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Abstract 

The success of large environmental programs is greatly affected by the efficiency of 
data management and analysis.  Environmental projects have been a major focus for the last 
10 years at Camp Stanley Storage Activity, an Army facility in central Texas.  Over this time, 
environmental samples have been taken from more than 1,000 locations. Laboratory 
analytical data has been gathered for multiple parameters for each of these sample locations.  
This paper discusses the various data management strategies, analysis methods, and data types 
incorporated into the GIS for CSSA’s model Environmental Program.  Among these are the 
implementation of government spatial data standards, development of custom querying tools, 
three dimensional analysis using LiDAR technology, and the inclusion of data from many 
sources. GIS as a data management and analysis tool has greatly increased the efficiency of 
the CSSA Environmental Program. 
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Background 

Camp Stanley Storage Activity (CSSA) is located in Bexar County, Texas, 19 miles 
northwest of downtown San Antonio.  The installation consists of approximately 4,000 acres 
immediately east of State Highway 3351, and approximately half a mile east of Interstate 
Highway 10.  Camp Bullis Training Site, a subinstallation of Fort Sam Houston, borders 
CSSA on the east, north, and south.  The land on which CSSA is located was primarily used 
for ranching and agriculture until the early 1900s.  Tracts of land were purchased by the U.S. 
Government in 1906 and 1907 and designated the Leon Springs Military Reservation.  The 
land included campgrounds and cavalry shelters. 

In October 1917, the installation was designated CSSA.  United States involvement in 
World War I spurred extensive construction to provide housing for temporary cantonments 
and installation support facilities.  In 1931, CSSA was selected as an ammunition depot, and 
construction of standard magazines and earthen-covered magazines began in 1938.  In 
addition to ammunition storage, CSSA lands were used to test, fire, and overhaul ammunition 
components.  Today, the primary mission of CSSA is receipt, storage, issue, and maintenance 
of ordnance materiel.  Because of its ordnance mission, CSSA is designated a restricted 
access facility.  No changes to the CSSA mission and military activities are expected. 



Geology of the surrounding area is a complex system of highly fractured and karstic 
limestone, which prompted environmental concerns about contamination from past activities 
at the facility.  Beginning in 1994, CSSA has put a lot of effort into their environmental 
program by consulting with Parsons to locate, identify, and remediate contaminated areas.  
Eighty-four on-post locations were identified as sites of potential concern for contamination.  
These range from one-tenth of an acre to over 50 acres in size. 

Parsons has investigated and monitored some of these environmental sites by 
performing various types of geophysical surveys, routine groundwater monitoring, and 
collection and analysis of soil gas, surface and subsurface soil samples.  Investigatory or 
remedial action activities at each environmental site is based on previous investigation 
findings or known uses. 

With the amount of environmental work being done, a sophisticated data management 
system was a necessity.  Due to good planning and foresight on the part of CSSA, the GIS 
was implemented in 1997.  The number of sample locations has increased from 650 to over 
2000 since then, and the number of discrete samples has increased from 976 in 1997 to over 
5000 today.  From these samples we have over 90,000 analytical results.  The GIS has also 
grown and developed as the technology has advanced and the focus and volume of work at 
CSSA has changed. 

The initial GIS was built on the ESRI ArcView 3.x platform, and tabular data were 
housed in Microsoft Access.  CSSA has since migrated to the ESRI ArcGIS 8.x platform and 
SQL Server in order to support the growing demands of the GIS. 

Components of GIS 

There are several major components that make up the CSSA Environmental Program 
GIS.  These components include system hardware, software, custom applications, spatial data, 
and tabular data. 

System Hardware 

System hardware consists of two data servers, one on-site at CSSA and one housed by 
Parsons.  There are multiple desktop clients (desktop PCs) that routinely access the GIS, both 
at Parsons and CSSA offices. 

Software 

The GIS is currently built on the ArcGIS 8.x platform; however, ArcGIS 9.x will be 
installed in the near future.  The GIS attribute data are stored in a Microsoft SQL Server 2000 
database.  Analytical data from labs are received and stored in a holding database for 
verification and validation before being added to the CSSA GIS database.  As with the spatial 
data, the analytical data are tagged with metadata when added to the GIS.  Parsons is the data 
custodian for the analytical data, and the SQL Server-housed data are periodically updated as 
various work activities are performed. 



