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ABSTRACT

Soto Sanchez, Leslie, Managing Water Resource and Land Use in Lower Rio Grande Valley of

South Texas Using a Groundwater Vulnerability Model. Master of Science (MS), December

2021, 65 pp., 4 tables, 25 figures, references, 67 titles.

The Lower Rio Grande Valley includes three metropolitan statistical areas which are
Brownsville-Harlingen, Laredo, and McAllen-Edinburg-Mission, the latter with a population of
around 1 million people and a estimated growth rate of 62% between 2010-2018. Low
precipitation rates, intensive agriculture and growing manufacturing and tourism industries have
resulted in an increasing concern of scarce water supply especially as the region relies primarily
on a single water source, the Rio Grande. These circumstances could potentially disrupt
economic development, negatively affecting the local manufacturing industry, agriculture, and
the community. With this distressing scenario it is urgent to understand the regional
groundwater resources as well as its exposure to contamination. In this project the vulnerability
of the selected south Texas counties was evaluated using geospatial datasets and integrating the
data into a Geographic Information Systems framework. The DRASTIC method considers
different parameters such as depth to water table, net recharge, aquifer media, soil media, impact

of vadose zone and hydraulic conductivity.
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CHAPTER I

INTRODUCTION
1.1 Background

Groundwater is the most abundant freshwater supply except for the glaciers. It is
at least 30 times more abundant than surface water and accounts for 90% of the supply of
available freshwater (Arabgol et al.,2016). This resource plays a crucial role in the development
of ecosystems as it provides them with water and nutrients, and in turn, these ecosystems provide
a range of services for humans such as recreational activity, food, and energy productions (Velis
et al., 2017). Groundwater provides for the irrigation of approximately 100 million hectares of
farmland and although the use of groundwater for irrigation purposes varies from continent to
continent, it is still important to notice that 40% of the global water consumption used in
irrigation, relies on the withdrawal of groundwater (Siebert et al., 2010). Overall, groundwater is
crucial for the development of humankind and vital for food availability and production, health,
and sanitation as well as poverty reduction since the economic benefits of groundwater exceed
those of surface water (Velis et al., 2017). Although the importance of groundwater is significant
for human development and wellbeing, this resource has been misunderstood due to the
complexity of factors that are inherent in this water source (Sophocleous, 2002). Owing to this
complexity, which makes it imperceptible and complicated, groundwater is at risk of depletion
and pollution. The tools for the remediation of groundwater contamination are expensive and

often unreliable (Hamza et al., 2015). In addition, groundwater pollution is associated with poor
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water quality and an unhealthy population. Rural communities that rely on the sources of fresh
water are more vulnerable than others with an adequate water infrastructure. (Velis et al., 2017).
Thus, the prevention of contaminants in the groundwater supply is essential for the adequate

management of water resources, benefiting all communities with impartial access to water.

The Lower Rio Grande Valley (LRGV) has three metropolitan areas. These are
Brownsville-Harlingen, Laredo, and McAllen-Edinburg-Mission, with the latter being ~1 million
population and estimated growth close of 62% between 2010-2018 (Arizpe y Acevedo,2012).
Low precipitation, intensive agriculture as well as growth in the manufacturing and tourism
industries have resulted in an increasing concern of scarce water supply. These circumstances
could potentially disrupt economic development, negatively affecting the local manufacturing

industry, agriculture, and the community.

It is estimated that 60% of the water usage in the state of Texas comes from groundwater
(Anaya et al.,2016). Plenty of water quantity studies have been done to estimate possible water
availability but little has been done regarding water quality even though water quantity and
quality are linked, and water quality will have an impact on the total amount of water quantity
available. One of the processes affecting groundwater quality in Texas is naturally occurring
groundwater contamination. This is a process that has the potential to affect seven million
Texans that rely on groundwater for water supply as well as agricultural practices which rely
heavily on groundwater for irrigation. The Gulf Coast Aquifer is especially impacted by this
process, with primary contaminants exceeding the Maximum Contaminant Levels (MCL)
recommended by the Environmental Protection Agency (EPA). Especially worrisome is that the

areas of highest risk for the exceedance of MCLs are in the southern portion of the Gulf Coast



aquifer, with a higher prevalence on the subsurface located just under Hidalgo County, the most
populated county in this region. The primary contaminants located in the groundwater are

arsenic, gross alpha, combined radium, uranium, and total dissolved solids (Reedy et al., 2011).

To date, eight desalination plants are in the Lower Rio Grande Valley and two of them
are in Cameron County. The Southmost Water Plant is one of the brackish groundwater
desalination plants with a larger capacity across the state, which has a capacity of producing
more than 20,000 million gallons of water per day. The brackish desalination plants are to extract
groundwater to provide additional drinking water supply to meet the growing demands of the
community. Understanding the hydrogeological conditions of the region becomes critical to
enable better decision making and assist regional assessments for water availability, water
storage capability, management, and planning for entities such as the city and several state

agencies for the future.

1.2 Research Objective

The objective of this research is to evaluate the vulnerability of groundwater in the
southern portion of the Gulf Coast Aquifer in South Texas, which consists of Hidalgo County
and portions of Cameron and Starr counties. Two groundwater vulnerability models will be
applied to examine whether geological, hydrological conditions, and human activities would
threaten groundwater resources. The first model is the DRASTIC model developed by the
Environmental Protection Agency (EPA). The modified model, DRASTIC-LU, is added land-
use type component in addition to the original seven hydrogeological parameters. Groundwater

vulnerability index maps with risk ranking will allow decision-makers to identify the zones with



the greatest groundwater vulnerability potentials while urban areas continue to expand from

population and economic growth and water demand continues to increase.



CHAPTER II

LITERATURE REVIEW

2.1 Groundwater Vulnerability

Since the start of civilization, groundwater has been crucial for the survival and
development of human settlements (Foster et al., 2003). Currently, groundwater constitutes the
predominant reservoir of freshwater, with 30% of the world’s total being stored in groundwater
systems (Foster et al., 2003). Estimation of groundwater ranges from 7,000,000 to 23,400,000
km3 (Nace,1971; Foster et al., 2003; Richey et al., 2015) but due to the inherent complexity of
these systems, these numbers will always be open to discussion (Foster et al., 2013). Due to
technological developments, groundwater has become the major raw resource exploited on the
planet, being the biggest supplier of water in Europe and Sub-Saharan Africa as well as being of
primordial importance for the development of agriculture in Asia (Foster et al.,2003). Because of
this continual dependence on groundwater, humans have become capable of depleting entire
aquifer systems, this happens because extraction is faster than natural replenishment (Schwartz et
al., 2011; Wada et al.,2010). Due to the inherent surface water-groundwater interactions,
intensive extraction of groundwater reservoirs also has an impact on surface water bodies
(Schwartz et al., 2011), some of the unintended consequences are reduction of water flow in
streams that are groundwater-fed (gaining streams) increasing the risk of desertification in areas

that would normally be fed by groundwater flows (Schwartz et al., 2011).



