Calculating Daily Loads for Load-based TMDLs


Developing Daily Loads for Load-based TMDLs

Total Maximum Daily Loads (TMDLs) are developed for a variety of pollutants, environmental settings, source types, and waterbody types.  Depending on all these factors, TMDLs are developed using a variety of approaches to build a relationship between point and nonpoint source loads and water quality standards.  As a result of the approaches used and the type of water quality standards loading outputs are often presented in timesteps varying from daily to annual.  While it might be appropriate to express TMDL allocations as longer-term goals (e.g., monthly or annual), it is also necessary to also calculate daily load expressions as part of a TMDL analysis.  

The purpose of this factsheet is to provide technically sound options that TMDL practitioners can use to develop “daily load expressions” from completed or ongoing TMDLs that were calculated using averaging periods greater than daily (e.g., annual, monthly, seasonal, etc).  Analytical approaches that result in longer (“non-daily”) averaging periods may be needed to demonstrate consistency with the applicable water quality criteria or to better represent the critical conditions and impairment conditions in the wide range of waters addressed by TMDLs.  In addition, “non-daily” calculations may be needed to provide a meaningful connection with implementation efforts, such as permits or nonpoint source Best Management Practices (BMPs), where other averaging periods provide the primary basis for water quality-based control strategies. However, all final TMDL submissions must contain a daily load component.

	Factsheet Focus
This factsheet is targeted at those TMDLs that support load-based allocations.  For TMDLs that establish concentration-based allocations, a companion factsheet has been developed to provide an approach for identifying corresponding daily targets.  


The factsheet includes a flowchart that provides a “menu” of sorts, guiding users to select from a variety of options that can be used to calculate daily loads, depending on the type of analysis being used to support TMDL development.  The options are meant to provide TMDL developers with a certain amount of flexibility in how they identify daily loads, depending on their situation, resources and data.  The options are also developed to be as universal as possible in their applicability, making them appropriate for a number of TMDL approaches and pollutants as well as allowing them to be adapted or enhanced depending on the specific TMDL.   

How to Use this Factsheet

This factsheet is designed to support TMDL developers at any point in the TMDL development process.  The information can help those who have already chosen and/or applied a TMDL approach and need a way of translating their non-daily allocations into daily loads.  It can also help those just beginning TMDL development and selecting their TMDL approach.  While many of the example applications focus on the most frequently listed pollutants and commonly used TMDL approaches, the options provided for calculating daily loads are designed to be broad in their application—to support a variety of analyses, pollutant types, and other TMDL factors.  Therefore, a TMDL developer should be able to use this factsheet and identify several options that are appropriate for their situation.  Reviewing those options, they can select one that is most appropriate for their TMDL or they can modify or enhance one to create their own approach depending on their data and needs.  As much as providing a solution, the options are provided as a “jumpstart” for TMDL developers to overcome the translation to daily loads within the context of a non-daily TMDL analysis.  For situations where none of the options can be used “off the shelf,” they can provide TMDL developers with ideas that can be tailored to their situation.  

Factsheet Organization

To identify and select the most efficient options for how to translate load-based TMDLs into daily loads, the most common impairments and their associated TMDL analysis components were reviewed.  Figure 1 stratifies common TMDL approaches into tiers, including the associated water quality standards and targets, TMDL analysis methodologies, and analysis outputs.  The tiers illustrate aspects of the TMDL that affect the available overall TMDL approaches as well as the options for identifying daily loads, and they illustrate shared information among the common types of TMDLs.  The tiers are summarized for the most frequently listed pollutants—bacteria, sediment, nutrients and metals—and include the following:

· Typical Water Quality Standards and TMDL Targets—describes the types of available narrative and numeric water quality criteria and the associated TMDL targets for the noted pollutants. 

· Typical Analysis Techniques and Output—describes common analysis techniques used for the different types of pollutants and water quality targets.  The techniques are then categorized based on the type of output they generate.  The output represents the data or results that are generated by the analysis and are used to calculate the TMDL allocations.  