Geospatial Data 

Geospatial data are a key component of the CSSA GIS.  These data include 
differentially corrected geographic positioning system (GPS) locations, surveyor collected 
data, and spatial data acquired from other outside sources. 

GPS is used regularly to collect point data, such as environmental sampling locations, 
which include surface water, groundwater, soil gas, and surface and subsurface soil samples.  
GPS is also used to define polygons such as excavation areas, geologic features, and 
environmental site boundaries, as well as linear features, including geophysical transects and 
trench locations.  GPS is also often employed by the field crews to navigate to potential 
sampling locations that senior scientists have placed over post maps in ArcGIS.  At CSSA, a 
Trimble ProXRS GPS unit, with real time correction service, is used, and all definitive 
positions are post processed to ensure sub-meter accuracy. 

Surveyors are brought in to capture geospatial points that require highly accurate 
coordinates and elevation data.  Such locations include benchmarks for quality control of 
spatial data gathering, and monitoring wells used to collect and evaluate groundwater 
elevations and water chemistry.  These locations are surveyed by ground crews using survey-
grade GPS.  In the summer of 2003 a light detection and ranging (LiDAR) survey was also 
performed.  This was an aerial survey that gathered over 100 million elevation readings used 
to create a digital terrain model (DTM) with a 6-inch vertical accuracy.  In addition, high 
resolution (quarter foot) true color aerial photography was also flown near the time of the 
LiDAR survey.  The DTM was used to rectify the imagery, thus providing a highly accurate 
and detailed base map for the GIS.  

Data from several outside sources are also used in the CSSA GIS.  Some of these data 
include: U.S. Department of Agriculture (USDA) soil classifications, U.S. Geological Survey 
(USGS) surface geology, Bexar County Appraisal District parcels and owner information, and 
U.S. Army Corps of Engineers utilities surveys. 

Tabular Data 

Analytical data are a major component of the CSSA GIS.  Each sample collected at 
CSSA is linked to a sample location and analytical data by a key field in the attribute table.  
Other tabular data in the SQL Server database include metadata, historical groundwater 
elevations, lithology, weather conditions, well development data, etc., for an integrated 
approach to environmental and facility data management. 

Data Issues 

The challenge of building an effective and efficient GIS for an environmental project 
has been the organization of vast amounts of analytical data, maintaining constantly changing 
spatial data, incorporating multiple formats of data from different sources, and synchronizing 
updates made by Parsons and CSSA. 



Solutions 

File Management: 

To keep the large amount of data organized, Spatial Data Standards for Facilities, 
Infrastructure, and Environment (SDSFIE or SDS) was adopted.  SDS was developed by the 
U.S. Army Engineer Research and Development Center, Information Technology Laboratory, 
Vicksburg, Mississippi.  Its mission is to set standards, promote system integration, support 
centralized acquisition, and provide assistance for installations, training, operation, and 
maintenance of CADD/GIS and facilities management systems.  SDS is a guideline for file 
structures, naming conventions, and data table relationships for geospatial data relating to 
military installations.  Although the data structure and naming convention are complex, use of 
these standards provide an efficient method for organizing spatial data and their attributes. 

 

Example of SDS file structure 

Custom Applications: 

Parsons built custom applications for CSSA to ease the use of the SDS-based 
environmental GIS.  All these applications can be accessed through a user-friendly custom 
toolbar with buttons that either load a custom tool or launch a custom graphical user interface 
(GUI). 



 

Parsons developed a user-friendly GUI for loading features, which can be accessed 
through the custom toolbar.  With this the user can select check boxes to add spatial data to a 
map view.  The spatial data are listed by their common English names so that a user does not 
have to be familiar with the SDS naming conventions.  The load feature GUI will also bring 
up data tables from the SDS database, and will also open ArcGIS map documents. 
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Customized query tools for quickly viewing analytical data were also developed.  The 
map tips tool allows a user viewing a map document to quickly check sampling locations for 
analyte detections.  This is done by selecting the map tips tool from the tool bar and selecting 
a specific analyte from the drop down menu.  When the mouse is then hovered over a 
sampling location, the location name and all values detected there along with the sample date 
will appear in a text balloon/box. 

 

Map tips query tool 

Another custom querying tool is the SDS viewer, which can quickly filter and retrieve 
tens of thousands of sample results.  The cascading filter of the SDS viewer makes it easy to 
find sample results based on the dates, analytes, sample locations, etc.  When sample results 
are retrieved, by simply clicking a button, the results can easily be exported into Excel, or you 
can zoom to the selected sample locations in ArcMap. 



