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INTRODUCTION

Water and its linkages with all living systems are essential, yet there is a finite amount that must meet
all our needs. In the state of Texas more water has been allocated for use than actually flows in its rivers
and lakes. Our vital waters and natural resources are becoming polluted, groundwater is being
withdrawn at unsustainable rates, and this will only get worse as Texas’ population doubles in the next
generation. Key habitats for aquatic, estuarine, and bay species are at risk from low freshwater flows.
The State’s waters and natural resources are utilized for energy, economic growth, livelihoods, and
recreation. However, our management of these resources, including resiliency to changes in climate
and sustainable resource use practices, depend on better understanding and implementation of sound
policies to conserve and protect these same waters and natural resources. The conservation of water
and preservation of living systems depends on increased knowledge of these systems and relationships.

To address challenges to water systems and natural resources, Texas State University founded the River
Systems Institute in February 2002. Since then, the Institute’s emphasis on educational and outreach
programs has resulted in new and holistic approaches to the management of river, lake, groundwater,
and coastal water systems. Through this work, it has become increasingly clear that innovative
approaches to education, outreach to the general public, and empowerment of stakeholders through
timely dissemination of information are all key strategies to improved conservation of water and natural
resources. Without the involvement of community members and stakeholders at all levels, conservation
efforts may falter just when most needed.

In August 2012, the River Systems Institute and Texas State University were endowed with a substantial
gift from The Meadows Foundation. The Institute’s name was changed to The Meadows Center for
Water and the Environment, and in addition to carrying out the Institute’s research and outreach
activities, our goals were expanded to promote components of The Meadows Foundation's Strategic
Plan for the Environment. Priorities include water resource aspects of environmental issues focused on
sustainable energy, land and habitat conservation and environmental awareness.

The Meadows Center is committed to greater conservation of natural and water resources through
innovative education, outreach efforts, and engaged stakeholder participation. Results from our diverse
projects strongly support that improvements in education outreach are magnified through the creation,
dissemination, and tracking of impacts through timely, relevant information to stakeholders. These
informational materials are prepared and targeted so as to grow and increase knowledge in the general
public. Such information, and the feedback that is collected, is critical for current and future decision
making necessary for healthy watersheds and coastal zones.

Little understood, but fundamental to the linkages between freshwater, bays and estuaries, is the
underlying groundwater. While the State-mandated instream flows studies examine the effects of river
flows on habitats along stream reaches and bays, the impacts and interactions with groundwater are a
very minor part of the studies, when considered at all. From headwaters to the coast, however, the
rivers have major interactions with groundwater, receiving and losing flows to the subsurface as well as
fresh water interacting with brackish water in the subsurface. Understanding groundwater interactions
in proximity to bays and estuaries, as well as increasing knowledge of freshwater and coastal resource
relationships, is a key aspect necessary to sustainably manage the entire water system.
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This work is greatly needed to bolster understanding and support sound decision making for present and
future groundwater and coastal water systems management and ensure their long-term sustainability.
The program methodology and educational outreach efforts can be replicated for other river systems in
Texas of importance to Gulf resources, as well as in other Gulf Coast states and will provide a potentially
valuable tool for coastal resource management.

We are grateful to the Trull Foundation for supporting this innovative education program. Progress
made over the last year regarding targeted efforts in education and outreach activities, publications
regarding water resources, and technology transfer of information from research into understandable,
usable materials for stakeholders is reported below. Also reported are our plans for the remainder of
the grant (2013 and 2014). In Year One (February 2012 through February 2013), in cooperation with
Texas A&M university Press, The Meadows Center published a book about the Colorado River and
Matagorda Bay.In addition, the Meadow’s Center Staff attended numerous public events and forums to
provide unbiased scientific information and education.

Components years Two and Three focus on developing educational materials for students, teachers, and
the general public for groundwater, linkages to coastal resources, water resource conservation and
environmental protection. These materials will promote a better understanding of groundwater and its
interactions near the coast in Texas. In addition, the results of this work will aid in equipping
communities with information to improve understanding and decision-making with regard to local and
regional water resource issues.

PROJECT DESCRIPTION - Springs to the Sea

To achieve the goal of improving knowledge about the vital linkages between coastal, groundwater, and
surface water natural resources, this project supports education and conservation in three primary
arenas: 1) Groundwater educational modules related to coastal resources, 2) Publications and
outreach materials that translate scientific findings into meaningful information, and 3) Citizen and
water resource expert interactions at public forums that will leverage existing outreach as well as
support better understanding, management, and conservation of groundwater and coastal systems.

