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EXHIBIT A: ATTACHMENT 2
PROPOSAL
Spatial and Temporal Quantification of Pesticide Loadings to the Sacramento River, San Joaquin River, and Bay-Delta to Guide Risk Assessment for Sensitive Species 
1.0 Project Purpose 
Problem. The current decline in pelagic species in the delta has led to investigations into the role of contaminants as the cause of decline. Currently, Pelagic Organism Decline (POD) work is focused on acute toxicity tests and examination of biomarkers as indicators of sub-lethal effects. The POD contaminants work group has identified the need to provide spatial and temporal information on the presence of contaminants to further focus biomarker and toxicity identification evaluation (TIE) studies. Current monitoring programs such as the Central Valley Water Quality Control Board’s Agricultural Waiver program, the State Water Resources Control Board’s Surface Water Ambient Monitoring Program (SWAMP), and the Sacramento River Watershed Monitoring program cannot provide the resources to monitor and conduct studies in a comprehensive manner to provide this answer.  The large array of contaminants, along with the geographical distance, provides too great of a resource and cost challenge for these groups. This effort would provide a tool to tailor monitoring and assessment efforts under the listed programs, as well as provide POD investigators with needed information about pesticide peak loadings to assist those researchers trying to determine if contaminants were contributing to the decline of pelagic organisms in the delta.   

Objectives. The objective of this project is to quantify spatially and temporally pesticide loadings to the Sacramento River, San Joaquin River, and Bay-Delta estuary to improve decision making and optimize resource spending of the POD study, the State Water Board’s SWAMP and Aquatic Herbicide Program, the Central Valley Water Quality Control Board’s Agricultural Waiver and Total Maximum Daily Load (TMDL) programs, and agricultural Best Management Practice (BMP) projects to improve the long-term sustainability of aquatic habitats in the Bay-Delta estuary, Sacramento River, San Joaquin River, and headwater tributaries. 

Objectives will be addressed through a combination of tools, including geographical information system (GIS), simulation modeling, and an evaluation of existing in-stream monitoring.  Uncertainty is inherent in any single risk assessment method.  However, in combination, these tools provide risk assessors with a “weight-of-evidence” approach for regulatory decision-making. The project will benefit multiple system-wide and regional programs in the following areas: 

· Provide further knowledge of the fate and transport of agricultural chemicals (e.g., copper, organophosphates) and emerging pesticides (e.g., pyrethroids) in the Sacramento River, San Joaquin River, Bay-Delta Estuary, and headwater tributaries; 
· Overlay pesticide loading results with the identification and location of sensitive fish species critical habitats; 
· Evaluate implications of future pesticide use trends and changes in climatic conditions and land use changes for watershed management decisions; 
· Identify and rank areas of highest risk and pesticide source areas contributing to those risks; 
· Aid in developing plans to improve ecosystem quality and water quality by strategic placement of BMPs and hydrologic operations; 
· Support current and future monitoring programs (recommendations on strategic locations and sampling frequency);  
· Link results to life cycle models currently underdevelopment for striped bass and delta smelt, as well as existing models for (salmonids); and 
· Provide a data-link to support other water quality models and population models. 

Hypotheses. Spatial and temporal patterns of pesticide loadings can be predicted through the use of simulation models that can account for the complex interaction of factors relevant to the fate of transport of pesticides after application.  Models can be used to identify source areas, water body reaches of highest risk, optimize where and when to focus monitoring efforts, and where to target BMP research projects and mitigation measures.  Models have the ability to forecast changing trends in land use, pesticide use, and climate.  In addition, models can be used to evaluate the feasibility and effectiveness of mitigation measures prior to their implementation.  Existing databases on pesticide use, land use, soil properties, hydrography, weather data, and chemical properties are sufficient to characterize model input parameters in the Sacramento River and San Joaquin River watersheds.  Sufficient monitoring data is available to validate model predictions for the purposes of project needs.   

Relevant studies. The study area consists of the Sacramento River and San Joaquin River watersheds upstream of their confluence with the Bay-Delta estuary (Figure 1). The primary importance of these systems include, the Sacramento River basin supplies more than 80% of the freshwater flows to the Sacramento-San Joaquin Delta and the San Joaquin River constitutes 22% of the irrigated acreage in California (CVRWQCB, 2002). 

A number of research studies have been conducted within the study area that will help with problem formulation, identifying priority constituents for modeling, and for providing benchmark data for model validation. Detections of pesticides and other agricultural chemicals have been reported in the Bay-Delta estuary and upstream source waters (Amweg et al., 2006; Weston et al., 2004, CVRWQCB, 2006; Guo et al., 2004, Dileanis et al., 2002. The Toxicity of Unknown Cause Strategy (CVRWQCB, 2001) presents studies where locations, times, and pesticides were identified through toxicity monitoring studies that contributed to toxicity in the watershed and it also presents studies where the toxicant agents have not been identified, but pesticides may have been partially attributed due to their presence in the watershed. 

As part of Irrigated Lands Waiver Program, monitoring data are also collected for characterizing water quality in agricultural drains. Regional monitoring efforts have found pyrethroid concentrations in sediment and water samples from agricultural dominated areas and urban water bodies were high enough to have contributed to toxicity to sensitive species (DWR, 2005; Amweg et al., 2006; Weston et al., 2004). Monitoring data will be useful for the identification of priority pesticides and for model validation. In addition, several demonstration projects for reducing pesticide transport are being studied in the Sacramento and San Joaquin watersheds under 319(h) grant money.  Much of this work has been summarized by CVRWQCB (2003), SWRP (2002), Holmes, et al., (2000), and Giddings, et al. (2000). Model scenarios will evaluate the extent that water quality improvements might be achieved if these practices were to be implemented on a watershed scale.   

