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1. Introduction

A. Purpose

This staff report contains recommendations for:

a. nutrient numeric screening tools of Total Nitrogen and Total Phosphorous, and 

b. a screening methodology

that may be used by the State Water Resources Control Board and Regional Water Boards (Water Boards) when evaluating a water body-pollutant combination for bio-stimulatory substances (nutrients) under the Clean Water Act (CWA) section 303(d) listing process.  
For the sake of being brief or non repetitive whenever this staff report refers to “evaluating for listing”, “listing process”, or “listing” it is with regards to the CWA section 303(d) listing process.

Currently, narrative objectives for Bio-Stimulatory Substances (narrative objectives) contained in nine of the ten Regional Water Boards Basin Plans (Basin Plans) is used when evaluating a water body-pollutant combination for possible listing.  The exception would be the San Diego Regional Water Board which does place some numerical limits on bio-stimulatory substances, and, in addition, there are a few site-specific nutrient targets in the Santa Ana and Lahontan Regional Water Boards, respectively.  
The draw back to using narrative objectives is that they are open to interpretation which may make it difficult in arriving at a decision that is consistent as you go from one water body evaluation to the next in the listing process.  The recommendations contained in this staff report are intended to eliminate the drawbacks associated with using narrative objectives alone.  The proposed nutrient numeric screening tool along with the screening methodology described in this staff report will be used to interpret the narrative objectives currently contained in Basin Plans with the intent of providing results/decisions (arrived at in the listing process) that are:

· Defensible, and
· Consistent  

The water-boards are not limited to using these tools and may, as an option, use other tools that are found to be scientifically viable in evaluating water body-pollutant combinations for listing.  The Environmental Protection Agency (EPA) provides a variety of modeling tools such as WASP, AQUATOX, and QUAL2K located at http://www.epa.gov/ceampubl/swater/index.htm.  Another resource is EPA’s National Nutrient Database which is located at http://www.epa.gov/waterscience/criteria/nutrient/database/.  The database stores and analyzes nutrient water quality data and serves as an information resource for states, tribes, and others in establishing scientifically defensible numeric nutrient criteria.
B. Background

Up to and including the 2006 303(d) listing process the determination to list a water body-pollutant combination for nutrients has been based upon narrative objectives found in Basin Plans.  For the most part Basin Plans contain the following narrative objective for Bio-Stimulatory Substances, “Waters shall not contain bio-stimulatory substances in concentrations that promote aquatic growth to the extent that such growth causes a nuisance or adversely affects beneficial uses”.  An exception would be for a few water bodies within the San Diego, Santa Ana and, Lahontan Regional Water Boards which have site-specific numerical limits for bio-stimulatory substances.  They do not, however, specify what levels of algal growth constitute a nuisance.  
Section 303(d) of the CWA requires the states to develop and submit a listing of water body-pollutant combinations to the United States Environmental Protection Agency (USEPA), for approval, every two years.  The Water Quality Assessment Unit (WQAU) in the Division of Water Quality at the State Water Board is responsible for compiling California’s 303(d) list.  Narrative objectives for bio-stimulatory substances were used in the 2006 listing process.  The State Water Board approved the 2006 303(d) list at the Board’s meeting of October 25, 2006.  That 2006 303(d) list contained a subtotal of 1749 water body-pollutant combinations; 240 are related to the category classified as “nutrients” and 21 are related to “nuisance conditions”.  A large number of nutrient listings were determined based upon narrative objectives.  The above subtotal does not contain the “being addressed by Total Maximum Daily Load (TMDL)” or “actions other than TMDL” categories.  
The draw back to using narrative objectives is that they are open to interpretation which may make it difficult to arrive at a decision that is consistent as you go from one water body to the next in the listing process.  Listing process decisions are made based upon the information submitted for review, objectives or guidelines to compare against, and the “Water Quality Control Policy for Developing California’s CWA Section 303(d) List” (September 30, 2004).  If, as in some cases, the only information submitted is narrative and/or consists of photographs with only a narrative objective to work with it becomes difficult to make an evaluation and arrive at a decision that is consistent from one water body to the next.  For example, it has been argued during the listing process that large algal blooms, which can be unsightly, are the result of a nutrient problem and in turn the water body in question needs to be listed for nutrients.  In other cases it has been argued that algae are the pollutant and that the water body in question should be listed for algae.  State Water Board staff from the WQAU has argued (during the listing process) that algae are not a pollutant but rather a condition that is in a continuous state of flux as a result of the water body, and the variables that impact its condition.   

