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Good afternoon, ladies and gentlemen. It is a pleasure to be able
to present to you an overview of the environmental research programs
conducted at the Oak Ridge National Laboratory (ORNL) for thw DOE
Office of Health and Environmental Research (OHER) through its
Ecological Research Division (ERD). The unifying theme of our research
is the watershed unit of the landscape. I will emphasize our ongoing
and planned research activities for ERD, although it will be difficult
in the time available to discuss how the many other research projects
within our overall research program complement these activities.
Consequently, I am providing hard copies of my oral presentation and
have indexed the latter to pertinent background documents that will be
provided to you after my presentation.

BACKGROUND

The Environmental Sciences Division (ESD) was organized in 1972,
consolidating ORNL's pioneering research in radioecology and waste
management that began in the late 1940s. The mission of the ESD is to
support DOE's and ORNL's science and engineering goals of meeting
national priorities for the development of energy technologies and the
resolution of environmental quality issues.1 The Division performs
problem-oriented research, environmental assessments, and environmental
engineering in areas of ecology and earth sciences, using
interdisciplinary teams of biological, geological, chemical, and
physical scientists.2

The ESD comprises 108 professionals; a technical/administrative
support staff of 70; and 143 attached personnel, including students,
postdoctQrates, onsite consultants, and collaborators from
universities, industry, and other federal agencies.^ The FY 1985
financial plan of the Division is $29.3M. The major funding source is
our mission sponsor, DOE, including Energy Research (Office of Health
and Environmental Research, Basic Energy Sciences, and the Office of
Environmental Compliance), Defense Programs, Conservation and
Renewables, Federal Energy Regulatory Commission, and the energy
technology divisions (about 74% of the budget). Other major sponsors
include such federal agencies as the Environmental Pro+ection Agency
(EPA) and the National Science Foundation (NSF). Additional sponsors
include the Nuclear Regulatory Agency, Federal Energy Management
Administration, the National Oceanic and Atmospheric Administration,
the Tennessee Valley Authority, and the Departments of Agriculture,
Defense, and the Interior, which provide 20% of the budget. Our major
industrial sponsor (5.6%) is the Electric Power Research Institute
(EPRI) .

The OHER and the NSF are the Division's primary source of "basic"
research funding. The ERD is the only DOE division that provides
long-term, planned support of our environmental research (about 15% of
our budget). Other DOE units typically do not "invest" in science
development but expect the capabilities to be available to solve
problems. When the applied issues are resolved, the programmatic
funding ends. We look to OHER to support our research on scientific
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problems that maintain staff expertise on the cutting edge of science
and to provide the science base to meet future applied needs of the DOE
technology programs.4 Work for other agencies occurs only when it is
consistent with our long-"dnge scientific development plan; key factors
that determine whether fuch work will be undertaken are the uniqueness
of services we provide and whether this work augments our ongoing
scientific efforts.

RESEARCH FOCUS

The central focus of ORNL environmental research is on the pathways
of movement of chemicals from the atmosphere, through terrestrial
environments, to receiving water bodies and the effects of these
chemicals and other anthropogenic activities on biological systems and
biogeochemical processes exposed during transport.^ Our research
encompasses three fundamental levels of the environmental hierarchy:
process, system, and landscape (Figure 1 ) . Ecological hierarchy
classifies environmental processes at successive levels of system
complexity, with each successively higher level characterized by
parameters and variables with spatial and temporal dimensions. Each
hierarchical level of "system" complexity possesses unique properties.
The central level in this ecological hierarchy which bridges and
integrates the other levels is the watershed.

The Process Level is represented by such environmental processes as
the whole-plant physiological response to air pollutants, the
hydrogeochemical reactions of soils, or the productivity relations of
aquatic biota. Research at this level is necessary to explain, both
mechanistically and quantitatively, how natural watershed systems
respond to perturbation stresses.

The Watershed System is the lowest-level integrating ecological
unit that encompasses the variables and processes operative between
coupled terrestrial and aquatic environments that permits models of
system behavior and details process data requirements. The watershed
can be compared with other levels and used to explain the functional
basis of higher-level landscape phenomena.

