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. Work Plan
Scope of Work
Yuba County Water Agency (YCWA) is proposing to develop a groundwater model to improve understanding and management of groundwater resources in the North and South Yuba groundwater subbasins (Figure 5-1). The scope of work includes a review of existing models and studies, selection of a modeling code, development of input data sets, running and calibrating the model, and documentation including major assumptions, limitations, and guidelines for future model use and development.
Purpose, Goals, and Objectives of Work
YCWA takes an active role in managing the groundwater resources of Yuba County. As part of the management program, YCWA conducts extensive monitoring of the groundwater system. Monitoring data is collected, stored in a data management system, and used on a continual basis to guide management of the resource. YCWA publishes an annual monitoring report, and meets routinely with member units to plan for groundwater substitution transfers. The existing methods and tools for analysis (i.e., individual well hydrographs, groundwater elevation maps, and the groundwater adaptive management tool (GWMT) described in Attachment 4, Section 4.4.2) have been adequate for planning purposes to date, but do not fully leverage existing data. An adequately designed and calibrated groundwater model provides an additional, and defensible, “line of evidence” to ensure continued success of the groundwater management program. Specific goals of the modeling effort are listed below, and are supportive of the groundwater management plan objectives listed in Attachment 4, Section 4.1.
Evaluate groundwater management scenarios, including groundwater substitution transfers, to understand the potential for changes in storage and prevent overdraft of the aquifer
Help identify the locations and quantities of recharge to the aquifer and identify recharge areas that need to be protected
Evaluate groundwater management scenarios to prevent subsidence of land surface
Better understand interactions of surface water and groundwater
Better understand how changing land use (e.g., agriculture to residential) in Yuba County could impact groundwater resources
· 
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Figure 5-1. North and South Yuba Groundwater Subbasin Location Maps

Work Items
Tasks associated with the scope of work are described below and are consistent with the budget (Attachment 6) and schedule (Attachment 7). Note that, while the Proposal Solicitation Package places great emphasis on environmental compliance and permitting, no permitting efforts are anticipated for the proposed groundwater modeling project and permitting is not addressed further in the work plan. Additionally, there will be no need to obtain access to private property; obtaining access to private property is also not addressed further in the work plan.
[bookmark: _GoBack]Task 1. Model Review and Selection
Subtask 1.1 Develop Model Selection Criteria
YCWA will develop a list of model selection criteria that are consistent with the purpose and goals of the project. These criteria will drive the selection of a modeling code in subsequent tasks. Example selection criteria could include criteria directly related to capabilities of the code (e.g., the capability to simulate agricultural water demands) or to other factors such as robust software and user support from authors of the code.
Subtask 1.2 Model Review
YCWA will evaluate existing models and modeling studies from the Central Valley and elsewhere, as necessary. This evaluation will be performed to support selection of a groundwater modeling code and determine whether any existing data sets may be useful for this project (e.g., from existing regional-scale models). The survey of models could include the following:
IWFM – The California Department of Water Resources (DWR) maintains the Integrated Water Flow Model (IWFM), a finite element model that can simulate groundwater flow in three dimensions. DWR has developed a companion tool called the Integrated Demand Calculator (IDC), which can calculate urban and agricultural water demands from climate, soil, and land-use characteristics. Relevant examples of IWFM applications include:
C2VSIM – DWR’s Central Valley groundwater and surface water model.
Butte Basin Groundwater Model – Butte County’s Butte Basin Groundwater model includes the North Yuba Groundwater Subbasin
MODFLOW – MODFLOW is a U.S. Geological Survey-supported finite difference groundwater model that is applied worldwide. Scientists at USGS and other agencies are continually developing new capabilities for the model and all of the code is publicly available. As with IWFM, MODFLOW contains a process, termed the Farm Process (FMP), that can be used to estimate agricultural pumping based on climate, soils, and land-use data. A relevant application of MODFLOW is:
Central Valley Hydrologic Model (CVHM) – The USGS groundwater and surface water model used to assess groundwater supplies in the Central Valley. Built using the MODFLOW code with the FMP, CVHM uses a geologic texture model developed from boring logs distributed throughout the Central Valley. 
MicroFEM – MicroFEM is a finite element groundwater model developed in the Netherlands. One benefit of MicroFEM is that it comes packaged with a graphical user interface (GUI). Unlike IWFM and MODFLOW, MicroFEM is commercial software and requires a license to use. A relevant application of MicroFEM is:  
SacFEM –SacFEM is a groundwater model that was developed to support the Sacramento Valley Water Management Program. 
