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This work plan summarizes expectations for the NAWQA Groundwater Modeling & Mapping (M&M) team for FY16 and includes plans for both the national-modeling team and four principal-aquifer-modeling teams (Central Valley, Glacial, Northern Atlantic Coastal Plain & Mississippi Embayment). Water Science Centers to which this work plan applies are:  California, Lower-Mississippi Gulf, Maryland-Delaware-DC, New England, New York, Oregon, Utah, Virginia and Wisconsin. It also applies to national-team members in Reston, VA and Columbus, OH. 

Summary of NAWQA Cycle 3 M&M Work
Modeling is an important component of NAWQA Cycle 3 (C3). Models are being used to evaluate, extrapolate, and forecast water quality in drinking-water wells (domestic and public supply) and to inform NAWQA surface-water investigations about groundwater discharging to streams. They are providing insight into the relation between environmental drivers (land use, water use and management, climate), selected stressors (chemical and microbial contaminants) and various receptors (domestic wells, public-supply wells, streams). Models are being used to integrate findings at multiple scales (local, regional, principal aquifer, national) and to address spatial and depth gaps in groundwater-quality data. The multi-scale, multi-model-type approach employed by C3 enables groundwater quality data to be placed into a groundwater-flow system context, providing insight into how observed water quality is related to position and spatial location within an aquifer system and facilitating water-quality forecasting. 
The primary objective of the M&M team is to produce models and maps of groundwater vulnerability and contaminant concentrations at the depths used for domestic and public supply for constituents present in groundwater at concentrations of significance to human health. A national-modeling team is responsible for developing models and maps at the national scale, and for providing leadership and technical assistance to the principal-aquifer-modeling teams (PA-modeling teams). The PA-modeling teams (4 total) are responsible for developing models and maps at PA, regional, and local scales. Each PA-modeling team is led by a PA-modeling coordinator for a period of six years, with the size of the team (FTEs) varying during the six-year period.







M&M Funding Assumptions for Water Science Centers
The table below provides current (May 2015) budget estimates for each Cost Center that will do work for the NAWQA Groundwater Modeling & Mapping component during FY16. The estimates cover all salary costs, including project management costs, but do not cover travel costs. Travel will be reimbursed separately as it is scheduled and taken.
· California WSC:			$ 662,262
· Iowa WSC:				$ xx
· [bookmark: _GoBack]Lower Mississippi-Gulf WSC:	$ 222,566
· New England WSC:			$ 879,296
· New York WSC:			$ 308,934
· Oregon WSC:			$ 134,680
· Utah WSC:				$   76,133
· Virginia WSC:			$ 150,912
· Wisconsin WSC:			$ 144,444
· NAWQA HQ, Reston:		$ 174,576
· NAWQA HQ, Columbus: 		$ 184,742
California WSC:									$ 662,262
Bryant Jurgens, 0.50 FTE
· Provide age tracer concentrations to numerical modelers for use in calibrating flow models
· Estimate age distributions at wells by using tracer data and lumped parameter models
· Provide intrinsic susceptibility index to Central Valley statistical modelers for use in water quality 
modeling & mapping by end of 2015 calendar year
· Author paper on intrinsic susceptibility in the Central Valley along w/ Faunt, Traum, Starn, & Kauffman
· Archive LPMs used in the intrinsic susceptibility paper
· Work with Starn, Kauffman, Stackelberg & Yager to compare age distributions from LPMs and detailed, general, & idealized flow models of the Glacial PA, initially in the Iowa/Missouri study area
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested
JoAnn Gronberg, 0.50 FTE
· Generate GIS coverages for use in modeling & mapping, as directed
· Provide GIS support for report authors
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested
Claudia Faunt, 0.50 FTE
· Archive updated CVHM
· Publish updated CVHM as a Professional Paper chapter
· Provide flow-model output to other modelers (statistical, vertical flux, etc.) for use in water quality modeling & mapping, as needed. Examples include depth to water table, gw-age distributions and associated land use
· Use CVHM to track movement of anthropocene water in the Central Valley. Compare results to Fresno model
· Compute age distributions by voxel (10-m vertical by 1 km2 horizontal) for webtool to be developed in FY17
