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INTRODUCTION
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In 1989, the Agency for Toxic Substances and Disease Registry evaluated the entire 35,000-acre
e Reservation (ORR, located in Oak Ridge, TN) and placed
DeP
it on the National Priorities List (NPL), making the ORR subject to Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) regulations. Although much of the ORR has not
been impacted by previous federal activities, without investigation it is difficult to discern which parcels
of land are free of surface Contamination. In 1996, the DOE Oak Rdge Environmental Management
Program (EM) funded the Footprint Reduction Project to: 1) develop a process to study the large areas of
the ORR that are believed to be free of surface contamination and 2) initiate the delisting of the "clean"
areas from the NPL.
Although this project's goals do not include the transfer of federal property to non-federal
entities, the process development team aimed to provide a final product with multiple uses. Therefore,
the process was developed to meet the requirements of NPL delisting and the transfer of noncontaminated federal lands to future land users. Section 120 (h) of the CERCLA law identifies the
requirements for the transfer of federal property that is currently part of an NPL site. Reviews of
historical information (including aerial photography), field inspections, and the recorded chain of title
documents for the property are required for the delisting of property prior to transfer from the federal
government.
Despite the widespread availability of remote sensing and other digital geographic data and
geographic information systems (GIs) for the analysis of such data, historical aerial photography is the
only geographic data source required for review under the CERCLA 120 (h) process. However, since the
ORR Environmental Management Program had an established Remote Sensing Program, the Footprint
Reduction Project included the development and application of a methodology for integrating other
existing geographic data sources into the CERCLA 120 (h) review of each study area.
The process that was developed and initiated uses historical information, multiple remote sensing
technologies, and GIS to identify areas of potential contamination within each study area. Non-intrusive
field investigations are conducted to determine the causes of each area of potential contamination. Once
the Footprint Reduction Process is complete for each study area, the clean areas within the study area are
submitted to regulating agencies for approval and removal from the NPL.
FOOTPRINT REDUCTION METHODOLOGY
Process Overview
The Footprint Reduction Project was initiated as part of the Oak Ridge EM Program to identify
those areas on the ORR that are free of surface contamination. Sixteen initial study areas were delineated
by the Footprint Reduction Team through meetings with resource managers, hydrologists, geologists, and
other EM personnel. These sixteen study areas (and subsequent additions and changes) are being
analyzed using a process that incorporates the CERCLA 120 (h) requirements. Figure 1 represents the
current status of the ORR Footprint Reduction Project Study Areas.
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The ORR Footprint Reduction Process consists of a series of independent investigations
conducted by independent teams. The initial investigations are conducted simultaneously and include a
review and summary of historical information, interpretation of historical aerial photographs, and analysis
and interpretation of existing remote sensing data sets. At the conclusion of the initial investigations, the
Footprint Reduction Team meets to review the frndings of each initial investigation and to provide areas
of concern for use in the field investigation. The field investigation team conducts a surface review and
non-intrusive gamma radiation sampling for each grid location. Global Positioning System (GPS)
measurements are obtained for each sample point and gamma radiation measurements and surface
frndings are recorded. Results from all of the investigations are synthesized, follow-up actions are
conducted, and the fmal study area results are prepared and submitted to the ORR regulators (as required
by the ORR Federal Facility Agreement [FFA]). The approved documentation removes the completed
study area from the EM Program’s clean-up list. Figure 2 depicts an overview of the Footprint Reduction
Process.
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Figure 2. Footurint Reduction Process

