NPDES permit. 

8.1 Establishing Monitoring Conditions 

The NPDES regulations require facilities discharging pollutants to waters of the United States to 
periodically evaluate compliance with the effluent limitations established in their permits and provide the 
results to the permitting authority. A permit writer should consider several factors when determining the 
specific requirements to be included in the NPDES permit. Inappropriate or incomplete monitoring 
requirements can lead to inaccurate compliance determinations. Factors that could affect sampling 
location, sampling method, and sampling frequency include the following: 

 Applicability of effluent limitations guidelines and standards (effluent guidelines). 
 Wastestream and process variability. 
 Access to sample locations. 
 Pollutants discharged. 
 Effluent limitations. 
 Discharge frequencies (e.g., continuous versus intermittent). 
 Effect of flow or pollutant load or both on the receiving water. 
 Characteristics of the pollutants discharged. 
 Permittee’s compliance history. 
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8.1.1 Purposes of Monitoring 

Monitoring is performed to determine compliance with effluent limitations established in NPDES 
permits, establish a basis for enforcement actions, assess treatment efficiency, characterize effluents and 
characterize receiving water. 

Regulations requiring the establishment of monitoring and reporting conditions in NPDES permits are at 
Title 40 of the Code of Federal Regulations (CFR) 122.44(i) and 122.48. Regulations at § 122.44(i) 
require permittees to monitor pollutant mass (or other applicable unit of measure) and effluent volume 
and to provide other measurements (as appropriate) using the test methods established at Part 136. That 
subpart also establishes that NPDES permits (with certain specific exceptions as discussed in section 
8.1.3 below) must require permittees to monitor for all limited pollutants and report data at least once per 
year. 

Regulations at § 122.48 stipulate that all permits must specify requirements concerning the proper use, 
maintenance, and installation of monitoring equipment or methods (including biological monitoring 
methods when appropriate). NPDES permits must also specify the monitoring type, intervals, and 
frequency sufficient to yield data that are representative of the activity. The following sections focus on 
developing permit monitoring conditions that properly address these regulatory requirements. 

8.1.2 Monitoring Location 

The permit writer should specify the appropriate monitoring location in an NPDES permit to ensure 
compliance with the permit limitations and provide the necessary data to determine the effects of an 
effluent on the receiving water. The NPDES regulations do not prescribe exact monitoring locations; 
rather, the permit writer is responsible for determining the most appropriate monitoring location(s) and 
indicating the location(s) in the permit. Ultimately, the permittee is responsible for providing a safe and 
accessible sampling point that is representative of the discharge [§ 122.41(j)(1)]. 

The permit writer should consider the following questions when selecting a monitoring location: 

 Is the monitoring location on the facility’s property? 
 Is the monitoring location accessible to the permittee and the permitting authority? 
 Will the results be representative of the targeted wastestream? 
 Is monitoring at internal points needed? 

Permit writers should establish monitoring locations where the wastewater is well mixed, such as near a 
Parshall flume or at a location in a sewer with hydraulic turbulence. Weirs tend to enhance the settling of 
solids immediately upstream and the accumulation of floating oil or grease immediately downstream. 
Such locations should be avoided for sampling. 

The permit writer can specify monitoring locations with either a narrative description or a diagram of the 
permittee’s facility. Exhibit 8-1 provides examples of how to specify monitoring locations in a permit 
either by narrative or by diagram. 
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Exhibit 8-1 Examples of specifying monitoring locations in permits 

Narrative 
A. Monitoring Locations 

 
1. Discharge from the Chemistry-Fine Arts Building must be sampled at the Parshall flume before the 

discharge point for Outfall 001. 
2. Discharge from the Physics Building must be sampled at the Parshall flume before the discharge point for 

Outfall 002. 
3. Discharge from the Research Lab No. 1 must be sampled at the Parshall flume before the discharge point 

for Outfall 003. 
 

Diagram 
A. Monitoring Locations 

 
Outfall  Description 
 
001 Discharge Pipe: Discharge of wastewater generated by all regulated metal finishing processes 

at the facility. Samples must be collected at the point indicated on the diagram below. 
 

Final pH 
Adjustment
Tank * Sample Point

*

Parshall Flume

Receiving 
Stream

Outfall
001

 

 

The monitoring location will vary depending on the type of monitoring required. The following sections 
discuss monitoring location considerations for each monitoring type. 

8.1.2.1 Influent and source water monitoring locations 

Influent monitoring is monitoring of a wastestream before that wastestream receives treatment. The 
permit writer should require influent monitoring when a characterization of the influent is needed to 
determine compliance with a permit condition, such as the 5-day biochemical oxygen demand (BOD5) 
and total suspended solids (TSS) percent removal limitations required by the secondary treatment 
standards for publicly owned treatment works (POTWs). 

Source water monitoring is the monitoring of source water before use as process water (e.g., river water 
used as contact cooling water). The permit writer should require source water monitoring if intake credits 
are established as specified in § 122.45(g). 

