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Executive Summary

Groundwater-surface water interactions need to be evaluated to optimize water
management in Texas. This study provides an overview of the impacts of groundwater-surface
water (gw-sw) interactions on water quality and water quantity using available data. A literature
review was conducted to assess the status of knowledge of gw-sw interactions. A total of 300
references was compiled. References were subdivided into those related to water quantity
issues, water quality including point and nonpoint sources of contamination, and methods such
as seepage and temperature approaches and modeling analyses. Additional topics covered by
the reference list include impacts of climate variability and land use/land cover changes on gw-
sw interactions and ecologic issues. A compilation of data and information sources for
assessing gw-sw interactions in Texas is also provided. This section includes web links to online
report catalogs and databases and a listing of offline reports and catalogs provided by state and
federal agencies.

Potential impacts of gw-sw interactions on water quality were evaluated. Previous regional
studies related to surface water salinity with groundwater sources are reviewed. A GIS
reconnaissance study was conducted using stream-gauge data and groundwater data to
evaluate interconnections between the two systems. However, this analysis indicates that very
few wells are located adjacent to stream gauges resulting in extremely limited information on
interactions between the two systems. Trends in surface water quality in 12 USGS stream
gauging stations representative of the major stream in the state were examined. Double mass
curves were used with daily streamflow data to assess trends. The largest changes in Total
Dissolved Solids (TDS) occurred in the Colorado River in 1986-1988 related to overflow of
Natural Dam Salt Lake, at the headwaters of Beals Creek on a tributary to the Colorado River.
This increase in TDS resulted in 2.5 times higher load inflowing to the Highland Lakes in Austin
even though the drainage area for Natural Dam Salt Lake is only 1% of that of Highland Lakes;
however, the Natural Dam Salt lake contributed 27% of the load to Highland Lakes. Much
smaller increases in TDS were recorded in many other stream gauges. The impact of gw-sw
interactions on impaired stream segments, on the Lower Pecos River and the Little Wichita
River, which are targets for the Total Maximum Daily Load (TMDL) program. The impairment
listed for both is TDS. Results of this analysis indicate that groundwater discharge contributes
significant loads to the Lower Pecos River (51-74%) but contributes very little to the Lower

Wichita River (0 - 7%). The impact of gw-sw interactions on Superfund sites was examined



using the Alcoa Plant at Point Comfort (TX) and the Longhorn Army Ammunition Plant in
Karnack, Texas. Results indicate that groundwater provides a primary pathway for
contaminants from the Superfund sites to nearby surface water and site remediation involves
treatment of groundwater.

Riparian vegetation can play a critical role in gw-sw interactions by reducing flood flows and
mitigating nonpoint source contamination of surface water bodies from groundwater discharge.
The geographic distribution of riparian vegetation was evaluated from existing map products.
The Vegetation Types of Texas map was developed by the Texas Parks and Wildlife
Department in the late 1970s to 1980s. The map titled Ecoregions of Texas also provides
information on riparian vegetation. Information on the dominant types of riparian vegetation in
Texas was also reviewed and compiled. Lists of representative riparian vegetation are provided
in this report. Data sources and methodologies for improved riparian vegetation mapping are
discussed including the use of satellite imagery at varying scales from m to km. Proposed
methods for mapping riparian vegetation are also described.

The impacts of gw-sw interactions on water quantity were also evaluated. It was found that
three automated methods for baseflow estimation (BFI, PART, RDF) produced similar results,
and could be manipulated to mimic each other. In general, BFI calculated the lowest estimates.
Baseflow estimates over 91 gauges ranged from nearly 0% to over 90 % of streamflow; the
average was 34 %. For 80 percent of stations analyzed, return flows were less than 10% of
baseflow. For 95% of stations analyzed, public water intakes comprised less than 10% of
baseflow. It was found that while baseflow index (BFI, as %), and total annual baseflow (acre-
ft/yr) were useful in evaluating a particular stream, total annual baseflow normalized by
contributing area of the basin (acre-ft/yr-mi?) was better for comparing gauges in different
basins. When total annual baseflow normalized by contributing area was plotted, gauges
located in the Gulf Coast aquifer displayed a trend of high normalized flows to the northeast,
decreasing to the southwest.

Analytical approaches are often used to evaluate the impact of groundwater pumpage on
surface water flow. Various analytical approaches for quantifying groundwater pumpage impacts
on stream flow are described and evaluated.

There is considerable interest in using output from Groundwater Availability Models as input
to Water Availability Models which focus on surface water to ensure that surface water
calculations are reliable and to develop procedures to simulate impacts of increased
groundwater pumpage on surface water. The approaches to simulating gw-sw interactions in

GAM and WAM models are reviewed with reference to the central Carrizo Wilcox GAM.



Because GAMs were not originally designed to address gw-sw interactions, there are a number
of limitations associated with using these models for this purpose. Various limitations,
particularly those related to spatial and temporal scales, are outlined and future studies that
would improve simulations of gw-sw interactions are outlined. A GIS tool was also developed for
displaying WAM loss factors.