Historical Investigation
The historical investigation involves reviewing written historical information (including
unclassified and classified site reports and hazardous material disposal records) and investigating property
accrual deed transfers for any indications of pre-federal activities which may have resulted in
contamination (i.e., industrial or agricultural activities). During this investigation, interviews are
conducted with knowledgeable personnel and retirees to identie areas of concern and to resolve issues
identified during the review of written information. A summary of frndings is presented to the Footprint
Reduction Team prior to field investigation activities.
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Historical Aerial Photograph Investigation
Historical aerial photographs can be a key indicator of previous land use/cover practices over
large geographic areas. Since photographs are historic records, they may be used in research and as legal
documentation of activities that relate to prior uses of land. The Oak Ridge EM Program conducted a
search of all existing aerial photographs of the ORR in 1993. The Program maintains a library of over
1,000 high- and medium-resolution historical aerial photographs of the ORR for the years 1937 through
1993.
The historical aerial photograph investigation includes the selection and interpretation of black
and white aerial photographs. To conduct the photographic interpretation, a site-specific land use/cover
classification system was constructed using a modified version of the United States Geological Survey
(USGS) land use/land cover classification system [13 and adapting the system to include land use/cover
categories of specific interest on the O m . This system is used to classify all features identified in the
aerial photographs (Table I).

Table I. Land UseKover Classification Scheme for the ORR Footprint Reduction Project
Level I

Level 11

Piles
Excavations
Construction Site
Barren
Residential
Commercial and Services
Industrial

Industrial Building
Pipeline Route
Wastewater Treatment
Chemical Storage Facilities
Trail
Unpaved Road
Paved Road
Railroad Track
Railroad Right-of-W ay

Transportation

Equipment Storage Area
Utilities
Agricultural

Buildings
CroplandPastureland
Orchards
Grass/Shrubland

Upland Forest
Wetland

Non-Forested Wetland
Forested Wetland
Streams and Rivers
Reservoir
Ponds/Lakes

Water

Source: Modified from Anderson et al. 1976
The following steps are conducted during the interpretation of the historical aerial photographs:
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1) Select photographs of interest by acquisition yearycompleteness of coverage, qualityyand scale.
2) Scan photographs at 600 dots per inch (dpi) and convert digital files to Erdas .img format.
3) Apply second- or third-order transformations to each digital photograph to rectify the image to
Tennessee State Plane coordinates' using 1993 ORR ortho-photographs (0.5 m resolution).
4) Conduct interpretation of the digital photographs beginning with the most recent date of historical
photographs and working back in time. All land use/cover features for each year are attributed
according to the modified land usekover system.
5 ) Compute anomalies fiom the digital databases using an Oak Ridge National Laboratory (0RNL)developed Avenue code (within the ArcInfo and Arcview GIs environment) which analyzes the
changes in land use/cover over time relative to the expected land usekover progression [M. E.
Hodgson and R. C. Durfee, unpublished work].
6 ) Conduct a quality assurance review during which possible errors in attribute labeling and boundary
delineation are determined by an independent review of the aerial photographic interpretation.
7) Revise land use/cover boundaries and attributes as determined by the quality assurance review.
8) Map land use/cover features (Figure 3) and anomalies.

The anomalies are inspected to ascertain the cause of each anomaly. Ancillary data sources, such
as facility records, historical forestry maps, and other remote sensing data sets, are used to assist in the
determination of anomaly cause. Anomalies for which the cause cannot be discerned, as well as
anomalies that might be related to waste disposal, are determined to be of concern and require field
investigation. A discussion of all anomalies is recorded in table format and anomalies requiring field
investigation are noted. Additionally, an independent analysis of the land use/cover features which
enumerates structures and total acreage by land usekover class is conducted.
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Remote Sensing Investigation
Like historical aerial photographs, remote sensing data sources can be a key indicator of previous
activities. A remote sensing approach is inherently suited for detecting anomalies over broad geographic
areas in a timely manner. The variety of available remote sensing technologies facilitates a diverse
sampling of the earth surface's electromagnetic spectrum over different wavelengths and magnetic
properties. Each spectral band and magnetic property imaged is useful in the search for undocumented
contamination sources and the identification of potential contamination migration paths. Although
collecting and processing remotely-sensed imagery over large geographic areas may be expensive, the
data needed for this project was readily available fkom other EM Programs.
The following ORR aerial remote sensing data sets are available for use by this project: gamma
and magnetic data, color infrared photography, and predawn thermal and multispectral scanner imagery.
For each remotely-sensed data set, anomalies are determined through the analysis and interpretation of
available data and are depicted as either linear or polygonal features. The features are located as precisely
as possible within the constraints of the digital ortho-photographic base, the original data set, and the
method for delineation of the features. These features are created and stored within the GIs project. A
brief discussion of analysis and interpretation tasks for each remote sensing data set is included below:

Man-made gamma data. Post-processing of three high-resolution aerial gamma data sets
(acquired in 1992, 1993, and 1997) was conducted for the EM Program (by either the data
acquisition subcontractor or O W ) to remove natural radiation (terrestrial background radiation)
from the airborne measurements and to transform the airborne radiation sensor data to nearground level (e.g., 1 m above ground level) [Z,31. The resulting total man-made gamma
radiation levels are mapped and considered anomalies2.
Magnetic data. The EM Program acquired high-resolution vertical magnetic data of the ORR
during aerial surveys conducted during 1992,1993, and 1994. The sensor was specifically
designed for use at the ORR and was based on technologies developed for the mineral exploration
industry. The resultant data have been a useful tool in locating undocumented hazardous waste
sites [4]. For this project, a common threshold was established for all study areas using detailed
(20-foot cell) gridded data. A field reconnaissance was employed to identify reasons for selected
anomalies and to set data thresholds and detection limits. The data were then processed to
produce a geographic coverage of the entire ORR of potential ten-ton anomalies on the ORR [ 5 ] .
This coverage indicates the presence of a magnetic gradient that would result from a metallic
mass of ten tons. The resultant coverage is used to create a ten-ton vertical magnetic gradient
map depicting the magnetic anomalies for the study area.
Color infrared photographs. Color infrared photographic prints acquired in 1992 are reviewed
and selected for the study area. The prints are visually inspected for indications of hazardous
waste-related activities (i.e., vegetative stress, human activity, etc.). Larger streams crossing the
study areas are examined for signs of unusual turbidity or sediment load that could be the result
of construction activity or other heavy human disturbances upstream [6]. Anomalies are digitized
on the ORR ortho-photographs.
Thermal infrared imagery. Thermal imagery (daytime and pre-dawn) is available for most of
the ORR from aerial surveys conducted in 1992, 1994, 1996, and 1997. Differential
measurements of surface temperature may be clues to subsurface materials such as buried objects
and past land uses. Thermal wavelengths are highly sensitive to moisture conditions. In the case
of disturbed soils (e.g., indicating buried trenches or pits), the moisture gradient across disturbed
and undisturbed areas may be large. The thermal gradient between such locations is normally
significant in predawn hours due to the emissivity of water versus soil. Thus, the analysis of
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predawn thermal imagery may aid in identifying potential contamination sources that would
otherwise be missed in infrequent historical aerial photography [7]. For this project, the imagery
is subset for the study area and analyzed using Erdas Imagine Software. The analysis of the
thermal data identifies surface streams and major springs or seeps that could migrate
contamination &om groundwater into surface streams and wetland areas, surface disturbances,
and other signs of human disturbance (such as structures and roads). Anomalies are digitized as
lines or polygons on the ORR ortho-photographs.
e

Multispectral scanner imagery. Daedalus 1268 multispectral imagery is available for most of
the ORR from aerial surveys conducted in 1992, 1994,1996, and 1997. The imagery is subset for
the study area, rectified using 1993 ortho-photographs, and analyzed using Erdas Imagine
Software. The Normalized Difference Vegetation Index (NDvr) is computed to identify areas of
vegetative stress that could be associated with contamination from hazardous wastes or
subsurface burials. The NDVI image is displayed on the screen along with a color composite
image of thermal infrared, near infrared, and red bands (also an indicator of vegetative stress) [8].
The images are analyzed and then compared with a natural color composite image. Areas that
indicate vegetative stress are digitized and presented as anomalies.