In addition to intensive extraction, groundwater is susceptible to contamination (Pollicino
et al.,2021). Anthropogenic activities such as modern agriculture which relies heavily on
pesticides and fertilizers can pollute shallow aquifers, some of the contaminants associated with
modern agriculture include Nitrate, Iron, and Total Dissolved Solids. Some other anthropogenic
activities that heighten the risk of groundwater pollution include leakage of landfills, septic
tanks, sewage, and urban run-off (Foster et al., 2003). Due to the increased industrialization of
urban centers, aquifer vulnerability is expected to increase as well, impacting water quality and

human health (Strauch et al.,2008).

Increases in groundwater vulnerability and degradation have led to the development of
novel groundwater vulnerability assessments (Jarray et al., 2017; Allouche et al., 2016). Owing
to the complexity of the hydrogeological settings and parameters and the impossibility of
evaluating groundwater vulnerability out on the field, new approaches have been developed.
These methods have been grouped into three categories, index-based methods, statistical

methods, and simulation techniques (National Resource Council,1993).

Although there is not an internationally accepted method for the assessment of
groundwater vulnerability, overlay and index methods are the most widely used (Moraru et
al.,2018). Overlay and index methods make use of data involving different physical
characteristics as well as hydrogeological settings. The main data source for this method involves
the usage of qualitative and quantitative data interpreted found on mapped documents (Moraru et
al.,2018; Jarray et al.,2017). Readily available and easy to access data, not depending on field
data, as well as relatively simple procedures are some of the advantages of using overlay-index
methods (Shrestha et al.,2017). Some of the most widely used overlay-index methods to evaluate
groundwater vulnerability include DRASTIC (Allen et al.,1987), SINTACS (Civita et al.,1994),

6



and GOD (Foster, 1987). The methods include a system of weights and ratings to evaluate which
criteria exert the biggest influence concerning vulnerability, to create a range of vulnerability
classes to later be displayed in a map format (National Resource Council, 1993; Jarray et
al.,2017). However, there are disadvantages associated with the use of these methods. Since the
value of the weights and rankings assigned to the different characteristics and settings is heavily
influenced by the criteria of the expert developing the model, subjectivity is heavily associated

with these methods (Frind et al.,2006).

Statistical methods are another approach used to assess groundwater vulnerability with
Logistic Regression and Bayesian-based methods being the two techniques most used (Masetti et
al., 2009). These techniques are used to determine contaminant concentration and to predict the
path and route the pollutant could take (Massetti et al., 2009). These methods evaluate
groundwater vulnerability using groundwater monitoring datasets which include contaminants
concentrations, and water quality and quantity information as well as incorporating natural and
anthropogenic factors as part of the groundwater vulnerability assessment (Bonfanti et al.,2016).
These methods employ contaminant concentrations as the dependent variables and include
multiple independent variables and the results of these methods will always be expressed as
probabilities (National Resource Council,1993). Although these methods can be used only in
specific geographic areas, incorporating readily available datasets as well as a lack of
subjectivity are some of the advantages of using statistical methods to assess groundwater

vulnerability (Sorichetta et al.,2012).

Process-based simulation models’ methods are used to predict the flow of contaminants
in the subsurface (Nobre et al., 2007). These methods are coupled with numerical approaches
and robust hydrogeological data to predict contaminant transport (Burkart et al., 1999). These

7



methods range from one-dimensional models, two-dimensional and three-dimensional transport
models which attempt to predict contaminant transport at spatio-temporal scales and have been
used to evaluate different physical processes such as recharge, discharge, aquifer storage, and
pesticides travel times (Vu et al., 2021). One such process-based model to evaluate groundwater
vulnerability is MODFLOW, which is a finite-difference flow model developed by the US
Geological Survey, that has the capability of predicting contaminant transport and flow as well
as other groundwater physical and chemical processes (Ghouili et al.,2020). Some of the issues
with implementing process-based models for the assessment of groundwater vulnerability are the
need for large datasets and a lack of hydrogeologic data at a regional scale, other disadvantages

include time-consuming processes as well as calibration issues (Wachniew et al., 2006).

The concept of groundwater vulnerability was first introduced in 1968 by French
hydrogeologist Jean Margat (Foster et al., 2013), where he defined it as “the possibility of
percolation and diffusion of pollutants from the surface into groundwater” (Jarray et al., 2017).
Other definitions that were proposed for this concept include, where the Environmental
Protection Agency defined it as “the relative ease at which a contaminant (in this case a
pesticide) applied on or near the land surface can migrate to the aquifer of interest under a given
set of agronomic management practices, pesticide characteristics, and hydrogeologic sensitivity
conditions” (National Resources Council, 1993)and even proposed a tool-box to assess this
susceptibility (Allen et al.,1987). Subsequently, the concept has been broadened to include
intrinsic and specific vulnerability. Intrinsic vulnerability refers to sensitivity to groundwater
pollution occurring from anthropogenic activities and specific vulnerability refers to sensitivity

to a particular pollutant or a group of pollutants (Bezelgues et al., 2002). Although more than 50



years have elapsed since this concept was coined, there is not a widely accepted definition and is

still a cause of discussion among experts in the field (Foster et al., 2013).

2.2 Groundwater Vulnerability and Geographic Information Systems

Groundwater vulnerability can be mapped in two ways, these are intrinsic and specific.
Intrinsic vulnerability is mapped taking into consideration the different hydrogeological
parameters that compose a groundwater system. Specific vulnerability aims to characterize how
sensitive is an aquifer to a specified pollutant (Chenini et al., 2015). Most intrinsic groundwater
vulnerability mapping takes place by integrating Geographic Information Systems (GIS). GIS
was developed in Canada during the 1960s, is a technology composed of different disciplines
such as geography, cartography, remote sensing, and computer science, and is widely used
because of its efficiency to collect, organize, manage, analyze, and display datasets and results as
well as its low operational cost compared to other methods (National Research Council, 1993).
Geographic data stored within GIS can be presented either as objects or fields. Objects represent
real-life features as lines, polygons, and points that share geometry and topology. Meanwhile, the
field presents real-life features stored as data within attribute tables (Jha et al., 2006). During the
1990s, breakthrough technological developments as well as a growing need for better natural
resources management lead to the implementation of GIS as a fundamental component in natural
resources management and is widely used by government agencies, universities, businesses, and
the military (Lo et al., 2003). Because of the advantages, GIS has over other assessment methods
and techniques, a variety of overlay and indexes have been developed to assess groundwater

vulnerability. Some of the different overlay and index methods developed are DRASTIC, GOD,



SINTACS, SEEPAGE, and EPIK, which were exclusively developed to evaluate groundwater

vulnerability of kart systems (Shirazi et al., 2012).