Influent and source water monitoring locations should ensure a representative sample of raw intake water 
before any processes or treatment that could alter the properties of the intake water. 
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8.1.2.2 Internal monitoring locations 

Internal monitoring is the monitoring of wastestreams at a location within the facility before discharge to 
waters of the United States. The NPDES regulations at § 122.45(h) allow internal monitoring points to be 
established when needed to determine compliance with a standard and in cases where setting an external 
monitoring location is not feasible. The permit writer may require internal monitoring to determine 
compliance with technology-based effluent limitations (TBELs) for a wastestream before commingling 
with other process or non-process wastestreams. Internal monitoring is generally not appropriate for 
determining compliance with water quality-based effluent limitations (WQBELs) unless final effluent 
monitoring is impractical (e.g., the final discharge point is submerged or inaccessible). 

Examples of reasons for requiring designation of internal monitoring locations include the following: 

 Ensuring compliance with effluent guidelines (at non-POTW facilities): When non-process 
wastewaters dilute process wastewaters subject to effluent guidelines, monitoring the combined 
discharge might not accurately allow determination of whether the facility is complying with the 
effluent guidelines. Under such circumstances, the permit writer might consider requiring 
monitoring for compliance with TBELs before the process wastewater is combined with non-
process wastewater. 

 Ensuring compliance with secondary treatment standards (for POTWs only): Some POTWs 
include treatment processes that do not address pollutants regulated by secondary treatment 
standards and that could interfere with the ability to accurately monitor for compliance with 
secondary treatment standards. Under such circumstances, the permit writer could consider 
requiring monitoring for compliance with limitations derived from secondary treatment standards 
before such processes. For example, the permit could require effluent monitoring for compliance 
with limitations derived from secondary treatment standards after secondary clarification but 
before disinfection. 

 Allowing detection of a pollutant: Instances could arise where the combination of process and 
non-process wastewaters result in dilution of a pollutant of concern such that it would not be 
detectable using approved analytical methods. Internal monitoring would enable characterization 
of the pollutant before dilution with other wastewaters. 

Where the permit writer determines that internal monitoring is necessary, § 122.45(h)(2) states that 
limitations on internal wastestreams may be imposed only where the permit fact sheet sets forth the 
exceptional circumstances requiring application of limitations at those locations. 

8.1.2.3 Effluent monitoring locations 

Effluent monitoring is monitoring of the final effluent after all treatment processes. The permit writer 
should require effluent monitoring to determine compliance with final effluent limitations established in 
the permit. Effluent monitoring also can be used to provide data to assess the possible impact of the 
discharge on the receiving water. 

Effluent monitoring locations should provide a representative sample of the effluent being discharged into 
the receiving water. Effluent monitoring locations should be established after all industrial uses and 
treatment processes. Most importantly, the point where a final effluent limitation applies and the point 
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where monitoring is required must be the same. A logical effluent monitoring point is just before 
discharge to the receiving water. This is particularly true for ensuring compliance with WQBELs. 

8.1.3 Monitoring Frequency 

The permit writer should establish monitoring frequencies sufficient to characterize the effluent quality 
and to detect events of noncompliance, considering the need for data and, as appropriate, the potential 
cost to the permittee. Monitoring frequency should be determined on a case-by-case basis, and decisions 
for setting monitoring frequency should be described in the fact sheet. Some states have their own 
monitoring guidelines that can help a permit writer determine an appropriate monitoring frequency. 

To establish a monitoring frequency, the permit writer should consider the variability of the concentration 
of various parameters by reviewing effluent data for the facility (e.g., from discharge monitoring reports 
[DMRs]) or, without actual data, information from similar dischargers. A highly variable discharge 
should require more frequent monitoring than a discharge that is relatively consistent over time 
(particularly in terms of flow and pollutant concentration). Other factors that should be considered when 
establishing appropriate monitoring frequencies include the following: 

 Design capacity of the treatment facility. The monitoring frequency might need to be increased 
at facilities where the treatment facility is nearing design capacity. For example, at equivalent 
average flow rates, a large lagoon system that is not susceptible to bypasses would require less 
frequent monitoring than an overloaded treatment facility that experiences fluctuating flow rates 
from infiltration or large batch discharges from an industrial user system. The lagoon should have 
a relatively low variability compared to the facility receiving batch discharges. 

 Treatment method used. The monitoring frequency will be similar for similar treatment 
processes. The type of wastewater treatment used by the facility might affect the frequency of 
effluent monitoring. An industrial facility employing biological treatment would have a similar 
monitoring frequency as a secondary treatment plant with the same units used for wastewater 
treatment. If the treatment method is appropriate and achieving high pollutant removals on a 
consistent basis, monitoring could be less frequent than for a plant with little or insufficient 
treatment. 

 Compliance history. The monitoring frequency might need to be adjusted to reflect the 
compliance history of the facility. A facility with problems achieving compliance generally 
should be required to perform more frequent monitoring to characterize the source or cause of the 
problems or to detect noncompliance. 

 Cost of monitoring relative to permittee’s capabilities. The monitoring frequency should not 
be excessive and should be what is necessary to provide sufficient information about the 
discharge. 

 Location of the discharge. The monitoring frequency could be increased if the discharge is to 
sensitive waters or is near a public water supply. 

