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This progress report summarizes the current activities and accomplishments in
research and development activities each of the division's major organizational
conducted in the Environmental Sciences units. Following the sections describing
Division of Oak Ridge National Laboratory the organizational units is a section
during the period October 1, 1990, through devoted to lists of information necessary to
September 30, 1991. The report is convey the scope of the work in the
structured to provide descriptions of division.

xi



, Abbreviations
, - II II I till ['11 lr I I Ii iii III • I

ARARs applicable or relevant and appropriate requirements
ARM Atmospheric Radiation Measurement
BFDP Biofuels Feedstock Development Program
BIOMOVS International Biospheric Model Validation Study
BMAP Biological Monitoring and Abatement Program
BMWTD Biofuels and Municipal Waste Technology Division
BTX benzene-toluene-xylene
CAS Chinese Academy of Sciences
CDIAC Carbon Dioxide Information Analysis Center
CDIARP Carbon Dioxide Information Analysis and Research Program
CDRD Carbon Dioxide Research Division

CEQ Council on Environmental Quality
CERCLA Comprehensive Environmental Response, Compensation, and

Liability Act
CFR Code of Federal Regulation_
COMPMECH compensatory mechanisms in fish populations
CVI Coastal Vulnerability Index
CYRTF_ Coal Yard Runoff Treatment Facility
DCE dichloroethylene
DDRP Direct/Delayed Response Project
DGM dissolved gaseous mercury
DM dissolved mercury
DNA deoxyribonucleic acid
DO dissolved oxygen
DOD Department of Defense (U.S.)
DOE Department of Energy (U.S,)
ECG Environmental Compliance Group
EDTA ethylenedinitrilotetraacetic acid
EEO equal employment opportunity
EFPC East Fork Poplar Creek
EIA environmental impact assessment
EIS environmental impact statement
EMAP Environmental Monitoring and Assessment Program
EPA U.S. Environmental Protection Agency
EPRI Electric Power Research Institute
ER Environmental Restoration
ESD Environmental Sciences Division

ESRI Environmental Systems Research Institute
FDA Food and Drug Administration
FERC Federal Energy Regulatory Commission
GCM general circulation model
GIS geographic information system
GRIDSS Global Resource Intelligent Decision Support System
GSI gonadal somatic index
GSMNP Great Smoky Mountains National Park
HBCU historically black colleges and universities

,t®

Xlll



xiv Abbreviations

HEC herbaceous energy crops
IAEA International Atomic Energy Agency
IEA Institute for Energy Analysis

International Energy Agency
IFIM Instream Flow Incremental Methodology
IFS Integrated Forest Study (funded by EPRI)
IIASA International Institute for Applied Systems Research
IMI infield methanol immersion
lR infrared spectrometer
IUFRO International Union of Forest Research Organizations
LTER Long-Term Ecological Reserve
MCL maximum contaminant level
MEI minority educational institution
MM monomethylmercury
MMO monooxygenase
MP&T modified purge and trap vial
NADP National Atmospheric Deposition Program
NAPAP National Acid Precipitation Assessment Program
NAS National Academy of Sciences
NASA National Aeronautics and Space Administration
NATO North Atlantic Treaty Organization
NEPA National Environmental Policy Act
NEVOO Nevada Operations Office
NDP Numeric Data Package
NFS National Science Foundation
NOAA National Oceanic and Atmospheric Administration
NOM natural organic matter
NOV Notice of Violation

NPDES National Pollutant Discharge Elimination System
NPL National Priorities List
NRC National Research Council

Nuclear Regulatory Commission
NRI National Resource Inventory
NRWTF Nonradiological Wastewater Treatment Facility

- NSF National Science Foundation
NTS Nevada Test Site

OHER Office of Health and Environmental Research (DOE)
ORAU Oak Ridge Associated Universities L
OREIS Oak Ridge Field Office Environmental Information System
ORHSP Oak Ridge Hydrology Support Programs
ORNl., Oak Ridge National Laboratory
ORR Oak Ridge Reservation
OTD Office of Technology Development
PCA principle components analysis
PCE tet rachioroethyl ene
PEIS Programmatic Environmental Impact Statement
PID photoionization detector
PIP Performance Improvement Process
PLFA phospholipid ester-linked fatty acids



Abbreviations XV

PM particulate mercury
PNL Pacific Northwest Laboratories
PRC People's Republic of China
PS photosynthesis
QA quality assurance
R&D research and development
RCRA Resource. Conservation and Recovery Act
RFI RCRA facility investigation
RI/FS remedial investigation/feasibility study
SARA Superfund Amendments and Reauthorization Act of 1986
SCOPE Scientific Committee on Problem,_ of the Environment

SEIS Supplemental Environmental Impact Statement
SERP Sedimentary Rock Program
SRIC short-rotation intensive culture

SRWC short-rotation woody crops
SSM mercury-on-suspended matter
STP Sewage Treatment Plant
STRIVE Science Teachers Research Involvement for Vital Education
SWDA Solid Waste Disposal Act
SWSA solid waste storage area
TCE trichloroethylene
TM total mercury
TRC total residual chlorine

TVA Tennessee Valley Authority
UEP University and Educational Programs Office
UNESCO United Nations Educational, Scientific, and Cultural Organization
USAP U.S. Amarctic Program

, USDA U.S. Department of Agriculture
USGS U.S. Geological Survey
UTM Unified Transport Model
UV ultraviolet
VAMP Validation of Assessment Model Predictions
VC vinylchloride
VOCs volatile organic compounds
WAG waste area grouping
WBW Walker Branch Watershed
WOC White Oak Creek
WOL White Oak Lake

WSRS Westinghouse Savannah River Site

u

=



Research Overview
.... I I '1 [",. III iii '11

The Environmental Sciences Division management, and global-scale data and
(ESD) at Oak Ridge National Laboratory information systems. The goal of the
(ORNL) conducts environmental research section is to obtain scientific understanding
and analyses associated with both energy of natural and anthropoge, nic processes
technology development and the important to the entire earth system. The
interactions between people and the section relies on interdisciplinary research
environment. The division engages in basic to evaluate and predict, through
and applied research for a diverse list of experimental and mathematical simulations
sponsors. While the U.S. Department of that are correlated with monitoring data,
Energy (DOE) is the primary sponsor, the effects of natural and human processes
ESD staff also perform research for other on present and evolving earth systems
federal agencies, state agencies, and private components.
industry, The division work:;
collaboratively with federal, agencies, The primary focus of !he section is on the
universities, and private or,ganizations in development of interdisciplinary earth
achieving its research objectives and hosts systems models that integrate state-of-the-
a large number of visiting investigators art understanding oi biogeochemical
from these organizations, dynamics, climatology, ecological systems,

and renewable resources. Each of these
ESD also has an extensive education disciplines is linked through a sound
program, providing opportunities for understanding of data and model systems.
research participation and other Research encompasses both the pragmatic
educational _ctivities in environmental development of global information systems
sciences while meeting division and the development of theoretical and
programmatic objectives. These activities laboratory studies. In addition, the section
range from precollege programs to provides sponsor agencies with technical
undergraduate, graduate, and postgraduate reviews of programs and reports on global
opportunities, change issues.

Given the diverse interdisciplinary Examples of the types of research activities
specialization of its staff, ESD provides that Earth Systems staff undertake include
technical expertise on complex the development, implementation, and
environmental problems and renders error analysis of global carbon cycle
technical leadershio for major models; development of ocean lateral
environmental issues of national and local transport models; worldwide analysis of
concern. This progress report highlights trace gas emissions; changes in nutrient
many of ESD's accomplishments in these dynamics associated with global change;
and other areas in FY 1991. analysis of annual trends in atmospheric

constituents; assessment of impacts that
Earth Systems Section global "'imate change would have on

renewable resources; compilation of global
The Earth Systems Section addresses data bases; use of satellite imagery to
environmental reseat:eh, natural resource discern changes in tropical deforestat!'3n

xvii
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rates; and coupling of terrestrial ecosystem behavior of ecological systems. Currently
dynamics with atmospheric general research in landscape ecology and
circulation models, individual-based population modeling is

emphasized. Environmental risk
Ecosystem Studies Section assessment staff develop methods for the

quantitative assessment of risks and
Research in the Ecosystem Studies Section provide guidance to regulatory agencies on
focuses on characterizing the structure and the uses of environmental risk assessment.

functional relationships of regional Section staff are also engaged in important
landscapes and terrestrial and aquatic international activities in the evaluation of
ecosystems, communities, and populations, ri_k models.
This information is then used to predict
the responses of these regions and In addition, the section is involved in
ecosystems to both natural and man- important interactions with the Te anessee
induced disturbances. Major research Valley Authority, the Great Smoky
areas include theoretical ecology, Mountains National Park, the Southern
biogeochemical cycling, environmental 'risk, Appalachian Man and the Biosphere
and the physiological ecology of terrestrial Program, The University of Tennessee, and
plants, many other universities. Major sponsors of

our research include the DOE
Biogeochemical cycling research centers on Environmental Sciences Division oi' the
the Walker Branch Watershed Project, Office of Health and Environmental
which investigates the relative importance Research, the DOE Biofue!s Feedstock
of hydrogeochemical transport and Development Program, the U.3.
biogeochemic-q cycling in regulating Department of Agriculture, the U.S.
productivity in forests and streams. In Environmental Protection Agency, the
addition, research projects investigate the Electric Power Research Institute, and the
effects of atmospheric deposition in high- Martin Marietta Energy Systems, Inc.,
elevation red spruce forests, and the effects Environmental Restoration Division.
of fertilization regimes on sycamore

plantations; a new project funded by the Environmental Analyses SectionNational Science Foundation focuses on

nutrient cycling and stability in stream 'The Environmental Analyses Section
ecosystems. Important to biogeochemical develops theory and methods, analytical
cycling research is the use of light stable tools, and numeric data bases to evaluate
isotopes to study ecological processes, environmental issues, and it prepares
Research on the physiology of terrestrial interdisciplinary assessments of
plants focuses on effects of pollutants such environmental issues at spatial scales
as ozone, acid deposition, and nitrogen ranging from the individual site to the
oxides on terrestrial systems. A current regional landscape and the globe. The
emphasis is on the effects of increased section also provides technical assistance
atmospheric CO 2 on forests. We are also for the development of policy concerning
investigating the effects of ultraviolet compliance with environmental regulations.
radiation on terrestrial vegetation.

Researchers in the section prepare impact
The development of ecological theory is an analyses for use by sponsors within DOE,
important underpinning of research in the Federal Energy Regulatory
ESD. The Ecosystems Studies Section Commission, the Nuclear Regulatory
develops simulation and mathematical Commission, and the U.S. Department of
models to d_zscribeand predict the Defense as part of their compliance with
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the National Environmental Policy Act. Section activities center on the response of
They also conduct regulatory analysis and Oak Ridge Reservation (ORR) streams to
environmental compliance activities in waste management and cleanup activities
support of a number of spon::_rs, such as and on the development of capabilities for
the DOE Environmental Guidance predicting direct and indirect effects of
Division, the Hazardous Waste Remedial contaminants released to the environment.
Actions Program, and the U.S. Air Force. Further areas ot research are
During the past year, the section has environmental transport, fate of
provided technical support for the Office contaminants in aquatic environments, and
of the Secretary of Energy in the area of biogeochemistry of contaminants. Major
environmental compliance and for the emphasi_ is on the off-site environments
President's Council on Environmental surrounding ORR. The section provides
Quality in an analysis of long-term data management responsibilities tbr the
strategies for the reporting of environmental restoration project at
environmental trends. Energy Systems facilities.

The Environmental Ana!yses Section also Research in the section also addresses the
conducts basic research leading to analyses sources of chronic and acute toxicity in
of natural systems that incorporate patterns wastewaters and streams on ORR and the
in space azi.,ttime, and it develops and development of in situ and laboratory tests
applies modeling techniques--including to detect and quantity, toxicity. In addition,
simulation, optimization, statistics, section staff are participating irl a major
uncertainty analysis, and geographic effort in incorporating molecular biology
information system applications--to solve with traditional microbiological tools to
environmental problems, understand and contlol degradation of soil

and groundwater contaminants.
Environmental Biotechnology
Section Geosciences Section,

The Environmental Biotechnology Section Staff of the Geosciences Section engage in
is involved in basic and applied research on basic and applied research and conduct
the mechanisms through which demonstration projects directed toward
contaminants affect biological systems, the understanding and controlling the physical
ways in which receiving systems affect the and chemical mechanisms that influence
availability and distribution of materials to the movement of material through the
which they are exposed, and the lithosphere, hydrosphere, and atmosphere.
modification of biological and The major areas of emphasis involve
environmental systems to enhance geochemistry, geology, geophysics,
degradation or immobilization. Research is environmental chemistry, soil science,
conducted from the subcellular and hydrology, atmospheric chemistry,
biochemical level to the ecosystem level oceanography, and environmental
with experimental, observational, and engineering. The scope of the studies
simulation studies. Researchers investigate includes field characterization, testing and
both the role that molecular, biochemical, demonstration, laboratory experiments, and
and physiological processes have in mathematical and computer modeling.
regulating the biological accumulation of
contaminants and the adverse effects that The section strives to maintain a balance
the contaminants have on the environment, between basic and applied studies. The
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staff address issues that are necessary to Wood Energy Species, Model Herbaceous
understand the impact of energy Energy Species, Environmental Research
technologies on the environment, and Analysis, and Economic Analysis and

Integration. Other efforts included Fuel
': The common theme of most section Cycle Analysis, Information and Data

activities is the study of waste materials Handling, and participation in the
and by-products from energy production, International Energy Agency's biomass
and activities span major portions of the production activities.
energy cycle. The staff of the Geosciences
Section are heavily committed to Center for GlobalEnvironmental
investigating many of the critical issues that Studies
are essential in dealing with the cleanup of
DOE facilities in order to bring them into ORNL's Center for Global Environmental
environmental compliance, Innovative Studies, established in FY 1988, is under
waste treatment technologies have been the programmatic guidance of ORNL's
developed, including bioremediation of Associate Director for Environmental Life
organic contaminants and mercury, as well and Social Sciences. The center draws on
as oxidation and venting of organic the talents of researchers throughout the
contaminants that occur in soils and Laboratory and develops collaborative
groundwater, relationships with established centers of

excellence at universities and research

Biofuels Feedstock Development institutions both here and abroad.
Program Activities have revolved around sharpening

the center's focus on five major research
The Biofuels Feedstock Development themes: data systems; large-scale
Program (BFDP) manages DOE's national environmental studies; policy, energy, and
research on the production of dedicated human systems analysis; measurement
energy crops. It is supported by DOE's science and instrumentation; and global
Office of Transportation Technologies. systems analysis.
The primary objective of BFDP is to
develop systems for producing biomass The center seeks to understand complex
feedstocks for liquid transportation fuels global issues such as climate change, ozone
that are cost-effective and environmentally depletion, globally distributed
acceptable, contaminants, erosion decc.,tification and

urbanization, water resources, biodiversity,
The program emphasizes high-priority deforestation, and resource depletion, ali
model species, both woody and herbaceous, of which require support through research
suitable for major U.S. crop production and analysis in data systems; measurement
regions. Research on specific crops is science and instrumentation; policy, energy,
primarily subcontracted to land grant and human systems; and large-scale
universities and to U.S. Department of environmental studies. The goals of the
Agriculture research facilities. Resource center are (1) to improve understanding of
assessment, environmental analysis, and the global-scale workings of environments
economic studies, including basic in air, on land, and in water and (2) to
physiology and nutrient-cycling research, develop capabilities to predict long-term
arc performed largely within ESD and consequences of human actions that
ORNL, with some subcontracted support, may alter, perhaps irreversibly, the vital
In FY 1991, BFDP had four major balances of nature.
research and analysis components--Model
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Group interests also include quantificatic_n

Introduction of the implications of model uncertainties
on model performance. Sensitivity and
uncertainty analyses are used to evaluate

The Earth Systems Section of the performance and to place model forecasts
Environmental Sciences Division (ESD) at in the context of global risks. Earth
Oak Ridge National Laboratory (ORNL) systems modelers use an innovative
addresses environmental research, natural synthesis of techniques to address problems
resource management, and global, _cale in mesoscale, regional, and global
data and information systems. Thz goal of modeling.
the section is to obtain scientific

understandingof natural and Data and Information Analysis
anthropogenicprocessesimportant to the
entire ez_rthsystem. The section relies on The purpose c)f the Data and Information
interdisciplinary research to evaluate and Analysis Group is to provide the
predict, through experimental and information and data support essential to
mathematical simulations that are performing comprehensive, resource-
correlated with monitoring data, the effects intensive regional- and global-scale
of natural and human processes on present environmental projects successfully. The
and evolving earth systems components, group employs state-of-the-art information
The section is composed of three groups: and data management techniques to ensure
Earth Systems Modeling, Data and proper informaticm exchange between
Information Analysis, and Renewable project components and to facilitate
Resources. The Carbon Dioxide informatic_n transfer between projects and
Information .Analysis Center (CDIAC) and the external research community. The
the ORNL National Environmental group subscribes to the "value-added"
Research Park are also administered by the model of information processing; the staff
section, actively identify and solve problems to

enhance the product. To achieve the

Earth Systems Modeling careful balance of information and data
support needed to meet project

The Earth Systems Modeling Group requirements, the group relies on
develops, applies, and evaluates information theory, computer science,
mathematical models used in addressing tclecc_mmunications, scientific visualization,
global-scale environmental issues. Current and data management.
research emphasizes the development of

new models and the examination and The group designs information and data
integration of disparately scaled existing systems lk_rthe acquisition, analysis, display,

, models to comprehensively address global and storage of data related tc) regional and
carbon dynamics. This work is designed to global projects, lt develops data
increase understanding of the global acquisition software to control the quality
carbon cycle and to forecast the effects of of incoming data automatically at the
changes in atmospheric carbon emissions source. The group also evaluates
on global climate and ecological resources commercial _lnd custom data management,
during the next century, analysis, and display software for project
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use. In addition, the group develops data compile, ensure the quality of, document,
handling, quality assurance, documentation, archive, and distribute information related
and archiving procedures. Furthermore, it to CO2 in support of the U.S. Department
supervises and _executessystem integration of Energy (DOE) Carbon Dioxide
and deployme m. Special emphasis is Research Program. CDIAC supports the
placed on auality assurance and extensive data and information needs of
documentation, the international research, polie),-making,

and education communities to assist them

Renewable Resources in the evaluation of complex environmental
' issues that are associated with elevated

The objectives Of the Renewable atmospheric CO2.
Resources Group are to develop improved
analytical methodologies in evaluating CDIAC staff identify users' needs by
renewable resource dynamics and to attending workshops, reviewing literature,
evaluate resource management approaches and maintaining personal contacts. The
that provide greater human benefit and center obtains and evaluates data, articles,
reduced environmental risk. and reports for potential worldwide

distribution. In addition, the center
Efforts of the group fall into four areas, products digital Numeric Data Packages
which are generally global or regional in and Computer Model Packages, and it
scope: (1) changes irl land use and in distributes DOE arid other CO2-related
coastal zones as a result of changing reports. Ccnter staff also produce the
clin_ate, (2) biosphere studies to assess ncwslettcr CDIAC Communications, which
man's effects on natural ecosystems, (3) has a worldwide distribution to 6000
plant-crop improvement and environmental rcscarchcrs in more than 150 countries.
evaluation for biomass-based energy For the research and policy-making
systems, and (4) broad evaluation of communities, CDIAC has produced such
tropical deforestation processes involving varied products as TRENDS '90: A
the interpretation of geographic Compendium of Data on Global Change
information system (GIS) and remote and Glossary: Carbon Dioxide and
imagery. Important activities include the Climate.
development of methodologies ibr analysis,

synthesis of GIS data, and participation in National Environmental
cooperative multi-institutional research.
The group makes use of specific technical Research Park
expertise in regarding plant community Studies related to the Oak Ridge National
productivity, soil and nutrient-cycling Environmental Research Park, a project
processes, land-development processes, and funded by the DOE Office of Health and
the effects of energy use on ecosystems. Environmental Research (OHER), focus

on the analysis, synthesis, modeling, and
Carbon Diolxide Information marketing of ecological investigations
Analysis C_anter (CDIAC) performed on the Oak Ridge Reservation

(ORR). The emphasis is on the
CDIAC, operational since 1982, is a fully coordination of research eflorts and

integrated information analysis center comparist)n of results at the six DOE
whose primary function is to acquire or Rcscarch Park sites.
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...... technologies in relation to the economics
of energy supply and demand. The

Technical Summaries GRIDSS will estimate the probability of
atmospheric CO 2 doubling as a function of
time and energy policy alternatives selected

by the user.
'Experience gained from repeated use of

Artificial Int_',lligence, Expert the GRIDSS can help the decision makers
Systems, and Dynamic Models and the model developers to identity, areas

Can Be Integratad to Support for future refinement of the prototype.
Global Carbon Issues Planned modifications include the

incorporation of several energy models and
S. M. Bartell carbon distribution models to provide

additional analytical flexibility. As the

The objective of this research is to develop GRIDDS evolves, it will become an
a prototype of the Global Resource increasingly useful instrument for decision
Intelligent Decision Support System makers and scientists who must integrate
(GRIDSS). The purpose of GRIDSS is to large amounts of information and diverse
integrate dynamic models of carbon expertise to effectively explore the global
emissions and global carbon distribution implications of future energy policy.
with global data in a user-intensive
operational context provided by artif:cial
intelligence and expert systems _)
technologies. Decision makers can use
GRIDSS to rapidly explore the

Water Resource Analysts Mustimplications of changes in energy policy on
subsequent carbon emissions and risks of Adapt GeM Output 'for Use in
CO2 increases and distribution on a global Climate-impact Studies
scale.

P,. M. Cushman
_Ilaeprototype GRIDSS will include a
published energy-economics-based carbon Using general circulation models (GeMs)
emissions model and a simple ocean- to provide regional climate data to assess
atmosphere carbon distribution model. The the impact of changing climate on water
input data include the initial conditions and resources stretches the design limits of the
parameter values for both models. The models. Problems that must be addressed
expert system will provide the user include (1) disagreement on a regional
interface, appropriately modify the input scale among GeMs and between the
data, anadperform the necessary modeled and observed climates, (2) coarse
simulations in response to user spatial resolution of the models, and
explorations of alternative energy policies. (3) overly simplistic representation of
The artificial intelligence engine of the surface hydrolt_'gy.
GRIDDS will execute risk-based decision

methods to assist the decision maker in On a rcgion_d scale, the various GeMs
assessing the global risks and benefits disagree on the possible changes in
associated with alternative energy policies, temperature and precipitation, and they do
The prototype will focus on alternatives in not correctly simulate ali features of the
regional emphasis on specific energy current climate. Because the spatial
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resolution of GCMs is coarse (up to 8° by about the best way to make the
10° latitude-longitude) and their projections: should model simulations of
representation of geography and the future be taken at face value, or should
topography is only approximate, relating they be adjusted to compemate for their
the model output to actual locations on the inherent unreliability? Unfortunately,
earth's surface is difficult. Some processes researchers currently have no established
that function at subgrid scales are method for adjusting the simulations.
represented statistically. Importantly, the
models' representation of surface hydrology Given the interest in the poter.tial effects
is simplistic. For example, soil moisture in of climate change on water resources,
GCMs is often simulated a,,;a "bucket" 15 analysts will probably continue to use the
cm deep; when precipitation and snowmelt simulations from GCMs as the basis for
(less evaporation) cause soil moisture to assessing climate impacts, perhaps in
exceed 15 cm, the excess becomes runoff, combination with either hypothetical or

historical-analog climate scenarios. It is
Because of the lack of agreement among important that continued progress in the
climate models, it is useful to examine a methodology for using GCM output in
range of climate scenarios by using the climate-impact assessments be made,
output from more than one model. To concurrent with progre,ss in hydrologic
partially resolve the difficulty in relating modeling.
the coarsely gridded output to specific
locations on the earth's surface, several
investigators have analyzed the output for
several model grid points near the area of O
i._lterest. Both statistical and modeling
techniqueshave been suggestedfor CDIAC Disseminates Climatic

deriving finer-scaleclimate information Data Bases of the People's
from GCM output. While analysesof the Republic of China, 1841 - 1988
effects of climate change on water

resources can be performed with the D.P. Kaiser I and T. A. Boden
monthly temporal resolution of the GCM

output, the model's monthly averaged Evidence of rising concentrations of
output may also be converted into a daily radiativcly active trace gases such as CO a
time series by using a weather generator, and CH4 in the global atmosphere has led

to fervent national and international efforts

The crude representation of soil moisture in monitoring aild predicting the impacts ofand runoff in GCMs has led to difficulties
an accompanying enhancement of the

in some analyses. Some analysts avoid greenhouse effect. One such effort has
using the soil moisture and runoff data been undertaken by DOE and the People's
from GCM output; instead, they use GCM Republic of China (PRC) Chinese
projections of temperature and
precipitation to drive a hydrologic model, Academy of Sciences (CAS), who signed
such as a water-balance model. GCM an agreement on August 19, 1987, to carry

out a joint research program on possible
simulations of the current climate are not COz-induccd climate changes. Some of the
yet reliable so researchers often use actual main tasks included in the program are the
data on present climate to define the preparation, validation, and analysis of
"base-case" climate. The base case is then regional-climate data. To date, DOE and
used in model simulations to project future CAS have prepared several climate data
climate. Researchers disagree, however, sets containing observations of basic
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meteorological variables from their longest period of record from each shown
respective countries, in parentheses, are as follows:

CAS has prepared five climate data sets 1. 60 stations (1841.-1988) providing
containing meteorological observations monthly values of mean station
from PRC and turned them over to pressure, mean temperature, mean
CDIAC at ORNL for quality assurance maximum temperature, mean minimum
reviews and subsequent publication and temperature, total precipitation, mean
dissemination. The data sets, with the relative humidityl sunshine duration,

iiiii!ii!iiiiiiiiii!ili!iii!i!ii!iiiiii!!ii!i!!ii!iii!i!i!ililiiii!i!ili!ii!iiiiii!!iiiiii!iii!iiii!iliiii!iiiii!ii!!i!iii!!!i!ii!ii!i!i!i!!!iii!!!i!iliii!ili!iiii!iiiii!ii!!iiiiii!iii!i!!i!iii!i!i!i!i!ii!i!iiiii!iiiiilliii!iiiii!iiiii!iii!iiiiiii!ii!i!ii!iiii!i!iiiii!iiiii!ii!i!i!ili!i!iii!iii!i!iliiiii!ii!ii!iii!!iliiiiiiiii!iiiii!i!!iiiiiii!!ii!!i!i!ii!iiiiii!iii!ii!i!iiiiiiill!iiiii!!!ii!!i!iiii!iiiiiiii!!!iliiiii!ii!!i!iiii!iiii!i!iiii!iiii!ii!

Tom Boden reviews a data base that will documented about 50 data bases and

soon be distributed by the Carbon Dioxide distributed ot)er 2000 copies to requesters in
Information Analysis Center. During the 63 countries.
past 5 years, the center has analyzed and

ii_i_?!i'_i_i_!_iiii!iii!_i_i_ii!i!i%!!_iiiiiiii',ili!iiiiiii_!_!i!i_iii!i!i_!iiiiiiiii!iii!iiiii':iiiiiiiiiiii!iiiiiiiiiiii!iiiiiiiii!iiiiiiii_,!_iii!iii',!!i,,i,,ili!!i!iiiiii,iiiiii_iiii!,!ii__ilii!i!i_i__iiiiiil,i_!iiiiiiii_:_ili_i_iiill_i_i_i_!ii_ii_:_;i_ii_i_!_iii_i_ii_iii!iilii_iii_iiii!ii_iii_!i!_ii,_i_iiii!!iiii!ii!_,i!!i!i_iiiiii!ii_!iiiiiiii!!iiiiii,_iliiiiii!!ili,_iiiili!i!i!iiiiiiii_:iiiiii_!
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mean cloud amount, number of days These data offer the most comprehensive,
with snow cover, dominant wind long-term instrumental Chinese climate
direction, mean wind speed, dominant data presently available. The coverage
wind frequent,3,, and extreme maximum (298 stations) offered by these data sets
and minimum temperatures; greatly improves the spatial and temporal

2. 206 stations (1880-1988) providing coverage offered by other published
monthly values of mean temperature sources, such as the World Weather Records
and total precipitation; and Monthly Surface Station Climatolo_

3. 40 stations, (1984-1988) providing for the World.
monthly values of mean maximum and
minimum temperatures and extreme 1The University of Tennessee, Knoxville,

maximunl and minimum temperatures;
4. 180 stations (1951-1982) providing daily

precipitation totals; and
5. 147 stations (1951-1988) providing

10-day precipitation totals.
Emissions of CO z to the

Valuable ancillary intbrmation is available Atmosphere from Global Energy
for thosestationsin the60-station dataset Use Are Compiled and Analyzed
(severalof thesestationsalso contributeto
the 180- and 147-stationdatasets), G. Marland and T. A. Boden
includingstationhistoriesand

documentationof instrumentusageand With increasingconcernaboutthe effect
data collection procedures. No such of rising concentrations of greenhouse
ancillary data are available for the gases in the global atmosphere, there is a
remaining stations at this time. The corresponding increase in interest in what
comprehensive nature of the 60-station rnigh',be done to limit or minimize these
data set allows American scientists to concentrations. Carbon dioxide is of

analyze these data for long-term trends, particular concern, not only because of the
Using monthly mean temperatures from magnitude of its postulated contribution to
urban-rural station pairs within this climate change but also because of its
network, Wang et al. (1990) reported a essential linkage to the global-energy
0.23°C urban heat island effect from 1954 supply system.to 1983.

To understand what is happening in the
Quality assurance checks performed at atmosphere, to appreciate why this is
CDIAC identified numerous errors and happening, and to be serious about trying
suspect values in the data sets, many of to limit future atmospheric concentrations
which CAS has corrected. The data are of CQ, the magnitude and locations of
now believed to be of generally good sources of CO 2 emissions must be
quality. CDIAC has written a DOE understood.
technical report on these data sets, which

CAS is currently reviewing, and the center The Carbon Dioxide Information Analysis
is now preparing a Numeric Data Package Center (CDIAC) at ORNL maintains and
that focuses mainly on the 60-station data distributes a data base of CO z emissions
set because of its broad array of from t't_ssilfuel use and cement
meteorological variables, generally long manufacture. These emission estimates are

periods of record, and valuable ancillary fully document cd and available free from
information. CDIAC. Since 1988, CDIAC has
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distributed this data base to more than 300 third consecutive year the U.S. growth rate
individuals in 26 countries. This data set, was higher than the global average.
organized by country and fuel, is
continuous from 1950. Upon the receipt
of the annual update on global energy
production from the U.N. Statistical Office, O
the CO2 emissions time series, which

currently runs through 1989, is amended. Areas on the Oak Ridge
Reservation Open for Deer

Total global CO 2 emissions reached 5.954 Hunting Are Reevaluated for
X 109 metric tons of carbon in 1989, an
increase of 1.09% over 1988. This Contamination arid Hunter Safety
estimate represents the largest annual

P. D. Parr, B. Lu, F. R. O'Donnell, l and
emission ever from fossil fuel consumption J.W. Evans2and cement production and continues an
increasing trend that has prevailed since
1983. Decreases of emissions that followed Areas on ORR open for public deer
the oil price shocks of the 1970s into the hunting were evaluated for hunter safety

with respect to potential contamination.early 1980s have now been erased, and a
new upward trend seems well established, The purpose of the evaluation was to (1)
even though the 1989 growth rate is identify areas now open for hunting that
considerably less than the 4.05% growth may pose potential ce ntamination risks to
from 1987 to 1988. Growth is most hu_lters, (2) determine what radionuclides
prominent in some developed countries; are involved in any identified contaminated
emissions fi'om the centrally planned areas, and (3) perform dose rate
economies of Asia, for example, are now calculations to evalualLethe impact on

individuals who have ihunted in identified54% higher than in 1979. By contrast,
emissions from Western Europe are still contaminated areas previously open for
12% below the 1979 maximum and are hunting.
virtually unchanged since 1982. African

Public deer hunting began on ORR inCO2 emissions are up 33% from 1979, and
1985 through an agreement between DOEthose from Latin America are up 16% over

the same time interval, and the Tennessee Wildlife Resources
Agency in an effort to reduce the white-

The three largest emitting nations in tail deer population and, consequently, the
1989--the United States, the Soviet Union, number of vehicle collisions with deer.

Prior to initiation of the hunts, effortsand China--accounted for a little more

than half (50.5%) of the global CO2 were made to evaluate, areas open for
emissions from fossil fuel burning, cement hunting to ensure hunter safety. During
production, and gas flaring. U.S. emissions preparations for the November 1989 hunt,
reached 1.329 x 10 9 metric tons of carbon however, it was discovered that one area
in 1_989(5.37 metric tons of carbon per previously open for hunting (White Wing
capita and 22% of the global total), Scrap Yard) was contaminated. The area

was immediately roped off and removedexceeding the previous high, which was set
from the list of areas for hunting. Duringin 1988, and continuing an increasing trend

that began in 1983. U.S. emissions grew by 1990, surface radiologiical investigations
were performed and potential radiation1.14% in 1989, down from the 4.78%

growth recorded in 1988, thus marking the doses to hunters were calculated. Ali areas
on ORR open for hunting were
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reevalua_,ed to determine if any additional
sites were potential contamination risks for El
hunters. Within ORNL jurisdiction, two
small, former researchplots (ES-1l) were Iron Fertilization in the Antarctic

identified on ChestnutRidge. Thesewere Ocean Reduces Atmospheric CO z
restricted from the list of areasfor hunting Levels Insignificantly in the
in 1990, and potential radiation doses were

Next Centurycalculated. No additional areas were
identified through the K-25 Site or the

T.-H. PcngOak Ridge Y-12 Plant. A chain link
security fence is scheduled to be installed

The rising concentration of atmosphericaround the perimeters of the two areas
after National Environmental Protection CO 2 resulting from fossil fuel combustion

Agency review and approval, and terrestrial ecosystem disturbances
potentiaJly threatens our living

, environment by causing undesirable climateAt White Wing Scrap Yard, typical grot, ,;;
surface gamma exposure rates varied from changes. In addition to improving our
0.01 mR/h (background) to 0.11 mR/la, understanding of how rising atmospheric
The average surface gamma exposure rate CO 2 may change the climate, it is
in the block with the highest rate was 0.06 imperative to have a nreventive strategy
mR/la. A maximallyexposed hunter (one whereby the rise in atmospheric CO2 maybe reduced or even eliminated before a
who remained in the block with the highest
exposure rate for 72 h) could have possible catastrophic and irreversible

climate change takes place.received an effective dose equivalent of 0.7

to 8 mrem. Based on the average Although lhc most obvious way to reduce
exposure rate, the hunter's dose equivalent the increase in atmospheric CO2 is tocould have been 4 mrem. Exposure at 1 m
(midbody height) could lower estimated reduce CO2 emissions, Martin et al.1
doses 10%. For the ES-II site, recently proposed an ingenious method of
hypothetical dose t.aiculations were made increasing the oceanic uptake of CO 2 by
using (1) total quantities of radionuclides enhancing the biological pump through
contained in seed fed to small mammals, iron fertilization. Field incubation

experiments show that if nutrient-rich(2) the size of the areas in which they were
spread, and (3) a decay period of 20.5 Antarctic surface waters are fertilized with

dissolved iron, a higher phytoplanktonyears. The effective dose equivalent rate
at 1.0 m above the center of a plot is productivity is achieved. If the Antarctic
estimated to be 0.0003 mrem/h. If the surface water could be successfully
remote possibility of inhaling resuspended fertilized with dissolved iron, then the
radionuclides is taken into consideration, a organic particulate resulting from enhanced
maximally exposed hunter could have production would sink to the deeper water.
received an effective dose equivalent of Thus, dissolved total CO 2 in the surface
--.0.2 mrem. Almost ali of this dose is water would be effectively carried away to
attributable to photons emanating from the deep, and this sinking action would
nuclides on the ground, with about 1% due reduce the partial pressure of CO2 (pCO2)
to inhalation of resuspended radionuclides, in the surface water and allow for more

absorption of carbon from the atmosphere.
lOf.See of Environmental and Health Protection,
Oak Ridge National Laboratory,
2TennesseeWildireResourcesAgency.
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The magnitude of the possible reduction in atmospheric CO2 both with and without
atmospheric pCO 2in the next century that fertilization, we use a business-as-usual
would result from the hypothetical iron scenario of anthropogenic COz emissions
fertilization of the Antarctic Ocean is proposed by the Intergovernmental Panel
estimated by using a box-advection- on Climate Change working group.
diffusion model with dynamical constraints Assuming completely successful iron
derived from tracer distribution. To fertilization, we calculate the percentage of
evaluate the possible increase in atmospheric CO 2 reduction for each

_i_:_i_i_!;_!i_i_i_::_:_::_i!_i_i_!_:_!_i_!_!_i_i!i!_!!!_:!_!_::i_:_!_!_!_:ii_i_iii_i_i_i!i_i!ii_:_i!i_:_i_i_iii_ii_:_i_i_i_i_i_i!;_!iii_:_i_i_i_:!_!!_!_!_i_!_::_;_!_;_!:_!i_;!_!_!_;_;_;!_;_i_i_;_i_i_!!:;!i!_!_!;_!_:_i_iii_:_!_:_r_i_i_i_!!i_i_;i!_ii_!_:_i_i_i_i_i_i_:;_i:_i_!:!_:ii
_::i_._!.::::::::::::::::::::::::::::::::::::i_i_i_;_¢_i_:i:_i:i_i_!_:i_i:_i_i:_i:_i_!:i_!_i:_i:;:_:_:i:_!_!_:_:i_:i_i_i_!_i_i_!_i_!_!_i_i_i_i_i_i_i:!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i_¢i_i:_i_!_ii_ii:i_!_i¢!!i!;_!_!_i_i!_ii_i_i_!!_i!_i_i_!i_i!_i_!_i_i_i:_ii!i_i_i_i_i

A sampling crew from Scripps Institute of chemical tracers in the water ESD's
Oceanography readies a large-volume water T..H. Peng uses the ;4C data to calibrate his
sampler for lowering into the ocean. The ocean model for estimating oceanic uptake
device collects seawater samples for of atmospheric CO2 .
researchers to analyze the _4Cand other

=
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dynamic condition. We find that these Knowledge of litter dynamics is the key to
percentages reach a constant value after a understanding ecosystem dynamics.
rapid increase. Within considered dynamic
limits, the reduction percentageranges Data oil mass and nutrient concentrations
from 3% to 12%. Hence, if the of litterfall and littermass were collected
atmospheric pCO 2 reaches 800 _atm in the from literature and primary sources. A
next century, then the maximum possible bibliography of more than 250 references
reduction is about 96/_atm. However, the was assembled containing primaq data
most likely dynamic condition, with a from --3,000 stands or' plots. So far, 735
17.4-sv upwelling flux in the Antarctic stands oi' plots have been entered into a
Ocean, would reduce atmospheric pCO2 computer data base (dBase III Plus), and
only by 64 #atm (or 8%) by A.D. 2090. preliminary analyses have been performed.

These results are obtained under the q?,venty percent of the studies have data on
assumption that iron fertilization would both litterfall and littermass, and 19% of
work perfectly and continuously over the the studies have data on branch, bole, and
entire Antarctic Ocean for the next 100 reproductive litter as well as leaf litter. In
years. However, iron fertilization would addition to carbon, data on nitrogen,
neither achieve 100% efficiency nor phosphooas, sulfur, and base cations were
continuously fertilize the entire Antarctic also recorded. Z._:proximately57% of the
Ocean during ali seasons. Under adverse studies contain intbrmation about one or
circumstances, the atmospheric pCO 2 more base cations (usually calcium). Only
reduction would be much smaller. It is carbon, nitrogen, and phosphorus data
apparent that iron fertilization iii the have been the subject of preliminary
Antarctic Ocean would not reduce analyses to date.
atmospheric CO 2 content significantly over
the next century. Sample stands or plots were classified

according to Holdridge Life Zone, a
ij. H. Martin,S. E. Fitzwater,and R. M. climate classification based on temperature,
Gordon, "Irondeficiencylimits phytoplankton precipitation, and evapotranspiration. On
growth in Antarctic waters,"Global a global scale there is an inverse
BiogcochemicalCycles4(1), 5-12 (1990). correlation between temperature and

latitude or altitude in this classification
scheme.