· Options for Conversion to Daily Loads—summarizes several options for identifying daily loads based on the types of analysis output available for a TMDL.  These options are further described later in this factsheet.

The figure indicates a subset of choices for each of the tiers—choices that are not mutually exclusive.  For example, if doing a nutrient TMDL, there are various approaches for doing the TMDL analysis, including developing load duration curves, applying a general watershed model, calculating loading based on export coefficients, and conducting a steady-state analysis.  Each of those approaches can generate one or more types of output that can be used to translate a TMDL’s non-daily allocations into an associated daily load.  Similarly, there are different options available to present the daily loads depending on the type of output available.  The flowchart provides a cross-reference among the common aspects and information in different TMDL types.

As shown in the figure, the output generated by the technical approach serves as the primary differentiator among TMDLs.  Therefore, the options for translating non-daily TMDL allocations into daily loads depends on what type of analysis output is available to support identification of daily loads. For example, many detailed watershed models provide continuous daily loads as output.  The options to translate allocations into daily loads when using a detailed watershed model are different than those available when using an approach that results in monthly loads.  

The flowchart provided in Figure 1 can act as a roadmap for TMDL developers to identify options for developing daily loads depending on their situation.  The options provided in this factsheet are organized according to the flowchart, outlining the typical TMDL approaches and the corresponding options for identifying daily loads.  To assist in navigating the flowchart, the following sections briefly discuss the “tiers” and their associated components.  Following the flowchart specific descriptions and example applications are provided for each of the options.  
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Figure 1.  Relationship among common TMDL components and options for calculating daily loads.
Water Quality Standards and Targets

Because TMDLs are developed to result in attainment of water quality standards, applicable standards are the driving factors in selecting a TMDL development approach.  States identify designated uses for all of the waterbodies within their boundaries and identify applicable water quality criteria to protect those uses.  Water quality criteria can be numeric (e.g., “Dissolved oxygen shall not average less than 5.0 mg/L in a 24 hour period…”) or narrative (e.g., “In no case shall the nutrient concentrations of a body of water be altered so as to cause an imbalance in natural populations of aquatic flora or fauna.”).  


Numeric criteria are scientifically derived values intended to protect aquatic life, wildlife, or human health.  A critical consideration of numeric criteria is that they include magnitude, duration and frequency.  These three concepts must be considered in conjunction to understand how numeric water quality criteria are applied.  They also guide the selection of approaches appropriate for developing specific TMDLs.  

Narrative criteria are more general and require that waterbodies be free from substances that create a nuisance, are toxic or pose a serious danger to public health and welfare.  Narrative criteria typically include such things as:

· Objectionable bottom deposits 
· Oil, scum, and floating debris in amounts that are unsightly 

· Nuisance levels of odor, color, and other conditions 

· Undesirable or nuisance aquatic life 

· Substances in amounts toxic to humans or aquatic life 

TMDLs developed to meet narrative criteria require the identification of a numeric target that represents designated use support.  For example, for sediment and nutrient TMDLs that have only narrative water quality criteria, TMDLs can establish target concentrations based on historical data, literature values or reference conditions or can establish target loading rates based on modeling reference watersheds that support designated uses.  

Water quality criteria, along with sources and impairment conditions, guide the selection of TMDL approaches to identify allowable loads and necessary load reductions to meet criteria.  [Reviewers’ Note: How much detail should be included?  The goal of this section is to provide general background on water quality standards and their use in TMDLs; not to provide guidance on how to select a TMDL approach depending on the applicable standards.  Reference applicable TMDL guidance and water quality standards documents?]
Analysis Techniques and Outputs

This section discusses some commonly used approaches for developing TMDLs (shown in Figure 1) and how they guide the identification of daily loads for non-daily TMDLs.  

