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USE OF A GEOGRAPHIC INFORMATION SYSTEM TO EVALUATE POTENTIAL SITES
FOR PUBLIC-WATER-SUPPLY WELLS ON LONG ISLAND, NEW YORK

By Ralph J. Haefner

Abstract

Evaluation of physical factors that determine the suitability
of a given site for a public-supply well typically involves the
compilation and analysis of a large amount of data. Two factors
that directly determine the suitability of a proposed site are the
quantity and the chemical quality of the ground water; these in turn
are influenced by many other factors, including aquifer character-
istics and proximity to other wells and sources of contamination.
Selected data from the U.S. Geological Survey and the New York State
Department of Environmental Conservation were compiled into 26 data
sets, each representing a single type of hydrogeologic, geologic,
chemical, or other data. These data sets, or "coverages," were
entered into a GIS (geographic information system) that can store,
retrieve, analyze, and display the information. The 166.5-square-
mile study area on eastern Long Island is largely undeveloped but
contains a variety of land uses and is under the stresses of current
development. Several computer programs were developed that enable
users unfamiliar with the GIS software to extract data pertinent to
the evaluation of any potential well site. The programs were not
intended to make interpretations of the data, but to supply the
information necessary for decisionmaking. Results indicate that the
system can improve the efficiency and accuracy of such evaluations.

INTRODUCTION

The aquifer system that underlies Long Island is the sole source of
drinking water for a population of 2.6 million people and has been designated
as a "sole-source aquifer” by the U.S. Environmental Protection Agency under
the provisions of the Federal Safe Drinking Water Act. Thus, the aquifer
system is subject to stringent regulation and ground-water-management practices
that combine the efforts of several Federal, State, and local agencies.

Applications for all public-water-supply wells and for private wells that
withdraw 45 gal/min or more must be submitted to the New York State Department
of Environmental Conservation (NYSDEC). Before issuing a permit to operate the
well, the NYSDEC reviews permit applications by investigating features near or
beneath the proposed site that may affect the quality and (or) quantity of with-
drawn water, as well as any features that may be affected by the withdrawals.

The siting of a public-water-supply well raises several questions: (1)
What is the chemical quality of the water to be withdrawn, (2) will the with-
drawals affect the quality and (or) quantity of water at nearby wells, (3)
will the withdrawals decrease streamflow, and (4) will the withdrawals cause
saltwater intrusion? The answers to these questions can be obtained through



reference to maps and tables of data that describe the surface features, con-
tamination sources, stratigraphy, hydrologic properties, and water quality at
and adjacent to the proposed site, but this process can be tedious and time
consumimg.

A relatively new method of analysis incorporates the use of a computerized
geographic information system (GIS) to retrieve the data needed to assess the
suitability of potential sites for public-water-supply wells. GIS software can
efficiently store a vast amount of informatdion and link spatial data with
hydrogeologic, chemical, and other data to generate maps and tables for review.
Comparison of these maps and tables with established well-siting criteria
enables the user to determine the suitability of the site for ground-water
withdrawal. A GIS allows easy input, updating, and output of data, and the
data base can be used in other hydrologic studies as well. A unique element of
a GIS is its ability to link spatial data with topical data to associate a
given feature or site with all information pertinent to that location. It also
enables assessment of selected hydrologic conditions on a local or regional
level through a variety of approaches. The use of a GIS in ground-water inves-
tigations and management is not wide-spread, and few reports on its applica-
tions have been published because such systems have become available only in
the last decade.

In 1988, the U.S. Geological Survey, in cooperation with the NYSDEC, began
a study to evaluate the use of a GIS as a tool in evaluating proposed sites for
public-water-supply wells on Long Island. The objectives were to (1) create a
prototype system for the compilation and retrieval of data that would expedite
the well-site-evaluation process, (2) evaluate the system’s efficiency in data
retrieval and display, and (3) create a data base that could be used in future
hydrogeologic studies. Political and socioeconomic factors that are typically
involved in well-site evaluation were not considered. The data base represents
a 166.5-mi? area on eastern Long Island that is largely undeveloped and pro-
vides recharge to the deep aquifer system ?fig. 1).