Annual litterfall (i.e., annual litter
production) shows a striking pattern across

Ai GlobaJ Litter Data Base Is global life zones. Lowest values of less
Developed than 0.25 kg/m3 occur in cool, dr), life

zones (dry and moist tundra and boreal)
W. M. Post and increase in a regular pattern as

temperature and precipitation increase.
Litter production and decomposition Highest values of ,--1 kg/ms occur in wet
processes in ecosystems form an important tropical, wet subtropical, and rain
connection between the uptake of CO2 warm-temperate forest life zones.
from the atmosphere and the net storage Littermass shows a more complicated
oi carbon in soils. These processes also pattern with climate. As latitude and
determine the availability of nutrients that temperature decrease, littermass increases
modity the rate of CO 2 uptake, from < 1 kg/m3 in tropical life zones to a
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peak of >3 kg/m3 in boreal life zones, economic, and social consequences. Much
where mean annual temperature decreases of the work performed during this period
to 6°C. Below this temperature, littermass involved (1) climate modeling or empirical
decreases along with temperature to less analyses attempting to attribute climatic
than 1 kg/m3 in moist and dry tundra. In changes to various astronomical and

wet and rain tundra/boreal forest, however, atmospheric factors and (2) assembly and
peat accumulations were not included in examination of new geological, historical,
littermass. This trend Could be the result and instrumental data. To isolate the

of a more rapid response of decomposition "greenhouse signal," or that part of the
to temperature than litter production in climate change that is attributed to
life zones above 6°C. Below 6°C, litter increased concentrations of greenhouse
production decreases faster than gases, it is imperative to have long-term
decomposition or incorporation into observational records for identity,ing the
surface peat. climate changes that have already occurred.

Fortunately, for the past century many
Nitrogen in litterfall and littermass shows climatic variables (e.g., surface air
similar patterns with life zone as does temperature) have been measured at a
carbon or mass. As a result, large number of meteorological stations,
carbon/nitrogen ratios do not show any mostly at land locations in the Northern
trends with life zone. This is contrary to Hemisphere. These observational records
the hypothesis that tropical vegetation have been used by various researchers to
processes nitrogen more efficiently than compile global data sets of surface air
vegetation in other life zones. Phosphorus temperatures, which are crucial for
does, however, occur in lower understanding past climatic trends and for
concentrations in tropical litterfall and comparing future estimates.
littcrmass, perhaps as a result of higher
efficiency of plant remobilization from CDIAC recently completed, documented,
tissucs before abscission and as a result of and analyzed one of these global data sets
faster mineralization and uptake from the that was compiled by Jones et al. at the
forest floor. University of East Anglia in Norwich,

United Kingdom. The data base and the
accompanying documentation are available

from CDIAC without charge. The long-term record of temperature anomalies may
be used in studies addressing possible

A Gridded Surface Air greenhouse-gas-induced climate changes.

Temperature Anomaly Data Set Is To date, these data have been employed in
Found Suitable for Long-Term generating regional, hemispheric, and
Climate Analyses global time series for determining whether

rcccnt (i.e., post-1900) warming trends
havc taken piace.

R. J. Scpanski _ and T./L Boden

The documentation prepared by CDIAC
For 20 years much attention has been presents land-based monthly surface air
given to the potential climatic effects of tcmpcrature anomalies (departures from
increasing concentrations of atmospheric the mean of a 1951-70 reference period)
greenhouse gases. This is not surprising
bcc_use these potential climatic effects on a 5° latitude by 10° longitude global
c:_uldhave far-reaching environmental, grid. Monthly surface air temperature
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anomalies (departures from the mean of a i1_
1957.-75 reference period) for the
Antarctic (grid points from 65° S to 85 o S)
are presented in a similar way as a separate Diameter Increments of Three

data set. The data were derived primarily Tree Species in the Southeastern
from the World Weather Records and the United States Are Modeled
archives of the United Kingdom

Meteorological Office. D.C. West, R. J. Luxmoore, M. L. Tharp,
and J. J. Beauchamp

This document also presents the monthly

mean temperature records for the Tree-ring chronologies and a forest
individual stations that were used to simulation model were used to analyze
generate the set of gridded anomalies, diameter development patterns for three
The periods of record vary by station. tree species at two sites. Annual tree-ring
Data from the Northern Hemisphere increment data from yellow-poplarstations have been corrected for

(LModendron tulipifera) and white oak
inhomogeneities, whereas Southern (Quercus alba) on the Walker Branch
Hemisphere data are presented in Watershed in eastern Tennessee and
uncorrected form. longleaf pine (Pinus palustris) at the Tall

Timber Research Site in southwest
Ali data have been assessed for quality Georgia were used to compare actual and
(gross accuracy and consistency, temporal simulated growth data. The simulations
variability, and spatial and temporal were initialized with specific plot data
completeness of record) and for long-term obtained from the two sites. For each year
homogeneity. Although the period of of the simulation, a growth increment was
record extends from 1851 to 1990, few calculated for each tree on tile basis of

grid-point locations have contributed data climatic input and existing stand conditions,
for the entire period of record, and it was subtracted from the tree's

diameter for the previous year. This
Analysis of these gridded anomaly data for technique allowed the forest model to
surface air temperatures during 1881-1984 sirr,ulate growth backward through time
shows a linear warming trend of 0.52°C for and generate annual tree growth
the Northern Hemisphere and 0.51°C for inc.'ements for direct comparison with the
the Southern Hemisphere, excluding the tree-ring increment data recorded from
Antarctic. A similar trends analysis extracted cores of trees at the study sites.
incorporating the entire data set through

1990 has not yet been published. Beginning in 1981, the model simulated
annual trce-ring increments for ali trees on

1The University of Tennessee, Knoxville. 21 Walker Branch Watershed plots;
simulation for the 38 Tall Timber plots
began in 1987. The measured and
simulated annual increments were averaged
for yellow-poplar, white oak, and longleaf
pine over ali plots, and a runs test was
applied to the differences between the
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averaged annual measured and simulated Results show that tree-ring chronologies
growth increments. Yellow-poplar and can be used in conjunction with
longleaf pine had significantly fewer runs mathematical models of forest growth to
(P < 0.01) than expected for a random detect and evaluate tree growth rates and
process. For white oak the number of forest dynamics. When simulated with
runs was not found to be significantly less local climate and stand-specific
than expected. The general trend of environmental variables, white oak and
modeling yellow-poplar and longleaf pine is yellow-poplar in eastern Tennessee and
an underestimation at the beginning of the longleaf pine in southwestern Georgia
simulation in 1981 to about 1960. Prior to showed apparent overall growth
1960, the model results show both characteristics typical of those species for
overestimation and underestimation about their respective regions. However, a
the zer_ line until 1930. The differences comparison of actual growth measurements
in the measured and simulated values with the simulated increments revealed

appear unbiased in this time period. In significant differences for the three species
general, the annual differences between included in this study. Yellow-poplar
measured and simulated ring increments showed the most significant deviation with
for white oak show random behavior a runs test and with auto regressive
throughout the simulation, analyses. In general, the model

Lany Pounds and Rebecca Cook classify
plant species growing in a wetland on the
Oak Ridge Reservation. As parr of an on-
going project, they will use this
information along with soil samples and
hydrologic data to identify the boundaries
of wetlands so that activities planned on
the Reseta,ation can be directed away from
these federally protected areas.
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underestimates tree growth for the three seven variables is divided by the number of
species from about 1960 into the 11980s. variables present. An analysis of the Gulf
The statistically significant deviationLof Coast of the United States concludes the
measured tree-ring increments from following.
simulated growth and the indication of
anomalous diameter increases of species at The U.S. Gulf Coast extends from Key
two sites at approximately the same time West, Florida, to Port Isabel, Texas, and is
provide evidence that some environmental 14,356 km long. Its shorelines are
change is common to each location. Given particularly vulnerable to inundation
the known fertilization response of trce because of low-lying topography. High-risk
seedlings and the timing of the growth values for elevation, lithology,
pattern changes described here, the geomorphology, vertical land movements,
atmospheric increase in CO 2 is one factor and erosion/accretion variables are
that may be contributing to the augmented predominant throughout the gulf. Ninety
growth of the three species, percent c;_tthe shoreline lies at an

elevation of 5 m oi' less, with a lithology of
unconsolidated sediments. Fifty-four

0 percent of the shoreline consists of saltmarshes, and the remaining is lagoons,
estuaries, and barrier beaches.

Researchers Assess Vulnerability Measurements of local vertical movement
of the Gulf Coast of the United indicate that the entire Gulf Coast is

States to Rising Sea Level experiencing a relative change in sea level
by > 1 mm/year and that 43% of the

T. W. White and V. M. Gornitz I shoreline measures >5 mm/year. About
51% of the gulf shoreline is eroding,

The Global Coastal Hazards Data Base is whereas 46% is stable, and 3% is accreting.

being developed to provide an overview of The Gulf Coast is a low-energy coastline,
the relative vulnerabilities of the world's its mean tide ranges are microtidal or less
coastlines to inundation and erosion than 2 m, and its wave heights that are less

hazards associated with increasing sea level than 5 m.
rise. The data base integrates information
on seven variables in a GIS: elevation, CVI values range between 3.46 and 36.60
lithology, geomorphology, vertical land for the Gulf Coast. The median value by
movements, erosion or accretion, tidal shore length is 9.94. Approximately 1664
ranges, and wave heights. The GIS assigns km, or 12%, of the shoreline has a CVI of
a coastal risk value from one to five to 22 or greater and is considered to be at
each variable and calculates a Coastal high risk in terms of sea level rise.

Vulnerability Index (CVI) for the ILamont.Doherty Geological Observatory,shorelines. The CVI is calculated by Columbia University,New York,
taking the square root of the quotient that
results when the mean product of the
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3OakRidgeAssociatedUniversities, 1°Computingand TelecommunicationsDivision,
Oak Ridge, Tennessee. Marth_MariettaEnergySystems,Inc.
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....... University of Rhode Island). Section staff
are affiliated with the Southern

Introduction Appalachian Biosphere Reserve of the
U.S. Man and the Biosphere Program.

,._tudlesSectionResearch in the Ecosystem _' '

of the Erwironmental SciencesDivision Biogeochemical Cycling
(ESD) at.Oak Ridge NationalLaboratory
(ORNL) is directed toward quantitatwely Staff in the Biogeochemical Cycling Group
characterizing the structure .and functional are engaged in research concerning
relationsfiips of regional landscapes and element cycling within environmental
terrestrial and aquatic ecosystems, systems; the spatial patterns and temporal
communities, and pclpulations. This trends of s',orage and fluxes of nutrients
infbrmation is then _asedto predict the and pollutants; the role of biogeochemicalI

responses of these regions and ecosystems cycling of chemicals in regulating
to both natural and man-induced productivity, species composition, and

,

disturbances. The section focuses on stability of ecosystems; and the
complementary areas of research, including development of innovative methods of
theoretical ecology, biogeochemical cycling measurement, analysis, modeling, and,I

of maten_ds, environmental risk of physical interpretation of biogeochemical cycles at
and chem!cal disturbance, and physiological site-specific, regional, and global scales.
ecology of terrestrial plants.

The group is involved in several areas of
Major sponsors of the section's research research: (1) the DOE OHER-funded
are the U.S. Department of Energy (DOE) Walker Branch Watershed Project, which
Environmental Sciences Division of the tbcuses on the relative importance of
Office of Health and Environmental hydrogeochcmical transport and
Research (OHER), the DOE Biofuels biogcochemical cycling in regulating
Feedstock Development Program, the U.S. biolc)gicalstructure and primary
Department of Agriculture Forest Service productivity in forests and streams at
(USFS), the U.S. Environmental different temporal and spatial scales;
Protection Agency (EPA), the Electric (2) the USFS-funded project on
Power Research Institute (EPRI), the atrnosphcric deposition, red spruce
National ¢' '_._clenceFoundation (NSF), and nutrition, and aluminum toxicity in the
the Martin Marietta Energy Systems, Inc. Great Smc_kyMountains National Park, a
(Energy Systems), Environmental project that builds on results of the
Restoration (ER) Program. multiyear and multisite EPRI-funded

Integrated Forest Study; (3) the use of
The section has important collaboration stable isc)topes and radioisotopes to study
and interaction with the Tennessee Valley cycling proces, cs in aquatic and terrestrial
Authority (TVA), the Great Smoky systems; (4) the EPA-funded Critical l_x_ads
Mountains National Park, the National Project, which evaluates critical loads of
Oceanic and Atmospheric Administration sulfur and nitrogen to forested areas in the
Atmospheric Turbulence and Diffusion eastern United States; (5) the DOE-funded
Division, and many universities (e.g., biomass production research project
University of Georgia, U_fiversity of evaluating fertilization regimes and
Wisconsin, 'The University of Tennessee, production in plantations; and (6) our new
Fort Lewis College, University of NSF study on nutrient cycling and stability
Wyoming, University of Maryland, and in stream ecosystems.

19
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This year important accomplishments Theoretical Ecology
included a major peer review of our

The Theoretical Ecology Group developsWalker Branch Watershed program;
completion of important work on calcium simulation and mathematical methods to
availability related to forest decline; describe and predict the behavior of
evaluation of carbon storage in forests in ecological systems. The tools developed
response to moisture gradients; analysis of within the group are applied to a spectrum
stable nitrogen isotopes in precipitation of problems including environmental
and throughfall, indicating the importance assessments, theoretical questions in
of NH4-N inputs; and the evaluation of population and ecosystem dynamics, and
methods for calculating leaf area by analyses of phenomena that span scales
analyzing light penetration, from the landscape to the globe. Research

focuses on landscape ecology (funded by

Physiological Ecology the DOE Environmental Sciences
Division), development of individual-based

The Physiological Ecology Group evaluates models of fish population (funded by
the effects of environmental stress on plant EPRI), and development of biological
g=owth and vigor and examines the role of indicators and landscape models for the
physiok)gical processes in biogeochemical Environmental Monitoring and Assessment
cycling of pollutants within terrestrial Program of EPA. Important collabc)rations

,s

ect systems. Specific atmospheric have been developed with Fort I,ewis
p_llutants _uch as ozone, acid deposition, College and the University of Wyoming to
and nitrogen oxides are examined, as well support research on the fires in
as the effects of other changes in the Yelk_wstone National Park.
chemical and physical atmospheric
cnvironment. Increases in atmospheric This year the group has gained new
CO 2 and high-energy ultraviolet radiation insights into the roles of disturbance,
are studied in relation to global pattern, and stability in landscape
environmental pollution. The use of equilibrium; developed a framework tbr
physiological indicators in intensive biomass using life history information for predicting
production from silviculture is being responses of fish to disturbance; and
investigated as part of the search for developed and tested ata individual-based
nonfossil energy sources, and the role of model for smallmouth bass.
interactive stresses on physiological
indicators of whole-plant resource Environmental Risk
utilization has also received research

attention. Primary sponsors of the group's The Environmental Risk Group develops
work are DOE, EPRI, USFS, and EPA. methods for quantitative assessment of

environmental risks; applies these methods
to local-, regional-, and national-scaleSignificant research activities this year

included a study concluding that elevated environmental problems; and provides
atmospheric CO_.enhances osmotic guide=necto regulatory agencies on the uses
adjustment to water stress in roots of of environmental risk assessment. Specific
American sycamore seedlings; analyses areas of interest include defining and
showing that elevated atmospheric CO 2 measuring the Ilcalth of ecological
enhances pho_:osynthesis in two deciduous resources, extrapolating test data from
trees under field conditions; and ata laboratc_ry to field and from individuals to
evaluation of the role of soil heterogeneity populations and ecosystems, quantitlying
in the success of soil barriers in shallow ecological risks at the watershed and
land burial facilities, landscape levels, and predicting the
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movement of contaminants through food research activities, specifically involving
chains. ESD staff and members of the Division of

Water Resources at TVA. Under this
Research is conducted jointly with other arrangement, TVA personnel are assigned
ESD groups and with other ORNL to ORNL to develop programs
divisions. Current sponsors include EPA, investigating air- and water-emission
the DOE Naval Petroleum Reserve, and impacts on terrestrial and aquatic
Energy Systems ER Program. resources. This relationship combines the

experience gained from TVA's power-
This year the ORNL Center for Risk producing activities with the unique
Management was created to help integrate research-support facilities of ESD to
our environmental risk expertise with produce timely and relevant research
companion disciplines at ORNL. findings.
Additional important activities included the
quantification of wet interception of A number of major projects have been
radionuclides by natural vegetation; implemented. Whereas initial research
assistance to EPA in the development of projects centered on water quality and
ecological indicators ibr regional modeling; nutrient-cycling issues in the context of
and the development of a strategy ibr acid rain, more recent.'as well as
ecological risk assessment at hazardous proposed--activities focus on ozone and
waste sites, other chemical and physical 2hanges in the

environment that are associated with the

Tennessee VaNley Authority general topic of global climate change.
Ecology Program The section recently documented that

tx'opospheric ozone and acid rain reduce
As a consequence of a common interest in the growth rate of loblolly pine and
the environmental impacts of energy completed a major review of soil chemistry
development and utilization, TVA and changes in North American red spruce-fir
DOE Oak Ridge Operations have stands.
developed an agreement to pursue joint
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: .............. nonlinear under typical conditions, with
peak recruitment at intermediate-number

Technical Summaries densities of larvae and a decline in
recruitment for higher densities because of
depletion of prey resources. The third
apphcatlon was to examine the total life
,cycle of smallmouth bass males. The
model is structured so that various

An Individual-Based Model for reproductivestrategies (age and size at
SmaUmouth Bass Has Bean which reproductic._ncan take place) can be
Developed and Tested assigned tc) males, lt was found that the

cost of spawning, during which the male

D. L. DeAngelis guards the nest and frequently does not eat
for a month, is so high that it may be a net

,,Kspart of a program on Compensatory advantage for a male to wait 1 year after it
Mechanisms in Fish Populations, which is is capable of reproduction to actually
l[unded by the Electric Power Research spawn.
Institute, a model of a smalimouth bass
population was developed. The model is The model for smallmouth bass has been
based on submodels for the processes of put in a menu-driven form that will enable
foraging for prey, growth and metabolism, collabc_ratc)rsoutside of ESD to apply it to
mortality due to predation and starvation, their specific problems.
and reproduction. Time-varying
environmental conditions, such as
temperature and prey availability, are also 4
slmulated in the model. / d,,
The model has been applied in a Analysis of Stable Nitrogen
preliminary fashion to three particular Isotopes in Precipitation and
parts of the smallmouth basslife cycles. Throughfall Indicates a Potential

First, individual brood swarms of young-of- Importance of Atmospheric NH4-Nthe-year smallmouth bass were modeled
during the time they were being guarded Inputs to Walker Branch
near the nest by the male parent. "lhe Watershed
model indicated that brood swarms that

C. T. Garten, Jr.occupied large territories were able to
grow faster and survive better than brood
swarms in smaller territories. This result Although atmospheric deposition of

emphasizes the reproductive advantage of anthropc)gcnic nitrogen (N) is recognized
larger male parents, who can defend large as an important cc_mponent of acidic
nest territories and thus make more food deposition, numerous questions remain
available to their offspring. The second about its fate in forest ecosystems. Studies
problem was to determine the relationship of stable N isotope ratios (15N:14N)in N
between the number density of new larval deposition may help improve our
smallmouth bass produced in a given understanding of potential changes in
nesting area during a single spawning forest N cycling that could arise from
season and the number of these that incx'casing or decreasing anthropogenic N

recruit to the yearling class 1 year later, emissic}nsto the atmosphere. However,
This relationship was predicted to be there are few studies of stable N isotope
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ratios in precipitation and other forms of similar to that of NH4-N but different from
atmospheric deposition. In this work, the that of NOa-N in bulk precipitation and
differences were examined in the stable throughfall. The similarity suggests that
isotope composition of ammonium (NH4- [bliar N in red maple trees may be partly
N) and nitrate (NO3-N) in bulk derived from NH4-N in bulk precipitation
precipitation and throughfall at Walker and throughfall inputs to the forest canopy
Branch Watershed (WBW), near or to shallow roots in the forest floor.
Oak Ridge, Tennessee. Prior studies with enriched 15Nunder

laboratory conditions showed that NHcN
Over a 1..year period on WBW, the mean applied to red maple and white oak leaves
(+SD) _gSN-value for NH4'N in bulk in simulated rainfall was preferentially
precipitation and throughfall (-3.4 + retained relative to NO3-N. This finding
2.1%o) was significantly less than that for was consistent with prior field observations

NO3-N (+2.3 5: 2.4_'_,); thus, NH4-N of flux or concentration differences
contained proportionately less lSN than did between rain and throughfall that indicated
NO3-N. The isotopic composition of NH4- the uptake of deposited NH4-N by the
N in bulk precipitation and throughfall was forest canopy. Together, these studies
consistent with its origination from the indicate the potential importance of
washout of atmospheric NH3, which has atmospheric NH4-N inputs to N cycling in
been reported to be strongly depleted in an N-deficient forest such as the Walker
1SN.The mean tgSN-value for NO3-N in Branch Watershed.
bulk deposition and throughfall on WBW
was higher than values reported in
previous studies of stable N isotopes in 4
precipitation. One possible explanation !
may be the importance of dry N deposition

(nitric acid vapor, N oxides,or nitrate Elevated Atmospheric COz
aerosols) to the watershed. The isotopic Enhances Photosynthesis in Two
composition of NO3-N in bulk precipitation Deciduous Tree Species Under
and throughfall on WBW is consistent with
its origin from the washout of particulate Field Conditions
and aerosol nitrate from the atmosphere,
as well as nitrate formation from gaseous C.A. Gunderson and R. J. Norby
anthropogenic precursors (both nitrate in An increased rate of photosynthesis is adry deposition and nitrogen dioxide from
auto exhaust are reported to be enriched widely documented response of many
in 1SN). Our hypothesis is that throughfall plants to elevated concentrations of
nitrate becomes enriched in *SNby washoff atmospheric CO 2. If the photosyntheticrate of forest trees also increases in
of dry-deposited nitrate aerosols and that
rainfall becomes enriched by precipitation response to the globally rising atmospheric
scavenging of nitrate aerosols in air. CO 2 concentration, then the biosphere may

be an increasingly important sink for the
carbon released from the burning of fossilData oo the isotopic composition of
fuels. Some researchers have suggested,inorganic N in precipitation and throughfall

have the potential for tracing the fate of N however, that the enhancement of
photosynthesis in elevated CO,. will not be

inputs to forest ecosystems. For example, sustained over time because internal planton WBW ridges and slopes, the mean
(+_SD) 61SN-valueof total leaf N in red feedback mechanisms lead to a down-
maple trees is -3.4 _+1.1%o,which is rcgulaticm, or acclimation, of

photosynthesis.
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A 4-year field study of tree responses to chambers were enriched with COz to three
elevated CO2 was established in which tests levels: +0 #mol mola (ambient), + 150
will determine whether photosynthetic #mol rnolq, and +300 #tool toolt, with two
enhancement is sustained over several replicate chambers per treatment. The
growing seasons. Yellow-poplar CO 2 enrichment was continuously
(Liriodendron tulipifera L.) and white oak maintained during the 1989 and 1990
(Quercus alba L.) seedlings were planted in growing seasons. Throughout the 1990
the ground in six open-top field chambers growing season, gas exchange of upper,
in May 1989. The atmospheres in the light-saturated leaves was periodically

I

/
l

L

Students Clint Rash and Denise Kay working with Nelson Edwards and Tim
measure ultraviolet.B (UV.B) irradiance Tschaplinski on a project evaluating the
/evels at the ESD UV-B exposure facility on responses of terrestrial vegetation to
the Oak Ridge Reservation. The), are enhanced levels of UV-B.
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surveyed, and leaves of different ages and A Ali
canopy positions were Occasionally / /'l"
measured.

Carbon Storage of Oak-Hickory
Net photosynthesis (PN)of leaves of both Forests Is Being Evaluated in
species remained higher at elevated CO 2 Response to Moisture Gradients
levels throughout the season, regardless of
increasing leaf age and duration of P. J. Hanson, S. D. Wullschleger, 1
exposure to CO2 enrichment. PN was 28 to D.E. Todd, and W. K. Roy
32% higher in the trees in the + 150

treatment and 49 to 67% higher in the Unresolved sinks in the global carbon cycle
+300 treatment. Stomatal conductance have led to renewed interest in long-term
remained unchanged or decreased slightly carbon storage capabilities of terrestrial
with increasing CO 2, but instantaneous
water-use efficiency (PN/transpiration) ecosystems both as a means of resolvingcurrent unknowns and as a means of
increased significantly with CO2. Analysis mitigating increasing levels of CO2.
of PNVSinternal CO 2 concentration Unfortunately, existing forest carbon
indicated no significant treatment storage estimates may not apply under the
differences in carboxylation efficiency, modified environmental conditions (i.e.,
CO2-saturated PN,or CO 2 compensation warmer temperatures and altered
point. Thus, we conclude that there was precipitation) projected to result from
no downward adjustment of photosynthesis global warming.
to CO 2 enrichment in this system.

Measurements of tree growth and forest
These results indicate that photosynthesis gas exchange are being conducted along
in forest tree species can be stimulated by topographic moisture gradients to provide
elevated atmospheric CO2 concentrations information on key processes necessary to
under field conditions and the response modify carbon budgets for future drought
can be sustained over at least two growing scenarios. 'The research sites are located
seasons. Our experimental trees have been on the Walker Branch Watershed and

continuously exposed to elevated CO2 include mesic slopes, xeric slopes, ridgetop
concentrations longer than any other forest sites, and riparian zones. Dendrometer
tree species. The responses of these trees bands arc used to measure seasonal
will help predict the responses of forests to changes in trce stem diameter to indicate
global change and the role that tbrests may the relative growth of canopy trees.
play in sequestering carbon released from Mca,;urcments of forest floor and stem

fossil fuels, respiration are made to quantify biological
sources of CO2 flux to the atmosphere.
Environmental data are collected from
which process-level models of the

: component carbon cycling processes arc
generated. These measurements, together

' with previous and future data on
photosynthesis and stand structure, are
being used to evaluate net carbon storage
within these forest stands.

Seasonal stem growth of deciduous trees is
exhibiting uniform phenological p_attern._of
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development between species and across typically assumed in risk assessment models
topographic locations, indicating that to be 25% regardless of the amount and
models of carbon storage can be somewhat intensity of rain or the density and species
simplified. Conversely, topographic composition of the vegetative canopy.
moisture patterns differentially affect Experimental work at ORNL indicates that
species. Yellow-poplar trees show marked this assumption is invalid for soluble 131I.
reductions in growth on xeric slopes, but Soluble 131I, as well as other anions,
oak species seem somewhat insensitive to appears to run off the vegetation surface
growth location. These observations agree as the surface becomes saturated. This
with long-term growth trends on the effect is less pronounced for many cations
Walker Branch Watershed that show little and insoluble substances.
change in oak growth during the dry 1980s
but as much as a 50% reduction in yellow- Cations apparently interact chemically with
poplar growth during those same drought the plant surface, possibly because of the
years. Recent dormant-season predominantly negative charge of the
observations have also shown that forest surface, and insoluble particles (size 3 to
floor respiration under photosynthetically 25/zm) rapidly settle and are sorbed by the
active pine c_nopies is double that of surface. For cations and insoluble
forest floor locations under deciduous particles, the density of the vegetation
trees, indicating that spatial and temporal canopy is more important than the amount
location can have a dramatic impact on the or intensity of rain in determining the
carbon budgets of forest stands, initial interception and retention of these

materials on pasture-type vegetation. For
The understanding of carbon cycling biomass densities ranging from 100 to 300
processes obtained from this research will g/m2 (dry weight), the typically assumed
allow robust estimates of forest carbon gain 25% interception fraction may not be a
applicable to a variety of climate scenarios, poor approximation for cations and
Accurate estimates of forest ecosystem insoluble particles when vegetation is
carbon sequestration are currently needed harvested above 5 cm from the soil surface
to resolve questions about the impact of and when rain varies in amounts of 1 to 10
biological systems on global carbon cycling, mm.

1Oak Ridge Associated Universities, Oak Ridge, For soluble anions, the interception

Tennessee. fraction is inversely proportional to rain
amount and the effect of rain intensity is
of minor significance. The most important

5 processes affecting interception of anionsappears to be the amount of canopy cover
and the potential for drying of the raindrop

Wet Interception of Radionuclides on the plant surface.
by Natural Vegetation is
Quantified Through Field and On_'edrying occurs, subsequentrain is not
Laboratory Studies an efficient mechanism for removing the

material initially deposited on the

F. O. Hoffman, K. Thiessen, M. L. Frank, vegetation. Field loss rates (7 to 18 d)
and B. G. Biaylock obtained from these experiments over a

period of 1 month, however, are similar to

The interception of wet-deposited other values reported in the pre- and post-
radionuclides by pasture vegetation is
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Chernobyl literature and are similar to anthropogcnic. The U.S. Environmental
values assumed by assessment models. Protection Agency (EPA) began planning

the Environmental Monitoring and
Additional data indicated that wet Assessment Program (EMAP) in response
interception of a given chemical substance to this lack of adequate monitoring of
by spruce needles, tree leaves, grasses, and ecological conditions.
a variety of other herbaceous plants were
similar, provided that interception is A critical first task for EMAP was to
normalized for either the mass or area of develop an indicator strategy and identify
the leaf. More pronounced differences appropriate indicators for selected
were observed across chemical substances ecosystems: near-coastal waters, inland
than across the different types of surface waters, wetlands, forests, arid lands,
vegetation. The highest normalized and agroecosystems. Over 200 scientists
interception occurred for reactive cations participated in this EPA effort, which was
(Be2+, Cd2+, and Cr3+); somewhat lower led by ESD. The EMAP indicator strategy
values occurred for Sr2+ and an insoluble is based on a risk assessment approach in
microsphere (9/_m). The lowest values which ecological indicators are used to
were observed for anions (I" and SO42). address an assessment end point such as
The differences between the highest and habitat loss or reduced biodiversity. Three
lowest normalized interception values were categories of indicators are being
approximately a factor of 5. These developed: (1) response indicators are
differences were consistent across the biological measurements that address the
various species of vegetation considered in overall condition of ecosystems;
the experiment. The high values are (2) cxposure and habitat indicators are
similar to values assumed in risk assessment physical, chemical, and biological
models for the biomass normalized measurements that can be related to
interception fraction (---2 m2/kg), pollutant exposure, habitat degradation, or

other causes of poor condition; and
(3) stressor indicators are measures of

6 anthropogcnic and nonanthropogenicactivities that can create an environmental
hazard. Thus, response indicators evaluate

Ecological Indicators for Regional ecosystemhealth,whereasexposure and
Monitoring Are Identified stressor indicators identify possible causes

of subnominal or poor conditions.
C. T. Hunsaker, J. F. McCarthy,
L. R. Shugart, and R. V. O'Neill EMAP will cstimate (with known

confidence) current status, extent, changes,
The United States lacks an integrated and trends in indicators of the condition of
approach to monitoring indicators of the nation's ccological resources on a
ecological condition, pollutant exposure, regional basis. In addition to the indicator
and habitat loss and degradation. Thus, it effort, EMAP has programmatic activities
cannot be determined whether the in landscape ch=_racterization, statistics and

frequency and extent of ecological design, integration and assessment, and
problems are increasing on a regional scale, data base management. EMAP's emphasis
whether detected patterns are warning on integrated monitoring and assessment
indicators of significant long-term changes and its commitment to interagency
in ecological condition, or whether participation are unique. Continuing
potential causes are natural or

_
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Bonnie Lu (right) and participants in the concentrations of chloride, nitrate, and
DOE High School Honors Program in phosphate in the filtered spring water as part
Ent,ironmental Sciences measure electrical of an experimental tracer study to determine
conductance and filter water from a stream the pathways of groundwater flow and the
discharg4nginto Walker Branch on the Oak potential ]Or nitrate removal from the
Ridge Reservation. Researchers measure the stream.
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EMAP work includes assisting with of landscape characterization data for
development of an integrated assessment regional risk assessment.
approach and demonstrating the usefulness
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1 7 aloJ['_g diffl_rent path angl_._o However, the
accuracy of the estimates of leaf area
produced by both the direct-beam and

Analysis of Hght Penetration into diffuse-light methods depended on the
Forests Allows Calculation of Leaf specific light penetration model that was

Area of Forest Canopy used to analyze the light penetration data.
For both direct and diffuse light

M. A. Huston, J. W. Chason, and penetration, better estimates were obtained
D. Baldocehi I by using a binomial model than by using

the Poisson model supplied with

The surface area of leaves in plant commercial versions of the two devices.
canopies is strongly correlated with total The difference between the two models for
plant productivity, uptake, and release of analysis of the light penetration data is that
greenhouse gasen and the deposition of the Poisson model assumes that the light-
gaseous and particulate atmospheric blocking foliar elements are randomly
pollutants. Traditional methods of distributed over the hemisphere of the sky,
measurement of leaf area are time whereas the binomial model assumes that

consuming and difficult, particularly in the the foliar elements are clumped. Previous
forest canopies that are responsible for empirical work on Walker Branch
most of the global plant productivity and Watershed, along with the results of this
gas exchange, study, indicate that leaves tend to be

clumped. Failure to consider this clumping

We compared two indirect "remote results in an underestimate of leaf area
because several leaves may block out thesensing" methods for estimating leaf area

of the forest canopy on Walker Branch same area of sky.
Watershed with a direct estimate based on
the collection of leaves that fell from the Light pcnetration data from both the
canopy in autumn. Both indirect methods direct-beam and diffuse-light methods
are based on the principle that leaf area produce more acc,_rate estimates of canopy
can be estimated from the proportion of leaf area when analyzed with the bioomial
full sunlight that penetrates through the rather than the Poisson model. Because ofthe ease with which data can be collected
forest canopy. The higher the leaf area,
the less sunlight reaches the forest floor, using the commercial device for
One indirect method used a device that measurement of diffuse light penetration,
measured penetration of direct beam this method offers great promise in
sunlight and, consequently, could only be providing data on this important ecosystem
used on sunny days; the other indirect parameter that can be used in models of
method used a device that measured forest production, gas exchange, and

diffuse light penetration and could only be pollutant uptake.
used on cloudy clays when there was no

INationa/Oceanicand Atmosphericdirect sunlight. Measurements were made
Administration,Atmospheric Turbulenceand

over the period of autumn leaf drop, Diffusion Division, Oak Ridge, Tennessee.
covering a wide range of leaf area
conditions from fully leafed out to leafless.

Both methods produced consistent
measurements of the relative proportion of
light penetrating through the forest canopy
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8 macroporcs (cracks and channels) wereintroduced into the barriers.

Soil Heterogeneity May Lead to Simulations of ideal landfills did not show
Macropore Formation and Failure any significant changetn barrier water
of Compacted-Soil Barriers in content and very little leakagefor the two

designs without root invasion of the cap.
Shallow Land Burial Facilities Root penetration into the compacted-soil

cap resulted in significant drying due to
R. J. Luxmoore transpiration, and the original water

content of the soil capdecreased by 10%.
The integrity of compacted-soil caps and Simulations with two orders of magnitude
liners in shallow land burial facilities of variation in barrier hydraulic
depends on the long-term stability conductivity showed a small increase in
of the water content of these barriers, drainage through the hmdfill; however, the
Periodic wetting and drying of soil barriers barriers were still effective. Cap water
associated with precipitation content, however, decreased by 36% in
and evapotranspiration could lead to crack some cases, and this could lead to crack
formation and eventual failure. Temporal formation by soil shrinkage, Simulations
changes in the water content of that included barrier rnacropores stuowcd
compacted-soil barriers in representative complete failure of the landfill and high
landfill operations in a humid environment lcachatc production.
have been simulated with computer

modeling. This modeling is used to Macroporc tk_rmationduring construction
evaluate possible Iong-terrn changes in of barriers or by shrink-swell processesbarriers at shallow land burial facilities

associated with drying and wetting is afollowing closure.
concern in the long,,term performance of
shallow.land burial facilities in humid

Three landfill designs were simulated by environments. Macropores may also be
using the Unified Transport Model (UTM) formed by vegetation with deep roots or by
hydrologic code. Input data for the Oak burrowing animals that may invade a
Ridge area were assembled to represent a landfill facility after termination of
humid-region site where annual institutional control.
evapotranspiration is less than annual
precipitation. Such sites have a net excess
of soil water drainage that needs to be
diverted around landfill wastes by the cap '1 Q
and liner barriers. In the first series of |
simulations, mean soil properties were used

Calcium Availability and Forestto simulate an ideal landfill built to
specifications. Soil heterogeneity was next Decline: Has the Future Arrived?
introduced into the modeling by
propagating a lognormal frequency S.B. McLaughlin, E. A. Bondietti, t and
distribution of soil hydraulic properties W.K. Roy
through the UTM by using the Latin
hypercube sampling method. Published The decline in vigor of red spruce at high-
field studies have shown that several orders el,:vation sites across the Appalachian

of magnitude of variation in the hydraulic Mountains has been a focal point of
conductivity of soil barriers can occur. In concerns that eastern forests were being
the last series of simulations, soil adversely affected by acidic deposition.
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These concerns were addressed at ORNL elevational gradient in effects in the South
in several projects as a part of the National has provided us with an opportunity to
Forest Response Program sponsored explore the physiological basis and hence
primarily through the National Acid the causes of the growth decline.
Precipitation Assessment Program
(NAPAP). One of the significant findings A series of studies conducted in the Smoky
from this work has provided evidence Mountains has identified a reduced
indicating that growth of high-elevation red _.fficiency of carbon metabohsm that occurs
spruce forests currently is being adversely at high elevations in association with low
impacted by acid deposition through levels of foliar and soil calcium and high
ecosystem level changes in nutrient cycles, levels of available soil aluminum. Both the
The nutrient that appears to be a pivotal increased loss of calcium from foliage and
component of these changes is calcium, the inhibition of calcium uptake from soils
and evidence suggests that changes in have been shown to be induced by acidic
calcium cycling in high-elevation forests deposition. Controlled experiments have
were being induced by acid deposition well now documented that acidic deposition at
before NAPAP began to study the levels occurring along the cloud-impacted
problem, high mountains can reduce efficiency of

carbon metabolism as observed in the field,
Forest decline research at ORNL began
with documentation and analysis of growth Tree-ring chemistry studies have
decline of mature red spruce on a regional documented that changes in aluminum and
scale at sites extending from Maine to calcium content in wood began to occur in
Tennessee. This work, based on tree-ring eastern red spruce forests 30-40 years ago
analysis, led to the documentation of a at approximately the same time SOz and
regional growth decline that NO x emissions rapidly increased across the
was unprecedented during the previous 200 regic)n. Historical analysis of soil chemistry
years of record. Decreased growth data indicated that calcium levels in the
occurred over a 5- to 10-year time window upper organic horizons of eastern red
across nearly ali high-elevation sites spruce soils are now reduced -50% from
beginning --.30 years ago. Analyses pre-1950 levels. The importance of
showed that stand competition was not a calcium to a wide variety of forest
causal factor and responses were not physiological processes and its apparent
predictable based on past climatic susceptibility to depletion and interference
influenccs on growth. In the northern by acidic dcpc_sition have led us to
Appalachians, growth reduction was more conclude that thc "future effects" of acid
severe, started 5-10 years earlier than in dcpositic)n on forest soils predicated by
the South, occurred at all elevations, and process models2 have already arrived in the
was accompanied by severe and progressive red spruce forest.
mortality (>60% in some stands), In the
southern Appalachians, growth decline IDeceased.
occurred only at elevations above ,_5000 ft 2NationalAcid PrecipitI_ionAssessment
and has been accompanied principally by Program, 1989Annual Report, NAPAP,
visual deterioration of tree crowns. The Washington, D.C., 1990.
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0 have intensified. Hydrometricmeasurements and mixing analyses using
naturaUy occurring chemical and isotopic

Hydrogeochemtcal Studies on tracers have been used to determine the
Walker Branch Watershed dominant hydrologic flowpaths in small
Indicate That Streamflow is catchments. Spatial and temporal analyses

of groundwater and surface..water
Generated via Three Subsurface chemistry have been used to determine
Flowpaths differences in solute chemistry along

different subsurface flowpaths. Stream
P. J. Mulholland and D. Genereux t chemistry is then determined by the mixing

of water from the different flowpaths, the
The issues of acidic deposition and proportions of which vary over space and
contaminant transport have resulted in time.
increased interest in forest hydrology.

