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ABSTRACT

Regional hydrologic, geologic, soils, and cultural background information and data from 217

[y
L]

aking petroleum storage tank (LPST) sites in Lubbock County, Texas, are used to construct an

ARC/INFO Geographic Information System (GIS). The study evaluates the uses of this

[l

echnology to provide context information for new site evaluation and risk assessment as well as to

[a))

aluate the effectiveness of past site-characterization, risk-assessment, and remediation strategies.

=

ethods and costs of producing the data base in this pilot study are described.

Several analyses of these data are presented as a demonstration of the uses of this tool. The

=

terogeneity within the unsaturated zone is characterized spatially and statistically. Hydrologic

<

riables including water level and hydraulic conductivity from well tests are mapped. The effect of
the observed variability on Risk-Based Corrective Action (RBCA) calculations is assessed. The

evolution of contaminant plumes can be viewed and relationships between plumes and water-

wn

upply wells quantified.

This pilot study demonstrates an application of GIS technology to a moderate-size data set of

ntaminated-site information. The demonstration is intended not only to provide information

about the Lubbock County study area but to serve as a prototype and feasibility study for the

er major urban areas, other types of contaminated sites, and industry applications.

INTRODUCTION

plication of this technology to other large contaminated-site data sets, including LPST-site data in

1 In the past decade, a great deal of experience and information have been collected by the

as Natural Resource Conservation Commission (TNRCC) as part of the leaking petroleum
jwage tank (LPST) and ground-water protection program. The pilot study presented here

d

onstrates a methodology for building a geographic information system (GIS) compiling such

-

*ommauon and experience into retrievable hydrogeologic data sets. The LPST-site data are

1



superimposed on published and digital cultural and geotechnical data, forming a hydrogeologic
geographic information system (HGIS) that places them into a hydrologic, geologic, and spatial
context and optimizes their usefulness. The pilot study also demonstrates some of the various types
of analyses that can be done with the GIS and data base. The purpose of the GIS data base is not to
replace the TNRCC LPST file system and other existing recordkeeping but to test the benefits of
combining data from a variety of sources in a format that facilitates retrieval, analysis, and added-
value usage. The effects of ambient geologic and hydrologic conditions on risk-assessment
calculations is analyzed.

Lubbock County, Texas, was the area selected for the pilot study. This is an area of
moderately shallow ground water, urban development, and public concern about water issues. The
pilot study is intended to demonstrate not only the use of the methodologies in the Lubbock County
study area but also the potential for application in other areas, such as the metropolitan Dallas—Fort
Worth area, greater Houston/Harris County, and the urban corridor along I-35 between Waco and
San Antonio. These three regions account for 50 percent of the recorded ground-water
contamination incidents in Texas (TNRCC, 1996). Therefore, the methods developed, costs of
producing the data base, and the representative types of analyses are described in detail to evaluate

feasibility of use in other areas.

METHODS

Four concepts drove the selection of the technologies, methods, and approaches used in this
study:
 The GIS system should be compatible with the GIS system implemented at TNRCC at the
time of this pilot study.
* The data should meet TNRCC digital-data guidelines.
*  The GIS system should require only minor adjustment to apply this methodology

elsewhere in Texas.
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table 1.

The pilot project is intended as a demonstration, and its scope is designed to test a variety

of approaches rather than attempting to be encyclopedic or exhaustive.

Software

We determined that the GIS will use Environmental Systems Research Institute Incorporated
(ESRI) products and be based around ARC/INFO and ArcView software. The strengths of
ARC/INFO and ArcView GIS technologies are to

overlay one coverage on another and look at spatial relationships;

use the relational data base for both labeling and numerical analyses such as contouring,
gridding, and data extractions;

merge maps of different projections and reproject them into a common projection and
scale;

create continuous surfaces and contoured surfaces with new Spatial Analyst extension;
query maps and data bases; and

examine spatial relationships and geographic features at different scales (countywide,

citywide, and site scale) in one map.