The study entailed three major steps: (1) review and classification of
the NYSDEC’s well-site evaluation criteria, (2) selection, compilation, and
storage of data pertinent to these criterid, and (3) creation of programs that
access, retrieve, manipulate, and display the data. Well-site-evaluation
criteria, supplied by the NYSDEC, were reviewed and categorized, and available
maps and tables of data were examined for pertinence to these criteria. Each
data group that seemed to address the criteria was evaluated, and 26 of the
resulting "data layers" or "coverages" were entered into the system under
quality-control measures.

The GIS software used in the study, ARC/INFO!, was developed by Environ-
mental Systems Research Institute. The utility of this software package is
enhanced by AML (Arc Macro Language), a fourth-generation command-level pro-
gramming language. AML programs enable the programmer to create user-friendly
interfaces that can be menu driven and permit users unfamiliar with the soft-
ware to use the system to its full potential.

1 Use of trade or product names in this report is for identification purposes

only and does not constitute endorsemen# by the U.S. Geological Survey.



Purpose and Scope

This report (1) describes the development of the data base and the
computer programs that retrieve data pertinent to a well-site evaluation, (2)
evaluates the utility of the GIS in this application, and (3) describes the
major considerations in a well-site evaluation and summarizes previous
research, including GIS applications in other parts of the United States. It
also includes a brief discussion of the Long Island aquifer system, explains
the design and application of the GIS used in this study, and includes a

sample retrieval of a data table and map to illustrate the type of output that
can be generated.
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CONSIDERATIONS IN WELL-SIFE EVALUATIONS

The ground-water system on Long Island has been extensively explored
within the last 2 decades as public awareness of the need for ground-water
protection has increased, and a large amount of data has been collected and
published (for example, Long Island Regional Planning Board, 1986; New York
State Department of Environmental Conservation, 1986; Franke and McClymonds,
1972).

Major Criteria

Two major factors that determine the suitability of a site for withdrawal
of ground water for public supply are the available quantity of the water and
its chemical quality. A public-supply well |installed at a suitable site would
be capable of withdrawing adequate amounts af potable water for several years
without adversely affecting water levels in other supply wells and (or) flow in
wetlands or streams.

The initial approach in most ground-water-protection efforts is to develop
data-collection and management systems to quantify the hydrologic character-
istics, flow patterns, and other factors suach as contamination potential, con-
tamination sources, and specific compounds involved. Although several rating
systems have been devised for such purpose:i the transferability of results is
limited. For example, two distinct sites th vastly different characteristics
may obtain similar "ratings." The ratings may serve to describe the severity
or potential of a problem but fail to adequately describe specific conditions
adjacent to the site. A synopsis of approaches that selected State and local
governments have implemented to protect ground-water quality is given by David
(1988).

Water-resource management in developed areas requires an approach that
differs from that used in largely undeveloped areas. The quantity and com-
plexity of data required for a developed area are greater than for an undevel-
oped area. Well sites in relatively undeveloped areas are best evaluated
through use of small-scale maps (maps that cover large areas and are limited
in resolution) that outline areas suitable for a supply well on the basis of
aquifer properties, distance between the proposed well and the population to
be served, overall ground-water quality, and other hydrogeologic factors.
Well sites in more highly developed areas, and those areas that are currently
under the threat of development, are best evaluated on the basis of detailed,
site-specific investigations. The investigations would categorize hydrogeo-
logic factors, land-use practices, sources of contamination, and other char-
acteristics that are not clearly defined on small-scale maps to address the
effects of the additional ground-water withdrawals.