Efforts to identify the dominant flowpaths A combination of hydrolnetric
generating streamflow in low-order streams measurements (streamflow and
and the mechanisms controlling flux of groundwater levels), natural chemical
cations and anions along these flowpaths

Lee Cooper changes amplifier heads on a
stable isolope mass ,_pectrometerto allow
measurement of deuterium:hydrogen ratios
in natural water samples. Very slight
changes in natural abundances of
deulerium, a rareform of hydrogen with
one neutron, can be used as a diagnostic
tool for studying oceanographic,
hydrologic,geologic, and plant
physiological processes,

i
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tracers (Ca and SO4), and a newly solute concentrations in different soil or
developed technique involving naturally bedrock zones,
occurring 2_Rn were used to determine
the importance of different flowpaths in 1Departmentof Civil Engineering,Massachusetts
generating streamflow in the Walker Institute of TechnoloD,, Cambridge,

Branch Watershed over a range of
hydrologic states (base flow and storm

flows). These techniques were applied 2 1act'oss a nested set of catchments, ranging
in size from 0.5 to 38.4 ha. The results
indicate that streamflow can be viewed as a Concept of Landscape Equilibrium
mixture of geochemicallydistinct water Is Revised Regarding Disturbance,
from three subsurface flowpaths that vary Pattern, and Stability on Scaled
in importance with hydrologic conditions. Landscapes
These flowpaths are (1) bedrock fracture

flow with relatively high concentrations of M.G. Turner, W. H, Romme, t
Ca, moderate !evels of 222Rn,and low R.V. O'Neill, and R. H. Gardner
concentrations of SO4 and dissolved

organic carbon (DOC); (2) saturated-zone Concepts of landscape equilibrium are
groundwater with high levels of 222Rnand confounded by problems of scale. A
low concentrations of Ca, SO4, and DOC; broader context was developed for the
and (3) vadose-zone groundwater description of landscapes that incorporates
(including temporary zones of perched the space and time scales of disturbance
saturation) with high concentrations of SO 4 and predicts the resultant dynamics of a
and DOC and very low concentrations of landscape.' at any scale of observation. Five
Ca and 222Rn. major factors controlling the dynamics of

During base-flow periods, fracture tlow landscapes are considered: (1) disturbancefrequency, or its inverse, the interval
dominates streamflow resulting in stream between su{:cc.ssivedisturbances; (2) rate
chemistry dominated by Ca, Mg, and of recovery from disturbance, or its inverse,
HCO 3, with relatively low concentrations of the length of time required for a disturbed
SO4 and DOC. At higher flows, situ to recover; (3) disturbance intensity
contributions from vadose-zone (i.e., the amount of damage inflicted on
groundwater increase sharply and can the biota); (4) the size or spatial extent of
dominate streamflow, resulting in disturbance events; and (5) the size or
substantial dilution of Ca, Mg, and HCO 3 spatial extent of the study landscape.
and sharp increases in SO4 and DOC
concentrations. Importance of saturated- Because the functional effects on the
zone groundwater also increases at high iantlscapc (_t'these five factors arc
flow, but this component is less important interrelated, wc reduce them to two key
than vadose-zone groundwater, parameters representing time and space

This research indicates that mobilization that can be used to describe potential
and transport or retention of materials disturbance dynamics. "['he temporal

parameter, T, is dct'ined by the ratio of the
through watersheds depends on hydrologic disturbance interval to the recovery time.
processes that route water along different The intensity ot'a particular disturbance is
flowpaths and on vertically stratified incorpc_ratcd in the recovery time such that
biogeochemical processes that regulate a low-irltcnsity disturbance would be
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associated with rapid rccovcry and a grid o1'100 × I(X)cells. Eight vegetation
hlgh-intcnsity disturbance with slow classes representing sequential scral stages
rcctwcry. The ,_patlalparameter, S, is arc included tn the model. Initially, the
defined by the ratio of the disturbance size entire landscape is covered with mature
to the landscape size. The use of ratios in vegctlltion (scrollstage 8). At a fixed
b<_thparameters permits the comparison of intcrw_l,square disturbances of a fixed size
hmdscapes across a range of spatial and are imposed at random locations on the
temporal stales, landscape. Disttirbed sites recover

deterministically through succession,

A simple simulation model was developed passing thrt_ugh ascral stage at each time
to explore the implications of various interval and achieving full recovery eight
combinations of the parameters S and 7". time steps t'ollt_wingdisturbance, The
The landscape is represented as a square

Moist tropical forests such as this in the the ORNL Energv Division, are studying the
Brazilian Amazon are being burned at an effects <(the deforestation on the local
alarming rate by farmers to create cropland, economy and social structure as well as on
Virginia Dale, Bob O'Neill, and Marcos the environment.
PedlowskL along with Frank Southworth of
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dl_turbance-recovery process is continued fishes for analysis of relationships among
for 100 time intervals in each simulation, wlriablcs and ordination of species.

Where the disturbance interval is long Principle c¢_mp_nc,'.ntsanalysis (PCA) was
relative to recovery time and a small performed on a merged data set (225
proportion of the landscape is affected, the species, 16 variables) and on separate data
system is stable and exhibits low variance matrices containing species classified am
ovcr time (e.g., northeastern hardwood either freshwater or marine, In the
forests). These are traditional equilibrium merged and freshwater data sets, high
systems. Wherethe dist'tarbance interval is scores on the first orthogonal axis (PC1)
comparable to recovery interval and a large were asst)ciated with late maturation, high
proportion of the landscape is affected, the fecundity, small eggs, and few bouts of
system is stable but exhibits large variance rcpt'()ttuctic)n during a short spawning
(e.g., sub_,lpine forests in Yellowstone season. High scores on PC2 were
National Park). Where disturbance associated with parental care, large eggs,
interval becomes much shorter than and extended breeding. PCA results from
recoveI3, time and a larg_ proportion is the naarine dat_tset were similar, except
affected, the system may become unstable that egg size was positively associated with
and shift into a different trajectory (e.g., PC1. Phyl¢)gcnysignificantly influenced ali
arid ecosystems with altered fire regimes). 16 life history variables (Nested ANOVA,
This framework permits the prediction of Can()nical Discriminant Function), and
disturbance conditions that lead to higher t_lxawere associated with particular
qualitatively different landsc_pe dynamics subrcgit)ns within multidimensional life
and demonstrates the scale-dependent history space. Large egg size in salmonids
nature of landscape equilibrium concepts, inlluenccd the results of PCA for marine

vs frcshwt_ter and merged data sets.
JBiologyDepartment,Fort Lewis College,

Durango, Colorado. 'Fhe brief summer gr'owing season appears
to l'_vc)rl_rge egg size in inland waters at
high l_titudes. Canonical correspondence

22 analysis based on 12 life history and 7ccologic_liwiri_d)lcsshowed a positive
associ_ltit)nbetween the high fecundity

Multivariate Analysis of North suite of li['c hist()ry characteristics and large
American Fish Life Histories r_lngcs within the marine environment.
Provides Framework for L_te Iri_|tul'tlti(,)n, rapid adult growth, long

Predicting Responsesto iit'cSl_ln,_nd l_lrgeeggsizewere positively
c()rrclatcd with anadromy and piscivory.

Disturbances Parcnt_ll care were negatively correlated
with median l_titudc.

K. O. Winemiller I and K. A. Rose

Life history theory provides a conceptual A triangul_lr, two-dimensional corJtinuumpredicts m_ny _)1"the intcrcorrelations
framew()rk for comparisons among amt)ng tr_its t'()r North American fishes.
different species and settings in population The c_)ntinuun_rcprcsents an adaptive
simulation models. To evaluate a general surf_:_ccwith _ quantitative basis in essential
dem_graphic model of life-history dcm_gr_tl_hic tr_tdcol'l_. Review of the life
ew_lution, life cycle data was gathered for
225 species (24 orders, 57 families) of hist_ry litcr,_ttarc int.ticatea that
North American freshwater and marine (1) sc_ts_na_llyw_riablc environments or
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large-scale spatial variation favors late patches, This general model has important
maturation, large batch fecundity, and Implications for predicttng the response of
pulsed bouts of reproduction; (2) saturated populations to different kinds of natural
habitats with relatively stable resources and anthropogenlc disturbances and
favor smaller clutches and increased provides a basis for comparing the
investment in individual offspring; and response of divergent populations to the
(3) stochasticaUy varying environments same disturbance,
favor early maturation and other traits
associated with opportunistic reproduction tThe Universityof Tennessee,Knoxville,
and frequent recolonization of habitat
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assessment tools to complex issues at

Introduction individual plants, at sites that are largegeographically,and in areasthat are
programmaticin scope.

The EnvironmentalAnalysesSectionof

theEnvironmentalSciencesDivision In FY 1991,staff providedNEPA training
(ESD) at Oak Ridge National Laboratory for DOE managers and, as members of
(ORNL) develops theory and methods, Tiger Teams, played an important role in
analytical tools, and numeric data bases to assessing NEPA compliance at DOE
evaluate environmental problems and facilities. The group is also analyzing the
issues and prepares interdisciplinary environmental implications of the
assessments of environmental issues at development of multiple hydroelectric
spatial scales ranging from the individual power plants, the relicensing of nuclear
site to the regional landscape and the power plants, disposal of the U.S. stockpile
globe. The section also provides technical of chemical agents and munitions, and
assistance for the development of policy continuing the U.S. Antarctic Program. In
concerning compliance with environmental addition, staff have cochaired an
regulations. These objectives are international task tbrce on the application
accomplished by the three groups into of environmental impact assessment (EIA)
which the section is divided, to government policy, plans, and programs

for EPA. New initiatives for EPA include
Environmental Assessment the development of an EIA

sourcebook/manual.
The Environmental Assessment Group
prepares impact analyses for use by
sponsors within the U.S. Department of Environmental Compliance

Energy (DOE), the Federal Energy The Environmental Compliance Group
Regulatory Commission (FERC), the conducts a variety of regulatory analysis
Nuclear Regulatory Commission (NRC), and environmental compliance activities in
and the U.S. Department of Defense support of a number of sponsors, such as
(DOD) as part of their compliance witL the DOE Office of Environmental
the National Environmental Policy Act Guidance and the U.S. Air Force. Inter.se
(NEPA). These analyses assess impacts on pressure to clean up and protect the
terrestrial and aquatic ecological resources, environment at federal sites is currently
land and water use, and water quality for being exerted by Congress, the regulatory
environmental impact statements and authorities, and the public. The regulatory
related documents, programs that implement the major federal

environmental statutes--including the
Staff members also provide technical Resource Conservation and Recovery Act
reviews and analyses of NEPA documents (RCRA) and the Comprehensive
and related issues for the DOE Office of Environmental Response, Compensation
NEPA Oversight and technical support to and Liability Act (CERCLA)--are complex
the Environmental Protection Agency mazes of rules, procedures, and technical
(EPA) Office of Federal Activities. The requirements that change frequently as the
goal of the Environmental Assessment regulatory authorities respond to changes
Group is to apply state-of-the-art in law.

39
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The Environmental Compliance Group is geostatistical applications, geographic
composed of professional regulatory information systems, and scientific data
specialists who maintain an up-to-date base management.
working knowledge of the existing federal
environmental laws and regulations, as well In FY 1991, the group completed its
as of legislative and regulatory actions now support to the National Acidic
under consideration by Congress and the Precipitation Assessment Program
regulatory agencies. The group tracks and (NAPAP) with several publications,
analyzes new regulations both to facilitate including NAPAP's 1991 Integrated
sponsor understanding of technical Assessment and the State of Science
requirements and to determine their Report on biological effects. The
impact on the facilities and programs of environmental effects of hydroelectric
DOE and other sponsors. The group also development were the focus of several
performs environmental compliance audits different projects, with sponsorship from
and provides training in environmental laws DOE, the Electric Power Research
and regulations. Institute, and the Federal Energy

Regulatory Commission. The major
Regional Water Resources Group products related to hydropower were

(1) a DOE report on mitigation practices
The Regional Water Resources Group for instream flow needs, dissolved oxygen
conducts basic and applied research on the protection, and fish passage; and
management and analysis of water (2) development work on a new generation
resources and related natural systems (e.g., of instream flow assessment models that

fish populations affected by water predict fish population response to altered
allocation or land-use practices as they flow regimes.
interact with water quality). The group

specializes in the development and The group also provided continued support
application of quantitative assessment to the EPA Environmental Monitoring _nd
techniques to solve environmental Assessment Program in the area of spatial
problems over a variety of spatial scales statistics and to the Environmental

ranging as large as river basins and national Restoration Program on the Oak Ridge
boundaries. ReseI_lation in the areas of groundwater

data management and analysis and
Relevant water resource issues include the application of geographic information
environmental effects of hydroelectric systems. Staff worked with the President's
development, instream flow needs, Council on Environmental Quality (CEQ)
multiple-use tradeoff analyses, cumulative in Washington, D.C., to produce a plan for
impact assessment, contaminant transport, national environmental trends assessment,
surface and groundwater monitoring, acidic the result of which was a report to CEQ
deposition, and climate change. Scientists entitled "Environmental Trends
in the group maintain unique capabilities in Assessment: Concepts, Approaches, and
simulation and optimization modeling, Strategies."
sensitivity and uncertainty analysis,
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and guidelines were identified. Only one
state standard was found, and no local

Technical Summaries standards or guidelines were identified.

One potential federal ARAR legally

3 applicable to 3H remedial activities is theFederal Guidance on Occupational
Exposures to Radiation of January 27,

Two Applicable or Relevant and 1987, which establishes a limit of 5 rem per
Appropriate Requirements for year for workers over age 18. For the
Cleanup of Tritium Are Identified cleanup of groundwaters and surface

waters in the vicinity of ORNL, another
C. F. Baes III potential ARAR that undoubtedly will be

applied is the federal (and state) drinking
In 1988 the Oak Ridge Reservation water standard that sets a maximum
location of ORNL was placed on the contaminant level (MCL) of 20,000 pCi/L
National Priorities List (NPL). Placement (740 Bq/L) for 3H. CERCLA requires that
on the NPL establishes requirements for MCLs be achieved in the cleanup of
the cleanup of hazardous substances groundwaters and surface waters that are
released to the environment in accordance actual or potential sources of drinking
with policies set forth in the water. Groundwaters in the vicinity of
Comprehensive Environmental Response, ORNL currently are not sources of
Compensation and Liability Act of 1980 drinking water. However, many contain
(CERCLA) as amended by the Superfund <10,000 mg/L total dissolved solids and
Amendments and Reauthorization Act of may be hydrologically connected to other

1986. CERCLA requires that cleanups sources of' drinking water (e.g., the
achieve a level or standard of control for Clinch River). For these groundwaters,

hazardous substances that attains all legally CERCLA requires that the 20,000 pCi/L
applicable or relevant and appropriate MCL be a cleanup goal.
requirements (ARARs) of other federal
and state laws. A study was initiated to Compliance with ARARs is required only
examine potential ARARs fox'tritium (3H), on completion of CERCLA remedial
an isotope of hydrogen with a half-life of action. Therefore, remedial actions
12.28 years. Tritium is a CERCLA involving 3H could take advantage of its
hazardous substance that contaminates relatively short half-life in achieving the

soils and water in the vicinity of ORNL at 20,000 pCi/L level in groundwaters and
levels as high as 800,000 pCi/L, surface waters. For example, a 200-year

institutional control period, as an integral
To determine potential ARARs for the part of a remedial action, would ensure
cleanup of soils and water contaminated that even the most contaminated
with 3H, federal, state, and local radiation _roundwaters at ORNL would achieve the
protection standards and guidelines were "H MCL at the end of the remedial action.
reviewed. A number of federal standards
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4 their original 40-year license period by theyear 2020. Because the nuclear utility
industry has expressed considerable interest

Impacts to Aquatic Resources Are in operating these facilities beyond their
Assessed for Nuclear Power Plant initial term, the NuclearRegulatory

Relicensing Ruae Commissionisdevelopinga rule for
relicensing commercial nuclear power

G. F. Cada, V. R. Tolbert, and plants. This rule will specify the types of
S. W. Christensen environmental information that would be

required in the relicensing applications.
More than half of the 118 licensed ORNL was contracted to prepare an
commercial nuclear power plants in the Environmental Impact Statement (EIS) on
United States will have reached the end of this proposed action to comply with the

National Environmental Policy Act.

A wetland area such as this one at the Virginia Tolbert, and Julie Watts are
Umatilla Army Depot in Oregon could be assessing the potential environmental
adversely affected by the deposition of impacts that the construction of incinerators
chemical nerve agents if an incineration couM have at eight continental U.S. Army
accident were to occur. Roger Kroodsma, storage sites.
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Analysis of impacts to aquatic resources in 25

the EIS focused on the effects of
continuing power plant operation on water
quality, water use, and aquatic biota. The Scope and IntensRy of ESD
potential impacts on ali of these resources Participation in Environmental

stem mainly from operation of the cooling Auditing Expand
water systems, although possible effects of

construction and modifications that G.K. Eddlemon, T. L. Ashwood,
accompany continued operation during the G. F. Cada, C. Heckman, M. B. Hyder,
relicense period were also examined. L.L. Sigal, C. F. Sigmon, V. R. Tolbert,
Monitoring data and other published and J. W. Webb
information were examined for evidence of
past or ongoing impacts. In addition, both Formal participation of ESD staff in
nuclear utilities and regulatory and environmental compliance auditing began
resource agencies were consulted to with the multimedia assessments of four
ascertain the level of concern regarding U.S, Air Force bases of the Tactical Air
impacts on aquatic resources at operating Command during the summer of 1985.
plants. If no impacts had occurred during The interdisciplinar 3, teams for these
the initial operating period of the plant, efforts included only two ESD members
continued operation under similar along with sta['f from other ORNL
circumstances during the relicense period divisions. Since that time, the scope of
would not be expected to result in environmental compliance activities
significant impacts, involving ESD staff has expanded to

include at least nine staff members, who
The study results indicate that, despite participate as needed in compliance audits
many early concerns, impacts on aquatic of major bases and facilities at other
resources have not been significant at any commands of the U.S. Air Force (e.g.,
facility. In some cases, adverse effects on Space Command), U. S. Navy facilities,
water quality or aquatic biota were DOE national laboratories and other

corrected and have not recurred. Certain facilities, and the Food and Drug
issues, such as the entrainment and Administration (FDA).
impingement of large numbers of fish or
the discharge of large volumes of heated The number of compliance areas examined
water, continue to warrant monitoring and by ESD staff at each of these facilities
occasionally mitigation. Regulatory ranges from one [a comprehensive
mechanisms (e.g., the periodic renewal of evaluation of compliance with the National
the I?lant's water quality permit by state or Environmental Policy Act (NEPA) at DOE
federal permitting agencies) have been facilities as part of a full multimedia Tiger
sufficient to minimize impacts on aquatic Team)l to ten or more at most Air Force
resources. This study synthesizes bases (e.g., air and water emissions, PCBs,
information about the effects of licensed solid wastes, hazardous materials and
nuclear power plants that will be used to wastes, pesticides, oils and lubricants, and
determine relicensing requirements, management of natural resources).



44 EnvironmentalAnalyses
-, , , , i , , ,,,,,,,

tundra of Greenland; the tropical lagoons
of Oahu; the deserts of southern Nevada;

the warm, humid swamps of south Georgia; Geographic Information System

and numerous points between. Provides a Quality Control Tool
for Groundwater Well Data

More environmental audits of naval

facilities, Air Force bases, and DOE M.A. Faulkner
facilities are planned for the remainder of

FY 1991. Among these are DOE Tiger The ORNL groundwater monitoring plan
Team assessments of NEPA compliance at for environmental restoration is organized
Sandia and Los Alamos national into waste area groupings (WAGs), which
laboratories and the Idaho National have been determined by both the nature
Engineering Laboratory and multimedia of the waste and tile hydrology of the area.
audits of four Navy inactive ship Be(-ause of the number of wells (more than
maintenance facilities and three Air Force 1400, including the 89 hydrofracture wells)
bases. Each facility or group of facilities and the involvement of multiple
has its own special needs concerning contractors in installing the new water
environmental compliance, and the audit of quality wells, any data base used to track
each facility is t_;,erefore tailored to meet these operations must include quality
those needs. Our" audits of relatively small
naval facilities, for example, focus on the assurance and quality control (QA/QC)
management of PCBs, lead, and hazardous procedures.

materials, whereas audits of nearly 200 A geographic information system (GIS) is
individual laboratories and storage rooms used to institute the QA/QC procedures
in an FDA facility in Washington, D.C., for the ORNL groundwater monitoring
center on the management of hazardous plan. The well names, which must be
wastes and materials, air emissions, unique, are mapped to coordinates by the
radionuclides, and carcinogens, electrtmic transfer of the data directly from

the official environmental restoration data
Continued participation by ESD staff in base to a point coverage in the GIS. A
expanded auditing activities has proved GIS coverage is a collection of digital data
valuablc for both the auditors and the that defines topology in terms of points,
audited facilities. For example, significant arcs, and polygons. The topological
or major compliance findings have been manipulation of data permits the use ofidentified at nearly ali facilities audited to

mapping as a model rather than simply as
date, thereby alerting workers and an illustration. The point coverage of wells
management to the need for corrective is plotted onto layers of arc coverages from
action before serious harm, to human the S-16A map tbr reference information
beings or the environment, or penalties such as roads, streams, and buildings, z The
from regulators are incurred. Participating WAG boundaries, digitized into a polygonESD staff have increased their
understanding of environmental laws and coverage from the best available Oak

Ridge Operations maps, are plotted over
regulations and the implementation of the other layers of geographic information.
those measures at federal facilities that A number of mistakes in the official data
have widely differing missions, hazards, and base were identified through the use of
envilonmental characteristics, this technique. For example, irt one case,

the reported northing and casting
coordinates were interchanged.

_
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Furthermore, in WAG 11, the Oak Ridge fish resources in streams. Tile effects of
Y-12 Plant Site coordinates were reported variations in streamflow on fish population
as the Oak Ridge X-10 Plant Site size are currently evaluated indirectly by
coordinates. Elsewhere, a typographical predicting changes in the availability of
error in the one-thousandth position suitable habitat. The purpose of this
caused a WAG 3 well to plot 4000 ft east research is to gain a detailed, mechanistic:
of WAG 3. In another case, the , understanding of how the stream habitat
nameplates of two neighboring wells were influences fish populations through the
interchanged during installation, but the study of individual fish responses to local
preliminary records did not refect the conditions during each life stage and
change, process. The goal is to describe the

relationships among streamflow, habitat
The accurate positioning of wells on the features, behavioral strategies of fish, and,
base map allows the planner to study ultimately, population response.
spatial relationships of the wells with
confidence that the wells are at the plotted The model that has been created links an
locations, The various thematic levels of individual-based model of a smallmouth
the S-16A map provide a consistent frame bass population with a spatially explicit
of reference for both large and small description of the stream habitat that
scales. Seasonal water table elevations and responds to temporal changes in
chemical water quality parameters may also streamflow. The new model describes the
be associated with the well location. GIS response of each life proces_ experienced
then pcrmits geographic visualization of by individual fish to daily changes in
the values of specified variables. The physical habitat quality and streamflow,
expense involved in well construction, Individual fish in the model can move daily
sampling, and chemical analyses mandates if conditions in the current stream cell
quality assurance of location data. deteriorate or if the energetic condition of
Accurate spatial display makes better the fish deteriorates. Because this model is
decisions possible for remediation, spatially explicit, the movement of

individual fish acts as the principal
l"Oak Ridge Area, Oak Ridge, Tennessee" mechanism lhr adapting to changes in
(topographic), Map S-16A, Mapping Services habitat condition and population density.
Branch, Tennessee Valley Authority, U.S.

GeologicalSurvey,Reston, Mrginia,December Individual responses to habitat and flow
1987. have been built into modules of each major

life process (spawning, movement, feeding,
growth, and mortality). In the spawning

7 module, large males are energeticallycapable of spawning earlier and usually
secure the best nesting sites. The model

A Spatial Model of Smallmouth simulatesnesting failures causedby
Bass Populations Is Developed for episodes of high flow but permits males to
Streams attempt renesting at a later date. The

foraging module allows daily prey densities
H. I. Jagcr, D. L. DeAngelis, and to respond to habitat depth and velocity in
M. J. S_Ic eact_ stream cell, and thus the influence of

streamflow on feeding behavior can be
Water rcsource development, such as simulated. For example, high flows
hydroclcctric projects, can adversely affect increase the rate at which prey arc
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encountered and permit fish to conserve This modeling effort is supported by field
energy by feeding passively on drifting studies in the North Anna River of
prey. However, as flows increase, prey Virginia and the Cloquet River of
densities are diluted, and foraging activity Minnesota. These field studies play an
is curtailed by increased turbidity, The important role by providing site.specific
growth module incorporates the energetic measurements needed to parameterize the
cost of locating in cells with higher model and to test model results. Other
velocities and considers the amount of time field studies are designed to answer basic
spent in high-cost activities such as active questions about the life processes of
foraging and movement. The mortality smallmouth bass. The next phase of
module incorporates flow impacts by development and testing will evaluate
modeling the loss of juvenile fish because whether the model is reasonably accurate
of high current velocities. These effects of in predicting population response to
streamflow are neglected by existing flow streamflow. If so, the model will provide a
assessment methods, useful tool for assessing the response of

stream populations to alternative
hydropower operating procedures.
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Arnold tfunley checks the location and
characteristics of a groundwater well on a
map produced by Mary Alice Faulkner
through the use of the geographic
information system. Such surveys help
researchers verify and update the ORNL
well data base, which supports
environmental restoration projects at the
Laboratory.
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8 Such activities will help to Integrateenvironmental data with socioeconomic,
demographic, energy-related, and other

Environmental Trends Analysis Is trends to giv,_improved insight into
Planned for the President's possible relationships among these factors,

Council on Environmental Quality and ultimately the information will be
valuable in decision making.

R. J. Olson This project establishes a process that will

As a basis for adequate monitoring, improve decision making for national
prudent environmental policy requires a environmental issues, lt also identifies
scientific understanding of environmental needs for continued monitoring, data
processes and recognition of their natural analysis, and research related to trends
variability, as well as a knowledge of the analysis and reporting. These needs
ways in which human activities may have provide opportunities to apply results from
negative impacts on environmental systems, ongoing regional ecological risk assessment ,
The National Environmental Policy Act of research within ESD.
1969 requires that the President's Council
on Environmental Quality (CEQ) report

on the status and condition of the 29environment; current and foreseeable
trends in the quality, management, and use
of the environment; and effects of Recent Trends in Minimum Flow
erwironmental trends. ORNL is assisting Practices at Hydroelectric Projects
CEQ in developing concepts anti Are Quantified
implementing of a new, more
c_mprehensive program to meet the goals S.F. Railsback
of this rnandate.

Hydroelectric projects alter streamflow
Determining the condition of the nation's rates and the physical habitat available for
environment is truly a mission that builds fish. Projects that store water in a
on the expertise, resources, and reservoir and release it through a
coc_peratiorl of many federal agencies, and powerhouse alter the temporal pattern of
the task cannot easily be performed by any flows. Projects that divert flow around a
one agency. Components of the project segment of stream and then through a
include initiating an interagency process; powerhouse reduce the flow in the
developing a conceptual framework for bypassed stream segment. Minimum-
trends analysis; crafting a strategic plan for streamflow requirements are imposed on
implementation of the program; and such projects to provide physical habitat
addressing technical issues such as (a sufficient area of stream with adequate
integrated data bases, statistical analyses, depths and velocities) to maintain fish
and graphical display. Developing a populations. Minimum.flow requirements
conceptual framework includes setting up a are imposed by the Federal Energy
process tc) define environmental quality in Regulatory Commission (FERC), which
terms of specific issues with endpoints that licenses nonfederal projects, but the
arc relevant to societal concerns and tc) requirements are often developed and
policy actions. In addition, methods to recommended by fish and wildlitE agencies.

incorporate data must be identified, and These agencies use a number of methods
scientific understanding must be cultivated, for determining minimum-flow
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requirements. A study was made of the the judgment of agency biologists was the
different objectives, methods, and only method reported for setting flow
monitoring practices used in setting flow requirements.
requirements at nonfederal hydroelectric
projects. A study under the DOE Monitoring the effects of minimum flows
Hydropower Program was conducted to on fish populations appears uncornmon.
identity, practices currently used to provide The study results indicate that
instream flows for fish. The study results measurement of the flow rate is conducted
are being used to determine hydropower at .-..50% of the operating projects with
research priorities and, at a few sites, to minimum-flow requirements. Fish
study the costs and benefits of instream population measurements are necessary to
flows in detail, determine whether minimum flows

designed for fisheries are successful
Informatic_n on environmental mitigation (although fish population data alone
practices (also including mitigation for cannot be used to determine conclusively
water quality and other fisheries issues) that flows are sufficient or inadequate).
was obtained from 301 of 690 projects Yet few of the projects conduct routine
determined from FERC data to have been long-term fish population monitoring,
issued licenses containing these mitigation perhaps because these measurements are
requirements since 1980. Of the 301 expensive to make, relatively variable and
projects providing information, 170 had uncertain, and difficult to relate directly to
minimum-flow requirements. Extrapolated flow rates. The high cost of minimum-flow
to the population of 690 projects, these requirernents may limit the development of
data indicate that 394 projects renewable energy at many hydropower
(± 14 projects) nationwide have been projects. However, improved methods for
licensed since 1980 with minimum-flow determining flow requirements may reduce
requirements. The information obtained such costs.
from these projects was uniformly
distributed among geographic regions so Conclusions of this study that will help
that stratifying the analysis of results by direct research on flow requirements
region did not alter' the results, include the following: (1) the IFIM is the

most commonly used assessment method,
This study looked primarily at minimum so research should focus on improving it;
flows that are designed to protect fish (2) many projects are licensed without any
populations, but the results indicated that formal assessment of flow needs or
temperature, recreation, riparian collection of data to show if flows are
vegetation, and protection of water quality higher or lower than necessary; and
are also important to consider in setting (3) many benefits of minimum flows other
minimum flows. Of the established and than those to fisheries are important, and
documented methods used to determine methods for assessing flow needs for these
minimum flows, the most frequently other resources need to be developed.
reported (at -25% of projects) was the These conclusions will be used, along with
lnstrearn Flow Incremental Methodology others developed from analysis of case
(IFIM), a relatively expensive and studies, to identify minimum-flow
sophisticated method. A number of other assessment methods that are most
methods were reported; each was used at successful and to direct future research on
<10% of projects. At 28%of the projects, flows under the DOE Hydropower
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Program. "Filegoal of such research is to and astronomical phenomena (e.g., the
ensure that instream water uses and thinning of the ozone layer). Potenti_l
hydrc_powerdevelopment can be environmental impacts of particular
compatible, concern include those that could result

from solid waste disposal, the import of
materials into Antarctica, the disposal of

30 w_,stewater, the handling and storage offuel, and energy use and conservation.

Draft Supplemental Environmental The four alternativesevaluated in the draft
Impact Statement on U.S. SEIS define a range of environmental
Antarctic Program Is Published protection rneasuresthat USAP could

implement. The proposedaction would
R. M. Reed, Rr B. McLean, 1 E. J_ complete the implementation of planned
Liebsch, _ D. B. Hunsaker, 1S. F. Railsback, safety, environment, and health initiatives
C. L. Hardy, 2 and J. W. SaulsburyI and would reduce the number of support

personnel in the Antarctic by streamlining

In a project funded through Energy operation.,', and consolidating facilities.
Division's Integrated Analysis and
Assessment Section, an interdisciplinary The analysis showed that current
team from ESD and tht_ Energy Division environmental impacts of U.S. activities
has assisted the National Science pnd facilities in Antarctica are localized,
Foundation (NSF) during FY 1991 in and initial steps to improve safety,
preparing a supplement to its 1980 environment, and health will further
Programmatic Environmental Impact reduce these impacts. It was concluded
Statement (PEIS) on research and logistics that under the proposed action, NSF could
efforts conducted by the United States in continue its research activities at current or
Antarctica. The draft Supplemental increased levels and minimize rises to the
Environmental Impact Statement (SEIS) environi_ncnt.
updates information and analysis of U.S.
efforts and evaluates alternative 1EnerD, Division, ORNL.
programmatic actions to improve the 2jAYCOR,Inc,, Oak Ridge, Tennessee.
safety, environment, and health of the U.S.
,\ntarctic Program (USAP).

Significant environmental issues addressed 31
in the SEIS revolve around concerns that
the pristine Antarctic environment be Environmental Compliance Group
preserved for scientific study. In addition, Assists DOE in RCRA Compliance
U.S. research and support activities should
nc_tcreate environmental impacts that C.F. Sigmon
would limit the value of _atarctica as a
rcgion in which research could be Compliance with the Resource
conducted. The area's preservation also is Conservation and Recovery Act (RCRA) is
impc_rtant in terms of the monitoring of difficult to achieve even for relatively
glc_b_llsystems (i.e., weathcr systems and simple (_p(:rations. Large DOE facilitics,
m_rine ecosystems), global climatic change, however, experience an even greater
unique physical and biological resources challenge because their activities tend to
present on the continent, and atmospheric
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Kaye Sigmon presents material from the to midlevel managers and project leaders at
Management Training Course in ORNL to clarify their roles and
Environmental Laws and Regulations to re,_ponsibilitiesin complying with laws and
ESD staff members. The course is offered regulations that apply to DOE facilities.

be diverse, complex, and complicated by A recent support task for the Nevada
the presence of radionuclides in some Operations Office (NEVOO) provided an
waste streams. The Environmental opportunity to apply several of these
Compliance Group (ECG) is involved in a activities to specific RCRA compliance
variety of activities that assist DOE in needs. The primary compliance concern
RCRA compliance. Among other things, was a Notice of Violation (NOV) regarding
ECG comments on proposed rules, assists administrative issues associated with the
in developing guidance for implementing storage of mixed transuranic waste at the
final rules, provides training, and evaluates Nevada Test Site (NTS). N'lX3is an
cc_mpliance through on-site inspections and important receiving facility for a variety of
assessments of activities, wastes generated in the DOE system. The

inability of NTS to store such wastes could,



EnvironmentalAnalyses51

therefore, have an impact on activities that activities but not about RCRA's
occur outside NTS, NEVOO assembled a requirements or compliance assessment
team of compliance specialists from DOE techniques. Second, several weeks of
Headquarters' Office of Environmental surveys were conducted for NTS. ECG
Compliance, NTS, NEVOO, and ECG, personnel provided guidance the first
The group reviewed NOV, actions taken tn week, and after gaining experience in
response to NOV, and potential alternative compliance assessment and RCRA,
aerie;ns. The group, providing a fresh look NEVOO personnel completed the
and approach to old issues that NEVOO asscssment. The combination of training
had long attempted to deal with, and compliance assessment provided by
contributed in a small way to making ECG helped NEVOO better understand
progress toward solutions. Another important RCRA compliance issues. This
important outgrowth of the group's knowledge should aid NEVOO in reducing
activities, the need for more in-depth the number of future NOVs. ,
review of RCRA waste generated at NTS,
became an additional arena in which Thus, ECG assistcd NEVOO in addressing
ECG's expertise in training and compliance specific compliance issues that were
assessment was used. beyond the manpower available locally.

The effort drew upon ECG's reg_mtc,'".)ry,
A mc)re in-depth look at RCRA waste compliance assessment, and training
generation at NTS involved two additional expertise and provided the sponsoring
activities, First, training was conducted for office with new perspectives that could
NEVOO and its subcontractor personnel lead to more productive actions to prevent
who were knowledgeable about site future compliance concerns.
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Section Staff and Guests

D. S. Shriner

L. J. Allison I M.A. Faulkner L.K. Mann C.F. Sigmon
S. I. Auerbach 2 L.S. Haff L.K. McDonald E.D. Smith

C. F. Baes C.L. Hard3? P.M. O'Connell 6 I.M. Smith 7
R. A. Barringer 3 G.T. Hawkins 3 R.J. Olson M.N. Sperber 6
J. J. Beauchamp 4 C.G. Heckman 1 P.M. Presley V.R. Tolbert

B. E. Booker s C.D. Hennin_ 7 S.F. Railsback J.R. Trabalka
C. C. Brandt 4 W.S. Hudson _ R.M. Reed C.C. Trettin 3

G. F. Cada M.B. Hyder M.J. Sale C.S. Tucker
L. H. ':2hang 6 B.L. Jackson s M.S. Salk R.O. Wadlington
K. C. Dearstone H.I. Jager W.E. Schramm 1° J.W. Webb
H. J. Eckman 6 L.J. Jennings J.A. Shaakir-Ali s
G. K. Eddlemon R.L. Kroodsma F.E. Sharples
J. S. Fackenthal 6 M.K. Lyday 9 L.L. Sigal

IHealth and Safety Research Division, ORNL. 7The CEIP Fund, Inc., Boston.
2Environmental and Health Protection Division, 8Computing and Telecommunications
ORNL. Division, ORNL,.

3JAYCOR, Oak Ridge, Tennessee. 9Automated Sciences Group, Inc.,
4EngineeringPhysics and Mathematics Division, Oak Ridge, Tennessee.
ORNL. _°Central HAZHOL4P Division, Martin Marietta

SThe University of Tennessee, Knoxville. Energy Systems, Inc.
6Oak Ridge As,_ociated Universities,
Oak Ridge, Tennessee.
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incorporate a variety of techniques ranging
from laboratory toxicity tests and

Introduction manipulative field experiments to
comprehensive ecological surveys.

The Environmental Biotechnology Section Established protocols combined with
of tile Environmental Sciences Division innovative, state-of-the,art techniques are
(ESD) at Oak Ridge National Laboratory used to document regulatory compliance
(ORNL) is involved in basic and applied and to ensure environmental protection
research concerning the mechanisms and restoration.
through which contaminants affect the

response of biological systems to The Environmental Chemistry Group
contaminants, the ways in which receiving investigates the transport, transformation,
systems affect the availability and and accumulation of materials in surface
distribution of materials to which they are water environments, including sediments
zxposcd, and the modification of biological and biota. Additionally, the dispersal of
systems to enhance degradation or contaminants through the subsurface
immobilization. Research is conducted environment is being examined, especially
from the subcellular and biochemical level with respect to the role of organic and
to the ecosystem level by means of inorganic colloidal particles in enhancing
experimental, observational, and simulation the mobility of hazardous chemicals in
studies. Section activities are supported by groundwater.
the U.S. Department of Energy (DOE)

Headquarters; the U.S. Environmental Ecotoxicolog¥
Protection Agency; the U.S. Department
of Defense; the Electric Power Research The Ecotoxicology Group uses laboratory
Institute; and the remedial action and bioassays of fish, daphnids, snails, and algae
waste disposal projects at ORNL, the Oak to quantify toxicity, identify toxic
Ridge Y-12 Plant, the Oak Ridge K-25 constituents in wastewaters, and verify the
Site, the Paducah Gaseous Diffusion Plant, efficacy of changes in treatment operations.
and the Portsmouth facilities. The group also conducts diverse laboratory

and in situ toxicity tests and uses field
Biomonitodng manipulative experiments to identify and

quantify toxic conditions in contaminated
Activities of the Biomonitoring Group streams. Experimental studies of
include studies to assess the responses of community structures and food webs in
aquatic populations and communities to contaminated and noncontaminated

radiological and nonradiological streams, ponds, and wetlands show how
contaminants in existing point-source contaminants modify aquatic communities
(cfflucnt) discharges and nonpoint-source or indirectly alter populations,
discharges associated with past waste communities, or ecological processes.
disposal operations at DOE facilities in

Oak Ridge, Tennessize; Paducah, Biological Markers
Kentucky; and Portsmouth, Ohio. These
studies focus on identification of The Biological Markers Group assists in
appropriate parameters for evaluating the the assessment of the health of the
impacts on and recovery of stream environment by identifying and evaluating
ecosystems. Projects in the group biological responses induced in biota

53
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exposed to contamination. Biological biology to complement traditional
responses are studied at the molecular, microbiological methods in attempting to
biochemical, and physiological levels, both understand the processes by which
to understand the basic toxicological microorganisms transform hazardous
mechanisms elicited by exposure to chemical contaminants in soils, surface
environmental contaminants and to relate water, and groundwater. The goals of
these changes to effects observed at higher these investigations are to optimize
levels of biological organization, microbial degradation of hazardous

chemical contaminants and to demonstrate

Reservation Data Systems applicationof innovativemicrobial
techniques and bioremediation approaches

The role of the Reservation Data Systems to the solution of contamination problems
Group is to provide data management at DOE sites.
support for environmental restoration

projects conducted at ali Martin Marietta Off-SRe Environmental
EnergySystems,Inc. (Energy Systems)
facilities. The group hasassumeddata Restoration Programs
managementresponsibilitiesfor theORNL The Off-Site EnvironmentalRestoration
remedial action activities and for the Program, which is conducted for the
Clinch River Resource Conservation and Energy Systems Environmental Restoration
Recovery Act Facility Investigation. Program, addresses the transport, fate, and
Emphasis is placed on developing for effects of contaminants in surface waters
Energy Systems a consolidated beyond the boundaries of the DOE
environmental data base in which Oak Ridge Reservation. Ongoing
environmental restoration and compliance investigations focus on (1) determining the
monitoring data will be easily accessible to nature and extent of offsite surface water

various users, contamination, (2) assessing potential
contaminant transport and exposure

Microbial Interactions pathwaysand the associatedrisks to human
health andthe environment,and

The Microbial InteractionsGroup uses
powerful new techniquesof molecular (3) evaluatingand implementingappropriateremedialactions.
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Cesium-137 was the primary radionuclide
detected in ali mallard tissues e_cept bone,

Technical Summaries where levels of 9°Srexceeded the
concentration of 137Cs.Low levels of 6°C0
were also found in several whole-body,

2 gastrointestinal tract, gizzard content, andliver samples.