Discussions and concerns, regarding the use of narrative objectives (bio-stimulatory substances), have been raised by Regional Board personnel and the public since the beginning of the listing process.  It has gained a greater amount of attention over the course of developing the 2006 303(d) list becoming a topic of discussion at the public workshops and State Water Board meeting that were conducted as part of the 2006 303(d) listing process.
What has come to light over the life of the listing process is that along with nutrients other factors/variables need to be taken into consideration when we look at what is happening within a water body with regards to bio-stimulatory substances.  Excess algae growth may develop into a nuisance problem but a greater impact may come from depressed levels in dissolved oxygen or excessive levels in pH, which have direct impacts on beneficial uses. 
Enter the California Nutrient Numeric Endpoint (California NNE) technical approach and four subsequent case studies that were conducted in California.  One product of the California NNE is the development of scoping level modeling tools for the purpose of arriving at nutrient numeric endpoints for a water body.  Four case studies were conducted to develop site specific nutrient numeric endpoints utilizing the California NNE modeling tools.  The WQAU has relied upon information and guidance contained in the California NNE along with the information regarding the variables used in the four case studies in developing the proposal contained in this staff report.  The WQAU effort has resulted in the development of nutrient numeric screening tool for total nitrogen and phosphorous, as well as a screening methodology that takes into account what shall be referred to as the secondary indicator response variable of chlorophyll-a (from the California NNE), including dissolved oxygen and pH, so that a well rounded tool can be used to evaluate a water body for the listing of bio-stimulatory substances.

Preliminary inquiries with Regional Water Board staff, and members of the environmental community who have published works in the field of limnology related to nutrients and algae in water bodies, has resulted in a consensus that the time is right for the development of nutrient numeric screening tool and a screening methodology for listing that can be applied across California.

2. The California Nutrient Numeric Endpoints Technical Approach
A. Description 
The screening tool and methodology proposed in this staff report take advantage of the a) information and guidance contained in the July 2006 study entitled “Technical Approach to Develop Nutrient Numeric Endpoints for California” (California NNE) and b) information contained in four case studies all of which was prepared by Tetra Tech for the US EPA and the State Water Board.  
The California NNE is a risk based approach that relies on both measures of exposure and intermediate measures of indicators and seeks to capture the strengths of each.  The California NNE includes innovative elements in the form of: 

· A water body classification framework that uses three Beneficial Use Risk Classification categories; 

· Risk-based secondary indicator response variables that are more closely linked to Beneficial Use condition(s) than water column nutrient concentrations; and 

· Scoping level modeling tools that provide the necessary linkage analysis between secondary indicators and water column nutrient concentrations. 
i. Secondary Indicator Response Variables and Beneficial Use Risk Category
The tradition, in the study of streams and lakes, has been to use the measure of chlorophyll-a (Chl-a) as a surrogate measure of plant or algal biomass.  Because it is relatively easy to measure, a response target defined as a concentration of Chl-a provides a natural basis for assessing (beneficial) use support status in response to nutrient enrichment.  Chl-a is one of the items referred to as Secondary Indicator Response Variables (SIRV) in the California NNE.   In lakes and lentic water bodies it is measured as benthic algal biomass (in (g/l), and for rivers and streams, periphytic algal biomass (measured as Chl-a per unit area) is used.  The California NNE technical approach uses preliminary numeric targets called Beneficial Use Risk Categories (BURC boundaries) for the secondary indicator of Chl-a using literature sources and elicitation from the Regional Water Boards.  These numeric targets are shown in Table 1 and were set at a conservative level to account for uncertainty and to be applicable throughout California.    
TABLE 1
Nutrient Numeric Endpoints for Secondary Indicators - Proposed Risk Classification Category Boundaries: I & II and II & III 

Beneficial Use Risk-Category I. Presumptive unimpaired (use is supported) 

Beneficial Use Risk Category II. Potentially impaired (may require an impairment assessment) 
Beneficial Use Risk Category III. Presumptive impaired (use is not supported or highly threatened)
	RESPONSE VARIABLE 
	RISK – CATEGORY BOUNDARY 
	BENEFICIAL USE 