· Detailed Dynamic Model.  Many TMDLs use dynamic, time variable using daily or smaller time steps, watershed and receiving water models to establish the link between source loading and water quality response and evaluate load reduction and management scenarios.  Detailed models provide continuous simulation of watershed and instream processes based on a variety of inputs, including weather conditions, land use and other watershed characteristics, and waterbody characteristics (e.g., physical, chemical).  Dynamic models can include watershed models (e.g., HSPF) or receiving water models (e.g., WASP).  Many dynamic watershed models also include an instream component that simulates instream fate and transport.  While process, resolution and detail vary greatly depending on the model used and the type of application, dynamic models typically provide daily or subdaily output for flow and loads.  

· Load Duration.  The load duration methodology relies on using observed flows and appropriate water quality criteria to establish loading capacities during various flow conditions. The methodology builds on the use of flow duration curves, which use hydrologic data from stream gages consider the cumulative frequency of historic flow data over a specified period.  A duration curve relates flow values to the percent of time those values have been met or exceeded.  Duration curve analysis identifies intervals, which can be used as a general indicator of hydrologic condition (i.e., wet versus dry and to what degree).  

· General Watershed Model.  For this factsheet, general watershed models are assumed to be those that provide simulation capabilities and output on a non-daily basis, typically monthly or event-based.  The models simulate basic watershed processes related to weather, erosion, and runoff and pollutant washoff, and they typically do not involve waterbody response or instream fate and transport.  An example of a general watershed model is GWLF or AGNPS.  
· Export Coefficients/Pollutant Budgets.  This category encompasses a number of approaches built upon empirical relationships among watershed processes and pollutant loading as well as the use of literature values of typical watershed loading rates.  Examples include the use of monthly load rates from various land uses to calculate allowable loading from an impaired watershed.  Another example is the use of an empirical relationship that allows a user to calculate an allowable load depending on desirable conditions (e.g., target runoff/waterbody concentration or indicator levels).  
· Steady State or Mass Balance Analysis.  These approaches rely on the assumption of conservation of mass into a waterbody.  The analysis might calculate loads entering a waterbody based on literature values or observed data and calculate the resulting waterbody concentrations based on estimated losses (e.g., settling, decay) and inputs.  The approach relies on identifying the necessary loads entering a waterbody that will meet the desired waterbody target after the consideration of all inputs and losses.  These approaches can be applied for a steady-state critical condition, in which case they might result in a daily load; in other instances they are based on longer time periods, such average monthly loading rates.  
Depending on the analysis approach used in TMDL development as well as the pollutant, associated water quality standards, observed impairments and source characteristics, TMDL allocations may be expressed on a variety of time scales to represent attainment of water quality standards.  For TMDLs that are expressed as non-daily loads, it is necessary to translate the non-daily TMDL allocations into daily loads.  Allocations based on monthly, seasonal or annual timeframes would be used to guide management measures and implementation plans, while the daily expressions are an alternative, daily representation of the longer-term TMDL allocations.  

Implementation efforts, including BMP implementation and permit limits, can be consistent with both the daily limits as well as the longer-term goals.  However, monitoring of the longer-term TMDL loads should be the driver in determining whether the goals are being met.  For example, the daily limit expression may specify a daily maximum load.  As in permits, daily maximums are typically established to allow for infrequent, high-concentration discharges and daily or monthly averages are also provided to represent the more consistent or persistent loading conditions.  If only the daily maximum is met every day it is unlikely that monthly average goals will be met.  As a result, long-term loading will not be controlled to the extent required to meet water quality standards.  Nevertheless, the identification of daily loading targets can identify the range of conditions (e.g., average and maximum) that are acceptable on a daily basis and that will meet the overall TMDL allocations and ensure designated use support.     

Options for Identifying Daily Loads 

As discussed previously, the output generated by the TMDL technical approach serves as a way to group similar types of TMDL approaches or analyses for the purposes of selecting the appropriate translation option.  The options for translating non-daily TMDL allocations into daily loads depends on what type of analysis output is available to support the analysis. This section presents a series of options for identifying daily loads, according to the type of output generated by your TMDL approach, including the following:

· Daily Output. Approaches that provide daily output, whether based on model-simulated data or observed data, facilitate the identification of a daily load for inclusion with non-daily TMDL allocations. Because the daily data are already available, identifying a daily load is an exercise of selecting the “right” daily load.  Therefore, the options provided for this category focus on presenting the daily load output in a variety of formats and groupings to provide flexibility to the TMDL developer in identifying a single daily load or ranges of daily loads appropriate for their situation.  