Software used for this study, platform, purposes, and rationale for its selection are listed in

GIS System Design

GIS data are stored as coverages (ARC/INFO) or themes (ArcView). Each theme consists of
ints, which are locations defined by geographic coordinates; arcs, which are lines defined on the
stirface; and polygons, which are areas (Bonham-Carter, 1994). Data tables containing attributes
merical and descriptive data) are linked with each of these types of data.

Conceptually, the data used for this study can be grouped into four types:

Ambient environment—surface



Software

ARC/INFO Environmental
Systems Research Institute
(ESRI), Redlands, Calif.

ArcView

Microsoft Excel

KaleidaGraph, Cricketgraph

Data Thief © Kees Huyser
and Jan vander Laan,

National Institute for Nuclear

Physics and High Energy
Physics, P.O. Box 4395

1009AJ) Amsterdam, The
Netherlands

Table 1. Software used for pilot study.

Platform

UNIX Sun,
PC

UNIX Sun,
PC

Macintosh

Macintosh

Macintosh

Purposes

Data tables; project
downloaded digital data and
digitized spatial data;
onscreen contouring, GRID
processing to create
surfaces, data analysis

Data analysis, onscreen
contouring

Data entry, plotting

x-y plots, histograms

Fast onscreen digitizing of
nongeographically registered
spatial data (site maps)

Rationale for selection

Widely used for
environmental applications
and used at TNRCC

Compatible with
ARC/INFO, widely used

Available at BEG.
Microsoft Access was not
used because of time and
budget constraints.

Available at BEG, fast

Free and available



* Ambient environment—ground water and vadose zone
» Leaking petroleum storage tank (LPST) site data
Other contaminated-site data

“Ambient environment—surface” includes cultural data, land surface elevation, land use and

lard coverage, and digital soils data. “Ambient environment—ground water and vadose zone”
incorporates major sources of aquifer data from digital and published sources. LPST-site data are

e focus of the compilation effort in this pilot project. TNRCC Plan A risk-assessment worksheets
d attachments are used as the basic data source. Other contaminated-site data such as Permitted
dustrial and Hazardous Waste sites, Superfund sites, and landfills can be used to complement
and extend the LPST data. However, review of these data types in the Lubbock County pilot area
led to meager results. The contents of the HGIS are listed in table 2.
The data compiled for this study fall into several categories, depending on the format in which
we found them. Spatial (map) data digitized or created for this pilot study by the methods described
in this section are formally included as deliverables and include Federal Geographic Data
Committee (FGDC) compliant metadata in read-me files. Data tables created for this project are
included as Excel (.xIs), GIS input (.dbf), and comma-delimited text (.csv) files. The text provided
in this contract report and in the read-me files in digital versions provides documentation for this

data. Digital data from Internet and other public sources are not included as formal deliverables for

this report. We edited and projected these files using standard procedures. Digital copies of these
modified files are included for the user’s convenience; however, for quality control issues, the

source is the originator. Metadata from the source are included where available, as listed in table 2.

Data Sources and Data Entry

Existing cultural, hydrologic, and geologic data available in digital or published form provide
context for the large data base extracted from TNRCC LPST files from Central Records. Table

names, sources of data, content, and units used in the tables are detailed in table 3.
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Table 3. Table names, content, measurement units, and source of data in tables generated for
this report.

Setting
LPST-ID none TNRCC database
Unique well-ID none BEG assignment
Priority none TNRCC database
Responsible party none TNRCC database
Facility ID none TNRCC database
Facility name none TNRCC database
Facility address none TNRCC database
Facility city none TNRCC database
Facility county none TNRCC database
County code none TNRCC database
Hydrocarbon type none TNRCC database
Site map? (Y/N) TNRCC files
Impervious cover (%) TNRCC Plan A reported
Number of monitor wells none TNRCC Plan A reported
Geotechnical Soil Parameters = .