	
	
	COLD 
	WARM 
	REC-1 
	REC-2 
	MUN1 
	SPWN 
	MIGR 

	Benthic Algal Biomass in streams (mg chl-a/m2) 

Maximum 
	I / II 
	100 
	150 
	C 
	C 
	100 
	100 
	B 

	
	II / III 
	150 
	200 
	C 
	C 
	150 
	150 
	B 

	Planktonic Algal Biomass in Lakes and Reservoirs (as μg/L Chl-a)2 – summer mean 
	I / II 
	5 
	10 
	10 
	10 
	5 
	A 
	B 

	
	II / III 
	10 
	25 
	20 
	25 
	10 
	A 
	B 


A = No direct linkage 

B = More research needed to quantify linkage 

C = Addressed by Aquatic Life Criteria 

1  For application to zones within water bodies that include drinking water intakes. 

2  Reservoirs may be composed of zones or sections that will be assessed as individual water bodies 

The BURC I/II boundary represents a level below which there is a general consensus that nutrients will not present  significant risk of impairment.  The BURC II/III boundary represents a level that is sufficiently high that there is consensus that risk of use impairment by nutrients is probable.  If the values for Chl-a are below the BURC II/III boundary level for the specific beneficial use in Table 1 than more information is required to assess the risk of beneficial use impairment by nutrients.  A discussion involving the use of BURC and SIRV, including the use of Dissolved Oxygen and pH maximums, within the proposed methodology can be found at section 5 of this staff report. 
ii. Modeling Tools
The California NNE provides background and instructions for using the California Benthic Biomass Tool.  It is intended to be a simple and effective tool for predicting in-stream benthic algal density and other metrics in response to a number of inputs.  The California NNE also provides the California BATHTUB Lake Model Tool and is intended to be a simple tool for predicting growing season Chl-a lake response to a number of inputs.  
For this staff report a revised version of the Dodd’s model, the original version which was found in the Benthic Biomass Tool (BBT), for streams was applied.  Information from the four case studies provided values for the variables that were plugged into the BBT.  The end results are statewide numeric screening tools for total nitrogen and phosphorous.  The California BATHTUB Lake Model Tool was not used in this staff report and instead the values derived by Jacoby and Welch were used for lakes.
iii. Acceptability Under The Water Quality Control Policy
The Water Quality Control Policy (WQCP) for developing California’s CWA section 303(d) list describes the process by which the State Water Board and Regional Water Boards will comply with the listing requirements of section 303(d) of the federal CWA.  Section 6.1.3 “Evaluation Guideline Selection Process” provides the requirements for a proposed guideline to meet before it can be accepted as part of the 303(d) listing process.  The California NNE does meet these requirements, namely it is:
· Applicable to the beneficial use

· Protective of the beneficial use

· Linked to the pollutant under consideration

· Scientifically-based and peer reviewed [However not independently peer reviewed pursuant to the health and safety code]
· Well described, and

· Identifies a range above which impacts occur and below which no or few impacts are predicted.  
3. Case Studies
A. Four Case Studies

Four case studies were conducted by Tetra Tech, Inc. under contract to US EPA and the State Water Board.  These case studies were for the purpose of developing site-specific nutrient numeric endpoints for TMDL development and to assess the effectiveness of the tools.  The four case studies were; Chorro Creek (Central Coast Region), Malibu Creek watershed (LA Region), Santa Margarita River (San Diego Region), and Klamath River (North Coast Region).  The California NNE was used to develop the nutrient numeric endpoints for each one of the studies.  In the case of Malibu Creek the risk-based California NNE tools were applied to three nutrient impaired streams and four lakes in the Malibu Creek watershed.  The models used for streams were the QUAL2K and Dobbs’ method including a number of variations to each basic model.  For lentic water-bodies (lakes) the BATHTUB model was used .
B. Data and Information Used