The San Francisco Estuary Institute (SFEI), in collaboration with the U.S. Environmental Protection Agency (USEPA) and others (e.g., the Central Valley Regional Water Quality Board), is initiating an effort for the San Joaquin River Region to improve current water quality monitoring and assessment. The project will produce a San Joaquin Water Quality Monitoring and Assessment Strategy that will feed into the Comprehensive Monitoring, Assessment and Research Program (CMARP) for the Central Valley, but have independent value for monitoring and assessment in the San Joaquin River region, consistent with the SWAMP and other related efforts.  The strategy will identify a framework of shared objectives and activities; and identify ways to provide for improved coordination, management, and funding. In addition, it will help establish information processes and products that communicate monitoring data and assessment results to resource managers, stakeholders and the public.  Additionally, the project will produce an internet-based information clearinghouse and water quality assessment fact sheets. Coordination with SFEI during this study will result in substantial benefits to both research initiatives. 

The Central Valley Regional Water Quality Control Board (CVRWQCB) identified a list of 22 priority pesticides according to their potential relative risk to impact aquatic organisms in surface water in the Sacramento River watershed (CVRWQCB, 2006b).  A similar risk evaluation is being prepared for the San Joaquin watershed.  Chemical ranking considered volume of use and properties of mobility and persistence. The study concluded that environmental conditions, such as seasonal weather patterns, are critical in evaluating the potential overall relative risks for pesticides to impair surface water quality. This study will help confirm the relative ranking of these chemicals by representing environmental conditions and agronomic practices in a deterministic mechanistic model.  The list of 22 chemicals will also be reviewed in context with chemical use in the San Joaquin River watershed to determine an appropriate list for the San Joaquin system and will be used for the study proposed herein. The CVRWQCB will serve on the Technical Advisory Panel (TAP) to facilitate coordination. 

A pesticide loading analysis was conducted for the Sacramento River under the Sacramento River Watershed Program (SRWP, 2006) funded by USEPA Region 9.  The study incorporated many of the models, databases, and procedures proposed herein.  The study demonstrates that the approach and time frame of this proposal are feasible.  Five chemicals (chlorpyrifos, diazinon, diuron, paraquat dichloride, and permethrin) were selected for analysis based on a risk index of use/toxicity, it’s persistence in the environment, and the amount of chemical applied during wet season.  The predicted 50th and 90th percentile mass loadings for these five pesticides in nine Sacramento Valley counties were provided to state and federal water programs.  These results show those counties and watersheds that have been generating the highest loadings of these pesticides in streams and rivers in the Sacramento River watershed, therefore these areas may be candidates for more detailed analysis, monitoring and/or mitigation. It may be useful to compare these loadings to allowable TMDL projections along various river sections. 

The Sacramento River Watershed Program (SRWP) also funded the development of a detailed model of the Main Drainage Canal, which serves as both model validation and an example of using models to evaluate the effectiveness of alternative mitigation strategies (SRWP, 2004).  One key finding from this study was that modeling demonstrated the diazinon pesticide label changes and their effectiveness provide a 53% reduction in loadings into a 38,000-acre watershed.  In addition, a comparison of modeling results to monitoring data in the lateral drains concluded that monitoring over a longer period of time but at a reduced sample frequency would have provided a better understanding of concentration magnitude and duration in that system. 

The California Department of Pesticide Regulation (CDPR) is currently developing a GIS-based approach to integrate the hydrological model BASIN, and a pesticide process model, the Soil Water Assessment Tool (SWAT), to establish a conceptual model for pesticide runoff in the Sacramento Valley at a sub-watershed scale.  The goal is to identify and rank pesticide source areas (sub-basins) in order to guide the choice of mitigation measures and focus areas.  The project is still in a calibration stage of the project. This proposal differs in that pesticide loadings will be predicted at a finer resolution, for both the Sacramento and San Joaquin watersheds, and address irrigation return flow and spray drift -- sources that are not being included in the CDPR effort.  The project proposed herein will complement the CDPR effort by providing weight-of-evidence data for their research.  CDPR is included in this proposal as part of the project team in part to coordinate efforts, share data, and avoid duplication of effort and included in this proposal.   

The USEPA Region 9 has funded the development of a hydrologic and hydrodynamic model of the Sacramento River using the LSPC and EFDC models (Tetra Tech, 2004a, 2004b).  The model was developed to assist USEPA and the Central Valley Regional Water Quality Control Board in predicting flows in ungaged streams to support TMDL calculations.  The model was designed to allow future modifications to address specific management and environmental factors, such as those proposed for this study. 

The USGS is evaluating trends in concentration and use of selected pesticides relative to their application and potential toxicity to aquatic life, 1991-2005 (USGS, 2006).  Objectives are to define trends in concentrations of dissolved pesticides and relate these trends to available application data for 1991 to 2005. This proposal will augment this research by predicting pesticide loads as a function of application date, environmental factors, and physicochemical properties in addition to annual volumes of pesticide use. 

This proposal is relevant to other research and regulatory initiatives at the federal, state, and local level. USEPA (2002) published a “Twenty Needs Report” on how research can enhance the TMDL process. This research proposal directly addresses three of those needs: 

Improve watershed and water quality modeling; assist States in monitoring design development; Improve information on BMPs, restorations or other management practice effectiveness, and the related processes of system recovery. 

The CVRWQCB recently adopted the water quality control plan for the Sacramento and San Joaquin River Basins, which included an orchard pesticide runoff program of surveillance and monitoring activities to determine compliance with the diazinon water quality objective.  The program was initiated to determine the degree of implementation of management practices and other strategies to reduce off-site migration of diazinon, to determine whether alternatives to diazinon are causing water quality impacts, and to determine that management practices are achieving the lowest pesticide levels technically achievable (CVRWQCB, 2003; CVRWQCB, 2005).   