Unique well-ID none BEG assignment
Well ID none TNRCC Plan A reported
Sample depth (ft) TNRCC Plan A reported
Organic carbon (g/g) TNRCC Plan A reported
Water content (cm3/cm?®) TNRCC Plan A reported
Dry bulk density (g/cm®) TNRCC Plan A reported
Effective porosity (%) TNRCC Plan A reported
Intrinsic permeability, k (cm?) TNRCC Plan A reported

LPST-ID none TNRCC database

Unique well-ID none BEG assignment
Geologic formation none TNRCC Plan A reported
Formation texture none TNRCC Plan A reported
Aquifer none TNRCC Plan A reported
Well ID none TNRCC Plan A reported
Saturated hydraulic conductivity, K (ft/d) TNRCC Plan A reported
Well ID none TNRCC Plan A reported
Saturated hydraulic conductivity, K (ft/d) TNRCC Plan A reported
Well ID none TNRCC Plan A reported
Saturated hydraulic conductivity, K (ft/d) TNRCC Plan A reported
Notes on saturated hydraulic conductivity none TNRCC Plan A reported
Transmissivity, T . (ft3/d) TNRCC files
Notes on transmissivity none TNRCC files
Storativity, S none TNRCC files
Notes on storativity none TNRCC files
Minimum TDS of groundwater from unaffected well (mg/l) TNRCC Plan A reported
Potential beneficial use category none TNRCC Plan A reported
Direction of groundwater flow none TNRCC Plan A reported

Hydraulic gradient none TNRCC Plan A reported




Table 3. (cont.)

4M Groundwater ‘Contaminant Concentrations

Input date
LPST-ID

Well ID

Unique well-ID
Measurement date
QTR-ID

Benzene

Lead

Toluene

Ethyl benzene
Total xylenes
Total BTEX

Total hydrocarbon
MTBE

TDS

Temperature
Conductivity

pH

D

‘Water Levels:

Input date
LPST-ID
Well ID
Unique well-ID
Measurement date
QTR-ID

Groundwater elevation
Casing height

Depth to PSH

Depth to water

PSH thickness

LPST-ID

Unique well-ID

Date of release, discovery, or report.
Have remedial actions occurred?

If yes, start date.

Is remediation still in operation? Stop date
What are/were remedial actions?
P&T

SVE

AS

PRS

BiO

IT

Has source been abated?

Tank

Soil

Date of abatement

Site closure

Free product?

Date of the last PSH recovery

none
none
none
none
none
none
(ppb)
(mg/kg)
(ppb)
(ppb)
(ppb)
(ppb)
(ppm)
(ppb)
(ppm)
(°F)
(1/uQ)
none
(ppm)

none
none
none
none
none
none
(ft)
(f1)
(ft)
(ft)
(1)

none
none
none
(Y/N)
none
(YIN)
none
none
none
none
none
none
none
(YIN)
(YIN)
(Y/N)
none
(Y/N)
none
none

BEG Input Date
TNRCC database
TNRCC files
BEG assignment
TNRCC files
BEG assignment
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files

TNRCC Plan A reported

TNRCC files
TNRCC files
TNRCC files
TNRCC files

BEG Input Date
TNRCC database
TNRCC files
BEG assignment
TNRCC files
BEG assignment
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files

TNRCC database
BEG assignment
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files

10
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ID & Setting

Soil data

Water data

Plume data
Remedial actions
General comments

8M_Soil. Contaminant Concentratioi

Input date
LPST-ID

Well ID

Unique well-ID
Depth
Measurement date
Benzene

Lead

Toluene

Ethy! benzene
Total xylenes
Total BTEX

Total hydrocarbon
MTBE

Table 3. (cont.)

none
none
none
none
none
none

none
none
none
none
(ft)
none
(ppb)
(mg/kg)
(ppb)
(ppb)
(ppb)
(ppb)
(ppm)
(ppb)

BEG assignment
BEG assignment
BEG assignment
BEG assignment
BEG assignment
BEG assignment
BEG assignment

BEG Input Date
TNRCC database
TNRCC files
BEG assignment
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
TNRCC files
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Ambient environment—surface

A digital street and highway map of Lubbock County based on Texas Department of
Transportation county highway mapping was downloaded from the Texas Natural Resources
Information System (TNRIS) Web site. This map, which shows streets and highways and other
cultural features, is used to geographically reference monitoring wells and soil borings shown on
- LPST-site maps (fig. 1). Other sources of cultural base maps identified for this project include
scanned U.S. Geologic Survey (USGS) topographic maps showing cultural features, paper
County Tax Assessor plat maps showing property lines, and a variety of proprietary maps. These
other possible maps were not used for the pilot project because of cost considerations and
uncertainty about whether the accuracy would be superior to the TNRIS map.