· Non-daily Output.  The options available to support identification of daily loads for approaches that generate monthly loads and output are also applicable to those that generate annual output or other non-daily output.  These approaches mostly rely on the use of flow to extrapolate or distribute non-daily loads to a format for evaluating and identifying daily loads.  Depending on the approach and supporting data available, these options can use model output, observed data or a combination of these.
Table 1 provides a summary of the options included in this section for each category, including identifying the associated data needs and advantages and disadvantages.  

Table 1.  Summary of Options for Calculating Daily Loads for Non-daily TMDLs [under development as examples/options are finalized]
	
	Option
	Expression of Daily Load
	Data Needs
	Advantages
	Disadvantages

	Using Approach with Daily Output
	1.1
	Single critical flow
	· Continuous observed or modeled flow (or frequent measurements covering all flow ranges)

· Numeric criterion or TMDL target concentration
	· 
	· Does not allow for variations in environmental or source conditions

	
	1.2
	Flow-variable
	· Continuous observed or modeled flow (or frequent measurements covering all flow ranges)
· Numeric criterion or TMDL target concentration
	· Allows for variations based on flow condition
	· 

	
	1.3
	Temporally variable (monthly, seasonal)
	· Continuous observed or modeled flow (or frequent measurements covering all flow ranges or seasons)
· Numeric criterion or TMDL target concentration
	· Allows for variations for different seasons or times of varying source or waterbody behavior
	· 

	Using Approach with Non-daily Output
	1.1
	Single critical flow
	· Modeled flow and load

· Continuous observed or modeled flow

· Daily numeric criterion or TMDL target or daily allowable concentration based on model output 
	· 
	· 

	
	1.2
	Flow-variable
	· Modeled flow and load

· Continuous observed or modeled flow 
· Daily numeric criterion or TMDL target or daily allowable concentration based on model output
	· 
	· 

	
	1.3
	Temporally variable (monthly, seasonal)
	· Modeled flow and load

· Continuous observed or modeled flow 
· Daily numeric criterion or TMDL target or daily allowable concentration based on model output
	· 
	· 


[Possibility to add columns for applicability (e.g., pollutants, waterbody type, etc.).  But most options be applicable to all, so might not be necessary.]

Category 1.  Using Daily Output

This section provides options for identifying daily loads when using TMDL approaches that generate daily output, such as continuous-simulation models or approaches that are based on observed monitoring data.  To illustrate the available options, this section includes two example applications, each using the same TMDL dataset for all three options.  The following is a summary of each option presented:

· Option 1.1: Select a Critical or Representative based on a Statistical Measure.  This option is based on identifying a single or multiple representative daily loads based on the time series or entire range of available loads or flows.  

· Option 1.2: Identify Flow-variable Daily Loads based on Representative Statistical Measure.  This option is similar to Option 1.1.  However it allows for variable daily loads depending on associated flow conditions rather than establishing one or two static daily loads for all conditions.  This option provides flexibility for settings where loads are highly dependent on flow and there is a mix of sources impacting the waterbody under varying flow conditions.  

· Option 1.3:  Identify Daily Loads by Season or Month based on Representative Statistical Measure.  As in Option 1.2, this option allows for variable daily loads depending on certain conditions. However, instead of varying by flow, this option establishes daily loads that vary temporally, whether by season or month.  This option is desirable for waterbodies that exhibit strong seasonal variation depending on weather or source activity.  

Example 1.1: Identifying a Daily Load for a TMDL Developed Using Observed Monitoring Data

This example provides applications of each of the three options included for use with TMDL approaches that generate daily load output.  Table 2 presents a summary of the TMDL analysis represented by this example.  