The CVRWQCB’s Watershed Management Initiative (WMI) highlights that a priority for the region is to develop an integrated approach for addressing nonpoint source pollution in agriculturally dominated water bodies such as the Sacramento Valley to include evaluation of management practices, and monitoring protocols to assess beneficial use impacts (CVRWQCB, 2001).  Establishing the baseline water quality of the river system upstream of Sacramento will be important in assessing the relative contribution from the various land uses within the entire Sacramento River watershed.  It is identified in the CALFED Record of Decision (ROD) that State agencies will implement and coordinate a comprehensive source water protection program for the Delta and its tributaries. "This program will include identification and implementation of appropriate pollutant source control measures, focused regulatory and/or incentive programs targeting pollutants of concern, development of a monitoring and assessment program, and infrastructure improvements to separate drinking water intakes from irremediable sources of pollutants" (CALFED, 2000). 

The CVRWQCB adopted the Conditional Waiver of Waste Discharge Requirements for Discharges from Irrigated Lands (Agricultural Waiver). To comply with the Waiver, Coalition Groups will develop a monitoring program to assess the sources and impacts of waste in discharges from irrigated lands, and where necessary, to track progress in reducing the amount of waste discharged that affects the quality of the waters of the state and its beneficial uses. The purpose of the monitoring program is to monitor the discharge of wastes in irrigation return flows and storm water.  The monitoring plans are designed to achieve the following objectives as a condition of the Waiver: 

· Assess the impacts of waste discharges from irrigated lands to surface water; 

· Determine the degree of implementation of management practices to reduce discharge of specific wastes that impact water quality;  

· Determine the effectiveness of management practices and strategies to reduce discharges of wastes that impact water quality; and 

· Determine concentration and load of waste in these discharges to surface waters. 

This project will also address several data gaps outlined by the Sacramento River Watershed Program (SRWP).  These data gaps include: (1) the need for a comprehensive watershed pesticide monitoring and assessment program, (2) the need to evaluate the alternative pesticides (pyrethroids) for runoff potential, and (3) the need to evaluate the effectiveness of various BMP within the watershed to reduce diazinon runoff to meet the diazinon load allocations and the required TMDLs.   

2.0 Background and Conceptual Models 
Detections of pesticides and other agricultural chemicals have been reported in the Bay-Delta estuary and upstream source waters (Amweg et al., 2006; Weston et al., 2004; CVRWQCB, 2006a; Guo et al., 2004; Dileanis et al., 2002). The exposure of these chemicals to aquatic organisms is highly variable and dependent on the complex interaction of factors related to the use of the chemical, the timing of their use relative to rainfall and irrigation events, agronomic practices, and the mobility and persistence of the individual chemicals.  Available monitoring data provides an indication of concentration magnitude in certain locations and at certain snap shots in time.  However, monitoring data are not comprehensive enough for risk assessment purposes and cannot be used for future condition assessments.  Programs charged with dealing with pesticides and water quality (including Agricultural Waiver, Aquatic Herbicide Program, SWAMP, POD, TMDL, and BMP initiatives) have limited knowledge of source areas, temporal patterns of exposure, and the co-occurrence with sensitive organisms for program implementation. 

Pesticide transport to non-target water bodies can occur from spray drift, irrigation return flow, atmospheric deposition, and precipitation induced runoff and erosion.  Chemical fate is highly dependent on the complex interaction of factors related to the use of a pesticide (e.g., formulation, application rates, and method of application); meteorological conditions and water management practices during and after its use; and the characteristics of individual application sites (e.g., crop/plant characteristics, properties, soil properties, and the proximity to water).  The spatial and temporal patterns of loadings at individual application sites can be predicted through the use of continuous simulation models that can account for the complex interaction of factors in a mass balance context that address chemical mobility and persistence.   

3.0 Approach and Scope of Work 
Methods and materials.  Spatial and temporal patterns of pesticide loadings in both the Sacramento and San Joaquin watersheds will be predicted using field-scale simulation models (pollutant source models) including the Pesticide Root Zone Model (PRZM), the rice water quality model (RICEWQ), and the spray drift model, AgDRIFT®. The models have been accepted for regulatory use in the U.S. and Europe and have the ability to address chemical mass balance on a spatial and temporal scale. Processes represented include: the distribution of pesticide residues during application on foliage, soil, and spray drift; adsorption to soil; uptake by plants; leaching through soil; and degradation in foliage, soil, and by different breakdown mechanisms (microbial degradation, photolysis, hydrolysis, and volatilization). Degradation processes include transformation of parent compound to degradation products.  A short synopsis of the recommended models follows: 

· PRZM (Suárez, 2005) is the standard model used for ecological and drinking-water risk assessments for pesticides by the U.S. Environmental Protection Agency’s Office of Pesticide Programs (USEPA, 2004). The model has undergone an extensive validation effort against numerous field-scale runoff and leaching studies conducted for pesticides in the United States (Jones and Russell 2001). The model has been integrated into watershed assessments in the U.S. (Parker et al., in press) and pesticide risk assessment procedures in Europe (FOCUS, 2005; FOCUS, 2004).  Pesticide loading assessments in the Sacramento River watershed have also been conducted (SRWP, 2006; SRWP, 2004). 

· RICEWQ (Williams et al., 1999) simulates pesticide mass balance and watermanagement practices in rice paddy environments.  The model has been endorsed by the European community (Delmas et al., 2001) and has been validated with a number of field and watershed applications (Capri and Miao, 2002; Cheplick et al., 2002; Miao et al., 2003a; Miao et al., 2003b; Warren et al., 2004). 

· AgDRIFT® is a predictive tool for calculating off-site deposition of pesticides applied by aerial, ground, and orchard airblast spraying means, and for evaluating the potential of buffer zones to protect sensitive aquatic and terrestrial habitats from undesired exposures (Teske et al. 2001).  The model was developed and tested by a number of regulatory stakeholders that include the U.S. Department of Agriculture, USEPA, and a coalition of pesticide registrants. 