Land surface elevation was acquired from USGS as digital elevation models (DEM) at two
scales. The entire county is available from USGS at a scale of 1:250,000. The 1:24,000-scale
Lubbock East and Lubbock West 7.5-minute quadrangles, in which most LPSTs are located, were
purchased from USGS. This information was used to calculate surface elevation at sites where it
was not reported and as one of the digital surfaces used to create a regional map of depth to water.
Land use/land cover data downloaded from the Environmental Protection Agency (EPA) are out of
date (1979 census) but were used in the pilot to test the utility of a GIS approéch to characterizing
land use around a site. Digital soils data (SSURGO) provide a large amount of information in a
GIS format. For this project, a subset of information was extracted and used to analyze statistical

variation in the geotechnical parameters of soils from various geomorphic settings.

Ambient environment—ground water and vadose zone

Coverages of major and minor aquifers from TNRIS provides information on aquifers
threatened by contamination. In the pilot area, these coverages are superfluous because of the

regional dominance of the Ogallala aquifer; however, they will be useful for other areas.
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igure 1. ArcView point coverage showing location of LPST sites in Lubbock County, compiled
or this study. A digital version of the Texas Department of Transportation (TXDOT) county
ighway map downloaded from TNRIS serves as the cultural base. At this scale, all the monitoring
vells and soil borings at each site merge into a single dot. Countywide maps are shown at this
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GIS could readily be used to search information on potential receptor wells. This type of
work is done by consultants in the pilot study area, and their reports in LPST files suggest that
they have made improvements by field checking the well data from TNRIS paper files. Rather than
generating a new digital file of questionable quality using data in TNRIS files, we used digital
water-supply well data from the TNRCC Water Utilities section to demonstrate the methods that
could be used to enumerate and describe potential receptor wells.

A number of maps from the literature provide information about the aquifer at the county or
regional scale (table 4). We selected the water level and base of the Ogallala aquifer (Wyatt and
others, 1992) and percent sand and gravel (Seni, 1980) as examples. Other potentially useful
maps, such as aquifer specific yield and permeability (Knowles and others, 1984), net sand and
gravel in the Ogallala (Seni, 1980), tritium concentration in ground water, thickness of the vadose
- zone, and precipitation (Nativ, 1988), are available but were not digitized for the pilot study

because of time constraints.

LPST-site data

This data set is the major new compilation resulting from this study. Plan A risk-assessment
worksheets and attachments submitted by various environmental consultants to TNRCC were used
as the basic data source. The data extracted, source, destination data table, column name, and units
are listed in table 3. In case files where the Plan A assessment was not available at the time of data
review, equivalent data were extracted from other available reports and letters. The data collection
effort was designed to include most of the available hydrogeologic data so that the
interrelationships among various types of data can be evaluated. Eight data tables have been
generated (table 3): site identification and setting, geotechnical soil parameters, site-specific aquifer
data, ground-water contaminant concentrations, site-specific water-level data, remediation history,
notes and comments, and soil contaminant concentration. Surface-water contaminant concentration
and vapor contaminant concentration were not compiled because in the pilot area these data were

collected at very few sites.

14
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Each monitoring well was assigned a unique identification number (UN) created from the -

LPST identification number (LPSTID) and the monitoring well (MW) number:

UN = 10 x LPSTID + MW (1)

For example, at LPST site 99999, monitoring well 1 is assigned unique number 999991.
Recovery wells (RW) and soil borings (SB) are assigned consecutively higher numbers than the
monitoring wells. The contractor’s well identification number can be obtained by querying the

LPST ID and Setting table.