SDS viewer 

Synchronization: 

The GIS data is partitioned into two parts.  CSSA and Parsons both have copies of the 
complete data set comprised completely by both partitions.  Both parties can read the entire 
data set copy for making maps, reports etc., but can only make changes to its agreed upon 
partition.  Periodically the edited partitions are exchanged to update each other’s complete 
data set.  The synchronization periods will vary in frequency depending on the amount of 
editing activity. 

CSSA
Parsons

Periodic 
Synchronization

Daily Work Process

M
June 04

T W T F S S
1 2 3 4 5 6

7 8 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30

M
June 04

T W T F S S
1 2 3 4 5 6

7 8 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30

CSSA
Parsons

Daily Work Process 

M
June 04

T W T F S S
1 2 3 4 5 6

7 8 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30

 

Example of synchronization process 



Analyses 

GIS has been used extensively as an analysis tool at CSSA.  The most basic analysis 
performed frequently is the overlaying of different spatial data on the high resolution imagery 
to study how the different data relate.  For example, geophysical data such as electromagnetic 
contours that identify subsurface anomalies can be compared with surface geology features, 
soil sampling locations, and underground utilities for a better understanding of the nature and 
extent of the anomalies.  This can also be helpful when deciding where to take additional soil 
samples. 

Another similar type of basic GIS analysis used at CSSA is comparison of historical 
data to current data.  Historical aerial photography dating back to the 1930s and earlier hand-
drafted maps have been scanned and georeferenced so that geographic changes at identified 
environmental sites can be seen through time.  This is very helpful for understanding the 
waste disposal activities that occurred at each of the identified sites. 

Contouring is another analysis method used frequently at CSSA.  Extensive 
groundwater monitoring is performed across the post to better understand the highly complex 
hydrogeology of the underlying karstic limestones.  Groundwater potentiometric contours, 
created with Spatial Analyst™, are helpful in characterizing how the groundwater flows.  
Spatial Analyst is also used to contour analytical results from groundwater samples for 
different analytes.  This helps to define contaminate plumes. 

Spatial Analyst is also used for “cut and fill” calculations when excavating sites.  The 
volume of waste material to be excavated from disposal sites and the amount of material 
necessary to regrade the site has been calculated using the CSSA GIS. 

The highly accurate LiDAR data has been used in several advanced analyses, including 
subsurface geologic mapping.  As part of a recent conceptual site model, subsurface 
geological units were mapped in three dimensions.  This is a very complicated task for the 
post and surrounding area due to the presence of highly fractured rock.  In order to build a 3-
D model of the subsurface units, 10-meter grids were built for each unit.  The major fault 
blocks were then identified so that each unit could be broken down into manageable pieces.  
This was done by locating major offsets due to faulting through the use of boring logs from 
well installations and by using fieldwork completed by USGS and others.  The USGS mapped 
the surface geology simultaneous with the 3-D modeling efforts.  Contact planes between 
geologic units were defined by using contact depths from boring logs of wells located within 
each fault block.  Based on the strike and dip of each fault block, the contact surface grid cells 
were populated with an elevation.  These surfaces were viewed and studied in 3-D in 
ArcScene™.  The surfaces were then compared to the LiDAR data.  Wherever the grid cell 
elevation value of an underlying unit is greater than the digital terrain model, that unit should 
be at the surface.  Surface contacts were double-checked against those mapped by USGS, and 
were used to better define contacts where there is minimal outcropping.  Several of the 
findings were used to influence the final USGS surface geology map and flow scenarios for 
the groundwater conceptual site model. 



The LiDAR data has also been used for other analyses, including delineating detailed 
watershed boundaries and tentative identification of additional fault locations that are not 
obvious from the ground surface in the field. 

Future of CSSA GIS 

The GIS system has proved to be an integral part of the sophisticated environmental 
program at CSSA.  It has greatly improved data management, and offered many analysis 
solutions for a successful program.  For this reason, CSSA and Parsons are always looking for 
ways to expand the functions of the GIS.  One concept for the future is to utilize a web 
interface for the GIS.  Security issues are a concern with this approach; however, a web 
interface with a familiar feel could encourage more users at the post to take advantage of the 
GIS.  Another future consideration is incorporation of other program areas at the post to 
create an enterprise GIS.  This upgrade would coordinate planning and action of CSSA 
program areas for a more efficient army installation. 
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