2.3 DRASTIC Vulnerability Mapping

The DRASTIC model was developed by the Environmental Protection Agency in 1985
and is an overlay method that is used to assess groundwater vulnerability in the United States
(Aller et al.,1987; Fritch et al., 2000; Gogu et al.,2000; Merchant,1994; Smith et al., 2017). This
method takes into consideration different climates and conditions such as arid and semi-arid
regions and agricultural, industrial, and coastal areas (Shirazi et al., 2012). The DRASTIC
method is composed of two parts, the first component consists of mapping the different
hydrogeological units that compose the model, and the second component consists of assigning
weights and ranking to the hydrogeological settings to then calculate the DRASTIC index. When
the DRASTIC index has been calculated, potential areas prone to groundwater contamination
become easier to identify and delineate. The name of this model is an acronym of the seven
hydrogeological parameters which are composed. These parameters are Depth to Water Table,
Net Recharge, Aquifer media, Soil Media, Topography, Impact to Vadose Zone, and Hydraulic
Conductivity. The description of the parameters can be found in Table 2. The DRASTIC index is

calculated using the following equation:

DrDw + RrRw + ArAw + SrSw + TrTw + Irlw + CrCw = DI (Pollution Potential)
Where:
R = Ratings

W = Weights

10



The DRASTIC index is calculated by multiplying each parameter rating by its weight and
adding them together. Each parameter has a value ranging from 1-10 and a weight on a scale of
1-5 and the higher the value of the DRASTIC index calculated, the higher its susceptibility to

contaminants.

Table 2.1 DRASTIC Parameters (Aller et al. 1987)

Factor Description Relative Weight
Depth to Water Refers to the 5
Table distance

contaminants must
travel to reach the
water table.

Net Recharge Refers to the amount 4
of water that will
infiltrate through the
ground surface and
represents the
medium for
transporting
contaminants.

Aquifer Media Indicates the 3
composition of the
saturated zone and
can include
consolidated and
unconsolidated
materials.

Soil Media Refers to the 2
uppermost layer
above the vadose
zone and exerts

some control over
the amount of
recharge that will
percolate through the
ground.

11



Topography

Represents the slope
and slope variability
of an area.

Impact on Vadose
Zone

Indicates the zone
located at the top of
the water table but

below the soil media.

Also known as the

vadose zone, it has a
major influence on
the movement of
contaminants.

Hydraulic
Conductivity

Indicates the
easiness to which
aquifers transmit

water. High

hydraulic
conductivity is
associated with high
groundwater
velocity.
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DRASTIC Weights and Rating Values for Hydrogeological Parameters

DRASTIC DRASTIC
DRASTIC Weight5 ~ Weight 4 DRASTIC Weight 3 DRASTIC Weight>  Weight 1 DRASTIC Weight 5 DRASTIC Weight 3
Depth to Water Recharge Topography Hydraulic Conductivity
Table(em) (mm) Aquifer Media Soil Media (%) Impact to Vadose Zone (m/d)
Range Rating Range Rating Range Rating Range Rating Range Rating Range Rating Range Rating
Thin or
0to 152 10 oto5t 1 Massive Shale 2 Ahsent 10 0-2 10 Confining Layer 1 2.10 4
5ito Metamorphie/Igneou
152 to 457 "] 102 3 s 3 Gravel 10 2t06 9 Silt/Clay 3 2.15 6
102 to
457 to 914 i 178 6 Clay 3 Sand 90 btoi2z 5 Shale 3 3.66 8
Weathered
178 to Metamorphie/Igneou 12t0
914 to 1524 5 254 8 s 4 Peat 8 18 3 Limestone 6
1524 to
2286 3 254+ 9 Clay and Sand 4  Shrinking Clay 7 18+ 1 Sandstone 6
2286 to
3048 2 Glaeial Till 5 Sandy Loam 6 Bedded Limestone 6
3048 + i Clay and Gravel 6 Loam 5 Sandstone Shale 6
Sand and Gravel with Significant
Massive Sandstone 6 Silty Loam 4 Silt and Clay 6
Massive Limestone 6 Clay Loam 3 Metamorphic/Igneous 4
Sand and Gravel 8 Muck 2 Sand and Gravel 8
Non-shrinking
Basalt 0 Clay 1 Basalt 9
Karst Limestone 10 Karst Limestone 10

Figure 2.1. DRASTIC Parameters and Ratings Adapted

2.4 Modified DRASTIC

In addition, groundwater vulnerability will also be assessed using the modified
DRASTIC-LU model. This model includes the seven parameters used in the original model and
includes the addition of Land Use (LU) as the eighth parameter, to evaluate the risk
anthropogenic activities could have over groundwater resources. Just as the previous parameters,
Land Use contains a ranking system on a scale from 1-10 and a weight of 5. To calculate the

DRASTIC-LU index, the same formula is used with only a minor modification, which is:

DrDw + RrRw + ArAw + SrSw + TrTw + Ir lw + CrCw+ LrLw = DI (Pollution Potential)
Where:

Lr = ratings for Land Use categories

13



Lw = weights assigned for Land Use

Table 2.2 Land Use Classification and Rating System (Secunda et al., 1998; Alam et al., 2012;
Kumar et al., 2019)

DRASTIC-LU Weight 5
Land Use
Range Rating
Water Bodies and Wastelands 0
Forest and Shrublands 2
Bare Areas 3
Agriculture 5
Low Density Urban Development 7
Medium Density Urban Development 8
High Density Urban Development 9

14



CHAPTER IlI

METHODOLOGY AND DATA SOURCES

3.1 Study Area

The study area for this project is situated in parts of Cameron, Hidalgo, and Starr
Counties in the Lower Rio Grande Valley of South Texas. The study area is within the Rio
Grande Regional Water Planning Area (Region M), Groundwater Management Area 16, and two
groundwater conservation districts (Red Sands and Starr County) and underlies the southern
portion of the Gulf Coast Aquifer (Texas Water Development Board, 2016). Figure 3.1 displays
the location of the study area as well as the boundaries of the southern portion of the Gulf Coast

Aquifer.
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Figure 3.1 Project study area located in the boundaries of the Southern Gulf Coast Aquifer within
the boundaries of the Lower Rio Grande Valley of South Texas.