· Work w/ M&M Coordinator (Eberts) to engage Central Valley stakeholders, particularly for input related for water quality forecasting
· Conduct forecasting simulations w/ the CVHM as directed
· Participate in team calls
· Travel to meet w/ team members and to attend scientific or stakeholder meetings, as requested
Jon Traum, 0.50 FTE
· Archive Fresno flow model
· Complete Professional Paper chapter on Fresno model & publish
· Provide flow model results to Burow, Fram, Dawson and others for interpreting water quality data 
in the Kings Subbasin
· Use dual domain particle tracking to track movement of anthropocene water in the Fresno area. Compare results to CVHM results
· Conduct forecasting simulations w/ the Fresno model, as directed
· Participate in team calls
Celia Zamora, 1 FTE
· Model & map geochemical conditions (DO, pH) in the Central Valley PA by mid FY16
· Publish geochemical maps in a USGS SIM
· Incorporate intrinsic susceptibility / geochemical condition variables into arsenic models of the Central Valley
· Archive updated arsenic models
· Draft SIM for updated arsenic model(s) that incorporate intrinsic susceptibility / geochemical variables
· Help Traum draft Professional Paper chapter on Fresno flow model
· Participate in team calls
Lower Mississippi-Gulf WSC:							$ 222,566
Drew Westerman, 0.30 FTE
· Develop hydrologic position variables for MISE study area
· Develop principal-aquifer-scale maps of surfaces representing tops & bottoms of depth zones 
used for domestic and public supply, for use in simulating age distributions within those zones
· Participate in team calls
Connor Haugh, 0.30 FTE
Jim Kingsbury, 0.50 FTE
· Update MERAS calibration to include age-tracer observations
· Participate in team calls
Jeannie Barlow (NAWQA S&T), N/A FTE
· Identify key water quality issues to address, along with interested stakeholders
· Help identify areas within the MERAS flow model for construction of inset models that can be 
used to address local water quality issues
· Help identify data gaps in areas of planned inset models and design model support study 
(sampling plan) to close those gaps
· Participate in team calls
· Travel to meet w/ team members, as requested
Brian Clark, 0.15 FTE
· Help identify areas within the MERAS flow model for construction of inset models that can be 
used to address local water quality issues
· Help identify data gaps in areas of planned inset models and design model support study 
(sampling plan) to close those gaps
· Participate in team calls
Iowa WSC:										$ xx
Adel Haj, xx FTE
· Help Yager map the probability of encountering buried/confined Glacial aquifers
· Help Yager write Glacial PA framework report
· Participate in team calls & meetings, as requested

New England WSC:								$ 879,296
Jeff Starn, 1.0 FTE
· Provide guidance to team modelers, including when and how to compute model metrics for flow model comparisons 
· Ensure that dual domain particle-tracking program is available for use by Traum. (Track Provost’s progress)
· Ensure that wall-to-wall intrinsic susceptibility information is available for inclusion in Central Valley nitrate, arsenic, manganese, pH and redox models & maps, which will be submitted for publication in FY16
· Co-author paper on Central Valley (CV) intrinsic susceptibility along w/ Jurgens, Faunt & Kauffman
· Compute land use at the time of recharge for CV supply wells & for depths used for supply in general
· Oversee completion of 50 HUC 8 general flow models for the Glacial (or NACP) PA
· Archive the general flow models
· Develop relationship between hydrologic position and intrinsic susceptibility, and hydrologic position and hydraulic head, for the Glacial PA. Work with Tom Nolan 
· Work with Yager, Kauffman, Stackelberg & Jurgens to compare age distributions from detailed, general, idealized and LPM flow models for the Glacial PA, initially in the Iowa/Missouri study area
· Develop methods for capturing age distributions for use in water quality modeling & mapping in Glacial PA
· Work with Nolan and Fienen to come up with prediction uncertainty for machine-learning methods
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested 
Joe Ayotte, 0.15 FTE
· Submit journal article on preliminary arsenic model(s) for domestic & public-supply wells in the Central Valley
· Archive arsenic models
John Masterson, 0.50 FTE
· Oversee all NACP PA flow modeling efforts, including development of inset models 
· Develop hydrologic position variables for NACP study area, as needed
· Develop surfaces representing tops & bottoms of zones used for domestic and PWS wells 