Assigning spatial coordinates to well locations

Three procedures were used to determine latitude and longitude for monitoring well locations: —
(1) site map to TNRIS digital street map (site map method), (2) Geocode locations, and (3) field
location referencing using Global Positioning System (GPS).
The site-map method developed for this study follows nine steps:
1. Photocopy site maps provided in LPST reports.
2. Identify the center point of a street intersection to use as an origin (if the center of a street
intersection was not shown on the site map, a street width of 40 ft was assumed).
3. Orient the map with respect to north, plot x and y axis (northing and easting) through the
origin.
4. Scale the axis using the scale marked on the map, with positive values to the north and
east and negative to the south and west.
5. Scan marked photocopy on a flat-bed scanner to create a PICT file.
6. Calculate northing and easting for each monitoring well or soil boring in feet from the
origin using the Data Thief software.
7. Import the resulting files of x and y values into a Microsoft Excel spreadsheet. Identify the
street intersection on the digital street and highway map from TNRIS and extract UTM}

(Universal Transverse Mercador) coordinates.
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8. Calculate UTM coordinates for each monitoring well or soil boring.
9. Create an ARC/INFO point coverage.

The well location nearest the former tank pit, generally monitoring well 1, was used as a

Q

eneral site location. The accuracy of the locations generated was limited by the accuracy of the

treet and highway map downloaded from TNRIS, the accuracy of the site map, and the ability to

ocate an identifiable street intersection in the site maps. This method was successful for locating

0 percent of the sites.

Digital Geocode location data created by Geographic Data Technology (GDT) for TNRCC

vere tested as an alternative to using the TNRIS digital street map for general site locations.

seocode technology uses proprietary digital maps and software to extract latitude and longitude for
ch street address. Where street address matches fail, U.S. Post Office Zip codes are used to
eate a centroid to approximate the location. GDT reported that 73 percent of the addresses were

pcated for 43,366 LPST sites throughout Texas (GDT, written communication, 1997). Projecting

=P

eocode locations on the TNRIS street map showed a systematic displacement of streets relative to

o2

eocode locations, apparently because of minor base map misalignment, as discussed in the
valuation section.

To obtain high-quality location information, a representative subset of monitoring wells at
PST sites were located using a digitally corrected GPS. Accurate GPS location data allows
lculation of representative error for other, less accurate location methods. GPS data collection for
his project involved two principal tasks: (1) organizing the site files to facilitate efficient data

ollection and (2) collecting locational data in the field. During mission planning, we organized the

ta by street. Each record was reviewed to ensure that the address and facility name were

~

mplete. Using the city road map, we organized the locations geographically in a binder to be

taken to the field, where an attempt was made to locate each facility. Thirty-five sites in several

rts of the city were selected to visit. Of these, 10 could not be surveyed because either the site
losed and the wells had been removed, or because the wells were inside buildings or fenced

nclosures. GPS locations for 35 wells at 25 sites were measured in two days of field work.
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Collection of the GPS data was accomplished with a Trimble Navigation Pathfinder Basic
Plus unit. This receiver is a hand-held, battery-powered, six-channel receiver. It can track up to
eight satellites simultaneously and has 256 Kbytes of nonvolatile memory. Positions can be
calculated at a rate of one per second and stored for later transfer to a personal computer for
processing with Trimble software, P-FINDER. The accuracy of the Pathfinder is rated by Trimble
at £2 meters horizontally, based on the average of 180 data points from a differentially corrected
file.

Real-time differential correction was achieved using an Omnistar Model 6300A receiver. The
Omnistar system is based on 11 base stations in North America that monitor and send corrections
to a network control center in Houston, Texas, where the data are uplinked to a geostationary
satellite. The satellite then broadcasts the corrections to clients having Omnistar receivers. The
accuracy of the Omnistar is rated at 1 m. |

The GPS data were collected at two levels of accuracy: + 2 m CEP (circular error probable,
meaning 50 percent of the collection points are within a 5-m radius circle on a horizontal) and
+ 5 m CEP. Of the 35 sites that were located during this project, 25 were at the = 2 m accuracy and
10 were at the £5 m accuracy. In order to achieve + 2 m accuracy, 180 data points must be
collected and averaged. It takes about 4 to 7 minutes to collect 180 data points with the Trimble
unit. With just one data point it is still possible to maintain acceptable accuracy and save time for
more data collection. The location data were placed in coverages created in ESRI’s ARC/INFO,

and the field records were downloaded as metadata.