 Nature of the pollutants. To accurately characterize the discharge, the monitoring frequency 
might be increased for wastewaters with highly toxic pollutants or where the nature of the 
pollutants varies. 
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 Frequency of the discharge. The monitoring frequency for a wastewater discharged in batches 
infrequently should differ from that for a continuous discharge of highly concentrated wastewater 
or a wastewater containing a pollutant that is found infrequently and at very low concentrations. 
The production schedule of the facility (e.g., seasonal, daily), the plant washdown schedule, and 
other similar factors should be considered. 

 Number of monthly samples used in developing effluent limitations. When establishing 
monitoring frequency, the permit writer should consider the number of monthly samples used in 
developing average monthly WQBELs. If the discharger monitors less frequently than the 
monthly monitoring frequency assumed when developing applicable effluent guidelines or in 
calculating a WQBEL, it could be more difficult for the discharger to comply with its average 
monthly effluent limitations. For example, if an average monthly limitation is established 
assuming a monitoring frequency of four times per month (i.e., the limit is the expected average 
of four samples taken during a month), a discharger taking only one sample per month would 
statistically have a greater chance of exceeding its average monthly limit than if it sampled at 
least four times per month. 

 Tiered limitations. The monitoring frequency requirements should correspond to the applicable 
tiers in cases where the permit writer has included tiered limitations. If a facility has seasonal 
discharge limitations, it might be appropriate to increase the monitoring frequency during the 
higher production season, and reduce the frequency during the off-season. 

 Other Considerations. To ensure representative monitoring, permit conditions could be included 
to require monitoring on the same day, week, or month for parameters that might be correlated in 
some way. For example, coordinating the monitoring requirements for parameters such as 
pathogens and chlorine or metals and pH can provide information for both compliance 
assessment and determination of treatment efficacy. 

A permit writer could also establish a tiered monitoring schedule that reduces or increases the monitoring 
frequency during a permit cycle. Tiered monitoring might be appropriate for discharges where the initial 
sampling shows compliance with effluent limitations, justifying a reduction in monitoring frequency over 
time. Conversely, if problems are found during the initial sampling, more frequent sampling and more 
comprehensive monitoring can be applied. This step-wise approach could lead to lower monitoring costs 
for permittees while still providing the data needed to demonstrate compliance with effluent limitations. 

In 1996 EPA issued Interim Guidance for Performance-Based Reductions of NPDES Permit Monitoring 
Frequencies <www.epa.gov/npdes/pubs/perf-red.pdf>. Under the guidance, NPDES reporting and monitoring 
requirements may be reduced on the basis of a demonstration of excellent historical performance. 
Facilities can demonstrate that historical performance by meeting a set of compliance and enforcement 
criteria and by demonstrating their ability to consistently discharge pollutants below the levels necessary 
to meet their existing NPDES permit limitations. Reductions are determined parameter-by-parameter, on 
the basis of the existing monitoring frequency and the percentage below the limitation at which the 
parameter is being discharged. The reductions are incorporated when the permit is reissued. To remain 
eligible for the reductions, permittees are expected to maintain the parameter performance levels and 
good compliance on which the reductions were based. 
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8.1.4 Sample Collection 

The permit writer must specify the sample collection method for all parameters required to be monitored 
in the permit. The permit writer should determine the sample collection method on the basis of the 
characteristics of each specific discharge. Certain sample collection and storage requirements are 
identified as part of the analytical methods specified in Part 136. (Section 8.3 below presents more on 
analytical methods.) The two most frequently used sampling methods are grab and composite. For more 
detailed information on sample collection methods, permit writers should refer to Chapter 5 (Sampling) of 
the NPDES Compliance Inspection Manual1 
<www.epa.gov/compliance/resources/publications/monitoring/cwa/inspections/npdesinspect/npdesmanual.html>. 

8.1.4.1 Grab Samples 

Grab samples are individual samples collected over a period not exceeding 15 minutes and that are 
representative of conditions at the time the sample is collected. Grab samples are appropriate when the 
flow and characteristics of the wastestream being sampled are relatively constant. The sample volume 
depends on the type and number of analyses to be performed. A grab sample is appropriate when a 
sample is needed to 

 Monitor an effluent that does not discharge on a continuous basis. 
 Provide information about instantaneous concentrations of pollutants at a specific time. 
 Allow collection of a variable sample volume. 
 Corroborate composite samples. 
 Monitor parameters not amenable to compositing (e.g., temperature). 

Grab samples can also be used to determine the spatial variability of a parameter or information on 
variability over a short period. They also are useful for monitoring intermittent wastewater flows from 
well-mixed batch process tanks. 

8.1.4.2 Composite Samples 

Composite samples are collected over time, either by continuous sampling or by mixing discrete samples, 
and represent the average characteristics of the wastestream during the sample period. Composite samples 
might provide a more representative measure of the discharge of pollutants over a given period than grab 
samples, and are used when any of the following is true: 

 A measure of the average pollutant concentration during the compositing period is needed. 
 A measure of mass loadings per unit of time is needed. 
 Wastewater characteristics are highly variable. 

Composite samples can be discrete samples (see discussion of sequential sampling in section 8.1.4.3 
below) or a single combined sample and are collected either manually or with automatic samplers. There 
are two general types of composite sampling: time-proportional and flow-proportional. The permit writer 
should clearly express which type is required in the permit. 