Ground-Water Quantity

The quantity of ground water may be an important consideration where
proposed wells are to be installed in aquifer systems with highly variable
water-transmitting properties. The aquifer system that underlies Long Island,
is relatively uniform, however--transmissivity values of all three major aqui-
fers vary by only 1 or 2 orders of magnitude (McClymonds and Franke, 1972).
The suitability of proposed sites for public-supply wells is therefore largely
determined by water-quality considerations; thus, this study emphasized water
quality rather than quantity. This approach was not intended to ignore water-
quantity issues but to incorporate them into water-quality aspects.

Ground-Water Quality

Ground-water quality may be affected by natural and human factors
(Johnston, 1988). Natural factors include precipitation, evapotranspiration,
recharge, the nature of the geologic environment (composition and structure of
soils and aquifers), regional and local ground-water flow patterns, and
biological activity. Human factors include land-use practices within recharge
areas, introduction of contaminants (accidental or otherwise), ground-water
pumping or injection, and well-construction techniques. Ultimately, most
human interactions with the environment can directly or indirectly affect the
quality of ground water.

Two of the factors that have the greatest effect on ground-water quality
are the land-use practices in the recharge area above the aquifer(s) and the
ground-water-flow patterns within the aquifer(s). In this study, the area of
primary concern is the area of recharge to the deeper aquifers, where flow is
downward as well as horizontal and seaward. Thus, contaminants introduced at
or near land surface in the recharge area may enter the deep aquifers and con-
taminate aquifer segments that previously contained water of pristine quality.

The effects of land use and associated contamination on ground-water
quality in shallow aquifers have been extensively documented in Eckhardt and
Oaksford (1988), Eckhardt and others (1988), Persky (1986), Helsel and Ragone
(1984), and Fusillo and Hochreiter (1982). The effects of land use on water
quality in deeper aquifers have not been researched in detail, however, because
the contributing areas of water to deep wells are difficult to delineate.
Delineation of contributing areas to deep wells requires extensive hydrogeo-

logic data and ground-water flow modeling, which was beyond the scope of this
study.

Previous Investigations

Most research on well-site evaluation has emphasized water quantity
rather than water quality. For example, Daniel and Sharpless (1983) discuss
relations between well yield and lithology to identify favorable locations for
future well sites, and Daniel (1987) presents statistical analyses relating
well yield to well-construction and siting practices to locate areas suitable
for ground-water withdrawal in relatively undeveloped areas. Both studies
were conducted in the Blue Ridge Province of North Carolina in terrains having
relatively little development and diverse aquifer properties.



Methods of conducting well-site and haiardcus-waste-site evaluations
through a GIS have been documented by Gilliland and Baxter-Potter (1987),
Merchant and others (1987), and Nystrom and others (1986). These reports
address the production of small-scale maps that indicate suitable locations

for a well site, or of maps that outline areas of high contamination potential,

rather than detailed site-by-site evaluations of the type that are necessary
on Long Island.

Two different approaches to well-site evaluations through use of a GIS
are described by Nystrom and others (1986) and Broten and others (1987).
Nystrom and others (1986) used a GIS for a relatively undeveloped area in
Connecticut and delineated suitable areas on the basis of physical criteria
rather than conducting individual site evaluations. The result of this work
was a map that outlined all areas that met their well-site evaluation criteria.
Broten and others (1987) used a GIS for management of hazardous wastes and
ground-water contamination in a more highly developed area of California in
conjunction with simulations of ground-water flow paths. That study used a
GIS to examine in detail the area adjacent to a proposed well site. The two

studies illustrate that GIS’s can be used for widely differing approaches to
well-site evaluation.

The use of a GIS has proved to be valuable in increasing the accuracy and
efficiency in processing large data sets. Dickenson and Caulkins (1988)
describe a study in which the implementation of a GIS led to significant
decreases in processing time of a vast amount of geographic data for the
Washington State Department of Natural Resources. The system, known as
GEOMAPS, was designed to process and manipulate geographical data, such as
land cover, wildlife, geology, and hydrography (Sugarbaker, 1986).