Radioactive Contaminants in For the first group of mallards, maximum
Migratory and Resident concentrations of 137Csin the breast tissue
Waterfowl Inhabiting White Oak increased from below detectable on day 2
Lake on the Oak Ridge to 354 Bq/kg on day 77. For the second

group, mean concentrations of 137Cs

Reservation Are Assessed increased from 5.2 4- 1.1 Bq/kg on day 2 to
277 4- 29 Bq/kg on day 61. The

B. G. Blaylock and A. E. Waters z concentration of z37Csin breast tissue over
time was not significantly different in the

White Oak Lake (WOL) has served as the
two groups. Because most migratory ducksfinal settling basin for low-level radioactive
spend only a few days on WOL, theyeffluents from ORNL since the lake was
would be expected to have lowercreated in 1943. Biota in the lake, which concentrations of radionuclides in their

has a surface area of .--6.8 ha, contain tissues than would domestic mallards,
elevated levels of radionuclides, primarily which spent from 77 to 95 d on the lake.6°Co, 137Cs,and 9°Sr. Migratory waterfowl Assuming that the mallard, with the
use the lake as a resting area, and several maximum concentration of 137Cs (354hundred ducks have been observed on the

Bq/kg), was taken by a hunter shortly after
lake during peak migration periods. A leaving the lake, the potential effective
major concern is that hunte[s who harvest dose equivalent from consuming the edibleand consume migratory ducks that have

tissue (350 g) is 1.7/_Sv (0.17 mrem) or a
accumulated radioactivity in their tissues lifetime risk of 1.4 × 10 -7. Because the

during their residency on WOL will receive
concentration of COCowas very low or lessa significant dose of radiation. than detectable in the mallards and
because 9°Srconcentrates in bone, which isTo determine the accumulation of
usually not consumed, the radiation doseradionuclides in waterfowl tissue, an from these two radionuclides was

experiment was conducted in which two considered insignificant. Although results
groups of domestic wing-pinioned mallards from the mallard experiment indicate that
wcrc released on WOL. Thirty-eight birds migratory ducks should not accumulate
were released in May 1989, and 38 Were significant levels of 137Csduring their stayreleased in October 1989. The second
release of birds paralleled the arrival of fall on WOL and therefore would not present
migrants on the lake and provided a basis a significant risk to human beings whoconsume one or more of them, the
for evaluating seasonal differences in tissue possibility exists for waterfowl to remain onconcentrations of radionuclides. Ducks

WOL for much longer periods.
were collected at intervals during a period

of 77 and 95 d for the first and second 1TheUniversityof Tennessee,Knoxville.groups, respectively. Birds were sacrificed,
and the concentration of radionuclides in
their tissues was determined.
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3 EDTA, at an initial concentration of 30mM, was degraded within 66 h).

Replacement of Cobalt by Iron in After determining the conditions under
EDTA Complexes Promotes which iron(III)-EDTA degradation
Degradation of EDTA by occurred,Co-EDTA degradation

experiments were initiated. No
Agrobacte_um radiobacter and degradationwasobserved at an initial Co-
Immobilization of e°Co EDTA concentrationof 20 mM. Neither

did degradationoccurwhen0.01%
P. A. Boerman,A. V. Palumbo,and N-laurylsarcosinewas addedto
S. Y. Lee permeabilizethe cell membrane,nor when

yeast extract and peptone were added to
At numerous DOE sites, including ORNL, the medium. However, following addition
organic compounds in groundwater chelate of 100 nu_4ferrous chloride under

radionuclides, thus increasing the mobility conditions found to enhance displacement
of these radionuclides. It has been well of cobalt by iron, 38% of the EDTA was
documented that _Co is mobilized via degraded within 13 d, indicating that the
chelation to ethylenedinitrilotetraacetic newly formed iron(III)-EDTA complex was
acid (EDTA). EDTA is also found in susceptible to microbial degradation.
association with uranium and plutonium

that were disposed of in the same areas Results to date indicate a strong potential
and is probably increasing the mobility of for the use ofA. radiobacter in
these radionuclides as weil. The objective immobilization of Co-EDTA in soil and
of this research is to develop methods to groundwater. Although this organism
stimulate microbial degradation of the appears incapable of degrading Co-EDTA
organic constituent EDTA, which would directly, remediation schemes based upon
result in immobilization of the associated the formation and subsequent degradation60Co.

of iron(IIi)-EDTA may prove effective.
Microbial degradation of EDTA may have

No organism capable of degrading the Co- an additional application in the treatment
EDTA complex directly has been of waste decontamination solutions for
identified. However, addition of ferrous which no such technology currently exists.
chloride to Co-EDTA under the proper
conditions should result in displacement of
the cobalt with ferrous iron and formation

of iron(III)-EDTA. For this reason, a 34known iron-EDTA-degrading bacterium,

Agrobacterium radiobacter, has been Attached Algal and Microbial
selected for preliminary biodegradation
studies. Communities Provide Insight into

Natural and Anthropogenic
Initial experiments verified the ability of Factors Influencing Aquatic
A. radiobacter to degrade iron(III)-EDTA. Systems
Degradation was followed by quantifying
_4C-labeled CO z produced from 10 mM H.L. Boston, W. R. Hill, and A. J. Stewart
iron-12-14C]EDTA (17% 14Cin CO2) and
by the loss of nonlabeled iron(III)-EDTA Periphyton is a complex matrix of algae
as measured by high-pressure liquid and heterotrophic microbes attached to

= chromatography (up to 64.5% of iron(III)- submersed surfaces in aquatic systems.
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The periphyton photosynthetically fixes Because periphyton is ubiquitous and
carbon, processes organic matter, and is ecologically important, it is useful for
important for nutrient cycling in many toxicity assessment. In systems where
flowing water systems. Periphyton toxicity is intermittent or subtle, community
communities are sensitive to anthropogenic photosynthesis (PS) is an easily measured,
stress and can be entry points for ecologically meaningful process that
contaminants into aquatic food chains. For responds to stress. Analysis of covariance
several years, studies involving the was used to compare PS rates as an
periphyton communities in streams in the indicator of physiological condition for
Oak Ridge vicinity have been conducted, communities having different biomass from
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Bruce Kimmel, manager of the Off-Site in DOE-sponsored efforts to determine the
Environmental Restoration Program, notes nature and extent of on.site and off-site
environmental conditions in one of the contamination, assess the potential risks to
many streams on the Oak Ridge Reservation human health and to the environment, and
that drain into the Clinch River ,_ystem. He identify appropriate remediation measures to
and numerous other ESD staff are invoh,ed reduce those risl_'.

a-
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different environments. The data were 3 5well correlatedwith inforrnationfor fish
and invertebratecommunitiesthat allowed

us to characterizeand document biotic A TOL-iux Transcriptional Fusion
conditions in streams receiving effluents Plasmid Is a Sensitive Bioreporter
from DOE facilities, of Toluene and Xylene

The periphyton at sites near industrial Contamination in Environmental
discharges had high concentrations of Samples
potentially toxic metals. Because several
taxa of periphyton-grazing invertebrates R.S. Burlage l and A. V. Palumbo
were coincidentally absent from those sites,
a 5-week laboratory experiment to assess One of the greatest challenges to the
the effects of metals on the growth of two successful biodegradation of hazardous
species of invertebrates was conducted, wastes in situ or in bioreactors is the
Invertebrates grazing on contaminated optimization of conditions for the
periphyton accumulated metals; however, expression of the genes responsible for the
tlacir growth was correlated with algal catabolic activity. Many reports have
biomass and apparently was not intluenced demonstrated biodegradation, without
by the metals in the periphyton that they investigating the key parameters that allow
consumed, thi_ activity to take place. Other literature

has demonstrated the potential for

"I'hc PS response to irradiance for biodegradation in environmental samples
periphyton communities has been (through the use of gene probes) without
measured, and PS rates for algae from determining whether the genes are actually
different depths within the matrix have functional. The objective of this research
bccn evaluated. The PS responses of is to construct a bioluminescent reporter
periphyton from light or shade conditions strain that responds to an important
are fundamentally different from those for contaminant and to use this construction to
phyt()plankton and may reflect the optimize conditions for the catabolic
influences of the matrix on community PS. process.
Experimental manipulations in streams
addressed the effects of grazing by fish and This project has been successful in creating
invertebrates on periphyton biomass, a fusion between two gene fragments. A
turnover, and primary production. Grazing fragment of the upper pathway of toluene
could either stimulate or decrease the rate degradation from the well.-known TOL
of algal growth and alter the potential food plasmid that contains the promoter and
available, depending on the grazer, grazer other control elements of expression was
density, and environmental conditions, identified and cloned into the vector

plasmid called pUCD615. This plasmid
Recently, the use of lipid analysis to contains a gene cassette from the lux
investigate the microbial component of the operon of Fibrio fischeri and produces
periphyton was begun. Methods are being visible light when the lux genes are
developed to identify sources of organic expressed. The resulting plasmid fusion
carbon (energy) for the microbes, measure permits the expression of the lux genes and
rates of carbon flow through the production of light when the promoter of
community, and evaluate and track the the TOL operon is active. This event
condition of the microbes, occurs in the presence of either toluene or

xylene, two important contaminants of
groundwater. This fusion plasmid was

=

.
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introduced into a strain of Pseudomonas growing season on two varieties of
putida that degrades these substrates. The soybean, two varieties of poplar trees, and
resulting strain, called RB1401, is able to pine trees to assess changes in leaf
both degrade toluene and xylene and biochemistry, electron transfer in
report on their presence and bioavailability photosynthesis, leaf gas exchange,
in an environrrlental sample, transpiration, and deoxyribonucleic acid

(DNA) integrity. The role of the
Strain RB1401 is a sensitive bioreporter, Laboratory was to develop bioassays to
producing significant levels of light when measure DNA damage in plants from
toluene is present at a concentration as enhanced UV-B.
low as 15/zM (i.e., ---1 ppm). The
background bioluminescence is also very Leaf samples that were located at a
low and is essentially undetectable with the specified distance from the UV-B exposure
photomultiplier equipment currently in use. source were collected at particular time

intervals, Prior to being archived, samples
This strain has been used to determine the were pooled by variety, frozen in
presence of toluene and xylene in liquid nitrogen, and ground to a powder
contaminated soils from a Department of while frozen. Whole-cell DNA was
Defense site. Proposed applications of this extracted from powdered leaf tissue by cell
technology include identitication of lysis with detergent and proteinase K
contaminants from sample sites and digestion [bllowed by phenol/chloroform/
optimization of in situ bioremediation, isoamyl extraction to remove proteins.
RB1401 will also be used in the Director's DNA samples from two varieties of
Fund project as an index of soybean were analyzed by an alkaline
trichloroethylene (TCE) degradation unwinding assay to measure strand breaks.
because these same catabolic enzymes co- Photoproducts induced by UV-B were
metabolize TCE when the pathway is measured with the use of denaturing
induced. Process optimization can be agarose gel electrophoresis of DNA
achieved by using the bioluminescence as a pretreated with a photodimer-specific,
monitor of proposed key parameters in single-strand endonuclease.
gene expression.

The results of alkaline unwinding analysis
look Ridge Associated Universities, Oak Ridge, at early, middle, and late exposure (10, 30,
Tennessee. and 52 d) showed an unusual increase in F

values (percentage of DNA in double-
strand form after a given period of alkaline

36 unwinding) early in exposure for soybeanEssex (F value = 126 + 4.1) and soybean
Forrest (F value = 115 _+.6.3). After

Research Assesses the Damage longer exposures, F values declined to near
of Enhanced UV-B Radiation en control levels in soy Forrcst, but remained
the DNA of Soybeans and Other elevated in soyEssex. Analysisof
Plants photodirners in the two soybean varieties

revealed a higher ambient level of dimers

S. J. D'Surney _ and L. R. Shugart in soy Forrest relative to soy F._sex in
experimental controls exposed to natural

Research on the biological effects of sunlight plus some unscreened UV-A
enhanced UV-B radiation (>32% increase) (UV-B was filtered out). In the group
,,,.._c_.,,,,,_,,,..,,_,_,.4,,,.;,,,o,,,_ ,.n,_,.,_,, _m exposed to enhanced UV-B, both soybean

t, ,i,,.,
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wlrietics had increased levels and a concentration of 20 to 100% of full-
of photoproduct damage, and soy Forrest strength effluent reduces the growth of
showed a greater sensitivity to enhanced fathead minnows. In contrast, a 12 to
UV-B than that observed for soy Essex, 100% concentration of full'strength STP
DNA photoproduct damage was effluent reduces the reproduction of C.
cumulative, with soy Forrest showing dubia, and a 50 to 100% concentration of
greater cumulative sensitivity to elevated full-strength effluent reduces the growth of
UV-B. fathead minnows. Effluent from the

NRWTP has never been toxic to either
The elevation in F values in soybean species,
exposed to UV-B is similar to the
increased resistance to alkaline unwinding Treatment at CYRTF consists of pH
seen in other organisms and may represent adjustment with linac (CaO) to precipitate
a phenomenon associated with induced metals, subsequent flocculation to promote
protein synthesis and activity in chromatin settling of sludge, and final pH adjustment
of stressed organisms. Soybean Forrest of the supernate prior to discharge to
showed reduced biomass and seed White Oak Creek. This treatment
production in plants exposed to UV-B, a effectively lowers the concentration of iron,
finding that may partially explain its greater copper, and zinc to <1 mg/L, as required
UV sensitivity, by the NPDES permit, but it yields an

effluent that is very high in calcium, usually
1Oak Ridge Associated Universities, Oak Ridge, 400 to 900 mg/L.
Tennessee.

Toxicity tests with C. dubia using bench-
top-treated coal yard runoff and pure

37 chemical solutions were used to evaluate(1) the source of toxicity in the CYRTF
effluent and (2) the question whether

Toxicity Tests Justify neutralization of coal yard runoff with
Modification in Precipitation MgO rathe="than CaO would effectively
Process at the Coal Yard Runoff remove metals and reduce toxicity. Seven-

Treatment Facility day, static renewal C. dubia toxicity tests
with CaSO 4 and CaCl 2 were used to

L. A. ICszos and P. A. Taylor 1 estimate the toxicity of calcium. Results
showed that with either salt, a calcium

Toxicity tests of effluents discharged from concentration of about 110 mg/L was toxic
ORNL are required as part of the to C. dubia. Evaluating the no-observed-
Laboratory's National Pollutant Dischat'ge effect concentration levels for CYRTF in
Elimination System (NPDES) permit, terms of calcium produced similar results: a
Tests conducted since 1986 have shown concentration of about 100 to 150 mg/L
that effluent from the Coal Yard Runoff was toxic to C. dubia. Thus, the calcium
Treatment Facility (CYRTF) is consistently present in the CYRTF effluent accoLmted
more toxic than effluent from either the h)r most of the toxicity.

Sewage Treatment Plant (STP) or the
Ncmradiological Wastewater Treatment Irl another experiment, two separate
Facility (NRW_FF). Typically, a bench-top treatments of coal yard runoff
concentration of 3 to 25% of full-strength 'were conducted using CaO and MgO, In
CYRTF effluent decreases the number of both cases, metal removal with MgO was

y_,Jng prod_!c,_'dby Ce.6odaphnia d,,bi.,., as effective as or more effective than metal
__

=

_

_
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removal with CaO, and the runoff treated illustrated that, irl addition to ensuring
with MgO was 5 to 10 times less toxic to compliance with NPDES permit limits,
C. dubia. Toxicity tests with MgSO4 also toxicity tests may also be used to justify
indicated that magnesium was 3 to 4 times changes in waste treatment processes,
less toxic than calcium, Our results show thereby reducing the load of chemicals
that neutralization of coal yard runoff with discharged to the aquatic environment.
MgO would reduce the toxicity of the
discharged effluent without sacrificing tChemical TechnologyDivision,ORNL.
effective removal of metals. We have also

i! fill ii ! i!iii iiilli iiiii!i!i_iiiil ii_! ii!ii!ii!i!iiiiiii!!i!iii!_iiii! !i!!i iiiiiiill i i!!iii!i!i i lii i i[il iii ! i ii

Gall Morris of ESD's Aquatic Toxicology tests to determine the biological quality of
Laboratory inspects juvenile male and wastewater at major DOE facilities in
female fathead minnows. 14'Tzenmature, Oak Ridge, Tennessee.
these fish produce young that are used in
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38 (_vfd(_nce of _ slow k_n(_ti(,_ (_c)mp(_Jnent to
NOM sorption and very slow desorption
kinetics.

Mobility of Natural Organic
• Matter and Inorganic Colloids Both laboratory and field results support

Was Manipulated in a Sandy the hypothesis that NeM migration can be
described as a multicomponent transport

Aquifer process, In laboratory column studies and
in the field experiment, hydrophilic

J. F. McCarthy, L. Liang, P. M. Jardine, subcomponents of NeM were rapidly
A. V. Palumbo, and T. M. Williams1 transported, compared to hydrophobic

subcomponcnts of the NeM. Iakewise,
The transport of natural organic matter differences were observed in the mobility
(NEM) in groundwater is being studied to of different subcomponents of NeM
improve capabilities to predict the defined on the basis of molecular size.
subsurface transport of contaminants that Although the NeM injection solution
sorb to mobile sorbents such as NeM. contained a majority of solutes in the size
The research objectives are (1) to range of 3 to 100 kilodaltons (by filtrationdetermine if NeM is mobile in subsurface
environments and (2) to elucidate the using Amicon hollow fiber filters), the early
chemical and hydrological properties of portion of the NeM breakthrough curvecomprises primarily small NeM (<3
aquifers that influence the transport of kilodaltons); the higher molecular weight
NeM as well as inorganic colloids. A large material is retarded relative to the <3-
volume (80,000 L) of surface water with 66 kilodalton fraction. A portion of the
mg/L of NeM was injected into a suboxic, rapidly transported NeM is >0.1 #m and
Fe(II)-rich sandy aquifer. Concomitant appears to be sorbed to, and cotransported
effects of the injection on inorganic with, iron colloids; the iron colloids werecolloids and on the abundance of

approximately 200 nm in size (by photon
groundwater bacteria were also monitored, correlation spectroscopy and scanning
Sampling wells were located in three electron microscopy) and were negativelyhorizons at 1.5 m and 3 m from the

charged (by microelcctrophoretic mobility),
injection weil. A nonreactive tracer (CI-) suggesting that the NeM coating altered
was injected with the first 4(X)0L of NeM the surface properties of the iron colloids
solution to provide information on the (expected to be positive at pH 6.5) and
avcxage pore-water velocity and dispersion stabilized them in the mobile groundwater.charactex'istics of the media.

Although the NeM injection solution
Although significantly retarded compared contained 2-3 mg/L of dissolved oxygen
to a nonreactive tracer (Cl-), the NeM
moved rapidly through the aquifer. The (DO), there was little change in DO inmost of the sampling wells. The
apparent retardation was somewhat less consumption of oxygen did not appear to

.... than predictions that were based on be the result of NeM-induced increases in
laboratory studies using NeM and aquifer microbial respiration since there wits nomaterial from the site. The NeM

consistent increase in bacterial abundance,

breakthrough did show many features We postulate that DO was consumed by
predicted from laboratory studies, including Fe(II)/Fe(III)-catalyzed oxidation of NeM
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within the aquifer. The experiment The objectives of OREIS are to (1) ensure
illustrates the complexity of field long.term retention and accessibility of
manipulations and the interacting effects of data collected at ali facilities; (2) support
chemical, hydrological, and microbiological the development of a common format for
processes, reporting environmental monitoring data;

(3) generate well-documented,
lClemsot_ University,Clemson, South Carolina. standardized data products; and

(4) facilitate the sharing of data in support
of environmental compliance and

39 restoration assessments. OREIS staff areaddressing the following issues: (1) defining
data management needs; (2) identifying the

The Oak Ridge Field Office types and sources of data to be maintained;
Environmental Infonnation (3) characterizing the hardware and

System Is Being Developed software capabilities at each facility;
(4) developing a standard data base

R. A. McCord and L. D. Voorhees scheme; and (5) setting standards for the
contents, quality, and documentation of the

A large investment of time, resources, and data sets and products. Major areas being
mcnmy is being made on designing and addressed inchJde software standards, data
implementing a variety of environmental collection procedures, data entry, data
monitoring and restoration programs at exchange formats and procedures, variable
DOE facilities. Data from these programs naming conventions, units of measurement,

levels of precision, date and time formats,arc often collected for a single purpose
_zndare not readily use.ful [br other spatial coordinates, missing values, quality

assurance elements, and security._lpplications because of inaccessibility, poor
dc_cumcntation, incompleteness, and lack of
stand_zrdization with respect to format and The initial phases of development and
nomenclature. However, the increasing implementation of the system includes
costs of data acquisition make it imperative (1) the establishment of a prototype system
th_ztz,_.aximumuse be made of historic and with a limited range of data types,
current DOE environmental data bases. A analytical functions, and user support and

Federal Facility Agreement between DOE, (2) the development of standardized
the U.S. Environmental Protection Agency, procedures for data management. The
_nd the Tennessee Department of prototype will be used to evaluate data
Environment and Conservation addresses management and software integration

this nccd by calling for the development of issues. The success of the system is
a consolidated environmental data base tbr dependent, in part, on the implementation
the DOE Oak Ridge Reservation facilities, of standardized procedures for 'ali data
which would inc.lude ali data resulting from activities. The value of a robust and
environmental restoration activities and integrated system is limited by the
compliance with federal and state documentation and quality assurance of
environmental permits. The Oak Ridge each of these phases of environmental
Field Office Environmental Information information management.
System (OREIS) is being developed and
implemented to meet these data
management needs.



64 Environmental Biotechnology
, ,,, ,, ,i,_,...

A j_Jll_ m_xe_l methane-utilizing batch cultures

have Indicated that low concentraticms
(2/rid) of toluene do not significantly

Organic Contaminants Commonly reduce TCE degradation.
Found in Association with
Trichloroethylene (TEE) Can Methanol was tbund to relieve growth

inhibition of OB3b at high (106.5 p2_/)
Significantly Influence the TeE concentrations. However, the
Degradation of TCE by addition of methanol to cultures grown on
Methane-Utilizing Bacteria methane significantly reduced the rate of

TCE degradation. Although methanol
A. V. Palumbo, W. Eng, 1P. A. Boerman, reduces the toxicity of TCE to the cultures,
and S. E. Herbes biodegradation of TCE cannot be sustained

in methanol-grown cultures. Because high
In preparation for field demonstrations of TeE concentrations appear to inhibit
biodegradation of chlorinated solvents at a methane uptake and growth, the primary
DOE site in Oak Ridge, Tennessee, the toxicity of TCE appears to be directed
impact of mixtures of organic contaminants toward methane monooxygenase (MMO).
on the biodegradation of trichloroethylene Future work will evaluate the addition of
(TCE) by methane-utilizing bacteria is formate, which should provide energy to
being assessed, The t.ontaminants at DOE the cells without inhibiting either MMO
_itcs in Oak Ridge include anaerobic production or degradation of 'ICE,
degradation products of TeE [e.g.,
dichloroethylenes (DCEs)] and compounds These results demonstrate that other
disposed of with the TCE, including organic contaminants in water can
tetrachloroethylene (PCE), toluene, other signit_cantly alter the rate of TeE
aromatics, and numerous chlorinated and degradation by the methanotrophs.
nonchlorinated compounds. The ability of Examination of the effects of additional
additions of carbon and energy sources aromatic compounds and chlorinated
other than methane to increase microbial ethenes found in groundwater at the
degradation rates was also tested, demonstration site is planned prior to

initiation of the field demonstration, The
Both 1,1-DCE and PCE, at concentrations effects of the contaminants in the actual
ol'6 _tM, were found to significantly site water will be evaluated by the use of
decrease degradation rates of other molec,ular probes being developed as
chlorinated ethylenes (e.g., trans.l,2.DCE indicators of methanotroph biomass and
at 50 to 800/zM) by Methylosinus activity as well as by measurements of TeE
trictzo,_poriumstrain OB3b. These degradation. These studies will enable the
compounds are also either very slow to rates of degradation of the field bioreactor
dc.grade (1,1-DCE) or are not degraded at demonstrations to be optimized and will
all (PCE). Estimated maximum velocities increase the understanding of the factors
(V,,_,,)for 1.1-DCE; cis-I,2-DCE; trans-l,2, that affect TeE degradation in the
DeE; and TCE degradation were 16, 28, bioreactor system.
21,250, and 14 nmol.hl.mg -_ of protein,
respectively. Preliminary experiments with _TheUniversityof Tennessee,Knoxville.
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Todd Andemon, a graduate student at
The University of Tennessee, collects soil
samples at the Miscellaneous Chemical
Basin at the Savannah .Ri_,erSite. He

and Barbara Walton, an ESD toxicologist,
have found that chemically contaminated

soils may be cleaned up more rapidly by
soil microorganisms if vegetation is
present.
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41 separated ['rorn surface strains for longperiods of time, offers potential for organic
contaminant degradation. Much of the

A Rapid Method for Screening carbon that has been available to these
Bacterial Cultures for organisms may have been compounds that

Biodegradation of Volatile arc considered recalcitrant to degradation.
Although these isolates represent a

Contaminants NsDeveloped and
potential source of bacteria and genetic

Applied
material for the degradation of
contaminants of interest to DOE, their

A. V. Palumbo and J. tmng-Gunderson ability to degrade complex or unusual
S '1' "'_

substrates has not been examined and

The DOE Subsurface Science Program has needs to be assessed regarding their
isolated over 4500 bacterial strains with potential in the remediation of
many more to be isolated as activities contaminated sites.
continue. The unique nature of these

bacteria, the vast majority of which do not In a pre)jc0t originating in the DOE Office
match known species and may have, been of Health and Environmental Re._earc,h

_

=
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Subsurface Science Program and preliminary screening for toluene
continuing with funding from the DOE degradation, 4 to 5 strains of the 30+
Office of Technology Development, we are subsurface isolates showed a stronger
collaborating with Idaho National reaction over controls that had been
Engineering Laboratory t.o screen these incubated in atmospheric air, indicating an
isolates for their degrada Livecapabilities, ability to degrade the toluene. Additional
The large number of bacteria in the experiments are currently determining the
collection represent a significant challenge compatibility of other volatile organics _,,id,
in efficiently screening for degradative the Biolog system. This technique should
capabilities. The method we have allow rapid testing of bacteria from .
developed f9r use with semivolatile and contaminated and uncontaminated
volatile compounds depends on an existing environments for their ability to degrade a
innovative, commercial system utilizing broad range of volatile organic
Microplates" by Biolog, Inc., that was contaminants. Both the techniques
developed for the detection of bacterial developed and the cultures identified as
respiratory activity. This system is based having significant degradative abilities in
on the use of substrates, nutrients, and this project can be transferred to
tetrazolium dyes in 96 well plates. When a environmental remediation activities in
bacterial species metabolizes the carbon DOE and to users other than DOE.
substrate supplied in the weil, the
tetrazolium dye turns purple and a
spectrophotometric plate reader is used to ,A _ll
quantify the response. This system is 'Hl.L
normally used for bacterial identification,
but plates can be designed to test for Study of Reproductive Biology of
specific compound degradation. Many of Tennessee Dace Provides Data

the contaminants found at DOE sitesare for Management Options on
either semivolatile or volatile; prior to this Reservation Streams
project their utilization with the present
system design had not been demonstrated.

M. G. Ryon and E. M. Schillingz

The system was evaluated for compatibility
w!th volatile compounds. Pseudomonas The Tennessee dace (Phoxinus
putida (Mt2), a known toluene degrader, tennesseensis) is a fish that was recently
was ir,cubated using two treatments: one in recognized as a distinct species from the
the presence of toluene vapors and the more widely distributed mountain redbelly
other in atmospheric air (no other carbon dace, P. oreas. Localized populations of
source was supplied). Exposure to toluene Tennessee dace have been found in only
produced a strong color change indicating 28 streams, including Bear Creek arid other

streams on the Oak Ridge Reserval.ionthis species could utilizc toluene vapors.
(ORR). Indeed, the highest pop,lationExposure to atmospheric air produced no

color change. Thus, the Biolog system has densities may occur in ORR streanl,s. The
the potential to work with volatile Tennessee dace has been classified as a
compounds, species "deemed in need of management"

by the state of Tennessee. Under this

The bacterial concentration and incubation classification it is illegal to knowingly
time and temperature have been destroy their habitat, and a special_* L-- t--If ....... AI t-_r___

optimized, and P. putida (Mt2) will be used 1-'_'""'""_; r,,_,_ ,,,u_tu_;=,J,,uw_;ut,cto,_z
as a positive control in future assays. In any significa,',.thabitat alteration can occur.

Because life history information on the
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Tennessee dace is not available, a study spawning aggregation, and spawning did
was initiated to describe its reproductive not resume until cler._'_gravel was
biology. This information is important reestablished.
because habitat changes associated with
environmental restoration activities can Nests used by the Tennessee dace were
potentially disrupt spawning and adversely constructed by creek chubs and other
affect larval survival, minnows. These nests were gravel

depressions, cleared of fine sediments and
Fish were collected monthly from a 5-km located in open, shallow areas where the
scction of Bear Creek between October current was sufficient to prevent siltation.
1988 and September 1989 using a backpack There was a distinct difference in the
electrofisher. The fish were measured for degree of embeddedness between the
total length, body weight, ovary weight, egg inside (5-25%) and outside (25-50%) of
numbers, and egg size. A gonadal somatic the nests.
index (GSI) was calculated as a measure of
reproductive readiness. Field observations The data obtained on the reproductive
of spawning behavior were made, and nest biology of the Tennessee dace suggest
sites were evaluated for size and structure, potential vulnerabilities. Observations

indicate that they are sensitive to siltation;
Changes in mean monthly GSI and egg they actively seek out nest areas wi'h clean
size indicated that spawning in 1989 gravel and cease spawning when these

occurred from late March through early areas are covered by silt. Because the nest
May and was completed by the end of sites are in shallow water, any reduction in
May. GSI values increased from the total discharge of the stream may
December to March and peaked in April reduce the available spawning habitat.
and early May (GSI = 13.0). Mean egg Also, the low number of mature eggs per
diameter increased gradually from the fall female combined with a short life span
sizes (0.3 mm) through early spring and (2-3 years) implies that the existence of
rapidly thereafter to early May (1.2 mm). Tennessee dace populations may be
Egg size-frequency distributions indicated dependent on a successful reproductive
at least two clutches with a mean clutch effort at least once every 2 years.
size for the more developed eggs Consequently, remedial action alternatives
(>0.8 mm) of 506 eggs per female, that involve a reduction in stream

discharge (e.g., pumping and treating
Behavioral studies observed spawning contaminated groundwater without
aggregations consisting of 8 to more than returning the water to the original stream)
100 individuals. Males maintained or an increase in the amount or duration
positions over a nest, and one or two of sediment runoff to streams because of
fcmales would swim into the aggregation, inadequate measures to control soil erosion
Surrounded by males, the female was could have a significant adverse impact on
forced toward the gravel where a broadcast local populations of the Tennessee dace.
spawning occurred. The released eggs
settled into gravel interstices within the 1Automated Sciences Group, Inc., Oak Ridge,
nest. Any disturbance that increased Tennessee.
sediment loading to the nest dispersed the
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Marshall Adams (far righO and his team the tissues will help researchers determine
of researchers and students examine the the effects of contaminants on aquatic life
tissues of sunfish from polluted streams, in streams and reservoirs
Biochemical and physiological analyses of

3 DOE facilities in Oak Ridge, Tennessee.The major source of this chlorine is
chlorinated drinking water, which is used as

Sunlight and Periphyton Drive a once-through coolant. We conducted 7-d
Chlorine Dynamics in Area laboratory tests with Ceriodaphnia to
Streams estimate instream toxicity, made instream

measurements of total residual chlorine

A. J. Stewart, W. R. Hill, and IL D. Ham _ (TRC) with an automated amperometric
titrator, and used streamside and laboratory

Prc:,ie,.,.s_,,,a_,o ha-,e she,un that cb!crime experiments to identify processes
controlling TRC in upper East Fork Poplar

is an important toxicant in six streams near Creek (EFPC) at the Oak Ridge Y-12 __-

--- _
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Plant and in a midreach section of White as TRC. The ability of periphyton to
Oak Creek (WOC) at ORNL, where TRC lower concentrations of TRC leads us to
concentrations are sometimes high enough predict that flood events that scour
to be toxic to fish and invertebrate periphyton from stream substrates will also
communities, temporarily increase vulnerability of fish

and invertebrate communities to TRC
A failure-frequency analysis of toxicity-test inputs. Similarly, extensive riparian
results from upper EFPC demonstrated vegetation may increase vulnerability of
that TRC was toxicologically important: stream communities to TRC during the
stream water samples dechlorinated with spring and summer, even if stream flow
sodium thiosulfate were not toxic (only 1 remains constant.
of 16 tests failed), but untreated water
samples were frequently toxic (14 of 18 Laboratory experiments conducted
tests failed). The outcomes of nearly 80% concurrently with these studies
of the Ceriodaphnia toxicity tests of upper demonstrated that TRC levels in water
EFPC (37 of 47 tests) were correctly from EFPC and WOC declined rapidly
predicted using a simple pass-or-fail with exposure to pure UV light. This
response model with a critical TRC value finding suggests that commercially available
of 0.22 mg/L. Bankside experiments using UV treatment systems (used by some
flow-through aquaria also showed that the municipalities to control fecal coliform
elimination of TRC from EFPC water by bacteria in sewage treatment operations )
addition of sodium thiosulfate greatly may help lower the concentration of TRC
cnhanced the survival of fathe._d minnows, and reduce the toxicity in TRC'

contaminated waters.
The monitoring of TRC in EFPC and
WOC revealed strong daily cycles in TRC 1The Universityof Tennessee,Knoxville.
concentration: In both streams, TRC
concentrations were approximately three

times higher at night than during the day. 44In contrast, TRC concentrations in
drinking water at ORNL and stream
dischargein WOC and upper EFPC Microbial Degradation of
changed very little over day-night cycles. Trichloroethylene Occurs Faster in
Thus, differences in instream processes,not Soils Containing Plant Roots
loading rates,controlled "I'_C levelsin
both streams. Laboratory andfield B=T. Walton andT. A. Anderson1
experiments showed that the daily cycles in

TRC in WOC were caused by sunlight and The possibility that vegetation may be used
periphyton and that those two factors were to actively promote microbial restoration of
additive; "FRC losses due to volatilization chemically contaminated soils was tested by
were minor in comparison, using rhizosphere and nonvegetated soils

collected from a field site contaminated by
Many studies emphasize that toxic trichlorethylene (TCE). The field site was
chemicals can adversely affect biological used as a chemical disposal site where,
communiti_',sin streams. Our studies from ca. 1956 to ca. 1974, chlorinated
demonstrate the opposite point: Stream solvents were poured directly into a
periphyton communities, which consist of shallow basin that had been excavated from
ialgttc,uiat.;tt:lia, a_lu assot;latcu pxotozoam, the soil. Fill was added, and an area of
can strongly influence toxic chemicals such - 100 by 100 rn was graded tbr the site.
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Several charact(_ristic_ of the site made it a 45
favorable location for exploring the
potential for vegetation to be managed as
an integral part wf site remediation. Municipal Sewage Sludge is
Specifically, the area is small and Applied to Land to Improve Soils
inaccessibleto the public, TCE and other and Provide Nutrients for Trees
hazardous chemicals are present in

Grown for Energy Productionrelatively low concentrations,and no
imminent hazardexits. Moveover,the site

A. E. Walzer,1H. L. Boston,and
has become vegetated naturally during the

H. Van Miegroet10 or more years since chemical disposal
stopped; thus, sufficient time has passed
for the populations oi' consortia of TCE- Land application of sewage sludge is an

economical and environmentally safedegrading microorganisms to be enriched
in the rhizosphere, method of disposal when done according to

regulations. Approximately 30% of the
U.S. municipal sewage sludge is currentlySoil samples were collected from the

rhizospheres of the four predominant plant disposed of by land application. Sludge is
species [a grass, Paspalum notatum var. a nutrient-rich organic material that can
saurage Parodi; a legume, Lespedeza improve soil fertility and increase plant
cuneata (Dumont); a composite herb, a growth. In addition to the organic
Solidago sp.; and loblolly pine, Pinus components of sludge, thece are also
taeda L.] and from the nonvegetated metals and, in the case of Oak Ridge
(edaphosphere) soils. Biomass sludge, radionuclides released from private
determinations of microorganisms, industry. The City of Oak Ridge has
disappearance of TCE from the headspace applied its municipal sewage sludge to
of spiked soil slurries, and mineralization of DOE's Oak Ridge Reservation land since

1983. Beginning in 1986, a monitoring[14C]-TCE to 14CO2 ali showed that
microbial actMty is greater in rhizosphere program was initiated to evaluate the fate
soils than in edaphosphere soils and that of sludge and sludge constituents within

the environment and to identify applicationTCE degradation occurs faster in the
rhizosphere than in the edaphosphere, strategies that have the greatest benefits
These studies indicated that vegetation fur soil improvement and tree growth.
may be an important variable affecting
microbial degradation of hazardous organic Environmental monitoring in association
compounds and can be managed to achieve with sludge application has included
biological restoration wf chemically sampling and analysis of soil, groundwater,
contaminated surface and near-surface soil water, surface runoff, and vegetation to
soils, determine the fate of metals, radionuclides,

and the organic constituents of the sludge.

1The University of Tennessee,Knoxville. During and fur several months following
sludge application, surface runoff contained
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NO 3, P, BOD, and fecal coliform bacteria the soil and generally did not concentrate
at concentrations similar to runoff from in vegetation or move off-site. For a time,
cow pastures. The runo;ff quality improved Oak Ridge municipal sludge was
rapidly after apF!!_':atio_ttended. It was also contaminated with low levels of 137Cs,6°Co,
found that rne_o_t_;;yet'ledihited and and depleted uranium. 'Iqaefate of these
immobilized in t_m u_Jper!5 to 20 cm of radionuclides was studied when the sludge

iii_iiiii!__!_!_i_!___iii__iii!ii;_i__i_!iii!_i!ii!i_i_ii_iiiiii_ii!i_iiiii___i!iiiiiiii_!iii!!_ii_i_!_i_i_iiiiiiii!ii_ii!i_ii!i!iii_iii_iiiiii_ii_iii!i!iiiii!iiiiiii!iiii!iiiliiiliiiii!ii!iii!i!iiii!ililiil!!!ii!iiil!iiiiiiiiiiiiiili!iiiiiiiiiiliiiiiiiiiii!i!iiiiiiiiiiiiiiiiiiiii!iliiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiiii!iiiii!iiiiiiiiiiiiiiiiiiiiiiii!iii!iiiiiiiiiii!iliiiiii!iiiiiiii!iiiii!iiiiiiiiiiiiiiiiiiiii!!iiiii!!iiiii!iiiili!iii!iiiiiiiIiiiiiii!i!iiiiiiiiiiiiiiii!iliIiiiiiiiiiii

Municipal sewage sludge from the City of using the sludge to improve soil fertility and
Oak Ridge is applied to pastures on the Oak tree growth. In addition, they are assessing
Ridge Resepvation. Hany Boston and tfelga the potential environmental impacts of
Van Miegroet are studyb_gthe benefits of sludge applications.
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was applied to land, and Jt was found that _!1
they were largely immobilized in the upper O
soils and did not move off-site nor
accumulate in the vegetation. The ConSortial Microbial Activity and
monitoring program has shown that when Resilience in the Westinghouse
sludgeis applied in moderation(<5 tons Savannah River Site
per acre per year) to improve soils rather Bioremediation Integrated
than simply to dispose of sludge, adverse
environmental effects are minimal. DemonstTation Are Defined

The nutrients in sewage sludge can greatly D.C. White, T. J. Phelps, 1 and
increase the fertility of marginal farm D.B. Ringelberg 1
lands. Nitrogen and phosphorus, which are
frequently the limiting factors in tree Objectives of this study were (1) to define
growth, were found to be _lgnificantly the base-line microbial community

increased in soils treated l_¢li:hsludge. Our structure and nutritional status of the
studies have shown eleva_ei!linitrogen levels endogenous microbiota recovered from the
for 10 years af'er sludge 0i[:l!f,lication, plume in the horizontal-weU system at
whereas nitrogen from syitilttleticfertilizers Westinghouse Savannah River Site
is lost within 2 or 3 yearsi iThese findings (WSRS) prior to the initiation of warm air
indicate that sludge applii:li:itioncan play a and the introduction of methane co-

significant role in soil imll::ii:I:wementfor tree rnetabolite through the use of the in situ
farming. _ signature biomarker system developed with

the subsurface science program and (2) to

The benefits of sewage slhi_,::ll.geapplication establish microbial consortia recovered
are being examined for tr:e,',:biomass from contaminated plumes at WSRS in

production, a technology ',_,hichproduces bioreactors to test for substrate specificity,
high-yield energy crops. "li'lhesebiomass biogradation capacity, and resiliency to
crops, which produce liquiid fuels for stresses.
energy, also recycle CO 2, a:Hllikefossil-fuel
burning. To further study 1Llaeuse of Subsurface samples were recovered from
sludge application for this=t,=,_chnology,a between the horizontal wells in the
biomass plantation was begun this year on WSRS integrated demonstration by using
a retired sludge applicatiola ,site to assess proper anticontamination procedures. The
the growth rates on four hardweod sediments were lyophilized; extracted by
varieties: tulip poplar, sycamore, silver means of the reversed serial one-phase
maple, and black walnut. This study will so_vents extraction; fractionated into
provide new irfformation c_nsludge neutral lipids, glycolipids, and polar lipids;
application for biomass pr,t:,duction, and derivatized from capillary gas

chromatographic separation with detection
lOak Ridge Associated Universities, Oak Ridge, by chemical ionization.extracted ion mass
Tennessee. spectrometry. Phospholipid ester-linked

t
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fatty acids (PLFA)provide in situ halogenated hydrocarbons and benzene-
community structure and nutritional status toluene-xylene (BTX) recovered from Y-12
definitions that shift with manipulation and Plant wells utilizing methane and propane
contamination. The initial as co-metabolites. Decreases of one to
predemonstration base-line samples show three orders of magnitude in chlorinated
an in situ low biomass of ~ 1 pmol PLFA hydrocarbons, trichloroethylene (TCE),
per gram of dry wt (<10 5 microbacteria dichloroethylenes, vinyichloride (VC), and
per gram), with evidence of nutritional BTX were demonstrated. Mineralization
stress.-an ideal community for of 14CTCE to 14CCO 2 established
manipulation for fortuitous biodegradation, biodegradation. Slow aerobic breakdown

of perchloroethylene and rapid inducible
Microbial consortia have been recovered VC mineralization have been
from contaminated plumes at the demonstrated.
WSRS site and used in gas-tight recycling
bioreactors Ibr aerobic fortuitous 1TheUniversityof Tennessee,Knoxville.
metabolism of mixtures of organic

IIII, r,_k fill" "'lP .... SP' ,,*' '"pi' ''_"_,IF ''_' ' = '' 'illqf " rll_i
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Section Staff and Guests

C. W. Gehrs

S. M. Adams C. J, Ford J.F. McCarth', G.S. Saylers
L. J. Allison M.L. Frank D. McCaulou _ S.O. Scarborough
T. A. Anderson 1 M, J. Gentry s R. A, McCord E.M. Schilling4
J. S. Arnold I R.V. Graham s M),K. McCrackin s S.K. Seafl
A. G. Arp M.S. Greeley J,,A. McNabb S.K. Sharp s
T. L. Ashwood T. Grizzard AI"w. McWhorter L.R. Shugart
M. A. Barlaz1 R.S. Halbrook 1 A, D. Miller 5 J.G. Smith
B. K. Beane 2 K.D. Ham s D,'!E. Miller4 G: R. Southworth
A. T. Bednarek 1 G.J. Haynes D.S. Millsap2 K. Spencer 1
S. Bcrgman 3 S.E. Herbes M W. Mittelman 5 R.K. Stanley
M. S. Bevelheimer 4 W.R. Hills D i Mohrbacher s A.D. Steinman 1°
B. G. Blaylock R.L. Hinzman _ RJ A. Mooney t T.J. Stephens
P. A. Boerman 1 S.A. Holladay D L. Morgan s A.J. Stewart
H. L_Boston V, L. Homer 1 G P. Morris9 G. Strandberg 16
P. W. Bradcn L.A. Hook J.L. Morris 1° J. Strong-
S. A. Brooks s A.M. Hoylman I J. !3. Mural s Gunderson 1
C. J. Bullen s C. L, Hulls G Napolitano 3 L.M. Stubbs
D. L. Bunting s J.A. Irving1 P. !;. Neuhoff 1 J.R. Sumner 1
R. S. Burlage 1 L.G. Jackson 9 K.iA, Newman 14 D.L. Taylor z

B, A. Carrico 6 L. E, Jimenez s S, Ii_.Niemela 4 C.W. Theodorakis s
K. D. Chapatwala 1 T.R. Johnson 1° D, IE. Nivens s C. Thevenard s
J. M. Christenson 7 K.F. Jue 1 J. i!f.Olivers J.K. Thomas 1'"
B. F, Clark6 B.L. KJmmel N. Olmeda-Miro 1 K. Trowbridge 1
R. M. Clark 1 E.M. King1 A. V, Palumbo L.D. Voorhees
D. Colon-Arroyo 1 J.B. Klein 11 D. !_3.Peakall is P, A. Walker s
R. B. Cook L.A. Kszos M,!J. Peterson 4 B.T. Walton
D. K. Cox C.T.D. Kuos S, 1_4.Pfiffner s J.A. Watts

J. S. Cox W.C. Kyker T. t' Phelp ss R.A. Whitaker 17
D. W. Crumby4 M. Land12 J. I_. Platt I D.C. White s
J. A. Cunningham s ,. K.-L. Lee C.H. Poole L.F. Wicker
W. C, Dickinson 6 L. Liii1_gs S.E. Price s C.C. Wilder 1
N. J. Dowling s J.M. Loar C. Si Rains W.S. Wilkerson
S. D'Surney 1 R.C. Longman s J.D. Ramsay3 K.J. Wilkinson 12
R. G. Epler B.A. Lowe3 T.D. Richardson a J.A. Wojtowicz7
S. A. Evans D.L. Macintosh 13 M.G. Ryon C.T. Woodard
L. S. Ewald 8 S.E. Madix T, K. Sawyer E.J. Worden l

1Oak Ridge Associated Universities, _Advanced Sciences, hzc., Oak Ridge,
Oak Ridge, Tennessee. Tennessee.
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3Self.employed subcontractor, tlOak Rtdge Science and Engineering

4Au/omated Sciences Group hzc., Oak Ridge, Research Semester.
Tennessee. _2Health and Safety Research Division, ORNL.

