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Introduction
The United States (US)-Mexico Transboundary Aquifer Assessment Program (TAAP) was established under the 2006 Act (Public Law 109-448) to “develop and implement an integrated scientific approach to identify and assess priority transboundary aquifers, including--
(A) for purposes of subsection (c)(2), specifying priority transboundary aquifers for further analysis by assessing--
(i) the proximity of a proposed priority transboundary aquifer to areas of high population density;
(ii) the extent to which a proposed priority transboundary aquifer would be used;
(iii) the susceptibility of a proposed priority transboundary aquifer to contamination; and
(iv) any other relevant criteria;
(B) evaluating all available data and publications as part of the development of study plans for each priority transboundary aquifer;
(C) creating a new, or enhancing an existing, geographic information system database to characterize the spatial and temporal aspects of each priority transboundary aquifer; and
(D) using field studies, including support for and expansion of ongoing monitoring and metering efforts, to develop--
(i) the additional data necessary to adequately define aquifer characteristics; and
(ii) scientifically sound groundwater flow models to assist with State and local water management and administration, including modeling of relevant groundwater and surface water interactions”.

The area designated by the Act includes transboundary aquifers shared between the States of Sonora and Chihuahua in Mexico and the States of Arizona, New Mexico, and Texas in the United States. The TAAP represents a collaboration among the U.S. Geological Survey (USGS) Water Science Centers and the Water Resources Research Institutes (WRRI) of Arizona, New Mexico, and Texas. The US and Mexican State Departments facilitate bilateral projects and collaboration with Mexican universities and federal agencies such as the National Water Commission. The Act directed the USGS and WRRI to conduct hydrogeologic characterization, mapping, and modeling of priority transboundary aquifers in groundwater-dependent border communities subject to stress from development and drought. Priority aquifers were stipulated as the Hueco Bolson and Mesilla Basin in Texas and New Mexico, and the Santa Cruz and San Pedro aquifers in Arizona. The currently designated priority transboundary aquifers are described in Appendix 1.

TAAP was originally authorized in 2006, and $2M was appropriated to the program during FY 2008-2010.  Program funding was re-initiated in 2016 with a $1M appropriation, and TAAP was added as a Regional Groundwater Availability Study under the Water Availability and Use Science Program at that time. The USGS Water Availability and Use Science Program is undertaking a series of regional groundwater availability studies to improve our understanding of groundwater availability in major aquifers across the Nation.  These regional studies aim to provide the information required for a national assessment of groundwater resources including the status of the resource, trends in groundwater resources with time, and potential changes or limitations of the system in the future.  The binational aspect of this regional aquifer study makes it distinct from other regional water use and availability studies.

The first major accomplishment under the initial TAAP authorization was the binational consultation and negotiations that led to the development and 2009 signing of the “Joint Report of the Principal Engineers Regarding the Joint Cooperative Process United States-Mexico for the Transboundary Aquifer Assessment Program.” This document, signed by the State Departments of the two governments, established the authority and framework under which personnel in the US and Mexico could jointly study shared aquifers. Additional accomplishments include the Binational San Pedro Aquifer Report and two draft reports, a geochemical and geophysical study of the Mesilla Basin/Conejos-Médanos aquifer system and a binationally-authored, bilingual report with Mexican partners on the Upper Santa Cruz Aquifer. An updated hydrogeologic framework and integrated groundwater model of the Mesilla Basin were initiated under early TAAP funding, and are currently in the final stages of development. Appendix 2 is a bibliography of TAAP publications through FY16.
Background
Many communities along the US-Mexico border (borderland region) rely partially or completely on transboundary aquifers for industry, agriculture, and drinking water, however, information on water needs, water quality, and the extent and functioning of these aquifers is typically lacking. Surface water is limited and typically fully appropriated, and alluvial aquifers connected to these surface water bodies are critical for maintaining public supply. In several basins of the borderland region, there is active litigation and adjudication of water rights, often complicated by separate legal frameworks for groundwater and surface water. The principle groundwater uses in the region include agriculture, urban development, and mining (Alley, 2013). Aquifer resources are typically managed locally (at the state, county, municipal, or irrigation district level), but decisions may have regional, interstate, and international implications. Among the unique challenges in the borderland region is the need to develop a shared definition of aquifer boundaries and methods to assess whether the aquifers are shared binationally. A further need is to assess the potential of each transboundary aquifer to provide a significant usable quantity and quality of water to meet diverse needs. In terms of sustainability and joint use of resources, addressing these issues is critical to provide a foundation moving forward. Some common physical and socio-economic characteristics shared across the borderlands region between Mexico and the United States include a semi-arid climate with limited precipitation and vegetative cover and focused population centers. The population of the US-Mexico border region is approximately 15 million people (Wilson and Lee, 2013).  As the largest population center in the study area, more that 2.7 million people reside in the El Paso-Juarez-Las Cruces area in Texas, Chihuahua Mexico, and New Mexico (http://worldpopulationreview.com, accessed March 2, 2017). 

The US-Mexico transboundary aquifer system is a geopolitically-defined aquifer system created by the presence of the US-Mexico border. This aquifer system contains portions of three regional aquifer systems: southwest alluvial basins aquifer system, the Edwards-Trinity aquifer system, and the coastal aquifer system (Robson and Banta, 1995; Ryder, 1996). The US-Mexico transboundary aquifer system is an important source of water for public supply, irrigation, and industrial uses.  Precipitation is characterized regionally by distinct zones having similar amounts of annual precipitation (Tucson to El Paso ~ 10 inches per year; Del Rio to McAllen, Texas ~ 20 inches per year) with transition zones between Yuma and Tucson, Arizona (from < 5 up to ~10 inches per year), and El Paso and Del Rio. There is strong local variability due to altitude changes and proximity to the Gulf of Mexico.   
 
[bookmark: _Toc464553111]Unique features of the US-Mexico Transboundary Aquifer System
Unique features of the US-Mexico transboundary aquifer system that make the groundwater availability study challenging include:
· Aquifers included in the study are shared between the US and Mexico; 
· Presence of saline groundwater;
· Limited surface-water, perhaps imported, and typically fully appropriated;
· Several areas of active litigation and adjudicated water rights, often complicated by development of groundwater resources outside of the adjudication but perhaps impacting the system;
· Undeveloped areas may become targets of development for energy, mining, agriculture, or for exploitation of the water resource for export out of the local basin to supplement areas with limited availability;
· Aquifer resources are typically managed locally, at the state/county/municipal/irrigation district level, but the decisions may have regional, interstate, and international implications;
· Due to differences in US-Mexico funding cycles, binational federal/state/local priorities, and other considerations, some tasks/studies may be carried out on only one side of the border; and 
· Substantial time and effort are required to develop international relationships, cooperation and agreements; encourage data sharing; and carry out multi-agency review and translation of reports, websites, and other publications.