The Regional Landscape is that spatial scale of influence most
generally encountered when dealing with applied environmental problems
for which data must be synthesized and integrated but for which very
little direct experimental data can be practically obtained. Using
site-specific experimental data to project the behavior of landscapes
is the newest challenge in ecology.

A hierarchical approach is necessary to environmental problem
solving because of the temporal and spatial dimensions inherent in
environmental impact analyses, especially when the issues of concer-n
involve regional resources. Even when the issue is as specific as an
endangered species, the problem can seldom be isolated to small
time-space scales. This means that a fundamental operational problem
in ecological science is that the scale at which hypotheses can be
tested and experimental data obtained is different from that scale at
which the answers to problems must be given. Site-specific ecological
data must be applied to broader geographic units, extrapolated over
longer time periods, and evaluated in the context of regional
environmental variables.
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ORGANIZATIONAL FRAMEWORK

I will now give you a brief overview of the OHER/ERD research
program in the ESD at ORNL. Our focus is on the environments of the
eastern forest region in which we are located, emphasizing forested
ecosystems, but not exclusive of agricultural, natural successional,
and disturbed habitats. 'rrincipal emphases are the biogeochemical
movement of contaminants and their impact on ecosystems — terrestrial,
freshwater, and estuarine.

In audition to basic environmental research, the ESD also has major
programmatic commitments to national programs in

• Biomass energy systems development,

• Global carbon dioxide research and management support,

• Acid deposition effects research and assessment,

• Hazardous chemical waste management assessment and research, and

• Low-level nuclear waste management demonstration.

Research and assessment in support of all of these mission
objectives is performed in one of the four divisional sections:

Aquatic Ecology Section (C. W. Gehrs, Manager) comprises four
groups: Biogeochemical Cycling, Ecological Effects, Ecosystems
Dynamics,* and Reservation Studies. This section is involved in both
basic and applied research. Its studies are designed to increase the
understanding of the structure and function of aquatic systems and to
focus on current and future aquatic environmental problems.

Earth Sciences Section (N. H. Cutshall, Manager) contains six
research groups: Chemical Waste R&D, Environmental Chemistry,
Environmental Engineering and Management, Geology and Chemistry,
Hydrology, and Low-Level Nuclear Waste R&D. The section conducts basic
and applied research emphasizing the physical, chemical, and
engineering aspects of environmental problems.

Environmental Analyses Section (S. G. Hildebrand, Manager) contains
four groups: Environmental Compliance and Impact Analyses, Regional
Resource Analysis, Risk Analysis, and Computer Applications and Data
Management. The section is the focal point for environmental
assessments integrating the physical and ecological sciences. Its
products are technical analyses in support of regulatory anc policy
decisions by federal agencies.

Terrestrial Ecology Section (R. I. Van Hook, Manager) consists of
three research groups: Biogeochemical Cycling, Ecosystem Dynamics, and
Physiological Ecology. The section focuses on transport and effects of
contaminants in terrestrial ecosystems, ecological mechanisms governing
ecosystem response to stress, and mathematical simulation models of
ecological processes.
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RESEARCH PROJECTS

In FY 1986, the ESD will have ten research projects funded by
OHER/ERO, one ' by OHER/PTRD (Physical & Technological Research
Division), one by BES/DBER (Division of Biological Energy Research),
and six by BES/CDRD (Carbon Dioxide Research Division). I have been
requested to summarize here only the OHER projects (Table 1 ) ,
presenting their current research focus and future directions. Please
be sensitive to the fact, however, that this research is complemented
by work supported by other DOE offices and other sponsors, both federal
and private. These OHER projects have over the years served as our
basic research component, providing the necessary scientific
understanding for our address of environmental prob.ems associated with
a variety of energy technoTogy fuel cycles. Thus, while the OHER
research addresses many aspects of watershed processes (Figure 2), some
of the apparent "missing" pieces are augmented by other funding.

I will present the projects as a continuum by tracing the fate of
contaminants deposited on the landscape through the coupled land-water
system.