There are a number of independent variables for which data is supplied to the BBT and they are synonymous across the various models that are found within the BBT.  Data, if available, for the following variables found in the BBT and used in the models for developing the nutrient numeric endpoints for the case studies are: Ammonia-N, Nitrite-N, Nitrate-N, Organic-N, Total-N, Inorganic P, Organic-P, and Total-P, all in units of mg/l.  Additionally, the Qual2K models required the input of depth (m), velocity (m/s), water temperature (oC), days of accrual, Chl-a , and canopy cover (%).
Accrual range is defined, using the relationship of Biggs (2000), as the number of days between events three-times the median flow.  Flows in excess of this value are assumed to scour out a large percentage of the benthic algal biomass, limiting density.  The case studies concluded that the relationship posed by Biggs, however, appears ill-suited for many California streams.  Instead, it is more appropriate to evaluate the time between flows of scouring potential which is more likely to occur during the winter rainy months. Numeric targets for the SIRV of Chl-a, comes from the California NNE as shown in Table 1 above. Canopy cover is related to the degree of shading which can limit a water-bodies exposure to sunlight and, in turn, impact the growth of algae in that water body.  
Data for the variables contained in the four case studies was used in the Dodds’ 02, max Chl-a model in developing the statewide streams and rivers numeric screening tool for total nitrogen and phosphorous.

C. Models 
i. General Discussion

The Benthic Biomass Spreadsheet Tool in Appendix 3 of the California NNE provides a variety of empirical and simplified parametric model approaches to predicting benthic algal response to ambient physical and chemical conditions.  As discussed in the California NNE benthic algal density is highly variable in time and space, and simplified models generally seem to do a better job- of predicting maximum benthic algal density(pg 8 Chorro Study).  The empirical approach is provided in the standard and revised Dodds' model, and the parametric are presented in the standard and revised QUAL2K models. 

According to the California NNE (Appendix 3), “No data sets within California have been identified on which an approach similar to that employed by Dodds’ et al, could be developed”.  Two relatively large data (Chl-a) sets had been identified, Regional Water Board 6 and Environmental Monitoring and Assessment Program (EMAP); however, they are provisional.  Section 1.3 of Appendix 3 to the California NNE (Discussion) says “Comparison to the provisional data suggests that the equations proposed by Dodds’ et al. are qualitatively reasonable for predicting mean and maximum potential growth of benthic algae in California streams in the absence of severe light and scour limitation.  However; it should be noted that the Dodds’’ statistical relationships are quite weak and it is believed that this reflects the fact that light and scour limitation play an important role in observed chlorophyll a.  Further, it would be of great interest to re-evaluate Dodds’ data set with inclusion of information on average days of accrual, but it may not be possible to obtain the data.  The results reported in Figure 10 of Appendix 3 of the California NNE suggest that it is desirable to go to a simple parametric model of benthic algal response.  Generally ,most of the monitoring that has been conducted so far does not include the collection of data related to stream input for the Qual2K models such as stream velocity, days of accrual, canopy cover, and light extinction coefficient.  This information would not be readily available to use when evaluating a water body-pollutant combination for possible listing, As a result, the ability to use the Qual2K model and its’ variations becomes problematic.  On the other hand, a recent revision to the Dodds’ model (Dodds’ o2, max Chl-a) which is not shown in the Ca NNE framework, does not require the evaluation of co-factors and is a more appropriate choice for generalized application throughout the state.   For these reasons the Dodds’ 02, max Chl-a model was chosen to develop the nutrient numeric screening tools.
ii. Models in the Benthic Biomass Tool (BBT)
The Benthic Biomass Spreadsheet Tool provides a total of fourteen models that can be used to evaluate each one of the case studies described above. The fourteen models are actually a compilation of two primary models with variations to each one.  There are six versions of  QUAL2K and eight versions of the Dodds’. 
4. Development of Statewide Nutrient Numeric Screening Tools For Total Nitrogen and Total Phosphorous 

A. Rivers and Streams
i. Discussion

The nutrient numeric screening tools for total nitrogen and total phosphorus contained in this staff report were derived using the Dodds’ 02, max Chl-a model.  Stream-specific data with the exception Chl-a, were extracted from the case studies.  These data were inserted into the Dodds’ 02, max Chl-a model with nutrient numeric screening tools at the BURC II/III Chl-a targets.  