Table 2.  Summary of TMDL Analysis in Example 1.1 [under development, provided as an example of information to be included]
	Waterbody
	Stream

	Pollutant
	Fecal coliform

	Water Quality Criteria or TMDL Target
	1,000 cfu/100 mL

	TMDL Approach
	Load duration curve based on observed flow and water quality target

	Allocation Expression
	Monthly load allocations and reductions

	Available Monitoring Data
	· Continuous daily flow
· Frequent fecal coliform grab samples

	Available Model/Approach Output
	Load duration curve of allowable daily loads


Option 1.1: Select a Critical or Representative Load based on a Statistical Measure  

Option 1.1 uses a load duration approach to arrange daily loads according to flow frequency and select a daily load based on a selected flow condition.  Because the load duration curve is composed of individual allowable daily loads, it can be used to identify acceptable daily load targets to supplement the longer-term TMDL allocations.  In many cases, a load duration curve as a whole can represent the expression of a daily load, with the appropriate maximum daily load selected from the curve depending on the measured flow for the day.  However, it may be more manageable to select one or a few points on the curve as the daily load for easier implementation and monitoring.  
Figure 2 provides an example load duration curve of allowable daily loads based on a fecal coliform target of 1,000 cfu/100 mL and the individual observed loads arranged by flow percentile.  The TMDL curve can be used to identify the appropriate daily load, whether a single target maximum based on a critical flow or a combination of a daily average for persistent conditions and a daily maximum for infrequent peaks or storm events.  For example, the median load (i.e., 50th percentile) can be established as the daily average load while the load for a lower frequency flow (e.g., 25th percentile) can be chosen as the daily maximum.  Which load is used for the daily maximum (e.g., 5th vs. 25th percentile) is dependent on the specific TMDL and best professional judgment of the developers.  For example, if there is a great deal of uncertainty, the maximum might be set at a smaller load (e.g, 25th percentile).  
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Figure 2. Example load duration curve

Option 1.2: Identify Flow-variable Daily Loads based on Representative Statistical Measure 

Building on the concept presented in Option 1.1, allowable daily loads can be identified not just for single flows but rather for different flow ranges.  Acceptable loading ranges, maximums or averages can be identified for different flow ranges used in the load duration analyses (e.g., 10 percentile increments), as shown in Table 3 and Figure 3.  To create the figure, the daily loads calculated based on the flow record and the bacteria criteria are grouped according to their corresponding flow percentile.  For each flow group (e.g., 10th percentile to 20th percentile), various statistical measures can be identified to represent the allowable daily load for that flow range.  This allows for flexibility in establishing daily load targets to account for the variability in loadings and the relationship between loading and flow magnitude and frequency.  As with Option 1.1, which load is selected within each range—whether median, 75th percentile or other measure—depends on the TMDL. In the example shown in Figure 3, the selection of which measure is used as the daily maximum and/or average would be most important for the higher flow conditions, when there is wider distribution of bacteria loads.  As another example, in areas where there are known sources associated with certain flow regimes, broader flow ranges characteristic of certain source impacts can be used (Figure 4) for establishing daily loads.

Table 3.  Summary of allowable daily bacteria loads by flow range. 

	Flow Exceedence Ranges
	Minimum Load (106/day)
	25th Load  (106/day)
	Average Load  (106/day)
	Median Load  (106/day)
	75th Load  (106/day)
	Maximum Load  (106/day)

	0-10
	23,279,166
	30,480,661
	58,609,274
	40,600,921
	64,680,118
	197,193,989

	10-20
	12,046,938
	14,017,288
	16,755,528
	16,115,593
	18,984,692
	23,279,166

	20-30
	8,049,234
	8,856,603
	9,847,556
	9,663,973
	10,813,864
	12,046,938

	30-40
	5,920,713
	6,388,376
	6,888,578
	6,825,946
	7,364,192
	8,049,234

	40-50
	4,293,740
	4,674,550
	5,104,491
	5,113,343
	5,541,494
	5,920,713

	50-60
	3,107,151
	3,339,576
	3,662,079
	3,669,863
	3,951,220
	4,293,740

	60-70
	2,348,713
	2,495,507
	2,696,104
	2,691,233
	2,886,959
	3,107,151

	70-80
	1,761,534
	1,896,096
	2,046,227
	2,030,658
	2,201,918
	2,348,713

	80-90
	1,296,685
	1,419,014
	1,534,670
	1,541,343
	1,663,671
	1,761,534

	90-100
	149,241
	880,767
	967,732
	1,027,562
	1,174,356
	1,296,685
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Figure 3.  Illustration of potential flow-variable daily loads.
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Figure 4.  Illustration of potential flow-variable loads, alternate flow ranges. 