The Lower Rio Grande Valley is situated in the southernmost tip of Texas, on the
southern border between the United States of America and Mexico, where the Rio Grande flows
and serves as a natural boundary between these two nations. This region contains two
Metropolitan Statistical Areas, the Brownsville-Harlingen and McAllen-Edinburg-Mission, the
latter one with approximately 1.2 million inhabitants and expected population growth of 3.05
million by the year 2050(Texas Demographic Center, 2013). The economic development of this
region started with the agricultural boom of the 1920s, to this date, sugar cane, citrus and

sorghum continue to be cultivated in this region (Levine, 2007). Currently, agriculture accounts
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for 1% of the domestic gross of the state but is the predominant economic activity for this region,
with 75% of the total land area being used for agriculture and livestock (Rio Grande Regional
Planning Water Group, 2021). Recently, industries such as manufacturing, commerce, and
tourism have overtaken as the main economic activities of this region leading to a new influx of
people (Texas Water Resources Institute, 2003). Rapid population and economic growth, as well
as persistent droughts, have put under increased pressure the existing water resources of this
region, exacerbating long standing water quantity and quality issues on both sides of the border

(Rio Grande Regional Water Planning Group, 2021).

To implement effective water management, Regional Water Planning is mandated for
the entirety of the state of Texas through Senate Bill 1 (Texas State Legislature, 1997). The study
area (Cameron, Hidalgo, and Starr County) falls within the Rio Grande Regional Water Planning
Area (Region M), which includes 5 other counties, these are Jim Hogg, Maverick, Webb,
Willacy, and Zapata. Regional Water Planning oversees evaluating trends in population growth,
water demands of this region, exploration of future water resources, and recommendations to
ameliorate water scarcity problems. According to the 2021 Regional Water Plan, the major water
source for Region M is the Rio Grande and is obtained via the Amistad-Falcon Reservoir System
water releases. Another source of surface freshwater is the Arroyo Colorado, a distributary
channel from the Rio Grande, being the principal freshwater source for the Lower Laguna Madre
region. Due to existing finite water resources and to meet the ever-growing water demands of
this region, since the year 2000, eight brackish groundwater desalination plants have been
established (Figure 3.2), these plants provide approximately 24,000 acre-ft/year of potable
freshwater, with an additional 23 desalination projects recommended for this region. Brackish

desalination plants are located alongside the Nueces-River Basin, which is where the facilities
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dispose of the desalination concentrate, making it affordable for utility companies of the region.
The cost to produce desalinated water ranges from $350- $780 per acre-ft/year (Rio Grande

Regional Water Group Planning, 2021).

The Gulf Coast Aquifer is the major source of groundwater for Region M, this aquifer
runs parallel to the Gulf Coast coastline and stretches from the Mexican border into the state of
Florida. This is a complex and multilayered aquifer and conformed by 5 hydro-stratigraphic
units: the Chicot, Evangeline, and Jasper aquifers and two confining systems, the Catahoula, and
the Burkesville Formation. The Chicot, Evangeline, and Jasper aquifers are composed of sand,
clay, silt, and gravel beds from Miocene to the Holocene ages. The Burkeville Formation is
composed of Miocene sediments, where silt and clay predominate, making it mostly a confining
unit that separates the Jasper and Evangeline aquifers. The Catahoula Formation is composed of
tuff of Oligocene age, creating a confining layer at the base of the aquifer system (Texas Water
Development Board, 2007). The hydraulic conductivity in this aquifer ranges from 1 ft/d in the
southern portion of the aquifer to 7 ft/d in the northern part of the aquifer and the transmissivity
also ranges from less than 1,000 ft? per day in the southern portion to 14,000 ft? per day in the
northern portion of the aquifer (Texas Water Development Board, 2016). According to the Texas
Water Development Board (2014), it is estimated that more than 275-million-acre feet of
brackish groundwater of varied quality are contained in the Lower Rio Grande Valley portion of
the Gulf Coast Aquifer with primary water-producing zones located across Region M. In the case
of the study area, the Chicot Aquifer is the primary water-producing zone for western Cameron
County and Eastern Hidalgo County. The Evangeline Aquifer is the primary water-producing
zone for Cameron and Hidalgo and the Oakville Sandstone produces water for northeastern Starr

County, and northwestern Hidalgo County (Rio Grande Regional Water Planning Group, 2021).
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Figure 3.2. Location of Desalination Plants in Texas (Texas Water Development Board, 2021)

3.2 DRASTIC Model Method and Data Sources

As mentioned in previous chapters, groundwater resources are prone to contamination,
this could be from a single pollutant or a group of pollutants, and natural or anthropogenic
sources such as farming and mining. For this project, a groundwater vulnerability index
developed by the US EPA was used to identify and delineate the areas more prone to

groundwater contamination. For this project, ArcGIS 10.8.1 was used to create the seven layers
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of the DRASTIC model and to perform the needed geospatial analysis of the seven layers in

raster format.

3.3 Data Processing and Analysis Methods

For this study, the Inverse Distance Weighting interpolation method was used to produce
the hydraulic conductivity and aquifer media maps. The point data for the parameters was
processed using this interpolation method using the default ArcGIS distance setting (distance
squared). This interpolation techniques calculates the data point taking into consideration the
distance of the data in relation to the cell. In this method, an average value of the data points is
given. The basis of this interpolation method is that the points located closer to the cell being
calculated will exert a bigger influence over the resulting interpolation whereas the cells located
further will have a lesser influence over the result given (Achilleos,2011). This interpolation
technique was preferred over others is because it calculates the cells values taking into
consideration only the data points that fall within the range of the dataset, so extrapolation of the
cells values is not possible (Doucette et al.,2000). In case the radius to calculate cell values wants

to be expanded it can easily be done in the ArcGIS settings.

Since the DRASTIC model and DRASTIC-LU are overlay-index methods is necessary
that the conforming layers have the same cell size and extent to get consistent results during the
calculation of the final vulnerability index. For this project the selected cell size for the eight
parameters that conform the model is of 200x200 m. For Depth to Water Table, Soil Media, and
Topography the cell size was downsized from 368x368 meters to 200x200 meters. For Net
Recharge, Aquifer Media, Hydraulic Conductivity, and Impact to the Vadose Zone the cell size

was downsized from 400x400 meters to 200x200 meters. Lastly, Land Use was the only
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parameter where the cell size was upscaled from 30x30 meters to 200x200 meters. The 200x200
meter cell size was selected for different reasons. First, most of the data had to be converted from
vector to raster format and because of this is necessary to choose a cell size that will maintain the
quality resolution of the raster. Possible issues that arise from downsizing the cell size for most
of the parameters is that the accuracy of the data will decrease, thus increasing the percentage of
the mapping error (Congalton,1997). The second reason is because as the resolution of a raster
greater storage for the data is needed as well as more processing time. Since this project was
done using the desktop version of ESRI’s ArcGIS in a laptop computer without the ideal
Graphing Processing Unit capacity a tradeoff had to be made between the resolution and
processing of the data. To ensure that the selected cell size of 200x200 meters offered enough
accuracy as well as quick processing times, the vector files were converted into raster files of
different resolutions such as 50x50m, 100x100m, 200x200m, 300x300m, and 400x400 m. After
the conversion of different cell sizes was done, the area of each of the files was calculated to
inquire which of the cell sizes offered a lesser amount of data loss due to the conversion of
formats as well as to make sure that the computer had enough capacity to process the cell sizes.
Although a cell size of 50x50m could be the optimal choice since it would offer more accurate
data, the computer was not able to process so it was the first cell size discarded. With the
100x100 m cell size the computer was able to process the data of certain parameters but not all of
them so this size was discarded as well. To choose between the remaining cell sizes as
mentioned previously the area of the rasters was calculated to see which offered the lesser
amount of data lost as well as to observe which also offered the lesser amount of distortion in the

rasters. The calculation of the area was done using the field calculator of the attribute table. The
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resulting area calculations denoted that 200x200 m cell size was the one offered lesser amount of

data loss as well as the computer had an easier time processing and storing this cell size.