Statement of Project Goals
The objectives of the United States – Mexico Transboundary Aquifer Assessment Program include:
· Develop binational information and shared databases on groundwater quantity and quality;
· Identify and delineate transboundary aquifers of importance;
· Develop binational criteria for determination of priority transboundary aquifers;
· Assess the extent, availability, and movement of water in transboundary aquifers and the interaction with surface water;
· Develop and improve groundwater-flow information for binational aquifers to facilitate water-resource assessment and planning;
· Analyze trends in groundwater quality, including salinity and nutrients;
· Apply new data, models, and information to evaluate strategies to protect water quality and enhance supplies; and
· Provide useful information to decision makers, including assessments of groundwater management institutions and policies.
Approach
Working under the auspices of the USGS Water Availability and Use Science Program, TAAP will continue to strengthen collaboration with US cooperators and stakeholders, including identifying opportunities for sharing costs among agencies and institutions. The TAAP will also work to broaden and deepen cooperation and collaboration between Mexico and the United States, including development of an International Boundary and Water Commission (IBWC)/ Comisión Internacional de Límites y Aguas (CILA) sponsored Groundwater Summit, and new binational technical working groups for the Mesilla Basin/Conejos Médanos and Hueco Bolson aquifers. TAAP will work to develop a standard approach for hydrologic assessment of transboundary aquifers. This approach will allow for general assessments of all aquifers with increased focus on a subset prioritized by population, economic growth, environmental factors, and the importance of groundwater to the local population. Further work, related to the priority Santa Cruz aquifer in Arizona, will include publication of a hydrologic conceptual model of the Patagonia Mountains and a binational assessment. A ScienceBase database and StoryMap website will be developed and published for the San Pedro aquifer in Arizona. On the priority Mesilla Basin/Conejos Médanos and Hueco Bolson aquifers in New Mexico and Texas, further work will include publication of a geochemical and geophysical assessment, and binational assessments of the New Mexico and Texas priority transboundary aquifers. 

[bookmark: _GoBack]The Approach is divided into seven tasks:  1) geology and baseline studies; 2) hydrogeology; 3) water quality; 4) water availability and use; 5) regional studies; 6) social and economic science; and 7) collaboration, stakeholder engagement, and outreach. This is presented in two parts: 1) proposed contributions, by task, of the Arizona, New Mexico, and Texas Water Science Centers (WSC), which is the main focus of this Strategic Workplan; and 2) proposed contributions, by task, of the WRRIs – the Arizona Water Resources Research Center (WRRC), the New Mexico WRRI, and the Texas Water Resources Institute (TWRI). Work by the WSCs focuses primarily on tasks 1-4 and 7; the WRRIs have contributions to all tasks except 3, and are primary contributors to tasks 5 and 6. Proposed contributions by the WRRIs are complementary to, and in some cases collaborative with, the work by the WSCs. Together, the work of the WSCs and WRRIs will present a physical and socio-economic picture of the transboundary region. Monthly conference calls including the project team members will help communicate progress on the tasks between the centers.

Contributions by the Water Science Centers
Task 1 – Geology and baseline studies
Update Geologic Units in the Upper Santa Cruz Tributary System. (AZ WSC, GMEG)
Personnel from the USGS Geology, Minerals, Energy, and Geophysics Science Center (GMEG) will carry out geologic mapping with Mexican colleagues in some of the more important tributaries to the Santa Cruz River, which includes the Nogales, Sonora area. This is jointly funded by TAAP and the GMEG mapping program.

Benefit to TAAP Science: One of the main pumping centers in the Upper Santa Cruz Aquifer underlies the city of Nogales, Sonora, however the geology there is poorly understood. This task will lead to a better understanding of faulting, rock types, and relationships to geology outside the metropolitan area. Geologic mapping in the Upper Santa Cruz Tributary System will support and improve efforts to model surface water and groundwater in the Santa Cruz Basin by other TAAP researchers.

Products and Completion Dates:  Updated geologic map of Nogales, Sonora area (Year 3).

Determine whether faults in the Mesilla Basin act as conduits or barriers to flow. (NM WSC)
Vertical geothermal fluid flux will be estimated from temperature profiles and the spatial distribution of upflow zones from heat flow maps. We plan to correlate these temperature features to mapped (and dated) faults and estimate the geofluid contribution to the aquifer.

Benefit to TAAP Science: Characterizing the amount and spatial distribution of geothermal fluids to the Mesilla Basin aquifers will provide useful information to stakeholders and researchers on the contributions of these geothermal fluids to the Mesilla Basin salt budget, and provide insight into geochemical signatures that would be useful for geochemical modeling and groundwater mixing calculations. 

Products and Completion Dates:  Interpretive report (Year 3).
Task 2 – Hydrogeology
Binational Santa Cruz Aquifer Report. (AZ WSC)
The Santa Cruz Report is a binationally-authored report summarizing, developing, and integrating information related to the Upper Santa Cruz Aquifer. A first draft has been written in Spanish and has been translated by the IBWC. Prior to submission for specialist and colleague review, it is being substantially revised in light of experience with the Binational San Pedro River Aquifer report, including closely reviewed for translation issues related to technical language.
Benefit to TAAP Science: This will collect and publish in one place the first binational summary and synthesis of information on the Upper Santa Cruz Aquifer, one of the aquifers named in the TAAP legislation. This report will contribute to binational development of a model of coupled surface and groundwater in the binational Santa Cruz River Basin.

Deliverable: Binational interpretive report with associated database (Year 2). 

Develop hydrogeologic framework model for the Santa Cruz Aquifer. (AZ WSC)
There is currently no existing hydrogeologic framework model for the binational Santa Cruz aquifer. However, with the publication of the Binational Santa Cruz Aquifer Report, associated geophysical field work, and new published geologic maps and structural models for several areas within the basin, the foundation is laid for the construction of a hydrogeologic framework model. 

Benefit to TAAP Science: With so many new datasets and analyses having been generated for the binational Santa Cruz aquifer, there is a need to integrate and unify them in one basin-scale model. Without this synthesis, any new binational groundwater model would lack a basis in this newly developed understanding.

Deliverable: Binational interpretive report with associated database (Year 3).

Update and convert binational San Pedro groundwater model into coupled groundwater-surface water model. (Mexico and AZ WSC)
The update and development would use new data generated from TAAP and other projects, and new modeling techniques such as GSFLOW. This was stated as a priority by the Comisión Nacional del Agua de México (CONAGUA).
	
Benefit to TAAP Science: The existing binational groundwater flow model for the San Pedro aquifer was published in 2005, and much has changed in modeling capability especially with respect to coupling ground- and surface water. In addition, much new information has been collected in both the US and Mexico including water quality, surface and groundwater monitoring, and geophysical surveys. Stakeholders would greatly benefit from increasingly physically-based models that can better represent real-world processes, and lead to a better ability by municipalities and land-management agencies to effectively manage their water resources.
	
Products and Completion Dates: Updated model and accompanying interpretive report (Year 5).
Characterize the deep groundwater system in the Mesilla Basin by geochemical and isotopic tracers and determine the contribution of deep groundwater to flow in the shallow groundwater and surface-water systems (NM and TX WSC, NM WRRI)
Groundwater samples will be collected at wells within the Mesilla Basin, which are screened at various depths and represent different spatiotemporal recharge conditions. The geochemical and isotopic composition of the samples will be determined to characterize possible groundwater end members and to calculate volumes of mixing at various locations in the system.

Benefit to TAAP Science: This project will provide stakeholders in the region with quantified estimates of deep groundwater contributions to the shallow groundwater and surface-water systems of the Mesilla Basin, and provide stakeholders and water resource managers with information on groundwater movement to inform their management decisions. 

