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Abstract
[bookmark: _Hlk512425315]The Edwards Aquifer provides drinking water for approximately 2 million people and significantly contributes to the Texas economy by means of irrigation for agriculture. Due to the aquifer’s karst topography, Texas Commission on Environmental Quality (TCEQ) has named the Edwards Aquifer the most vulnerable to pollution in Texas. This project seeks to provide an educational map series accessible to the public for better regulation and protection of the Edwards Aquifer Recharge Zone (ERZ). The DRASTIC method was implemented to conduct a vulnerability analysis of the ERZ and sewage spills that have occurred in regions 11 and 13 from 2012 through 2017 were visually represented. The data was collected from TECQ and open source agencies such as Texas Natural Resource Information System (TNRIS). The results of the project are a user friendly interactive map accessible online through ArcGIS online that displays each spill and their corresponding attributes and a final map of the DRASTIC Method. Following the completion of this project, we have discovered that the Edwards Aquifer is not currently threatened, the North West above the Balcones Escarpment is the most vulnerable. To conclude our research we have made recommendations to improve record keeping for government agencies responsible for sewage spill documentation.

Keywords: Edwards Aquifer, DRASTIC, Pollution, ArcGIS, Sewage spills.

1. Introduction and Problem Statement
[bookmark: _Hlk512425768]The Edwards Aquifer provides drinking water for approximately 2 million people and significantly contributes to the Texas economy by means of irrigation for agriculture. (GEAA 2014). Texas Commission on Environmental Quality (TCEQ) has named the Edwards Aquifer the most vulnerable aquifer to pollution in Texas. (GEAA 2014). The Edwards Aquifer is especially vulnerable to pollution due to the karst topography. The underlying limestone is very porous, allowing water, and pollutants, to penetrate and recharge the aquifer quickly. The Edwards Aquifer is naturally relatively clean in quality and requires little maintenance other than mild treatment by chlorine or fluoride, unless contaminated (GEAA 2014). Sewage spills that occur on the surface and from underground sewage lines could infiltrate streams and springs that feed into the aquifer, including wells used for domestic and livestock purposes. Figure 1 provides an example to better understand of the hydrological cycle and flow of surface infiltration and the direct and rapid effects spills can have on local water supplies. Contamination of the Edwards Aquifer would pose health risks to thousands of people, affect endangered species, harm crops and livestock, and raise the cost of water maintenance that directly affects consumers. The growing cities and development over the Aquifer increases pollution potential from urban runoff and infrastructure, like sewage leaks over the recharge zones. 
[image: ]
Figure 1. The hydrologic cycle, the infiltration of water. (USGS 2016) 

Previously, a Texas State GIS Design and Implementation project had been conducted on the visualization of raw sewage spills in TCEQ Regions 11 and 13 of 2006 through 2012. Their product was an interactive map with spill locations and attributes. This project has updated and recreated the project with data of the same regions from 2012 through 2017. Our product is interactive map and two types of reflective vulnerability analyses. The first is a simple heat map to highlight the areas with the largest spills followed by an in-depth method to model groundwater quality. The Depth to water, Recharge, Aquifer media, Soil media, Topography, Impact of vadose zone media, hydraulic Conductivity, or DRASTIC method, is a tool for comparative assessment, calculating DRASTIC index presents a means to locate areas that present a greater risk for groundwater contamination relative to one another (Aller, Bennett, Lehr, Petty 1985). DRASTIC combined with Geographic information systems (GIS) tools visualized the sensitive areas of the Edwards Aquifer region.
The DRASTIC method was selected as the significant research method for this project because it uses simple and straightforward methods by creating an overlay/index GIS model, which has been widely used by several studies for efforts related to groundwater quality assessment. (Aller, L. 1985). While numerous groundwater models exist, such as Modular Three-dimensional finite-difference groundwater FLOW (MODFLOW), coupled Ground-water and Surface-water FLOW (GSFLOW), and Ground Water Management process for MODFLOW-2005 (GWM-2005), these models usually require substantial input data and are computationally time consuming (Harbaugh, A.W. 2005). For most unfamiliar users these programs present complications and limitations when simulating models over large areas due to large datasets demanding American Standard Code for Information Interchange (ASCII) formatting and heavy run times for many celled models. As an alternative, the DRASTIC framework, employed through GIS. In comparison with other vulnerability methods, one of the major advantages of the DRASTIC model is the implementation of assessment using a high number of input data layers which is believed to limit the impacts of errors or uncertainties of the individual parameters on the final output (Rosen, 1994) (Evans and Myers, 1990; Babiker et al., 2005).
[bookmark: _Hlk512425789]The overarching goal of this project is to aid future groundwater management and protection efforts in the Edwards Aquifer zones. The analysis of the area and the visualization of the spills provides education to environmental scientists, municipalities, the Edwards Aquifer Groundwater District, and the public. The more informed each of these entities are the better chance the Edwards Aquifer has to protection and regarded as an important source of Texan life and economy. 
2. Data 
All data collected for the project were obtained from state and government agencies. Table 1 provides a detailed master data list of all the required data needed to recreate this project. 