Atmosphere-Canopy Interactions (#001624, S. E. Lindberg, Principal
Investigator). This research is designed to examine the processes
controlling the interactions of atmospheric constituents at the
air-land interface, including both trace and major tlement
constituents, acids and acid precursors, and wet and dry deposition
(Figure 3 ) . Elemental chemistry, deposition velocities, boundary layer
meteorology, and forest canopy structure and phenology are the main
variables. This project is a part of the MAP3S Precipitation Chemistry
Network, „ the National Atmospheric Deposition Program (NADP), and
coordinates closely on site with the National Oceanic Atmospheric
Administration's Atmospheric Turbulence Diffusion Laboratory (ATDL) and
regionally with the Air Quality Branch of the Tennessee Valley
Authority (TVA). We collaborate with Carnegie-Mellon University on the
Interccmparison Study on Dry Deposition and with the Federal Republic
of Germany's national atmospheric chemistry program on forest decline.
This project has provided unique data on the deposition in southeastern
forests of coal combustion contaminants, the first total budget of acid
to a forest, and has revolutionized the approaches to deposition
chemistry by illustrating the importance of dry-fa11 constituents.
This project provides the atmospheric chemistry input data for the
Oak Ridge watershed projects.

Effects of Complex Gaseous Mixtures on Terrestrial Vegetation
(#003945, G. E. Taylor, Principal Investigator). This is a laboratory
research effort designed to explore how trace gases affect forest
vegetation (Figure 4 ) . The research focuses mainly on the deposition
and effects of trace gases on such terrestrial vegetation as trees, but
also on some agricultural species. Quantification of plants'
physiological responses to trace organic and inorganic gases also
considers the influence of environmental factors in affecting
atmospheric scavengering, as well as subsequent plant response. A
major research tool is the Controlled Exposure System — a multichamber
system which allows the controlled mixture of various gases under
different exposure and micro* limate regimes (e.g., air temperature,



vapor pressure deficit, etc.) and edaphic (e.g., soil water, soil
chemistry, etc.) conditions typical of regional environments.
Exoeriments have examined N02, SOo, COS, 0 3, CS2, H2S, COj,
CH3SH, and PAHs and are supported by an experimental field fumigation
facility which permits larger plant experiments under natural, seasonal
climatic conditions. Future research emphasis will focus on
canopy-level processes, linking laboratory-based physiological measures
of plant stress to performance criteria measuring stand productivity.
This will involve new forest canopy modeling to translate physiological
results from individual plants into stand-level responses.

Biogeochemical Cycling in Walker Branch Watershed (#004441,
D. W. Johnson, Principal Investigator). This watershed is the
intensive site for integrated biogeochemical cycling research at
Oak Ridge. It contains one of the atmospheric chemistry deposition
monitoring stations, the &~DL meteorological station, one of the two
subsurface hydrology research facilities, the 298 continuous inventory
plots for terrestrial ecology research, the stream spiralling research
stations, and two weirs monitoring the output chemistry and hydrology
of the Walker Branch tributaries (Figure 5).

For 18 years this project has maintained baseline input-output
chemistry/hydrology and forest response measurements — a unique data
set both regionally and nationally. Concurrently, research has focused
on biogeochemical cycling of major and minor trace elements (to date
these include C, N, P, K, Ca, Mg, Mn, S, Cd, Pb, and Zn), with emphasis
on understanding the biological, hydrologica1, and geochemical
processes sufficient to develop and test mathematical models of
chemical and hydrologic transport. The impact of long-term changes in
biogeochemical cycles is also being evaluated through studies of forest
productivity and nutrient status. This research is coordinated
nationally with related research in other regions of the country
sponsored by the NSF and the U.S. Forest Service and internationally
with projects in Sweden, Norway, West Germany, Australia, and New
Zealand. Walker Branch serves as the reference site for environmental
data for much of the applied waste management work in Oak Ridge.