SThe University of Tennessee, Knoxville. 13Indiana University, Bloomington.
6jAYCOR, Oak Ridge, Tennessee. 14Science Applications httemational Corporation,
7Teacher Research Associates Oak Ridge, Tennessee,
Coordination Program, U_S, Dep_rtnlent of tSCanadian WUdltfe Service, Ottawa.

Defense, 16Chemical Technology DivLvion, ORNL.
8Oak Ridge Research Institute, Oak Ridge, 17Environmental Restoration Division, Martin

Tennessee. Marietta Energy Systems, Inc.
9Kno.rville College, lOlo.t-viUe, Tennessee.

lOGreat Lakes Colleges Association/Association
of Colleges in Midwest/St, Olaf College.
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atmosphere. Closely coupled with this
..... effort arc projects that deal with the

Introduction development of quantitative capabilities for_ "--'7- __ ------L __

predicting the behavior of natural systems.
Staff of the Geosciences Section of the Another part of the energy cycle--also
Environmental Sciences Division (ESD) at related to waste-involves in situ treatment
Oak Ridge National Laboratory (ORNL) of disposed materials in the ground to
engag_ in basic and applied research and mitigate their movement into the
conduct demonstration projects directed environment.
toward understanding and controlling the
physical and chemical mechanisms that In the area of site characterization, the
influence the movements of material section has been involved irl the study of
through the lithosphere, hydrosphere, and fracture and fault systems that dominate
atmosphere. Whereas most activities are the rock strata underlying many sites at
highly interdisciplinary, the major areas of Oak Ridge; these fractures are a major
emphasis in the section itwolve influence on groundwater flow. In
geochemistry, geology, geophysics, addition, considerable site work has. been
environmental chemistry, soil science, conducted at other U.S. Department of
hydrology, atmospheric chemistry, Energy (DOE) and U.S. Department of
oceanography, and environmental Defense (DOD) facilities, such as the
engineering. The scope of the studies Paducah Gaseous Diffusion Plant, and at
includes field characterization, testing and various U.S. Air Force bases.
dcmor,:'_ration of innovative remedial

action _,tcrnatives, laboratory experiments, With regard to the movement of energy-
and mathematical and computer modeling, related by-produt ts and wastes in the
Throughout its efforts, the section is environment, we l_'we been heavily
substantially involved in science education engaged in studies of acid deposition and
at ali levels, from precollege to graduate its impact on forest systems and soils, as
and poslgraduate. The section consists of wcll as studies of the movement of
six groups, each designated by a radioisotopes in marine and freshwater
disciplinary title that reflects the training of systems. The scope of predictive
the staff, investigatior s ranges from geostatistical

models for estimating groundwater
The section strives to maintain a balance elevations to geochemical studies of
between basic and applied studies. The mineral solubilities and sorption
common theme of most section activities is characteristics.
the study of waste materials and by-
products frora energy production. Innovative waste treatment technologies
Activities span major portions of the that have been developed include
energy cycle. For instance, a significant biorcmcdiation of organic contaminants
part of the research involves and mercury, as well as oxidation and
characterization of past and future disposal venting of organic contaminants that occur
sites, whereas another major part is in .soils and groundwater. The staff of the
dlr'ected toward an understanding of the Gcoscicnccs Section arc heavily committcd
physical and chemical factors that lead to to investigating many of the critical issues
migration of materials away from disposal essential in dealing with the cleanup of
sites in groundwater, surface water, and the

77
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DOE facilities to bring them into Environmental Protection Agency, U.S.
environmental compliance. The staff are Geological Survey, and Tennessee Valley
also addressing issues that are necessary to Authority.
understand the impact of energy
technologies on the environment. During FY 1990 the section had a number

of significant achievements:
During the year, two major new activities
were initiated through the section: The • ORHSP was developed for technical
Energy Systems Office of Groundwater support to the groundwater
Management and the Oak Ridge coordinators at Energy Systems sites.
Hydrology Support Programs (ORHSP).
Both entities support proper groundwater • A field site of the in situ vitrification
studies, in parallel with compliance waste treatment technology was
directives, at ali five Martin Marietta succc.ssfully completed using simulated
Energy Systems, Inc. (Energy Systems) tracer-level radioactive waste.
facilities. A significant part of ORtlSP is
the highly t'hallcnging study of the • Research toward field validation of a
hydrol(_gyof the Oak Ridge Reservation three-dimensional multiregion
(ORR), the most complex hydrology at any contaminant transport model was
DOE site. completed.

The Geosciences Section is fortunate to • Paper recycling at ORNL was initiated
have a wide variety of sponsors. The through efforts of section staff.
single greatest area of support reflects the
need tbr on-site characterization of • A new model Qf atmospheric mercury
geologic and hydrologic conditions on behavior showed that dry deposition is
ORR, at other DOE facilities (such as the significant in the summer.
Paducah Gaseous Diffusion Plant), and at
DOD sites. Much of this support is • The complete synthesis of the
through the Environmental Restoration Integrated Forest Study was published.
and the Office of Technology
Development (OTD) programs, as well as • Independent 35Sstudies in Scotland
through direct funding from some of the confirmed ORNL research that
facilities; activities funded through DOE's throughfall fluxes of sulfate can predict
Hazardous Waste Remedial Action atmospheric sulfur deposition.
Program are included. The Office of
Health and Environmental Research • The Energy Systems Office of
provides sol_e of the fundamental support Groundwater Management was
for the section's basic research on established to help ensure compliance
subsurface transport phenomena, as well as with the federal and state statutes
tbr work in marine and arctic related to groundwater.
envir_nmcnts. Funding fc_rgeophysical
and geochemical research came from the • A field demonstration t_)r in situ soil
Office of Basic Energy Sciences. In mixing and treatment of TCE and other
additi_}n,staff in the section generated organic compounds was initiated at the
support from other national lab_ratories Pt_rtsmouth facility.
ft_rgeochemical research. The section also
performed reset_rch for a number of non- • Fundamental work on tritium and
DOE sponsors, including the helium isotopes f,)r defining



Qeo#oieneas79

groundwater travel time_ and recharge • Borehole flow meters were
rates into shallower aquifers was demonstrated to be effective in
completed, identifying fracture flow zones and

colloid transport in the subsurface,
• Benchmark documents on the

hydrology and geology of ORR were o Ata analytical system for ultratrace
issued; they reflect the conceptual concentratio::_ of mercury in
model of groundwater flow and environmental media was developed,
transport in this highly fractured and
very complex system. ® A staff member served on the staff at

O"I"13and took the lead in developing
• Risk assessment calculations were made much of the 5-year plan.

_hrough the use of uncertainty analysis
to rank ORNL wastesites. • A shallow, high-resolution seismic

reflection survey at the Paducah
• Use of West Bay down-hole sampling Gaseous Diffusic)n Plant was

systems was shown tobe highly undertaken,
........ effective at the Oak Ridge Y-12 P!ant.

• A gcochelnical modeling study of the
• Innovative research on matrix diffusion evolution of groundwaters in Bear

of contaminants was undertaken at a Creek Valley at the Oak Ridge Y.12
site on ORR; the research shows a Plant was completed.
linkage between a disposal trench and a
nearby spring.

• A portable ground-penetrating radar
unit was demonstrated for identification
of subsurface heterogeneities.
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Hydrochcmical data, including the major
catiomc anti anzonic species, have been

, Technical Summaries obtained from groundwater samples taken
"-'-----"-'-"-'- from selected intervals at borehole

GW-134. These results indicate that

7 groundwaters at ali levels are contaminatedwith nitrate. On the basis of the
research_'rs' understanding of historical

Hydraulic Head and disposal activities at the S-3 ponds, it was
Itydrochemistry Anomalies Are concluded that the ponds are the likely
Observed in Borehole GW-134 source of the nitrate. Interestingly, the

During MonRodng Activities at sample with the highest concentration ofnitrate (5520 rag/L) is in the region of the
'the Oak Ridge Y-12 Rant pressure anomaly (424 ft). The deepest

sample obtained (762 ft) also contains
T. O. Early, R. B. Dreter, and H. L. Kingt significant nitrate (3070 rag/L) in addition

to sodium (2600 rag/L) and chloride
For several months, extensive pressure and (3370 rag/L). The elevated concentrations
hydrochemical data have been obtained of sodium and chloride in this sample are
from a Westbay rnultiport system installed indicative of the dominant type of
in borehole GW-134 at the Oak Ridge Y- groundwater that exists at this depth and
12 Plant. Thirty-seven monitoring intervals arc not evidence of a surface source for
are available over the 809..ft depth of this these cornlx)nents. From the data the
borehole. Preliminary results of these maximum depth to which contaminated
monitoring activities suggest that groundwater has migrated could not be
contaminated groundwater associated with defined.
the S-3 ponds, located ---500 ft north ot'

borehole GW-134, has migrated downward Nitric acid wastewaters were disposed of in
in the vicinity of this well to a depth of at the S-3 ponds. Infiltration of this water
least 762 ft. Available data have been through the unlined base ot:'the ponds
examined and a working hypothesis resulted in immediate reactions (primarily
developed that provides a mechanism for with calcite) in the weathered bedrock and
both the hydrochemical and hydraulic head the limestone intervals of the Nolichucky
anomalies. Shale. For this reason, shallow

groundwater in this region frequently is
Pressure profiles obtained at borehole characterized to be ot, the calcium.nitrate
GW-134 on April 19, 1990 (- 1 month type. (The uppermost sample at GW-134
after installation of the multiport system), is of this type.) lt is further hypothesized
and March 18-20, 1991, show that the that the very reactive water from the S-3
most promirlent feature is a large pressure ponds was able to preferentially and
bulge that occurs in the middepth range aggrcsshcly attack limestone beds within
(350-..600ft) of the profile. This anomaly the Nolichucky Shale and pro{'eed to
lies downdip from the S-3 ponds, located in migrate downdip. This process would
the Nolichucky Shale. The natural gamma create a high-conductivity, dip-parallel
log for borehole GW-134 indicates that the reaction pathway. The depth to which this
pressure anomaly corresponds to a merc pathway extends is unknown, but
limestone-rich intewal (lower gamma contaminated groundwater in this well has
counts) within this formation, been observed at a lepth of 762 ft.



Geosclences 81

In a sense, this mechanism results in the account losses due to seepage into the
development of a high-conductivity cul-de- surrounding soil (water pump-in tests).
sac in an otherwise low-conductivity matrix. This practice may result in serious leaching
However, it is likely that ancillary of radionuclides, hazardous wastes, or both
migration of contaminants will occur into groundwater and induce the
beyond this relatively small reaction zone premature settling of soil overburden into
because of the significant hydraulic the trench. Because such a practice is no
gradients associated with it and the longer acceptable, an alternative technique
presence of fractures within the host rock. was developed.
This process may explain the high level of
contamination observed in the deepest The technique is based on the principle
zone sampled, that small pressure differentials (<0.1 psi)

can be monitored within the trench as gas
These preliminary results suggest several is pumped into the trench at a known rate.
potential avenues for additional study that The teclmique assumes that the void
should be pursued. First, it is important to volume of the trench is constant and air
determine if contaminants other than leaking from the trench occurs across a
nitrate that were present in the S-3 Ponds constant resistance to airflow. The
(e.g., uranium and 99Tc)have migrated measurement is based on the ideal gas law,
downdip in the manner hypothesized, where Eq. (1) describes conditions in the
Additional samples and more extensive trench before pressurization and Eq. (2)
chemical analyses will be performed to describes conditions in the trench after
resolve this question. Second, geochemical

noRT
and reaction path modeling should be V - (1)
conducted to ascertain how well the * Po
observed chemical evolution of
groundwater in this system can be

nflT
explained. Finally, the researchers are I_ - _ (2)attempting to develop a groundwater flow
model that adequately describes the local
hydrologic system.

pressurization to a constant pressure. The
1Health,Safety,Environment,and Accountability variables in Eqs. (1) and (2) are defined as
Division, Oak RidgeY-12Plant. follows: Vo = void volume of trench;

R = ideal gas constant; T = ambient
absolute temperature in trench;

48 Po = pressure initially present in trench(assumed to be 1 atm); Pc = pressure in
trench after pressurization to constant

A Nondestructive Technique Has pressure;and n_ = no + n1(where
Been Deveio0_! to Determine n, = moles of gases after pressurization,
Void Volumes of Radioactive no = moles of gas initially present, and
Burial Trenches n_ = net moles of gas added to cause

increased pressure to Pc). The volume of
C. W. Francis and P. J. Hanson gas added (V1) to result in Pc is defined by

Eq. (3). Combining Eqs. (1) and (2),
Void volumes of low-level waste trenches assuming no difference in temperature on

: have been previously determined by filling pressurization, and substituting Eqs. (1)
the trenches with water and taking into and (3), respectively, fbr n o and n I result in
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Eq. (4). V1 can be determined by air pumped into the trench. The net
monitoring the pressure increase in the inflow into the trench is proportional to
trench the pressure increase over time, and when

the trench is at a constant pressure, the

nIRT (3) outflow (leak rate) is equal to the inflow
Vi- P rate.

¢

Trench void volume determined in this
ViP_

Vo- Pi-Po (4) manner was -60% higher than voidvolume determined from pump-in water
tests. The method provides a means to

over the time it takes to develop a estimate trench void volume that is fast,
cc,nl_tantpressure from a constant flow of inexpensive, and environmentally superior

to the previously used pump-in water test.

The research submarine Alvin is poised
for a deep-sea dive. ESD's Karen Von
Damm and !ackie Grebmeier participated
in Alvin dives to study the volcanic and
hydrothermal ,_ystemsof the East Pacific
P;'se -1.5 miles below the water surface.
The rise is part of the global system of L
volcanic rMgesfrom which magma erupts
to create new seafloor.
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9 Tracer studies were conducted under avariety of moisture conditions in order to
assess the importance of solute mass-

Unsaturated Transport Studies in transfer limitations during in situ transient
Undisturbed Soil Columns Are storm events. Significant mass-transfer

Useful for Quan_ing In Situ limitations among pore classes occurred
during saturated transport, and a

Contaminant Mobility at the multipore-domain model was required to
SWSA Sites describe the data. Mass-transfer limitations

became increasingly negligible with
P. M. Jardine, G. K. Jacobs, and unsaturated conditions because of a
Z. Kooner decrease in pore-class heterogeneity

involved in the transport process.
Prolonged disposal of organic and

inorganic waste in shallow burial sites of The classical convective-dispersive equation
eastern Tennessee has prompted detailed was found to adequately describe observed
investigations of contaminant transport effluent concentrations for these
processes in upper subsurface media. The unsaturated conditions. Observed
radio nuclides "Sr and 6°Co are of breakthrough curves for Sr and Co were
significant concern because of (1) the large delayed relative to nonreactive Br
inventories present in existing waste sites, breakthrough curves, which indicated that
(2) their relatively long half-lives (---29 and the former tracers were adsorbed by the
--5 years, respectively), (3) the large soil. Cation exchange equilibria
health risks associated with each isotope, relationships obtained from tests on
and (4) their high mobility at many waste disturbed samples using batch methods
sites. Transport processes present at these could describe the thermodynamic
sites are spatially complex because of processes that were prevalent during
preferential flow in fractured media and unsaturated transport. These results
the presence of massive saprolite with suggest that the massive saprolite within
variable size and permeability, the soil columns was a chemically active

constituent during unsaturated reactive
Ti_e purpose of this research was to tracer transport. However, significant
investigate the thermodynamic and kinetic bypass of the porous media occurs during
processes controlling the transport of saturated flow.
nonreactive and reactive contaminants in

variably saturated, heterogeneou,, soils. In situ contaminant transport processes are
Large undisturl_ed soil columns were driven by transient storm events that
carefully isolated in the C-horizons of the impart variable soil moisture conditions
proposed burial grounds of Solid Waste with time. Quantifying the thermodynamic
Storage Area 7. The _iumns were fitted and kinetic controls on solute transport
with two flitted glass endplates, and during these conditions is critical for the
variably saturated conditions were imposed successful utility of field-scale subsurface
with a mariotte device at the column inlet transport models.and a vacuum chamber at the column

outlet. Single and multispecies injections
of nonreactive Br and reactive Sr and Co
were initiated on the columns to simulate a
leaky burial trench during storm events.



84 Geoscienees

0 The IR indicated a low level ofcontamination, and a hand-held
.... photoionization detector (PID) yielded a

Field Test Kit for Petroleum false negative for the sample. Natural

Hydrocarbons Is Successfully organic matter or simply an absenceof
Tested and Modified for Use in aromaticsmay explain the apparent
Remote Locations contamination observed with the IR.

Upon returning from the field, diesel fuel
N. E. Korte and D. A. Pickering I standards were prepared in CCI4 and

Freon. Color development in the two
Friedel-Crafts acylation, a classical solvents was identical. A literature search
preparative reaction in organic chemistry, revealed that the extraction efficiencies of
involves the reaction of an aromatic

compound with an acid chloride catalyzed CCI 4 and Freon are comparable.
by a Lewis acid such as aluminum chloride. As a final demonstration of the test kit's

With an appropriate choice of reagents, a utility, cxposure to salt spray resulted in
colored product is formed. The hue and failure of PIDs used for field screening by
intensity of the color are determined by a group performing a site characterization.
the nature and concentration of the Instrument repair was impossible because
aromatic compounds in the sample. The of the site's remote location. The field
aromatic fraction of a petroleum spill is crew was given the remaining Freon and
typically of greatest interest because such test kit materials following the
compounds are the most toxic and the biotreatment study. The test kit proved to
most water-soluble components of the fuel. be acceptable for field screening, enabling
A recently marketed test kit employs the the crew to continue working despite the
Friedel-Crafts reaction for estimating the absence of PIDs.
concentration of fuel in soil and water

samples. 1Health and Safety Research Division, ORNL.

The test kit was obtained for use in a

biotreatment feasibility study for

hydrocarbon-contaminated soil remediation 51at a remote island in the southwest Pacific.
lt proved impossible, however, to ship the Bed-Load Transport in White Oakkit's extraction solvent, carbon
tetrachloride (CCI4), to the island because Creek |s Modeled by Using 137Cs

of CCI4's status as a poison and a lnventori¢_s
carcinogen. Disposal would also have been
difficult. Consequently, the test kit I.L. Larsen, R. W. Sobocinski, 1
procedure was modified by substituting T.E. Cerling, _ and S. J. Morrison 1
1,1,2-trichloro- 1,2,2-trifluoroethane for
the CCI4. Bed load sediments of White Oak Creek

(WOC) below the Process Waste

Samples from six test pits were extracted Treatment Plant have been labeled by
and analyzed on-site with the test kit and historical relca._es of 13VCsto a depth of
infrared spectrometer (IR). Out of 12 >25 cre. The streambed of WOC acts as a
samples deemed contaminated on the basis sink for 137Cs because of irreversible
of on the lR method, the test kit yielded sorption onto bcd-load sediments. During
only 1 false negative and no false positives, major storm events streamflow develops
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sufficient competency to initiate transport parameter in assessing the dispersal of
of bed-load sediments downstream, t37Csthrough the fluvial system. The net
Because the bulk of 137Csin WOC moves downstream transport of several different
downstream fixed to sediments, the rate of streambed sediment size fractions in WOC
sediment transport becomes an important was quantified.

i_!i_i!!_i!_!_!_!ii!i!_i_!_____i!i__!!ii__i_ii!i!i!i!i!iii_!ii__!_ii!i_i_!i_i_!i__ii!!!!i!i!!_!_i__!iii!____ii!_!_i!___i__!!_i_!i!!i!!ii_iii!_ii!!____i_iii_ii!_!iii!i!!_iii!__i_i_ii_!__!ii!iiii!i_i!!_!iii__i_ii_i_!i!_i!!_!ii_ii__!!_iiii!!!_i____ii__i!i!_iiii!i!!!_!!__i_ii!i!ii!ii_!ii__i_ii____!_i!!ii__ii_!_i_i_i_i_iiii!i__iiii_!!_ii_!__iii!ii!__!i!!!ii_ii!iiii_i__i_!!___i!!ii!!i!i!i__!!!i__ii!iii!i!____!!_!!!_i!_!!__i__!i__!ii__!!

Laura Toran and Libby Reyes confer about Oak Ridge Reservation. The two researchers
a groundwater transport model for use on are working with the Engineering Physics
the ORNL supercomputer. Through the and Mathematics Division to create their
supercomputer's increased power, they can model, which will help determine effective
create more sophisticated models to describe remediation strategies.
the transport of hazardous waste on the

i
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To accomplish this, streambed cores were 52collected from several locations within a

550-m study reach of WOC, sectioned into

2-cre intervals, and wet-sieved into various Dry Deposition Contributes
size components (1-2 mm to 8-16 mm). Significantly to the

This size range comprises the bulk of Atmosphere-Surface Exchange of
sediments in WOC. The separated size
fractions were then analyzed _br 137C, s, and Mercury in a Forest and Has
an inventory for each size fraction and Important Implications for the
core location was performed. The Global Metal Cycle
integrated 137Cs activity is the total activity
of the core to depth of bed-load scour for S.E. Lindberg, T. P. Meyers, 1 and
a particular size fraction. This inventory is R.R. Turner
due both to contaminated sediment

transported to that location and to A complete understanding of the fate and
subsequent 137Cs sorption directly from effects of mercury in the environment is
streamwater. A model of 137Cs transport again a major concern of the scientific
and distribution in the streambed of WOC community. In vast numbers of lakes

was formulated that incorporates bed-load around the world, mercury continues to
celerity, as well as sorption, dispersion, accumulate in fish tissue at levels
advection, and radioactive decay of S37Cs.2 potentially harmful to consumer _,and this

mercury, is influenced by emissions from

i Results indicated that the bed load of energy production. Recent data confirm
= WOC undergoes several transport eveots the importance of the atmosphere in the

pcr year when threshold velocities exc_ed cycling of mercury in aquatic and terrestrial

base flow (--.0.22 m3/s) by a factor of 5. ecosystems. However, there are few data
Sedirncnt transport velocities decrease with on the role of dry deposition. Wet

increasing grain sizes. The model indicated deposition alone cannot account for ali of
mean sediment velocities of 265, 215, 170, the mercury apparently accumulating in

and 160 m/year for the 1- to 2-, 2- to 4-, 4- lakes in forested watersheds.
to 8-, and 8- to 16-mm fractions,

respectively, are similar to rates observed Concentrations of mercury aerosol and

elsewhere. On the basis of these transport vapor in air have been measured at Walker
rates, a 30-cre scour depth, and a, normal Branch Watershed (WBW) for 2 years.

number of storm events per year, bed-load These data confirm that airborne mercury
transport will [lush the contaminated 1- to is dominated by vapor species that exhibit
16-mm fraction out of the study reach a strong seasonal cycle, and summer

within 1-6 years aP.er the sources of 137Cs maxima correspond to elevated air
contamination are eliminated. This has temperature. The concentration data have

important implications for predicting been combined with a recently developed
downstream transport of contaminants in model to estimate dry deposition fluxes to
this system, the forest at WBW. Weekly mean

, modeled values for the deposition velocity
1Universityof Utah, Salt Lake City. of mercury range from <0.01 cm/s (winter)
2R. I_ Sobocinski, T. E. Cerling, S. Z Morrison, to >0.1 cm/s (summer). Dry deposition
and 1. L. Larsen, "Sediment Transport in a fluxes range from 80 ng.m-2.d _ in the

Small Stream Based on _TCs Inventories of the winter to 23() ng.m2.d _ in the summer.
Bed Load Fracf,ion," Water Resour, Res.
26(6), 1177--87 (1990).
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These data, plus limited measurements of _
wet deposition, indicate that dry deposition
may be the dominant input process in this
forest, particularly during summer. SWSA 4 Bathtubbing Trench
Preparations are being made to apply the Contributes Fission Products to
gradientmethod to estimatedry deposition White Oak Creek
of mercury during short-term experiments.

To date, these profiles indicate that the J.D. Marsh, Jr., R. B. Clapp, and
canopy is a sink for mercury vapor during N.D. Farrow
some periods, but the canopy/soil system is

a source during other periods. From 1951 to 1959, 2 million ft3 of low-
level radioactive waste containing 90,000 to

: The data have interesting implications for 120,000 Ci of 137Cs,9°Sr,6°Co, and 2a9pu
the role of possible changes in the earth's was buried in Solid Waste Storage Area
physical and chemical climate in the (SWSA) 4. As trenches fill up during
tropospheric cycle of mercury. The rainstorms, they overflow (bathtub) and
atmospheric concentration of mercury bring soluble radionuclides that were
vapor is strongly related to air temperature, b_ried there to the surface. The overflow

which suggests the importance of surface from the "bathtubbing trench" runs into
soil cmissions. A similar relationship exists White Oak Creek. There the

between the dry deposition of mercury and radionuclides are either (1) adsorbed to
air temperature, with modeled dry the bottom sediments of the creek,
deposition velocities increasing with (2) incorporated into vegetation growing
temperature because of the strong along the creek banks and then eaten by
physiological control over the mesophyll wildlife, or (3) transported to White Oak
pathway for mercury uptake. Global Lake, where they add to the burden of
warming would also imply increased mean radioactivity already present. The objective
surface temperatures of foliage. If these of this research was to assess the

relationships are universal, a general importance of the bathtubbing effect in
increase in global temperature would have bringing radionuclides to the surface,
profound implications for the global where they can then be transported to
biogeochemical cycle of mercury, possibly White Oak Creek.
resulting in increased rates of transfer of

mercury from the geosphere to the Seven groundwater wells were installed
biosphere. Because of the unique both inside and around a bermed area
chemistry of mercury and its compounds, it surrounding the bathtubbing trench° The

• may be the trace metal whose cycling is wells ranged in depth from 10 to 16 ft.
most sensitive to global change. There was no pattern to the radioactivity

as a function of either well depth or spatial
lAtmosphericTurbulenceand Diffusion relationship with well locations.Laboratory,National Oceanicand Atmospheric
Administration,Oak Ridge, Tennessee.
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An iron floc observed in the bermed area SWSA 4 bathtubbing trench could be a
had a radiation reading of 10 to 20 mR/h source of 3H, 9°Sr, U, and some 137Csin
at the surface. Gamma analysis of the White Oak Creek. Further
bermed _vater and the ferric hydroxide characterization is required to identify the
precipitate gave a KDof 2.6 × 104 for radioactive components buried in SWSA 4
i137Cs.T_is high Ko indicates that some tc_assess the potential for transport of
137Cscoprecipitates with the ferric radionuclides into White Oak Creek so
hydroxide, resulting in above-background that effective remedial actions can be
radiation readings on the surface of the evaluated.
bermed area. For comparison, the
Suspended matter from the wells, which
Consisted mainly of silty clay, had a KD lP_ _l
ranging from 30 to 125, Strontium-90 was D
not appreciably adsorbed.

Subsurface Stormflow Is
In two wells the iron concentrations were Measured near ORNL
low, and the dissolved 137Csactivity was

undetected, lt is possible that the iron had G.K. Moore I and R. B. Clapp
precipitated and scavenged the ;37Csfrom

these weillwaters in situ. It is not known The stormflow zone approximately
why these two wells would have a more corresponds to the root zone of vegetation
oxidizing environment than the other wells, and is 10 to 1000 times more permeable
The diss01ved 137Csactivity in the other than the underlying vadose zone. Because
wells ranged from undetected (with of this large difference in permeability,
21 mg/L of iron) to 20,700 pCi/L In many precipitation events produce a
well 14, located inside the bermed area, 3H transient perched water table in the
values were more than 106 pCi/L, which stormflow zone, and water is then
was two to three orders of magnitude transmitted downslope, above the wazter
higher than the other wells. No dissolved table, toward nearby streams. The
or particulate 6°Co was detected in any of stormflow zone may thus prove to be an
the wells. Strontium-90 was found in ali important pathway for the subsurface flow
the wells sampled and ranged from 42 to of water beneath clay caps and into waste
72,200 pCi/L, trenches.

A statistical comparison of the gross beta Monitoring tubes consisting of 1.9-cm
with the sum of the individual beta plastic pipe, sealed at the bottom and
emitters indicated the presence of one or slotted from land surface to depths of 79
more beta emitters not reported by the cre, were installed at 17 locations in
isotopic analysis regimen. 'ITleexcess gross proposed Solid Waste Storage Area
beta could be a result of the beta-emitting (SWSA) 7. Ali tubes had some water
daughters of 2_U that may be buried at the inflows, indicating saturated soils and
site. The presence of uranium would also downslope flows of water. Tubes on steep
help explain the gross alpha activity, which slopes and in gullies generally had water
ranged from 119 to 865 pCi/L. This alpha inflows during small precipitation events,
activity needs further characterization to whereas larger or more intense events
determine what transuranics are present, were required to produce inflows on

smooth and shallow slopes. During p_.'riods
Thus, although iron scavenging may of intense precipitation, overland flow was
remove most 137Cs from solution, the obsezved near some monitoring tubes in
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gullies and swales, but overland flow The recession rates of water levels in
apparently occurs only after the storm'flow stormflow monitoring tubes and in wells
zone fills to overflowing. Ali water were related to discharge from these
samples obtained from the monitoring zones, and they were used to calculate
tubes were cloudy to muddy, and the streamflow components in proposed SWSA
suspended sediment was mostly colloidal. 7 _'orFebruary 15-25, 1990. During this
Subsurface erosion and sediment transport period, measured streamflow was 71% of
in colloidal form may be a significant precipitation and consisted of 40%
geomorphic process in proposed SWSA 7. overland flow, 48% subsurface stormflow,

iililiii!ilii!!ii!iiiiiiii!!iiiiiiiiiii!_ili!iiiiiiiilliii!iiiiiiiiii!iilii!!!iiiiii!i!iiii!ii!i!i!iii!ii!iiiiiiiiiiiiii:_i!iiiiiiii!iii!ii/iiiiiiiilti!illiiitiiii!ii!iiiIlliiiiiii!!iiiii!i/i!iliii!iii!iii!!iiiiiiitili!iiiiiii_iil!ilil!!ii!ii!iliiiiiiiliii!!iiiiii!!iiiii!iiiiil!iiii!iiii!ii!iii!ii!iiiii!i!ii!!iii!ii!iiiiilliiii!iiiiiilliiiiii!iiiiiiii!iii!!ii!!i!iiiiiiiiiii!iii!iiiliiiiiii!iiliiiiiiii!i!ii!ililiiiiii!i/iiIiii!iiiliiiiiiiiiiiiiillii!_i!iiliililii!i_iii!ii!iiiiiii!i!!ii!iiiiiiiiii
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S. Y. Lee (foreground) perfomzs a phosphate mixed with radiostrontium-contaminated
analysis of a soil solution as Stan Cash, a soil. The analysis will help researchers
SEED project student from Fulton High determine the optimal concentration of
School in Knoxville, Tennessee, observes, phosphate necessary to immobilize
Lee and Cash are quantifying the amount radioactive strontium in soils at DOE
of phosphate remaining in solution after it is facilities.

iiii!_!iii_i_i!!!_i_i_i_i_i_i_i_i_!_i_i!ii_!ii_!iiii_!_i!iii!_iii!iiii!_i!i!iiii_iii!i!ii_!!i_iiii!i!i!_iiiii_i!iiii!ii_iiii!iiii!i_!i_!_!i_i!!_i_i!iiiiii_!iii!i!i_!ii_iii!iiiiiii_iiiii!i!iiiiiii_ii_!i!_i_i_!_!ii_i_ii_!_i!ii!_!i_i_i_iii_i_i_i!_!!!!_iii_!_i_i!i_iiii!_!i_ii_ii_i_ii_!_!ii_iii_i!i_iiii_i!i!iii_ii!_i_ii_i_i_!_iiii!ii_i_!ii_!_iii_i_!i!_ii!!!_ii!iii!ii_!_i_i_ii_ii!_!iiiiiii_ii!!!_!!ii_ii
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and 12% groundwater flow. Stormflow methods [i.e., RCRA (Resource
discharge is a larger percentage of Conservation and Recovery Act)Facility
streamflow during events when overland Irvestigation (RFI)] and by two enhanced
flow is minimal. From 1800 h on February methods. The enhanced methods were
18 to 0800 h on February 22, for example, developed in part at ORNL and are
streamflow consisted of 5% overland flow, currently being considered for
77% stormflow, and 18% groundwater implementation by the U.S. Environmental
flow. Subsurface stormflow is a major part Protection Agency (EPA) and the
of the water budget during a part of each American Society for Testing and
year. Materials. Ali laboratory samples were

analyzed by gas chromatography/mass
1The University of Tennessee,Knoxville. spectrometry (EPA methods SW5030 or

3580, and SW8240).

5 Thirteen VOCs were detected; TCE waspredominant. As expected, VOC
concentrations measured by the commonly

Conventional Methods for usedRFI methodswere 50 to 90% lower

Sample Collection and Handling than those measuredby the ORNL

Yield Negalively Biased Results methods [infield modified purge and trap
vial (MP&T) and infield methanol

for Concentrations of immersion (IMI)]. IMI consistently
Trichloroethylene and Other provided the highestsoil VOC
Volatile Organic Compounds concentrations. The differences between
in Soils the conventional RFI and the enhanced

MP&T methods could be attributable to

R. L. Siegrist, R. A. Jenkins, 1 and volatilization losses induced by disturbance
M. P. Maskarinec t (i.e., during sample collection,

containerization, or laboratory
ORNL staff have been spearheading subsampling). The differences between the
research to advance the state of knowledge MP&T and the IMI methods may be
and improve the measurement of soil attributable to VOC losses due to vapor
volatile organic compounds (VOCs) such leakage from the containers, VOC
as trichloroethylene (TCE). A recent field degradation, or poor VOC extraction
investigation confirmed the results of prior efficiency. VOCs detected by the field
laboratory research, which demonstrated headspace screening were correlated with
substantial and significant negative bias (up the IMI method.
to 100%) in measurements of VOCs as a
result of inadequate sample collecting, _ 1Analytical Chemistry DivL_ion, ORNL.
handling, and preserving. This field study
was conducted at a waste oil and solvent
landfarm located at the Portsmouth
Gaseous Diffusion Plant in Ohio. Soil
samples were collected from two depths in
each of three borings by two conventional
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6 immobilizing highly hazardous wastes, aprecise quantitative knowledge of the
process is desirable to determine where the

Analytical Approximations Have melt zone is at a given time and whether
Been Developed to Model Depths hazardous materials are being released to
During In SRu Vitrification the surrounding soil or the atmosphere

during melting.