Table 1. Master data list. 
	Entity
	Attributes
	Spatial Object
	Status
	Source

	Sewage Spill Locations 
	Location
	Point 
	Available
	TECQ

	Edwards Aquifer
	Zones, Area: Acres, Sq. Feet, Sq. Miles
	Polygon 
	Available 
	GEAA

	TCEQ Regions
	Zones
	Polygon
	Available
	TECQ

	Texas Base Map
	Counties, Roads
	Polygon
	Available 
	TNRIS

	Geologic Units
	1:250,000
	Polygon
	Available 
	TNRIS

	Geology of Study Area
	Type of Media, Extent, Depth, Location of Fault Lines
	Polygon
	Available
	USGS

	Digital Elevation Model
	10m Grid
	Raster
	Available 
	USGS

	Well Sites
	Location
	Point
	Available 
	TWDB

	Annual Precipitation
	Amount
	Grid
	Available
	NCDC

	LULC
	30m 
	Grid
	Available
	TNRIS

	SSURGO
	1:24,000
	Polygon
	Available
	NRCS



2.1 Sewage Spills
The principle data for the project, sewage spills, was collected from TCEQ by an open records request and received February 9, 2018. The data cost $43.23 for a 10 MB file. The data received was in an excel spreadsheet and Xerox copies of handwriting notes. There were 297 out of the 2662 priority records, or ~11.2%, that were unusable due to no location information provided. The Xerox copies were not useful because of illegible handwriting or irrelevant material. Shapefiles for Texas counties, cities, and roads, along with the Edwards Aquifer zones were obtained from TNRIS, TXDOT, and Greater Edwards Aquifer (GEAA) websites. These provided visual references to the spill locations, which is especially important for identifying spills that are in the Edwards Aquifer Recharge zones. 

2.2 DRASTIC
The data required to complete the DRASTIC analysis included water table elevation, annual precipitation, land use/cover, aquifer systems, Soil Survey Geographic Database (SSURGO), and elevation data. Table 2 provides a list and corresponding purpose for each of these data sets. Water table elevation data was derived from well locations provided by the Texas Water Development Board (TWDB). Annual precipitation was prepared as a raster of annual averages compiled from 1981-2010 and made available by the National Oceanic and Atmospheric Administration (NOAA). Land use/cover rasters, as well as associated aquifer geology, were compiled by the Texas Natural Resource Information System (TNRIS). Elevation data was obtained via the United States Geologic Survey (USGS). Lastly, SSURGO data was compiled by the National Resource Conservation Service (NRCS). Because prior efforts of DRASTIC vulnerability mapping generate coarse resolution maps, all finalized maps herein maintain a spatial resolution of 10 meters.
	
Table 2. Data used for creating DRASTIC inputs.