Data tables from LPST sites

An LPST listing on floppy disc from TNRCC Information Resources was used to inventory
the sites in the Lubbock County study area. Additional sites not on this list were identified on the
Geocode list and by TNRCC personnel. Sites were selected to sample the spectrum of available
data, including sites on the edge and outside of the city of Lubbock, sites from various geologic

environments, old sites with low LPST numbers, and recently identified sites with high numbers.

18
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Not all of the more than 300 sites in the county could be inventoried in the scope of this pilot
study.

Setting, soil data, site-specific aquifer data, site-specific water-level data, soil contaminant

concentration, ground-water contaminant concentration, and remediation history were extracted

from the Plan A risk—assessment worksheets and attachments or from monitoring, closure, or

other types of reports in the TNRCC files (table 3). The Plan A assessment, the most recent site

=1

p, the most recent compilation of water-level records, and the most recent compilation of

ground-water contaminant concentration records from the attachments were photocopied. Data

>re manually typed into a standardized Excel spreadsheet following the same format developed

by Mace and others (1997). Units were standardized as shown in table 3. Obvious errors were

cor'rected. Water levels calculated from an arbitrary datum were normalized to sea-level elevation

using the DEM to find the elevation at the reference location used by the contractor. Inconsistencies

o

n the data bases reflect both the complex history of site monitoring and the unavailability of some
reports at the time of data entry.

Organization of data tables is needed to meet GIS requirements for determinant relationships
(one-to-one relationships between attribute cells and locations). At LPST sites, ground-water

e ivation and contaminant concentration were sampled multiple times at each monitoring well. For

=

iput into the GIS, we identified these data temporally by quarters of each year, designated by two-

[=W

igit year and quarter, starting with January (for example, 92-1). ArcView could then be used to
plot in map view tile measured parameters (water level, phase-separated hydrocarbon [PSH],
thickness, benzene, toluene, ethyl benzene, total xylenes, total BTEX, and MTBE) during each
quarter at all the wells for which data were reported. Changes in water level or contaminant
concentration through time can be examined by plotting data from sequential temporal tables.

A more elegant approach allowing greater flexibility but requiring more time for table

~ construction would be to use a data base such as Microsoft Access to key additional subsets of the

oL
o

a that meet GIS requirements for determinance. Examples of other sorting are to average and
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group data more coarsely (annually) or view plume evolution by site history (before and éfter
remediation).

Soil contamination was measured at several different depths in each boring. Viewing these
data in GIS requires separating the data into several attributé cells by elevation, averaging the
values, or plotting only the highest values.

The structure and linked columns that permit display and analysis of these data bases are

shown in table 5.

Other contaminated-site data

Permitted Industrial and Hazardous Waste sites, Superfund sites, and landfill sites are
potential sources of data to complement the LPST data in the GIS. No Superfund and only three
permitted Industrial and Hazardous (I&H) Waste sites are in the pilot study area, and of these only
Reese Air Force Base has extensive files. A sample of the extensive files on Reese Air Force Base
at TNRCC Central Records was reviewed. Results of six aquifer tests, several high-quality
stratigraphic cross sections, and data on large contaminant plumes are the data extracted from these
files.
| Eight TNRCC landfill permit files in Lubbock County were reviewed. In Lubbock County
these files contained meager water-level information. Geographic location of the monitoring wells
would require site visits or registered air photographs because the landfills lack mapped geographic

reference locations.