A. D. Solomon, 1 J. E. Nyquist,2
V. Alexiades,3 G. IC Jacobs, and Previous models of ISV have been based
S. M. Lenhart 3 on an assumed interface profile linked to

_ heat and mass balances. They accurately

In situ vitrification (ISV), developed by predicted the ISV process in some casesbut not in others. These models are
Pacific Northwest Laboratories (PNL) and limited because they do not take intopatented for DOE, is one method used to
stabilize contaminated soils in place, account ali of the important and complex
Because ISV is concerned with heat transfer processes occurring in the

t

i

Nelia Dunbar samples gases released from
, the surface of an in situ vitrification (ISV)

melt on the Oak RMge Reservation. The

_i . ISV process uses electricity to transform
soil into a mixture of glass and crystals.
Gary Jacobs, Brian SpaMing, Mike Nancy,
and Nelia Dunbar are evaluating the
feasibility of ISV for stabilizing
contaminated soil sites. They also study
gas samples from the ISV melt to learn
more about natural volcanic emanations.
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melt and the effect they may have on the Continued interpretation of additional test
temporal and spatial development of the data and derivation of analytical models
melt front. The current study identified should lead to an improved understanding
key parameters and processes in the ISV of controlling processes during ISV. In
melt cycle and developed analytical parallel, it is important to improve existing
approximations for several properties of three-dimensional heat transfer models
molten soil from available data. Using a that can account for heat transfer, phase
simplified geometrical approximation (a changes, convection and conduction,
cylinder) for melt geometry, an analytical electric field and power distributions,
approximation for the rate of melting bubble formation and transport, chemical
(depth) vs time was derived that is reaction, and vapor transport. Such a
consistent with data from field experiments model would be useful in optimization

, [ studies of ISV designs and would provide ,,

Melt depth = _ kbPot . , added confidence in the application of ISV_hRcp_ to contaminated sites.

where IConsu/tant, Omer, Israel.
k = melt thermal conductivity 2Healthand SafetyResearchDivision,ORNL.
(kJ/m. s.°C); 3EngineeringPhysicsand Mathematics Division,
Po = power (kJ/s); ORNL, and The Universityof Tennessee,

t = time (s); ._ Knoxville.
0 = density (kg/m');
h = cAT + L;
c = specific heat (kJ/kg. °C); 1[__
AT = temperature drop (°C);
L = latent heat (kJ/kg);
Ro = cylinder radius (m); Tritium and Helium Isotopes Have
h = film coefficient (kJ/s.°C.m2); Been Used to Define Groundwater

-2_/_ Travel Times and Recharge Ratesb = Aok ' for A O= in a Shallow Unconfined Aquifer

cylinder cross-sectional D.K. Solomon and R. J. Poreda 1

area (m2). Radioactive -_H,which has a half-life of
12.4 years, in precipitation (arising

For small t values, the depth of melting primarily from aboveground testing of
incrcascs linearly with time. After -" 10 h thermonuclear devices) has been entering
in large-scale tests, however, the depth groundwater systems since the mid-1950s,
increases as the square root of time. with peak values occurring in the mid-

1960s. Tritium activities in precipitationExisting data ale also consistent with a
relationship that shows the volumetric are temporally and spatially variable; and
growth rate of the melt to be directly hence, it is difficult to use 3H alone to
proportional to time. These conclusions determine grr_undwater ages and recharge

rates. Howcvcr, combined measurement of
suggest that heat transfer processes 3H and its stable daughter helium-3 (3He)controlling the ISV process may be at the
transition between weak convection and can be used to determine _roundwater ages
conduction, without knowledge of the "H input activity.
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Vertical profiles of 3H and 3He isotope _
ratios have been measured in groundwater Ofrom the well-characterized Borden

aquifer, Ontario. The sum of 3H and In Situ Grouting of Burial
tritiogenic 3He (3He*) is used as an Trenches with Polyacrylamide

,, equivalent nondecaying tracer, whereas the Improves Hydrologic Isolation of
ratio of 3He* to 3H is used to compute Low-Level Radioactive Waste
roundwater ages. The sum of 3H,and

e* clearly defines the mid-1960s 3H
B. P. SpeJding and T. A. Fontainebomb peak at several locations. The

accuracy of the 3H:3He dating method
depends on the ability of the saturated As part of a burial ground stabilization and
zone to retain 3He* against diffusive loss at closure technology demonstration p_'eiect,
the water table and on the amount of a group of 19 burial trenches in ORNL

dispersive mixing that occurs within the Solid 'Waste Storage Area (SWSA) 6 was
saturated zone of shallow unconfined selected as a demonstration and test area.

aquifers. Helium-3 confinement is strong Because of the large :inventory of
and dispersive mixing is weak in the radioactivity in some burial trenches in
Borden aquifer, resulting in an excellent SWSA 6, additional assurance of
delineation of groundwater travel times, hydrologic isolation of trench contents

from groundwater intrusion and/or
percolation, beyond that provided by anComputed 3H:3He age profiles are

compared with travel times predicted from infiltration barrier or cover, may be
a previously calibrated flow model, warranted for particular trenches. In situ

grouting is a technique with the potentialAlthough the 3H:3He age profiles are
vertically offset from the modeled travel to provide hydrologic isolation of burial
times, the travel time and 3H:aHe age trench contents, regardless of infiltration
gradients compare exceptionally weil. barrier integrity or performance.
Recharge rates have been computed using
the 3H:3He age gradients and vary from 62 Demonstrations of in situ grouting with
cm/year beneath the Borden landfill to polyacrylamide were carried out on two
14 cm/year north of the landfill. The unperturbed burial trenches and one
3H:3He-computed recharge agrees well dynamically compacted burial trench in

._ with the recharge function used in previous SWSA 6. The objective of thesedemonstrations was to evaluate the
flow modeling. The results of this study
indicate that the 3H:3He dating method is effectiveness of growling in convertingburial trenches from their ambient
extremely promising for (1) defining
baseline recharge values in the context of condition of high permeability to one in

which they become considerably lessglobal climate change, (2) evaluating
groundwater flow patterns in complex permeable than the surrounding soilformation.
shallow aquifers (e.g., waste sites), and
(3) evaluating the scale dependence of

The injection of polyacrylamide was quitetransport processes in the subsurface.
facile for the two unperturbed burial

1Departmentof GeologicalSciences,University trenches, and the trenches were filled with
of Rochester,.Rochester,New York, grout in several batcL_esinjected over

several days. The cGmpacted burial trench
failed to accept grout at a rate of
>0.5 gal/min even when pressure was
applied. Thus, it appears that burial

.
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trenches that have been stabilized by 59dynamic compaction are converted to
sufficiently low permeability and that they
are no longer groutable. Statistical Analysis of Fracture

Spacing on the Oak Ridge
Samplingof undisturbedsoil coresaround Reservation Shows Clustered
both of the uncompactedtrenches,after Distribution and Wider Spacing
filling with grout, revealedthat minimal
quantitiesof polymerizedgrouthad for Thicker Beds
pe:meated into the surrounding soil
formation. A lack of response of the water L.E. Toran, P. J. Lemiszki, 1 and
table in the area of the grouted trenches J" J' Beauchamp 2
was indicative of a lack of hydrologic
connection between fluid grout and the Fracture spacing is one of about a dozen
water table. Because grout set times were parameters needed for fracture flow
adjusted to <60 min, the lack of hydrologic modeling to rnake predictions about
connection was not surprising, contaminant transport. As part of the

characterization effort of the Oak Ridge

Postgrouting penetration testing revealed Reservation, data on fracture spacing were
that the grout had changed the stability of collected from -600 surface outcrops, with
the burial trenches from 25 to 79% of the "--1100 measurements on different fracture
undisturbed soil formation. In sil.u sets at each station. The fracture spacing

permeation tests on the grouted trenches varied from < 1 in. to -'-60 irl., wltih a
have indicated a significant reduction in geometric mean of 2 in. and a stafidard
hydraulic conductivity of the trench deviation of 12 in. However, tile data
contents from a mean value of 2.,91 × 10--3 failed tests for lognormal and exponential
cm/s to 1.85 × 10-5 cm/s. Dynamic distributk_ns commonly assumed for

fracture spacing. Thus, these distributionscompaction, in contrast, reduced the mean
hydraulic conductMty to only 2.08 × 10.-4 are inappropriate for generating fracture
cm/s. However, both dynamic compaction spacing in fracture flow modeling of the
and grouting produced wide variability in shallow subsurface. The lack of statistical

: the range of hydraulic conductivities fit is indicative of clustered spacings. The
measured, means reported herein assume a lognormal

"- distribution.

Minor contamination (< 1 rng/L) of
groundwater at the site by acrylamide has .Asexpected, the lithoiogies that fracture as
bccn confirmed, but spatial and temporal massive units have larger mean fracture
patterns are not apparent. Sampling of spacing and larger variation. Shale units,

interbeddcd shale and limestone units, andgroundwater at the site will continue over
the next year to determine whether other interbedded units had mean spacing
contamination by residual grout from 0.5 to 2 in. and a smaller variation.
constituents persists. Preliminary The limestone has a mean spacing of
observations indicate that grouting with 11.5 in.; dolomite, 5 in.; and sandstone,
polyac_3,1amideis a good method for both 5.75 in. These mean spacings include data
improved stability and hydrologic isolation from various bed thicknesses, although
of radioactive waste and its incidental thicker beds are more common in the
hazardous constituents, massive units. The Youngs modulus, which

relates stress to strain in a rock, generally
decreases from limestone to dolomite to
sandstone. Thus, the stiffness of the

_=-
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limestone may lead to the wider fracture j__
spacing, assuming similar stress histories 0 U
between the different lithologies. Some
differences have been observed b_tween Evidence for Fracture Flow Is

stratigraphic units; the Rome Formation Found in Groundwater with OJd

tends to low,zrspacing, which may be "t4Cand Young aH
related to proximity to major thrust faults.

_ L.E. Toran, D. K. Solomon,
W. M. McMaster, 1 and C. M. Morrissey

The data on fracture spacing for various

bed thicknesses fell into three statistically The presence of both 14C,indicating water
= distinct groups, a large mean fracture thousands of years old, and 3H, indicatin_
• spacing and variation occurred in the water <50 years old, irl gro_'ndwater

thickly bedded group. Although llamples collected on the Oak Ridge
differences were statistically significant, the Reservation must be explained with a
mean values varied only by inches. The fracture flow model that incorporates
mean value was 2 in. for thin beds, 3 in. matrix diffusion. Seven groundwater
for the medium-thickness bed, and 10 in. samples were collected from 200-ft-deep
for the thick beds. The mean spacing for wells in Melton Valley, and the goal was to
the two perpendicular fracture sets was not better interpret flow paths in the deep
significantly different, groundwater zone.

P

In summary, although fracture spacing Several cr,rrections are needed to date 14C

varies from inches to feet over the in groundwater from fractured sedimentary
reservation, in surface outcrop the rocks; because of uncertainties it is better
dominant spacing is <5 in. At the scale of to refer to such dates as _4t":.dates rather

measurement, neither lithology, bedding, than groundwater dates. The first
nor fracture orientation causes variations correction to the data made use of _3Cto

o more than a few inches in the mean- estimate the .amount of dead carbon (no
fracture spacing. 14Cactivity) introduced from the

" dissolution of carbonate rocks. For

: However, more information is needed to example, the well in the recharge area had
establish whether the trend continues at an uncorrected t4C date of about 8000

= depth and whether fracture filling (which years, but the ]3C value indicated nearly
cannot be easily established in outcrop) one-half of the carbon resulted from the

= will lead to wider effective spacing. The dissolution of carbonate rocks. The 13C-

next step is to use this information to corrected age, using a thermodynamic
design hydrologic field tests, such as model, is only 2500 years. The oldest date

:. pressure-response between two wells, in the discharge area was 39,000 years, with
which can determine the hydrologically a _3Ccorrection to 28,000 years.
important fractures.

Another correction to the data was
1The University of Tennessee,lOwxville, undertaken to determine whether the

- 2EngineeringPhysicsand MathematicsDivision, groundwater contains a mixture of old andORNl.,,
young waters. The primary indicator of
mixing is 3I-t. Ali but one well had

=
_
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Ralph Turner checks the water temperature measuring their uptake of mercury as part of
in experimental enclosures at Reali_. Lake an investigation into the relative imporiance
near the Oak Ridge Y.12 Plant. Researchers of sediment and water as mercury sources.

' ,! have placed fish in the enclosures and are'
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measurable 3H, indicati,g the presence of could migrate hundreds of meter per year
water <50 years old. Five wells had from as given by the 3H data, whereas the peak
1 to 5 3H units, and one well had 100. contaminant concentrations (i.e., the center

of the contaminant mass) would migrate at
The presence of 3H can be explained by a rate of only centimeters per year as given
understanding flow in fractured rock. The by the I_C data.
3H may travel along fast flow paths in
fractures. The _C, whose input began These processes, matrix difflasion and
many thousands of years ago, has diffused fracture flow, can be modeled using a
from fractures into the matrix to reach a simple parallel fracture model. Little is
steady-state concentralion in the deep known about fracture characteristics at the
system (rather than a modern depths sampled, so a wide range of
concentration, which would result if parameters was tested. This testing was
fracture transport were the only pathway), accomplished by using a Monte Carlo
Thus, the leading edge of a solute plume driver that selected values for aperture,
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spacing, velocity)and matr_ porosity with a 61
random number generator, conducting
several thousand runs at a time.

Behavior and Aqueous Chem|_al
The model reproduced 14Cdata from a Speciation of Mercury Are
well in the recharge area to a well in the Characterized in East Fork

discharge area. The derived values for Poplar Creekfracture spacing (>30 m) were consistent
with estimates from a borehole flowmeter

R. R. Turner, M; A. Bogle, andat somewhat shallower depths, whereas, N. S. Bloom 1
the derived apertures (< 10 #m) had not
been previously estimated. The same sel

of parameters explains the observed 3H Environmentally significant quantities of
value in the recharge area only if _4Cis mercury continue to leak out of the Oak
retarded to reduce its concentration. Ridge Y-12 Plant. This facility used many
Retardation factors as high as 10 have millions of pounds of elemental mercury in
been hypothesized to explain _4Curock the 1950s to separate lithium isotopes.
exchange in some systems. In the recharge Current losses (30 g/d) from the facility
area, the retardation factor would reduce originate in the extensive subsurface
the 14C age from 800 to 300 years and drainage system of the plant, enter the
from 15,000 to 4000 years in one discharge headwaters oi East Fork Poplar Creek
area well modeled. Although the water is (EFPC), and then exit the plant site
still old, these are large corrections, through Reality Lake (a 1-ha plastic-lined
Tritium can be transportedto the discharge impoundment constructed in 1988). EFPC
area but not without requiring retardation is posted against fishing because of the
factors higher than previously reported, occurrence of mercury at concentrations

approaching or exceeding the U.S. Food

In summary, the presence of both recent and Drug Administration Limit of 1.0/zg/g
3H and old 14C in the same well has in edible fish in the upper' reaches of the

creek below the lake. Although the creekimplications for contaminant transport and
has been exhaustively studied, there hasgroundwater age-dating in fractured

sedimentary rocks. The rapid migration of been no previous effort to characterize the
sma!l amounts of contaminants may offer aqueous chemical speciation of mercury

: an early warning of transport pathways, and particularly the occurrence and
provided the detection limit is low enough behavior of monomethylmercury, the

: species which bioaccumulates and accounts
to monitor the leading edge of the plume, for 100% of the mercury in fish muscle.Carbon-14 ages alone cannot be used to
date groundwater in fractured rock since
they do not exclude the possibility of Systematic surveys of total mercury (TM),

dissolved mercury (DM), particulaterecent water traveling in fractures; and age
correction for carbonate dissolution, matrix mercury (PM), mercuraj-on-suspended

matter (SSM), dissolved gaseous mercurydiffusion, and possibly retardation result in
: groundwater ages significantly younger (DGM), total monomethylmercury (MM),

than _4Cdates, and selected other constituents in EFPC
water (nonstormflow) were begun in
January 1989. Three sites upstream andlThe Universityof Tennessee,Knoxville.
six sites downstream of Reality Lake,
representing EFPC km 23.8 through 6.8,
were typically included in each survey. Ali
analyses were performed at ORNL except

q

_
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the MM analyses, which were performed at ambient air, which this measured form of
Brooks Rand Ltd. An ultrasensitive mercury probably represents. The latter
technique involving ethylation, cryogenic was especially true of sites upstream of the
gas chromatography, and atomic lake and suggests active reduction of
fluorescence spectrophotometry was used. mercury by the abundant mercury-resistant

bacteria known to be present in this

Survey results showed significant spatial system.
and temporal patterns in the aqueous
chemistry of mercury. The concentration Average PM concentration also increased
of ali species of tnercury decreased with between the inflow (1.0 _g/L) and the
distance downstream of Reality Lake. outflow (1.5 #g/L) of the lake, indicating a
Although Reality Lake had little effect on shift toward greater association of mercury
TM entering the lake (inflow = 1.9 jzg/L; with the suspended phase. However, this
outflow = 1.8 p,g/L), DM consistently increase in particle-associated mercury was
decreased between the inflow (0.84 _g/L) offset by a significant increase in
and the outflow (0.28 _g/L). MM autochthonous suspended matter in t!ae
consistently increased in the lake lake, which rcsulted in the average SSM
(inflow = 0.00021/_g/L; outflow = 0.0015 decreasing from 640 to 173 #g/g between
/zg/L). Mass-balance cal',ulations revealed the inflow and outflow.
that MM was beiug generated and released
from the lake at an average rate of Overall, these results demonstrated the
,--2 _g.m-2.d -2. Release of MM by the important role of continuing releases of
lake was _!i_,hestin summer. This mercury from the plant, and the active
observation of a net source for MM in the methylation process in Reality Lake in
lake is consistent with the favorable sustaining mercury in resident fish. This
conditions for methylation of mercury study also revealed that Reality Lake has
provided by abundant influx of soluble essentially no effect on the quantity of
inorganic mercury and the accumulation of mercury leaving the plant under
anaerobic sediments in the lake. DGM nonstormt]ow conditions but significantly
typically accounted for <10% of DM in affects the chemical form of that mercury.
water and was always highly supersaturated
with respect to elemental mercury in 1BrooksRand Ltd., Seattle.
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Section Staff and Guests

S. H. Stow

J. T. Ammons 1 J.S. Gierke 7 I.L. Larsen L.A. Shevenell 1

T. Barkay2 J.M. Grebmeier 1 S.Y. Lee R.L. Siegrist
M. A. Bogle S.M. Gregory P.J. Lemiszki 1 A.D. Solomon 19
D. M. Borders 1 J.P. Gwos V.L. Lewis 9 D. IC Solomon
C. C. Broders C.S. Haase D.A. Lietzke l B.P. Spalding

P. A. Buntrock A.M. Hagwood 9 S.E. Lindberg M.A. Speece t
s. F. Cash3 J.A. Hanson z J.D. Marsh D. Stair"
M. Chen 4 V.L. Harless I D.S. Marshall L.E. Stratton
R. B. Clapp B.K. Harrington I T.P. McKenzie W.J. Stratton 2°
B. A. Couzens 1 R.D. Hatcher 1 B.W. McMaster l J. Switek
N. H. Cutshall s C.M. Hill x° W.M. McMaster 1 A.L. Thomas
R. K. Davis6 Fo M. Hoffman 6 G.K. Moore t M.E. Timpson 1
W. E. Doll D.D. Huff R.C. Moore 1:_ L.E. Toran
R. B. Dreier A.E. Hunley C.D. Morris _3 K.M. Turnage t
N. W. Dunbar _ L.K. Hyder C.M. Morrissey R.R. Turner
T. O. Early G.K. Jacobs M.T. Naney14 ICL. Von Damrn
M. A. Evans P.M. Jardine R. Nativ:s D.S. Walker t
C. H. Fairfax P.M. Kearl J.E. Nyquist D.R. Watldns
C. D. Farmer R.O. Kennard J.D. O'Dell1 J.D. Weaver 21
N. D. Farrow K.H. Kim1 J.G. Owens D.S. Wickliff
T. A. Fontaine S.R. Kindon _ M.E. Peterson 16 R.T. Williams 1
J. L. Foreman I Z.S. Kooner 1 O.M. Reyes :7 G.V. Wilson 1
J. E. Foss x N.E. Korte P.A. Rubin R.F. Winterfield
C. W. Francis N.D. Kosier J.A. Saunders is Y.-L. Wu xi
K. N. Fraracci 1 A.D. Laase R.J. Selfridge 6 D.J. Young
B. J. Frederick 1 P.A. Labieniec 11 A.U. Sheard

1The Universityof Tennessee, llCamegieMe/Ion University,Pittsburgh.
Knoxville. 12IndianaUnivr.rsity,Bloomington,

2U.S.Environmental ProtectionAgency, 13MorrisBrown College,Atlanta.
Gulf Breeze,Florida. 140fficeof OperationReadinessand

3SummerStudent,Fulton High School, FacilitySafety,ORNL.
Knoxville,Tennessee. lSHebrewUniversityof Jerusalem,Rehovot,

4WabashCollege,Crawfordsville,Indiana. Israel.
SDOE,Washington,D.C. 16BattellePacificNorthwestLaboratory,
6AutomatedSciencesGroup,Inc., Richland, Washington.
Oak Ridge, Tennessee. 17DOEHoUaenderFellow.

7MichiganTechnologicalUniversity,Hancock. lSUniversityof Mississippi,Oxford.
: SPennsylvaniaState University,UniversityPark. 19Self.employedconsultant, Omer, Israel

9TempSystems, Inc., Knoxville,Tennessee. Z°Earlham College, Richmond, Indiana.
1°VirginiaState University,Richmond. 21U.S.GeologicalSurvey,Knoxville,Tenne..vee.



Division Operations
I "_ ........... I iii iiiIiiii IlPI

This group helps the division decipher
requirements relating to these concerns

Introduction such as safety reviews and documentation,
waste-related activities, training, and

The Division Operations Section of the radiation protection.
Environmental Sciences Division (ESD) at
Oak Ridge National Laboratory provides Finance support is provided under the
supl_ort to ESD in the following areas: coordination ._fa Finance and Materials
administration; environment, safety, and Division staff member. Assistance is
health; finance; information; and provided in tracking budgets and meeting
operations. At the close of FY 1991, ESD reporting requirements, in establishing
employed 2134staff; over 350 guests and subcontracts, and in estimating costs for
other-division staff worked on ESD work proposals.
projects during the fiscal year. ESD is
housed mainly in five facilities, which Information support comes in the form of
contain offices, research laboratories, and editing, graphics, library, and publications
special purpose rooms. In addition, ESD is activities. The publications activities
responsible for two large field installations include assistance with publication
and several other field locations on the clearance forms, division statistics, and the
Oak Ridge Reservation. production of division-level reports and

other information, lt also ;ncludes support
Administrative support includes personnel for special projects as they arise.
and staffing-related functions, education
efforts, and day-to-day oversight of Operations support includes computer
activities in the ESD facilities, lt also networking support, as well as support
includes interactions with DOE from Plant and Equipment Division,
representatives, Energy Systems Instrumentation and Controls Division, and
organizational units, and other ORNL Analytical Services Division. These
divisions and offices, activities include scheduling work priority

for other-division staff and ensuring that
Environment, safety, and health support the division receives the best possible
focuses on helping the division meet the research and maintenance support possible.
multitude of environmental, safety, and Computing support provides a network
health requirements that are intended to backbone for the division and fulfills

: ensure that work is conducted in a manner administrative requirements such as
that is safe tbr staff and the environment, inventories and security-related concerns.
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Section Staff and Guests
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2Graphics Division, Martin Marietta Protection, ORNL.
Energy Systems, Inc. 8Midwest Technical, hzc., Oak Ridge,

3lhformation Services Division, Martin Tennessee.
Marietta Enerhy Systems, Inc. 9Quality Department, ORNL.

4publications Division, Martin Marietta l°Finance and Materials Division, ORNL.
Ener_, Systems, Inc.

5lnstmmentation and Controls Division, ORNL.

6Comfmting and Telecommunications Division,
Martin Marietta Energy Systems, Inc.
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Biofuels Feedstock
Development Program
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Research and analysis for BFDP are
performed within ESD, in other ORNL

Introduction divisions, and at cooperating institutions., ,,, t ....

In FY 1991 the program supported 2
The Biofuels Feedstock Development research projects at ORNL, 15 projects at
Program (BFDP) in the Environmental universities, 4 at U.S. Department of
Sciences Division (ESD) at Oak Ridge Agriculture research stations, 1 at another
National Laboratol3, (ORNL)manages a national laboratory, and 1 at a private
national program of research on biomass company. Major efforts included genetic
production for the U.S. Department of improvement research for woody and
Energy (DOE). In the past it has included herbaceous species; related studies on
two programs, the Short Rotation Woody physiology, nutrient cycling, silviculture,
Crops Program and the Herbaceous and agronomics; environmental research
Energy Crops Program. Both are now and analysis; and economic analysis. The
managed as a single national program, genetic improvement, silvicultural,

agronomic, and physiologic studies were
BFDP's major sponsor is the Biofuels performed primarily at cooperating
System Division in DOE's Office of institutions, supported by subcontracts and
Transportation Technologies. In 1991 the interagency agreements. Supporting
U.S. Environmental Protection Agency studies, including nutrient cycling research
provided additional support for assessment and stress physiology, were performed in
of biomass energy technologies and the ESD. Division or ORNL staff also
economics of energy crop product ,ns. primarily performed resource and

environmental assessment, studies on CO2
The objective of BFDP is tile development cycling in biomass-based energy systems,
of cost-effective production systems for and economic analysis.
dedicated energy crops. The DOE Biofuel
Systems Division emphasizes technologies In FY 1991, BFDP had four major
for producing liquid transportat,on fuels research components: Model Wood
from lignoceUulosic biomass. To Energy Species, Model Herbaceous Energy
complement that research, BFDP is Species, Environmental Research and
developing wood and grass species, Analysis, and Economic Analysis and
primarily, whose total aboveground biomass Integration. Other program efforts
becomes an energy feedstock. BFDP's included IEA activities, Data and
crop development research is closely Inibrmation Handling, and Fuel Cycle
coordinated with research at the National Analysis. The current status of each of
Renewable Energy Laboratory and involves these areas is described briefly in the
the development of the technologies for following sections.
converting wood and grass biomass to

transportation fuels. BFDP also Model Wood Energy Species
participates in International Energy Agency
(IEA) activities related to woody and The goal of the Model Wood Energy
herbaceous biomass production. Species component is to develop wood
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energy crops for U.S, regions where land Staff continued research on black locust,
availability and climate are favorable for particularly in connection with
the establishment of biomass-based energy improvements in productivity, nitrogen
,systems, Model species have been selected fixation, and pest resistance. Genetic
on the basis of their potential to be highly transformation techniques have also been
productive on a broad range of sites under investigated for black locust.
environmentally sound management
practices. Mode I Herbaceous '

Energy Species
The primary area of research in this
component is the improvement of Populus The goal of the Model Herbaceous Energy
species and hybrids.."opulus research Species component is to develop
subcontracts have been strategically placed herbaceous energy crops that are attractive
within the United States on the basis of to both growers and processors. In 1991,
the natural range for each species and of new research studies were ,,Jesigned for
potential productivity levels within the swltchgrass (Panicum virgatum). The new
region. Activities currently include work will consist of genetic selection of
regional interactive Populus breeding new arid improved varieties suitable tbr
programs in the north central and Pacific sustained and extensive biofuels
Northwest regions, In the north central production, development of physiological
region, efforts are continuing on the indi'_ators to be used in breeding and
development of early selection procedures cvaluatioal strategic;, development of tissue
for resistance to Septoria canker and culture techniques for rapid propagation of
cottonwood leaf beetle. In the Pacific varieties, and documentation of cultural
Northwest region, first-year efforts on the and genetically based improvement of yield
development of a Populus molecular map level and stability for existing and newly
have been completed. In other regions, an developed varieties under representative
initial version of a Populus growth model field conditions. The regional focus of this
(ECOPHYS) has been validated. First- new switchgrass research will be the
year field testing of herbicide-tolerant southeastern and south central United
poplars has been completed. In addition, a States, where switchgrass yield potential
final report on the evaluation of the appears quite high. Projects will be
"woodgrass" culture system has been selected through a competitive solicitation
completed; the report concludes that wider scheduled for release in November 1992.
spacings favor cumulative biomass yields
ovcr time over that achievable under A study on biomass production by fescue

woodgrass systems, and switchgrass alone and in mixed swards
with legumes will be completed in 1992.

Other modcl species include silver maple, Iowa State University and North Dakota
sycamore, and black locust. Using material State University will continue research in
propagated in a tissue culture, a study of the north central United States on
silver maple seed sources was established screening and selection of herbaceous
at two locations in southern Illinois. Three energy crops. Studies on the effects that
additional locations are scheduled for storage has on switchgrass composition and
establishment in 1992. Research has on the development of winter rapeseed

c()ntinucd on developing effective clonal varieties for double-cropping in the
propagation techniques, improving rooting Southeast were completed in 1991.
success, and improving breeding and Auburn University will complete two
genetic selection techniques for sycamore, studies in 1992--()nc on the variability for
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biomass and plant composition in sericea efforts are enabling researchers to set
lespedeza germ plasm and one evalcatlng _learer priorities related to the third major
the biomass potential ofswitchgrass, environmental emphasis.
naptergrass, and energy cane.

The third emphasis is on the collection of
EnvironmentalResearchand new data from energycrops, their

Analysis analogues, and control environments.
Studies have already examined a number of

Dwindling clean coal supplies, the related aspects, including small mammals,
requirements of the Clean Air Act, and carbon, soil bacteria, and nitrogen cycling.
concern over greenhouse gas emissions Further evaluations will focus on avian
have drastically increased the need for populations, erosion, chemical fates, and
quantifying the environmental implications gas exchange, The entire environmental
of lignocellulosic energy crops. If millions effort incorporates the interests and
of acres are converted from agriculture to capabilities of a complex network of
energy crops, habitat changes and chemical research groups including the U.S.
emissions will also be of significant national Department of Agriculture (USDA), the
concern. USDA Forest Service, other national

laboratorte,!, conservation groups, utilities,
In response to these needs, BFDP has and academic institutions.
greatly expanded its efforts in

environmental evaluations. Theseactivities Economic Analysis and
have three major emphases. The first Integration

" involves land-use analyses in connection
with geographic information system (GIS) The goal of the Economic Analysis and
resource data and economic modeling to Integration component is to enstire that ali
determine specific resources that would linkages affecting the overall viability of
most likely be affected by energy crop biomass-based fuel cycles are understood
deployment. These assessments can help and considered in program research and
researchers evaluate the degree to which planning. This component includes the1

policy affects land use, environment, translation of research results into
dgriculture, energy, forestry, and energy projections of estimated biomass
crops. Evaluations of this kind are being production costs. Because low production
completed for six locations in the United costs alone will not ensure the economic

, Sta_es. viability of energy crops, this component
' also includes investigations of the economic

The second majL,r emphasis involves the consequences of energy crops, both for the
quantification of environmental effects producing farmer and for the agricultural
from energy crops on the basis of existing sector as a whole. This year the program
literature, various agricultural analogies, began a modeling effort to incorporate
and theories on such topics as chemical farm-level constraints into a national farm
transpo_'t and fate, habitat qualities and sector model.
biodiversity, and carbon cycling. These
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'oEconomic Analysis and Integratl n staff (Northeast); and Portland, Oregon (Pacific
are also responsible for coordinating the Northwest). The National Resources
input on biomass production systems Inventory data base was used to develop
needed in DOE and National Renewable information on the characteristics and uses
Energy Laboratory planning and analysis of the land and on the erosion potential
efforts, for each _ite. On the basis of research

experience of BFDP, staff developed

International Energy plausible scenarios for energy crop types,

Agency Activities management strategies, and potential
yields. From these scenarios, they made

IEA biofuels activities are designed estimates of biomass production, land-use
primarily for information exchange among changes, chemical use, and fuel use.
participating countries. BFDP gives Literature reviews and personal contact
technical support to DOE for IEA tasks on with various experts were used in
energy crop production. In 1991 the estimating air and water emissions. _''
United States participated in eight such
tasks--Energy Forestry Production Systems, This type of site-specific analysis of land
Energy Forestry Ecophysiology, Dedicated distribution and use provided insights into
Agricultural/Herbaceous Crop Systems, energy crop requirements and
PcstfDisease Management,Wood Feedstock transportation requirements. For instance,
Qualities, Tree Ideotypes, Exchange of staff originally assumed that 100% of the
Genetic Materials, and Joint Trials. feed-stock in the Northeast would be trees.
Activities included the direct involvement However, analysis of the land base
of ESD staff and BFDP subcontractors in together with knowledge of expected yields
cooperative evaluations and joint efforts to on different land classes suggested that
summarize and synthesize research results, incorporation of perennial grasses into the

feedstock mixture would be required to

Total Energy Cycle Analysis minimize the distance that crops are
hauled. In regions with a narrow corridor

Participation in an effort to analyze the of suitable land such as the Pacific
total energy cycle was an additional task Northwest, haul distances as great as 210
taken on by BFDP in response to a miles would be required to supply a single
request from the office of Michael Davis, 2000-ton/d ethanol conversion facility.
Assistant Secretary for Conservation and

Renewables. ORNL's role was to analyze Literature on biogcnic hydrocarbon
total emissions from the production, emissions was of particular interest. ESD's
harvest, storage, and delivery of energy Paul Hanscn conducted a review of the
crops, qhis analysis was performed in literature. The data were very incomplete,
concert with the National Renewable but they indicated that hardwood species
Energy Laboratory and Pacific Northwest emit isoprencs, some at relatively high
Laboratories, who addressed conversion levels in comparison to average
and system integration issues, respectively, background forest levels. Sorghum was the

only herbaceous crop for which
The participants jointly decided to tackle information was available, and it appears to
the problem by looking at site..specific land be a monotcrpenc emitter along with pines
use and environmental effects at five sites and swcctgum. To understand the
located in five different regions of the implications of the average chemical
United States: Peoria, Illinois (Midwest); emissions from energy crops, it will be
Lincoln, Nebraska (Great Plains); Tifton, necessary to compare the emissions from
Georgia (Southeast); Rochester, New York
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energy crops with those expected from materials to the bibliographic data bases.
other agricultural options in the year 2010. The data bases are used to develop reports
These comparisons should be included in a and sythesize data and are made available
future follow-up effort° to the public upon request.

Data and Information Handling To identify a target audience for
information dissemination activities, the

"Ilae goal of the Data and Information Data and Information Handling staff
Handling component is to coordinate, developed a computerized inventory
collect, organize, and disseminate containing the names of more than 1200
information to a wider audience in order to federal, state, and municipal government
promote the acceptance of the concept and contacts; regional program managers and
feasibility of energy crops. The demand staff; research scie.ntists at universities;
for information has increased with the extension agents; energy crop researchers
emergence of concerns about climate in academia; members of Congress;
change, greenhouse gases, and USDA set- representatives of private industry and
aside policies, trade associations. In addition, the first

issue of Energy Crops Forum, a newsletter
A technical data base containing the results devoted to fosterhag communications
of the short-rotation woody crops research among members of the worldwide research
is available; a similar data base is under community, policy makers, entrepreneurs,
development for the herbaceous energy and landowners went to press. The
crops. In addition, ORNL staff have newsletter contained articles about energy
developed bibliographic data bases for crop research, operational experiences with
programmatic-sponsored publications and similar crops, environmental concerns, and
presentations, related materials, and policy issues, most of which highlighted
conversion of woody and herbaceous crops BFDP activities. Future issues will also
to biofuels. Data management activities feature relevant research and commercial
included the addition of recently collected ventures not connected with the program.
data to the technical data base and new
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attributes found in the NRl. With the use
of this model, the NRl was queried to

Techl,ica| Summaries determine the acreage, potential biomass
yield,=and location of land suitable for
biomass energy crops.

2 In the coterminous United States
392 million acres are capable of growing

A Large Land Base Is Suitable for biomass energy crops. Of this total 78% is
Biomass Energy Crop Production currently used for growing crops, and 13%
in the United States is used as pasture. The remaining 9%

comes from a variety of other land uses.

R. L. Graham Short-rotation woody crops (SRWC) with
expected annual yields of 5 or more tons

A two-phase approach is taken in dry standing woody biomass per acre could
researching the potential of biomass energy be grown on 225 million of these acres by
crops in the United States. The first phase using current best-management practices.
examines the issues from a national Herbaceous energy crops (HEC) with
perspective and attempts to define at a similar expected yields could be grown on
national scale the acreage and location of 324 million acres. Most of the suitable

land for growing SRWC lies in the northland that could grow biomass energy crops
and the expected yields. The second phase central region of the United States
addresses the economic, social, and (Illinois, Indiana, Iowa, Kansas, Michigan,
environmental constraints to biomass Minnesota, Missouri, Nebraska, North

Dakota, South Dakota, and Wisconsin). Inenergy crop development through the use
of site-specific case studies of potential this region 817 million tons of dry woody
biomass energy production facilities and biomass could be produced annually on 128
the feedstock demands of those facilities, million acres. This region is also the most

likely location for HEC production, with

The first phase is almost completed. The 167 million suitable acres potentially
U.S. Departmei_t of Agriculture's 1982 yielding 1338 million dry tons of
National Resource Inventory (NRl) data herbaceous biomass per year. The south
base was used to characterize the potential central region (Alabama, Arkansas,
land base for biomass energy crops. This Louisiana, Mississippi, Oklahoma,
data base contains --.800,000 Tennessee, and Texas) contains the
geographically specific poi'at observations second-largest amount of acreage suitable
about current land use and agricultural for woody and herbaceous energy crops.
capability on nonfederal layads in the
United States. Each of these observations Land that has severe restrictions for
has an extension factor that allows growing conventional annual crops but is
calculation of the acreage of land suitable for energy crops may be the most
associated with an observation. The sum likely land for conversion to energy crops.

of ali point acreages is the total area of There are 37 million acres of such land
nonfederal land in the United States. suitable for SRWC and 134 million acres

for HEC. If planted to energy crops, theseLeading researchers in biomass energy crop
production were queried so that an acreages could yield 229 million tons of dry
empirical model (look-up table) could be woody biomass or 767 million tons of
developed to predict potential biomass herbaceous biomass each year. If current
energy crop yield on the basis of site biomass energy conversion technologies
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were employed, this amount of woody specifically they invoh,e CO2; habitat
biomass could annually produce ..-15 quality, e._peciallyfor bottomland and
billion gal of ethanol (10% of current U.S, wetlands; measures of species composition;
gasoline consumption) or 296 million MWh the use and fate of chemicals; erosion;
of electricity (11% of current U.S. electric general landscape changes; and full-cycle
power consumption). This amount of (biomass production, conversion, and use)
herbaceous biomass could annually biofuel emissions for ethanol and
produce .--45 billion gal of ethanol or electricity, especially compared with
630 million MWh. emissions from reformulated gasoline and

coal (e.g., CO 2, CO, nitrogen oxides, sulfur
oxides, CH4, and volatile organic

63, compounds).
Environmental groups are interested in

Environmental Policy and Effects influencing policies to correct past forestry
of Biofuel Feedstock Production and agricultural concerns. Forest
Are Considered clearcutting, riparian zone and wetland

protection, wilderness expansion, chemical

J. W. Ranney controls, general wildlife habitat
improvement, and erosion control are some
of the issues. Congressional andBecause the production of biomass for

energy may involve tells of millions of administrative interests involve specific full-
acres, environmental information is needed cycle gas balances of biofuels compared
on the changes and conditions generated with fossil fuel and agricultural policy on

the Use of set-aside or conservation land.by this new land use. Practically no
information is available, although major Credits, payments, regulations, and
environmental improvements have been monitoring requirements, which will affect
credited to energy crops. Significant both the environmental effects and

competitiveness of energy crop,,;,are under
efforts have been taken to identify consideration.
important environmental issues, scope
preliminary data, and plan an

The first energy crop environmental dataenvironmental monitoring program on.

biomass energy crops for FY 1992. The are favorable with respect to habitat
public and environmental groups often improvement and gas emissions and mixed
confuse forest-cutting issues with those of on erosion and chemical use. Habitats

most vulnerable to possible negative effectsenergy crop production on agricultural land
and the use of biomass wastes and of energy crops are still being defined but
residues. These biomass sources have are believed to be privately owned

" quite distinct issues, bottomlands and wetlands. Environmental
monitoring plans call for several

_ The major issues fall into two groups: workshops, coordination with the
those concerning environmental effects and Environmental Protection Agency and
those concerning ertvironmental policy, environmental groups, and the use of many
The environmental-effects issues involve existing experimental and scale-up sites
greenhouse gas exchange, biodiversity, around the country to develop a network
sustainability, and air quality. More for environmental data collection.

7,
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A harvester cuts down 8-year-oM hybrid Development Programfunded the research
poplars planted by the James River that developed the fast-growing clones used
Corporation in the Columbia Rivet" Valley in in this commercial operation.
Oregon. ESD's Biofi_els Feedstock

i',_ i_i'i!_iiii',i_i::_!_i!i_+:!i_i_i_i_ii_!i_i!_!_ii::!_!_ii_ii_i_!_ii_:i_i!_!i!i_i_i!i_:_:i_ii_!iiii!_i!!_!i_iiiiii!_i_!_!:_i_ii_i_i_i!ii!i:_i!_i_:iiiii_i_,71,!_!!i:,_i;i:i_!!i!i',iiii_iii_iii!!_i_!i!i_:,_:_'iii!i',_ii_:!i!:i!_i_:ii:_!_!i_iii_i_i_!_!_:!_i!!i!_!_!!ii_i_!i_!_::!_!:_i!iii_!!_i_!_!!!_i_!_!_ii!i_i_!_!_iiii_i_i_i_ii_i!_:i_i!!_:i_i!!_i!i_

4 In response to the request, backgroundinformation papers are being prepared on
six topics: (1) status of production

BiomassEnergy Strategies for technology concerning herbaceous and
CO:, Mitigation in the United wood energy crops; (2) regional analysis of
States Are Being Assessed landsuitability for biomassenergycropsin

the United States; (3) regional analysis of

L. L. Wright land availability as dctcrmined by
consideration of economic constraints;

The U.S. Environmental Protection (4) status of conversion technologies

Agency (EPA) Office of Policy Analysis suitable for use of biomass energy crops;
has requested background information and (5) summary of potential environmental

issues associated with production of woodypreliminary strategy options for using
biomass energy technologies to reduce CO2 and herbaceous energy crops; and
emissions in the United States. (6) summary of available information on

current and projected energy use, needs,
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and costs for several regions of the United environmental considerations in regard to
States. These topics will be integrated in a energy crop production. Working groups
summary paper outlining national research drew up lists of constraints and solutions
and policy options for increasing the use of associated with commercializing energy
biomass energy. Additionally, a workshop crop production and with generating
was planned as a means of gathering electricity and producing liquid fuels from
information and recommendations from a biomass. General group discussions
cross section of groups in government and provided recommendations on priorities for
the private sector, research and development (R&D) and

policy changes required to stimulate
The first drafts of ali the papers (except commercialization of biomass energy in the
the summary chapter) are finished and are United States. There was a general
being technically reviewed. The goal is to consensus that demonstrations were
produce papers for publication in the open needed to assure the private sector of the
literature. The workshop was conducted in feasibility of biomass energy technologies.
early November 1990. The 40 attendees Other recommendations included (1) the
included representatives from ORNL, continuation of R&D concerning
EPA, DOE, the U.S. Department of production and conversion technologies,
Agriculture, the Solar Energy Research (2) the application of sit,ng studies to
Institute, the Tennessee Valley Authority, characterize infrastructure requirements
the Audubon Society, paper products and potential environmental impacts,
industries, power companies, universities, (3) the use of economic and risk
and small businesses. The Biofuels assessments, and (4) the implementation of
Feedstock Development Program staff more aggressive technology transfer
presented tile initial session, which involving the feasibility and benefits of
provided an overview of technological and biomass technologies.
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Program Staff and Guests

J. H. Cushman

D. H. Dawson 1 J.T. Martin 4 J.W. Ranney 3 H. Van Miegroet 5
A_ R. Ehrenshaft 2 S.B. McLaughlin 5 T.J. Tscbaplinski 5 C.R. Wenzel 7
R. L. Graham 3 W.A. McNabb A.F. Turhollow 6 L.L. Wright 3

P. L. Henry R.D. Perlack 6 G.A. Tuskan s

1Consultant. SEco.systems Studies Section, ESD.