	Data Type
	Used to Produce

	Well Sites
	Depth to Water

	Annual Precipitation
	Recharge

	LULC
	Recharge

	Geologic Units
	Aquifer Media

	SSURGO
	Soil Media Impact of the Vadose Zone Recharge

	Digital Elevation Model
	Topography



3. Methodology
The methodology flow chart in figure 2 provides a visual description of the steps taken to complete this project.
[image: ]
Fig. 2 Methodology flow chart.
3.1 Data Preparation
The excel data underwent several stages of sorting and cleaning before it could be projected. First, the records were sorted by years and assigned to group members, who then extracted the priority counties from the dataset. Next, the location information, which were recorded as addresses and approximate distances from spills, had to be extracted from various columns of the dataset. We have had difficulty projecting in the spills in ArcMap due to the inconsistency of the addresses, so we opted to project them with latitude and longitude coordinates. Latitude and longitude were gathered by moving the addresses listed in the incident description column into a standalone column and then copy and pasting many records at a time into the website “Doogal Batch Geocoder.” This open source website allowed us to quickly receive the exact coordinates for each spill, while also representing the spills on a map to check the locations for accuracy. Then the data had to be cleaned further by removing unusable records, deleting unnecessary or duplicate information, and creating columns for “cause” and “remediation” to better represent each spill. 
The data required to complete the DRASTIC analysis was modified to yield a normalized index map of groundwater vulnerability, ranging from 0 to 1 with higher values signifying higher pollution potential. Once ranges and rankings are identified on a feature specific scale, appropriate ratings were applied. Following the application of ratings, the equation below was implemented in the raster calculator function in ArcMap.
DRASTIC = DwDr+RwRr+AwAr+SrSw+TrTw+IrIw+CrCw
 
  where:
Dr :   	Ratings to the depth to water table;
Dw:  	Weight assigned to the depth to water table;
Rr :   	Ratings for ranges of aquifer recharge;
Rw:   	Weight for aquifer recharge;
Ar :   	Ratings assigned to aquifer media;
Aw:   	Weight assigned to aquifer media;
Sr :   	Ratings for soil media;
Sw:   	Weight for soil media;
Tr :   	Ratings for topography;
Tw:   	Weight assigned to topography;
Ir :    	Ratings assigned to vadose zone;
Iw:    	Weight assigned to vadose zone;
Cr :   	Ratings for rates of hydraulic conductivity;
Cw:   	Weight given to hydraulic conductivity.
 
3.2 DRASTIC Methods
While DRASTIC modeling provides a universal framework, its effectiveness is ultimately dependent on the user’s geographic knowledge of the region. This is due to the need to merge both qualitative (soil media, aquifer media, etc.) and quantitative (net recharge, depth to water table, etc.) datasets, in a way that most accurately represents regional interconnectivity of DRASTIC variables. This process of data standardization can be broken down into three essential components: weights, ratings, and ranges (Aller, Bennett, Lehr, Petty 1985). Considered to be a constant, weights involve the impact of the hydrogeologic features with respect to one another, whereas ranks and ranges are classified into ratings, comparing like features with another.  
Procedures described in the following sections were used for DRASTIC to create a map visualizing regional pollution potential. The DRASTIC ratings and weights were assigned to each map, that represent one of the DRASTIC parameters. Then, weights were modified to reflect local characteristics for aquifer vulnerability maps. Aquifer vulnerability indices were divided into four classes (Low, Moderate, High, and Very High) by normalization of DRASTIC indices through application of equation. The final aquifer vulnerability map was created by combining the seven map layers after multiplying each map layer with its theoretical ratings and weights. 

3.2.1 Depth to Water
Diverging from most research regarding DRASTIC modification, our study utilizes static water elevation data instead of water depth. Water elevation data from 2016 was extracted from the Texas Water Development Board’s Groundwater Database. Water well data was used in congruency with the Geostatistical Analyst Toolset to interpolate “Depth to water.” For the purposes of this study, “D” was interpolated by means of Empirical Bayesian Kriging (EBK). EBK was chosen over other kriging methods for its account of the error introduced when estimating the semi-variogram model. Because this process creates a spectrum of semi-variograms, each semi-variogram is an estimate of the true semi-variogram from which the observed phenomena (water elevation) could be generated. EBK interpolation revealed that water elevation is directly related to topographic elevation, and similarly decreases from northwest to southeast along the Balcones Escarpment.