Products and Completion Dates: Interpretive report on the contribution of deep groundwater to discharge and salinity in shallow groundwater and the Rio Grande in the Mesilla Basin (Year 4).
Assess geochemical and isotopic signatures to determination cross basin groundwater contributions in the Mesilla Basin (NM WSC, TX WSC, and NM WRRI)
Results of the geochemical and isotopic analyses of groundwater in Mesilla and adjoining basins will be added to the NWIS database and compiled into the NM WSC investigation of interbasin groundwater exchange. 

Benefit to TAAP Science: This project will provide stakeholders in the region with quantified estimates of interbasin groundwater exchange of the Mesilla and adjoining basins, and provide stakeholders and water resource managers with information on groundwater movement to inform their management decisions. 

Products and Completion Dates: Interpretive report assessing hydrologic connections between the Hueco, Jornada, and Mesilla Basins (Year 4).

Develop assessment tools and evaluate, update, upgrade, and refine the existing Hueco Bolson groundwater flow model, with an emphasis on the interaction of surface water and groundwater and impacts of agricultural irrigation (crop patterns, crop acreage and irrigation scheduling), and assess impacts of different groundwater development scenarios.  (TWRI and TX WSC).
Led by TWRI in coordination with the TX WSC, the Hueco Bolson Groundwater Model by the USGS (Heywood and Yager, 2003) and GAM model by El Paso Water Utility will be converted from the previous version of MODFLOW (96) to MODFLOW-2005 or later, to better simulate the agricultural application of both surface water and groundwater, and the impacts of pumping and other management strategies within the Hueco Bolson, such as managed aquifer recharge. This effort will include a GIS Interface to support access to data and hydrologic model simulations for the Mesilla and Hueco Bolson aquifers. (TWRI)

Benefit to TAAP Science: Previous studies indicated that the Hueco Bolson aquifer has been stressed due to overdraft of groundwater for municipal water supplies in El Paso and Ciudad Juarez. In addition, recent droughts have forced farmers to pump groundwater to supplement surface water shortage, which has further complicated the hydrological conditions in the aquifer. The development of a numerical model of the Hueco Bolson aquifer will allow water managers to adequately predict how these changes will impact aquifer conditions, and to identify future actions that can sustain the long-term use of the aquifer.

Products and Completion Dates:  An improved numerical model of the Hueco Bolson aquifer, along  with documentation to support model use; water level contour maps, assessment of water budget. Timeline: Converted model with updated available data sets (Year 1 and 2), model calibration (Year 2 and 3) and Final Report (Year 3 and 4). The GIS Interface will be developed in Year 1, and documentation to support its understanding and use by interested parties in Years 2 and 3.


Task 3 - Water Quality
Analysis of water quality, tracer, and geochemical data for the Arizona portion of the Upper Santa Cruz Basin. (AZ WSC)
Analyze existing water quality, tracer, and geochemical data in the Arizona portion of the Upper Santa Cruz Basin to gain understanding of groundwater flow paths, as well as improved understanding of sources and contaminant hotspots.

Benefit to TAAP Science: There is a substantial amount of water quality, tracer, and contaminant information for the Arizona portion of the Upper Santa Cruz Basin that has not been analyzed or synthesized into a comprehensive picture of the state of water quality for the basin. This task will give water managers an overview and analysis of existing water quality issues within the aquifer as well as an understanding of potential sources and transport mechanisms.

Products and Completion Dates: Interpretive report (Year 4).
Characterize the deep groundwater system in the Mesilla Basin and determine the contribution of deep groundwater salinity to the shallow groundwater and surface-water systems. (NM WSC)
Groundwater samples will be collected at wells within the Mesilla Basin, which are screened at various depths and represent different salinities. The geochemical and isotopic composition of the samples will be determined to characterize possible groundwater end-members and to calculate volumes of salinity contributions at various locations in the system.

Benefit to TAAP Science: This project will provide stakeholders in the region with quantified estimates of deep groundwater salinity contributions to the shallow groundwater and surface-water systems of the Mesilla Basin, and provide stakeholders and water resource managers with information on distribution of salts to inform their management decisions. 

Products and Completion Dates: Interpretive report (Year 4).

Report on Hueco Bolson geochemistry. (TX WSC)  
In 2016, 20 Hueco Bolson production wells geospatially distributed throughout the El Paso region were sampled for geochemical analysis.  These wells, which belong to Fort Bliss and El Paso Water Utilities, were analyzed for major ions, trace elements, nutrients, pesticides, and selected isotopes (carbon-14, tritium, strontium-87, deuterium, and oxygen-18).  

Benefit to TAAP Science: Interpretation of these data will provide insight into groundwater movement and age.

Products and Completion Dates: USGS Scientific Investigations Report targeted for Year 4.
Conduct geophysical investigation of the Hueco Bolson Aquifer near blend wells owned by El Paso Water Utilities. (TX WSC)
This project is being conducted in conjunction with El Paso Water Utilities (EPWU). The project will use time domain electromagnetic (TDEM) soundings to generate resistivity profiles near EPWU blend wells, which are used to blend pumped groundwater with permeate produced at the Kay Bailey Hutchison Desalination plant. Results will be compared to geophysical logs and in-situ measurements collected by the water utility in 2002-03 to gain insight into spatial and temporal salinity trends. 

Benefit to TAAP Science: This investigation will assist local groundwater managers and improve understanding of water quality by providing new data regarding salinity trends over time within the Hueco Bolson aquifer. 

Products and Completion Dates: Data release and publication targeted for Year 3 of the study.

Develop hydrogeologic conceptual framework for the Hueco Bolson Aquifer. (TX WSC)
Brackish-water intrusion is a concern in the Hueco Bolson due to increasing demands for freshwater associated with population growth, agriculture, and industry. Developing a conceptual hydrochemical framework for the Hueco Bolson is an important first step to simulating brackish-water movement in response to anthropogenic extraction of groundwater resources. Furthermore, the numerical solute transport model (MT3D) could be used to further assess impacts of pumping brackish water for desalination as well as control of brackish water intrusion with the pumping trench (Sheng and Devere 2005).
Benefit to TAAP Science: The conceptual hydrochemical framework can be used as a tool for a better understanding of distribution of brackish water and fresh water and impacts of brackish water on fresh water in the Hueco Bolson Aquifer.  

Products and Completion Dates: A comprehensive Hueco Bolson data compilation in Year 3, and development of the framework by Year 4.

Task 4 - Water Availability and Use
Compile Hueco Bolson water use data. (TX WSC) 

Existing water use data for the Hueco Bolson Basin will be compiled. These data will include a combination of water use types, including municipal, industrial, and agricultural uses

Benefit to TAAP Science: Water use data will provide stakeholders and researchers with information regarding a critical component of the groundwater budget. 

Products and Completion Dates: Summary of water uses for the United States will be completed in the Year 2.

Task 7 - Collaboration, Stakeholder Engagement, and Outreach
United States-Mexico Groundwater Summit. (IBWC, USGS, WRRI)
USGS and the WRRI will work with IBWC/CILA and CONAGUA to host a binational Groundwater Summit. IBWC periodically hosts Water Summits on surface-water topics of interest, but this would be the first focused on groundwater. The idea arose during the September, 2016 TAAP binational meeting, and interest was expressed by both the US and Mexican participants. During this summit, scientists and water resource managers from both countries will work together to identify common goals for transboundary aquifer studies.