The studies included Chorro Creek, the Santa Margarita River, Malibu Creek watershed, and the Klamath River.  The case studies are the result of the USEPA issuing a task order to Tetra Tech to apply the California NNE technical approach to develop nutrient endpoints for water-bodies in the above case studies requiring nutrient TMDLs

Monitoring data, if available, from the case studies for the variables of Ammonia-N, Nitrite-N, Nitrate-N, Organic-N, Total-N, Inorganic-P, Organic-P, and Total-P were used in the calculations.  The modeling calculations also took into account the Beneficial Use Risk Category boundary II/III Chl-a values of 150 and 200 mg/m2 (Table 1), which indicates impairment due to nutrients.  Model calculations were computed at Chl-a target of 150 mg/m² and 200 mg/m².  An average value was then calculated from the results to arrive at the proposed nutrient numeric screening tools for total nitrogen and phosphorous.  
ii. Assumptions

The values used for the model inputs which generated the statewide nutrient numeric screening tools are representative of the average stream or creek in California and are generally representative of California. 
iii. Model Input and Results
The values for the variables of Ammonia-N, Nitrite-N, Nitrate-N, Organic-N, Total-N, Inorganic P, Organic-P, and Total-P were taken from the four case studies, if available, and fall within the following range:

· Ammonia-N,  0.11 to 1.5 mg/l

· Nitrite-N,  0.62 to 2.39 mg/l

· Nitrate-N,  0.13 mg/l (Klamath river only)

· Organic-N,  0.58 to 0.98 mg/l

· Total-N,   0.69 to 3.15 mg/l

· Inorganic P,   0.14 mg/l (Klamath river only)

· Organic-P,   0.05 to 0.69 mg/l

· Total-P  0.13 to 0.69 mg/l
Table 2 contains the results of calculating total nitrogen and total phosphorous using Dodds’ 02, max Chl-a model, and data from the four case studies.
TABLE 2

	Dodds Model Results for Total Nitrogen and Phosphorous

 

	 
	Chl-a 150 mg/m²

 
	 
	Chl-a 200 mg/m²

 

	 Case Study
	Total N (mg/L)
	Total P (mg/L)
	 
	Total N (mg/L)
	Total P (mg/L)

	Chorro Creek
	0.09
	0.008
	 
	0.21
	0.03

	Santa Margarita River
	0.25
	0.03
	 
	0.56
	0.09

	Malibu Creek
	0.26
	0.02
	 
	0.6
	0.05

	Klamath River
	0.31
	0.04
	 
	0.72
	0.13

	Average
	0.23
	0.02
	 
	0.52
	0.08

	Std. Dev. 
	0.1
	0.02
	 
	0.22
	0.05


B. Lakes and Reservoirs

The Malibu Creek case study applied the California NNE approach to evaluate four lakes and the study used the BATHTUB model to determine nutrient targets.  The objective of the BATHTUB model spreadsheet tool application is to establish screening level nutrient loading targets for lakes and reservoirs by estimating algal response to nutrients while accounting for hydraulic resident time, light availability, and other key variables.  The BATHTUB model generates nutrient loading targets and these targets cannot be easily converted into nutrient concentrations.  As an alternative the WQAU is proposing to use nutrient concentrations found in a work by Welch and Jacoby entitled “Pollutant Effects in Freshwater, Applied Limnology”, published 2004.  The work by Jacoby and Welch provided concentrations at three different trophic state boundary levels.  As a statewide nutrient guideline for lakes and reservoirs the WQAU is proposing to use nutrient concentrations for [TN] and [TP] of 1200 and 100 (g/l, respectively (summer mean or median).  These nutrient concentrations represent the eutrophic-hypereutrophic boundary contained in the work by Jacoby and Welch.
5. Description of Proposed Methodology