for use in simulating age distributions for those depth zones at the Principal Aquifer scale
· Compute/compare flow model metrics using original & updated NACP PA-scale flow models. (Starn will provide guidance on computing flow model metrics)
· Work w/ M&M Coordinator (Eberts) to engage NACP stakeholders
· Participate in team calls
· Travel to meet w/ team members and to attend scientific or stakeholder meetings, as requested
Don Walter, 1.00 FTE
· Serve as lead NACP groundwater-flow modeler
· Build Long Island inset model for the NACP study. (Model may / may not be fully calibrated by end of FY16)
· Generate Long Island groundwater-flow model output for use in water-quality analysis, as directed
· Participate in team calls
· Travel to meet w/ team members, as requested
Carl Carlson, 0.75 FTE
· Help Starn run ~ 50 general flow models in the Glacial PA (or NACP), as instructed
· Participate in team calls
Craig Brown, 0.75 FTE
· Help Stackelberg pull together chemistry data for the Glacial PA, and provide water quality / geochemical modeling support for the Glacial PA team as directed
· Provide water quality / geochemical modeling support to Lindsey & Barlow for their Coastal Plain work
· Participate in team calls
· Travel to meet w/ team members, as requested
New York WSC:									$ 308,934
Paul Stackelberg, 0.50 FTE
· Work with Gronberg to develop data sets in support of water quality modeling, including attributing 
wells with info on predictor variables
· Develop preliminary Glacial PA arsenic models (domestic & public-supply well depths) using available data
· Coordinate Glacial PA modeling efforts, including hosting team calls & a face-to-face meeting
· Work with Starn, Kauffman, Yager & Jurgens to compare age distributions from detailed, general, idealized and LPM flow models for the Glacial PA, initially in the Iowa study area
· Serve as a liaison between the Glacial PA M&M and S&T teams
· Participate in team calls
· Travel to meet w/ team members and to attend scientific or stakeholder meetings, as requested
Dick Yager, 0.66 FTE
· Draft framework report for Glacial PA to collect all maps and info used as the foundation for modeling. Will include maps on the probability of encountering buried/confined aquifers
· Work with Starn, Kauffman, Stackelberg & Jurgens to compare age distributions from detailed, general, idealized and LPM flow models for the Glacial PA, initially in the Iowa study area
· Publish idealized model approach for valley fill aquifers in a USGS SIR as applied in Iowa
· Develop idealized models for buried systems in the Glacial PA, as needed
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested
Jason Finkelstein, 0.50 FTE
· Develop texture data / framework / pumping data for use in Long Island inset model for NACP
Oregon WSC:									$ 134,680
Jim Tesoriero, 0.50 FTE
· Use statistical methods to predict probability of encountering groundwater w/ a specific redox condition in the Fox-Wolf-Peshtigo watershed (within the Glacial PA). Submit associated manuscript for publication
· Begin analysis of Tomorrow River flow path data
· Archive redox model(s)
· Serve as a liaison between the IWS and M&M teams
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested

Utah WSC:										$ 76,133
Chris Shope, 0.50 FTE
· Construct and calibrate Tomorrow-Waupaca River flow model
· Use TWR flow model to aid interpretation of water quality data
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested
Virginia WSC:									$ 150,912
Jason Pope, 0.75 FTE
· Build NACP ‘Fall Zone’ inset model(s) for the NACP study
· Generate Fall Zone groundwater-flow model output for use in water-quality analysis, as directed
· Participate in team calls
· Travel to meet w/ team members, as requested
Wisconsin WSC:									$ 144,444
Paul Juckem, 0.50 FTE
· Complete intrinsic susceptibility characterization (groundwater age and depth of anthropocene water) 
in the Fox-Wolf-Peshtigo study area
· Archive Fox-Wolf-Peshtigo model(s)
· Finish documenting FWP models and publish
· Oversee Tomorrow-Waupaca River watershed flow modeling
· Help Starn run ~ 50 general flow models in the Glacial PA (or NACP), as instructed
· Participate in team calls
· Travel to meet w/ team members and to attend scientific or stakeholder meetings, as requested

Daniel Feinstein, 0.33 FTE
· Archive LMB inset models
· Develop intrinsic susceptibility (young fraction) metamodel using inset models and test 
transferability to FWP and beyond and publish
· Help Starn run general flow models in the LMB inset model areas
· Provide modeling support to the Glacial PA modeling team
· Participate in team calls 