While there are numerous possible models to evaluate, YCWA assumes that no more than three will be evaluated in great detail to prepare for a final selection.
One potentially useful effort that is ongoing at the time of this application is a peer review of integrated groundwater/surface water models led by the California Water and Environmental Modeling Forum (CWEMF) in collaboration with the U.S. Department of the Interior, Bureau of Reclamation. The peer review panel consists of two external groundwater modeling experts and the panel will evaluate three models: IWFM, MODFLOW, and HydroGeoSphere (HGS). The stated purpose of the panel is “to present a clear understanding of the types of applications that the models are capable of performing when simulating various hydrologic, biologic and water quality processes.” Results from this review, expected to be complete in early- to mid-2013, will be directly relevant to the model selection process for the YCWA groundwater model.
Subtask 1.3 Model Review and Selection Technical Memorandum
YCWA will compile the results of Subtasks 1.1 and 1.2 into a technical memorandum that memorializes the selection criteria and model review. A model code will be selected based on the intersection of the selection criteria (Subtask 1.1) and the capabilities of each model (Subtask 1.2)
Task 1 Deliverables and Significant Activities
Model Review Technical Memorandum
Task 2. Update Hydrogeologic Conceptual Model
A hydrogeologic conceptual model is a technically sound interpretation of how the groundwater flow system “works” based on an interpretation of available data. YCWA will build on the existing hydrogeologic conceptual model developed for the Hydrogeologic Understanding of the Yuba Basin report (YCWA, 2008). The conceptual model will include:
A description of the aquifers and aquitards in the basin, their structure, heterogeneity, and hydraulic properties (e.g., transmissivity, anisotropy, leakance, storativity)
Current and historical groundwater occurrence and movement as defined by hydrographs, piezometric contours, and horizontal and vertical gradients
Current and historical distribution of groundwater recharge and pumping, which are major drivers for groundwater flow. Depending on the model code selected, estimation of historical pumping and recharge may be calculated during the modeling phase by inputting data sets for climate, soils, land use type, and water deliveries.
Documentation of the conceptual model, to be included in the deliverable for Task 5, will discuss the extent to which the Yuba groundwater subbasins are hydraulically connected to adjacent groundwater subbasins and suggest methods to account for this interaction in a numerical model. Important decisions regarding how to set up the numerical model will also be addressed at the conclusion of the conceptual modeling effort, including the suggested horizontal and vertical model domain, temporal duration and discretization, and boundary conditions. Any data gaps identified during the hydrogeologic conceptual model update will be identified to focus future study efforts. 
Task 2 Deliverables and Significant Activities
Conceptual Model Update (final version to be compiled in Task 5 Model Documentation Report)
Task 3. Compile Required Input Datasets
Subtask 3.1 Develop Texture Model
YCWA proposes developing a texture model (i.e., a description of where coarse- and fine-grained aquifer/aquitard units can be found) based on observations from drilling logs. YCWA compiled numerous driller’s logs and developed an initial texture model during development of the 2008 Hydrogeologic Understanding of the Yuba Basin report (YCWA, 2008). Logs from wells installed since 2008, which will be compiled during conceptual model development (Task 2), will be used to update the texture model. Developing a texture model based on drilling logs is consistent with the methodology presented by the USGS for construction of their CVHM (Faunt et al., 2009; Faunt, ed., 2009). 
Many of the newest model codes (e.g., MODFLOW-FMP and the IDC module of IWFM) have the capability to calculate a land-use-based water demand. The following subtasks describe compilation of data sets required for those calculations. 
Subtask 3.2 Develop Land-Use Data Input
YCWA will develop input data sets in the format required for the selected model code that describe historical land use. The classifications will include open water, urban, native vegetation, and various crop types. To account for changing land use through time, several compilations of land use classifications through time will be prepared. The major focus of this subtask will be to develop the historical land use component and to compile the land use data into model-compatible formats. Potential data sources include DWR land use data and the USGS Central Valley Spatial Database that was developed to accompany the CVHM. The USGS is scheduled to make the spatial database available to the public in 2012 or 2013.
Subtask 3.3 Develop Climate Data Input
Various climate data are needed, either directly or indirectly, depending on the model requirements. One component of climate data that is often directly input to the model is precipitation. Spatially varying precipitation values are available from the PRISM Climate Group at Oregon State University, and point measurements of precipitation are available from various sources, including the California Irrigation Management Information System (CIMIS). 