The Pesticide Use Reporting (PUR) database (CDPR, 2006) will be used to identify when and where pesticide applications have occurred, at what rate, and to what crop.  PUR records are related to specific square-mile sections, based on the Public Land Survey System (PLSS).  A Geographical Information System (GIS) will be used to identify other relevant factors that determine the magnitude and timing of pesticide transport to adjacent water bodies for each PLSS section, including spatially related soils, generalized proximity to water, and weather patterns.  Data that feed into the GIS will be combined with other informational databases on crop factors, soil properties, land use, meteorological data, and geomorphology to determine detailed input files.  Model output will consist of a daily time-series prediction of pesticide loadings from runoff, erosion, irrigation return flow, and drift sources for each PUR record. Loadings from urban and residential uses will also be addressed, but at a lower level of accuracy because these pesticide use records are not available at the same level of resolution.  Loadings will expressed seasonally and cumulatively along the major tributaries and main stems of the Sacramento and San Joaquin rivers.  Results will be analyzed relative to spatial and temporal co​occurrence of critical species and sensitive life cycles.  Figure 2 shows a schematic of the models and data linkage to be used for the project. 

Four sets of model simulations will be conducted.   

· The first set combines the specific year of weather data with PUR application to compare spatial and temporal patterns of pesticide loadings to concentrations observed in monitoring data.  These simulations will be used to validate the ability of the model to simulate the relative magnitude and timing of exposure from monitoring data. 
· The second set simulates two or three recent years of PUR applications with 20-30 years of weather data to predict pesticide loadings in a probabilistic context under a range of low, moderate, and high runoff events. 

· The third set simulates anticipated changes in pesticide use for the same 20-30 years of weather data to predict the future trends in pesticide loadings on aquatic ecosystems. 
· The fourth set will be used to evaluate the feasibility of alternate management practices in minimizing impacts to those same aquatic ecosystems. 

This study builds on previous research efforts conducted in the Sacramento River basin (SRWP, 2004; SWRP 2006).  The 2006 study provides the “proof-of-concept” for this project.  The objective of that study was to estimate pesticide loadings to the Sacramento River and its tributaries in terms of spatial and temporal probability of occurrence. The study was performed for the Sacramento River Watershed Program funded by USEPA Region 9.  Five chemicals (chlorpyrifos, diazinon, diuron, paraquat dichloride, and permethrin) were selected for analysis from a list of 22 chemicals identified by the Central Valley Regional Water Quality Control Board (CVRWQCB, 2006b).  The five chemicals were selected based on volume of use, toxicity, persistence in the environment, and the amount of chemical applied during the wet season. A Geographical Information System (GIS) was used to construct approximately 43,000 model simulations representing unique combinations of soil, land use, and chemical use within the study area.  Simulations were conducted using the USEPA’s Pesticide Root Zone Model (PRZM) (Suárez, 2005). Information about chemical use was obtained from the Pesticide Use Reporting (PUR) database (CDPR, 2006). Environmental fate properties of the five chemicals were obtained from the USDA-ARS Pesticide Property database (USDA, 2003).  Detailed land use data for the pesticide application sites in the 23 counties were also obtained from the PUR database.  The land uses were associated with seven major categories for modeling:  corn, fruit, grain, grape, grass, nut, and vegetable.  Soil parameters were identified from the State Soil Geographic (STATSGO) database (USDA, 2004). Cropping dates (emergence, maturation, and harvest) and other crop parameters (interception storage, maximum coverage, active root depth, aerial coverage, maximum canopy height) were derived from USEPA’s Office of Pesticide Program’s standard modeling scenarios (USEPA, 2004). Simulations were conducted for 30-years of historical weather to evaluate runoff loadings under a range of potential low, moderate, and high rainfall events.  The weather data were obtained from USEPA’s Center for Exposure Assessment Modeling (CEAM) for five meteorological stations within and around the watershed. 

Simulations were conducted at the township-range-section level, which is the reporting level of the PUR database and has a resolution of 1 square mile.  Edge-of-field predictions of pesticide runoff were aggregated (scaled-up) to the township scale (36 square miles) for visual presentation and to the county scale for tabular presentation.  Model predictions were represented in terms of temporal probability of occurrence by calculating 50th and 90th percentile annual mass loadings.   

This proposal builds on that work for this current study by including additional pesticides (including uses on rice), refining areas of uncertainty from the previous analysis, and expanding the scope to include the San Joaquin River and Bay-Delta estuary.  CVRWQCB is currently preparing a parallel relative pesticide risk report for the San Joaquin and Delta waterways.  Coordination between projects will occur through the involvement of CVRWQCB on the TAP.  Areas of refinement from the previous study will include: incorporation of predictions of irrigation return flow into the simulations; increase of the density of weather stations for greater spatial resolution; utilization of the SSURGO database (USDA, 2006) to obtain a more accurate estimate of soil properties for applications in each PLSS section; additional years of PUR records to address year-to-year variability in pesticide application (e.g., crop rotation), incorporation of urban and residential uses;  and incorporation of an assessment of potential spray drift. 

A geostatistical approach will be used to estimate pesticide loadings from urban and residential uses. Detailed land use records from DWR (CDWR, 2006) will be used to improve estimates of where urban and residential applications have occurred.  It will be assumed that applications will occur at typical rates and dates in urban and residential settings for model simulations. 

Spray drift loadings will be estimated based on field proximity to water.  Fields having the potential to have received the pesticide application in the township-range-section documented by the PUR database will be identified from the DWR detailed land use database and the high resolution version of the National Hydrography Dataset (http://nhd.usgs.gov/index.html) using GIS analysis. Spray drift loads will be assessed based on generalized distances of those fields to water (e.g., 0-25’ zone, 25-50’ zone, etc). Figure 3 provides an example of DWR detailed land use data for walnuts at the township-range​section level and its proximity to high resolution NHD data.  Buffers of 25, 50, and 75 feet are also shown for each water body.  