Time-proportional composite sample: This method collects a fixed volume (V) of discrete sample aliquots 
in one container at constant time intervals (t) as shown in Exhibit 8-2. 
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Exhibit 8-2 Visual interpretation of time-proportional composite monitoring 

 

Time-proportional composite monitoring is appropriate when the flow of the sampled stream is constant 
(flow rate does not vary more than ±10 percent of the average flow rate) or when flow-monitoring 
equipment is not available. Automatically timed composited samples are usually preferred over manually 
collected composites. Composite samples collected by hand are appropriate for infrequent analyses and 
screening or if the subsamples have a fixed volume at equal time intervals. 

Flow-proportional composite sample: There are two methods used for this type of sample: constant-
volume when the interval time varies between samples, or constant-time when the interval volume 
collected varies between samples as shown in Exhibit 8-3. 

Exhibit 8-3 Visual interpretation of flow-proportional composite monitoring 

 

The constant-volume, flow-proportional, composite monitoring method collects a constant sample 
volume at varying time intervals proportional to stream flow (e.g., 200 milliliters sample collected for 
every 5,000 gallons of flow). The constant-time, flow-proportional, composite monitoring method 
collects the sample by adjusting the volume of each aliquot as the flow varies, while maintaining a 
constant time interval between the aliquots. 

Flow-proportional composite sampling is usually preferred over time-proportional composite sampling 
when the effluent flow volume varies appreciably over time. If there is no flow-measuring device, 
effluent samples can be manually composited using the influent flow measurement without any correction 
for time lag. The error in the influent and effluent flow measurement is insignificant except in those cases 
where large volumes of water are impounded, as in equalization basins. 

If a sampling protocol is not specified in the regulations, the permit writer should establish the duration of 
the compositing period and frequency of aliquot collection. The permit writer should also establish the 
time frame within which the sample is to be collected and the number of individual aliquots in the 
composite. 
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There are instances where composite samples are inappropriate. For example, the permit application 
regulations at § 122.21(g)(7) indicate that grab samples must be used for sampling several parameters that 
may change during the time it takes to composite the sample. Composite samples can be used for whole 
effluent toxicity (WET) testing; however, if there is concern that there are toxicity spikes or that the 
toxicant is a parameter for which composite sampling is not appropriate, grab samples for WET testing 
could be specified in the permit. 

8.1.4.3 Sequential and Continuous Monitoring 

Sequential monitoring refers to collecting discrete samples in individual containers in regular succession, 
such as timed intervals or discharge increments. Sequential grab samples provide a characteristic of the 
wastestream over a given time. Automatic sequential monitoring may be done with a special type of 
automatic sampling device that collects relatively small amounts of a sampled wastestream with the 
interval between sampling proportioned based on either time or effluent flow. Unlike a combined 
composite sampler, the sequential sampling device automatically retrieves a sample and holds it in a 
bottle separate from other automatically retrieved samples. Many individual samples can be stored 
separately in the unit rather than combining aliquots in a common bottle. 

Continuous monitoring is another option for a limited number of parameters such as flow, total organic 
carbon (TOC), temperature, pH, conductivity, residual chlorine, fluoride, and dissolved oxygen. When 
establishing continuous monitoring requirements, the permit writer should be aware that the NPDES 
regulations concerning pH limitations allow for a period of excursion when the effluent is being 
continuously monitored (§ 401.17). The reliability, accuracy, and cost of continuous monitoring vary with 
the parameter monitored. The permit writer should consider the environmental significance of the 
variation of any of these parameters in the effluent and the cost of continuous monitoring before 
establishing continuous monitoring requirements in the permit. 

8.2 Additional Monitoring Requirements and WET Testing 

A variety of discharges other than traditional POTW or industrial wastewater discharges, including 
biosolids (sewage sludge), combined sewer and sanitary sewer overflows, and stormwater, are regulated 
under the NPDES permit program. In addition, many permits include requirements for WET testing. As 
discussed in this section, a permit writer should account for such unique discharges and testing 
requirements in establishing monitoring requirements. 

8.2.1 Biosolids (Sewage Sludge) 

The purpose of monitoring sewage sludge is to ensure safe use or disposal of the sludge. Sewage sludge 
regulations specified in Part 503 require monitoring of sewage sludge that is applied to land, placed on a 
surface disposal site, or incinerated. The frequency of monitoring is based on the annual amount of 
sewage sludge that is used or disposed of by those methods. POTWs that provide the sewage sludge to 
another party for further treatment (such as composting) must provide that party with the information 
necessary to comply with regulations at Part 503. Sewage sludge disposed of in a municipal solid waste 
landfill unit must meet the criteria for municipal solid waste landfills in the regulations at Part 258. 
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Exhibit 8-4 shows the minimum monitoring requirements established in Part 503 for sewage sludge 
before use and disposal. More frequent monitoring for any of the required or recommended parameters is 
appropriate when the POTW has any of the following: 

 A highly variable influent load of toxics or organic solids. 
 A significant industrial load. 
 A history of process upsets due to toxics, or of adverse environmental impacts due to sludge use 

or disposal activities. 

