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Background

About sixty-five principal aquifers have been delineated in the United States, Puerto Rico, and the U.S. Virgin Islands (Miller, 1999).  These aquifers have been defined as regionally extensive aquifers or aquifer systems that have the potential to be used as sources of water of suitable quality and quantity to meet the category needs.  In 2000, withdrawals from the principal aquifers for three major categories (public supply, self-supply industrial, and irrigation) accounted for more than 98 percent of all groundwater withdrawals for all categories in the U.S (Maupin and Barber, 2005).

A long-term goal of the USGS Water Availability and Use Science Program (WAUSP) is to report national groundwater use for all categories by principal aquifers at a high spatial and temporal resolution.  During 2015, the National Water Use Leadership Team (NWULT) decided that Water Science Centers (WSC) would not be required to report groundwater withdrawals by principal aquifer for the 2015 national water-use compilation.  However, in early 2016, the WAUSP leadership team decided that 2015 compilation reported groundwater withdrawals would be used to estimate water use by principal aquifer at the county level to meet WAUSP project needs and objectives.  The 2015 compilation data includes fresh and saline groundwater withdrawals for public supply, self-supply aquaculture, domestic, industrial, irrigation, livestock, mining, and thermoelectric power.  

Methods used to assign site-specific and non-site-specific groundwater withdrawals to principal aquifers vary from center to center.  In some states, withdrawals are reported to the USGS or a state agency by wells for which the source aquifers are known.  In other states and for selected categories of use, however, the source aquifers are not included in reported or estimated withdrawals.  In many of these cases, ancillary data such as well construction and aquifer information are used to assign withdrawals to specific aquifers.  In states where well-construction information data are insufficient or non-existent, land-area or land-use data may be used to disaggregate estimated county-level groundwater withdrawals to principal aquifers. This work will identify county groundwater withdrawals from principal aquifers for all categories if possible, but reserves the right to prioritize categories, and principal aquifers, based on compilation data completion timelines, and availability of the necessary information to allocate the withdrawals accurately.

The USGS Aggregated Water Use Database System (AWUDS ver. 3.2.4) was recently (2017) enhanced to store principal aquifer withdrawals for each county (i.e. county-aquifer areas) for all categories of use that currently have groundwater withdrawal data elements.  County-aquifer look-up tables were developed for each state and provided to WSC water-use and groundwater specialists in 2016 for review and approval.  These tables were constructed using spatial overlays of the full extent of principal aquifers and county boundaries, plus other data and reports.  Principal aquifers were identified by the national aquifer codes listed in USGS National Water Information Systems (NWIS) site file (fields C715 or C93; also referenced by state at https://water.usgs.gov/usgs/ogw/lexicon/). Geospatial maps showing the full extent of aquifers were also incorporated into the analysis of lists (https://water.usgs.gov/ogw/NatlAqCode-reflist.html).  Specialists were instructed to check the county-aquifer lists for their state(s), add additional aquifers to a county by adding new rows for that county, or delete aquifers from the list by deleting a row with a county-aquifer designation that is incorrect.  Changes and corrections were to be returned to Molly Maupin and the Regional Water Use Specialist.  After approval, these reference lists were to be loaded into AWUDS to facilitate the estimation of groundwater withdrawals by principal aquifer. Office of Groundwater (OGW) curators of the principal aquifer list will review the list and be involved with any changes to principal aquifer assignments to states.

Problems
1. WSCs were not required to compile or estimate groundwater withdrawals by principal aquifer for the 2015 National Water-Use Compilation.  It is anticipated that data on withdrawals by principal aquifer will be available for some categories of use in some states.  However, the great majority of groundwater-withdrawal data will not be associated with a principal aquifer and will need to be researched and processed in various ways in order to assign principal aquifer designations.  These results will need to be compiled by state, county, category of use, and principal aquifer, then entered into AWUDS and summarized in a final report.
2. Methods used to assign site-specific and non-site-specific water-use data to principal aquifers vary from state to state, and often are dependent on the availability of ancillary data, such as well construction information.  Where such data exist, water-use data can often be assigned to aquifers with confidence.  Where such data don’t exist, however, other methods are employed.  These methods have not been well-documented and the accuracy of such results may not be not understood by data users.  Documentation of current methods and suggestions or recommendations to use specific methods based on the availability of water-use, well-construction, land-use, and other data are needed.
3. It is likely that the county-aquifer look-up tables were not thoroughly reviewed by some WSCs and there will be problems with presence or absence of an aquifer in a county when water-use personnel begin to enter data into AWUDS by aquifer.  It is also likely that conflicts between principal aquifer designations and local aquifer designations will arise as data are entered.  Assistance is needed to investigate these issues, involve appropriate personnel from WSCs, OGW, and NWIS programming teams, and reach resolution to correct or modify NWIS reference tables for principal aquifers as needed

Approach
1. Planning Committee—A committee of subject-matter experts will be formed to help set standards for how water-use data by principal aquifer are collected, reported, stored, documented, reviewed and approved.  The committee also will formulate an approach to estimating withdrawals by principal aquifer using county-level estimates from the 2015 national compilation.  Representatives of the committee will communicate the objectives. plans, and results of this effort to appropriate audiences. The committee will include persons from WAUSP who are familiar with principal aquifer assessments; from NWUIP, including at least 1 center water-use specialist and Regional water-use specialist; and from the OGW and NWIS as necessary to represent regional aquifer studies, GWSI, and reference-list interests.  