LONG ISLAND GROUND-WATER SYSTEM

The aquifer system that underlies the study area consists of three major
unconsolidated aquifers and a single major confining unit that separates the
lower two aquifers (fig. 2). The only natural source of recharge on the island
is precipitation. Human activities have led to widespread contamination of the
water-table aquifer, and drawdowns resulting from excessive pumping have in-
duced contaminants in the water-table aquifer to migrate to the deep aquifers,
the major source of public-water supplies for the western part of the island.
Throughout the eastern part of Long Island, including the study area, the upper
glacial aquifer is the primary source of potable water but is in danger of
contamination through the stresses of devel pment. A detailed description of
the hydrology in the study area is given in Warren and others (1968).

Configuration and Boundaries

Long Island’s aquifer system consists of a series of gently sloping
Pleistocene glacial, glaciofluvial, and gldciolacustrine deposits and
Cretaceous fluvial or deltaic deposits of unconsolidated sand, gravel, and
clay (fig. 2). The upper surface of the ground-water system is the water
table, which typically lies 0 to 150 ft beneath land surface; the lower limit
is the Precambrian gneiss and schist bedrock that lies between 0 and 2,700 ft
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Figure 2.--Hydrologic section showing generalized flow patterns
along section A-A'. (Location is shown in fig. 1.
Modrfred from Jensen and Soren, 1974.)

below land surface. The ground-water system is bounded laterally by saltwater.
The saltwater interface (the diffuse boundary between fresh and salty water)
has generally migrated landward in response to ground-water withdrawal in near-
shore areas and the rise in sea level since Pleistocene time.

The three major aquifers are the upper glacial aquifer, of Pleistocene
age, which ranges from 0 to 600 ft thick; the Magothy aquifer, of Cretaceous
age, which ranges from 0 to 1,100 ft thick; and the Lloyd aquifer of Cretaceous
age, which ranges from 0 to 500 ft thick and is within the Lloyd Sand Member of
the Raritan Formation (McClymonds and Franke, 1972). The Lloyd aquifer and the
Magothy aquifer are separated by the Raritan confining unit (the unnamed upper
clay member of the Raritan Formation), which may be up to 300 ft thick locally.
The aquifers and confining units generally slope south-southeastward and
increase in thickness to the south. Localized clay units within the upper

glacial and Magothy aquifers have significant effects on local ground-water
flow patterns.



Recharge

Recharge to ground water on Long Island is approximately 21 inches per
year, about half of the total annual precipitation (Franke and McClymonds,
1972). The generalized flow pattern indicated in figure 2 shows that recharge
to the deeper aquifers occurs near the center of the island, where the direc-
tion of ground-water flow is dowmward. Discharge of ground water occurs pri-
marily along the northern and southern shores. Much of the precipitation that
would have entered the ground-water system under predevelopment conditions
falls on paved surfaces such as roads or parking lots and is channeled into
storm drains that discharge the water elsewhere into the ground-water system,
a surface-water body, or directly into the Atlantic Ocean, Long Island Sound,
and (or) one of the surrounding bays.

