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NOTICE: This document is intended solely as guidance, and does not contain any mandatory requirements except where requirements found in statute or administrative rule are referenced. This guidance does not establish or affect legal rights or obligations, and is not finally determinative of any of the issues addressed. This guidance does not create any rights enforceable by any party in litigation with the State of Wisconsin or the Department of Natural Resources. Any regulatory decisions made by the Department of Natural Resources in any matter addressed by this guidance will be made by applying the governing statutes and administrative rules to the relevant facts. 

Overview: The new procedures for determining if ammonia limits are necessary in a permit are based on the requirements of s. NR 106.33. This section refers to the use of s. NR 106.05 to determine the need for the first time imposition of an ammonia limit. There are two exceptions listed in s. NR 106.33 to this general procedure. The first is that if the calculated limits are greater than 20 mg/L summer and 40 mg/L in winter then limits are not required for municipal discharges. The second is that if the discharger can demonstrate that their influent total nitrogen is less than the calculated ammonia limits then ammonia limits are not required. 

Determining the Need for Acute Limits: For acute limits, s. NR 106.05(3)(a) states that if the discharge concentration of the substance for any day exceeds the limit of detection and exceeds the limitations based on the acute toxicity criterion then a limit is necessary in the permit.  Additionally, if there are at least 11 daily discharge concentrations of the substance that are greater than the limit of detection, then the limit is compared to the upper 99th percentile (1-day P99) of available discharge data to determine if a limit is necessary. 

As with other ch. NR105/106 substances, for most discharges the preferred alternative would be the calculation of a single daily maximum ammonia limit. The first step in this process is a calculation of the potential limit based on s. NR 106.32(4)(b) which states that the "the daily maximum effluent pH shall be used to calculate the daily maximum ammonia limit based on acute toxicity criteria…". Effluent monitoring for pH is a common WPDES permit requirement, and many municipal treatment plants and some industrial dischargers monitor effluent pH several times a week or even daily. As a result, we have access to hundreds or thousands of effluent pH values for many permittees, and a maximum pH value may be an outlier and not represent a true maximum pH value.  At the same time, the use of a pH value lower than a ‘reasonable maximum’ to determine a daily maximum ammonia concentration may result in a daily maximum ammonia limitation that is not protective of water quality. 

As the only parameter that affects a daily maximum ammonia limit, the choice of a maximum pH value to use can make a significant difference to the resulting limit. A pH difference of 0.1 su can represent a 15-20% change in the corresponding daily maximum ammonia limit. There are several ways of determining the daily maximum pH, possible methods and their advantages and disadvantages are presented in the following table:

	Method
	Advantages
	Disadvantages

	Use recorded maximum pH after removing outliers
	Can eliminate ‘mistakes’ that should not be considered in a statistical evaluation
	Can be very subjective, may not be predictive if there is relatively little data

	1-day P99 of data base
	Similar to other WQBEL calculations, predictive capability
	May not be representative of the upper 99th percentile of a normal distribution of values

	Arithmetic mean plus three standard deviations
	predictive capability
	May not be representative of the upper 99th percentile for a distribution that is not normal. 

	99th percentile
	Indicates value that is greater than or equal to 99% of the available data. 
	No assumptions made of distribution of data, may not be predictive if there is relatively little data


The guidance cannot recommend one procedure over another, as the decision on which procedure to use will depend on the characteristics of the individual data set. Since ch. NR 106 allows use of representative effluent data, the use of a statistical approach to determining maximum pH appears justified in determining a daily maximum ammonia limit. In experience so far, the range with all these procedures is about 0.2 su – which can result in some significant differences in corresponding ammonia limits.

Some types of wastewater treatment systems experience seasonal fluctuations of pH in the plant. It is suggested that a single maximum pH be used as a default, but if there appears to be a bias of pH values and ammonia values based on seasons, seasonal maximum pH values and corresponding limits could be considered.

Although there may be some applications where use of a table is appropriate, a table for daily maximum ammonia limits adds considerable complexity to the determination of limits and to tracking of compliance. 

For example: 

· For sewage treatment works regulated under ch. NR 210, NR 106.33(2) generally precludes the imposition of ammonia limits greater than or equal to 20 mg/l for May through October, or limits greater than or equal to 40 mg/l for November through April. As a result, two different tables would be needed. 