A similar approach was used to decide the cell size of the Land Use parameter, the only
layer that was upscaled, meaning that the cell size was increased. This cell size of this layer was
of 30x30 m, making it the layer with the coarser resolution. The coarse resolution of this layer
implicated certain issues such as the identification of certain features leading to complications
when trying to classify the data, an issue that is known as the mixed pixel problem (Johnson et
al., 2021). Although technological advancements had been made through the years, this issue is
still prevalent to this date and different analysis had been made to dictate which is the best
approach to fix this problem. One of such approaches involves the upscaling of the raster
resolution and although it might not completely solve this issue it can help improve the
identification and classification of features in the data (Choodarathnakara et al.,2012). Since
upscaling data can also pose processing and storage issues and the computer used for this project
did not have the optimal graphic processing unit, a tradeoff had to be made between using a
resolution that the computer could be able to process as well as having the same cell size as the

other layers used for this analysis.

To classify the data of the different parameters as well as the vulnerability index
classification maps the default option in ArcGIS, Jenks Natural Breaks was used. This
classification method was selected because it can show the data trends for the resulting
groundwater vulnerability maps, is easier to identity possible outliers among the data as well as

reducing to a minimum the possible variability of the data (Osaragi, 2002).
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3.3.1 Depth to Water Table

The depths of the water table were acquired through the Soil Survey Geographic
Database (SSURGO) Database. This database contains solid data collected by the National
Cooperative Soil Survey through multiple sampling sites. The data contained in this database is
at a scale of 1:20,000 and the database consists of georeferenced map data and attributes data.
Once water table depth data was obtained, it was processed in an ArcGIS environment using the
Spatial Analyst toolset. The first step consisted of merging water table depth data of the
Cameron, Hidalgo, and Starr counties using the merge tool from the Data Management toolset.
Once merged, the shapefile obtained was clipped following the outline of the Southern Gulf
Coast Aquifer shapefile. Then, the clipped shapefile was converted to a raster format (format
needed for the DRASTIC method), and once converted to a raster format, it was reclassified
according to the rating system developed by the Environmental Protection Agency. Afterward,
the projection of the raster was changed to Universal Transverse Mercator (UTM) projection,
this was done so the linear units could be in meters. Lastly, the raster was resized using the
resampling tool in the Spatial Analyst toolset, the cell size was modified from originally

368x368 meters cell size to a 200x200 meter.
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Figure 3.3. Depth to Water Table map was obtained from the Soil Survey Geographic Database.
This map denotes how shallow the water table of this region is.

3.3.2 Net Recharge

Net recharge is the total amount of water that will fall into the land as well as being the
medium where contaminants can travel vertically and horizontally until they reach groundwater
resources (First-Ersoy et al., 2013). For this parameter recharge data was not readily available, so
it had to be calculated by assigning ratings to slope, soil, and precipitation, using the following

formula (Piscopo, 2001):

Net Recharge: Slope + Soil + Precipitation
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The ratings for soil and slope are classified following the same rating system given to the
parameters of soil media and topography and the precipitation ratings have been based on
previous investigations that had to assign a ranking system to precipitation amounts. (Ahirwar et
al., 2018; Magsoom et al.,2020; Malakootian et al., 2019). The data acquiring and processing for
slope and soil are explained in their respective hydrogeological parameters (Topography and Soil
Media) and do not repeat information, only the data acquisition and processing for precipitation
will be explained here. Precipitation data was originated by the Oregon Climate Service at
Oregon State University via the GeoSpatial Data Gateway. The vector dataset consists of the
1981-2010 Annual Average Precipitation for the state of Texas and is at a scale of 250,000. The
first step to process the data was to clip the precipitation shapefile following the boundaries of
the Southern Gulf Coast Aquifer shapefile. After having the desired boundaries, it was converted
to a raster format, and once converted it was reclassified according to the precipitation rankings
developed by previous investigations. Once reclassified, the raster projection was modified to a
Universal Transverse Mercator projection so the linear units could be in meters. Lastly, the cell
size was modified from 400 x 400 meters to 200 x 200 meters. When the precipitation raster was
finally prepared, the last step was to use the raster calculator from the Spatial Analyst toolbox to
calculate the Net Recharge. To calculate it, it was necessary to input the formula mentioned
before, using the slope raster, soil raster, and precipitation raster. Figure 3.3 shows the result of

this raster calculation.
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Figure 3.4. Recharge map created using data from different hydrogeological parameters. The
map shows that most of the region has low to moderate infiltration rates.

3.3.3 Aquifer Media

Aquifer media represents the composition of the subsurface and has a big influence
regarding the path and velocity the contaminants will have to reach groundwater resources
(Abdeslam et al., 2017). Since data related to aquifer media was not available in shapefile or
raster format, it had to be created. For this project aquifer media was acquired through the Texas
Water Development Board Groundwater Database, this is a downloadable database through
excel files and includes data about water quality and quantity as well as lithology. Something

remarkable about this database is that the information is updated weekly and only the most
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significant well logs are included as part of the lithology. To create the aquifer media shapefile,
an excel file of the lithological profiles located within the counties of South Texas was created.
This file included data for 119 wells within the project study area (Figure 3.5) which included, X
and Y coordinates, depth, and lithological data. Once the file was exported to an ArcGIS
environment, Inverse Distance Weighting was used to interpolate the exported data, IDW was
selected because there was a lack of data points in some regions, so IDW could help in
determining values for the unknown areas. Once the aquifer media raster was created, the next
step was to clip the raster using the Clip Raster tool, the raster was clipped based on the
boundaries from the Southern Gulf Coast aquifer shapefile. After it was clipped with the desired
boundaries, the values of the raster were reclassified according to the aquifer media ranking
values. The next step was to change the projection of the raster to a Universal Transverse
Mercator projection so the linear units could be in meters. Lastly, the cell size was modified to a

200 x 200 meters cell size.
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Figure 3.5. Location of the Texas Water Development Board Monitoring Wells used for the
analysis of Aquifer Media and Hydraulic Conductivity.