Option 1.3:  Identify Daily Loads by Season or Month based on Representative Statistical Measure

Pollutant loads often vary by season.  This is typically due to variations in weather and resulting flow patterns, but can also be influenced by source activity and watershed characteristics.  Option 1.3 allows for the development of daily load targets that vary by season rather than by flow distribution as in Option 1.2.  This option includes identifying appropriate flow targets or ranges for each season based on the daily load output from the TMDL analysis.  Figure 5 presents an example graph summarizing potential daily targets for each season, including the average, median, 25th percentile and 75th percentile loads.  Figure 5 was created using the series of allowable loads calculated using observed flows and the bacteria criterion.  Again, the appropriate target or targets could be a combination of a daily maximum set at some percentile load (e.g., 95th) and a median or average load set as a daily average target.  The specific measures and expressions will likely be determined on a case-by-case basis for specific TMDLs. 

This approach can also be applied for months rather than seasons if it is determined that monthly loads are highly variable and month-by-month daily load targets are necessary to meet TMDL goals and support water quality standards.
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Figure 5.  Example of seasonal daily load targets.

Example 1.2: Identifying a Daily Load for a TMDL Developed Using a Continuous Simulation Model 

[Example is under development, including refining previous examples developed for sediment and/or an example using a metals TMDL]

Category 2.  Using Non-daily Output

This section provides options for identifying daily loads when using TMDL approaches that generate non-daily output, such as general watershed models or approaches based on literature values or empirical relationships.  To illustrate the approaches, this section includes two example applications, each using the same TMDL dataset for all three options.  The following is a summary of each option presented:

· Option 1.1: Develop a Rating Curve to Establish Flow-variable Daily Loads.  This option develops a rating curve of allowable loads based on observed monitoring data and necessary load reductions identified in the TMDL analysis.  

· Option 1.2: Calculate an Average Concentration to Develop a Load Duration Curve.  This option uses non-daily load and flow output to calculate an average concentration representative of the longer term allocations.  The concentration can then be used with observed flow data to identify daily load targets using a load duration analysis.  

· Option 1.3:  Calculate an Average Concentration to Develop a Variable Daily Loads.  This option uses non-daily load and flow output to calculate an average concentration representative of the longer term allocations.  The concentration can then be used with observed flow data to identify daily load targets by season or flow condition using observed or modeled flow data.  

These options all rely on using monthly output from the TMDL approach alone or in conjunction with observed flow and water quality data to evaluate daily loads using the similar options presented for approaches with daily output.  

Example 2.1:  Identifying Daily Loads when Using an Approach that Results in Monthly Flow and Load Output

This example will provide example applications of each of the three options included for use with TMDL approaches that generate non-daily load output.  Table 4 presents a summary of the TMDL analysis represented by this example.  

Table 4.  Summary of TMDL Analysis in Example 2.1 [to be added]
	Waterbody
	

	Pollutant
	

	Water Quality Criteria or TMDL Target
	

	TMDL Approach
	

	Allocation Expression
	

	Available Monitoring Data
	

	Available Model/Approach Output
	


[This example is being updated with a consistent dataset…original examples used different datasets for each option.]
Option 2.1: Develop a Rating Curve to Establish Flow-variable Daily Loads