As described above, a statewide numeric nutrient objective is currently not available for evaluating a water body-pollutant combination for possible listing under CWA section 303(d).  In addition, it has become increasingly evident that a numeric objective or tool for bio-stimulatory substances by itself may not be sufficient in determining whether a water body-pollutant combination for nutrients was responsible for impacts to the water-bodies beneficial use(s).   
The nutrient numeric screening tools and methodology proposed in this staff report take advantage of the information and guidance contained in the California NNE.  In particular the methodology concurs with the use of Secondary Indicator Response Variables (SIRV) and Beneficial Use Risk Categories (BURC) as described in the Ca NNE (Item 3).  Numeric targets for Chl-a are assigned to each of the seven beneficial uses for each of the BURC boundaries (refer to Table 1).  The boundaries are identified as I/II and II/III.  For a given beneficial use designation Boundary level I/II represents a level below which there is a general consensus that nutrients will not present a significant risk of impairment.  Conversely, the BURC II/III boundary represents a level that is sufficiently high that there is consensus that risk of use impairment by nutrients is probable.   
The proposed methodology is based upon a relationship between SIRV and the proposed numeric evaluation guidelines.  SIRV are the variables of Chl-a, Dissolved Oxygen (DO), and pH maximums, and the nutrient numeric screening tools are the proposed values for total nitrogen [TN] and total phosphorous [TP].  The SIRV provide a more direct risk-based linkage to beneficial uses than the nutrient concentration alone .  The relationship which serves as the screening methodology (Figure 1) is as follows:

Figure 1
DO↓, or pH↕, or Chl-a↑ + ([TN] > x or [TP] > y) = LIST or DO NOT LIST

At least one constituent from each body of data collected during the same time period must be available and the data for these variables must satisfy the requirements contained in the “Water Quality Control Policy For Developing California’s CWA Section 303(d) List (WQC Policy)” in order for the evaluation to be completed.  DO, pH and Chl-a are one body of data, and [TN] and [TP] are another.  The data for DO and pH are compared to the Basin Plan water quality objectives of the respective Regional Water Board.  Values for Chl-a, are derived from the California NNE.  The California NNE provides Chl-a values for streams as benthic algal biomass (mg Chl-a/m2) and for lakes or reservoirs as planktonic algal biomass ((g/l Chl-a) – summer mean. The SIRV are divided into Beneficial Use Risk Category Boundaries I & II and II & III for seven different Beneficial Uses (see Figure 2).  The values for Chl-a, at the Beneficial Use Risk Category Boundary II/III are used in the proposed methodology because any monitoring data for Chl-a, that exceeds this value is indicative that the specific beneficial use is not supported.  
The following is a simplified example of using the proposed evaluation methodology.  A stream for possible listing is located in the San Francisco Bay Water Board (Region 2) and is designated with a COLD water beneficial use.  Monitoring data for Chl-a, DO and Total Nitrogen are seven out of 35 samples exceed 150mg/m2, twelve out of 44 samples exceed 7.0mg/l, and ten out of 35 samples exceed 1.0mg/l, respectively.  The water quality objective for DO in Region 2 is 7.0mg/l minimum, and for the sake of this example the statewide nutrient numeric screening tool for Total Nitrogen is 1.0mg/l.  The value of 150mg/m2 for Chl-a, is drawn from Table 1 at the II/III BURC boundary for COLD water beneficial use.  The evaluation methodology is:

DO↓, or pH↕, or Chl-a↑ + ([TN] > x or [TP] > y) = LIST or DO NOT LIST

All three variables exceed their respective objective or guideline, at a frequency when evaluated under the WQC Policy that would result in this water body being listed for nutrients.  This is a simplified example and the evaluation process may be more involved then what has been shown here.
6. Proposed Statewide Nutrient Numeric Screening Tool
A. Rivers and Streams 

The values in Table 3 are the proposed Total Nitrogen and Total Phosphorous statewide nutrient numeric screening tools for rivers and streams to be used in the proposed screening mechanism in Figure 1 to serve as a means of interpreting the narrative objectives contained in Basin Plans, as part of the 303(d) listing process, when evaluating a water body pollutant combination for nutrients.
Table 3

Statewide Nutrient Numeric Screening Tools for

Rivers and Streams
	Beneficial Use
	Chl-a

(mg/m2)
	 TN or TP* 
(mg/l)

	COLD, REC-1 & 2, MUN, SPWN
	150
	TN = 0.23

	Same as above
	150
	TP = 0.02

	WARM
	200
	TN = 0.52

	WARM
	200
	TP = 0.08


B. Lakes and Reservoirs

As a statewide nutrient guideline for lakes and reservoirs the WQAU is proposing to use nutrient concentrations for [TN] and [TP] of 1200 and 100 (g/l, respectively (summer mean or median), which are taken from a work entitled “Pollutant Effects in Freshwater, Applied Limnology”, 3rd edition (Welch, E.B. and J.M. Jacoby. 2004.)
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