Contamination

Most of the ground water pumped on eastern Long Island, including the
study area, is from the upper glacial aquifer; only a relatively small amount
has been pumped from the Magothy aquifer. Consequently, much of the water
available for consumption is subject to potential contamination from a number
of surface-based sources. Most of the sewage disposal in this area is through
septic tanks and cesspools from which the effluent infiltrates to the upper
glacial aquifer. This method of disposal has resulted in nitrate contamination
of the upper glacial aquifer in several parts of Long Island (Katz and others,
1980). In contrast, south-central Long Island, which is more extensively
developed, has sewers and treatment plants that discharge the effluent into
the Atlantic Ocean to avoid contaminating the ground-water system. This method
of disposal has resulted in a loss of water from the ground-water system, how-
ever. Additional contaminants of shallow ground-water on eastern Long Island
include fertilizers and pesticides (Soren and Stelz, 1984; Leamond and others,
in press); chloride, which has entered the aquifer system in some nearshore
areas as a result of saltwater encroachment (Lusczynski and Swarzenski, 1966);
and localized spills, landfills, and industrial activities (Eckhardt and
Pearsall, 1985; Kimmel and Braids, 1980; Ku and others, 1978). Contamination
of the shallow aquifer by these and other sources have forced water suppliers
to obtain water from increasing depths within the Magothy aquifer (Reilly and
others, 1983).

Water-Level Declines

Potentiometric levels within the upper| glacial and Magothy aquifers have
generally been declining during the last few decades, as indicated through com-
parison of potentiometric-surface maps by Doriski (1987) with those of Vaupel
and others (1977), Donaldson and Koszalka (1983a,b), and Smolensky (1984).
These declines, which result in saltwater encroachment and decreased streamflow
as well as increased pumping costs, may be caused by several factors including
excessive pumping of ground water, paving of critical recharge areas, diversion
of wastewater, and channeling precipitation into storm drains that route water
to the Atlantic Ocean, Long Island Sound, and the surrounding bays. The addi-
tion of new large-capacity wells in some areas could have adverse effects on
water levels and in turn induce further streamflow declines and saltwater
encroachment in nearshore areas.




Ground-Water-Protection Strategies

Several methods of prevention and remediation have been implemented to
protect the quality and quantity of ground water on Long Island and to prevent
further water-level declines. Recharge basins have been installed since the
1930’s to increase ground-water recharge by directing precipitation into the
ground-water system (Aronson and Seaburn, 1974). Other approaches that are
being used to help ensure an adequate supply of potable ground water for the
future include State-mandated water-conservation programs such as lawn-
watering restrictions, and long-term ground-water-management strategies such
as restrictions on pumping and designation of “Special Ground Water Protection
Areas." A method of minimizing contaminant migration that can result from
altered flow patterns due to excessive pumping is to place new large-
capacity wells only in areas known to be suitable for large-scale pumping.

GIS analysis of physical and chemical factors at and near proposed well sites
is expected to provide an efficient means of evaluating such areas.

USE OF A GEOGRAPHIC INFORMATION SYSTEM TO EVALUATE POTENTIAL
SITES FOR PUBLIC-SUPPLY WELLS

A GIS has many desirable features, perhaps the most useful of which is the
ability to link spatial and topical data to a feature or site. The associa-
tion between spatial and topical data is established through data items that
are identical in the respective spatial and topical computer files. The
combination of the spatial and topical computer files is collectively called a
"data layer" or "coverage." The following section describes the steps in-
volved in creating the GIS data base and the analyses used to extract the data.

Selection of Study Area

The area selected for this study was relatively small to allow evaluation
of the GIS and to minimize data entry and verification. The 166.5-mi? area
coincides with the Central Suffolk Special Ground Water Protection Area (SGPA)
delineated in the New York State Ground Water Management Program for Long
Island (New York State Department of Environmental Conservation, 1986) and in
the Nonpoint Source Management Handbook (Long Island Regional Planning Board,
1984). The area overlies the regional ground-water divide and a deep-ground-
water-recharge area (fig. 2). The reason an SGPA was chosen for this study was
that these areas are defined as "significant, largely undeveloped or sparsely
developed geographic areas of Long Island that provide recharge to portions of
the deep-flow aquifer system" (Long Island Regional Planning Board, 1986).
Within these areas, the principal threat to the water quality in deeper
aquifers is thought to be contamination from surface sources (New York State
Department of Environmental Conservation, 1986). The density of these sources
within the study area is relatively low, however, which further minimizes data
entry and verification.