· Travel to meet w/ team members and to attend scientific meetings, as requested
Steve Westenbroek, XX FTE
· Provide Starn w/ refined SWB recharge estimates for use in ~ 50 general flow models in the Glacial
Mike Fienen, 0.15 FTE
· Consult with Nolan and Starn to come up with prediction uncertainty for machine-learning methods
NAWQA HQ, Reston:								$ 174,576
Tom Nolan, 1.00 FTE
· Provide technical guidance to all statistical modelers
· Lead / coordinate meta-modeling activities for the Modeling & Mapping component
· Work w/ Jeff Starn to develop meta-model of relationship between hydrologic position and intrinsic susceptibility and hydraulic head for the Glacial PA
· Co-lead vertical nitrate flux modeling, along with USGS NRP (Chris Green)
· Model intrinsic susceptibility index / mean age / fraction young vs old / at the Central Valley PA scale 
using output from LPMs
· Complete and publish updated nitrate model for the Central Valley as a USGS SIM
· Archive nitrate model(s) for the Central Valley
· Co-author paper on arsenic in the Central Valley. (Ayotte will be lead author)
· Work w/ Dick Yager & Leon Kauffman to develop meta-model of intrinsic susceptibility for the Iowa / Missouri study area in the Glacial PA
· Work with Starn and Fienen to come up with prediction uncertainty for machine-learning methods
· Participate in team calls
· Travel to meet w/ team members and to attend scientific meetings, as requested
NAWQA HQ, Columbus, OH:							$ 184,742
Sandy Eberts, 1.0 FTE
· Provide national-level, technical leadership, management, and coordination of NAWQA groundwater modeling activities
· Engage researchers from other USGS programs, as well as outside organizations, in collaborative work that leads to water quality mapping at the national and principal aquifer scales
· Foster and maintain contacts  & working relationships with stakeholder community
· Directly oversee Central Valley PA work
· Help with age tracer data interpretation
· Publish fact sheet on NAWQA groundwater modeling & mapping work ??
Other NAWQA / GAMA:								$ N/A	
Leon Kauffman (NAWQA HST)
· Complete intrinsic susceptibility comparisons in the Modesto study area
· Ensure that particle tracking to surfaces corresponding to depth of domestic wells and depth of 
anthropocene water in the CVHM is completed by end of 2015 calendar year
· Provide guidance to Faunt regarding 3-D (voxel) characterization of groundwater ages and associated land use
· Co-author intrinsic susceptibility paper for the Central Valley, along w/ Jurgens, Faunt & Starn
· Work with Starn, Yager, Stackelberg & Jurgens to compare age distributions from detailed, general, idealized and LPM flow models for the Glacial PA, initially in the Iowa study area
· Begin developing educational webtool for exploring age distributions in valley-fill-aquifer wells based 
on Iowa findings
Karen Burow (NAWQA S&T)
· Investigate uranium, nitrate, and DBCP along the Fresno flow path
· Begin drafting journal article on key findings from Fresno flow path work
· Contribute to Kings Subbasin summary report
Barbara Dawson (California GAMA)
· Integrate Fresno flow system understanding from Fresno flow model and flow path work into interpretation water quality data in the Kings Subbasin
· Begin incorporating NAWQA findings into Kings Subbasin summary report
USGS OGW: 									$50,000(?)	
Alden Provost (USGS OGW)	
· Help Sanford complete and publish dual-porosity particle tracking program 
USGS NRP: 									      CESU Funding	
Chris Green & Lixia Liao (USGS NRP)				
· Develop vertical flux models to estimate nitrogen leaching fraction and nitrogen flux to the 
water table in type settings within the Fox-Wolf-Peshtigo watershed, WI
· Upscale to Central Wisconsin to include the WI DNR Nitrate Initiative demonstration site
· Provide wall-to-wall maps of VFM output to numerical modelers by mid FY16
· Archive models
· Evaluate additional unsaturated zone N input functions, such as mineralization
· Begin drafting journal article to communicate findings
UC Davis:									      CESU Funding
Thomas Harter (UC Davis)	
· Develop a GNLM (Groundwater Nitrate Loading Model) to estimate nitrogen leaching fraction and nitrogen flux to the water table in type settings within the Central Valley.  (The GNLM is a simple nitrogen mass balance based on crop type and other factors)   
· Upscale to the entire Central Valley
· Provide wall-to-wall maps of GNLM output to statistical and numerical modelers by mid FY16
· Archive models
· Compare GNLM output to measure nitrate data in the Central Valley
· Begin drafting journal article to communicate findings


2