Exhibit 8-4 Minimum requirements for sewage sludge monitoring, based on method of sludge 
use or disposal 

Method Monitoring requirements Frequency 
Citation 
(40 CFR) 

Land application 

 Sludge weight and percent total 
solids 

 Metals: As, Cd, Cu, Pb, Hg, Mo, 
Ni, Se, and Zn 

 Pathogen Density 
 Vector Attraction Reduction 

Based on dry weight of sludge in metric 
tons per year: 
 > zero but < 290: annually 
 = or > 290 but < 1,500: quarterly 
 = or > 1,500 but < 15,000: bimonthly 
 = or > 15,000: monthly 

§ 503.16 

Co-disposal in 
municipal solid 
waste landfill 

 Sludge weight and percent total 
solids 

 Passes Paint-Filter Liquid Test 
 Suitability of sludge used as cover 
 Characterize in accordance with 

hazardous waste rules 

Monitoring requirements or frequency not 
specified by Part 503. Determined by 
local health authority or landfill 
owner/operator. 

Part 258 

 Sludge weight and percent total 
solids 

 Metals: As, Cr, Ni (Unlined sites 
only) 

 Pathogen Density 
 Vector Attraction Reduction 

Based on dry weight of sludge in metric 
tons per year: 
 > zero but < 290: annually 
 = or > 290 but < 1,500: quarterly 
 = or > 1,500 but < 15,000: bimonthly 
 = or > 15,000: monthly 

Surface 
disposal: 
lined sites with 
leachate 
collection and 
unlined sites 

 Methane gas  Continuously 

§ 503.26 

 Sludge weight and percent total 
solids 

 Metals: As, Cd, Cr, Pb, and Ni 

Based on dry weight of sludge in metric 
tons per year: 
 > zero but < 290: annually 
 = or > 290 but < 1,500: quarterly 
 = or > 1,500 but < 15,000: bimonthly 
 = or > 15,000: monthly 

 Be and Hg (National Emissions 
Standards) 

 As required by permitting authority 
(local air authority) 

 THC or O2, moisture, combustion 
temperatures 

 Continuously 

Incineration 

 Air pollution control device 
operating parameters 

 As required by permitting authority 

§ 503.46 

Notes: 
Monitoring frequencies required by Part 503 may be reduced after 2 years of monitoring, but in no case may be less than once 
per year. 
A successful land application program could necessitate sampling for other constituents of concern (such as nitrogen) in 
determining appropriate agronomic rates. The permit writer will determine additional monitoring requirements. 
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The sampling and analysis methods specified in § 503.8 and Part 136 should be followed for monitoring 
the required parameters. Without any specific methods in Part 503, guidance on appropriate methods is in 
the following documents: 

 Part 503 Implementation Guidance2 <www.epa.gov/npdes/pubs/owm0237.pdf>. 
 POTW Sludge Sampling and Analysis Guidance Document3 <www.epa.gov/npdes/pubs/owm012.pdf>. 
 Control of Pathogens and Vector Attraction in Sewage Sludge4 

<www.epa.gov/ORD/NRMRL/pubs/625r92013/625r92013.htm>. 

8.2.2 Combined Sewer Overflows (CSOs) and Sanitary Sewer Overflows 
(SSOs) 

EPA’s Combined Sewer Overflow (CSO) Control Policy (59 FR 18688, April 19, 1994) requires 
monitoring to characterize the combined sewer system, assist in developing a Long-Term Control Plan 
(LTCP), and show compliance with permit requirements. The permit writer should ensure the following: 

 Monitoring is done to develop an initial system characterization as part of the nine minimum 
controls to reduce CSOs and their effect on receiving water quality. Such monitoring includes 
analyzing existing data on precipitation events, on the combined sewer system and CSOs, on 
water quality, and conducting field inspections. 

 As part of the LTCP, a permittee is required to develop a more complete characterization of the 
sewer system through monitoring and modeling. 

 To show compliance with the permit requirements and ultimately the attainment of water quality 
standards, the permittee is required to conduct a post-construction compliance monitoring 
program. Specific monitoring requirements of the post-construction compliance monitoring 
program will be unique to each permittee’s LTCP and should be established as specific 
monitoring conditions in the individual NPDES permit. 

These monitoring conditions should require monitoring of certain key parameters during a representative 
number of CSOs from a representative number of wet-weather events along with ambient water quality 
monitoring to ascertain attainment of water quality standards. EPA has prepared a guidance manual on 
monitoring entitled Combined Sewer Overflows: Guidance for Monitoring and Modeling5 
<www.epa.gov/npdes/pubs/sewer.pdf>. 

A facility’s permit might also contain monitoring requirements for sanitary sewer overflows (SSOs). SSO 
monitoring requirements would be developed on a case-by-case basis. 

8.2.3 Stormwater Monitoring Considerations 

Stormwater monitoring requirements vary according to the type of permit regulating the stormwater 
discharge and the activity. Municipal separate storm sewer systems (MS4s) serving more than 100,000 
people (and some serving less than 100,000) are typically issued individual NPDES permits with 
monitoring requirements that are specific to the MS4. Smaller MS4s regulated under the stormwater Phase 
II rule are typically not required to conduct water quality monitoring as a condition in their NPDES general 
permit, though evaluation of measurable goals may include monitoring. EPA’s multi-sector general permit 
(MSGP) for stormwater discharges from industrial facilities includes analytical monitoring requirements 
based on the type of industrial activity. Finally, operators of construction activity regulated under the 
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construction general permit are typically not required to conduct water quality monitoring; however, some 
states and EPA Regions do require monitoring if the construction activity will discharge to a water 
impaired by sediment. 

