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1.1    Summary

The Texas Hill Country is facing inevitable growth during a time when preserving environmental resources is critical.  The projected water demand increase and limited water resources will continue to be the primary factors in this sensitive issue.  The Hill Country Alliance (HCA) is a non-profit organization committed to raising public awareness on the delicate nature of natural resources in the Texas Hill Country.  The HCA works cooperatively with landowners, ranchers, developers, conservationists, and elected officials to preserve water quality, water supply, and natural beauty in the seventeen county Hill Country area.  With the population of this region quickly expanding, new development is inevitable and poses an immediate risk to water resources.  In order for the Hill Country to continue to grow in a responsible and sustainable manner, measures need to be taken to ensure that this growth does not occur at the expense of its unique geographic features.  This project will specifically determine which groundwater and surface water areas are most vulnerable to non-point source pollution, taking into account various hydro-geologic and geographic criteria.  The results of the analysis will be used by the HCA to influence responsible growth of the Texas Hill Country in an effort to preserve the natural resources and heritage of the region.
1.2     Purpose
The goal of this study is to identify areas of groundwater and surface water features that are sensitive to development and other land use changes.  Using Geographic Information Systems we will identify those areas that are most at risk using a combination of hydro-geologic and geographic criteria.  Two static maps will be produced that delineate the most vulnerable regions where development should not occur.  This study will also show the areas that are least vulnerable which can serve as a tool in locating favorable sites for future development.  
1.3     Scope

The study’s geographic extent includes seventeen counties located in Central Texas: Mason, Llano, Burnet, Kimble, Gillespie, Blanco, Travis, Hays, Comal, Kendall, Kerr, Real, Edwards, Uvalde, Bandera, Medina, and Bexar.
2.   Literature Review


Research in mapping groundwater vulnerability with GIS has been conducted for many years and has been improved upon since the EPA developed the DRASTIC model for groundwater vulnerability mapping in 1987.  DRASTIC is an acronym for the categories examined using the model.  It uses a subjective point rating system based on the professional judgment of the original developers (Aller, et al. L. 1987).  

D – Depth to water - 5

R – Net Recharge - 4

A – Aquifer Media - 3

S – Soil Media - 2

T – Topography - 1

I – Impact of vadose zone media - 5

C – Hydraulic Conductivity of the aquifer - 3

One study (Rupert, M.G. 2001) improved on the DRASTIC model by calibrating the point rating scheme to measure nitrite plus nitrate as nitrogen concentrations in ground water.  In this study, 3 of the 7 original DRASTIC factors believed to be the most important were used: Depth to groundwater, Net recharge, and soil media.  Land use data was used as a surrogate for net recharge.  The study showed that “the effectiveness of vulnerability maps could be improved by calibrating the point ratings on the basis of the results of statistical correlations between groundwater quality and hydrogeologic and anthropogenic variables” (Rupert, M.G. 2001).  Although our study will not include these calibrations, it was useful to know what parts of the DRASTIC model were considered to be the most important in the study.  The use of land use data to determine net recharge is applicable to our study because we are using land cover data in much the same way.  Our study will not include data about contaminant concentrations, but it would be an interesting way to further increase the accuracy of a vulnerability assessment in the future.  

Another study (Yıldırım, Mustafa 2007) conducted in Antalya, Turkey evaluated four different methods, including the DRASTIC model, for analyzing groundwater vulnerability.  The other models used were SINTACS, PI, and COP.  The goal of this study was to assess the intrinsic vulnerability of groundwater resources which are in karst limestone formations.  The DRASTIC model was computed through multiplication of rating values assigned to each factor by its relative weight and then adding the seven products.   The SINTACS model used is basically the same as DRASTIC except that effective filtration is substituted for the net recharge factor used in the DRASTIC model, and the weights vary significantly according to the hydrogeologic conditions of the study area.  The PI method developed specifically for karst areas is based on the product of two factors: Protective cover, and Infiltration conditions.  The protective cover data included topsoil, subsoil, lithology, and fracture properties.  The Infiltration data included conductivity, swallow holes, sinking streams, and vegetation properties. The COP model was calculated by multiplying three factors: Concentration of flows, Overlying layers, and Precipitation.  The results of the study showed that the SINTACS model worked better than the DRASTIC model for the specific study area, and the COP method worked the best overall.  It is suggested that a study area be divided into sections and then different methods be used for each region based on its geological characteristics.  Future studies for our study area should compare the effectiveness of the different methods described in this article. 