28



z 99°0'0"W 98°0'0"W o'W
5 L L —
_O Seashare
o \
-] - -
b M2 Aquifer Media '\
ll\k L Juno
!
Nueva Cludpd
Guerre:
Ciudad Camar(y
¥
Comales
_Z Port Isabkl .—_z
° °
h e
OO s -~ fo
ﬁ eras — ol
- (aww-al[‘-im\.'o. An3huac ."I
I:l Lower Rio Grande Valley
Valle Hermoso
[ ] Southemn Gulf Coast Aquifer Borders I
- 5 (Gravel, Sand, Silt, and Clay) cl) 10 2|0 4|0 Kilometers
111 L1
0 penSreetiap (and] céntributors, CC-HY—%
T T
99°0'0"W 098°0'0"W

Figure 3.6. The Aquifer Media map was obtained from the Texas Water Development Board
Groundwater Database as well as from their technical reports.

3.3.4 Soil Media

Soil media is the uppermost layer of the surface and is located above the vadose zone
(Kumar et al., 2019). The soil data were acquired from the Soil Survey Geographic Database and
contained within the soil physical properties folder as surface texture. Like previous
hydrogeological parameters, the data from Cameron, Hidalgo, and Starr counties had to be
merged, and once merged it was clipped based on the boundaries of the Southern Gulf Coast

Aquifer shapefile. Once it had the desired boundaries, it was converted to a raster format. Once
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converted to a raster format, the values of it were reclassified according to the rankings of the

DRASTIC model. The projection of the raster was then changed to a Universal Transverse

Mercator projection, so the linear units were in meters. Lastly, the cell size was modified from

368x368 meters to 200x200 meters.
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Figure 3.7. Soil Media map was obtained using the Soil Texture attribute from the Soil Survey

Geographic Database.
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3.3.5 Topography

Topography represents the slope of the surface, areas with low slope are associated with a
greater risk of groundwater contamination since surfaces with low slope tend to have greater
water storage, thus, giving more chance for water to recharge and infiltrate, resulting in
contaminant transport (Colins et al., 2016). For this hydrogeological parameter, the data was
acquired through the SSURGO database. The data obtained has a scale of 1:20,000 and is in a
shapefile format. Following the same procedure as previous layers, the data for the counties of
Cameron, Hidalgo, and Starr was merged, and later it had to be clipped according to the
boundaries of the Southern Gulf Coast Aquifer shapefile. Once clipped, it was converted to a
raster format and later the values of the raster were reclassified according to the rankings
assigned by the DRASTIC model. Lastly, the projection of the raster was changed to a Universal
Transverse Mercator projection so the linear units could be in meters and the cell size was
modified using the resampling tool from the Data Management toolkit. The cell size was

modified from originally a cell size of 368 x 368 meters to 200 x 200 meters.
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Figure 3.8. The Topography map was obtained from a Digital Elevation Model and was
processed using Spatial Analyst using ArcGIS.
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3.3.6 Impact of the VVadose Zone

The vadose zone also known as the unsaturated region since the pores of the sediment are
not filled with water as they also contain some air, is the region located between soil media and
the water table (Djemin et al., 2016). Data for this hydrogeological parameter was obtained
through the United States Geological Service (USGS) Geologic Map Databases for the central
states of the United States. The scales of the data range between 1:1,000,000 to 1:100,000 and
can be used at scales from 1:1,000,000 to 1:500,000. The acquired data was processed through
ArcGIS. The first step was to clip the geologic data based on the borders of the Southern Gulf
Coast aquifer shapefile. Once the clipping was done, the shapefile was converted into raster
format to later be reclassified according to the ranking system of the DRASTIC model. The next
step was to change the raster to a Universal Transverse Mercator projection so the linear units
could be in meters and lastly, the raster was resized using the resample tool from the Spatial

Analyst toolset. The cell size was modified from 400 x 400 meters to 200 x 200 meters.
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Figure 3.9. The Impact of the Vadose Zone map was obtained using data from the United States

Geological Survey. The map shows the composition of the surface being a mixture of sand,

gravel, clay, and silt.
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3.3.7 Hydraulic Conductivity

For this project, since the data was not available in either shapefile or raster format, it had
to be created. For this parameter the data was obtained from TWDB’s Groundwater Resource
Evaluation and Availability Model of the Gulf Coast Aquifer in the Lower Rio Grande Valley of
Texas. To have a shapefile, it first had to be generated through excel. The excel file included data
for 119 data points (Figure 3.4) X, Y, and Z values and the hydraulic conductivity values from
the TWDB report. The hydraulic conductivity values included in this file included the values for
the counties of Cameron, Hidalgo, and Starr. Once the excel file was finalized, it was exported to
an ArcGIS environment and interpolated using Inverse Distance Weighing. The next step was to
clip the raster created following the boundaries of the Southern Gulf Coast Aquifer shapefile,
once it had the desired boundaries the raster was reclassified following the rankings of the
DRASTIC model. The next step was to change the projection of the raster to a Universal
Transverse Mercator projection so the length could be measured in meters. Lastly, the cell size

was modified to a 200 x 200 meters cell size.
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Figure 3.10. The Hydraulic Conductivity map shows the groundwater flow velocity of the study
area with slower velocities in the western portion of the area.
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3.3.8 Land Use

Land use has the potential to impact groundwater resources negatively, by intrusion of
industrial waste, sewage, pesticides and fertilizers into the subsurface (Secunda et al., 1998).
Modified DRASTIC methods that include land use patterns to evaluate groundwater
contamination and assess the risk to pollution have been used in previous investigations (Alam et
al., 2012; Brindha et al.,2015; Noori et al., 2018). Therefore, land use is included as part of the
groundwater vulnerability assessment. Based on previous studies land use has a weight of 5 and
rankings that range from 10 to 1, aiming to categorize the different land use patterns. For this
parameter, data was obtained from the 2011 National Land Cover Dataset (NLCD) via the Earth
Resources Observation and Science (EROS) Center. The scale of the data is 30 meters in raster
format and with a Universal Transverse Mercator projection. To process the data acquired, the
first step was to clip land use/land cover data based on the Southern Gulf Coast aquifer
boundaries shapefile. Then, the raster was reclassified to new values according to the ranking
system developed by previous investigations. Lastly, the cell size of the raster was modified from
30 x 30 meters to 200 x 200 meters, this was done so it had the same resolution as the other

hydrogeological layers that conform the model.
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Figure 3.11. The Land Use map was obtained the 2011 National Land Cover Dataset since
processing issues were present with the most recent version of this dataset.
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CHAPTER IV

RESULTS AND CROSS-EXAMINATION OF DATA

4.1 Results of DRASTIC Model

The final DRASTIC vulnerability map index was created using an ArcGIS environment,
with each of the seven conforming layers being rated and weighted according to the system
developed by the Environmental Protection Agency. For two of the layers needed, Aquifer
Media and Hydraulic Conductivity were created using interpolation and Net Recharge was
created with the raster calculator tool. Once the seven layers were created, the final DRASTIC
index map was determined using the raster calculator tool where the ranked rasters were
multiplied with the assigned weight. Lastly, the obtained map was classified into five
groundwater vulnerability index risks: Very Low, Low, Moderate, High, and Very High. The
GIS model used to compute the vulnerability index is presented in figure 4, the land area and
percentages are presented in table 4.1 and figure 4.1 and the resulting DRASTIC vulnerability

index map is shown in figure 4.2.