3.2.2 Net Recharge
Land use/cover and soils are sensitive parameters in calculating the amount of recharge. To consider regional LULC and soil characteristics, the Soil Conservation Service (SCS) runoff curve number (CN) method was used to estimate potential recharge with precipitation, soils and Land use/cover. Potential recharge was computed as precipitation minus surface runoff which is determined by the SCS-CN method as seen in the equation below. Potential recharge estimated in this study may not reflect the actual amount of recharge but rather indicates possible recharge given precipitation. Estimation of potential recharge (potential infiltration rate) ignored evapotranspiration (ET) because ET occurs after infiltration. Precipitation data from National Oceanic and Atmospheric Administration (NOAA), Land use/cover data from National Land Cover Database (NLCD) and soil data (SSURGO) from Natural Resources Conservation Service (NRCS) were used to produce a potential recharge map through the SCS-CN method. Because regional groundwater and surface water are so closely intertwined, this study the weighting of potential surface runoff is increased, contrary to the original methodology.
 
Q = (P − 0.2S)2 / (P + 0.8S) S= 1000/CN
Q: Depth of runoff (in);
P: Depth of rainfall (in);
S: Maximum potential retention (in);
CN: Curve number (dimensionless)
          	
3.2.3 Aquifer Media
An aquifer media map was generated by identifying rock units delineated through the Texas Geologic Database (TxGDB) that are in direct association with regional groundwater supplies. Geologic media of the water bearing rocks ranges mostly from massive sandstone and limestone, with bedded limestone occurring as you move from southwest to northeast through the study area. Karst features aiding in the secondary porosity of the Edwards Rock Units exhibit a higher occurrence within the Devils River Trend and the associated Edwards Limestone units. Geologic units exhibiting the highest frequency of karstification would be the kainer formation. Ratings were applied based on porosity and permeability of the rock units (Blome, C.D., 2005).
 
3.2.4 Soil Media and Topography
Soil media rasters were developed by SSURGO soil data on a 1:12,000 scale. By identifying surficial horizons, respective attributes detailing total percent sand, silt, and clay were used to classify soil textures within our area of interest. Soil media was used in congruence with land use/cover data to generate our potential recharge surface. Meanwhile, a raster for topography was generated by altering Digital Elevation Models (DEMs) to visualize percent change in elevation for a given distance (10 meters) on a pixel by pixel basis.

3.2.5 Impact of Vadose Zone
Impact of the Vadose zone was classified in a similar manner as the Soil media layer. However, Vadose Zone particle sizes were identified for horizons below those used to classify soil media. In addition to soil texture, the thickness of the associated horizon was integrated in the development of the vadose zone surface to account for the distance contaminants need to travel to reach the water table. The impact of the vadose zone is used to ensure more accuracy regarding the classification of map units associated with this layer.
 
3.2.6 Hydraulic Conductivity
Due to the availability of data involving hydraulic conductivity of the water bearing rock units, and the ability to correlate that data in a meaningful way, this research observed ksat rates for saturated soils. Since Ksat is a measurement of a soil's ability to transmit water through pores and between particles, hydraulic conductivity as it pertains to this study, represents the ease at which water can reach the aquifer.

3.3 Spill Visualization
The individual spills were projected from the latitude and longitude coordinates recorded in the excel spreadsheet through ArcMap’s “display xy” function. The displayed sites where then exported as a shapefile which could then be uploaded into the interactive map on ArcGIS Online. The ArcGIS Online Story Map platform provided the desired display of graduated symbols and individual site attributes when clicked. Through ArcGIS online, a series of maps were generated from the input excel data, and we were easily able to select and include the heat map visual. 
 
4. Results and Discussion

4.1 Results of DRASTIC analysis
This research was carried out to assess the groundwater pollution potential of the Edwards Aquifer. Through modification of the DRASTIC model framework in a GIS environment, seven parameters which represent natural hydrogeologic conditions were compiled based on individual significance to groundwater infiltration, i.e., depth to water table, net recharge, aquifer media, soil media, topography, impact of the vadose zone, and hydraulic conductivity. The results of this study show that 1.07% of the study area has a low pollution potential, 64.73% has moderate pollution potential, 34.18% has a high pollution potential, and 0.02% has a very high pollution potential (Figure 3).
The results of this type of study can be used in managing groundwater resources by policy makers, local agencies, natural resources protection plans, and groundwater-related studies. It can also be used as a screening tool prior to applying complex numerical groundwater models for more in-depth analysis. Likewise, it is expected that better parameterization of DRASTIC input data related to groundwater flow will improve aquifer vulnerability assessments and create an application for assessments of similar topographies. For future spill events, the locations could be plotted on this vulnerability map to further assess the severity in terms of potential pollution.