Specific monitoring conditions for the federal general stormwater permits are detailed in the most recent 
Construction General Permit or MSGP issued by EPA (available on the EPA Stormwater Program 
Website <www.epa.gov/npdes/stormwater>). Additional documents on stormwater monitoring are: 

 Urban Stormwater BMP Performance: A Guidance Manual for Meeting the National Stormwater 
BMP Database Requirements6 <www.epa.gov/npdes/pubs/montcomplete.pdf>. 

 Guidance Manual for the Monitoring and Reporting Requirements of the NPDES Stormwater 
Multi-Sector General Permit (MSGP)7 <www.epa.gov/npdes/pubs/dmr-fin.pdf>. 

8.2.4 WET Monitoring 

The use of WET testing to evaluate the toxicity in a receiving stream is discussed in section 6.4 of this 
manual and on the NPDES WET Website <www.epa.gov/npdes/wet>. The WET (or biomonitoring) test 
procedures were promulgated in § 136.3 (60 FR 53529, October 16, 1995). EPA revised the WET 
methods in 67 FR 69951, November 19, 2002. WET monitoring conditions included in permits should 
specify the particular biomonitoring test to be used, the test species, required test endpoints, and quality 
assurance/quality control procedures. 

To support permitting agencies in implementing WET methods, EPA has revised and published manuals 
for toxicity test protocols: 

 Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and 
Marine Organisms. 5th ed.8 <www.epa.gov/waterscience/WET/disk2/atx.pdf>. 

 Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms. 4th ed.9 <www.epa.gov/waterscience/WET/disk3/ctf.pdf>. 

 Short-Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Marine and Estuarine Organisms. 3rd ed.10 <www.epa.gov/waterscience/WET/disk1/ctm.pdf>. 

 NPDES Compliance Monitoring Inspector Training: Biomonitoring11 (No Link). 

WET testing samples could be composite or grab samples. Twenty-four hour composite samples are 
suggested except when any of the following are true: 

 The effluent is expected to be more toxic at a certain time of day. 
 Toxicity may be diluted during compositing. 
 The size of the sample needed exceeds the composite sampler volume. 

WET tests are relatively expensive compared to single parameter tests. Therefore, a permit writer should 
carefully consider the appropriate frequency for WET testing. A discharge with highly variable flow or 
observed toxicity should have more frequent monitoring than a discharge that is relatively consistent over 
time. As with other parameters, factors that a permit writer should consider when establishing appropriate 
WET monitoring frequencies include the following: 

 Type of treatment process. 
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 Environmental significance and nature of the toxicity. 
 Past compliance record or history. 
 Cost of monitoring relative to financial capabilities. 
 Number of monthly samples used in developing the permit limitation. 
 The frequency of intermittent discharges. 

Samples should be evenly spaced throughout the year so that seasonal variability can be ascertained. 

8.3 Analytical Methods 

The permit writer must specify the analytical methods to be used for monitoring. EPA’s Office of Science 
and Technology’s Clean Water Act Analytical Methods Website <www.epa.gov/waterscience/methods/> 
contains information about analytical methods. 

The standard conditions of the permit [§§ 122.41(j)(4) and 122.44(i)] require that, when available, 
permittees use test procedures specified in Part 136 <www.epa.gov/waterscience/methods/basic.htm>. The 
analytical methods contained in Part 136 are established for conventional, toxic (priority), and some 
nonconventional pollutants. Without analytical methods for a parameter, the permit writer should specify 
the analytical method to be used. There are also procedures to apply for approval of alternative test 
methods in accordance with § 136.4. 

While Part 136 identifies the analytical methods approved for use in the NPDES program, additional 
methods information is available through the National Environmental Methods Index (NEMI) 
<www.nemi.gov/>. NEMI is a Web-based, searchable clearinghouse of methods supported by the U.S. 
Geological Survey and EPA’s Office of Water. NEMI contains summaries of more than 1,100 methods 
and describes them by their performance characteristics and their regulatory status, relative cost, detection 
level, detection level type, accuracy, precision, spiking level, instrumentation, lab equipment, and the 
greenness of analytic methods. Permit writers might find that information useful in comparing the 
features of Part 136 methods that will be used for assessing compliance with the calculated effluent 
limitations. 

When establishing effluent limitations for a specific parameter (based on technology or water quality 
regulatory requirements), it is possible for the value of the calculated limit to fall below the method 
detection limit (MDL) and the minimum level (ML) established by the approved analytical method(s). 
Regardless of whether current analytical methods are available to detect and quantify the parameter at the 
concentration of the calculated limitation, the limitation must be included in the permit as calculated. 

In some instances, there might be two or more approved Part 136 analytical methods available for the 
analysis of a parameter. In such cases, the permit should determine whether there is a need to select one 
of the approved methods and to include a requirement in the permit mandating the use of only the selected 
method. That approach might be necessary where an effluent limit is established at a level that is 
quantifiable by one approved method but is below the ML of another approved method. 