Groundwater tends to be an overlooked and underappreciated part of the natural water system and
Texas’ water supply. Recommended water management strategies indicate that Texas groundwater use
may grow by 44% during the next 10 years (Water for Texas: Summary of the 2011 Regional Water
Plans). The Region K figure below demonstrates the complexity of aquifer systems in the lower
Colorado River basin. In just one watershed, eleven aquifers are present at and below the land surface
and interact with the river to provide vast volumes of water storage. Each of these aquifers has unique
characteristics. For example, near the Texas coast, the Gulf Coast aquifer contains interbedded layers of
clays, silts, sands, and gravels that provide a multi-layer aquifer system. For the general public to make
the connection about the importance of groundwater and its significance to the natural landscape, it is
necessary to have understandable and memorable information about groundwater.

Further, projections in freshwater shortages to bays and estuaries have been a call to action for the past
decade. While a great deal of attention has been focused on river flows, the changes in flow regimes
including peak- and low-flow periods and how they interact with pumping-induced changes in aquifers
and low natural replenishment of groundwater during droughts are also of concern. Less groundwater
flow to rivers means that less water, or under times of high water stresses such as extreme drought, no
water will be available to bays and estuaries. The more that groundwater is pumped, particularly within
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the Gulf Coast aquifer system, the higher the probability is that salt waters will be induced through
pumping to flow inland. These pumping-induced changes in flow direction and aquifer water quality are
already occurring in some areas and may not be reversible. As well, reduced flow conditions increase
pollutant and contaminant loads and salinity in the downstream bays and estuaries, further reducing the
productivity and capacity of fish and other aquatic species’ habitats. In turn, less fish and shrimping
productivity has direct impacts on coastal communities. In short, the natural water system is one
system, yet separate management regimes prevent an encompassing approach to addressing the causes
and underlying problems with Texas’ water supply, water quality, and reduced ecosystem functioning.

This project will provide such information through educational modules about basic groundwater in a
variety of formats— text, graphics, video footage and maps — to better support different approaches to
learning. Basic information on groundwater, including water paths through the subsurface, the soil and
rock media through which movement occurs, information about rates, recharge, and discharge, will be
supported by links to other educational and information sites that generally address groundwater
movement. Specific information about aquifers in the coastal region and surface water-groundwater
interactions will be prepared, as well as usable information and data concerning groundwater
management on a regional and state basis. The educational modules will be designed for easy back-and-
forth, hyperlinked mobility to engage a general audience. Other forms of media also will be utilized,
including the publication of a hard cover book.

The Meadows Center works to leverage the
impacts of existing partnerships in
education, research, stakeholder, and
outreach efforts. For this proposal, the tasks
and deliverables will coordinate, when
possible, with a similar Meadows Center
educational program developed to increase
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actions and the sustainability of watersheds,
promotes public and student critical thinking, and determines the watersheds’ economic resource
values in order to stimulate environmental conservation behaviors.

While H20 targets river systems, this Project proposes to use H20 as a platform for similar educational
work to demonstrate the linkages between groundwater, river flows, and interactions of freshwater and
brackish salt waters in the subsurface along the central coast of Texas. Specifically, the proposal will
address groundwater in the Gulf Coast aquifer system within the Region K, or Lower Colorado State
Regional Water Planning Group.
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The coastal area in this region includes Matagorda Bay and its surrounding estuaries. As the third largest
in Texas, this estuarine system provides critical habitat for oyster, crab, shrimp, over 300 species of birds
including songbirds, shorebirds and waterfowl and a host of economically important fish. In addition to
Blue crab and at least two shrimp species, Striped Bass, Atlantic croaker, Black and Red
drum, Flounder, Jack, Gulf menhaden, Sea trout, Blacktip shark, Snapper and others are important
sources of revenue for commercial fisheries, recreational fishing and related tourism.

Much of the region’s economy is tied to riverine, coastal and estuary activities, including fishing, seafood
processing, agriculture (primarily rice farming along the lower reaches of the Colorado near the delta)
and tourism. Port Lavaca is one of the nation’s leading shrimp processors and nearby Palacios is also
home to one of the largest blue crab and shrimp processing industries, both worth tens of millions of
dollars annually. Recreational fishing and tourism are of great importance to the local economy and
Matagorda Bay and surrounding areas have the nation’s highest count of migrating birds, drawing
thousands of tourists each year.

The Matagorda Bay area, as with the Colorado River Basin is facing rapid population growth and is much
of the basin is expected to double in population as early as 2030. This will dramatically increase water
demands, which coupled with current drought conditions further stress surface and groundwater
resources, limiting freshwater inflows to the bay.

Groundwater systems along the Colorado River down to Matagorda Bay will be the centerpiece of this
proposal and its creation of educational modules about groundwater influences, discharges and
recharges with the Colorado River, and interactions between the Gulf Coast aquifers and saltwater
influences in the subsurface. The overarching goal will be better-informed stakeholders of the region
that are prepared to engage in water decision making of their future, including groundwater and coastal
water resources.