For this study, we will also present cumulative loadings along river reaches and into the Bay-Delta estuary using the NHDplus hydrography data set that has recently been released for California (http://www.horizon-systems.com/NHDPlus/). The data set includes significant quality control and improvements in database and network navigation.  

Temporal patterns of loading within accumulation reaches will be evaluated in context of temporal co​occurrence of critical life stages for sensitive species.  Pesticide loads will be summed seasonally for each chemical and expressed in terms of frequency of occurrence (90th percentile and 50th percentile corresponding to 10-year and 2-year return periods) or other endpoints as dictated by the TAP.  Daily predictions for each PUR section (1 mi2) will be retained so that the output is available for future studies and applications (e.g., to provide loadings into receiving water models, ecosystem population models, and other program-specific assessments). 

Project tasks. Eleven tasks have been identified as described below.  Costs are provided in the Task and Budget Summary and the accompanying Detailed Budget.   

1. Project Administration.  Activities relate to day-to-day management and coordination between technical teams. 

2. Chemical Selection. Priority chemicals for simulation will be selected based on use volume, chemical properties indicating persistence and mobility, toxicity, and historical detections near or exceeding the State’s water quality objectives or TMDL target levels.  The TAP will provide input into this process.  Once selected, the Pesticide Use Report (PUR) database will be used to guide model applications and crops. 

3. Data Collection/Reduction. This task involves the collection and pre-processing of relevant spatial and temporal data on soil properties, pesticide use, weather, land use, and ecology into formats that can be used for other tasks. Five parallel activities are included in this effort:    

a)
Critical Habitat – development of GIS data layers for critical species habitats that will later be used in evaluating model results and their potential impacts.  Data from the federal and state agencies, including the U.S. Fish and Wildlife Services (USFWS) and National Oceanic and Atmospheric Administration (NOAA) fisheries, (http://www.dfg.ca.gov/whdab/html/cnddb_info.html), and/or other appropriate data sources as determined through contacts with local experts and agencies, will be acquired to define the locations of critical habitats as well as the times of year that species are estimated to be present in those water bodies, especially during sensitive life cycles.  

b) Water Quality Monitoring – development of a geocoded database that summarizes the location, sampling periods, and results of pesticide monitoring efforts in both watersheds.  The data will be used to validate the relative magnitude and duration of model predictions during Task 5 and to assess the adequacy of existing monitoring programs in characterizing exposure concentration from pesticide sources in the Sacramento and San Joaquin watersheds during Task 7.  Agencies involved in assessing monitoring efforts, including CDPR, USGS, CVRWQCB, State Water Resources Control Board, and SFEI will be contacted to minimize redundancy and duplication of efforts for this task. 

c) Soil Data – USDA’s soil survey geographical database (SSURGO), currently available for the majority of California, will be processed on a county-by-county basis to obtain relevant soil properties (Curve Number, organic matter, texture, slope, etc.) for model simulations.  The STATSGO database will be used for remaining areas.  This is a significant data processing activity because of the large geographical area of study.  SSURGO is preferred for this study because it identifies the location of soils on a soil series level.  STATSGO is at a coarser detail and introduces uncertainty in the assessment.   

d) Weather Data – Daily weather data (precipitation, temperature, solar radiation, and pan evaporation) will be obtained from the National Weather Service for use in model simulations. Data will be collected for a dozens of meteorological stations to address weather variability in the study area. Missing weather data will be filled in from appropriate adjacent stations to provide for a complete network.  The weather data are used to set boundary conditions in PRZM and RICEWQ for calculating runoff, soil moisture, evapotranspiration, and the need for irrigation. 

e)
Proximity to Water – The proximity of pesticide application sites to water will be assessed using GIS processing to provide load estimates due to spray drift.  DWR’s high-resolution land use database will be used to identify locations within each township-range-section where each PUR application may have occurred.  The shortest distance to water for each of these locations will be calculated and the average distance from all locations in the section will be used for drift calculations.  Drift will be based on the method of application identified in the PUR (aerial vs. ground). Calculations will be performed for every PLSS section in a 3-year recent history.  
4. Database Linkage/Model Processor Development. This task includes the modification of existing processors that have been developed to automate the production of thousands of model simulations with PRZM and RICEWQ.  The processors link the geocoded databases prepared in Task 3 with other input parameter databases to define specific model input parameter values to each unique combination of soil, weather, crop, and pesticide application.
5.  Validation / Sensitivity Analysis. a) Simulations and development of a sensitivity matrix of parameters for the Pollutant Source Assessment Model that may include crop, environmental fate, and soil parameters, including parameters of greatest uncertainty.  Sensitivity will be reviewed at the point of loading and key location(s) along the river network.  b) Validation will be performed through comparison of model results to the relative magnitude and duration of observed in-stream water quality data. Validation will be conducted primarily through visual techniques.  Travel time analysis of USGS stream flow stations may be used to refined temporal predictions.  c) Evaluate predictions in context with SWAT modeling being conducted by University of California – Davis. 

6.  Baseline, Future Trends, and Mitigation Scenarios. Model scenarios will address 20-30 years of historical meteorology to assess chemical loadings and concentrations in a probabilistic framework (i.e., high, moderate, and low rainfall conditions), under existing pesticide use and agronomic practices, and under other alternate “what-if” scenarios.  Scenarios can be designed to represent projected changes in climate, land use, and agronomic practices in the watershed and updated as needed in the future to address evolving pesticide uses and additional management scenarios. Mitigation scenarios can be designed to predict pesticide reductions likely to occur under the implementation of BMPs and other mitigation measures.  Specific scenarios will be identified by the TAP.
7.  Result Integration. Temporal patterns of loading within accumulation reaches will be evaluated in context of temporal co-occurrence of critical life stages for sensitive species.  Results will be used to prioritize areas of risk, identify source loadings for potential mitigation, and to assess the adequacy of existing monitoring programs in characterizing exposure concentration from pesticide sources in the Sacramento and San Joaquin watersheds.  Recommendations will be provided on strategic placement of BMPs, monitoring locations, and sampling frequency. 