DOCUMENTATION AND METADATA

Accuracy of Site Locations

The accuracy of digitally corrected GPS data collected using BEG protocols was quantified by

collecting data at a first-order NGS reference point (Angle and others, 1996). Real-time differential

20



Parameter

D; [em?-s71]
Kas [g-cm3]
Koc (L-kg'l)

0.25*LEL action level (ppm)
H@20°C (atm-m3-mol-1)

S [mg1]
SFo (mg-kg'l-d1)
SFi (mg-kg™1-d1)

Rpp (mgkgl-al)
Ric (mgkgl-al)

Vri (m3-kgl)
Ve (m3-kg'l)
Cy (mg-1-1)

B
0.0933
138 x 10°1
83
3,200
5.59 x 10°3
1,750
2.90 x 10-2
2.91 x 102

20,885.87
22,903.45
5.0x10°3

21

T
0.0838
4.35 x 1072
300
3,000
6.37 x 103
535

0.2
0.4
39.650.59
43,480.84
1

E
0.0748
1.20 x 10-2
1,100
2,500
6.43 x 10-3
152

0.1
1.0
79,890.87
87,608.33
7.0 x 1071

Table 5. Values for chemical-dependent constants for benzene (B), toluene (T), ethyl
benzene (E), and xylene (X).

X
0.074
6.01 x 10-2
240
2,500
7.04 x 1073

198

2.0
35,828.56
39,289.60
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correction and averaging 180 data points reproduced better than + 1 m accuracy, and individual
points produced better than + 2 m accuracy. Metadata were included in the digital files.
Comparison of the well locations from the GPS survey with the other site location methods

showed two types of error. The site-map method used for most of the sites in the study showed an
average error of 450 ft. Locations generated by the site-map method are systematically east of the
correct positions as measured by GPS, indicating that the TNRIS Lubbock County base map is

. misregistered by that amount. The average error for the Geocode locations is 200 ft. This error
appears to be the result of the random distribution of the monitoring wells with respect to their
nominal street addresses. Errors in interpolation of the street addresses, especially in warehouse

districts, is also a probable cause of error.

Metadata

The only original data generated for this project were the representative GPS locations. For all
other data used in this pilot study, most errors were inherited from the data sources and were
poorly constrained. FGDC compliant metadata for the coverages generated for this pilot project are
provided as digital read-me files. Quality-control documentation for other coverages obtained in
digital form from various sources are included as available.

Quality control information on data extracted from reports is documented within the reports;
no effort was made to capture laboratory duplicate information. Only obvious errors—for example,
mislabeled units—could be corrected; therefore, we have retained all the reported data and dealt

with errors statistically, as described in the methods and analyses.

DEMONSTRATION OF THE USES OF GIS FOR LPST EVALUATION

Several analyses of the data compiled for this study are presented to demonstrate the uses of

the HGIS. We selected a variety of types of analysis that are not equally applicable to the pilot area
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but have potential to be useful in various Texas geologic and hydrologic settings. In each analysis

ve show spatial and statistical results.

Site Location and Land Use

For this example, the digital locations created for each of the sites in the study are used to
how relationships among sites and to extract additional information about the setting from

vailable digital data. Figure 1 shows LPST sites in Lubbock County. Figure 2 is the same digital

—

et o V)

1

age enlarged (zoom-in on screen) to show monitoring-well locations on a street base map of the

ity of Lubbock. GIS could be used onscreen by contractors, regulators, or other users to compare
iite of interest with other, adjacent sites. The existence of multiple sites in an area is significant to
th site characterization and liability issues where plumes extend offsite and merge. The site

ting in the pilot project is a representative sample and does not contain a comprehensive listing of

all the sites in the study area.

As an example of cultural information, we have used the EPA (1979) land use/land coverage

C

C

ta base. These data, although out of date, are downloaded from the Internet at no cost. A wide
ariety of other census or cultural data could be used in a similar manner to systematically
aracterize sites for quantitative analysis and to complement the walking-tour information

llected during site characterization. For this example, we used ArcView to create an overlay of

ST sites on the Land Use/Land Cover polygon theme (fig. 3). The ArcView “Select by Theme”

ction was used to quantify and identify the LPST sites that fell into each land use category. A
istogram of the land use/land coverage classification of LPST sites sampled was prepared using
[aleidograph (fig. 4). More than half of the 150 LPST sites sampled lie in areas classified as

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>