Links can also be established and strengthened through the proposed efforts in groundwater and coastal
waters education and outreach. Existing programs such as The Gulf of Mexico Foundation’s Intercoastal
Waterways and Wetland Expeditions and The Science and Spanish Network offer students and the
community educational opportunities related to coastal and natural environments. The Foundation’s
programs include habitat exploration and highlight natural and anthropogenic threats to the Gulf Coast
region. Multicultural extracurricular outreach projects foster relationships between English-speaking
and Spanish-speaking students to address Gulf Coast environmental concerns. The inclusion of
groundwater curricula and information developed under this proposal would increase the foundation’s
ability to educate students and community members about the relationships between groundwater and
coastal resources, environments, issues and management needs.

To better support the long-term impacts of the proposed effort, publications that translate scientific
findings to everyday terms and daily living examples are needed with respect to the significance of
groundwater to Texas’ coastal systems. To provide an excellent example of the strong linkages between
people, their resources, and the absolute necessity of understanding the natural resources’ fundamental
groundwater support, the proposed efforts will include publications, outreach materials that can be
used by citizen groups and non-profit organizations, and simplified flyers and brochures that are
downloadable.

Finally, educational outreach and stakeholder discussions and networking through conferences can be
quite powerful. Through meetings and Citizen’s Forums, this proposal will take advantage of
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conferences supported by Meadows Center. The program will develop and present materials, introduce
relevant and timely topics, and continue support of citizen’s networking to continue conservation
actions.

Potential Impact

> Stakeholders, teachers, students, and the general public from anywhere in Texas or beyond would
have distance learning capabilities through river, coastal, and groundwater systems learning
modules on a web-based platform.

» Environmental professionals and managers would have access to continuing education to
understand implications of groundwater research findings and improve conservation efforts.

> Publications developed to translate research findings and critical groundwater resources needs
would further improve community and stakeholder knowledge and awareness.

> Support and development of the citizen networking and conservation actions will be continued
through RSl and their partners’ conferences, workshops, and forums over a 3-year period.

Outcomes

The Meadows Center has been successful in building partnerships that have resulted in a lengthy list of
outcomes in research, policy, and educational activities on Texas’ water. This proposal seeks to
continue that successful model, expanding access of educational and outreach materials to students,
citizens and water resource stakeholders. The proposed targeted activities will increase community and
stakeholder awareness of critical and often poorly understood water resources issues spanning Texas’
rivers, aquifers, estuaries and coastlines. Further, project resources will provide the coastal community
with resources to facilitate improved capacity for conservation related outcomes.

BUDGET REPORT
“Springs to the Sea” Program Component Amount
Feb 2012- Feb 2013- Feb 2014-
Feb 2013 Feb 2014 Feb 2015
COMPLETED

Groundwater Education Modules and Linkages in

Groundwater and Coastal Resources Program $2,250 $2,250

Publications, Technology Transfer, and Educational

Materials for Stakeholder and Citizen Groups $4,500 $2,250 $2,250

Educational Workshops and Outreach Activities S$500 S500 $500

ANNUAL AMOUNT $5,000 $5,000 $5,000
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YEAR ONE DELIVERABLES

In Year One, a hard cover book on the Colorado River was completed
and published by Texas A&M University Press. The Foreword was
written by Dr. Andrew Sansom, the Executive Director of The
Meadows Center for Water and the Environment. Authored by writer
and artist Margie Crisp, The River of Contrasts describes Texas’
Colorado River, which rises in Dawson County, south of Lubbock, and
flows 860 miles southeast across the state to its mouth on the Gulf of
Mexico at Matagorda Bay. The Colorado is the longest river with both

S F AL

THE TEXAS COLORADO

its source and its mouth in Texas, and its water, from beginning to
end, provides for the state’s agricultural, municipal, and recreational

needs. As Crisp notes, the Colorado River is perhaps most frequently
associated with its middle reaches in the Hill Country, where it has been dammed to create the six
reservoirs known as the Highland Lakes. Following Crisp as she explores the river, sometimes with her
fisherman husband, readers meet the river’s denizens—animal, plant, and human—and learn something
about the natural history, the politics, and those who influence the fate of the river and the water it
carries. The book is the 2013 recipient of the Texas Institute of Letters' Carr P. Collins Award for Best
Book of Non-Fiction and was awarded the 2012 Ron Tyler Award for Best lllustrated Book on Texas
History and Culture, by Texas State Historical Association. The 256 page book contains 16 color photos,
61 color illustrations, 8 maps and a comprehensive bibliography.

Also accomplished in Year One, staff from the Meadows Center attended several meetings and outreach
events across the state. The tables below summarize our presence at meetings and events throughout
the state.