Products and Completion Dates: A binational meeting in FY18.
San Pedro Science Base (AZ WSC)
This task will be the development a database of binational San Pedro data using the USGS Science Base platform. (Year 2)
San Pedro Website Development (AZ WSC)
This will be geared toward providing a public portal for both data and information about the project. 
Products and Completion Dates: Website, including webpage, maps, links to TAAP reports and related websites, and a data portal. (Year 2)
Geodatabase of hydrogeologic data associated with the Paso del Norte Area. (TX WSC)
A geodatabase is currently being developed by USGS Texas Water Science Center staff in cooperation with the U.S. Army (Ft. Bliss) for the Paso del Norte area, and includes existing water quality, groundwater levels, and geophysical data for wells completed in aquifers of the Paso del Norte region.  Non-sensitive data will be aggregated into a database for TAAP that can be used to assist in developing/upgrading models of groundwater quality and movement, and in identifying data gaps.

Benefit to TAAP Science: This user-friendly repository for hydrogeologic data in the Paso del Norte area can be used for data analyses, future project planning efforts, and to identify data gaps. It will also be used to assist the development of a hydrogeologic framework of the Hueco Bolson aquifer.

Products and Completion Dates: Preliminary database is expected to be available in Year 3.
TAAP Website. (USGS and WRRI)
A comprehensive TAAP website hosted by a Federal entity does not currently exist. To address this issue, an official project website will be developed that provides the public with a central access point to project information, project publications, partner websites, web maps, and project data. The site will utilize ScienceBase to leverage its tools to meet USGS data management requirements and improve data searchabilty. 

Benefit to TAAP Science: Establishing a web presence will raise public awareness of project efforts, and provide stakeholders with convenient access to transboundary aquifer groundwater data. 

Products and Completion Dates: Development of the first version of the TAAP website is expected to be completed in Year 2. 

TAAP factsheet and video. (USGS and WRRI) 
	A TAAP factsheet and video, focused on issues of water scarcity and how TAAP projects are contributing information to aid stakeholders in sustainable water management decisions. 
	
Benefit to TAAP Science: The factsheet and video will increase visibility of TAAP and inform the public regarding TAAP products.
	
Products and Completion Dates: The factsheet and video will be completed in Year 3.

Borderlands Atlas. (USGS and WRRI)
	This interactive digital atlas will be aimed at the general public, and will provide information on the borderlands area, enabling a user to drill-down to an area of interest to explore details of the landscape and subsurface.
	
Benefit to TAAP Science: The atlas will pull together in a spatial format information gathered in the course of the TAAP project into a useable, informative product for the general public.
	
Products and Completion Dates: The atlas will be completed in Year 5. 

Special journal issue on TAAP and transboundary issues. (USGS and WRRI)
	A special issue with invited papers on TAAP and other contributed papers, in the Water – Open Access Journal.
	
Benefit to TAAP Science: The special issue will serve to bring together the varied projects under TAAP into a single publication, highlighting the comprehensive nature of TAAP.
	
Products and Completion Dates: Special issue of Water – An Open Access Journal. (Year 5)


Contributions by the Water Resources Research Institutes
Task 1 – Geology and baseline studies
Collect borehole data (geological field work) to confirm the hydrogeological transboundary linkages of transboundary aquifers with limited data. (TWRI)

Benefit to TAAP Science:  These data will help to confirm and evaluate the geological connectivity of hydrogeological units between Mexico and Texas, and will provide information to simulate groundwater flow between the units across the border, as well as to understand potential vulnerabilities of water contamination in specific border areas. This data will provide seamless and consistent delineation of transboundary aquifers for a better reference and data sharing. This information is nonexistent in approximately 85% of the border between Texas and Mexico. 

Products and Completion Dates:  Borehole data maps and cross-sections of aquifer formations, including physical boundaries, classification of aquifers, hydraulic connectivity and others, mainly for the following hydrogeological units:
West Texas
· Red Light Draw Bolson (Year 1)
· Green River Valley Bolson (Year 1)
· Presidio Bolson (Year 2)
South and East Texas
· Edwards Aquifer
· Austin Chalk, Kiamichi, and Santa Elena Formations (Year 2 through 4)
· Santa Fe del Pino, Serrania del Burro and Presa la Amistad Aquifers (Year 2 through 4)
· Allende Piedras Negras Aquifers (Year 1 to 2)

Task 2 – Hydrogeology
Reconnaissance work in the Douglas-Agua Prieta watershed. (AZ WRRC)
We propose reconnaissance activities in the Douglas-Agua Prieta watershed, with the objective of identifying available information and gaps in knowledge for the area. Work in this area would extend earlier investigations in the San Pedro and Santa Cruz River aquifers.

Benefit to TAAP Science: An inventory of available studies can serve as the basis for developing further studies in the area. Groundwater and surface water availability are key elements for the economic development of the towns located in the watershed, and a reconnaissance is the first step in a study similar to those for the Santa Cruz and San Pedro Aquifers.

Products and Completion Dates: An inventory of available studies for the Douglas-Agua Prieta watershed. A report with major findings that identifies gaps in knowledge and proposes further studies for the area. (Year 2) 

Assess effects of climate change, drought and effluent discharges in groundwater recharge downstream of the Nogales International Wastewater Treatment Plant in the aquifer modeling in the U.S. portion of the Santa Cruz River Aquifer Basin. (AZ WRRC)
This project integrates groundwater, surface water, effluent, climate change, and water quantity;  the modelling framework will include changes derived from the wastewater diversions, with the objective to identify surface and groundwater reliability in an area that serves as a biological corridor for many riparian and aquatic species. 

Benefit to TAAP Science: This task will enhance existing understanding of the Santa Cruz River Basin Aquifer, investigating new aspects that have been previously unexplored in research: hydrologic modelling accounting for effluent discharges and climate uncertainties. The creation of this model will allow analysis of what factors may play a role in influencing groundwater recharge.

Products and Completion Dates: Water reliability projections for the study area and groundwater recharge projections that account for effluent discharges and climate uncertainties; hydrologic model for assessing effects of climate change, drought, and effluent discharges in groundwater recharge for U.S. portion of Santa Cruz River basin (Year 3).

Coordinate with USGS and Mexican counterparts to prioritize and distribute work efforts that would include the tasks listed above. (AZ WRRC)


Benefit to TAAP Science: Coordination between the USGS and Mexican counterparts will allow for both countries to more effectively accomplish the tasks listed above. 

Products and Completion Dates: Report summarizing coordination efforts. (Year 2)

Task 4 - Water Availability and Use
Characterize alternative scenarios for surface water flows and groundwater recharge in the Santa Cruz River basin.  (AZ WRRC)
[bookmark: _gjdgxs]This task will enhance the existing understanding of aquifer recharge and storage by characterizing the spatial and temporal aspects of the priority Santa Cruz River Aquifer in Mexico, and create scientifically sound models that will serve in decision-making processes.

Benefit to TAAP Science: This task will enhance the existing understanding of aquifer recharge and storage by characterizing the spatial and temporal aspects of the priority Santa Cruz River Aquifer in Mexico, and create scientifically sound models that will serve in decision-making processes.