In yet another study (Atkinson, S.F. 1994) the DRASTIC model and GIS was used to map groundwater vulnerability for the entire state of Texas.  The document states that groundwater is one of the most important natural resources in Texas and their goal is to indicate where the most susceptible and least susceptible areas are located.  Another goal of the study was to generate a database for each of the seven criteria that are analyzed using the DRASTIC model that could be updated as better data becomes available.  As in the other studies, the DRASTIC map was created by multiplying each one of the factors analyzed by its relative weight and then summing the products to produce the DRASTIC Pollution Potential Index (DPPI).  Two separate maps were created and two weighting schemes were employed, one for industrial and municipal pollutants, and one for agricultural pollutants.  For the industrial and municipal model, depth to water and impact of the vadose zone were found to be the most important factors, and topography was the least important.  For the agricultural pesticides model, soil media and topography were considered to be the most important, and impact of the vadose zone and hydraulic conductivity were considered the least important.  The results of both models determined that the potential for pollution from agricultural pesticides was greater than pollution from industrial and municipal sources.  Although this research is somewhat dated, it is useful because the scope of the study covers the same area we are focusing on, and our results can be directly compared to the results of this analysis.  

3.1   Data

The investigation into surface water and groundwater vulnerability will use vegetation, soil hydraulic conductivity (KSAT), soil thickness, and slope data as criteria to put into a GIS analysis covering the Hill Country region. The groundwater vulnerability investigation will use an additional cave density data set in its GIS analysis. In addition to the previously mentioned data, there will be an overlay of all recorded floodplains within the scope, which will be used as reference for both static maps.

The soil, and slope data sets were provided by Marston & Marston Inc. The floodplain records were also provided by Marston & Marston but were originally obtained from FEMA. The vegetation data set was acquired through the seamless data distribution server on the USGS website.
Soil Data Set
From the soil data we will utilize information on soil thickness and soil hydraulic conductivity (KSAT).  The data set is lacking information for all of Mason County with the exception of Mason City.  
Slope Data Set

The slope data will be evaluated relative to the entire slope across the Hill Country.
Vegetation Data Set 
Land Cover data obtained from the USGS seamless data distribution server will be used to determine areas where there is vegetation and areas where there is no vegetation, and then evaluated accordingly.
Cave Density Data Set
The cave density data illustrates the concentration of caves as they exist within a one square kilometer area throughout the study region. This is the coarsest layer, at one square kilometer resolution, and as such establishes the precision of the overall analysis.  
Floodplain Data Set

The floodplain data highlights areas where development is at an increased risk for flooding during times of high water, based on adjacency to water bodies and flat slopes. These records will not be used as a criterion in the actual GIS analysis, but will be displayed on the two static maps for reference. The floodplain data set is currently lacking records for Kimble, Gillespie, and Mason counties, as well as parts of Blanco County.

S.M.A.R.T is currently in the process of searching for the missing data sets. If the records are not found in time for the analysis, then adjustments will be made to the methodology in the areas in question to compensate for the missing data. 

3.2   Methodology

Each data set that we are evaluating will be divided into a continuous grid comprised of one square kilometer cells.  Each grid cell will be assigned a vulnerability score based on the following method:

· Groundwater

For groundwater vulnerability, we will evaluate soil thickness, soil hydraulic conductivity (KSAT), slope, land cover, and cave density. Each item will be analyzed for its vulnerability criteria and assigned a value from 0 to 1; a value of 0 indicates the least vulnerable areas, and a value of 1 indicates the most vulnerable areas. For the soil data, areas with decreased soil thickness and increased KSAT will be considered to be the most vulnerable. For slope, areas with increased slope will be considered most vulnerable and areas of decreased slope will be considered least vulnerable. For the land cover data, areas with no vegetation will be classified as most vulnerable.  For cave density, areas with the highest density of caves will be considered most vulnerable. 

· Surface Water

For surface water vulnerability we will evaluate soil thickness, soil hydraulic conductivity (KSAT), slope, and land cover.  Each item will be analyzed for vulnerability criteria and assigned a value from 0 to 1; 0 indicating the least vulnerable areas, 1 indicating the most vulnerable areas. For the soil data, areas with thinner soils and decreased KSAT will be considered to be the most vulnerable. For slope, areas with increased slope will be considered most vulnerable and areas of decreased slope will be considered least vulnerable. For the land cover data, areas with no vegetation will be classified as most vulnerable. 
· Final 

Certain criteria are considered to be more important than others in determining vulnerability and in order to reflect this, each factor considered will have a different weight, or level of importance attributed to it. Once we have assigned vulnerability scores to each criterion we will perform a sensitivity analysis, in order to determine the weight each one will receive in the final map. Once appropriate weights have been chosen, each criterion will be multiplied by its relative weight and then the products of all criteria will be added together. From the sum of the products we will produce our final vulnerability maps, in which areas of highest vulnerability will be identified with the largest values and areas of lowest vulnerability will have the smallest values. 