2Health and Safety Research Division, ORNL. 6Energy Division, ORNL.
3Earth Systems Section, ESD. 7Science Applications International Corporation,
4The University of Tennessee, KnoxvUle. Oak Ridge, Tennessee.
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• The scope of the processes and
problems we are exploring is far

Introduction greater--both in scale and in time--
than traditional research projects are

Many of the decisions that will determine equipped to deal with.
our direction in the next millennium hinge
on issues that are complex, interwoven and Problems such as ozone depletion, the
global in scale: greenhouse gases, climate greenhouse effect, and global change are
change, ozone breakdown, deforestation no respecters of national borders; they
and desertification, resource: depletion, and affect the entire planetary commons: Our
the spread of pollution. Thles,eand other understandings and responses, therefore,
global environmental issues iaaustnow be must be equally broad. Similarly, processes
explored far more seriously-_far more such as climate change and dwindling
comprehensively--than ever before, biodiversity may become clearly evident

only when viewed over decades or even
The Center for Global Enviro_amemal centuries. We must therefore envision and
Studies, established at Oak Ridge National develop programs that can set,ce as
Laboratory (ORNL) in 1989, p_rovidesa foundations on which to build for many
unique interdisciplinary base fb;rsuch years.
explorations. The center has three main
goals: • Collaboration--both among traditionally

competitive institutions and across
1. improving the understanding of the disciplinary boundary lines--is absolute-

global-scale workings of environments ly essential for any meaningful
in air, on land, and in water; understandings to emerge.

2. developing capabilities to anticipate The globe's environment responds to the
the long-term, large-scale effects that interactions of many different systems,
human actions have on the biosphere; factors, and processes: air circulation,
and ocean currents, land-use changes, economic

incentives tor development (or its
3. identifying appropriate options for converse), the migrations of smokestack

technological and societal responses, industries, national energy practices and
policies, and even political turmoil.

Like the U.S. Global Research Program-- Narrow, discipline-bound approaches can
the crosscutting national initiative to give us only detailed analyse._of individual
which the ORNL Center corresponds--the aspects of the biosphere--individual trees,
Center for Global Environmental Studies so to speak--when what we need now is an
takes a new view of the kinds of research overarching view of the global
needed in this formidable but exciting environmental forest.
field. The center's work is based on

several assumptions that set it apart from • Policy--economically and politically
the Laboratory's traditional approach to practical policy--must be one of the
research and analyses. Those assumptions prime drivers of global environmental
follow, research.

117
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We must consider not only what is research. Areas of strength that can
happening in (and to) the biosphere--not immediately benefit the center include
merely what should, ideally, be done about laser-based instrumentation, which we
it--but also what can be done, given the expect to play an increasingly vital role in
economic, technological, and political global-change research; mass spectrometry
constraints within which actions must be and isotopic analysis; remote sensing and
taken, fiber optics, another key technology for

climate studies; and automation,
These, then, are the principles that guide miniaturization, and portability. Logical
the center's organization and work: a applications of this expertise include
large-scale, long-term view; a commitment laser-based devices to measure trace gases,

_ . o ,to collaboration, both among restitutions temperature, and pressure; low-cost, air-
and anaong disciplines; and a continual eye droppable packages for reading
to realistic policy, atmospheric or ocean conditions; and

instrmnents for studying cloud formation
Areas of Focus and properties in support of the U.S.

Atmospheric Radiation Measurement
In keeping with the center's large-scale (ARM) Program.
view, the central and unifying framework

for our work is global systems analysis: 2. Data systems: the key to making sense
developing increasingly sophisticated of the global erwironment, now and for
models that reflect the dynamic decades to come. The amount of data
interactions of numerous subsystems-- collected in the course of global
global vegetation; human cultures and environmental research is already
behaviors; and earth systems such as staggering and will grow explosively as
atmospheric chemistry, ocean composition newer, more sophisticated instruments
and circulation, and the links between air, and monitoring projects emerge. For
land, and sea. Our long-term goal is to example, iraa few years National
develop models that reflect the interplay of Aeronautics and Space
demographics, land-use patterns, Administration's Earth Observing
economics, ecological relationships, and Systern will begin transmitting enough
other factors that influence the globe's data to fill ali the books in the Library
environment, of Congress every three weeks. In

addition to handling massive quantities
Complementing our central focus on global of data, information systems must
systems are four areas of more specific present the data in a user-friendly
concentration, form, one that will also ensure the

usability of information over decades,
1. Measurement science and since the import of some data may not

instrumentation: better monitoring of become clear for many years.the state of the environment and its

changes. ORNL has a long history of 3. Large-scale environmental studies:
excellence in instrumentation in high- projects that examine the environment
energy physics, health physics, from a longer perspective than
pollution monitoring, nuclear reactor traditional ecological research.
technology, and nuclear and chemical Global-scale studies cannot be based
waste. We are now direc:.ing this on merc extrapolations of traditional
expertise toward instrumentation for detailed studies; many of the subtle
atmospheric, terrestrial, and aquatic ecological processes on which
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traditional research thrives are less making involving many players and
meaningful for these purposes than complex technical issues. Ultimately,
aggregate processes that are invisible this approach will produce a blend of
at close range. The ORNL Center for theory and practice that erases the line
Global Environmental Studies is which for so long has separated the
developing tools and technique_s for "thinkers" from the "doers."
understanding how to scale up
research to meet global needs. Summary

4. Policy, energy, and human-systems The range and depth of ORNL's scientific
analysis: the recognition that human- expertise uniquely qualify the Laboratory
kind is inextricably linked with the to take up the challenges of the Global
physical systems of the earth. In the Change Program. By establishing the
past two centurie.,;, our species has Center for Global Environmental Studies,
emerged as a primary--perhaps the ORNL is drawing on its proven expertise
primary--agent of global and worldwide scientific connections, while
environmental change. Therefore, also laying the foundation for expanded,
questions of human activity and policy, l_bcusedresearch into the problems of
including the effects of technology, global change.
energy conversion, land use,
population growth, and political and The Center for Global Environmental
cultural patterns, must play a key role Studies is dedicated to an earth
in global environmental studies. The system-centered, interdisciplinary approach
Center for Global Environmental to scientific research. It views human
Studies is bringing together interaction with the environment, through
anthropologists, economists, political population distribution, land use,
scientists, sociologists, planners, geog- technology, energy conversion, and other
raphers, climatologists, and ecologists processes, as one of the drMng forces of
to examine the de,cision processes global environmental change. The center
involved in global management of risks stands in a unique position to serve the
and resources. Building on extensive needs of federal agencies and international
work already under way at ORNL and efforts and to make a significant
elsewhere, we are developing the contribution to our understanding of the
theoretical underpinnings of a practical delicately balanced biosphere we call home.
approach to the problems of decision-
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Center Staff and Guests

M. P. Fan'ell

B, G, Eads t A, M. Hendricks 2 S. Rayner 3 M. G, Turner 4
W. R. Emanuel 2 P. Kanciruk 2

1Instrumentation and Controls Division, ORNL. 3EnergyDivision, ORNL.
2Earth Systems Section, ESD. 4Environmental Analyses Section, ESD.
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tenacious pursuit of excellence and her
........... active and timely dissemination of research
scientific Achievement ,results through open,.literaturepublications

and collaborative exchange epitomize the
The Environmental Sciences Division standards of scientific achievement that the

(ESD) presented Monica G. Turner the award represents.
1990 Scientific Achievement Award for her

unique contributions to the problem of
understanding and describing the
relationships between disturbance,
recovery, and landscape pattern, especially
for her research on detecting and
measuring the effects of ecological
disturbance at large spatial scales.

Monica has engaged in a wide range of
empirical and theoretical studies of
disturbance effects and the processes of
recovery, providing new insights into the
formation of landscape patterns. The
outstanding quality of her research and the
exceptional level of her productivity,
combined with her active leadership in
national and international scientific
societies, constitute key contributions to lt_
the development of landscape ecology as a
new discipline.

Throughout her career, Monica has
collaborated with a broad spectrum of
scientists both within ESD and within the
larger scientific community. Her
colleagues have learned that her skill and
enthusiasm for tackling new ideas and her Monica Turner
understanding and patience in dealing with
people make collaboration a most pleasant,
rewarding, and productive experience. Her

q
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Technical Achievement

ESD presented Carla A. Gunderson the
1990 Distinguist!ed Technical Achievement
Award for her exemplary work as a
technician on research projects in
physiological ecology. In particular, she
was recognized for her uncompromising
commitment to accuracy in collecting and
analyzing data as well as her thoroughness
in publishing results. Carla has written
articles on the effects lhat the plant
hormone ethylene has on lear gas-exchange
processes, including photosynthesis. She
currently works with Rich Norby on
research into the responses of forest trees
to increased levels of atmospheric COx.

Carla Gunderson

Administrative
Achievement

Shirley G. Lawson received ESD's 1990
Distinguished Administrative Achievement
Award for her outstanding support to the
Ecological Studies Section during the
division's reorganization. Specifically,
she was recognized for her dedication,
cooperation, and extra effort in
assuming the rcsponsibilities of
acting section secretary during a 9-month
period of transition. Shirley also
contributcd far beyond the normal
job requirements in completing research
proposals and answering requests

Shirley Lawson associated with the Oak Ridge National
Environmental Research Park, which is
managed by ESD staff.
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Awards and Honors
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The following ESD personnel received CUSHMAN, R. M.
professional, corporate, or organizational Award of Merit for Whole Periodicals,
awards during this reporting period. East Tennessee Chapter of the Society for

Technical Communication
ADAMS, S. M.
Fellow, American Institute of Fisheiy DALE, V. H.
Research Biologists Technical Award, Martin Marietta Energy

Systems, Inc.; Award of Excellence in
ASHWOOD, T. L Scholarly/Professional Articles, Technical
Significant Achievement Award for work Publications Competition, Society for
with High School Honors Technical Communication; Award of
Workshop, Martin Marietta Energy Excellence for Scholarly/Professional
Systems, Inc. Articles, Technical Publications

: Competition, East Tennessee Chapter of
BARNTHOUSF_., L.W. the Society for Technical Communication
Author of the Year, Martin Marietta
Energy Systems, Inc.; Technical DF_akNGELIS, D. L.
Achievement Award, Martin Marietta Technical Award, Martin Marietta Energy
Energy Systems, Inc. Systems, Inc.; Award of Excellence in

Scholarly/Professional Articles, Technical
BORDERS, D.M. Publications Competition, Society for
Registered Professional Engineer, Technical Communication; Award of
Tennessee State Board of Architectural Excellence for Scholarly/Professional
and Engineering Examiners Articles, Technical Publications

Competition, East Tennessee Chapter of
BURNS, T.P. the Society for Technical Communication
Robert C. Anderson Memorial Award,
University of Georgia Research EDWARDS, N. T.
Foundation Award of Excellence in Mechanical

Illustrations, Black and White, Technical
BURTIS, M.D. Art Competition, East Tennessee Chapter
Award of Merit in Promotional Materials, of the Society for Technical
Technical Publications Competition, East Communication; Award of Achievement,

" Tennessee Chapter of the Society for International Technical Art Competition,
o Technical Communication; Award of Merit Society for Technical Communication

ibr Whole Periodicals, East Tennessee
Chapter of the Society for Technical EMANUEL, W. R.

' Communication Technical Award, Martin Marietta Energy
° Systems, Inc.; Award of Excellence in

CADA, G.F. Scholarly/Professional Articles, Technical
: Appointment as a Fellow of the American Publications Conapetition, Society for

Institute of Fishery Research Biologists Technical Communication; Award of
Excellence for Scholarly/Professional

CItRISTENSEN, S.W. Articles, Technical Publications
Certificate of Appreciation, National Acid Co,repetition, East Tennessee Chapter of
Precipitation Assessment Program the Society fc_rTechnical Communication

-2
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GUNDERSON, C. ,4,. LAWSON, S. G. !

Distinguished Technical Achievement Distinguished Administrative Achievement
Award, Environmental Sciences Division, Award, Environmental Sciences Division,
Oak Ridge National Laboratory Oak Ridge National Laboratory

I-LATCHER, R. D., JR. LEMISZKI, P. J.
Nomination, Vice President and President- C.H. Gordon Award for Exceptional
Elect, Geological Society of America; Professional Promise, Department of
appointment to Board on Radioactive Geological Sciences, The University of
Waste Management, National Research Tennessee
Council

LINDBERG, S. E.
HOFFMAN, F. O., JR. Nomination for the DOE E. O. Lawrence
Appointment to the Advisory Panel Award
Assessing Possible Health Risks at the
R_cky Flats Plant, Colorado Department MCLAUGttLIN, S. B., JR.
of Health Submittal for the Marcus Wallenberg Prize,

The Marcus Wallenberg Foundation
IIUNSAKER, C. T.
Appointment as a consultant to the EPA MULHOLLAND, P. J.
Science Advisory Board Appointment as an Associate Editor of

Ecology andEcological Monographs
JOSLIN, J. D.,
Outstanding Paper presented in Division OI,SON, R. J.
S-7 of the Annual Meeting of the Soil Member of the President's Council on
Science Society of America Environmental Quality

KANCIRUK, P. O'NEILL, E. G.
S16 Achievement Award, Martin Marietta Science Alliance Graduate Upgrade
Energy Systems, Inc. Award, The University of Tennessee

KIMMEL, B.L. OWENS, J. G.
Appointment to Scientific Review Panel, Five-Year Service Award for Site
National Science Foundation Experimental Operation, National Atmospheric
Program to Stimulate Competitive Deposition Program
Research

PARR, P. D.
KING, A.W. Award of Excellence in Interpretive
Technical Award, Martin Marietta Energy Illustrations, Black and White Line Art,
Systems, Inc.; Award of Excellence in International Arts Competition, Society for
Scholarly/professional Articles, Technical Technical Communication
Publications Competition, Society for
Technical Communication; Award of PENG, T.-tt.
Excellence for Scholarly/Professional Technical Award, Martin Marietta Energy
Articlcs, Technical Publications Systems, Inc.; Award of Excellence in
Competition, East Tennessee Chapter of Schc_iarly/Professional Articles, Technical
the Society for Technical Communication Publications Competition, Society for
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Technical Communication; Award of grant to organize advanced research
Excellence for Scholarly/Professional workshop, NATO; editor of new journal
Articles, Technical Publications Ecotoxicology
Competition, East Tennessee Chapter of
the Society for Technical Communication SPALDING, B. P.

Award of Excellence in Interpretive
POST, W. M., IV Illustration, Black and White Tone Art,
Technical Award, Martin Marietta Energy East Tennessee Chapter of the Society for
Systems, Inc.; Award of Excellence in Technical Communication
Scholarly/Professional Articles, Technical
Publications Competition, Society for STOW, S. H.
Technical Communication; Award of Appointment as Chairman of the
Excellence for Scholarly/Professional Commission on the Hydrogeology of
Articles, Technical Publications Hazardous Waste (1991-1992),
Competition, East Tennessee Chapter of International Association of
the Society for Technical Communication Hydrogeologists

RAILSBACK, S. SUTER, G. W.
Antarctica Service Medal, National Science Author of the Year, Martin Marietta
Foundation and U.S. NaD, Energy Systems, Inc.; Technical

Achievement Award, Martin Marietta
RANNEY, J.W. Energy Systems, Inc.
Special Event Award, Martin Marietta
Energy Systems, Inc. TURNER, M. G.

Annual Scientific Achievement Award,
REYES, O.M. Environmental Sciences Division,
Wigner Fellowship, Oak Ridge National Oak Ridge National Laboratory; Award for
Laboratory Distinguished Scientific Achievement,

Tennessee Chapter of the Association for
ROSE, K. Women in Science; appointment to
Special Achievement Award, Directorate for Temperate Ecosystems,
Environmental Sciences Division, U.S. Man and the Biosphere program;
Oak Ridge National Laboratory appointment as editorial advisor, Climate

Research, Inter-Research Science
ROSEN, A. Publishers
Author of the Year, Martin Marietta
Energy Systems, Inc.; Technical TURNER, R. S.
Achievement Award, Martin Marietta Award for Outstanding Contribution to the
Energy Systems, Inc. National Acid Precipitation Assessment

Program Integrated Assessment;
StlRINER, D.S. Commendation for Outstanding Lead
Award for Outstanding Contribution to the Author of NAPAP SOS #10, National
National Acid Precipitation Assessment Acid Precipitation Assessment Program;
Program Technical Contribution Award, EPA,

Corvallis Environmental Research

SHUGART, L.R. Laboratory; Significant Event Award,
Appointed as a consultant to the U.S. EPA Oak Ridge National Laboratory
Science Advisory Board, Washington, D.C.;

L
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TURNER, R.R. WALTON, B. T.
Professional Geologist License, State of Recertification as a Dipiomate, 1991-1996,
Florida Board of Professional Regulation American Board of Toxicology

VAN HOOK, R.I. WATI_, J. A.
1991 Director's Award, Oak Ridge Distinguished Service Award, Tennessee
National Laboratory; Division of the Year Chapter of the Association for Women in
Award, Oak Ridge National Laboratory Science; East Community Service Award

for WATFec Activities, Volunteer Chapter
VAN WINKLE, W. of the Public Relations Society cf America
Appointment to Scientific Advisory
Committee, Coastal Fisheries Ecosystems WULLSCHLEGER, S. D.
Program, Coastal Ocean Program, National Alexander Hollaender Postdoctoral
Oceanic and Atmospheric Administration Fellowship, DOE and Oak Ridge

Associated LIniversities
VON DAblM, ICL
Appointment to Alvin Review Committee,
University-National Oceanographic
Laboratory System (1991-1994)

I
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During FY 1991 ESD reported numerous • ESD led an effort to develop for DOE
technical accomplishments, the most Headqu_:rters the Basic R&D Plan in
significant of which are listed here. Support of Environmental Restoration,

based on contributions from over

• ESD staff performed a second-phase 100 scientists at ali national laboratories
screening..level assessment of and many universities. The plan
radionuclide contamination in White describes the fundamental scientific
Oak Creek Embayment. This challenges that must be faced for the
assessment confirmed the need for environmental restoration of DOE
immediate remedial action, as identified facilities.
in the report ORNL-ER/9.

® The ORNL Carbon Dioxide

• ESD staff completed the training Information Analysis Center is
program in environmental laws and compiling temperature and
regulations begun early in FY 1990 for precipitation records for the U,S.S.R.
the Assistant Secretary for as the initial stage in developing a
Environment, Safety and Health. As a global data base that will be used to
result of the training program, the verify the predictions of general
DOE Inspector General concluded, circulation models.
"DOE and contractor management
have an improved awareness of their • A symposium that was organized by
responsibilities and potential liabilities." COMPMECH staff and entitled

"Individual-Based Approach to Fish
• Enhancing plant productivity through Population Dynamics: Theory, Process

iron fertilization in the Antarctic has Studies, and Modeling Approaches"
been suggested as a means of increasing was held as part of the annual meeting
oceanic COz uptake, thereby lowering of the American Fisheries Society.
atmospheric concentrations. Model
results indicate that a significant • Methods for analysis of mercury in rain
increase in COz uptake through iron have been developed by ESD staff for
fertilization of Antarctic oceans is not use in a U.S. Geological Survey
possible because ocean mixing, not iron, (USGS) network for collection of trace
is the limiting factor regulating ocean metals in precipitation. These methods
COz uptake, have been used to analyze several

samples collected by USGS personnel.
® ESD staff, using 15N:14Nratios,

examined differences in the stable • ESD staff completed measurements of
isotope composition of ammonium the 298 permanent biomass inventory
(NH4-N) and nitrate (NO3-N) in bulk plots (10,000 individual tree
precipitation and throughfall at Walker observations) on Walker Branch
Branch Watershed. Results indicate Watershed. This is the seventh
the potential importance of measurement of these plots since 1967.
atmospheric NH4-N inputs to nitrogen
cycling in the N-deficient forest. • A major review of the dry deposition of

reactive nitrogen compounds to

131



132 Significant Accomplishments

landscape surfaces (foliage, bark, forest ESD staff irl cooperation with Pacific
floor surfaces) was published by ESD Northwest Laboratories staff, with joint
staff in Atmospheric Environment funding from the DOE Office of
25A:1615-34. Technology Development and the

DOE Office of Basic Energy Sciences.

• At the request of the U.S. Ttlis was the fir,,:ttest using radioactive
Environmental Protection Agency, material.
ORNL is representing the United
States as cochair of an international ® Energy Systems' Office of Groundwater
task force studying the application of Management was set up at ORNL to
the principles of environmental impact oversee groundwater issues at the five
assessment to government policies, plants managed by the company. This
plans, and programs. The draft report, oi'rice directs the activities of the five
prepared by ORNL, was submitted tc) groundwater coordinators and the Oak
task force members on July 15, 1991. Ridge Hydrology Support Program.
The report will be finalized at the
March 1.992meeting of the task force , The ORNL Carbon Dioxide
in Geneva, Switzerland. Inlbrmation Analysis Center reported

that global total COz emissions for 1989
o ESD's Environmental Compliance reached the largest annual emissions

Group continued to provide the DOE ever (5.954 × 104metric tons of
Office of Environmental Guidance with carbon). U.S. emissions grew by 1.14%,
extensive support in tracking and down from the 4.78% growth seen in
analyzing new regulations, formulating 1988; this marks the third consecutive
draft guidance for DOE program and year the nation's growth rate was
field offi_:cs, and conducting higher than the global average growth
environmental laws and regulations rate. By contrast, emissions from
training courses. Western Europe are still 12% below

the 1979 maximum and are virtually
• An in situ vitrification demonstration at unchanged since 1982.

ORNL was successfully carried out by
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ESD staff have developed a sound base of soil on Kwajalcin Atoll, Marshall
international activities and work with a Islands, sponsored by the U_S. Army
variety of foreign governments and (R. L. Siegrist)
research organizations. Following is a list
of the FY 1.991activities. • In situ destruction of volatile organic

compounds, sponsored by the DOE
• Selection of field sites in the former International Technology Exchange

Soviet Union for evaluation of extent Program in collaboration with the
of mercut), vapor in the atmosphere, Univcrslty of Karlsruhe, Germany
under the auspices of the U.S.-U.S.S.R. (R. L. Sicgrist)
Bilateral Agreement on Environmental
Protection, which is coordinated • Investigation and assessment of
through the EPA Office of seashore buried waste deposits,
International Activities (S. E. Lindberg) Norway, sponsored by the Norwegian

Centre for Soil and Environmental
• Air-surface exchange studies of mercury Research ( R. L. Siegrist)

at the Swedish Environmental

Restoration Institute, sponsored by • Membership in the Planning
EPRI (S. E. Lindberg) Committee for Global Analysis,

Interpretation and Modeling, for the
• Chairmanship of International International Gcosphere..Biosphere

Commission ota Hydrogeology of Programme of the International
Hazardous Waste, meeting in Council of Scientific Unions
Hannover, Germany. Representatives (W. R. Emanuel)
from ttolland, Czechoslovakia,
Germany, Poland, Canada, and Isr_el • Studies on the responses of yellow
attended (S. H. Stow) poplar leaves to COz, light, and

nitrogen in collaboration with a
® Organization and direction of NATO researcher from Estonia, sponsored by

Advanced Research Workshop on DOE Ot-IER Carbon Dioxide Research
"Strategy for Biomarker Research and Program (R. Norby)
Application in the Assessment of
Environmental Health" at The , Project development visit to the
Netherlands Institute of Sea Research, Institute of Agrobiolc)gy at the
sponsored by NATO, EPA, Proctor and University of Poznan, Poland,
Gamble, and Greenpeace International sponsored by the National Research
(L. Shugart, J. F. McCarthy, Council. The purpose was to evaluate
R. S. Holbrook, and G. W. Surer) the potential for collaborative re,;carch

on the transport of heavy metals across
• Participation in North Sea cruise tc) landscapes (R. L. Graham)

assess pollution on environmental
marine life in Dutch coastal waters, • Participatic_n in joint research planning
sponsored by The Netherlands Council for lc)ng-tcrm forest health monitoring
c)fOceanic Research (L. Shugart) in Poland, sponsored by the U.S. Forest

Servia:c, EPA, and Polish Academy of
® Bioremediation demonstration for in Sciences (H. Van Miegroet,

situ cleanup of diesel fuel contamirmte S. I-2.Lindbcrg, and D. S. Shrincr)
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• Participation in research planning and • Participation in DOE cooperative
design for joint U.S..Estonian Academy research agreement with the
of Sciences/Russian Academy of Commission of the European
Sciences study on long-term forest Communities on the validation of
health monitoring (L. L. Sigal and radioecological food-chain models and
D. S. Shriner) in the International Biospheric Model

Validation Study (BIOMOVS)
• Symposium on "Natural Resources (B. G. Blaylock)

Economics,', hosted by ESD and
sponsored by Partners in Education and • Participation in joint research planning
the U. S. Agency for International and scientific exchange among the
Development, September 12-14. Institute of Energy Problems of
Eleven Brazilian scientists as well as Chemical Physics (INEPCP), t_e
ORNL staff attended (V. H. Dale, Institute of Oceanology of the Russian
host) Academy of Sciences, DOE-ORO, and

ORNL. Joint research is planned in
• Development of a simulation model of the Bering and Chukchi seas to test for

colonization and land-use change as consequences of increased ultraviolet
applied to a particular problem, light on marine ecosystems
deforestation in Rond6nia, Brazil, that (J. M. Grcbmeier, L. W. Cooper,
has major global environmental impacts, L.R. Shugart, and I. L. Larsen)
sponsored by the ORNL Director's
R.cscarch and Development Fund (ESD ® Support to EPA as co-chair of an
and Energy Division staff, V. H_.Dale, international task force to study the
principal investigator) application of the principles of

environmental impact assessment (EIA)
• Work sponsored by the ORNL to government plans, policies, and

Director's Research and Development programs. Representatives of
Fund and conducted by Brazilian 15 European countries, the U.N.
scientist Marcos Pedlowski and ESD Economic Commission for Europe, and
staff to obtain data on the land-use the Commission of Economic"

practices of colonists in Rond6nia, Communities participated in the task
Brazil, and their social and ecologic force (L. L. Sigal and J. W. Webb)
coqsequcnces. The.data are used to
test ideas being developed at ORNL • Collaboration with the Institute of
about the interactions between Atmospheric Physics, Beijing, China,
socioeconomic and ecologic aspects of (as part of the DOE and People's
land-use change Republic of China Joint Research on

the Greenhouse Effect) to compile
• Studies initiated to combine economic Two Long-Term Instrumental Climatic

and ecological principles in a set of Data Bases of the People's Republic of
models that determine the spatial China, which contains monthly climate
allocation of agricultural activity. The data. The records for some stations
theory is being developed for begin bcl'ore 1_)0 (T. ek. Boden)
application to land-use practices under
various national and international trade • Collaboraticm with the Main

conditions (ESD and Energy Division Gcophysical Observatory,
staff)
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St. Petersburg, Russia, (under the • Cooperation with institutions in ten
auspices of the U.S,.U.S.S.R, Joint foreign countries (the former Sovtet
Committee on Cooperation in the Field Union, Canada, Spain, France,
of Environment Protection) to compile Australia, Germany, Italy, Hungary,
Atmospheric COz Concentrations Switzerland, and the United Kingdom)
Derived from Flask Samples Collected to produce Trends '91:A Compendium
at U.S.S.R..Operated Sampling Sites, of Data on Global Change, which
which presents daily atmospheric COz presen'ts information on emissions and
concentrations at Teriberka Station, atmospheric concentrations of
Ocean Station Charlie, Bering Island, important greenhouse gases as well as
and Kotelny Island (T.A. Boden) long-term climate data (T. A. Boden,

R. J. Sepanski, and F. W. Stoss)
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O. J. Grlx,mts

Presented here arc the subcontractors Analysas Corlmration
with whom ESD had a subcontract or Technical support in geographic
interagency agreement during this information and analysis of effects of
reporting period. The ESD researcher acidic deposition on aquatic resources
who served as technical contact is given in (C, T, Hunsakcr)
parentheses after the title of the project,

Technical support in the Biomass
Production Program (J. W. Ranney)

Advanced Sciences Group
Evaluation of chronic stress on the Arbor Day Institute
dynamics of fish populations in Conference support services for the
contaminated streams (S, M. Adams) National Fuelwood conference held in

Lincoln, Nebraska (G. A. Tuskan)
Assist in limnological and
scdimentological studies (B. L. Kimmel) Aroma, University of

, Analysis and modeling of hydrology and
Assist in characterization of natural particle transport in support of a DOE
organic matter in water and aquifer project on field mobility qf colloidal

- material from different gcologic particles (J, F. McCarthy)
lbrmations sampled in DOE Subsurface
Microbiology Deep Probe Program Auburn University
(J. F. McCarthy) Research on selection of lignocellulosic

species for energy crops
Determine mobility of coUoidal (J. It. Cushman)
particles in groundwater and their
effect on subsurface transport qf other Examine variability R_rbiomass
hazardous waste elements production and plant composition in
(J. F. McCarthy) lespcdeza sericea gcrmplasm

(J. H. Cushman)
, Provide biologist to assist with

collection and processing qf Automated Scientx._ Group, Inc.
environmental samples (A, J. Stewart) Provide services of a fishery

biologist/limnologist to perforrn various
Amana St_icty, Inc. field and laboratory duties related to

Establishment and rnaintenance of biota, sediment, and water sampling
: silver maple monoculture viability trials studies on the Clinch River RCRA

(G. A. Tuskan) Facility Investigation (S. M. Adams)
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Provide services of a quantitative Y-12 Plant and ORNl., "
fishery ecologist to be responsible for (O, R. Southworth)
evaluating the importance of fish
movement into und from contaminated Battelle Pacific Northwt..'st laboratory
are,as and of fish trophic interactions on Support in the application of in situ
the bioaccumulation of contaminants in vitrification at ORNL (G. K. Jacobs)
selected fish species (S. M. Adams)

Review of data related to the ongoing
Support tc) physiologist/endocrinologist fish kill at the Oak Ridge Y-12 Plant
in evaluating contaminant-related stress (J. M. la)ar)
in aquatic systems (S. M. Adams)

Workshop for preparation of long-term
Technical support t)f a physiological research plan in the area of
ecologist tbr analysis or_effects of stress environmental restoration requested by
on _lqtmticorganisms (S. M. Adams) the Office of Energy Research

(D. K. Solomon)
Technical support of a laboratory
biochemist in assays and measurement Br_mks Rand, Ltd.
of biologic_lland sediment samples Chemical analysis of methylmercury
(S, M. Adams) water samples (R, R. Turner)

Geophysical mapping (T. O. Early) Calih_rnia, University of
Quantitative histopathological analysis

Technical support on collection of tissue of fish from East Fork Poplar
reduction and analysis of geophysical Creek, White Oak Creek, and
well-logging and cross- avid down.hole reference streams (S. M. Adams)
studies related to the Hazardous Waste
Remedial Actions Program Provide the services of research
(T, O. Early) assistant (Robert Frohn) on the basis

of his specific training in the area of
Ecological studies in environmental geographic inh)rmation analysis and
biomonitoring (M. G, Ryon) study of colonization in Rondonia,

Brazil (V. Dale)
Suppc_rt in administration of large data
bases used for research and assessment Development of a three-dimensional
of regional environmental problems transport model of the carbon cycle in
(D. S. Shrincr) the ocean (M. P. Farrell)

Continuation of precise measurement
Technical support to the Environmental c_l'atmospheric carbon dioxide at
Assessment Group in planning, Mauna Lea Observatory, Hawaii
organizing, and developing meetings, (M. P. Farrell)documents, and training materials

(L. L. Sigal) Partial support to the National Center
for Get, graphic Information and

Technical support in the NPDES- Analysis, University of California, to
mandatcd Biological Monitoring and conduct meetings and research on
Abatement programs at the Oak Ridge
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. Remote Sensing and Geographic Center for Growth Studies
Information Systems (M, P, Farrel!) Partial support to the Center t'or

Growth Studies, Houston

Partial support to the National Center advancedresearch Center, to conduct
for Geographic Information and the Regions and Global Warming:
Analysis, University of California, to Impacts and Response Strategies
organize and conduct the First Workshop (M. P. FarreU)
International Conference/Workshop on
Integrating Geographic Information CER Corlmration
Systems and Environmental Modeling Provide well-drilling services
(C. T, Hunsaker) (R. B. Clapp)

Support in laboratory studies on the Provide written comments on a
permeability of fractured rocks Notice of Proposed Rulemaking
(L, E. Toran) (F. E. Sharpies)

Explore the feasibility of using growth Provide support ['or compliance
enhancers developed at Los Alamos assessments of Air Force bases
National Laboratory to increase (C. F. Sigmon)
biomass yields in woody and herbaceous
energy crops (G. A. Tuskan) Provide support for compliance

assessments of FDA facilities

•Cascade Research, Inc. (C. F. Sigmon)
Provide technical expertise and advi_'_e
relating to integrated bioenergy systems Development of detailed plan for
(L. L. Wright) plugging and abandonment of wells and

boreholes at WAG 6 (S. H. Stow)
'Ilae CEIP Fund, Inc.

Assist with the coordination of the Clemson University
Environmental Monitoring and Technical support on the study of
Assessment Program's ecological natural organic colloids on the
indicators effort and contribute to subsurface transport of contaminants
landscape characterization tasks (J. F. McCarthy)
(C. T. Hunsaker)

Colorado State University
Provide technical support in the Involvement with the National
quantitative analyses of surface water Atmospheric Deposition Program that
quality as it is affected by point and requires sample analysis by a central
nonpoint discharges and by water use analytical laboratory for comparability
(M. J. Sale) of data on atmospheric deposition on a

national scale (S. E. Lindberg)
Work with public relations office at
ORNL in preparing material ibr ORNL Columbia University
Re=,iew (S. H. Stow) Development of global coastal hazard

data base (R. M. Cushman)
C.enter for Environmental Information, Inc.

Preparation of a data base compendium Ca_rnellUnivex,sity
of global change centers in the United Collaborate on the preparation of one

= States (M. P. Farrell) or two manusc:ripts on the results of
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the wetland and riparian ecotone develop compliance guidance, and
workshop and its relevance to perform environmental compliance
ecological literature (C. T. Hunsaker) assessments at federal facilities

(F. E, Sharpies)
Duke University

Support in evaluating exchanges of Georgia Institute of Technology
carbon between the atmosphere and Assist ORNL in concentrating natural
terrestrial ecosystems as a result of organic matter (NOM) from
land-use change (M. P. Farrell) groundwater for a DOE project on

characterization and microbial

Energy Performance Systems utilization of NOM (J. F. McCarthy)
Analysis and reviews on how to match
the objectives of the Short Rotation Georgia, University of
Woody Crops Program with the needs Support of Integrated Forest Study of
of potential utility users of wood atmosphcric deposition (S. E. Lindberg)
(L. L. Wright) Assist ORNL in concentrating natural

organic matter (NOM) from
Envirogen, Inc. groundwater for a DOE project on

Provide treatability test data and characterization and microbial
bioreactor design assistance in support utilization of NOM (J. F. McCarthy)
of demonstration of microbial
degradation of organic contaminants in Optimizing energy yields in black
groundwater (S. E. Herbes) locust through genetic selection

(G. A. Tuskan)
ERCE

SARA/OSHA training for ESD staff H&R Technical A.,',soeiates,Inc.
(B. M. Ross) Provide data base develJpment of

hydrogeological data (C. S. Haase)
E. R. Johnson Associates

Provide off-site office for technical Hudson River Foundation
assistance for the Office of Civilian Measure changes in the forests of the
Radioactive Waste Management Amazon basin (M. P. Farrell)
(N: H. Cutshall)

ICF Technology, Inc.
Florida, University of Provide technical support in reviewing

Support for graduate student to collect environmental documents (L. L. Sigal)
samples and perform mineralogical
analysis of soils on Walker Branch Idaho, University of
Watershed (M. A. Huston) Development of broadly adapted

cultivars of winter rapeseed as a source
Partial support tbr a workshop on of diesel fuel (J. H. Cushman)
Near_hore and Estuarine Cohesive

Sediment Transport (J. W. Rarmey) Illinois, University of
The role of tropical forests in the

Gco/Resource Consultants, Inc. global carbon cycle (M. P. Farrell)
Provide technical assistance in

developing and implementing training
in environmental laws and regulations,
perform regulatory analyses and
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Indiana University Technical support in the ORNL
Provide graduate students to support macrobenthos analyses (J. M. Loar)
Environmental Analyses Section
projects (S. G. Hildebrand) Technical assistar,'e in the benthos

support study (J. M. Loar)
Institute of Oceanographic St,Senees

Develop three-dimensional models of Technical support in the Oak Ridge
the carbon cycle in the oceans Y-12 Plant macrobenthos analyses
(M. P. FarreU) (J. M. Loaf)

J Iowa State University Provide technical assistance on project
Support in selection of forage species addressing nutrient cycling in streams
for energy clops in the Great Plains by maintenance of experimental
(J. H. Cushman) facilities; sample collection; and

biological, chemical, and radiological
Breeding clones for intensive culture of analyses (P. J. Mulholland)
biomass for energy (part of DOE's
Short Rotation Woody Crops Program) Technica!l support in climate change,
(G. A. Tuskan) deforestation, afforestation, soils, and

land availability (J. W. Ranney)
JAYCOR

Process benthic macroinvertebrate Assistance in assessing the feasibility of
samples collected from McCoy Branch developing biomass-based alternative
near the Oak Ridge Y-12 Plant and fuels (J. W. Ranney)
from several streams near the Paducah
Gaseous Diffusion Plant (J. M. Loar) Provide assistance in ecological field

and laboratory studies aszociated with
Provide support in the category of the ORNL Biological Monitoring and
environmental biology (Task title: Abatement Program (M. G. Ryon)
ORNL Macrobenthos Analyses)

i (J. M. Loar) Provide support in the category of
environmental biology (Task title: Fish

Process benthic rnacroinvertebrate Support Studies) (M. G. Ryon)
samples collected from East Fork
Poplar Creek and Bear Creek near the Provide support in the category of
Oak Ridge Y-12 Plant and from several environmental biology (Task title:
reference streams on and off the Environmental Compliance
Oak Ridge Reservation (J. M. Loar) Asse_sment) (F. E. Sharpies)

: Process benthic macroinvertebrate Provide support in the category of
samples collected from Mitchell Branch environmental biology (Task title:
at the K-25 Site (J. M. Loar) Regulatory Update and Analysis)

(F. E. Sharpies)
Process benthic macroinvertebrate

samples collected from 16 sites on five Support of environmental biologist for
streams near ORNL (J. M. Loar) monthly reports of NEPA compliance

-: assessments, environmental compliance
I rL,.v$.,._ilill_.,'O[I _UIS_3UI t III tJtlik.¢ .l['_-b...; diLlk.¢ t'z_,._,_llik-..lltL"l,j flillk3 ll_.vYllh,vt"¢ OIL I_'¢,IL_I

macrobenthos analyses (J. M. Loar) documents (L L. Sigal)
.