Products and Completion Dates: High resolution streamflow scenarios for the Santa Cruz Basin at the El Cajon hydrometric station; a simplified groundwater model for the Mexican portion of the Santa Cruz aquifer; and a report including assessment methodology and results. The products from the climate change assessment phase include the development of a water resources decision support modeling framework that addresses future climate uncertainties in the Santa Cruz Aquifer in Mexico, particularly the microbasins adjacent to the Santa Cruz River. The modeling outputs will include water reliability projections for the study area and groundwater recharge projections related to current water management and withdrawal policies (Year 3).
Improve Mesilla Basin estimates of:  i) evapotranspiration and ii) groundwater recharge originating from surface water. (NM WRRI)
· Design a strategy and initiate collaboration with USGS scientists for application and validation of existing evapotranspiration (ET) models for regional applications 
· Collect data to quantify the amount of water applied to irrigated fields in the Mesilla Basin area (working with local stakeholders and state and federal agencies).
· Estimate surface water recharge to groundwater,  project future ET for different crops, and use them with projected climate change, water availability, aquifer water levels, population growth, and land use change to estimate water use in the future.

Benefit to TAAP Science: Uses a combination of direct measurement and remotely sensed data to estimate regional ET to be used in scenario modeling for the Mesilla Basin. These model results will be useful to area decision makers in planning for sustainable resource use.

Products and Completion Dates: Interpretive report and tool for generating ET maps using remote sensing data. (Year 5)
Determine effects of changing available water regimes on riparian vegetation in the Mesilla Basin. (NM WRRI)
Use riparian ET estimates from NM WRRI ET study to analyze changes in riparian ET (and thus changes in groundwater use) with changes in riparian vegetation cover.

Benefit to TAAP Science: Riparian ET is an important component of the ET budget. This study provides information regarding changes in the riparian ET component of the water budget with changes in surface water allocations between droughts and wetter periods.
	
Products and Completion Dates: MS Thesis/paper. (Year 3)

Task 5 - Regional Studies
Develop geodatabase for transboundary aquifers. (TWRI)
Compile basic georeferenced data for all transboundary aquifers, such as: boundaries, geology, well locations and water levels, land cover/land use/vegetation, soils, precipitation, hydrography, demographics, water quality, and references.
Basic groundwater models: Use the basic georeferenced data to develop preliminary one layer models for each aquifer (no calibration or parameter estimation).
Develop protocols to identify transboundary aquifers. (TWRI)
Develop protocols for criteria (physical and socioeconomic) that could be used on both sides of the border to jointly identify transboundary aquifers, define aquifer boundaries, and evaluate aquifer potential;  this would include assessing fresh and brackish water storage/budget within the transboundary aquifers. 
Develop method for prioritization of new aquifers. (TWRI)
Develop a metric and ranking of newly identified transboundary aquifers based on characteristics such as population, water quality, water stress effect of climate change, and environmental concerns, among others.
	Benefit to TAAP Science: To serve as a framework of harmonized criteria and protocols to identify and define transboundary aquifers, their potential and vulnerability across the border. To develop a common method for priorization of transboundary aquifers based on an integrative approach that includes both physical and socio-economic aspects. This method could be implemented in other transboundary regions around the world. It will also help the allocation of research funding more efficiently across the different aquifers in the border based on the prioritization scheme.
	
Products and Completion Dates: Criteria and methods to identify and delineate transboundary aquifers (Year 1 to 2); ranking system to measure the prioritization of transboundary aquifers based on their level of “transboundariness”. (Year 1)
Develop framework to assess the physical conditions, transboundary nature, and opportunities for cooperation for ill-defined aquifers bordering Texas and Mexico. (TWRI)
The goal of this effort is to develop and promote virtual water spaces (Binational Water Portal) for networking, data and research sharing, and integration of experts, faculty, agencies and stakeholders to foster the recognition of a transboundary groundwater reality. Paso del Norte Watershed Council Water Resources Database and GIS website is a very good venue for data sharing and public outreach.  We have shared information and data through this portal.  

Benefit to TAAP Science:  To become the most important source of binational water data. 

Products and Completion Dates: To develop a website/page for TWRI that will link to the TAAP website of the USGS and the Water Institutes of Arizona and New Mexico that will set the grounds of the Binational Water Portal (Year 1)
To develop and integrate the Binational Water Portal (Year 3)

Evaluate and develop strategies and alternatives for protecting and managing more efficiently groundwater resources from a regional (transboundary) scale with a local (rather than binational) perspective. (TWRI)

Benefit to TAAP Science:  To become the main data and assessment resource tool for local and state agencies to develop and propose more efficient, effective and creative strategies to protect and manage transboundary aquifers with a local perspective.

Products and Completion Dates: To develop a conceptual model of preference and feasibility of transboundary management alternatives in specific aquifers (West Bolsons and Allende Piedras Negras Aquifer). (Year 2-3)
To evaluate the applicability of aquifer “transboundariness” and its relationship with effective transboundary management alternatives at a local level. (Year 2-3)

Develop binational criteria for groundwater vulnerability, groundwater quality assessments, and contamination remediation alternatives. (TWRI) 
These criteria would include development of matrix for vulnerability of shallow groundwater (DRASTIC or index method), characterization of brackish water, salinization of soil and water and other contaminants of interest, which will provide guidelines for development of a conceptual framework and/or numerical model (Task 3) for water quality assessment, especially on the brackish water intrusion and deterioration of water quality within the agricultural area and soil salinization. 

Benefit to TAAP Science:  Provide binational guidelines for evaluation of water quality, soil salinity, and other contaminants of interest.

Products and Completion Dates: A summary report of criteria for groundwater vulnerability, brackish water characterization, soil salinity and other contaminants of interest (year 2 and 3).

Task 6 - Social and Economic Science
Transboundary Stakeholder Engagement (AZ WRRC)
This task will endeavor to continue the WRRC efforts in determining how to effectively communicate the usefulness of the information developed under TAAP to stakeholders in the U.S. and Mexico. To address these outreach and engagement gaps, we will continue a stakeholder engagement process in the U.S. and Mexico.

Benefit to TAAP Science: The importance of engagement as part of scientific inquiry is broadly recognized, for example, through requirements in National Science Foundation proposals and the increasing body of literature on improved outcomes from science-policy co-production. Furthermore, these tasks meet the objectives stated in Public Law 109-448 of helping the TAAP program “produce scientific products for each priority transboundary aquifer that—(A) are capable of being broadly distributed; and (B) provide the scientific information needed by water managers and natural resource agencies on both sides of the United States-Mexico border to effectively accomplish the missions of the managers and agencies.”

Products and Completion Dates: Report outlining project approach and results from a study of engagement in the U.S. and Mexico in the priority Santa Cruz and San Pedro River Aquifers. Public workshops will be held to distribute information and translate science to varied stakeholder groups. Information from the reports will be shared through the scientific platform WARCAT (Water Resources and Climate Assessment Tool), academic publications on the approach, and conference presentations. (Year 2)
Analysis of the TAAP Cooperative Framework and its Applicability to Other Binational Water Efforts. (AZ WRRC)
Benefit to TAAP Science: This analysis can prove to be useful for non-priority aquifers, potentially leading to an expansion of the TAAP program scope. It can also provide a useful summary of TAAP’s value to the scientific community at large. Principles emerging from this analysis may prove to be useful for other shared water bodies, including transboundary river basins and lakes.