· With a table for daily maximum ammonia limits, the permittee is authorized to discharge at or below any daily ammonia limit included in the table(s), so the need for other (weekly and/or monthly) ammonia limits is hard to determine. For example, assume a permittee that discharges to a warm water fishery would receive a single daily maximum limit of 16.8 mg/l (based on a maximum pH of 8 s.u.), and a potential monthly limit of 18 mg/l. The monthly limit is unnecessary, because the daily limit would ensure regulation of the discharge such that the monthly limit would be met. With a table, there is no such assurance, and weekly and monthly limits below 20 mg/l in summer, and 40 mg/l in winter, would need to be included in a permit.

· Although SWAMP could accommodate drafting of a permit with a table, the discharge monitoring reports would need to include a ‘variable limit’ column, where the permittee would report the daily limit based on that day’s pH. The screening procedures in SWAMP are not set up to determine whether the appropriate limit has been used, so determination of compliance is more difficult.  A pH-ammonia table should be subject to the following conditions: The permittee has on-site ammonia effluent analysis capability so that they can react in a timely fashion to changes in effluent quality, and that the permittee has an ability to respond to changes in effluent quality either by controlling pH, increasing treatment, storage or some other means.
· Use of a table allows a wide range of discharge concentrations, which makes evaluation of water quality impacts to a downstream reach, or of multiple dischargers, difficult or impossible.

Determining the Need for Chronic Limits: The methodology for the calculation of chronic ammonia limits is addressed in other sections of this guidance. This guidance deals with the methodology used to determine the needed for chronic effluent limits. For chronic limits, s. NR 106.05(3)(b) states that if the arithmetic average discharge concentration of the substance for any 4 consecutive days exceeds the limit of detection and exceeds the limitations based on the chronic toxicity criterion then a limit is necessary in the permit.  Additionally, if there are at least 11 daily discharge concentrations of the substance that are greater than the limit of detection, then the limit is compared to the upper 99th percentile of 4-day average (4-day P99) discharge concentration of available discharge data to determine if a limit is necessary. 

One very important note is that s. NR 106.05 does not make a distinction between limitations based on 4 or 30 day chronic toxicity criterion. Therefore, both the calculated weekly average and monthly average limits need to be compared to the 4-day consecutive average and the 4-day P99. 

In the cases where we have 4-day consecutive discharge data available, this data was generally collected either because the permittee already had ammonia limits, and/or there was an identified problem associated with the discharge of ammonia from that facility. In either case continuation or imposition of ammonia limits is likely warranted. 

For sites where there isn't 4-day consecutive discharge data available, reliance on the 4-day P99 may actually be a better predictor of maximum monthly average effluent than the 30-day P99.  The procedures for calculating the P99 laid out in NR 106.05(5)(a) are predicated on the fact that the data are not serially correlated.  

When effluent data is collected over a relatively short period of time, consecutive results may "influence" each other, meaning that the calculated P99 values would underestimate the actual long-term effluent variability. Normally serial correlation is considered when the treatment plant's hydraulic retention time is greater than the time between samples.  This is an appropriate viewpoint when evaluating effluent data for many toxic substances, because the variability in the effluent is more impacted by the variability in the influent than by the treatment process. However this is not the case with ammonia as the amount of ammonia discharged is greatly influenced by the treatment process. Therefore the data are more likely to be serially correlated. The P99 calculation can be adjusted to account for serial correlation using the procedures in Appendix E of the 1991 EPA Technical Support Document for Water Quality-Based Toxics Control. The end result of these procedures is to reduce the number of discharge concentrations used to calculate an average over a specified monitoring period. Normally for the 4-day and 30 day P99 calculation, these numbers are 4 and 30 respectively. However the procedures used to address serial correlation require that the effluent data be collected at routine intervals. With the exception of permittees that monitor for ammonia on a daily basis, this type of data is not available. This is because that for nearly all other permittees the intervals between sample days is not constant. On limited examples where daily data were available, the adjustment for serial correlation had some effect on the number used to calculate the 4-day P99, however it was not as major as the major impact on the calculation of the 30-day P99. In this case the adjusted number of discharge concentrations used to calculate an average was reduced from 30 to less than 4. In effect the 30-day P99 which was adjusted for serial correlation was roughly equivalent to the original 4-day P99.

In a related exercise data for several discharges were evaluated in the following using the following procedures. The 30-day rolling averages of effluent quality data were calculated for each example discharge. Next monthly averages were calculated for each month for each discharge. Finally unadjusted 30-day P99 values were calculated by month for each discharge (i.e. all data from December was used to calculate a 30-day P99 for December).  These data demonstrated that an unadjusted 30-day P99 underestimated the actual variability in the effluent data. For example, in one case in looking at 5 years of effluent data, the unadjusted monthly 30-day P99 was exceeded by the calculated monthly average at least once every 5 years. 