Such a situation often occurs where a permit contains a WQBEL for mercury. To clarify the EPA’s 
position with respect to effluent monitoring for mercury, EPA developed a memo Analytical Methods for 
Mercury in National Pollutant Discharge Elimination System (NPDES) Permits12 
<www.epa.gov/npdes/pubs/mercurymemo_analyticalmethods.pdf>. 
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Sufficiently Sensitive Methods 

At the time of the writing of this manual, EPA had proposed regulations at §§ 122.21(e), 122.44(i), and 
Part 136, to require the use of sufficiently sensitive methods for analyses conducted for NPDES permit 
applications and for compliance monitoring (75 FR 35712, June 23, 2010). To ensure that appropriate 
analytical methods are required and performed, see the most current version of these federal 
regulations and applicable state analytical method regulations and policy. 

 

8.4 Reporting Monitoring Results 

The NPDES regulations require the permittee to maintain records and periodically report on monitoring 
activities. The regulations at § 122.41(l)(4)(i) require that monitoring results must be reported on a DMR 
<www.epa.gov/npdes/pubs/dmr.pdf>. Data reported include both data required by the permit and any additional 
data the permittee has collected consistent with permit requirements. All facilities must submit reports (on 
discharges and sludge use or disposal) at least annually, as required by § 122.44(i)(2). POTWs with 
pretreatment programs must submit a pretreatment report at least annually as required by § 403.12(i). 
However, the NPDES regulation states that monitoring frequency and reporting should be dependent on 
the nature and effect of the discharge or sludge use or disposal. Thus, the permit writer can require 
reporting more frequent than annually. 

8.5 Recordkeeping Requirements 

Generally, the permit writer is required by § 122.41(j) to include in the permit the requirement to retain 
records for at least three years, subject to extension by the State Director. Recordkeeping requirements for 
sewage sludge [§ 122.41(j)] and the CAFO program [§ 122.42(e)(2)] require records be kept five years or 
longer if required by the State Director. The permit writer should designate in the permit where records 
should be kept. 

Monitoring records must include the following: 

 Date, place, time of sampling. 
 Name of sampler. 
 Date of analysis. 
 Name of analyst. 
 Analytical methods used. 
 Analytical results. 

According to § 122.41(j), monitoring records must be representative of the discharge. Monitoring records, 
which must be retained, include continuous strip chart recordings, calibration data, copies of all reports 
for the permit, and copies of all data used to compile reports and applications. 

Sewage sludge regulations under §§ 503.17, 503.27, and 503.47 establish recordkeeping requirements 
that vary depending on the use and disposal method for the sewage sludge. The same recordkeeping 
requirements should be applied to other sludge monitoring parameters not regulated by the Part 503 rule. 
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CHAPTER 9. Special Conditions 

Special conditions in National Pollutant Discharge Elimination System (NPDES) permits supplement 
numeric effluent limitations and require the permittee to undertake activities designed to reduce the 
overall quantity of pollutants being discharged to waters of the United States, to reduce the potential for 
discharges of pollutants, or to collect information that could be used in determining future permit 
requirements. 

There are many different reasons to incorporate special conditions into a permit including: 

 To address unique situations, such as facilities discharging pollutants for which data are absent or 
limited, making development of technology- or water quality-based effluent limitations (TBELs 
or WQBELs) more difficult or impossible. 

 To incorporate preventive requirements, such as requirements to install process control alarms, 
containment structures, good housekeeping practices, and the like. 

 To address foreseeable changes to discharges, such as planned changes to process, products, or 
raw materials that could affect discharge characteristics. 

 To incorporate compliance schedules to provide the time necessary to comply with permit conditions. 

 To incorporate other NPDES programmatic requirements (e.g., pretreatment, sewage sludge). 

 To impose additional monitoring requirements that provide the permit writer with data to evaluate 
the need for changes in permit limitations. 

 To increase or decrease monitoring requirements, depending on monitoring results or changes in 
processes or products. 

 To impose requirements for special studies such as ambient stream surveys, toxicity identification 
evaluations (TIEs) and toxicity reduction evaluations (TREs), bioaccumulation studies, sediment 
studies, mixing or mixing zone studies, pollutant reduction evaluations, or other such 
information-gathering studies. 

Section 9.1 below addresses several types of special conditions that apply to both municipal and non-
municipal facilities. Section 9.2 addresses special conditions unique to municipal facilities. 

9.1 Special Conditions Potentially Applicable to Any Type of 
Discharger 

This section discusses several types of special conditions that could be included in any NPDES permit 
(i.e., municipal or non-municipal). Those special conditions can be thought of as the ABCs of special 
conditions and include the following: 

 Additional monitoring and special studies. 
 Best management practices (BMPs). 
 Compliance schedules. 
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A summary of the use of those special conditions follows. 