8.  Reports and Publications. To include technical progress reports, draft final report, response to peer review comments, final report, and publication in scientific journal(s) (e.g., SETAC). 

9.  Technical Meetings. Under this task it is assumed that two meetings will occur between subcontractors and the TAP at key stages of the project:  1) project initiation and 2) review of baseline results. The second meeting will also be used to define the future condition and mitigation scenarios. 

10.  Quality Assurance Project Plan (QAPP). Although this study does not involve sample collection or analysis, a QAPP will be developed for quality control, documentation, and to ensure results are reproducible. The plan will justify and summarize the quality of databases and models used for the project.  A description of the quality control procedures to be implemented will also be provided.  In addition, a budget item has been included for developing study-specific QAPP procedures.  

11.  Training. A training workshop will be provided to interested parties and stakeholder agency staff. The workshop will contain a technical overview of the models, associated databases and GIS layers, and model linkage.   

Project deliverables. Work products include: one-page project summary for public audience at the beginning of the project; one-page project summary for public audience upon project completion; progress reports at key stages of completion; semi-annual and final reports (including peer review of final report); project closure summary report; presentation at CALFED science conferences; presentation at other events at the request of the CALFED Science Program staff; and a copy of all published material resulting from the grant.  A time-series database of model predictions will be provided that can be used for future studies, including other water quality models, ecosystem population models, or other analyses by as the Central Valley Regional Water Quality Control Board staff, State Water Resources Control Board, Resource Conservation Districts, CDPR, USDA, and other entities. 

The final report will document methods, materials, and results including: input parameter values, sources and rationale; sensitivity analysis, calibration, and validation; maps and tables illustrating the relative mass loadings of priority pesticides at key locations in the watershed system relative to critical habitats; and identification of areas of model uncertainty.   

4.0 Feasibility 
The potential for project success is high given that a pilot study has already been conducted as proof-of​concept (SWRP, 2004; SWRP, 2006).  The 2006 study was conducted in a 5-month period.  The current work, allowing for contingencies, can be completed in an 18-month period.  This study does not require the development or completion of external models or databases.  The study is not contingent on permits, weather, or the establishment of biological communities.   

The scope has been limited to produce a well defined deliverable.  We have not added additional phases or stages that require additional investigation and controversial negotiation between stakeholders (e.g., linkage to receiving water models or population models).  Rather the deliverables would provide an immediate utility in the understanding of the spatial and temporal variability in pesticide loadings as well as the building blocks to a variety of future programs.  

The project team has sufficient depth and experience that it can continue in the event of the loss of project scientists. The study team includes authors of both PRZM and RICEWQ models.  The models themselves have been widely used in the scientific community.  Furthermore, the model development and outcome assessments will be reviewed the TAP, to be comprised of experts from USGS, NOAA, University of California-Davis (UCD), CDPR, CVRWQCB, the State Water Resources Control Board, Department of Water Resources (DWR), and USEPA.   

Decisions will be made by the TAP to ensure that cross-agency needs and considered and addressed. Involvement will occur at the initiation of the project to coordinate data collection and avoid duplication of efforts with other activities that either have occurred or are in progress.   Interaction with the TAP will be continuous and iterative.  The TAP will receive progress reports and other interim communication and redirect efforts as necessary to maximize the success of this study. 

5.0 Relevance to the CALFED Science Program 
The results of the modeling as proposed will provide an understanding of the hydrologic delivery of pesticides to water bodies in the Sacramento and San Joaquin watersheds, as well as address listed priorities for the CALFED Science Program: 

Topic 3: Trends and Patterns of Populations and System Response to a Changing Environment  

As climatic changes brings changes in hydrology and runoff, the development of pesticide transport and fate models will be needed to calculate the change in loading to the rivers. Irrigation practices will change based on changing hydrology. Development of this model will provide a tool to transfer changes in land use and hydrology through climate change to changes in contaminant loading. Matching the output to lifecycle modeling and habitat mapping will provide an assessment told for potential risks to sensitive species.  

Questions addressed as part of Proposed Project Implementation 

· How will climatic changes influence or change pesticide loadings? 

· How will these changes in loading impact sensitive species? 

· How will changes in management of irrigation water due to climate change affect loading of pesticides and impacts to sensitive species?  

Topic 4: Habitat Availability and Response to Change 

The future will bring changes in land use in the watershed of the Delta. Agricultural practices will continue to evolve from social, economic, and environmental pressures. The continuing conversion of agricultural lands to urban will bring temporal and geographical shifts in water use and runoff.  Pesticide use will also shift for urban applications. An example is the recent outbreak of West Nile virus has required urban applications of pyrethroids to control mosquitoes. Seasonality of loading will shift as storm water runoff becomes a larger component of pesticide transport.  The completion of the proposed project will meet the following CALFED objectives:  

1. The development and use of spatially-explicit models and databases to analyze and map the potential effects of anticipated stressors on existing habitats; 

2. The development and use of population models to evaluate effects of changes in habitat on demographic characteristics of key species such as fecundity, growth, survival, etc. 

It is proposed to link the results of the pesticide loading model with results of the life cycle models currently under development for striped bass and delta smelt, as well as existing models (salmonids). This will provide toxicologists with a focused set of contaminants to study in terms of toxicology testing. In addition, biomarker work done under the current POD effort will be enhanced by the knowledge of the pesticides identified in the loading results. This will allow the estimation of population level effects on these species. 