Products and Completion Dates: Report on lessons learned from the TAAP Cooperative Framework for binational water cooperation and collaboration. Academic publications based on analysis for TAAP Cooperative Framework. Conference presentations will be given on the results. (Year 3)

Investigate how transnational policies and contrasting modes of governance affect drought management in the Santa Cruz and San Pedro aquifers. (AZ WRRC)

Benefit to TAAP Science: Examining how the policies and modes of governance differ across the border will serve to provide useful information to decision-makers in the US and Mexico in times of drought. It provides the basis for potential binational coordination in drought management. 

Products and Completion Dates: Report on transnational policies and modes of governance. Academic publication based on the report. Conference presentations will be given on the results. (Year 4)

Determine what opportunities exist for cooperative and/or collaborative drought responses in the Santa Cruz and San Pedro aquifer regions and examine the adaptiveness of drought management capacity of water governance networks in these regions. (AZ WRRC)

Benefit to TAAP Science: This would be completed after the investigation of transnational policies and contrasting modes of governance for drought management in the Santa Cruz and San Pedro aquifers. This product can help to identify overlap and gaps between the governance and policy regimes in the US and Mexico. 

Products and Completion Dates: Report on opportunities for cooperative and/or collaborative drought responses in the Santa Cruz and San Pedro aquifer regions. (Year 4)

Investigations into the legal and institutional collaborative framework between the U.S. and Mexico (NM WRRI)
	Collaboration between the U.S. and Mexico will be explored, including social, economic, and legal aspects, as well as strategies to overcome institutional barriers.
	
Benefit to TAAP Science: Results of these investigations will promote greater collaboration and exchange of information along the border.
	
Products and Completion Dates:  “Proposed International Legal and Institutional Framework for Conjunctive Management of Surface and Groundwater along the U.S.-Mexico Border Region” in  Management Handbook on International Water Law of Transboundary Water Resources under Scarcity: A Multidisciplinary Approach. (Year 1)
“The U.S.-Mexico Transboundary Aquifer Assessment Program: Achievement, Cooperation, and Future Efforts in the Mesilla Aquifer Basin”, in Natural Resources Journal. (Year 1)
“International Principles of Groundwater Law, The U.S.-Mexico” in Handbook on International Water Law. (Year 1)
Cooperation on exchange of data and information strategies to improve the exchange of data among countries - publication in international legal journal. (Year 2)
Book – Analysis of legislation governing each aquifer along the border. (Year 3)
Publications on coordination along the US-Mexico border; conservation; cooperation along the U.S.-Mexico border (book, presentation at World Water Congress). (Year 4)
Publications on strategies to overcome institutional barriers; techniques to analyze groundwater governance; transboundary aquifers – U.S.-Mexico (book). (Year 5)

Task 7 - Collaboration, Stakeholder Engagement, and Outreach
Network workshops with faculty and stakeholders from both sides of the border with the objective to develop common criteria over transboundary water sharing. (TWRI)
Binational academic programs that support transboundary groundwater research and cooperation (faculty and student exchange); Exchange between researchers across the border should be encouraged even before the research results become “official”. (TWRI)
	
Benefit to TAAP Science:  To serve as the main interlocutor of local and binational stakeholders to assess transboundary challenges in a more integrative and long-term manner. To have the legitimacy and sponsorship of academic institutions from both of the participating countries in active binational data collection and research.
	
Products and Completion Dates:
Stakeholders network development. (starting Year 1 and permanently)
Website and portal design with interactive interfaces. (starting Year 1 and permanently)
Semester or annual workshops where priorities and management alternatives will be discussed and communicated to decision makers at local scale. (Year 2 and once every year: Transboundary Aquifer Management Conference)
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	Products – Water Science Centers
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Task 1 - Geology and baseline studies
	
	
	
	
	

	Updated geologic map of Nogales, Sonora area (AZ WSC, GMEG)
	
	
	
	
	

	Report – geothermal investigation of Mesilla Basin faults (NM WSC)
	
	
	
	
	

	Task 2 - Hydrogeology
	
	
	
	
	

	Binational report - Santa Cruz Aquifer summary and synthesis report with database (AZ WSC)
	
	
	
	
	

	Binational report – Santa Cruz Aquifer hydrogeologic framework model with database (AZ WSC and WRRC)
	
	
	
	
	

	Report and updated binational San Pedro Aquifer groundwater model (AZ WSC, Mexico, WRRC)
	
	
	
	
	

	Report – Mesilla Basin – geothermal tracers and contribution of deep groundwater to shallow groundwater and surface water (NM and TX WSC and WRRI)
	
	
	
	
	

	Report – update of Hueco Bolson groundwater model, with GIS Interface (TWRI and TX WSC)
	
	
	
	
	

	
	
	
	
	
	

	Task 3 – Water quality
	
	
	
	
	

	Report – Upper Santa Cruz Basin – water quality and groundwater flowpaths (AZ WSC)
	
	
	
	
	

	Report – isotopic and geochemical tracers and contribution of deep groundwater to shallow groundwater and surface water (NM WSC)
	
	
	
	
	

	Report – Hueco Bolson geochemistry (TX WSC)
	
	
	
	
	

	Report – spatial and temporal salinity trends in Hueco Bolson Aquifer near El Paso, TX (TX WSC)
	
	
	
	
	

	Database – comprehensive compilation of Hueco Bolson groundwater data and developed hydrogeologic conceptual framework of Hueco Bolson Aquifer (TX WSC)
	
	
	
	
	

	
	
	
	
	
	

	Task 4 – Water availability and use
	
	
	
	
	

	Data Release – Water use in the Hueco Bolson in the US (TX WSC)
	
	
	
	
	

	Products – Water Science Centers (continued)
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Task 7 – Collaboration, stakeholder engagement, and outreach
	
	
	
	
	

	IBWC-sponsored Groundwater Summit (IBWC, USGS, WRRI)
	
	
	
	
	

	Database – binational San Pedro data. (AZ WSC)
	
	
	
	
	

	Website and data portal – San Pedro Aquifer (AZ WSC)
	
	
	
	
	

	Geodatabase – Paseo del Norte area (TX WSC)
	
	
	
	
	

	TAAP Website (TX WSC lead)
	
	
	
	
	

	Factsheet and video – TAAP (USGS, WRRI)
	
	
	
	
	

	Borderlands atlas (USGS, WRRI)
	
	
	
	
	

	Water - Open Access Journal – special issue on TAAP and transboundary issues (USGS, WRRI)
	
	
	
	
	





	Products – Water Resources Research Institutes
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Task 1 - Geology and baseline studies
	
	
	
	
	

	Maps and cross-sections of transboundary aquifers on the Texas-Mexico border (TWRI)
	
	
	
	
	

	Task 2 - Hydrogeology
	
	
	
	
	

	Report – inventory and gap analysis for the Doulas-Agua Prieta watershed (AZ WRRC)
	
	
	
	
	

	Hydrologic model for U.S. portion of Santa Cruz River basin (AZ WRRC)
	