[image: C:\Users\haylea_admin\Desktop\DRASTIC_Maps\DRASTIC_Results.jpg]
Fig. 3 DRASTIC final output

4.2 Data Quality Issues
Data qualities issues hindered the accuracy of the project in concern to location and description of the spills. There was a lack of consistency between the spill datasets and their entities of the years, regions, or employees of the same department. For example, the Source_Name entity of 2017 Travis county contained the address of incident, compared to Bexar county that contained a description. There were multiple entries for the same addresses within the same week, without specifying if was an ongoing or different spill. Another issue was that records did not list locations or provided only relative locations, such as “City of Hondo,” that could not be used to create accurate projections. Additionally, there were issues with the aesthetics of the data. For example, most records were entered in incomplete sentences, many were in all caps, others all in lowercase and incomplete sentences or with typos. While data preparation and cleaning fixed many of these quality issues, there is still discontinuity in overall formatting due to time constraints.        
The DRASTIC assessment experience minor data quality issues regarding discontinuity between county data set and soil descriptions. Due to this, there were some areas where soil classification changed, however the DRASTIC analysis variables did not change. The overall DRASTIC analysis is weighted and applied together so there is less of a discrepancy between the final output results and that of the necessary variable outputs, the discontinuity was minor. 

4.3 Recommendations
The following recommendations are to improve future projects like this one and assist record keeping agencies a more consistent system for documentation. First, mapping the sewage pipelines with in the service area will reduce the difficulty of locating leaks during remediation. 
Delineation of all sewage lines throughout each service area will be helpful when writing detailed reports and planning for remediation. These pipes should be delineated on interactive maps for environmental investigators. Along with mapping the pipe delineation, maps should include information on the depth of the pipes, the size of the pipes, and the appropriate contact information for the overseer of the service area. 
Second, it would be beneficial to record keeping and remediation if environmental investigators had GPS units that would record the exact location of each spill event. This would improve both accuracy and precision of location data and making this data easily accessible for future projects able to achieve more with their analysis. A possible option, that is cost effective and accessible through your phone is apps, such as “Surveyor 1,2,3”.
Third, there should be more diligence by environmental when recording gallons, causes, and clean up actions. There were some spill events that had multiple entries for the same location, within a single day. Many of the records did not contain sufficient information and detail to what happened, where, and the remediation efforts of the spill. When recording the causes of spill events, environmental investigators should use their scientific knowledge and inductive reasoning skills to properly identify and describe the scenario at hand. We understand that this can sometimes be difficult depending upon everything else that the environmental investigator is dealing with, such as the cleanup crew and equipment, city officials that might be onsite, etc. Therefore, we have created a list of common spill event causes in Table 2 to make documentation simpler. 
Finally, we recommend utilizing our standard spill event category ranking system, in Table 4. The chart has parameters for each variable based on common themes and patterns within the data given for the period of record 2012-2017. This standard spill event category ranking system will provide a quicker, easier, and more efficient way of reporting the details of each spill event. It will also clear up any reporting inconsistencies amongst individuals within the same city, and amongst reporting styles by individuals per county. Each variable is treated independently, and then added up at the end of the report. This will provide the city, the county, any other regulatory agency and stakeholders a clear understanding of the implications at hand and for the appropriate budget and remediation expectations for the spill event. 

Table 3.  List of causes for environmental investigators.
	Cause of Spill Event

	Human Error

	Pipe Break

	Pipe Leak

	Clogged Pipe (include material)

	Equipment Malfunction

	Debris Buildup

	Infiltration & Inflow to Surface Water Features

	Construction

	Grease Buildup

	Other




Table 4. Standard spill event category ranking system.
	 