20/40 Cutoff for Municipal Discharges: Historically, the Department's position has been to exclude most municipalities have been excluded from having to meet ammonia limitations in WPDES permits if the calculated limits were greater than or equal to 20 mg/L for the period of May through October or greater than or equal to 40 mg/L for the period of November through April. This was because it is expected that typical well-operated secondary treatment plants would be able to meet such limitations without any additional treatment. This position has been codified in code under s. NR 106.33(2). Generally speaking if the reported effluent concentrations of a discharger are greater than the 20/40 cutoff, the discharge is likely receiving enough industrial wastewater that it is questionable if the exemption in s. NR 106.33(2) applies. Furthermore, consideration must be given to s. NR 102.04(1)(d), which states that substances cannot be present in amounts that are acutely toxic to aquatic life. So if the effluent data suggests that limits are needed to protect water quality standards the language in s. NR 106.33(2) should not prevent those limits from being imposed. 

Influent Nitrogen Loadings: Historically the Department’s decision to consider imposing ammonia limits for municipal permittees was based on the assumptions discussed above in the 20/40 cutoff section. Where the calculated limits were below the cutoff, limits were imposed. 

For industrial permittees no such routine assumption for average effluent quality could be made. The decision to impose ammonia limits was generally based on actual or projected influent and/or effluent concentrations.  For example some discharges such as can cooling water would not be expect to present an ammonia concern and would not receive ammonia limits. Others such as a wastewater treatment plant for a meat packing plant had the potential to receive high concentrations of ammonia (and other nitrogen compounds) and would therefore receive ammonia limits.  The language in s. s. NR 106.33(3) simply formalizes this approach that was traditionally used for industrial discharges and theoretically makes it available to municipal dischargers. 

Frequently Asked Questions:

Q1)  Regarding the 20/40 limit cutoff, just for clarification.  A facility has calculated acute limits that exceed 20/40 due to low effluent pH, and the chronic limits are much greater than acute due to high dilution.  The facility’s 1-day P99 exceeds 20 mg/L summer and 40 mg/L winter.  Are we prohibited from giving the facility acute limits?

A1)  Technically, NR 106.33(2) prohibits permit limits greater than 20/40 in municipal discharges.  However, there are several circumstances in which limits higher than 20/40 may be included in a permit, and these possibilities should be investigated as needed.

First, does the P99 exceed the limit?  If not, a permit limit wouldn’t be appropriate whether the 20/40 cutoff existed or not.

Second, is there significant industrial input?  If so, we may consider limits higher than 20/40.  If it’s a large municipality, it may not be clear whether or not the industrial input is significant, whether from one industry or several.  It turns out that in the example that led to this question (Eau Claire, 2005), the high effluent concentrations could be associated with an alternative form of treatment, specifically an RBC.  As noted in the guidance text above, values in excess of 20/40 may raise questions over the amount of industrial input, and this would presumably apply regardless of the type of treatment, such that this really isn’t a “typical” secondary effluent which would be expected to meet 20/40.  A phrase that was unfortunately left out of NR 106 but is included in the guidance text is that secondary systems are typically expected to be able to achieve 20/40, meaning that if they cannot achieve 20/40, it’s either not typical (example = alternative treatment) or there is significant industrial input from an industrial category (or categories) that have higher ammonia levels than typical residential contributions.

Third, is the facility passing acute whole effluent toxicity tests?  If not, it may be appropriate to do the TIE to determine if ammonia is the reason for the acute test failures.  If ammonia is found to be the source of ammonia toxicity, ammonia limits may be calculated based on the levels that prevent the toxicity, and these have nothing to do with the 20/40 cutoff.

Even if the facility passes the acute WET test, it is also noted in the guidance text that NR 102.04(1)(d) prohibits the discharge of substances in toxic amounts.  Based on that, a limit in excess of 20/40 is justifiable under s. NR 102.04(1)(d) rather than s. NR 106.33(2).

In summary, it is believed that limits greater than 20/40 can be included in the permit if the effluent ammonia results exceed the limit (therefore not being a  typical municipal effluent), if there is significant industrial input, or if WET tests fail due to ammonia.

Again, it should be noted that the 20/40 cutoff does NOT apply to industrial effluents, but if an analysis could be done of specific industrial categories, an industry-specific cutoff could be developed under the same concept as 20/40 for municipalities.
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