This area is ideally suited for such a study because it contains a variety
of land uses, and the density of available data is relatively low. Approxi-
mately 52.8 percent is open recreational land, vacant land, or water bodies;



|
19.1 percent is commercial, industrial, insﬂitutional, transportation, and
utilities; 15.2 percent is agricultural; and 12.9 percent is residential (Long
Island Regional Planning Board, 1982). The population increased during
1970-85 by about 18 percent to over 52,600 (U.S. Bureau of the Census, 1982,
1980 decennial census files, adjusted to the 1985 U.S. Bureau of the Census
for county populations). The Village of Riverhead, in which most of the
developed land lies, is on the eastern border of the study area. Much of the
remaining area consists of pine barrens and farmland. A significant factor in
the selection of this area was that development is encroaching upon recharge

areas and therefore may jeopardize the quantity and quality of future supplies
of drinking water.

Creation of Data Base

The data base was designed to meet the well-permitting criteria of the
NYSDEC. Data sets provided by the U.S. Geological Survey and the NYSDEC were
reviewed for conformance to these criteria and suitability for entry into the
GIS. AML programs were created to access the data base and retrieve data of
interest in the well-site-evaluation process.

Review of Well-Site-Evaluation Criteria

The well-site-evaluation criteria supplied by the NYSDEC were grouped into
three categories--water quality, hydrogeologic features, and surface features
that may affect the quality and (or) quantity of withdrawn water. The well-
site-evaluation criteria, data requirements, sources of available data, and
the resulting data layers are summarized in|table 1. (Note that all items
except aquifer thickness, extent, and location can be influenced by a combina-
tion of natural and human factors.) Review of these criteria revealed that
the two most important measures of site suitability are (1) proximity to
features that could affect the quality and (or) quantity of ground water, and
(2) hydrogeologic and chemical characteristics of the aquifer and the water
beneath the proposed site and surrounding area. The NYSDEC uses other infor-
mation such as engineer’s reports and site inspections to make their final
evaluation; however, these data were not suitable for incorporation into the
GIS data set. |

Selection of Data Sets

A list of data layers and a brief description of their contents and
characteristics are given in table 2. These data layers were selected through
a review of the well-site-evaluation criteria, and each was considered to be
useful and necessary in the characterization of a proposed well site. The
data do not describe all aspects of ground-water quality or quantity, however.
For example, a complete description of the hydrologic regime adjacent to a
proposed well site would require information on both natural and stressed
(pumping) conditions, which would in turn riequire the development of a local
ground-water-flow model. The selection of data layers for use in this project
was limited by the availability of data (only data that were in a form suitable
for GIS data entry were used) and by the project-completion schedule.

10



Table 1.--Summary of well-site-evaluation criteria, data requirements,
sources of available data, and data layers used in this study.

Well-site
evaluation Data Sources of Data layers used
criteria requirements available data (see_table 2 also)

Proximity to known
sources and areas of
contaminated

ground water

Presence of saline
water

Proximity to land-
surface point sources
of contamination

Conformance to
drinking-water
standards

Effects of pumping on
surface-water bodies

Potentiometric-—
surface
configuration

Water-bearing
properties of
aquifers

Current withdrawal of
ground water

Elevation and extent
of hydrologic units

Presence of
confining units

Surface features that
may affect the guality
and (or) quantity of
withdrawn water

WATER QUALITY

Location of contaminated
agquifer segments

Location of salt-water
interface

Location of land-surface
point sources

Ground-water quality in
relation to established
drinking-water standards

NYSDEC maps and
tables; QWDATA

QWDATA

NYSDEC maps
and tables

Published
drinking-water
standards; NYSDEC
guide-lines

HYDROGEOLOGY

Location of
streams and
water-table

lakes, ponds
wetlands;
configuration

Head values
aquifers

within major

Conductivity and trans-
missivity of major
aquifers

Pumpage data

Structure contours of
hydrologic units

Elevation, thickness,

and extent of clay units

SURFACE FEATURES THAT

Maps and data of surface
features

USGS 7 1/2 minute
guadrangle maps
with surface-water
features; NWI
wetland maps; USGS
water-table maps