9.1.1 Additional Monitoring and Special Studies 

Additional monitoring requirements, beyond those required under the effluent limitations section of the 
permit, and special studies are useful for collecting data that were not available to the permit writer for 
consideration during permit development. Additional monitoring requirements and special studies 
generally are used to supplement numeric effluent limitations or support future permit development 
activities. Examples of the types of special studies that could be required in an NPDES permit include the 
following: 

 Treatability studies: Might be required in a permit when insufficient treatability information for 
a pollutant or pollutants would hinder a permit writer from developing defensible TBELs. 
Treatability studies can also be required when the permit writer suspects that a facility might not 
be able to comply with an effluent limitation. 

 Toxicity identification evaluation/toxicity reduction evaluation (TIE/TRE): Could be 
required in a permit when wastewater discharges are found to be toxic using whole effluent 
toxicity (WET) tests. The purpose of those evaluations is to identify and control the sources of 
toxicity in an effluent. Further guidance related to U.S. Environmental Protection Agency (EPA) 
recommended TIE/TRE procedures and requirements is found in the following guidance 
manuals: 
− Toxicity Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants1 

<www.epa.gov/npdes/pubs/tre.pdf>. 
− Clarifications Regarding Toxicity Reduction and Identification Evaluations in the National 

Pollutant Discharge Elimination System Program2 <www.epa.gov/npdes/pubs/owmfinaltretie.pdf>. 
− Generalized Methodology for Conducting Industrial Toxicity Reduction Evaluations3  

(No link—see the endnote for ordering instructions). 
− Methods for Aquatic Toxicity Identification Evaluations: Phase I Toxicity Characterization 

Procedures. 2nd ed4 <www.epa.gov/npdes/pubs/owm0330.pdf>. 
− Toxicity Identification Evaluation: Characterization of Chronically Toxic Effluents, Phase I5 

<www.epa.gov/npdes/pubs/owm0255.pdf>. 
− Methods for Aquatic Toxicity Identification Evaluations: Phase II Toxicity Identification 

Procedures for Samples Exhibiting Acute and Chronic Toxicity6 
<www.epa.gov/npdes/pubs/owm0343.pdf>. 

− Methods for Aquatic Toxicity Identification Evaluations: Phase III Confirmation Procedures 
for Samples Exhibiting Acute and Chronic Toxicity7 <www.epa.gov/npdes/pubs/owm0341.pdf>. 

 Mixing or mixing zone studies: Might be required in a permit to assist in determining how 
effluent and receiving water mix and in establishing a regulatory mixing zone that can be applied 
when developing WQBELs. 

 Sediment monitoring: Could be included in a permit if a permit writer suspects that pollutants 
contained in wastewater discharges accumulate in the sediments of the receiving water. 

 Bioaccumulation studies: Might be required in a permit to determine whether pollutants 
contained in wastewater discharges bioaccumulate in aquatic organisms (e.g., fish, invertebrates). 
Such studies could be required when water quality criteria are expressed in terms of fish tissue 
levels. Additional guidance related to evaluating the bioaccumulation potential of a pollutant can 
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be found in the EPA Great Lakes Water Quality Initiative Technical Support Document for the 
Procedure to Determine Bioaccumulation Factors8 (No link—see the endnote for ordering instructions). 

When establishing additional monitoring or special studies, permit writers must ensure that any 
requirements related to the study (e.g., special sampling or analytical procedures) are specified in the 
appropriate permit condition. In addition, permit writers should establish a reasonable schedule for 
completion and submission of the study or monitoring program. If the anticipated timeline is longer than 
one year, an interim progress report during the study is advisable. 

9.1.2 Best Management Practices (BMPs) 

In general, BMPs are actions or procedures to prevent or reduce the discharge of pollution to waters of the 
United States. Title 40 of the Code of Federal Regulations (CFR) section 122.2 includes the following in 
the definition of BMPs: 

 Schedules of activities. 
 Prohibitions of practices. 
 Maintenance procedures. 
 Treatment requirements. 
 Operating procedures and practices to control 

− Plant site runoff. 
− Spillage or leaks. 
− Sludge or waste disposal. 
− Drainage from raw material storage areas. 

9.1.2.1 When to Use BMPs 

Clean Water Act (CWA) section 304(e) authorizes EPA to require BMPs as part of effluent limitations 
guidelines and standards (effluent guidelines) to control plant site runoff, spillage or leaks, sludge or 
waste disposal, and drainage from raw material storage that it determines are associated with or ancillary 
to the industrial manufacturing or treatment process and can contribute significant amounts of pollutants 
to navigable waters. Where effluent guidelines require specific control measures, including BMPs or 
development of a BMP plan, permit writers must include such requirements in permits. In addition, CWA 
section 402(p)(3)(B)(iii) states that permits for discharges from municipal storm sewers must require 
controls, including management practices, to reduce the discharge of pollutants. Finally, CWA sections 
402(a)(1) and (2) give the permitting authority the ability to include BMPs in permits on a case-by-case 
basis to carry out the provisions of the CWA. 

The NPDES regulations at § 122.44(k) track the statutory provisions cited above. This section of the 
regulations provides that permits must contain BMPs (when applicable) to control or abate the discharge 
of pollutants when any of the following are true: 

 They are authorized under CWA section 304(e). 
 They are authorized under CWA section 402(p) for the control of stormwater discharges. 
 Numeric effluent limitations are infeasible. 
 The practices are necessary to achieve effluent limitations and standards or carry out the purpose 

and intent of the CWA. 
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