3.3   Implications

The investigation hopes to promote sustainable development in a rapidly urbanizing environment. The final products will highlight areas in Central Texas where water resources, ground or surface, are most vulnerable to non-point source pollution. By calling attention to these areas this analysis expects to find the most appropriate locations for development with attention to maintaining quality water resources. The study will prove a valuable reference tool for making decisions about future planning and development in the Central Texas Region. This project could be expanded on in the future, as more data becomes available, with the additional criteria, such as depth to ground water being used in the vulnerability analysis. 
3.4   Budget


Data Collection

Total Hours (10 hours/week * 3 weeks * 4 consultants)               120



Hourly Pay                                                                                    $30.00



Total                                                                                                       $3,600.00  

Data Analysis

Total Hours (10 hours/week * 8 weeks * 4 consultants)               320



Hourly Pay                                                                                    $30.00



Total                                                                                                       $9,600.00  

System Management

 Project Manager               
Total Hours                                                                                    50



Hourly Pay                                                                                     $80.00



Total                                                                                                        $4,000.00  

     Assistant Project Manager               

Total Hours                                                                                     20



Hourly Pay                                                                                      $50.00



Total                                                                                                        $1,000.00  

Equipment Costs

Supplies ($200/workstation * 4 workstations)                                $800.00



Maintenance ($125/workstation * 4 workstations)                         $500.00



Depreciation([$2000/workstation * 4 workstations] *



[4 months/36 months] * 2.5 [months equipment



will be used for project]                                                                  $2222.00



Total                                                                                                        $3,522.00  

Data 

Purchased Data                                                                              $0.00





Total                                                                                                               $0.00

Total Cost                                                                                             $21,722.00                    
3.5   Timetable

Data Collection:  The process of data collection will take about 3 weeks.  The group will receive data from the Hill Country Alliance. Once the data has been obtained each member will be assigned a certain layer and begin the pre-processing stage. 
Pre-Processing data: This stage will overlap with the data collection stage and take around 4 weeks. Team members will spend time looking over their assigned data and begin preparing the data for analysis. During this stage each group member will ensure that the metadata is both present and accurate. 
Data Analysis:  The entire team will work together and conduct data analysis for about 4 weeks. 

Data Interpretation:  The team will begin to conduct an interpretation of the data. This process will take 6 weeks. During this time the team will study patterns and solve problems with the data. Toward the end of this stage the group will begin to prepare the deliverables and put together the final project and presentation.  
Project Preparation:  During this stage the team will begin to construct the website and final project. Also during this stage the team will prepare for the final presentation. All maps and analysis will be completed and ready for display on the website. 
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Feb 2009 Mar 2009 Apr 2009 May 2009

2/1 2/8 2/15 2/22 3/1 3/8 3/15 3/22 3/29 4/5 4/12 4/19 4/26

1 Data Collection

2 Data Processing

3 Data Analysis

Data Interpretation

5/3 5/10

5 Project Preparation

4


Important Dates: 

2/23/09
Proposal due

3/02/09
Presentation to client

4/06/09
Progress report due 

4/08/09
Progress Report Presentation
5/11/09
Project Presentation
3.6   Final Deliverables

The final product will consist of the following:

· Detailed final report discussing findings 

· Groundwater Vulnerability Static Map

· Surface Water Vulnerability Static Map
· Two posters summarizing the findings of each analysis

· Website summarizing final report information
· Web maps with the ability to click and focus on specific areas
4.   Conclusions

Rapid growth rates in the Central Texas region and the desire to maintain quality water resources have motivated this analysis. Through a geospatial investigation, SMART will highlight areas in the Central Texas region where ground and surface water resources are vulnerable to non-point source pollution. We will correlate physical geographic criteria (slope, soil hydraulic conductivity (KSAT), soil thickness, vegetation, and cave density) with groundwater in one kilometer-squared areas. Each cell will be assigned a level of vulnerability. The final product will consist of two static maps, one for groundwater and one for surface water. The maps, along with accompanying products, will be delivered to the Hill Country Alliance and used as a reference for future development in the Central Texas area.

5.  Participation

This proposal was arranged through a collaboration of the entire SMART team, each person making their own significant contribution to a greater team effort. Project manager, John Daneri, communicated directly with HCA, making sure to clearly define the client’s needs. He also examined and acquired the vegetation data, and for this proposal John composed the summary, literature review, budget, and methodology sections. In addition the project manager oversaw the editing of the final draft of this proposal. Jacob Powell, assistant manager, examined the soil depth, and soil hydraulic conductivity (KSAT) data to prepare for the investigation. In reference to this proposal, Jacob formulated the timeline. Kathleen Callahan, GIS analyst, examined the slope, and floodplain data as groundwork for the GIS study. For this proposal Kathleen authored the data, conclusion, and participation sections. Leah Gibson, GIS analyst, designed the S.M.A.R.T logo. For analysis preparation Leah examined the cave density data. Leah contributed to the proposal by compiling the first draft, and contributing to the Introduction section.  
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