Subsurface Hydrologic Transport of Trace Elements (#004326,
R. J. Luxmoore, Principal Investigator). Using underground weirs on
two watersheds with contrasting geology and soil, this project is a new
state-of-the-art experiment to identify and quantify the mechanisms by
which chemicals moving through selected channels may by-pass much of
the soil matrix and more rapidly contaminate surface water and
groundwater systems (Figure 6). The project involves tasks focusing on
(1) spatial and temporal variability in hydrologic processes,
(2) macropore and micropore soil chemistry, (3) geohydrochemical
transport modeling, and (4) simulation applications. Hydrologic models
developed at ORNL (GEOHYDROTRAN, FEMWATER, FEMWASTE, and UTM) will be
tested ir, this project for their application to waste management
problems, using buried sources of Cd, Mn, and As. Experimental design
and amplifications in computer codes have been integrated. The
Ter-estrial Ecosystem Hydrology Model (TEHM) developed from Walker
Branch is the core for mechanistic simulation of unified transport
processes. This model has been improved (AGTEHM) by incorporating
algorithms for variable source areas, macropore flow, and irrigation.
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A soil chemistry model (SCEHM) has been coupled to AGTEHM with new
modifications (CAOIL) that account for adsorption and degradation of
organics. Construction of the underground weir has been completed,
instrumentation is installed, and baseline calibration of the
facilities is in progress (Figure 7 ) . Initial results show that 24% of
groundwater flows through macropores and increases to 76% under
saturated soil conditions. This finding will force a major revision in
conventional approaches to soil solution chemistry. With supporting
laboratory and field experiments, this complex experiment will
substantially improve our basic scientific understanding of the
phenomena controlling subsurface contaminant movement and provide
heretofore unavailable data to validate computer codes used in applied
waste management problems.

Radionuclides in the Environment (#000690. E. A. Bondietti &
B. G. Blaylock, Principal Investigators). This research project
examines the behavior of selected artificial and natural radionuclides
in terrestrial and freshwater environments and the development of
radioecological principles and their application in resolving unique
problems of the nuclear industry. With unique valence states and
complex environmental chemistries, these long-lived, radiological
hazards, oftentimes without natural biochemical precedents in
metabolism, provide different ecological research challenges. Analyses
of critical environmental pathways of movement, bioaccumulation through
complex food chains leading to man, and radiological effects on
ecosystems are the fundamental scientific issues of importance.
Nevertheless, location of historic waste disposal sites on the ORNL
watersheds presents a unique bounty of research opportunities:
long-term- ecological effects on population genetics, long-term chemical
reaction products, and the use of these radioactive tracers to study
more fundamental cycling processes. This project represents several
decades of radioecological research on the Oak Ridge Reservation. It
has produced the only data set on the long-term fate and effects of
actinide fission nudides in lakes (White Oak Lake) and the cycling of
Cs, Sr, Rb, Ru, and Co in te restrial ecosystems. During the past
decade, detailed studies have provided the most comprehensive knowledge
of the environmental chemistry and biological uptake of transuranic
elements (Pu, Cm, Am, and U) in ponds and humid forest environments of
the eastern United States. Current research is producing the only
complete data set in the world on Tc biogeochemistry, environmental
distribution, and trophic level uptake for forest (Figure 8) and
freshwater lake (Figure 9) ecosystems. This body of information has
been instrumental in the development of predictive radiological
assessment models, in establishing regulatory guidelines, and in
supporting the nuclear defense and production programs as major new
projects are initiated to bring DOE facilities into compliance with the
Resource Conservation and Recovery Act.

Material Cycling in Stream Ecosystems (#001693, J. M. Giddings,
Principal Investigator). This project will be incorporated into our
DOE watershed research; it will emphasize terrestrial-aquatic linkages
and material cycling in streams. This work builds on six years of
NSF-funded research on stream spiralling [including theoretical,
laboratory (living streams), <?.nd field studies] — a significant new
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development in aquatic ecology that applies the classical concepts of
nutrient cycling to flowing water ecosystems (Figure 10). It will also
incorporate new research to quantify the hydrologic and biogeochemical
processes linking the flux of materials in streams to their terrestrial
watershed environment. New scientific hypotheses, which were developed
in the Terrestrial-Aquatic Linkages proposal submitted to ERD as the
DOE ecological contribution to the national acidic deposition effort,
wi11 be tested on Walker Branch watershed. The fundamental question to
be addressed is how the surface water chemistry and the biotic
composition of streams change in response to atmospheric inputs and
terrestrial biogeochemicai processes. Mathematical models will be
utilized to simulate the behavior of material cycling in streams in
forested areas, whicn will link biogeochemical processes on the
.irrestrial landscape to those in the receiving headwater embayments of
reservoirs. This research will include experimental studies in the
Walker Branch embayment using isotopic tracers to determine how the
materials are processed and how they affect the biotic communities of
the receiving water body. Integration of this work with ongoing
reservoir ecology research is included in the following project. This
research also will be complemented by proposed new research submitted
to NSF on the resiliency of flowing water ecosystems in response to
various stresses and by ongoing work for EPRI on the changes in the
chemistry of surface waters in the eastern United States in response to
acidic deposition.