	
	
	
	

	Task 4 – Water Availability and Use
	
	
	
	
	

	Report/model –scenarios for surface water flows and groundwater recharge, Santa Cruz River basin (WRRC)
	
	
	
	
	

	Report/ ET Tool – Mesilla Basin evapotranspiration and groundwater recharge (NM WRRI)
	
	
	
	
	

	Report – Mesilla Basin riparian vegetation and evapotranspiration (NM WRRI)
	
	
	
	
	

	Task 5 – Regional Studies
	
	
	
	
	

	Geodatabase, protocols to identify and prioritize transboundary aquifers (TWRI)
	
	
	
	
	

	Webpage and Binational Data Portal (TWRI)
	
	
	
	
	

	Conceptual model, transboundary management alternatives (TWRI)
	
	
	
	
	

	Report – criteria for groundwater vulnerability and parameters of interest (TWRI)
	
	
	
	
	




	Products – Water Resources Research Institutes (continued)
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Task 6 – Social and Economic Science
	
	
	
	
	

	Reports/public workshops/publications – transboundary stakeholder engagement, Santa Cruz and San Pedro River Aquifers (AZ WRRC)
	
	
	
	
	

	Report/publications – TAAP Cooperative Framework (AZ WRRC)
	
	
	
	
	

	Report/publications – transnational policies and modes of governance (AZ WRRC)
	
	
	
	
	

	Report – cooperative/collaborative drought responses, San Pedro and Santa Cruz aquifer regions (AZ WRRC)
	
	
	
	
	

	Publications/books – U.S.-Mexico legal and institutional collaborative framework (NM WRRI)
	
	
	
	
	

	Task 7 – Stakeholder Engagement and Outreach
	
	
	
	
	

	Workshops, academic exchange, interactive website to support binational collaboration (TWRI) 
	
	
	
	
	





Appendix 1:  Currently Designated Priority Transboundary Aquifers
San Pedro
Like other priority aquifers, the Binational San Pedro Basin (BSPB) lies within the Basin and Range physiographic province and is classified as part of the southwest basins alluvial aquifer system (Robson and Banta, 1995; Ryder, 1996). Prior to the TAAP, there was a general lack of hydrologic information on the Mexican side of the aquifer. On the US side of the border, however, the BSPB was one of the most studied basins in the region, in part because the groundwater-dependent river corridor supports one of the highest diversities of mammals in the United States (84 species), and is one of the major North American flyways for migratory birds, with over 350 species identified to date (Gungle and others, 2016). The river corridor also supports the globally imperiled North American Warm Desert Riparian ecosystem (NatureServe, 2017). As the result of this the US side of the San Pedro River and its riparian ecosystem have been designated a National Riparian Conservation Area. The economic drivers on each side of the border are quite different. In the Arizona portion of the basin, military and tourism dominate, while in the Sonoran portion, mining is the most important industry. The basin is home to the US Army Base at Fort Huachuca, which is one of the Army’s main intelligence research and training centers. In addition, the copper deposit near Cananea, Sonora is one of the largest in the world, generating nearly 40% of the copper produced in Mexico (Jiménez, 2014). The BSPB hosts several municipalities with a combined population of about 100,000. Previous studies include topics that range from geophysics and hydrogeology to biology and ecosystem services. Water resources are needed to sustain the river, existing communities, and continued development. 

Hydrologic and environmental change are affecting the San Pedro transboundary aquifer and associated riparian-river system. Pumping in the Sierra Vista area has resulted in a cone of depression that is expanding laterally with concerns that it will ultimately result in declining discharge to the river. To forestall this potential, a number of efforts have been and are being made to retire pumping and increase recharge near the river. Degraded water quality is also an issue, with the river reach within the US-portion of the study area designated as impaired for high concentrations of copper, and a number of wells with exceedances of drinking-water standards of cadmium and lead. Recent studies of groundwater in the BSPB include the binational assessment by Callegary et al (2016) and an evaluation of hydrologic conditions and groundwater sustainability by Gungle et al (2016).
Santa Cruz
The priority designation for the Upper Santa Cruz Aquifer is based on a number of factors, including the recognition that the binational aquifer is an important source of water for the sister cities of Nogales, Arizona and Nogales, Sonora, which have a combined population of about 300,000. The basin is also a regional focus of economic activity. The Nogales area is host to over $300 million annually in industrial activity, and the Nogales Port of Entry is the point of access for more than $16 billion in annual binational trade (Nogales-Santa Cruz County Economic Development Foundation, 2017). A new copper mine, El Pilar, has been permitted, and is waiting for development near the banks of the Santa Cruz River in Sonora. Impaired and contaminated surface and groundwater is documented on the US side of the border. Because of these actual and potential economic and environmental impacts, there is a long-term need to establish sustainable management of the aquifer for the benefit of both Mexico and the United States.  The aquifer also has a high ecological value, because it sustains the Santa Cruz River and associated aquatic and riparian ecosystems. As the result of heavy reliance on groundwater, the portion of the aquifer east and north of Nogales was designated the Santa Cruz Active Management Area (SCAMA) by the state of Arizona, meaning that groundwater use is more strictly monitored and regulated than in other parts of the state.

Due to its economic importance, population size, and the importance of its groundwater-dependent riparian ecosystem, a significant amount of previous work has been done in this basin. The Arizona Department of Water Resources (ADWR) has created two adjacent regional models to simulate groundwater flows in the SCAMA. The model closest to the border was recently updated to include climate information and to simulate the effects of a variety of water management scenarios (Shamir and others, 2015). Previous studies on the Mexican side of the Santa Cruz River basin, include topics such as stratigraphy, geology, economics, structural and environmental geology, and hydrogeology. Among those of note is the report “Atlas de aguas subterráneas y red de monitoreo piezométrico del Estado de Sonora” [Groundwater Atlas and Piezometric Monitoring Network of the State of Sonora], which was published by the University of Sonora, for the National Water Commission, in 2005. Other notable studies are the “Actualización de la disponibilidad media anual de agua subterránea, acuífero (2650) Nogales, estado de Sonora” [Update of the Annual Average Groundwater Availability, Aquifer 2650 Nogales] (Comisión Nacional del Agua, 2015a) and “Actualización de la disponibilidad media anual de agua subterránea, acuífero (2615) Rio Santa Cruz, estado de Sonora” [Update of the Annual Average Groundwater Availability, Aquifer 2615 Santa Cruz River] (Comisión Nacional del Agua, 2015b).  These two reports were published in Mexico’s Official Gazette of the Federation in accordance with NOM-011-CONAGUA-2000. There is also the study "Actividades Hidrogeológicas en el Acuífero Santa Cruz, en el Estado de Sonora, Primera Etapa” (Hydrogeological Activities in the San Pedro River Aquifer, State of Sonora, Phase I), prepared in 2011 by UNISON (Minjarez et al, 2011) for the International Boundary and Water Commission (IBWC) Mexican Section, which included climatological, geological, geomorphological, geophysical and geochemical assessments, along with a well survey, pumping tests, piezometric, and hydrometric activities, yielding results that formed the basis for the preparation of the Binational Santa Cruz Aquifer report.
Mesilla/Conejos-Médanos
The Mesilla Basin is a north-south trending rift basin in southern New Mexico extending through El Paso, Texas into Chihuahua, Mexico. The basin is approximately 2,900 square kilometers (km2), and includes about 500 km2 in Mexico (Hawley and Kennedy, 2004). The Mesilla Basin aquifer system primarily consists of Quaternary basin-fill alluvial deposits and the Quaternary/Tertiary Santa Fe Group. The Quaternary alluvium is mainly unconsolidated Rio Grande deposits and occurs within the inner Mesilla Valley near the Rio Grande. These sands and gravels generally range in thickness from 15 to 40 m (Wilson and others, 1981) and contain lenses of silts and clays (Hawley, 1984). Hawley and Kennedy (2004) subdivide the Santa Fe Group in the study area into the lower, middle and upper lithographic units. The lower Santa Fe Group is dominated by fine-grained, closed basin-floor sediments that intertongue with alluvial-fan deposits and basaltic andesites. The sediments include playa-lacustrine deposits and locally thick lenticular bodies of aeolian sediments (Hawley and Kennedy, 2004). The middle Santa Fe Group was deposited between 10 and 4 million years ago (Ma) when Rio Grande rift tectonism was most active and alternating beds of sand, silty-sand, and silt-clay were aggrading rapidly on the basin floors (Hawley and Kennedy, 2004). The upper Santa Fe Group is a Plio-Plistocene unit that is up to 215 m thick in the north-central part of the Mesilla Basin, but in most places, is not more than 110 m thick. This unit is a sequence of fluvial sands and pebbly sand with zones of fine-grained facies caused by meandering of the Rio Grande during deposition. Underlying the Santa Fe Group are carbonate and crystalline bedrock formations that range in age from Precambrian to Paleozoic. These rocks are thought to be well consolidated with limited permeability. However, localized permeability is sometimes evident in the form of faults and fracture networks. Previous researchers hypothesize that this secondary permeability provides preferential flow paths for deep groundwater of elevated salinity to ascend and interact with the shallow hydrologic system (Frenzel and others, 1992; Moyer and others, 2013).