	Category 1
	Category 2
	Category 3
	Category 4
	Category 5

	Duration
	24 Hours
	38 Hours
	72 Hours
	5 Days
	7 Days+

	Volume (Gal)
	<100
	up to 2,000
	Up to 10,000
	20,000 to 50,000
	50,000+

	Proximity to Surface Water Features (Ft)
	100+
	99-75
	74-50
	49-25
	<25

	Proximity to Edwards Aquifer Recharge Zone (Ft)
	100+
	99-75
	74-50
	49-25
	<25

	Proximity to Domestic and Livestock Wells (Ft)
	100+
	99-75
	74-50
	49-25
	<25



4. Implications
The improved and updated story map allows communities dependent upon the Edwards Aquifer to have direct access to a detailed assessment of wastewater infrastructure, as well as valuable knowledge about the local environment. The maps made available through ArcGIS online, allows users whom might not have a geographical background to get a fundamental understanding about the interconnectivity of our environment and the implications of pollution, i.e. sewage spills. This map is useful for remediation, regulations, and conservation practices by GEAA, local regulatory entities, and non-profit organizations within the community upon spill occurrence. The updated story map also provides valuable insights to improvements and efficiency from the previous 2012 to future similar projects. 
The standardized spill category ranking chart provides for the potential susceptibility of groundwater to contaminants in the pursuit to better understand impact on the aquifer. Apart from DRASTIC parameters, we contemplated the potential benefits of having a system in place to record information relating to volume of released pollutants. For example, if we could quantify rate of discharge and the duration, we could create more accurate models for mapping the transport of pollutants in a highly karst unconfined aquifer such as the Edwards.  

5. Conclusion
[bookmark: _Hlk512425851]This project was a success at fulfilling the requested objectives in the request for proposal document received. The expectations of our client, GEAA, were met by mapping sewage spills from 2012-2017, making this data available to the public, and creating an assessment of the vulnerability of the Edwards Aquifer zone.  We did not receive data from the previous project group, so we were unable to incorporate and recreate the existing web map for spills from 2006-2012, or complete statistical analysis on changes since 2012. Figure 4 is an example of the complete interactive map, the map is available at:  https://www.arcgis.com/apps/MapSeries/index.html?appid=53dc9a37b618420f9dafba52a56010d7
[bookmark: _Hlk512425909]After conducting the DRASTIC analysis, it has been discovered that the most vulnerable area of the Aquifer, based on the physiographic and geologic characteristics, is North West above the Balcones Escarpment. ​This means that although there appears to be many spills within both regions 11 and 13, the impact on the Edwards Aquifer is not quite detrimental. It is important to take note the effects these spills have on surface water features, but for the aquifer itself, there is not an immediate danger of it being highly polluted.
Working with GEAA exposed our group members to real world project experiences and working with a deadline. With this experience we have gained knowledge of new resources, such as batch geocoding, and confidence in our abilities for future projects. 
   This project has the potential to evolve into a live, publicly available sewage spill webpage. We recommend for the next stages of this project to create an online platform for spills to be recorded live by the community or surveyors. In this platform there could be a set drop down menu numerical entry selections with option description comments to gain reliable event information from the public and those who experience the spills first hand. This platform would assist in data collection and monitoring. 
[image: ]
Fig. 4 Example of the final product the interactive map example with 2017 spills.
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7. APPENDIX I: CONTRIBUTION 
Project Manager: Haylea Elliff
As project manager, I sent reminders of tasks and due dates on a weekly to bi-weekly basis depending on the week’s work load, while dictating tasks and promoting communication among the group. I completed the initial task of obtaining data from TECQ and sending emails to various persons and organizations to get this data. I created the initial documents (google docs) and PowerPoints frame works and distributed them among the group members a month in advance. My team members agreed to use the team name and logo that I created. I was responsible for the cleaning of data from 2016-2017 which included approximately 1,100 records. For the project proposal, I created the cover pages and table of contents, and wrote the introduction (summary and scope, with the expectation of purpose written by Alex and the scope visual by Joseph), half of the literature review (the other half was written by Jasi), half of the data section (the other half written by Joseph), the project budget and edited the visual with correct numerical values and sum (with exception to the visual created by Justin), the timetable, final deliverables, and conclusion sections. The entire document, including references and correct format, had been edited by myself. For the progress report, I completed the revised timetable, and wrote the sections of: introduction (all three sections), tasks (all sections but the paragraphs containing DRASTIC), along with minor contributions to data quality and recommendations. I also created the spill map with the clean data provided by Jasi, and the chart of spill records. I completed the template (Cover pages and TOC), and revision and editing of the document. The interactive map was created with the excel data that I created the shapefiles for. The interactive map was completed by Justin after a video demonstration I created on how to create the interactive map and export shapefiles. For the final report I wrote the sections of: Abstract, the introduction (except for the initial purpose statements by Alex), sewage spills in data, data preparation, minor contributions to data quality and spill recommendation sections, and put together the appendix II and III sections. I also revised the final master data list, created the DRASTIC method data table (from information provided by Joseph), and the interactive map example visual. I also once again, independently revised, edited, formatted, and completed the overall document. The metadata (aside from the DRASTIC files organized and provided by Joseph) has been created by me. 