This reconnaissance relied on existing data and helped identify gaps in data that are
required to assess gw-sw interactions. Future work should include collocation of groundwater
monitoring (both water levels and water quality) and stream gauge stage and quality monitoring.
Streamflow gain loss studies should be conducted in selected areas in the state. The location of
existing stream gauges should be optimized relative to aquifer outcrop areas to improve our
understanding of gw-sw interactions. Stream channel morphologies should be mapped using

existing TX Dept. of Transportation borehole data.
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Reconnaissance Study of Groundwater-Surface Water Interactions in Texas

INTRODUCTION

Understanding interactions between groundwater and surface water is essential
because linkages and feedbacks between the two systems affect both the quantity and
quality of available water to meet human and ecosystem needs. Human needs are
increasingly evident as population in Texas is projected to double by 2050 and demand
for water continually increases. Ecosystem needs are being recognized as instream flow
programs attempt to establish minimum flow requirements to maintain healthy
ecosystems. Because groundwater and surface water form a single resource, factors
such as development or contamination of groundwater may impact surface water and
vice versa. Increased development of groundwater can change streams from gaining to
losing status, affecting the quantity of surface water available for water rights and
instream flows. Contamination of groundwater can impact nearby surface water bodies
where groundwater discharges to surface water. An estimated 75% of hazardous waste
sites related to the US national Superfund program are located within 0.5 miles of
surface water bodies and 50% of all Superfund sites have impacted surface water (US
EPA, 2000). Previous studies show that nutrient contamination (e.g. nitrate, salinity) of
groundwater from nonpoint sources has impacted gaining streams (Slade and Buszka,
1994; Paine, 2003). Quantity and quality of surface water has also impacted
groundwater in areas where surface water recharges groundwater, such as playas in the
Southern High Plains (Scanlon and Goldsmith, 1997; Fryar et al., 2000). Therefore,
quantitative assessment of available water of sufficient quality requires an understanding

of gw-sw interactions.

The objective of this study was to assess the impacts of groundwater-surface water
interactions on the quantity and quality of water in Texas. This was accomplished
through a review of existing studies, an evaluation of the potential impact of
groundwater-surface water interactions on both water quality and water quantity, and

technology transfer of results to interested agency staff.



SCOPE

The Bureau of Economic Geology conducted a number of tasks to accomplish the above

objective:

1.

Review of studies assessing (groundwater/surface water) gw-sw interactions in
the US relative to water quality and water quantity issues.

Evaluation of impacts of gw-sw interactions on water quality including a
comparison of stream water quality with adjacent groundwater quality to assess
connectivity. Potential impacts of groundwater discharge on river segments
identified as impaired in the Total Maximum Daily Load program were also
examined. The status of knowledge on the distribution of riparian vegetation was
also evaluated because riparian vegetation can markedly affect attenuation of
contamination of surface water from groundwater discharge (REFS).

Assessment of impacts of gw-sw interactions on water quantity including
evaluation of different approaches for hydrograph separation to quantify the
component of surface water that is groundwater. Previous programs to model
water quantity of surface water (Water Availability Models) and groundwater
(Groundwater Availability Models) were examined to assess linkages between

these models.

Deliverables are described according to the tasks set forth in the contract.



Task 1: Review Studies Related to Groundwater Surface Water Interactions in
the US

1. Review of studies on groundwater surface water interactions in US that focus on
methods of quantifying interactions, and evaluation of impacts on water resources

and contaminant transport issues

A list of about 300 references was compiled of papers related to groundwater-surface
water interactions (Appendix 1). The main topics addressed are water quantity and
quality issues related to gw-sw interactions and methods for quantifying interactions.
Water quality references were further subdivided into those related to nonpoint and point
sources of contaminants. Methods were subdivided into those based on seepage
measurements, temperature, sampling, and modeling. Additional topics are also
addressed such as the impact of climate variability and land use/land cover changes on

gw-sw interactions.

Data and information pertinent to groundwater-surface water interactions related to
Texas is also provided (Appendix 2). This compilation focuses on readily available

online sources of data.



Task 2: Evaluate Potential Impacts of Groundwater Surface Water Interactions

on Water Quality

2a.

2b.

2c.

Compile existing data to conduct a study of spatial and temporal variability in
stream water quality that may be impacted by groundwater discharges using
statewide reconnaissance and subsequently focusing on selected areas as

appropriate.

Compare stream water quality with groundwater quality adjacent to the streams

to evaluate connectivity and relationships

Evaluate potential impacts of groundwater/surface water interactions on TMDL
stream segments selected by agency staff. Examples of types of elements that

may be considered include total dissolved solids, salinity, and/or nitrate.

The results of these tasks are described in Appendix 3.

2d.

Assess the status of knowledge on the mapped distribution and types of riparian
vegetation. The types of vegetation will also be evaluated and its ability to
mitigate groundwater contamination of adjacent surface water bodies.
Evaluating approaches for improving riparian vegetation mapping that would be
beneficial to TCEQ programs.

This work is described in Appendix 4.



Task 3: Examine the Effects of Groundwater Surface Water Interactions on

Groundwater Quantity

1. Calculate baseflow recession for selected stream gauges in Texas

2. Compare different approaches for quantifying baseflow discharge using codes
such as Base Flow Index, HYSEP, and PART

The results of these two tasks are described in Appendix 5.

3. Evaluate chemical data from groundwater and surface water to assess the
potential for using chemical hydrograph separation to estimate groundwater

discharge to surface water
Insufficient data were available from online databases to conduct this subtask.

4. Evaluate potential effects of groundwater pumpage adjacent to streams on

stream flow using analytical approaches
The results of this subtask are described in Appendix 6.

5. Evaluate feasibility of using GAM output for a selected aquifer as input to the

WAM program.

The results of this subtask are described in Appendix 7.



Task 4: Technology Transfer

1. Develop technology transfer materials on groundwater surface water interactions

for interested agency staff.

Two short courses will be presented, one focusing on water quantity issues and the

other on water quality issues. Outlines for the short courses are included.
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