Future changes in agricultural practices; such as wide-scale BMPs to reduce offsite movement of pesticides will be captured by running the model adjusted for the effects of the BMPs on off-site movement. Increases in urban loading from land use shifts will be calculated. The current effort to better track total use of pesticides in the urban setting through sale of pesticides to home owners, as well as commercial pest control companies will provide a better estimate of the true application of urban pesticides. This in turn will allow for a more refined modeling of the loading from this source. 

The SRWP identified a range of challenges for agriculture in the Sacramento River watershed including contaminant stressors, issues with water quantity, transfers and exports, agricultural land conversion to urban landscape, erosion and sedimentation, and climate change issues (SWRP 2005).  The Central Valley is undergoing growth rates of which the Sacramento Metropolitan Area is expected to nearly double in size in the next fifty years. The estimate for Sacramento Metropolitan area is that nearly 450,000 acres of currently agricultural lands will be retired from agriculture and converted to urban landscape. Also of concern is global warming indicating temperature increase and precipitation decrease. In particular, this project can generate hypothetical scenarios for varying meteorological conditions to demonstrate those watershed changes in order to inform managers for watershed management and decision-making.  Also, as land is converted from agricultural to urban density and those changes in pesticide uses can be generated for comparison on the watershed scale. 

This proposal contributes to research needs identified by Hinton (1998) in a review paper of multiple stressors in the Sacramento River watershed.  Hinton concluded that studies and approaches are needed in the Sacramento River watershed to understand and more closely mimic the exposure to multiple stressors and understand when exposures are co-occurring with critical life stages of fish will either be directly toxic or adversely affect the availability of food.   

This project will also address several data gaps outlined by the Sacramento River Watershed Program (SRWP).  These data gaps include: (1) the need for a comprehensive watershed pesticide monitoring and assessment program, (2) the need to evaluate the alternative pesticides (pyrethroids) for runoff potential, and (3) the need to evaluate the effectiveness of various BMP within the watershed to reduce pesticide runoff to meet the load allocations and the required TMDLs.   

In addition the project will quantify loadings of agricultural uses of copper.  Copper is a ubiquitous surface water pollutant that causes a range of adverse acute, chronic, and sublethal effects in fish as well as to aquatic invertebrates and algae (Hansen et al., 1999; Baldwin et al., 2003; Sandahl et al., 2004). These effects are relevant to threatened and endangered salmonids in California’s Central Valley considering copper’s use as a fungicide. For example, copper sulfate pentahydrate is used extensively on rice to control tadpole shrimp. From 1991 to 1996 the use of this active ingredient increased almost threefold to 2,987,034 pounds applied. Of the approximately 3 million pounds that were applied in 1996, 91.4% was applied to rice (CDPR, 1999). Copper sulfate pentahydrate use has continued to increase with 3,675,045 lbs applied in 2004 (CDPR, 2004). It can be applied by both aerial and ground application methods. Due to the sensitivity of salmonid sensory systems, the ecological significance of their impairment, and the documented presence of elevated concentrations of dissolved copper in salmonid habitats, it is critical to determine exposure concentrations and durations that adversely affect salmonids. 

6.0 Qualifications 
Project Staffing. This project will be administered by the California Department of Water Resources (DWR) under the direction of Dr. Dean Messer.  DWR roles include:  1) management of contracts and subcontracts; 2) work as an advocate to promote resource support for SWAMP, SRWP, and the Agricultural Waiver program to assist in guiding monitoring and assessment efforts; 3) transfer the data to those researchers conducting risk assessment of sensitive species as part of the POD effort; and 4) coordinate the application of the results by connecting with those researchers that possess or are developing lifecycle models for sensitive species. 

This proposal was prepared in consultation with stakeholders involved in both the regional and local efforts and builds off of previous research in the watershed.  Project collaborators include the Central Valley Regional Water Quality Control Board (CVRWQCB); the California Department of Pesticide Regulation (CDPR); Environmental Protection Agency – Region 9 (USEPA); The National Oceanic and Atmospheric Administration (NOAA), the U.S. Geological Survey (USGS); the University of California 

– Davis (UCD). As part of the Technical Advisory Panel (TAP), representatives from each organization will be involved in overall project direction and work on specific components of the study.  The study team was selected based on relevant expertise in technical areas and end-user needs.  

Currently, DWR does not have the modeling staff and expertise to create and expand the watershed and fate modeling tools described in the proposal. Additionally, current monitoring programs for the Environmental Water Quality and Estuarine Studies (EWQES) branch do not extend up into the upper reaches of the river systems.  Therefore, the majority of the grant money will be sent to those subcontractors listed below. 

Contractors selected for this study are uniquely qualified to perform this work based on their intimate knowledge of the procedures and to be used for this study.  Waterborne Environmental, Inc. (WEI) is the primary contractor for this study.  WEI is an environmental consulting company specializing in pesticides and water quality.  They are the developers of the rice water quality RICEWQ (Williams et al., 1999) and authored many of the features in the PRZM model (Suárez, 2005; FOCUS, 2004).  They have conducted other validation and production modeling studies of both PRZM and RICEWQ (SRWP, 2004; SRWP, 2006; Snyder and Williams, in press; Warren et al., 2004; Miao et al., 2003a; Miao et al., 2003b; Cheplick et al., 2002; Jones and Russell, 2001).  The Spatial Technologies Group at Waterborne Environmental Inc., is an ESRI Certified Consultant and Certified Programmer for ArcView and ArcInfo GIS software. WEI conducted the pilot study for the Sacramento River that serves as the foundation of this study (SRWP, 2006). The infrastructure and processing algorithms from that study that link relevant databases will be used for the current study.  WEI also conducted the validation study of PRZM in the Sacramento River basin that included an evaluation of alternate mitigation practices (SRWP, 2004).   

University of California – Davis (UCD) is an additional contractor for this study.  In addition to functioning as technical advisors, graduate students will assist in data collection, data processing, classification of aquatic habitats, model validation, and presentation of results.   

Key staff. Key staff is identified below. Project roles are provided on the Personnel form. 