Meetings — Sharing water resources information in the Community

2/9/2012 Plum Creek Partnership Presentation on instream flows and water quality

3/22/12 TST staff coordinated with the Guadalupe Blanco River Authority and presented at the Coordinated
Monitoring/Steering Committee

10/22/12 Meeting of the Monitors hosted by the City of Dallas/North Texas Area Monitors. The purpose of this
meeting was to support monitoring activity in major rivers. Attendance was 25 people.

Outreach & Education Events — Water quality, environmental flows, groundwater protection

2/10/12 Kyle and Science Hall Elementary. Presented general water resource/environmental information. 117
students, 4 teachers
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2/16/12 TSU Water Aid. Presented general water resource/environmental information. 17 students

2/14/12 Hemphill Elementary. Presented general water resource/environmental information. 43 students, 2
teachers

2/28/12 Woodridge Elementary. Presented general water resource/environmental information. 190 students 6
adults

3/8/12 Science Hall Elementary. Presented general water resource/environmental information. 117 fourth graders
(Plum Creek, Gilleland)

3/30/12 Pflugerville Earth Pfair NPS Enviroscape model. 148 students

3/30/12 Navarro Elementary. Presented general water resource/environmental information. 86 students

4/11/12 North Texas Master Naturalist & Texas Stream Team monitors hosted a booth at an Earth Day event in the
city of Dallas, TX.

4/21 & 22/2012 North Texas Master Naturalist & Texas Stream Team monitors hosted a booth at the Dallas Fair
Park Earth Day.

4/22/12 Canyon Lake Earth Day event at Tye Preston Memorial library with the Lindheimer Master Naturalist
Chapter. The Texas Stream Team booth focused on teaching visitors about watersheds and nonpoint source
pollution prevention. There were a total of 28 participants.

4/27/12 Collaborated with the Guadalupe Blanco River Authority to teach 5th grade students from Clear Creek
Elementary School about watersheds and nonpoint source pollution. 89 students.

5/4/12 Collaborated with the Guadalupe Blanco River Authority to teach 5th grade students from Bluebonnet
Elementary School about watersheds and non point source pollution. 104 students.

5/5/12 Presented at the NRCS Riparian Workshop. Presented general water resource/environmental information.
38 participants.

5/5/12 Pedernales Landowner Watershed Workshop in coordination Texas Parks and Wildlife, Hill Country
Alliance, and Westcave Preserve. Landowner educational outreach event which showcased the Texas Parks and
Wildlife Watershed Policy and Management program and provided a brief overview of watershed processes and
functions, current programs and initiatives, management concepts, riparian plants and their functions, aquatic
species and habitats, and riparian and stream principals. The program is designed to compel landowners to
conserve through education.

5/25/12 Conducted NPS pollution demonstrations and macorinvertebrate identification for 35 participants on a
Guadalupe River canoe trip in Kerrville, TX which was conducted by the Texas River School.

6/12/2012 Trained 9 teachers and Master Naturalists in Stream Table and Enviroscape NPS model curriculum at the
River Systems Institute at Texas State University in San Marcos. All attendees were within the Guadalupe River
Basin and learned about how to relate the tools and curriculum to the local WPP’s and TMDLs.

7/9/2012 Trained 16 teachers in E. coli bacteria monitoring at the Teaching Environmental Science Institute at

Lamar University in Beaumont. They will be monitoring the Neches River, Village Creek, Adams Bayou, and Cow
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Bayou.

7/18/2012 Trained 8 teachers in Core Water Quality Monitoring at the MD Anderson Environmental Health Science
Summer Institute at University of Texas in Austin.

10/10/12 Water Forum lll in San Antonio, TX. Presented on water quality and quantity.

9/22/12 Lockhart State Park Environmental Fair. NPS presentation using Enviroscape Model & TST water quality
monitoring kit demo. Presented general water resource/environmental information. Approximately 80 participants.

10/16/12 Presented general water resource/environmental information, water quality protection and monitoring
information at Sun City Nature Center in Sun City, TX. Attendance was approx 50 people.

YEAR TWO DELIVERABLES

Years Two and Three will have three specific deliverables that will be the basis for reporting and
evaluation:

1. Groundwater educational modules using a web-based and web-linked platform. The groundwater
the subsurface; the relevance of the local geology on aquifers; what aquifer systems exist beneath
each educational area; how aquifers interact with coastal water resources through mixing zones;
impacts of increased pumping on the overall river-to-coast and groundwater systems.

2. Publications and outreach materials on water resources in formats appropriate for the general public,
environmental and conservation professionals, students, and stakeholders. The publications will
focus on Texas rivers, groundwater and coastal resources, and will be prepared to reach a wide
audience throughout the Texas coastal region and the state.

3. Organize and participate in multiple conferences, meetings, outreach activities and citizen’s forums
on the linkages between natural resources, coastal systems and groundwater.