Ecological Processes in Southeastern Reservoirs (#000609,
B. L. Kimmol, Principal Investigator). Large, multiple-purpose
reservoirs are the predominant bodies of surface water throughout large
areas of> the United States. Despite their importance as water
resources, reservoirs are poorly understood ecologically, and our
ability to anticipate and quantify the impacts on reservoirs of
anthropogenic activities (whether they be atmospheric deposition of
contaminants on the . widscape, changes in land use, industrial
development and water use, or changes in water quality) is not
scientifically well established. The long-term goal of this research
is to develop the scientific basis for mechanistic simulation models of
biogeochemical cycling and biological productivity in reservoir
ecosystems that are consistent vjith ecosystem theory, ecological
processes, and empirical data (Figure 11). On Melton Hill and Watts
Bar reservoirs, a comprehensive ecosystem field study is under way.
The primary objectives guiding the current research are four scientific
questions: (1) What is the influence of inflow (both river anti_ direct
watershed drainage) on the spatial and temporal heterogeneity of
physical, chemical, and biological variables in reservoirs? (2) What
is the relative importance of allochthonous versus autochthonous
sources of organic matter in supporting reservoir foodwebs? (3) What
are the major biogeochemical and environmental factors regulating
biological productivity? (4) What are the ecological indicators of
ecosystem stress, condition, and resiliency in multiple-impoundment
reservoir series? This project maintains close contact and
collaboration with the TVA, the Corps of Engineers Waterways Experiment
Station, and reservoir research stations of various universities.
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Riverine Transport Modeling (#004443, S. M. Bartell, Principal
Investigator). This research is aimed at developing mathematical
models of aquatic ecosystems that can simulate their biogeochemical
cycles, biological productivity, and response to contaminant inputs
(Figure 12). This is being accomplished through refinement of existing
models, using conceptual and empirical guidance from the stream cycling
and reservoir ecology projects, theoretical advances in aquatic
ecosystem studies, and model validation and application against actual
contamination episodes. The models being used include the EPA's
Standard Water Column Model (SWACOM), which we developed, and the Fates
of Aromatics Model (FOAM). New algorithms are being developed to
include additional variables and mechanistic processes. Uncertainity
analysis of these models is serving as feedback to the experimental
program in identifying both the importance of key parameters and the
relative importance of reducing the variance in measurements. A key
challenge in model refinement will be dealing with the spatial
heterogeneity and temporal dynamics of large, natural water systems.
The accuracy of model output has been systematically validated by
simulating documented instances of contaminant releases and dispersion,
including polycyclic aromatic hydrocarbons in artificial streams in
South Carolina, in microcosms at EPA's Marine Ecological Research
Laboratory, and in Michigan's Hersey River. The staff of this project
are integrally involved with related applied projects for EPA and basic
ecosystem science initiatives under NSF.