The hydrologic boundaries of the Mesilla Basin are a combination of mountain ranges and faults. The Rio Grande is the primary surface-water resource in the Mesilla Basin. The river enters the basin at the end of Seldon Canyon, about 35 km north of Las Cruces, NM and exits through the El Paso Narrows near El Paso, TX. The total drainage area above the Rio Grande at the El Paso, TX gage near the El Paso Narrows is about 75,800 km2 (USGS National Water Information System). Groundwater recharge occurs as a combination of (1) mountain-front recharge, (2) inflow from adjacent aquifers, (3) infiltration of water from the Rio Grande, and (4) infiltration of irrigation water (Moyer and others, 2013). Much of the recharge to the groundwater system is thought to occur along the 100-km long Rio Grande channel within the Mesilla Valley (Nickerson and Myers, 1993). The loss of streamflow due to this recharge is reported in several investigations by the USGS (Crilley and others, 2013; Gunn and Roarke, 2014; Briody and others 2016a and b). Groundwater generally flows from north to south in the Mesilla Basin (Hawley and Kennedy, 2004). 

The conjunctive use of water in the Mesilla Basin takes place under a myriad of legal constraints, including the Rio Grande Compact, an international treaty with Mexico, and a federal water project. Declining water levels, deteriorating water quality, and increasing use of water resources by municipal, industrial, and agricultural water users on both sides of the international border have raised concerns about the long-term availability of the groundwater and surface water supplies in the region (Alley, 2013).

Hueco Bolson
The Hueco Bolson aquifer spans a total area of approximately 6,500 km2 that includes portions of New Mexico and Texas in the United States, and Chihuahua in Mexico (Hutchison and Hibbs, 2008). It is bounded by several mountain ranges - including the Franklin and Sierra Juarez Mountains to the west, the Hueco and Quitman Mountains to the east, and the Sierra El Presidio to the south (Hibbs, 1999; Hutchison and Hibbs, 2008; Sheng, 2005; White, 1983). To the north, it is bounded by the Tularosa Basin, which resides completely in the state of New Mexico (Heywood and Yager, 2003; Hutchison and Hibbs, 2008). The Hueco Bolson is an  intermontane aquifer that is associated with the Rio Grande Rift, which was formed as a result of Cenozoic extensional tectonism that created a horst-graben geological structure (Hutchison, 2006). Over time, the downdropped graben filled with unconsolidated Tertiary and Quaternary deposits of gravel, sand, silt, and clay that were eroded from the surrounding highlands (Heywood and Yager, 2003; White and others, 1997). These deposits resulted in the alluvial-aquifer currently known as the Hueco Bolson, which has a maximum thickness of 2,743 m (Heywood and Yager, 2003; Sheng, 2005; White, 1983).
Heywood and Yager (2003) classify the Hueco Bolson’s alluvial deposits into the following four hydrogeologic facies based on their sedimentary structure and depositional processes. The first type includes Tertiary and Quaternary fluvial facies that consist of the Camp Rice Formation. These were deposited by the ancestral Rio Grande when it flowed along the east side of the Franklin Mountains between approximately 3.8 million and 0.67 million years ago (Heywood and Yager, 2003). Present-day locations of fresh groundwater in the Hueco Bolson correspond to this ancestral Rio Grande channel (Hutchison 2006), and these freshwater zones are typically less than 305 m thick (Hibbs, 1999).  The second type are alluvial-fan facies that originated from the Organ, Franklin, and Sierra Juarez Mountains; these poorly sorted gravels and coarse- to fine-grained sands interfinger with the fluvial deposits (Heywood and Yager, 2003). The third type includes lacustrine-playa facies that consist of fine-grained clay and silt in the eastern and southeastern part of the Hueco Bolson, as well as beneath the fluvial and alluvial-fan facies; these deposits consist largely of the Tertiary Fort Hancock formation (Heywood and Yager, 2003). The lacustrine sediments are also coincident with the location of current brackish groundwater sources (Hutchison, 2006). The final type includes recent alluvial facies that are found along the present-day Rio Grande channel (Heywood and Yager, 2003). 

Drillers have known that the Hueco Bolson was a good source of quality water since the late 1800s (Hibbs, 1999), and it has since become main source of fresh groundwater for municipal, military, and industrial use in the transboundary region near El Paso, Texas (White, 1983; White and others, 1997). By the end of the 20th century, the total binational population in the El Paso metropolitan area grew to approximately 2 million (Heywood and Yager, 2003), and as a result groundwater pumping also increased over time (White 1983). Total groundwater drawdown was observed to exceed 60 m in some areas (Heywood and Yager, 2003), and the increased pumping has led to concerns with brackish water intrusion - in some cases production wells have even been abandoned due to deteriorating water quality (Heywood and Yager, 2003; Hutchison, 2006). 

Groundwater management in the area is centered on these interrelated issues of declining groundwater levels and brackish groundwater intrusion (Hutchison, 2006). Current management strategies include acquisition of surface water rights by El Paso Water Utilities (EPWU) to reduce pumping requirements  (Hibbs, 1999), injection of reclaimed wastewater into the aquifer (Sheng, 2005), and the operation of the Kay Bailey Hutchison desalination plant to allow for the use of brackish groundwater resources (Hutchison, 2006; Sheng, 2013).
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