Water Resource Specialist: Alexandra Thompson
[bookmark: _GoBack]Defined the purpose in the initial conceptualization of the project and explained the importance of the hydrologic cycle relating to wastewater spills. I also made the Flow Chart and initial Master Data List for the steps of our initial understand for the project. Geocoded spill addresses for years 2014-2015 with latitudinal and longitudinal coordinates so they can be mapped on the interactive web map. Recommended alternative methods for reporting spill events such as the delineation of the sewage lines with an interactive map for environmental investigators. Created the cause code list and standard spill event category ranking system to make it easier on environmental investigators and to use scientific knowledge and inductive reasoning to identify cause of spill event. Identified issues with the current methods of reporting such as multiple entries for a spill event location within a matter of a week and unclear reasonings behind this, and the vague address descriptions resulting in low percent accuracy of a portion of the spill events we are going to be mapping. Determined we use the start date for the spill events when delegating the years to my group mates so that we do not have any overlapping spill events. Provided input on data quality issues. Assisted with the completion of metadata and conclusion of the report. 

GIS Analyst & Editor: Jasi Mitchell
For the proposal, I co-wrote the literature review and did initial research and suggested using the DRASTIC method for a vulnerability analysis. Once we received the data from TCEQ, I worked with Haylea and Alex to geocoded spill addresses with latitudinal and longitudinal coordinates, so they can be mapped on the interactive web map. I geocoded the years 2012-2013 and cleaned data, while identifying issues with data entry and suggested improved data acquisition techniques. I heavily wrote data qualities issues in the progress report and contributed to recommendations. For each presentation I wrote a few slides, and for the final report I contributed to and edited every section. Finally, created the final poster as a gift for our client. 

GIS Specialist: Joseph Berenji
Performed each section required for the DRASTIC model analysis. Which includes, GIS implementation, interpolation, and visualization. Responsible for the creation of the final master data list and writing the corresponding sections of methodology and results section in each of the assignments (proposal, progress report, and final report). The maps in appendix III were each created and edited by Joseph as well as the final methodology flow chart. 

GIS Analyst & Web Developer: Justin Williams
 
8. APPENDIX II: METADATA
The metadata files of this project are included in the data DVD are: 
GEO 4427 Folder – root folder
  Presentations Folder – contains all presentation files.
· Final Presentation Power Point.ppt
· Progress Report Presentation.ppt
· Proposal Presentation.ppt
· Poster.ppt
  Reports Folder – contains all reports.
· Final Report.docx
· Progress Report.docx
· Proposal.docx
  Invoices Folder – contains all invoices for project related costs.
· Final Invoice Letter PIR 38417.pdf
 Data files Folder – contains all related data.
· Original Data Folder- contains the original files extracted from the TECQ database and the Original Zip file that works with the excel software application.
· TECQ_Data- contains zipped file from TECQ.
· Sanitary Sewer OverFlow Incident Excel Report_V2 - Copy.xlsx
· Scanned from a Xerox Multifunction Printer - Copy.pdf
· Scanned from a Xerox Multifunction Printer (1).pdf
· Scanned from a Xerox Multifunction Printer (2).pdf
· Scanned from a Xerox Multifunction Printer (3).pdf
· Scanned from a Xerox Multifunction Printer (4).pdf
· Created Data- contains all shapefiles and cleaned excel data.
· DRASTIC- contains all generated DRASTIC shapefiles and final images.
· DRASTIC Maps- contain all final map images in .jpg.
· DRATSIC Shapefiles- contain all shapefiles.
· DRATSIC Metadata- contains all pdf references.
· Spills- contains all final shapefiles and cleaned data. 
· 2012_2017_Shapefile- contains all spill shapefiles.
· 2012_2017_Clean_Data.xlsx- excel document containing all clean spill data.
· 2012_2017 Metadata- contains all pdf references. 

9. APPENDIX III: MAPS
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