2. NWIS Reference Tables for Principal Aquifers—Issues and disagreements between principal aquifer look-up tables and other data or information will be investigated as they arrive.  Local water-use and groundwater specialists and NWIS data-base managers will be consulted.  National NWIS and OGW staff also will be consulted and made aware of these conflicts as needed.  Suggested changes to reference will be provided to all involved parties for comment prior to incorporation into NWIS.

3. Methods for Assignment of Groundwater Withdrawals to Principal Aquifers—Various methods currently used by water-use specialists to assign site-specific and non-site-specific water-use data to principal aquifers will be documented and evaluated.  It is anticipated that a spectrum of methods will be discussed to cover a variety of situations related to data availability.  This information and recommendations for standardized methods will be presented and discussed in a Scientific Investigations Report. A matrix of methods will be constructed as each state’s principal aquifer assignments are made and will be used to document the sources of data and methods used to assign aquifer withdrawals.

4. Estimation of 2015 Groundwater Withdrawals by Principal Aquifer—Available groundwater-withdrawal data for each state will be compiled and evaluated for information pertaining to use, aquifer, well, depth, and location.  Local water-use and groundwater personnel in each Center will be contacted as needed for these data and additional information that can be used to correlate withdrawals with principal aquifers.   State agencies and other Federal datasets (i.e. SDWIS, Industrial Surveys, NASS) also will be contacted as needed for similar information.

Principal aquifer designations will be assigned using various approaches developed in Task 3 based on the availability of data in each state.  Withdrawal rates for various categories of use during 2015 will be compiled by county and principal aquifer, entered into the AWUDS database, and published in a final report.
Products
1. Scientific Investigations Report titled, “Estimated withdrawals from principal aquifers by county in the United States, 2015.”
2. Scientific Investigations Report titled, “Methods for estimating county-level groundwater withdrawals by principal aquifer.”
Timeline
1. [bookmark: _GoBack]Planning Committee—The planning committee with NWULT, WAUSP, OGW and WSCs would begin in April 3, 2017, at which time the 2015 compilation deadline for all data submission to review (except thermoelectric) would have passed.  Work would entail a multi-year effort (2017-2018) extending to September 2018 for allowance of publication and final data review timelines.  Thermoelectric power 2015 compilation is not expected to be completed until late in FY2017.

2. NWIS Reference Tables for Principal Aquifers—The reference list will be complete by 3/31/17, if not sooner.  The lists will be loaded into AWUDS as they are reviewed and approved by OGW and this project team.  

3. Methods for Assignment of Groundwater Withdrawals to Principal Aquifers—Using GWSI local aquifer and lithology codes, assign withdrawals to principal aquifers if the local aquifers are cross-linked to the principal aquifer list.

Area weight will be used for aggregated withdrawals not based on site-specific data.  GIS overlay and other information (GWSI query of well data for contributing aquifers) will be used to give weights.

4. Estimation of Groundwater Withdrawals by Principal Aquifer—Contingent on the compilation, but concurrent with data review and approval for compilation. Data are due to Regional review on 3/31/17, at which time it will be clearer as to what datasets will be available for aquifer work.  It is anticipated that work will progress by category, nationally, but if some states are further along in 2015 compilation review and approval, aquifer work will progress immediately. 

Note:  It also is anticipated that the work will not be completed during FY17 and that additional funds will be needed in FY18 to complete estimation of water withdrawals for one or more categories of use as well as completion of final reports.  


Team	Comment by Maupin, Molly A.: I only included people who would be funded on this budget. Me, Nancy, RWUS are all funded otherwise.
John Lovelace, supervisory hydrologist GS-14, team lead
Martha Neilsen, hydrologist GS-12 , MeWSC for water-use, AWUDS, NWIS expertise	Comment by Maupin, Molly A.: Only sent email to Martha, she is out until next week. Suggest adding 2 Hydrologists (GS-11) with your OH in budget as placeholder.
Jonathan Haynes, hydrologic technician GS-11, OrWSC for water-use and database expertise
Amy Read, hydrologist GS-11, AzWSC for GIS
Kathy Knierim, hydrologist GS-11, LMGWSC for database and statistics expertise

Cost
See budget spreadsheet.

REFERENCES
Miller, J.A., ed., 1999, Ground-water atlas of the United States:  U.S. Geological Survey, 404 p,   Accessed 2/16/17 at https://pubs.usgs.gov/ha/ha730/gwa.html
Maupin, M.A., and Barber, H.L., 2005, Estimated withdrawals from principal aquifers in the United States, 2000:  U.S. Geological Survey Circular 1279, 46 p.  Access 2/16/17 at https://pubs.usgs.gov/circ/2005/1279/
 