When using a watershed model or other approach that doesn’t provide daily output, model output or monitoring data can be used in supplementary analyses to identify daily loads.  Rating curves showing the relationship between pollutant load and discharge can be developed using corresponding measured daily flow and sediment loading data.  Once a rating curve has been created for the impaired stream, the overall percent reduction identified in the TMDL can be applied to this curve, to create a “TMDL” rating curve.  For example, if the TMDL analysis identified a necessary load reduction of 25 percent to meet the water quality target, all observed loads used for the rating curve are reduced by 25 percent.  Those reduced “TMDL” loads are then plotted versus the corresponding flows to establish the TMDL rating curve.  This idea is illustrated in Figure 6, showing the original rating curve along with the TMDL curve.  Based on this curve, a daily TMDL load can be identified as a function of daily flow.  For example, as shown in Figure 6, for those times when the flow in the stream is 36 cfs, then the allowable load is 5,500 lbs/day.  Alternately, a representative flow can be chosen and the corresponding load can be established as the daily load.  

This approach can be applied on whatever timescale the non-daily TMDL uses.  For example, if the non-daily TMDL identifies load allocations by month, available monitoring data can be grouped by month to develop monthly rating curves.   
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Figure 6.  Daily loads by flow based on sediment rating curve and modeled percent reduction [being updated with actual data]
Option 2.2: Calculate an Average Concentration to Develop a Load Duration Curve

In situations where continuous daily flow data are available (e.g., from a USGS flow gage) they can be used with non-daily modeling results to identify an average sediment concentration and subsequently the daily TMDL.  First, an average concentration must be calculated.  To do this, it is necessary to know the flow volume for the particular time period that the original TMDL was developed for.  For example, if the TMDL was developed on a monthly basis, then for each month, an average concentration can be calculated by dividing the TMDL load by the total flow volume expected for that month.  If continuous flow data are not available for the modeling period to calculate the flow volume, the modeled average flow can be used.  

The average concentration for the modeled time period can then be used in different ways to identify the daily TMDL, including:

· Use the average concentration with observed flows to establish a flow duration curve or rating curve to identify flow-dependent daily loads.

· Use the average concentration with a representative flow from the same time period (e.g., average monthly flow, 75th percentile flow) to identify a static daily load. 

Option 2.3:  Calculate an Average Concentration to Develop Variable Daily Loads

As an example, Figure 7 shows monthly sediment TMDL loads obtained from a model along with average monthly flows from the model.  These values can be used to identify the average monthly sediment concentrations to support identification of the daily load by dividing the monthly TMDL load by the average flow for that month.  For example, the modeled average monthly flow for February is 11.1 ft3/s and the modeling monthly sediment load is 46.4 tons.  Therefore, the average concentration for February is:
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Figure 7.  TMDL loads and average modeled flows by month

Once the monthly average concentrations are determined, they can be used with measured in-stream flows to identify daily loads for each month.  For example, the 90th percentile flow can be multiplied by the average concentration for that month to identify a daily maximum applicable for that month.  This approach can also be applied seasonally.  In addition, total annual flow volume and load can be used to calculate an overall annual average concentration that can be used to develop a load duration curve or rating curve.  

Example 2.2:  Identifying Daily Loads when Using an Approach that Results in Monthly Flow and Load Output

This example will provide example applications of each of the three options included for use with TMDL approaches that generate non-daily load output.  Table 5 presents a summary of the TMDL analysis represented by this example.  

Table 5.  Summary of TMDL Analysis in Example 2.1

	Waterbody
	Stream

	Pollutant
	Total phosphorus

	Water Quality Criteria or TMDL Target
	Narrative criteria; TMDL target of 0.3 mg/L (monthly average)

	TMDL Approach
	GWLF watershed model

	Allocation Expression
	Annual loads by land use

	Available Monitoring Data
	· Continuous flow data

· Infrequent total phosphorus data

	Available Model/Approach Output
	· Monthly flow
· Monthly pollutant loads


Figure 8 presents a summary of the GWLF output generated by this TMDL analysis, including existing monthly loads and monthly TMDL loads.  
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Figure 8.  Summary of monthly GWLF output for existing and TMDL conditions.