The resulting index map represents the areas more and less prone to be affected by
groundwater contamination. Low and moderate are the two predominant risk classes, accounting
for 33% and 24% of the amount of area that falls within these two categories. Meanwhile, these

two categories are followed by high and very high-risk categories, accounting for 38% of the
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total land area examined. It is important to notice that these two categories, although they cover
less area, are located near highly populated areas such as McAllen, Harlingen, and Brownsville.
Other zones located in areas with high and very high risk of groundwater contamination are the
northern portions of Hidalgo and Starr counties; this zone coincides with the location of the
South Texas Sand Sheet (STSS). This is not surprising since the STSS consists of coarser

sediments facilitating the passage of fluids through the surface (Ahmed et al.,2021)

DRASTIC Parameters:

Depth to Water Table
NRCS and USDA

Recharge
NRCS,USDA and
Oregon Climate Service

Aquifer Media
TWDB

Soil Media
NRCS and USDA

Topography
NRCS and USDA

Impact to Vadose Zone
USGS

Hydraulic Conductivity
+ TWDB

Land Use
National Land Cover
Dataset

Data Processing:
-Data Conversion
from Vector to Raster
-Values
Reclassification
-Modification of
Raster Projections
- Resample of Cell

Size

Sensitivity
Analysis
-Map Removal

-Single
Parameter

Integration of
Hydrogeological
Parameters
Layers in GIS.

Map Algebra:

DI = DrDw +
RrRw + ArAw
+ SrSw + TrTw
+Ir Iw + CrCw

DRASTIC and
DRASTIC-LU
Index Map

Figure 4.1. Flow Chart of the methodology followed to obtain the final DRASTIC vulnerability
models.
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Table 4.1. Results of DRASTIC Analysis show that most of the study area is located in areas
with a moderate to very high risk of groundwater pollution.

DRASTIC Index DRASTIC Range Land Area Land Area (%)
Classification
Very Low 98-114 35,640 ha 5.25%
Low 114-124 223,144 ha 32.87 %
Moderate 124-136 163,220 ha 24.04 %
High 136-149 115,900 ha 17.07 %
Very High 149-159 141,000 ha 20.77 %
Total Land Area 678,904 ha 100 %
Very Low
Very High 5%

1%

Low
33%

High
17%

.""-\.\__ -.-.__..

— e

Moderate
4%
B Very Low Low Moderate High = Very High

Figure 4.2. Pie Chart of the DRASTIC Vulnerability Index Results
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DRASTIC Vulnerability Index

100. 500. 1,200. 8,500. 4,420. 12,420, 300. 200. 900. 800.2900. 38820. 1,200. 6,200. 5,100.
Amount of Cells in Raster

Figure 4.3. The histogram presented above shows the cell distribution of the obtained DRASTIC
Index map. The X-axis is the number of cells that composed the raster, and the color of the bars
denotes the vulnerability index category where each cell that compose the raster fall under. The y-
axis denotes the total area (ha) for each cell size that composes the raster. For this model, most
cells fall within the categories of moderate and very high.
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Figure 4.4. Final Vulnerability Index map obtained using the DRASTIC model by the
Environmental Protection Agency. The map shows that the majority of Hidalgo County has a
moderate to very high risk of groundwater contamination. Is especially worrisome since this is
the most populated county in the Lower Rio Grande Valley.

4.2 Results of Modified DRASTIC Model

Since this region has a strong presence of factories as well as having a considerable
amount of land being used for agricultural purposes, a modified version of the DRASTIC model
was created as well, with the purpose of evaluating the potential impact that these anthropogenic
activities can have over the regional groundwater resources. The DRASTIC-LU model contains
the same seven hydrogeological parameters as the original DRASTIC model, the only difference

is the addition of LU, which refers to Land Use, and has an effective weight of five and a ranking
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classification system just as the previous parameters and which can be seen in table 2.1.The

resulting DRASTIC-LU map was created using the following equation:

DrDw + RrRw + ArAw + SrSw + TrTw + Ir Iw + CrCw+ LrLw = DI (Pollution Potential)

Where L represents the LU parameter and just as the previous model presented the higher the
index number, the higher the potential for groundwater contamination. The Land Use layer was
obtained from the National Land Cover Dataset in raster format. Once the eight layers were
obtained and ready to use, the same process to calculate the first model was executed, this means
to input equation 2 in the raster calculator, where the ranked rasters were multiplied by the
assigned weight. Then the resulting index map was divided into the five different risk categories.
The modified GIS model is presented in figure 4 and the amount of land area and percentages of
land area that fall into the five different risk categories are presented in table 4.2 and figure 4.3
Finally the resulting DRASTIC-LU vulnerability index map is shown in figure 4.4 In
comparison to the results of the original DRASTIC model, the modified version shows that most
of the study areas have a moderate to high risk of groundwater contamination, with 48.7 % of the
land area falling within these two categories. Another cause of concern is that, although the land
area with a very high risk of groundwater contamination is lesser in this model, most of it falls
within the most populated Metropolitan Statistical Area of the study area, this being McAllen-
Edinburg-Mission. This modified model has also lowered the potential of groundwater
contamination from very high risk to mostly high and moderate to the northern portion of
Hidalgo and Starr County on what is known as the STSS. Since this is a model that considers
anthropogenic activities, it is apparent why the STSS has less risk of groundwater contamination

in comparison to the original model since this is a mostly uninhabited area.
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Table 4.2. Results of Modified DRASTIC Analysis

DRASTIC-LU DRASTIC-LU Land Area % Of Land Area
Index Classification Range

Very Low 109-142 87,560 ha 13.03 %
Low 142-156 162,544 ha 24.2 %
Moderate 156-171 183,880 ha 27.37 %

High 171-186 143,300 ha 21.33 %

Very High 186-211 94,580 ha 14.07 %
Total Land Area 671,864 ha 100 %

Very High Very Low
14% 13%

High Low
% 4%
/,
Hl“"*-_\_\_ j-f_.-"
-\-\-\_‘-\—|_,—l-'_'-'-
Moderate
25%
B Very Low Low o Moderate ®High ®7Very High

Figure 4.5. Pie Chart of the Modified DRASTIC Vulnerability Index Results
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Figure 4.6. The histogram presented above shows the cell distribution of the obtained
DRASTIC-LU Index map. The X-axis is the number of cells that composed the raster, and the
color of the bars denotes the vulnerability index category where each cell that compose the raster
fall under. The y-axis denotes the total area (ha) for each cell size that composes the raster. For
this modified model, the distribution of the cells shows that most of them fall in the category of
moderate and high risk.
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Figure 4.7 The resulting DRASTIC-LU vulnerability model lowers the risk of groundwater
contamination for most of the study site. In comparison to the previous model this is because
land use and anthropogenic activities are another parameter taken into consideration.