Radionuclidas in the Coastal Zone (#002528, C. R. Olsen, Principal
Investigator). This project completes the drainage basin continuum of
our watershed research on biogeochemical cycles. Its IOCUS is on
determining the rates of biogeochemical and sedimentological processes
in river-estuarine and coastal zone environments. Using the
distribution of natural and anthropogenic radionucl ides, unique
low-level counting facilities, and cooperative support to other coastal
zone scientist, and laboratories, this project has made significant
progress in inc >asing our understanding of the processes governing the
behavior of fine particles and associated contaminants in estuaries.
This has included determining the rates and patterns of Kepone
accumulation in the James estuary, using radiocesium and radiocobalt
tracers; documenting the extent to which releases from the Three Mile
Island and Peach Bottom reactors have contaminated the Susquehanna
River and upper Chesapeake Bay; and developing a fine-particle budget
for the Hu-i'son-Raritan estuary (Figure 13) to quantify the trapping of
Pb, Cu, Zn, PCBs, Chlordane, DDT-DDE, radiocobalt, radiocesium, and
Plutonium in the estuary. Current focus is on using atmospherically
derived 7Be and l̂Opj-, ^Q estimate the settling rate to sediments of
particle-reactive substances, examining particle-to-water partitioning
and sorption/desorption kinetics of reactor-released radiocesium
across estuarine salinity gradients, and identifying radionuclide
partitioning between various sorbing phases of particulates. A new,
related effort is planned that will assist Savannah River Operations in
addressing the fate of radioactive effluent releases through the
Savannah River drainage.
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Oak Ridge National Environmental Research Park (NERP) (#000929,
P. D. Parr, Principal Investigator). The DOE NERPs were chartered to
provide protected land and water areas for long-term environmental
research and to demonstrate the environmental compatibility of energy
technology development. The Oak Ridge NERP, designated in 1980, lies
in the heart of the eastern deciduous forest biome region of streams
and reservoirs, mesic hardwood forests, and extensive upland mixed
hardwood-pine forests (Figure 14). Initial projects on the Oak Ridge
NERP were to identify and protect critical habitats through
establishment of natural areas. To date, these areas have been found
to contain 14 different rare plant populations, 8 of which are being
registered as State Natural Areas by the Tennessee Department of
Conservation (Figure 15). Twenty-one reference areas have also been
established for all the representative ecosystem types on the NERP, to
serve as ecological baselines. We envision these baseline reference
areas as serving several purposes: as ..onitoring points for long-term
change, control reference points for experimental projects, and
extrapolation points to regional locations beyond our study
boundaries. The NERP program has also inventoried all historic and
current environmental research sites on the DOE Oak Ridge Reservation.
Summarized data on vegetation cover, topography, soil types, stream
drainages, and the deer demography have already served as invaluable
resources in local land use and waste management decisions. Future
emphases will be on incremental additions and updating of the
computerized data base on natural resources and on initiating long-term
measurements and monitoring to aid in extrapolating results of ongoing
research programs to other regional settings in the eastern
United States. This will involve integrating the Oak Ridge NERP with
the NSF Long-Term Ecological Research (LTER) network and the Biosphere
Reserve program of the U.S. Park Service. It will also require a
comprehensive planning effort involving resident -,taff a;id consultants
in concert with DOE's development of a comprehensive NERP program plan.

System Processes in Landscape Ecology (#B00607, J. R. KrummeI,
Principal Investigator). Many major ecological issues involve the
impact of anthropogenic activities on a regional scale (e.g., air
pollution, land use change, climate alteration, etc.). These
perturbations both influence the spatial pattern of the landscape and
are influenced by the spatial pattern of ecological processes which are
dynamic components of landscape systems. This project is a start
toward establishing a theoretical framework and analytical techniques
to increase the exportation of our NERP-based research to other
regions. This project is analyzing spatial dynamics by incorporating
metrics of environmental pattern in modeling the functioning of
regional ecological systems. It is divided into tasks that will
develop measures of landscape pattern using metrics such as fractal
dimension or entrophy index from measurement and information theory,
test these metrics using remotely sensed data for a variety of
landscape types, and develop landscape process models (e.g., nutrient
or water N U X J S ) that incorporate the spatial heterogeneity of
variables and parameters that control these processes (e.g., terrain,
land cover, soil properties). The proposed landscape models would
hierarchically integrate watershed scale processes and remote sensing
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or other digital information with measures of landscape pattern. Early
results shown here illustrate how the pattern of a complex landscape
from the southern Mississippi River Moodplain can be characterized by
fractal dimension (Figure 16). This metric analyzes the patterns of
vegetation patch sizes by examining perimeter-area relationships and is
a representation of the degree of shape complexity of land cover. The
break in the curve showing the change in fractal values at different
spatial scales indicates that two separate processes are influencing
the shape complexity of deciduous forest patches here — probably
physiographic properties and clearing for uyr ;;.'j : i.ur e.