Option 2.1: Develop a Rating Curve to Establish Flow-variable Daily Loads

This example uses loads and flows estimated by the GWLF watershed model and observed flow records to establish a total phosphorus rating curve.  Because sufficient observed total phosphorus data were not available to develop an existing rating curve based on observed flows, the modeled monthly output were used to calculate average “existing” concentrations to develop a rating curve.  While Example 2.1 used the estimated load reductions identified in the TMDL to transform the existing rating curve into a TMDL rating curve, this example uses the modeled TMDL loads and flows to estimate the TMDL rating curve. Table 6 presents the average concentrations developed using the model output.  The average concentrations for both existing and TMDL conditions were then multiplied by observed flows for the corresponding months to calculate a series of daily loads.  These allowable and existing daily loads are plotted against flow in Figure 9, displaying a phosphorus rating curve that can be used to identify allowable daily loads by flow.  The rating curve shown in Figure 9 is based on using the average annual concentrations with the available 10-year flow record. 

Table 6.  Summary of GWLF monthly output and calculated average TP concentrations

	Month
	Modeled Flow (cfs)
	Existing TP Load (kg/month)
	Average TP Existing TP Concentration
	TMDL TP Load (kg/month)
	Average TP TMDL Concentration

	January
	28.8
	327.3
	0.15
	85.7
	0.04

	February
	32.1
	368.4
	0.17
	96.5
	0.04

	March
	34
	335.8
	0.13
	88
	0.03

	April
	34.2
	135.8
	0.05
	35.6
	0.01

	May
	28
	228.4
	0.11
	59.8
	0.03

	June
	26.1
	267.3
	0.14
	70
	0.04

	July
	19.2
	1284.5
	0.88
	336.5
	0.23

	August 
	8
	584
	0.96
	153
	0.25

	September
	5.9
	114.3
	0.26
	29.9
	0.07

	October
	11.9
	471.8
	0.52
	123.6
	0.14

	November
	16.8
	402.9
	0.33
	105.6
	0.09

	December
	29
	791.1
	0.36
	207.3
	0.09

	ANNUAL
	22.8
	5311.8
	0.26
	1391.7
	0.07
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Figure 9.  Daily loads by flow based on total phosphorus rating curve based on modeled loads and observed flows

Option 2.2: Calculate an Average Concentration to Develop a Load Duration Curve

For this example, an average annual total phosphorus concentration was calculated based on GWLF modeled annual flow volume and annual phosphorus load (Table 6).  (As with other examples, monthly flows and loads can be used to establish monthly average concentrations.)  The average annual concentration was used with the available flow record to create a load duration curve, as shown in Figure 10.  Similar to previous examples, potential targets for daily maximum or average loads are included on the curve and the magnitude of the selected loads are dependent on the TMDL.   
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Figure 10.  Load duration curve created using average allowable TP concentration and observed flows.

Option 2.3:  Calculate an Average Concentration to Develop Variable Daily Loads

This option uses model output along with available flow records to establish flow-variable and seasonally variable daily loads (similar to Option 1.2 and 1.3).  Monthly average TMDL concentrations were calculated using the modeled monthly load and flow output (shown in Table 6).  The monthly concentrations were multiplied by observed flow records (for the respective months) to calculate a time series of allowable daily loads over the 10-year flow record.  The daily load time series could then be used to evaluate daily loads by flow condition or by temporal measures (month, season).  Figure 11 shows the data arranged according to flow exceedance range, with various statistic measures for each flow range, including minimum, average, median, and maximum.  The range of daily loads for each flow condition can be used to identify an appropriate daily load target for each flow condition.  Similarly, Figure 12 evaluates the time series of allowable daily by season.  The figure presents various statistical measures for the subset of allowable daily loads included within each season.  Again, the values can be used to establish daily load targets by season.  
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Figure 11.  Allowable daily loads based on model output and occurring within various flow ranges.
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Figure 12.  Allowable daily loads based on model output and occurring within different seasons.

Magnitude defines how much of a pollutant, expressed as a concentration, is allowable.  


Duration describes the period of time over which the instream concentration is averaged for comparison with the magnitude concentration.  


Frequency describes how often the magnitude can be exceeded (e.g., no more than 10 percent of samples).  
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