Temperature data are often used as an indirect input to calculate reference evapotranspiration (ET). For example, the USGS used the Hargreaves-Samani equation, which requires daily or monthly maximum and minimum temperature, to calculate reference ET for the CVHM. ET data are also available from CIMIS.  The method YCWA ultimately uses to obtain reference ET inputs may vary based on which model code is selected (e.g., if IWFM was chosen, it may be advantageous to use consistent methodologies with the regional C2VSIM model). 
YCWA will compile necessary climate inputs based on the selected model. As with Subtask 3.2, the bulk of the work for this subtask will be in determining the appropriate methodologies and compiling existing data into the format required for the model.
Subtask 3.4 Develop Hydrologic Data Input
YCWA will compile necessary hydrologic data sets (e.g., river flows and diversions) in the format of the selected model. In many cases this data may have been compiled for a regional model, but will need to be resampled to match the temporal and spatial discretization of the YCWA groundwater model.
Subtask 3.5 Develop Hydraulic Property Data Input
Using the texture model developed in Subtask 3.1, YCWA will develop input data sets describing the hydraulic properties of the aquifer system, including horizontal and vertical hydraulic conductivity, specific yield, and specific storage. Where possible, these data will be developed from previous field studies. Otherwise, they can be developed from existing models (e.g., the regional CVHM or C2VSIM). These parameters are commonly adjusted during the model calibration phase (Task 4).
Task 3 Deliverables and Significant Activities
Model inputs files in format of selected model
Model input documentation (final version to be compiled in Task 5 Model Documentation Report)
 Task 4. Run and Calibrate Model
YCWA will develop a set of observation targets, including measured groundwater elevations and stream flows, to use for comparison with results from the groundwater model. Manual and/or automated adjustment of model parameters will be performed, as necessary, to minimize errors between observed values and the simulation. Model calibration, or the degree to which model results agree with observed data, will be assessed using both qualitative (e.g., maps and graphs) and quantitative (e.g., statistical) methods. There is no universally accepted criterion that defines an adequately calibrated model, but there are guidelines that will be consulted (e.g., ASTM D5981-96(2008) titled “Standard Guide for Calibrating a Groundwater Flow Model Application”). YCWA is committed to developing comprehensive documentation of model calibration, and resultant limitations for using the model.
Task 4 Deliverables and Significant Activities
Documentation of model calibration and limitations (final version to be compiled in Task 5 Model Documentation Report)
Task 5. Model Documentation Report
YCWA will produce a report documenting the results of Tasks 2 through 4. The conceptual model (Task 2) documentation will include written and graphical descriptions the groundwater system and its interaction with other components of the hydrologic system (e.g., streams and rivers). All model inputs will be documented, including any significant assumptions or limitations that were made in preparing them. Results from the model simulation will be compared against observed data and the model calibration will be fully described. Parameters that were adjusted during the calibration process will be described, as will the methodologies used. Limitations of the model will be fully described, both to target future improvements and to make potential users of the model aware of its capabilities.
YCWA will also document a process whereby the model can be used to assist in planning for groundwater management scenarios, including planning for groundwater substitution transfers. 
Upon completion of the groundwater modeling report, YCWA will hold a public meeting to update stakeholders on the project. YCWA will send invitations to the meeting to all stakeholders involved in the 2010 GWMP, as well as water managers from adjacent counties. The meeting will also be noticed on the YCWA web site at least two weeks in advance.
Task 5 Deliverables and Significant Activities
Model Documentation Report
Public Meeting
Task 6. Project Management
YCWA is committed to successfully achieving this project both on time and on budget. The YCWA Project Manager will maintain open communication with DWR grant administrators and will provide timely information on progress through quarterly project status updates. The quarterly updates will address milestones achieved, significant decision points, and risks to project success, schedule, and budget. After each progress report is submitted, YCWA will communicate with DWR grant administrators by teleconference or in-person meetings, at the discretion of DWR.
YCWA will also maintain a DWR-compliant labor compliance plan. YCWA has successfully contracted with local labor compliance specialists on previous grant projects, and funding for this is accounted for under the subcontract column of the project budget (Table 6-2 in Attachment 6).
YCWA will implement the following procedures to maximize effective project management:
Assemble a technically competent project team
Use a systematic cost/schedule control system
Assemble a technical review committee
Implement a quality control program
Inform stakeholders or project performance and results
Task 6 Deliverables and Significant Activities
Quarterly Progress Reports
Agendas and minutes for project meetings
Public notices and website postings for all public meetings
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