THE FUTURE

The Department of Energy is enveloped in the changing perspective
of federally supported research and national objectives in science and
technology. New focuses and priorities for energy technology research
and development are being formulated. At the same time, a number of
generic environmental issues have outaineJ a national perspective which
transcends the traditional boundaries of regulatory, research, and
resource management departments of the federal government.

Not only will the environmental research at ORNL continue to ensure
the development of new, environmentally safe and acceptable energy
technologies, but it will also continue to play a key role in the
resolution of national environmental problems related to the
conventional use of energy and resources.

DOE has initiated a major program of environmental restoration,
waste management remedial action, and improved waste handling RD&D. In
the last vyear, ESD has been assigned priority roles in biomonitoring,
environmental toxicology, and biogeochemistry supporting compliance and
remedial action efforts in waste management, at Oak Ridge. From no
involvement in FY 1983, ESO is committed to 18 person-years of effort
in FY 1985, almost equaling the total staff commitment to OHER
programs. One example of our current involvement is a study completed
in 1984 tracing the distribution and fate of Hg releases to the Clinch
and Tennessee rivers (Figure 17). By cross dating of Hg and
operational releases of radiocesium, it was demonstrated not only that
the reservoir sedimentary deposits were buried and biologically
inactive but also that there had been a more recent and equivalent Hg
release from a chloroalkali plant on the Hiwassee River. There remains
a great deal to be learned about the biogeochemical cycling and ecology
of hazardous chemicals released to the environment, which we plan to
explore in our OHER/ERD basic research program.

The Division will continue scientific leadership in researching the
ecological consequences of acidic precipitation and global COj
enrichment; the management of radioactive and hazardous chemical
wastes; the environmental pathways and ecological effects of air,
ground, and water pollutants; the analysis of renewable natural
resources; the environmental assessment of technology development; and
fundamental research in the earth and ecological sciences.
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The ecological research program at Oak Ridge has substantive
efforts on the transport and fate of materials in the environment; the
magnitude of research o.i the response of ecological systems to stress
is not comparable. This is typical of the nature of applied research
nationally. Programmatic funding is generally available for studying
the environmental behavior of hazardous contaminants because of an
inherent appreciation of the issue and the presumed relevance to human
health, even though there is little understanding of the biogeochemical
transport processes in\jived. It is a far more difficult problem,
however, to convince policy makers of the importance of understanding
ecological processes and how these are affected by contaminants.
Decision makers need far more technical understanding to appreciate the
value of research on "environmental health" and the fact that this kind
of research requires a commitment for long-term studies of ecological
processes and their role in maintaining the integrity of ecosystems.

The Division will continue to consolidate its expertise in
analyzing the behavior and fate of environmental contaminants, with an
increased emphasis 0:1 the coupling between land and water systems.
Capabilities in biogeochemistry will be augmented with those in
hydrogeoc^mistry and limnology. Our national reputation in systems
ecology will need to be rejuvenated by both the support of a vigorous
experimental field program and the challenges of solving applied
problems. We intend to be in the forefront in addressing the
environmental risks of technological development on site-specific,
regional, and global scales. We also anticipate that the emerging
national environmental problem of hazardous wastes will require
improved technical strengths in environmental engineering and
geosciences management. Biotechnology will be sought to provide
exciting and unexpected solutions in environmental restoration. As
technologists learn better to "design with nature," ecological emphasis
on environmental restoration may shift to a more innovative use of
ecological systems in providing useful services, such as biomass
production.