After anomalies are derived and mapped from each remote sensing data set, the anomalies are
inspected and data synthesis is conducted to determine the cause of each anomaly. Since multiple sources
of data assist in understanding the anomalies, the data synthesis uses the joint occurrence of data to assist
in analyzing these features. Spatial location, content, and certainty are simultaneouslyconsidered when
reviewing the data sources and identified anomalies. Collateral and ancillary data sources (e.g., site
records and environmental research reports, data acquisition documentation videos, and geology,
hydrology, and elevation data) are also used to assist in the determination of an anomaly’s cause.
Anomalies for which the cause cannot be discerned, as well as anomalies that might be related to waste
disposal, are determined to be of concern and require field investigation. A discussion of all anomalies is
presented in data-type-specific tables and the anomalies requiring field investigation are noted.

Field Investigation
The non-intrusive field investigation is conducted to inspect each anomaly identified during the
historical photograph and remote sensing investigations. Upon receipt of maps, geographic coordinates,
and meta data tables for the anomalies of potential concern, the field investigation team prepares an
investigation grid for the study area.
Using GPS-based navigation, each unresolved anomaly is investigated to determine the nature
and explanation of its anomalous features. Additional reconnaissance over the entire study area is
conducted in an effort to identify undetected features. The field investigation team conducts a surface
review and non-intrusive gamma radiation sampling for each grid location. GPS measurements are
obtained for each sample point and gamma radiation measurements and surface findings are recorded.
Upon completion of the field investigation, the GPS locations are post-processed and mapped, gamma
measurements are analyzed, and a field investigation report is completed.

Final Anomaly Resolution
Using the information derived from the field investigation, anomalies of potential concern are
resolved. Many anomalies require additional follow-up discussions with site personnel or sometimes
require additional investigation. Anomalies that are determined to be associated with hazardous waste
activities or cannot be resolved without intrusive sampling are excluded from the study area being
considered for delisting.
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Study Area Results
The findings of the each of the investigations are included in a iinal project document, along with
a delineation of the portions of the original study area that are proposed for NPL delisting. The document
discusses all anomalies identified, investigated, and resolved (Figure 4). The study area report is
submitted to DOE and TDEC for review and approval. Upon resolution of any comments, the revised
document is submitted to the regional EPA office for delisting purposes.
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ORR PROJECT STATUS
Since the initiation of the Footprint Reduction Project in 1996,17 study areas have been
investigated. The completion of the 17 study areas has resulted in the recommendation of the delisting of
19,969 acres (of 2 1,315 acres studied). Current year plans include the investigation of three additional
study areas, which comprise approximately 4,600 acres of land on the ORR.

TECHNOLOGY TRANSFER OPPORTUNITIES
Since the development and initiation of the Footprint Reduction Process for the ORR, ORNL has
begun to modify the Oak Ridge process for other federal sites. The process modification is based on
available site data sets (including historical information, historical aerial photography, remote sensing
data sets, base mapping and other geospatial data sets, etc.), targets of interest (ie., hazardous waste
disposal areas, ordnance use or disposal areas, etc.), and geographic and climatic considerations specific
to each site.
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NOTES

* The Tennessee State Plane coordinate system is based on a Lambert Conformal Conic map projection.
All data are based on the North American Datum of 1983 (NAD83).
Although airborne gamma radiation surveys are an excellent method of screening large areas for surface
contamination such as exposed contaminated creek sediments or seeps, the absence of elevated readings
does not preclude the existence of buried radioactive waste. Soil is an excellent shielding material and a
few feet of soil cover will nearly always prevent detection of buried radionuclides by both airborne
gamma spectroscopy and surface walkover surveys.
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