4.3 Cross-examination of DRASTIC Models with Landfills, Superfund Sites, Brownfields,
Petroleum Storage Tanks, and IHWCA’s

The two resulting vulnerability maps were overlayed with varied point data pertaining to
the Texas Commission on Environmental Quality. The resulting cross-examination from figures
4.5 and 4.6 indicated that most of the landfills, brownfields and superfund sites within the study

region are located on areas with a moderate to low risk of groundwater contamination.
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Figure 4.8. The overlay of the Texas Commission on Environmental Quality data with the
resulting DRASTIC map indicated that most of these sites are in areas with a very low to
moderate risk of groundwater contamination.
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Figure 4.9. The cross-examination of the Texas Commission on Environmental Quality shows
similar results as the previous figure with most of the containment sites located in areas with a
very low to moderate risk of groundwater contamination.

The cross-examination shown in figures 4.7 and 4.8 consisted in overlying the obtained
Vulnerability Index maps with Industrial and Hazardous Waste Corrective Actions
(IHWCA)taking place inside the study area. The point data was obtained from the Texas
Commission on Environmental Quality Data Hub. The resulting cross-examination denoted that
most of the IHWCA occurring within the study region occur in areas with a moderate to very

high risk of groundwater contamination.
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Figure 4.10. Cross-examination of IHWCA occurring within the study region occur within areas
with a moderate to very high risk of groundwater contamination. Important to highlight that most
of these actions are located within Hidalgo County.
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Figure 4.11. The resulting cross-examination of the IHWCA within the DRASTIC-LU map in
areas with a moderate to very high risk of groundwater contamination.

The last cross-examinations shown in figures 4.9 and 4.10 consisted of overlaying
both Vulnerability maps with the location of the Petroleum Storage Tanks located within the
study area. The point data for the Petroleum Storage Tanks was obtained via the Texas
Commission on Environmental Quality Data Hub. From the previous cross-examinations this is
the most concerning because most of the Petroleum Storage Tanks are located in areas with a

very high risk of groundwater contamination.

51



z 99°0'0"W 08°0'0"W
—c - ) I
oi Petroleum Storage Tanks within
N DRASTIC Vulnerability Index
Nueva Cluﬁ.ﬂﬂ
Guerrera,
r
Comales

Zz ~ - Port Isabel :z
Zc d = ...o
=1 | — Rio'Bravo $
o — . Rﬁmira_-_{ ] =)
a reras |:| Southern Gulf Coast Aquifer Borders ' N

Vulnerability Index

- - Very Low Andhuac
B Low
l:l Moderate Valle Hermoso
lodera
[ Hign 0 1020 40 Kilometers /
Very Hi
B very High Lol /
ﬁ?lrualei © OpenSieetilép land) contiibutors. CC-E-5A
1 T T
99°0'0"W 98°0'0"W 97°0'0"W

Figure 4.12. Cross-examination of the location of the Petroleum Storage Tanks with the
DRASTIC vulnerability index indicated that the majority of these tanks fall within areas with a
very high risk of groundwater contamination.
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Figure 4.13. Cross-examination of the modified DRASTIC-LU map shown above illustrates that
in the case of the modified DRASTIC model, the Petroleum Storage Tanks are in areas with a
moderate to very high risk of groundwater contamination.

53



CHAPTER V

CONCLUSIONS

Groundwater has become one of the main sources of water to meet the growing
demand for LRGV region. The resulting maps can serve as guidelines and assist local
and state agencies in deciding what actions to take to protect local groundwater
resources. The vulnerability assessments are intended to integrate complex
hydrogeological data in a way that can be ready to use for the pertinent authorities as
well as a tool to communicate technical data to the community. For this thesis project,
two groundwater vulnerability models were used to assess how vulnerable the local
groundwater resources are to contamination. It is important to highlight that publicly
available dataset were used for the creation of the two groundwater vulnerability
models presented in this thesis. The second model, a modified version of DRASTIC,
was implemented to consider impacts from anthropogenic activities and land use. The
areas that fall under each of the five vulnerability categories for the two models,
DRASTIC and DRASTIC-LU, are presented in Tables 4.1 and 4.2. It is important to
mention that the change in the vulnerability index range in the modified model was
due to the extra parameter added. As an extra parameter (land use) was added, cell
numbers in the modified DRASTIC model increased and thus the vulnerability index
range. The results obtained for this model indicate that 38.12% of the study area is at

a very low to low risk of groundwater contamination. The remaining 61.8% of the
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area has a moderate to very high risk of groundwater contamination (Table 4.1). The
areas that fall within the latter category, were the areas characterized by having an
aquifer media composed of coarse-grained sediments such as sands and gravels.
Another critical factor was the impact of the vadose zone. The second model,
DRASTIC-LU, indicated that 37.23% of the study area is at very low risk of
groundwater contamination while the remaining 62.77% is in areas with a moderate to
very high risk of groundwater contamination (Table 4.2). It is notable that the main
difference in the results obtained from DRASTIC-LU model were that it lowered the
risk of groundwater contamination to the region known as the South Texas Sand
Sheet, located in the northeastern section of Hidalgo County. This reflects the limited
anthropogenic activities as South Texas Sand Sheet (as known as “Wild Horse

Desert”) is mostly uninhabited.

The results obtained from both models indicated a very similar distribution of
the total amount of area that falls within the five categories of the DRASTIC
vulnerability model. It is important to be mindful that although the resulting maps
could be used as a guideline for future studies, however, there are limitations with the
data implemented. One important factor possibly affecting the accuracy is the scale
of the base maps. The level of details of datasets and different interpolation methods
used to create DRASTIC parameter map layers can play an important role.
Furthermore, future studies should implement validation methods to assess the
influence that each parameter has over the resulting products to reduce possible bias

since this is a qualitative model as well as to adjust the model according to the unique
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hydrogeological properties of this region. Finally, field investigations and ground-
truthing can be a good complement to validate and ascertain the accuracy of the

vulnerability rating.
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