This complex research mission will continue to be based on the use
of advanced computing and analytical instrumentation, collaboration
with others, extensive application of science with a sound theoretical
basis, the pragmatism that results from frequent interaction with
technologists and regulators, and a rigorous adherence to mission
objectives and long-range plans. This mission is currently
accomplished through over 140 cooperative projects, including
subcontracts with universities and industry, and interagency agreements
with federal agencies. The ESD will maintain an active program of
visiting scientists, undergraduate training, and graduate education.
The ESD will continue to serve as a focal point linking the scientific
resources of academia with its own capabilities to meet, the applied
technical needs of industry and government. This will undoubtedly
Involve more complex scientific alliances and increasing
responsibilities for program management.
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TABLE 1

FY 1986 OHER Environmental Research Projects

Environmental Sciences Division, Oak Ridge National Laboratory

RPIS #
PROJECT
TITLE

DOE TECHNICAL
REPRESENTATIVE

ORNL PRINCIPAL
INVESTIGATOR

001624 Atmosphere-Canopy Interactions

003945 Effect of Complex Gaseous Mixture0, on
Terrestrial Vegetation

004441 Biogeoch;Tiical Cycling in Walker
Branch Watershed

004326 Subsurface Hydrologic Transport of
Trace Elements

000690 Radionuclides in the Environment

001693 Material Cycling in Stream
Ecosystems

000609 Ecological Processes in Southeastern
Reservoirs

004443 Riverine Transport Modeling

002528 Radionuclides In the Coastal Zone

000929 Oak Ridge National Environmental
Research Park

D. S. Ballantine S. E. Lindberg

J. V. Dorigan G. E. Taylor

W. S. Osburn

F. J. Webber

0. W. Johnson

R. J. Luxmoore

R. L. Matters E. A. Bondietti

D. H. Hamilton J. M. Giddings

D. H. Hamilton B. L. Kimmel

D. H. Hamilton S. M. Bartell

C. L. Osterberg C. R. Olsen

W. S. Osburn P. D. Parr

B00607 Systems Processes in Landscape Ecology W. S. Osburn J. R. Krummel



FIGURE LEGENDS

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure B.>-

Figure 9.

Figure 10.

Figure 11.

Figure 12.

Figure 13.

Figure 14.

An ecological hierarchy illustrating the landscape,
watershed, and process levels of scale. (ORNL 85-16007)

A diagrammatic representation of a watershed unit of the
landscape illustrating ecological processes connecting land
and water. (ORNL 85-14388)

Deposition chemistry of some selected trace elements at the
atmospheric monitoring and meteorology site on Walker
Branch watershed. (ORNL 6010-85)

Laboratory and field research facilities for studying the
effects of atmospheric contaminants on vegetation.
(ORNL 6012-85)

Biogeochemicel cycling research at one of the Walker Branch
watershed weirs — a pictoral summary of the sulfur cycle.
(ORNL 6011-85)

Underground weir facility supporting research on the
subsurface transport of trace elements. (ORNL 5966-85)

Infiltration measurements on the watershed above the
subsurface weir. (ORNL 5964-85)

Technetium cycling measurements in the White Oak Creek
floodplain forest. (ORNL 6006-85)

The White Oak Lake ecosystem site
radioecological research. (ORNL 6007-85)

for aquatic

Radiotracer experiments measuring spiraling length
parameters on Walker Branch. (ORNL 6008-85)

Biological productivity in Watts Bar Reservoir showing
remotely sensed re-ervoir gradients and field measurement
on seasonal variation. (ORNL 5965-85)

Structure of mathematical models being used to simulate
contaminant transport and ecological effects in large water
bodies. (ORNL 5967-85)

Sediment distributions of radionuclides in New York harbor
resulting from releases upstream into the Hudson River.
(ORNL 5962-85)

General ecosystem types on the Oak Ridge National
Environmental Research Park and their relation to forest
ecoregions of the eastern United States. (ORNL 5963-85)
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Figure 15. Inventorying the distribution of rare plant populcitions on
the Oik Ridge National Environmental Research Park.
(ORNL 5968-85)

Figure 16. Fractal analysis of vegetation shape complexity occurring
in the southern Mississippi River floodplain illustrating
the physiographic and human scales of influence.
(ORNL 85-16005)

Figure 17. Sediment profiles of ^7Cs-dated mercury releases in the
Tennessee River resulting from DOE operations at the Y-12
facility. (ORNL 84-9980)
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