USGS potentiometric
surface maps

USGS maps

NYSDEC data
recorded by well
and water district

USGS maps

USGS maps

Private-well contamination areas
SPDES Sites

0il-spill recovery sites

QWDATA

QWDATA

Inactive hazardous-waste sites
Road-salt storage sites

SPDES Sites

0il-spill recovery sites

Private-well contamination areas
QWDATA

Streams and surface-water bodies'
Wetlands!
1984 Water-table map

1984 Water-table map

1984 Potentiometric-surface maps of:
Magothy aquifer
Lloyd aguifer

Conductivity and transmissivity of:
upper glacial aguifer
Magothy aquifer
Lloyd aguifer

Public supply well data
Water district data

Structure contour maps of:
Magothy aquifer
Raritan Formation, upper clay
Bedrock

member

Surface elevation and extent of:
Gardiners Clay
Raritan Formation,
Smithtown clay
"Twenty-foot" clay

upper clay member

MAY AFFECT THE QUALITY AND (OR)
QUANTITY OF WITHDRAWN WATER

Data from various
federal, state
and local sources

1981 Land use

1985 Population census
Recharge basins

Major roads

Soils

Water districts

1. Coverage still requires coding and is therefore incomplete.
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Automation

A digital representation of the map features of each selected data layer
was entered into the GIS through a digitizing table. Topology was established
internally by the ARC/INFO software. This mathematical relationship is con-
stant among map features regardless of projection and scale and allows the
software to recognize the position of features through two-dimensional space.

Map features can be characterized as point, line, or polygon features.
Examples of point features include well sites and stream-sample sites, line
features include roads and water-table contours, and polygon features include
hazardous-waste sites and water districts. ach of these types of map
features are stored and recognized by the software.

Each data layer was further developed by the addition of attributes that
contain information associated with the map feature. An attribute can be
described as any thematic data associated with a given map feature. For
example, a data layer containing the locations of hazardous-waste sites would
also contain attributes such as the address, type of wastes stored, degree of
contamination (if known), method of remediation (if applicable), and other
information pertinent to each site.

Finally, each data layer was documented on paper and with a computer
program that creates a file of information containing the data source,
accuracy, and resolution for each data layer. Documentation was stored with
each data layer to ensure that it is copied each time the data layer is
copied. Documentation was judged necessary because (1) future use by any user
may require information on the source of the data, (2) it eliminates the need
for the person responsible for data compilation to be present to explain the
background of the data, and (3) it includes all information on when, how,
where, and from what source(s) the data wererobtained.

Structure of DataiLayers

|
The data layers and their associated attribute files were designed and
formatted to make the data easily accessible| and to minimize computer storage
space. This was done through use of a hierarchical, relational data base that
includes both expansion files and look-up tables. The following example
describes the data-layer structure in more detail.

Figure 3 depicts the structure of one of the data layers, called IHWS
(inactive hazardous-waste site), that contains the location and attributes of
inactive hazardous-waste sites. The uppermost data group, the PAT (polygon
attribute table), contains information such as location and size of the polygon
and, in this example, includes an item IDREL that also appears in the file
below it (IHWS.EX1). IDREL has the same values in both files. To eliminate
the need to store all the attribute data within the feature-attribute table
(the PAT), attribute data were assigned to additional files, called expansion
files and indicated by the suffix "EX1," "EX2," etc., indicated by the dashed
outline. Storage of additional data within an expansion file is a convenient
way to organize data. Thus, the separate computer files are internally related
by common items with identical values in both files. A further relation is
indicated by the SITECODE item in expansion file EX1 that links expansion file
EX1 to expansion files EX2 and EX3.
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