· DWR: Dean Messer, Ph.D., is the Chief of the DWR’s Bay-Delta Monitoring and Analysis Section. He has over 20 years of experience in the areas of water quality, hydrology, environmental and biological assessment, and monitoring program development.  Dr. Messer is responsible for ensuring that all stages of a water right decision (data collection, reduction, analysis, and reporting mandate) issued to the Department by the State Water Resources Control Board is satisfied and to conduct special studies in response to monitoring findings.  Dr. Messer will serve as study director for the project and provide 180 hours of in-kind labor for the project. 

· DWR:  Rich Breuer is the Chief of DWR’s Environmental Water Quality and Estuarine Studies branch. He worked in the 1980’s developing IPM applications, and on the rice herbicide reduction program with CDPR, as well as conducting research of transport and fate of molinate.  His current program continues to build on its 30 years of Delta and tributary monitoring, and research of water quality and biota. In-kind labor provided by Mr. Breuer will be 100 hours.  

· CDPR: Lei Guo, Ph.D., is an expert in pesticide fate modeling. She has been involved in pesticides research for over 20 years and serves as a technical reviewer for numerous scientific journals, and book series. Dr. Guo is donating in-kind time to assist in modeling and GIS.  In-kind labor provided by Dr. Guo will be 360 hours. She will also be serving on the TAP. 

· USEPA: Debra Denton, Ph.D., is a recognized national expert on toxicity testing, and regional experience on pesticide TMDL and watershed monitoring issues.  She has worked on water quality standards, regulatory programs including permitting and TMDLs, and pesticide monitoring for 15 years. Dr. Denton is donating in-kind time to serve on the TAP as well as provide technical assistance for data synthesis, and watershed coordination with stakeholders and end users of the model outputs.  In-kind labor provided by Dr. Denton will be 160 hours. 

· USGS: Joseph Domagalski, Ph.D., is a research chemist and project manager with the USGS in Sacramento.  Much of his career has centered on pesticide issues in the Sacramento and San Joaquin Valleys and he has written numerous reports and journal articles dealing with agricultural non-point source pollution. Dr. Domagalski is project chief of the National Water Quality Assessment Program (NAWQA) in the Sacramento River Basin and is currently the leader of NAWQA’s Agricultural Contaminant Transport studies in the San Joaquin Valley.  Dr. Domagalski is donating in-kind time (80 hours total) to serve on the TAP for this project. 

· NOAA Fisheries:  Scott Hecht, Ph.D., is a national expert on pesticides and their effects on threatened and endangered salmonids. He has extensive experience with ecological risk assessment, salmonid ecology, and ecotoxicology. Dr. Hecht has worked with several environmental regulations including the CWA, FIFRA, NEPA, and ESA. He has worked in the field of ecotoxicology for the past 8 years. He will provide technical assistance for salmonid ecology including habitat use and other ESA related issues (e.g., designated critical habitat). Dr. Hecht is providing in-kind time (80 hours total) to serve on the TAP for this project. 

· UCD: Mark Grismer, Ph.D., has 20 years of experience related to irrigated agriculture, soil-water processes, water quality, and hillslope/sediment delivery.  His work includes development of both physical and computer models of diazinon runoff, interflow and shallow groundwater flow from bare soils and vegetated filter strips.  Dr. Grismer is a subcontractor for this project serving on the TAP and providing detailed review of model procedures and results. 

· UCD: Minghua Zhang, Ph.D. is an associate adjunct professor and a senior research scientist for the California Department of Pesticide Regulation.  She has 15 years of experience in the areas of pesticide application and environmental effects, groundwater and surface-water quality analysis, and GIS database development and spatial modeling.  Current work includes characterizing diazinon and chlopyrifos use in the San Joaquin Watershed, tracking non-residential pesticide use in urban areas and working on new tools to promote the transition away from the Food Quality Protection Act-targeted pesticides in California orchards.  Dr. Zhang is a subcontractor for this project serving on the TAP and providing detailed review of GIS procedures and results.  In-kind labor provided by Dr. Zhang will be 200 hours. 

· WEI:  W. Martin Williams, P.E., will serve as the Principal Engineer for modeling and GIS activities at WEI.  Mr. Williams has over 25 years of experience in hydrologic and water quality investigations with special expertise in pesticide water quality modeling, risk assessment, and risk mitigation.  He served as an expert scientist on USEPA’s Ecological Committee of FIFRA Risk Assessment Methods (ECOFRAM, 1999) and the Atrazine Ecological Probabilistic Risk Assessment Panel (Giddings et al, 2005). Mr. Williams was the study director of the previous SRWP studies that serve as the foundation for this project (SRWP, 2006, 2004).  He is also the primary author of the author of rice water quality model (RICEWQ) that will be used for this study. 

· WEI:  Mark Cheplick will be the Principal Investigator of modeling efforts.  He has 20 years of experience in chemical fate and transport modeling, and geographical information system (GIS) analysis.  He is an author of the Pesticide Root Zone Model (PRZM) that is being used for this study and has linked the model with informational database for production modeling for a variety of applications. Mr. Cheplick developed the technology behind the SRWP pilot study that serves as the foundation of this study. 

Matching Funds. Funding requested for this project is $395,700.  Participation from the applicant and CVRWQCB, CDPR, USEPA, NOAA, and USGS is being donated to this project as matching funds for a total of $112,240. This work also builds on previous modeling efforts in the Sacramento River under the Sacramento River Watershed Program.  Total contract value for previous efforts is $116,500. Combined, the total value of this study is $624,440 ($395,700 + $112,240 + $116,500).  Matching funds and previous funding contribute 36.6% to the total value of the project. 
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Figure 2. Models and data linkage schematic 
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Figure 3. Example of DWR land use data at the township-range-section level for walnuts i
Joaquin County and its proximity to NHD high resolution data.
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