" ip'_i,,rq," lr, tr " rill,'_' Ttr, lql'l_ .... irln '_I_ml_,IP'_,, 11 ,r,, ri,ll ,I_I ll_, "_rq,' _, ,l',rlr,i=r
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Kansas State University Maryland, University of
Determination of the best species and Coordination of the Striped Bass and
management techniques for Bay Anchovy Key Species projects,
short-rotation production of fuel wood which are a part of the EPRI-funded
in the Great Plains (L. L. Wright) program on Compensatory Mechanisms

in Fish Populations (W. Van Winkle)
Kelso-Regen Associates

Engineering support in developing and Miami, University of
constructing devices for dispensing Provide graduate students to participate
andmonitoring CO 2 and pollutant gases in multidisciplinary activities and
and apparatuses for exposing plants to become trained in the functions of an
ultraviolet light in the field information analysis center for the
(J. W. Johnston) international carbon dioxide research

community (M. P. Farrell)
Kentucky, University of

Conduct field study on biomass Michigan State University
production by fescue and switchgrass Conference support services for
alone and in mixed swards with legumes International Black Locust Conference
(J. H. Cushman) (L. L. Wright)

Provide data needed (base-line "Nel Assimilation and Photosynthate
cholinesterase activity) in order to Allocation of Populus Clones Grown
establish protocols for biological Under Short Rotation Intensive
monitoring during the destruction of Culture" as part of the DOE's BiofiJels
chemical weapons (L. R. Shugart) Feedstock Development Program

(G. A. Tuskan)
Plan and implement a biological
monitoring research program at the Michigan Technological University
Paducah Gaseous Diffusion Plant Conduct modeling and experimentation
(B. T. Walton) to evaluate and optimize in situ thermal

treatment of volatile organic
Knoxville College compounds in contaminated soils

Technical support for studies of (R. L. Siegrist)
biological communities and instream
toxicity in East Fork Poplax' Creek Mississippi State University
(H. L. Boston) Technical support in early selection

criteria and clonal propagation systems
Support in studies of the (G. A. Tuskan)
biodegradation of polychlorinated
biphenyls (H. L. Boston) National Aeronautics and Space

Administration

Marrich, Inc. Computer support to run models of the
Provide for rapid and efficient atmosphere (M. P. Farrell)
processing of seismic refraction data
in support of the ANS Project Global historical climate network
(T. O. Early) (M. P. Farrell)
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National Oceanic and Atmospheric for producing herbaceous biomass on
Administration marginal lands (J. H. Cushman)

Temperature and precipitation in the
United States (M. P. Farrell) Roane State Community College

Student support for field work
New Hampshire, University of (N. T. Edwards)

A study of the role of the oceans in the
global carbon cycle through modeling Rochester, University of
exercises (M. P. Farrell) Analysis of tritium and helium isotopes

in groundwater (D. K. Solomon)
North Dakota State University

Support on the selection of forage Science & Technology
species for energy crops in the Great Implementing Phase II of
Plains (J. H. Cushman) environmental training (F. E. Sharpies)

Oak Ridge Associated Universities Science Applications International
Laboratory analyses of water, sediment, Cx_rlx_ration
and fish time for radionuclides Support for evaluation of groundwater

: (B. G. Blaylock) contamination and movement in
relation to the ORNL WAG 2 remedial

Oak Ridge Research Institute investigation (H. L. Boston)
Technical support in the conduct of
aquatic bioassays (A. J. Stewart) Provide on-site junior-level data

management support (M. A. Huston)
Oklahoma State University

Evaluate Populus selection for fuel Assist in developing a consistent
wood (G. A. Tuskan) strategy for ali groundwater programs

at Energy Systems facilities, obtain
Oregon State University copies of existing plans and procedures

Continued collection of oceanic used in implementing groundwater
carbonate data to verify ocean programs at Energy Systems facilities,
penetration of anthropogenic CO 2 and prepare recommendations on plans
(M. P. Farrell) and procedures that should be adopted

Pennsylvania State University at ali faciiities and new plans and
procedures that should be developedDevelopment, verification, and

i validation of multiregion flow and (E. D. Smith)

transport models (P. M. Jardine) Provide on-site data management

Net energy and economic analysis for support in soil characteristics,
deposition chemistry, surface water

producing Populus hybrid under four chemistry, land use, runoff, and
management strategies (L. L. Wright) precipitation (R. S. Turaer)

" Puerto Rico, University of
The role of tropical forests in the Provide off-site scientific programming

" global carbon cycle (M. P. Farrell) support for the Foothills Parkway
Environmental Report (R. S. Turner)

_- Purdue University Provide on-site senior-level data
management support to ESDEvaluation of the a_ronomic and /, ,-, _,..... t.....

economic fcasibility of differcnt systcms t_" "" *"_"''"")
-_-_-_

_--.
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Provide control of incoming analyses of NE-33 Environmental Program
(status of sample analyses and detection Activities (G. K. Eddlemon)
of errors) as well as available access to
existing data and associated statistical Tennessee, The University of
analyses (L. D. Voorhees) Provide support for Dr. Lisa Shevenell

to serve as a hydrogeologist in support
Provide scientific programmer to assist of environmental restoration and
ESD ecologists in data management ORHSP activities at ORNL
and analysis (L. D. Voorhees) (R. B. Clapp)

Assist in ecological data management, Provide for data analysis and continued
data representation, and data analysis guidance on monitoring station
for ESD (L. D. Voorhees) operation (R. B. Clapp)

Selma University Groundwater monitoring compliance of
Provide research personnel responsible X-10 and to the Oak Ridge Hydrologic
lhr the isolation of toluene-degrading and Geologic Study project
microorganisms and for preliminary (R. B. Clapp)
screening of these organisms for the
ability to degrade trichloroethylene Continued development of basin-wide
(A. V. Palumbo) spill forecasting model and training of

X-10 emergency response staff
Skidway Institute of "Oceanography (R. B. Clapp)

Collect and analyze surface water
andinterstitial water from the Clinch Perform X-ray fluorescence and
River and Watts Bar Reservoir for diffraction analyses on sediment
inorganic forms of arsenic (R. B. Cook) samples collected from the Clinch

Rivcr and Watts Bar Reservoir
Southern Illinois University (R. B. Cook)

Genetic biomass and growth analysis of
clonal silver maple in several locations Analytical preparation and
(G. A. Tuskan) determination of 180:160 ratio on

subsurface storm water using mass
Stanford University spectrophotometry (L. W. Cooper)

Isolate cultures capable of degrading
recalcitrant organic compounds and Technical :;upport for management of
clone a set of biodegradation genes into herbaceou,,; energy crop research in the
a "starvation promoter" Biofucls Feedstock Development
(A. V. Palumbo) Program (J. H. Cushman)

Structural Dynamics Research Corporation Technical support on long-term effects
Develop a finite element modeling of soil erosion on crop production and
package that would interface with on economics of energy crop
groundwater ('low and contaminant production (J. H. Cushman)

transport codes (O. M. Reyes) Economic and technical analyses of
issues related to herbaceous energySystematic Management Services, Inc.

Provide special expertise for ensuring crc)p production (J. H. Cushman)
the nrot_er seaucncin_ and integration
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Support graduate student research on Technical support on groundwater
fracture characterization on the monitoring compliance at the
Conasauga Group and on the influence Oak Ridge Y-12 Plant and the
of fractures on the regional hydrologic Oak Ridge Reservation (C. S. Haase)
system of the Oak Ridge Reservation
(R. B. Dreier) Short-term and exploratory

programmatic needs in areas where
Provide high-resolution seismic survey staff capability and/or funding
for tlae purpose of imaging the shallow uncertainty preclude ORNL staff
subsurface geologic features in the commitments (S. E. Herbes)
vicinity of the Paducah Gaseous
Diffusion Plant (T. O. Early) Perform seismic imaging of the in situ

vitrificationmeit (G. K. Jacobs)
Provide environntental data systems
design using CD-ROM platforms and Analysis of storm effluent samples via
design data analysis system using newel ion chromatograph techniques
IBM/OS, VMS, and DOS platforms (P. M. Jardine)
(M. P. Farrell)

Hydrolc_giccharacterization and
Provide technical assistance with subsurface transport (P. M. Jardine)
climatological data management
activities by compiling climatological Investigation c)fsoil characteristics in
data, including quality control of data Walkcr Branch Watershed (S. Y. Lee)

.... prior to data entry and recording data
from instrumentation to _cientific Study on use of biological markers as
verification using analysis tools indicators of environmental pollutants
(M. P. Farrell) (J. F. McCarthy)
Cover the services of Sonja B. Jones as
a computer operator (M. P. Farrell) Support for DOE project on

groundwater colloids. (J. F. McCarthy)
o Provide technical assistance by

consolidating and replacing several Provide data summaries and analyses in
Univcrsity of Tennessee releases the form of manuscripts for submission
(M. P. Farrell) to pctr-reviewed journals

(P. J. Mulholland)
Support in data base management in
the CO_ program (M. P. Farrell) Performance of light stable isotope

ratio analysis on gaseous samples to
Life Sciences Distinguished Scientist, determine spatial and temporal
David White (C. W. Gehrs) variability in biogeochemical cycling in

watersheds (P. J. Mulholland)
Provide UT support services to projects
related to groundwater monitoring Collection and analysis of ground-
compliance at the Oak Ridge Y-12 penetrating radar data at in situ
Plant and to the Oak Ridge vitrification (ISV) site. Information to
Reservation Hydrologic and Geologic bc incorporated into report on the ISV=

Study (C. S. Haase) test at SWSA 6 (J. E. Nyquist)

=
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Provide monitoring and maintenance of Support for Dr. Ronit Native as a
biodegradation experiments hydrogeologist working onOak Ridge
(A. V. Palumbo) Reservation studies during her

sabbatical in the United States

Develop DNA and RNA probes for (S. H. Stow)
measurement of methanotrophic
bacterial populations (A. V. Palumbo) A cooperative venture between ESD

and The University of Tennessee
Support in the use of signature Graduate Program in Geological
biomarker techniques for identification Sciences (S. H. Stow)

of individual organisms and Life Sciences Distinguished Scientist,characterization of microbial consortia
Robert Hatcher (S. H. Stow)

known to degrade PCBs

(A. V. Palumbo) Investigations of the absorption of
heavy metals and radioelements on

Provide expert assistance for surveying minerals and rocks from aqueous
lichens and bryophytes along the solutions (G. K. Jacobs)
proposed right-of-way for Section 8D of

the F_othills Parkway (R. M. Reed) Modify existing national interregional
agricultural model to include dedicated

Provide expert assistance for sampling biomass energy crops (A. F. Turhollow)fish and benthic communities in streams

may be affected by construction and Fund a University of Tennessee
operation of Section 8D of the research associate (Dr. Kirk O.
Foothills Parkway (R. M. Reed) Winemiller) to work on the EPRI-

funded Program "Compensatory
Analyze DNA biomarkers in animals Mechanisms in Fish Populations"
obtained from polluted sites (COMPMECH) (W. Van Winkle)(S. R. Shugart)

Workshop from the EPRI-funded
Analytical preparation and program on Compensatory Mechanisms
determination of 13C:I2C ratio in Fish Populations (W. Van Winkle)
hydrocarbon-contaminated soils using

mass spectrophotometry (R. L. Siegrist) Support for EPRI-funded program on
Compensatory Mechanisms in Fish

Provide analysis and experimentation Populations (W Van Winkle)for cwduation of advanced oxidation of
halocarbons in solvent-contaminated

soil (R. L. Siegrist) Provide assistance in limnological,• scdimentological, and water quality
related data collection

Provide support to analyze chlorine (K. L. Von Datum)
dynamics in upper East Fork Poplar
Creek and in White Oak Creek

(A. J. Stewart) Data management support in the
RCRA Facility Investigations for the
Clinch River (L. D. Voorhees)Periphyton analyses in biomonitoring

(A. J. Stewart) Tennessee Valley Authority
Southern Appalachian Man and the
Biosphere Cooperative (J. W. Ranney)
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Geophysical data acquisition and Virginia Polytechnic Institute and State
reduction services (S. H. Stow) . University

Conduct research otathe selection of
Tuskegee Institute lignocellulosic species for energy crops

Strengthen programs in biomass and (J. H. Cushman)
carbon dioxide research at Tuskegee
Institute and ESD at ORNI., Provide samples needed to establish
(J. H. Cushman) base-line cholinesterase activity in order

to establish protocols for biological
U.S. Department of Agriculture monitoring during the destruction of

Genetic variation among switchgrasses chemical weapons (L. R. Shugart)
for agronomic traits, forage quality, and
biomass fuel production Washington. University of
(J. H. Cushman) Chemical analysis of soil solutions and

soil extracts for ammonium and nitrate

Increasing the biomass production of (H. Van Miegroet)
alder plantations in the Pacific
Northwest (G. A. Tuskan) Evaluation and genetic improvement of

black cottonwood for short-rotation
Short-rotation woody crop trials for coppice culture (G. A. Tuskan)
energy production (G. A. Tuskan)

Yale University
U.S. Environmental Protection Agency Conduct stable isotope investigation of

Collaborative research on Oak Ridge Reservation hydrology
bioremediation of contaminated sites systems (C. S. Haase)
(R. R. Turner)
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I. L Lars_n

During FY 1991 inquiries from industry replacement c_fcobalt in a cobalt-EDTA
stimulated the initiation of a copyright for complex with iron and the degradation of
a software program developed by the iron-EDTA by bacteria. The second
N. H. Cutshall and I. L. Larsen for use in patent form originated from a Directors
low.energy photon analysis. Fund project, lt describes an automated

process control method for bioreactors
In technology transfer to universities, ESD based on the use of genetically engineered
continues to lend its expertise to low-level bacteria as btosensors. 'The bacteria are
gamma-ray spectrometry developments, designed to emit light under defined
Dr. Gerald Matisoff of Case Western conditions; the light level is monitored and
Reserve University visited ESD regarding used in a feedback loop to maintain high
the establishment of capabilities in this bacterial activity.
area.

Specific biosensors were developed to
Two patent disclosure forms were filed by indicate toluene degradation (being used in
the Microbial Interactions Group during a Director's Fund project) and metabolism
the fiscal year. Rights to both were waived of organic mercury (transferred to EPA).
by DOE. The first patent form originated A constitutive light-emitting strain was
from work under a project on EDTA developed for studies of biofilrn formation
degradation funded by the DOE Office of (being used by The University of
Health and Environmental Research. lt Tennessee).
describes a process that includes the

14,9

_,l lull
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During the past several years, national
concern has focused on the ste_dily

Introduction decreasing number of college students who
choose careers in science and engineering.

S. _ Herbes DOE's response to these trends has been
, to underscore the importance of both

Since its inception ESD has developed and strengthening and supporting existing
maintained strong relationships with a prccollege science education curricula and
broad range of educational institutions, In to actively promote involvement of under..
addition to encouraging staff to develop represented minorities in career-track
collaborative research programs with science and engineering education

, university researchers, ibr more than two programs. In keeping with DOE's renewed
decades ESD has provided opportunities emphasis in these areas, ESD education
for student and faculty guests to participate programs during the past several years
in ongoing ESD research activities for have expanded research opportunities for
pcrtods varying from several weeks to high school students and teachers, as well
several years. The enthusiasm, expertise, as ['or minority students and faculty.
axedfresh insights of these guests provide a
continuing source of research creativity for In FY 1991 these initiatives have been
the benefit of research sponsors. In reflected in the continuing expansion of
return, participation in ongoing ESD the American Chemical Society High
research provides the education guests with School Study ("SEED") Program to provide
opportunities to apply their textbook summer-long research opportunities for
knowledge, expand their areas of expertise, high school students; the successful
and help solve environmental problems of completion in July 1991 of the [burth

: national significance, annual DOE High School Honors
Workshop in the Environmental Sciences;

Guests, ranging from high school students continuing commitment to provide
to university faculty, are appointed through opportunities for high school teachers to
a wide variety of programs administered by become involved in research; the increased
the ORNl. Office of Science Education activities of the division's Minority
and by Oak Ridge Associated Universities, Education Liaison and of other ESD staff

as well as through subcontracts with in developing, expanding, and ensuring
individual universities. The diversity of the high-quality research experiences for
programs provides flexibility in identifying minorities in ESD; and the continued
appointments for candidates with widely expansion of activities of the Ecological
varying educational levels, purposes, and and Physical Sciences Study Center, an
lengths of stay. ESD education programs ORNL Science Education Center operated
arc coordinated through the Education in coc_peration with the Oak Ridge Natural
Cc_mmittcc, whose role is to advise division Environmental Research Park.
management on questions of education
policy and to ensure that these programs
continue to provide exceptional
c,pportunities ['or student inw)lvement
while meeting ESD's programmatic
objectives.

151



152 EduaationAotlvttle=

hearings during which students role-played

Education Programs opposing factions,

Throughout the program,studentsalso
DOE High School itonors participated in seminarsarid special
Workshop in the Environmental programs at the Oak Ridge National
Sciences Environmental Research Park and at the

Great Smoky Mountains National Park.
J. A. Watts At the end of the workshop, ali the

students and research leaders were asked

DOE sponsors science education to evaluate the program. Students
workshops for exceptional high school unanimously agreed that their perceptions
students at seven national laboratories each of science had been positively changed or

summer. The workshop at ORNL focuses positively reinlbrced. Research leaders
on the environmental sciences. Fifty-nine typically felt that the program had
students from 48 states, the District of challenged and refreshed their own
Columbia, Puerto Rico, and 8 foreign perceptions of science,
countries participated in the 2-week
ORNL program in FY 1991. Of the

participants, 58% were female; in addition, Ecological and Physical Sciences
17% of the American students represented Study Centerethnic minorities,

T. L. Lashley and P. D. Parr
Each student was assigned to 1 of 17
research projects. These projects (led by The Ecological and Physical Sciences Study
40 scientists from ESD and the ORNL Center is a program of the ORNl., Science
Health and Safety Research Division) gave Education Center in cooperation with the
the students opportunities to conduct Oak Ridge National Environmental
hands-on research in such areas as Research Park. Now in its eighth year, the
geochemistt3,, environmental toxicology, center has grown rapidly as a precollege
conservation biology, molecular biology, science education program. From 125
botany, wildlilk;ecology, and soil physics, students in 1984, the study center has
The projects also provided them instruction grown to serve over 19,000 students and
in the use of large computerized models, teachers during the 1990-91 school year,
data bases, and geographical information Study center staff now include a director
systems. Members of each research group and eight instructors, ali of whom work on
prepared a written report and gave an oral a part-time basis under subcontract.
presentation to their peers.

The primary purpose of the study center is
In addition, students were placed in one of to enhance environmental and science
three groups, each working on a major education for precollege students
environmental theme: global climate (kindergarten through high school). Half-
change, chemical agent incineration, or day field or laboratot), activity units at the
contamination of water resources. The Oak Ridge National Environmental
theme groups (led by six staff members Research Park (mainly at the Freels Bend
from ESD and the ORNL Energy cabin area and the Graphite Reactor site)
Division) studied ali sides of the issue, and emphasize a hands.-on approach tolearning
their work culminated in a series of public
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about ecological relationships and physical high schools through the UEP Visiting
science concepts, Currently, 40 activity Scientist Pr(_gram.
units are offered. Objectives also include
furnishing informational and instructional

materials for teachers to use iradeveloping Minority Educational Institution
their own study units, providing special initiatives
presentations and programs for teachers
and the public, and adapting units so that H. L, Boston and M. S, Hendricks
disabled students can participate,

ESD efforts associated with minorities
have primarily addressed three areas:

Secondary School Science (1) increasing the participation of minority
Education Programs studentsin ESD education programs;

(2) encouraging minority faculty to
G. J. Haynes and S. E. Herbes collaborate with ESD researchers and to

participate in faculty research programs in
This year seven high school students ESD; and (3) providing opportunities for
participated in ESD research projects minority students at the undergraduate and
through the American Chemical Society's graduate levels to work with ESD
SEED program. The goal of SEED is to researchers, with the goal of eventually
encourage outstanding juniors and seniors recruiting some, of these students as Martin
to consider careers irl science and Marietta Energy Systems, Inc., employees.
mathematics by providing an 8- to 10-week The two tbcal areas for Minority
summer research experience. Although Educational Institution (MEI) activities
the students spend most of their time with have been Historically Black Colleges and
their research advisors, they also Universities (HBCUs) and Hispanic
participate in seminars, write papers, and educational institutions.
receive career guidance from the ORNL
University and Educational Programs As the newly appointed ESD Minority
(UEP) Office and ESD staff. The Education Liaison, M. S. Hendricks
hands-on research experience that the worked to actively facilitate
students gain can often motivate them to communications between ESD and the
pursue careers in science or mathematics. ORNL Minority Educational Institution

office, as well as to take a leading position
During the past several years, ORNL has in ESD's direct interaction with minority
initiated numerous programs to strengthen institutions, their faculty, and students.
science education on the secondary school The liaison acted as a contact point for
level by providing opportunities for minority applications for education pro-
teachers and students to participate directly grams and worked with the ESD education
in ORNL research projects. During coordinator to ensure that student and
summer 1991, six secondary school teachers faculty applications were circulated among
from Oklahoma, Tennessee, Texas, ESD staff. The recommendations of the
Washington, Wisconsin, and Spain worked ESD ad hoc committee for MEIs were
tbr 8 weeks in ESD through the Science implemented through an orientation
Teachers Research Involvement for Vital meeting that addressed the needs and
Education and the Teacher Research concerns of incoming minority students.
Associates programs. Several ESD staff M.S. Hcndricks kept in contact with
,dso contributed to area secondary science students placed in ESD and conducted
education by participating as speakers in informal exit interviews to ensure continual
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improvement in the experiences of future division staff to carry some of ESD's
students, successful approaches to a wider audience.

Joining these natk,_nwtde cfibrts not only
In FY 1991, ESD staff strengthened their providcs addltk)nal opportunities for ESD
ties with faculty at several MEIs through to tncrcase participation in its minority
continuing participation in the Urban educational programs but also contributes
League's Black Executive Exchange to ESD's broader efforts to improve
Program. A member of the ad hoc minority participation in science.
committee participated in a two-day
National Environmental Career A blanket subcontract with Knoxville
Conference organized by the CEIP fund, a College, a local HBCU, was continued to
nonprofit environmental interrtship allow students to work part-thne with
organization. The conference provided an rescarchcrs in ESD, Three students
opportunity to meet with hundreds of participated under this arrangement in
highly qualified minority students who have FY 1991, Although students'
nn interest in environmental careers. A responsibilities are to provide technical
number of students were Identified either support rather than to develop
as potential participants in ESD independent research projects, staff
educational programs or as potential advisors are expected to involve the
employees. Other students gained students in ongoing research activities as
guidance and encouragement to continue much as possible. This program is
their education, designed to encourage subsequent

participation in various ORNL education
Staff also took adwmtage of opportunities programs as well as to provide a unique
at large national meetings to strengthen opportunity for students to expand their
ties with MEI faculty. These ties are a career c_ptions through exposure to the
useful means for contacting and recruiting world of environmental research.
students for education programs and
employment opportunities. Because

students often are unaware of the many Undergraduate Education Program
opportunities available and hesitant to
venture into unfamiliar areas (such as G.J. Haynes
programs at national laboratories), first-
hand knowledge of a faculty member is Several ORNL and ORAU programs for
important to potential applicants. These undergraduate student participation in
faculty ties also provide a means of ESD research and assessment projects
disseminating information about research provide a continuing opportunity fgr
c_pportunities at ORNL and encouraging interaction between students and staff. In
collaborative research between ESD staff FY 1991 a total of 42 undergracluates,

' and faculty at MEIs. representing 24 different institutions,
participated in divisional research activities.

During FY 1991, ESD staff actively moved
to promote the full participation of Highly qualified undergraduates are
minorities in science outside the division sclccted from colleges and universities
through participation in special committees throughout the United States (see table)
of large national scientific organizations on the basis of academic performance,
(e.g., the Ecological Society of America's rcfer_'nces, future research interests, and
Committee for Women and Minorities in availability of appropriate positions in
Science). These outside activities allow ESD. Students are assigned to ESD

advisors, who guide them through a
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summer- or semester-long experiment or projects, Student research is guided by
project assbctated with one of the ESD selected ESD staff members, one of whom
programs. The research experience is serves on the student's university academic;
supplemented through seminars, guidance committee. Tuition, fees, and
workshops, oral and poster presentations, stipends for some of the graduate students
course work, and preparation of a research are provided through DOE educational
paper. Participants also become familiar assistance programs administered through
with sophisticated, state-of-the-art scientific ORAU and UEP. Many students are
research equipment. Students gain supportedthrough ESD programmatic
experience that can lead to success in funds, _nci several are self-supported,
graduate studies and to an expanded
understanding of career opportunities in In addition to students in residence, ESD
environmental research, programs support graduate research at

many of the universities with which
subcontractual arrangements are

Graduate and Postgraduate maintained (see the section of this report
Education Programs entitled "Research and Development

Subcontracts and Interagency
S. E. tterbcs Agreements").

ESD provides the opportunity for graduate

and postdoctoral research consistent with Faculty Program
the mission of ORNL. During FY 1991, a
total of 38 students participated in S.E. Herbes
graduate research in ESD (see table).
While maintaining the traditionally strong ESD prcwides opportunities for
participation of The University of professional educators to participate in
Tennessee Graduate Program in Ecology, collaborative research with division staff.
ESD hosted graduate students from 14 During this reporting period, 11 university
other universities. In addition, faculty participated in summer or sabbatical
16 postdoctoral interns and 2 Hollaender research at ESD through the ORAU
Fellows pursued research studies as part of Faculty Research Participation and
division prograrns, sabbatical programs. In addition, many

faculty members visited ESD for

Graduate research opportunities wiry in workshops, seminars, or subcontract
length, from internships of several months' consultations.
duration to multiyear Ph.D. dissertation
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Unh,crrdtlcsmudsctx_daryschoolsrcpre.scntcdby l.Lql) guestsduring the period
Octtdx_rii, !990, throughseptember.':_0,1.991

Students , Faculty

Institution, Postdoctoral
tllgh Under. Graduate al)pointers lIIgh College/ Pr°grama
schtml graduate school university

Arizona Slate Llnlverslty 1 LIP

Austin.Eastl llgh _hool (Tcnne_ec) I _I'I(IVE

BostonUniversity l LIP

Carleton College i PIP

CarnegieMellonInstllute 2 Practlcum

Chahnen University of TechnoloD' I Practlcum
(Sweden)

Clinton lllghSchool(Tennessee) I SEED

ColoradoStateUniversity ! Practlcum

Cornell University 2 SRI, Sub

DartmouthCollege I Praclleum

D_ltlson Llnlversity 1 FSP

Duke University 1 t'RTP

_dham College I OLCAJACM

l_atTennesseeState1,3nlverslty 2 SRI

FultonlllghSchevol(Tennessee) 2 SEIJD

llarvardCollege l SRI

l iehrew University (Israel,) ' l Sub

llerltage I[lgh School(Tennessee) I SEED

Indiana University 1 1 1 Sub, PII',
PRTP

Irving Middle School (Oklahoma) 1 TRAP

Joseph Janlsch l[Igh Sch_xql 1 TRAP
(Washington)

Karns I ltgh School(Tennessee) 1 SEED

Kenyon College 1 SRP

Knoxville College 1 Sub

l.oulstana State University 1 I'RTP

Mausfiehl High ._:hool ('['exas) 1 TRAP

Massachusetts Institute of Technology 1 LOP

Michigan Technological University I FLU['

Mlam! University (Ohio) I 1 Sub, PR'I'P

Middle 'I'enne,xseeState University 1 SRI

Mount Vernon College 1 St(P

Murray State University 1 (.ISRI'

Notre Dame University I PIP

Ohio Ilnlverslty I SRP

Oregon State University 1 PI,UI'P
t

l'ennsylvanla State tJniver.,slty 1 1 OI(SI!ICS, Sub
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Univcrsitics and sccondary schools rcprc,','_ntcd by ESD gucsts during thc pcriod

October 1, 1990, through Scptcmbcr _), 1991 (continucd)

Students Faculty
h'stitution Postdoctoral

High Under- Graduate appointees High CoHeget Pr°grama
school graduate school university

Purdue University 1 GSRP

Roane Stats C.ommunity College 12 Sub

St. Olaf College 1 GLCA/ACM

Stanford University 1 Hollaender

State University of New York--Albany 1 PRTP

Southwest Missouri State University 1 SRP

Syracuse University 2 ORSERS, SRI

Torrejor High School (Spain) 1 TRAP

University Fed. Rio de Janeiro (Brazil) 1 PRTP

University of Arizona 1 Practicum

University of Arkansas I ttollaendcr

University of C,difornia--Davis 1 PR'IV

University of Chicago 1 FRP

University of Florida 1 Practicum

University of Georgia 1 3 PIP,
Itollaender,
Practicum

University of Illinois 1 LIP

University of Iowa 1 SRP

University of Michigan 1 1 Sub, FRP

University of Mississippi 1 FRP

University of New Hampshire 1 PIP

University of North Carolina 1 LIP

University of Puerto Rico 1 ORSERS

University of Puerto Rico ttigh School 2 SEED

University of Rochester 1 PR'lT

University of South Carolina 1 SRI

University of Tennessee-f,2hattanooga I PIP

University of Tennessee I 17b 9 1 PR'IT, GSRP,
Sub, PIP,
LIP

University of Washington 1 PRTP

University of Wisconsin-Stevens Point 1 ORSEILS

University of Wyoming 1 Practicum

Universidad del Turabo (Puerto Rico) 1 FRP

Vanderbilt University 2 Sub,
Practicu m

Virgini:, Polytechnic Institute 2 1 SRI, PR'FP

Virginia State University 1 FRP
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Universities and secondary schools rcprt._ntcd by F3.SDguests during the pcrkxl
Octolx:r 1, 1990, through September 30, 1991 (continuexl)

Students Faculty
Postdoctoral

Institution High Under- Graduate appointees ltigh £bllege/ Pr°grama
school graduate school university

Washington State University I ORSERS

Wisconsin Dells High School 1 TRAP
(Wisconsin)

Yale University 1 SRI

Total 7 42 37 25 6 I1

aFRP = Faculty Research Program; FSP -- Faculty Sabbalical Program; GLCA,/ACM = Great Lakes Colleges Association/Associated
C JIleges of the Midwest; GSRP -- Graduate Student Research Participation Program; Hollaender - Alexander l{ollaender Postdoctoral
Fellowship Program; LGP = Laboratory Graduate Program; LIP = Legal Internship Program; ORSERS = Undergraduate Oak Ridge
Science and Engineering Research Semester Program; PIP = Professional Internship Program; PRTP -- Postgraduate Research Training

• ' Program; SEED = American Chemical Society High School Study Pl_ogram;SRI = Summer Research Internship; SRP = Undergraduate
Sitmmer Research Program; SVI'RIVE = Science Teachers Research Involvement for Vital FMucation; Sub = subcontract to ESD from

uaj,,ersity; TRAP = Teacher Research Associate Program.
"Program/department affiliations: ecology, 4; environmental practice, 1; environmental toxicology, 4; law, 1; microbiology, 1; nuclear

engineering. I; plant and soil science, 2; fisheriesAvildlife, 2; zoology, 1.
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V. R. Tolbort and A. U. Sheard

ESD strongly supports the Martin Marietta establish a Science Semester
Energy Systems, Inc., Equal Employment program for the university.
Opportunity program and the ORNL
Affirmative Action program. The division - An ad hoc Adopt-a-School
has made conscientious efforts to ensure education committee was formed to

job equality for ali employees regardless assist in exposing minority children
of race, color, religion, sex, or national to the environmental sciences and to
origin. In addition, ESD ha_. taken develop their interests in science.
steps to expand employment opportunities As a result of this effort, at least
for minorities, women, and the disabled, nine SEED Program applications
During FY 1991, ESD continued were submitted by minority students
to support affirmative action principles to the University Relations office.
in four main areas: recruiting and hiring, Six minority SEED students worked
promc}tions, career development, in ESD during the summer.
and education programs. ESD has
continued to build upon the groundwork - ESD continues to be active in the
laid in the past and to expand efforts to Center for Environmental Intern
identify and recruit minority staff for Programs minority job fair and was a
positions throughout the division. ESD contributing sponsor of the fair in
has encouraged personal development San Diego. A minority staff
opportunities for minorities, women, and member was a recruiter at the job
the disabled. The following summarizes fair. The division has contacted a

,_ ESD's progress in affirmative action during number of individuals identified
this reporting period, from the job fair for potential jobs

within ESD.
• ESD has a sincere commitment

-

_= to develop closer relationships with • ESD continues to have a strong
: minority educational institutions commitment to increasing opportunities

(MEIs). These relationships allow for disabled individuals.
m identification and development of

potential minority employees and offer - A deaf employee was offered
opportunities for subcontract another job within the division
interactions and the further where her job skills could be
development of MEI capabilities, better utilized. Telecommunication

Device for the Deaf (TDD) phones
- The Division Director visited were moved to her work area and to

Virginia State University to discuss the areas of staff with whom she
possibilities fol future collaboration would need to communicate. A
between the university and ESD. A vibrating pager was purchased for
minority female, head of the her use, and safety warning lights

_ Gcology Department, worked with were installed where needed to
Earth Sciences Division staff this accommodate hor move.
summer and is working with ESD to

- 159
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- Hearing-impaired employees hosted ESD foiwarded to staffing for
a group of high school students who employment opportunities at
are taking sign language as a second ORNL

language for a tour of their working
environment. • ESD has promoted affirmative action

objectives by extending to its employees

• Female professional staff members further opportunities for professional
continue to be actively involved as development and skills training.
officers and members of the

local chapter of the Association for - Female professional staff members
Women in Science (AWIS). ESD attended a variety of national and
female staff were the recipients of the international conferences and
Outstanding Scientific Achievement and workshops and were involved in
the Outstanding AWIS Service awards training opportunities as either
for 1(Y91. The division recognized the leaders or participants.

award recipients with a luncheon with
the Dir'ector of the Laboratory. - A minority secretary graduated with

an associate business science degree

- An ESD female staff member in computer sciences; she has been

served as the technical program promoted to section secretary.
chairman for the AWIS National Another minority female graduated

Conference in June in Washington, with a master's degree in business
D.C.; another female staff member administration. Division

also participated, management actively pursued
employment opportunities outside

• The division has pursued affirmative the division for the minority female
action efforts through hiring and earning the master's degree to
staffing during the year. provide her an opportunity for

career advancement.

- ESD has recruited professional
females and minorities during the - An administrative secretary in the

year. A minority female was hired division took a 10-month assignment
as a Wigner Fellow. A minority with the DOE Office of
female has been offered a position Environmental Restoration and
in the Earth Sciences Section. Waste Management, Technical

Support Division, in Germantown,

- ESD hired a minority female as a Maryland, for expanded job
subcontractor, experience.

- ESD actively recruited a rmmber of - A female staff member was chair of
minority secretarial candidates for the Technical Program for WATTec
potential job openings in the for 1991. She is also secretary of
division and the Laboratory and the WATTcc Board of Directors.

hired a minority secretary.
- ESD managers attended a cultural

- An ESD minority female diversity workshop.
participating in the Black 'Executive
Exchange Program identified two • ESD has taken steps to include more
minority females whose resumes women and minorities in the various
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training and educational programs that The division has maintained
are open to visiting students, faculty, contact with these students and is
and scientists. These efforts will encouraging them to return next
help ESD develop additional potential summer. Three students from
employees from these groups. Knoxville College have also been

working at ORNL as a result of ESD
- ESD hosted the 2-week DOE staff involvement with the college.

National High School Honors Efforts are under way to establish a
Workshop in Environmental formalized program between ESD and
Sciences, which enabled outstanding Knoxville College and to establish an
high school students from each of internship program.
the 50 states and from several
foreign countries to learn more - Division management has
about science and to participate in established a relationship with a
hands-on research efforts while company that will identify interns,
visiting ESD. A female was chair of particularly minority interns, who are
this program, and 11 minority eligible to participate in division
students participated in the programs°
program.

- A minority female completed her
- Six minority SEED, Professional Ph.D. under the direction of ESD

Internship Program, or Student staff.
Participation in Research students
worked in ESD during the summer.
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T. A. Boden

J. D. Marsh
A. V. Palurnbo
M. J. Sale
M. G. Turner

During the past year the ESD Seminar Lake Experiments: Population,
Committee and Chairman coordinated a Community, and Ecosystem Responses."
diverse program of guest speakers (listed
here) to inform ESD staff and other R.D. Holt, Museum of Natural History,
interested members of the local scientific University of Kansas, Lawrence.
community about topics of general interest "Conservation Implications of Top
in the environmental sciences. The Predator Removal: A Theoretical
Seminar Committee relies largely on Perspective."
suggestions from ESD staff members
concerning the selection of outstanding K. Gottschalk, U.S. Forest Service,
speakers. University of West Virginia, Morgantown.

"Gypsy Moth: An Ecological Perspective
W. C. Oechel, Department of Biology, and Some Current Research Initiatives in
San Diego State University, La Jolla, Eastern Forests."
California. "Effects of Global Change on
Carbon Storage in Arctic Ecosystems." T.E. Lovejoy, Smithsonian Institution,

Washington, D.C. "The Minimum Critical
D. O. Hall, King's College, University of Size of the Ecosystems Project."
London, London, England. "Biomass Fuel
and/or Carbon Sequestering?" S.P. Hubbell, Department of Ecology and

Evolutionary Biology, Princeton University,
J. H. Gibbons, Office of Technology Princeton, New Jersey. "The Current
A_;sessment, U. S. Congress, Washington, Status of the National Institute of the
D.C. "OTA as an Experiment in Environment."
Governance."

S. R. Carpenter, Center for Limnology,
University of Wisconsin, Madison. "Whole
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G. J. Haynes

During FY 1991 a total of 1576 persons graduates on Saturday educational tours
visited the ESD facilities as part of tour hosted by Public Relations. Tlm diversity
groups. This number includes the groups of visitors reflects interest in the many
listed in the table below as well as an addi- areas of environmental res_earch conducted
tional 126 persons, many of whom were in the division.
high school students and university under-

Tour groups hosted from October 1, 1990, through September 30, 1991

Number

Institution" Date in tour ESD host(s)

Capt. J. R. Masion and guests 10L_,l/90 5 A, J, Stewart

OI/NI., and UT students 11/01/90 5 G, J, Ilaynes

UT student researchers 11/05/90 5 G, J. Haynes

U.S.S.R, Ali-Union Research Institute 11/06_ 5 G. J, Haynes, R, J. Norby, J, W, Ranney

Bryan College deans 11/09/90 5 C.J. Ford, C. R. Wenzel, N, T, Edwards

American Chemical Society students 11/12/90 10 C, R. Wenzel

Collegedale Academy students 11/15/90 48 N, T, Edwards, E. G. O'Neill

Greater Knoxville Research Network 11/16/90 13 A.J. Stewart

Christian Academy chemistry and 11/20/90 50 C.R. Wenzel
physics cla_

Science Technology Executive 1lfr/90 30 P, J. I lanson
Seminar Center

Values Committee quarterly meeting 12/07/90 25 I1, Boston

Energy Systems, J, J. DeNapolt 12/10/90 1 G.J. llaynes

Portsmouth visitors 12/13/90 3 G.J. Ilaynes

Gak Ridge Science and Engineering 1/07/91 30 R.J. Norby
Research

Ol(Al.l Science Minlmester 1/15/91 20 M, S. Adams

ORAU Science IVllnimester 1/176)1 20 M.S. Adams

: I)OE interns 2/04/91 15 II, Boston

Pellissippi State Community College 2/11/91 14 II. Boston, K. T. Wilson
deans

I)OE new employee orientation 2/13/91 40 C, R. Wenzel

z
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Tour groups h_tcd from October 1, 1990, through September .30, 1_)1 (¢x)ntinued)

Number

Institution" Date In tour ESD ho.st(s)

DOE new employees 2/12/91 40 R. J, Norby

National Speech Competition 2/21/91 12 M, S, Adams

Junior Science Symposium 3/01/90 25 C. J, Ford, C, R, Wenzel

Elder Ilostel group 3/06/91 30 C. R, Wenzel

tlerltage School 3/07/91 11 C, R, Wenzel

Leadership Oak Ridge 3/12/91 44 II, Boston, C, R, Wenzel

Leadership Oak Ridge 3/12/91 44 Ii. Boston, W, A. McNabb

French Trade Commission 3/18/91 22 G, J. Haynes

Farragut Science Ilonor Society 3/20/91. 25 M. S, Adams

I,'errum College 3/21/91 10 A.J. Stewart

Dr, David Harry and associates 3/25/91 13 P, J. Hanson, J. W. Ranney,
G, A. Tuskan

University of North Carolina 3/26/91 8 J, D, Josltn
physics students

Fletcher Academy 3/28/91 10 A.J. Stewart

Association for Women In Science 4/12/91 26 G. J, ltaynes

ORNL new employees tour 4/22/91 25 C. R, Wenzel

ORNL new employees tour 4/25/91 25 C. R, Wenzel

Puerto Rican visitors 5/07/91 6 R. I, Van Hook

Darlington School 5/21/91 50 bl, T. Edwards, W.A. McNabb,
Ii.. J, Norby

Darlington School 5/21/91 50 N. T, Edwards, C. Ii',.Wem'.el

Middle Tennc,,_ee State University 5/23/91 17 I1, Boston, C. R, Wenzel

Environmental problems class 5/23/91 17 II, Bostorh C. R, We_el

ORAU Science Minimester 5/28/91 12 G.J. llaynes, C. R. Wenzel

ORAU Science Mlntmester 5/29/91 25 11. Boston, C. R. Wenzel

Ruby Prlns and students 6/05/91 16 P.J. Mulholland, A, J. Stewart

Dick Swaja and students 6/10/91 6 G.J. I laynes

Lue Volk and guests 6/12/91 18 G. J, l laynes

NSF/Francis Marion College 6/27,,91 30 P.J. Hanson

NSF/F.nhancement Workshop 6/26/91 47 C, R. Wenzel
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Tour groups hosted from October 1, 1990, through September 10, 1991. (continued)

Number
Institutiona Date tn tour ESD host(s)

French.American Environmental 7109/91 4 G, J, Haynes
Foundation

UT Science Alliance 7/11/91 28 G. J, Haynes

DOE ttlgh School Honors Program 7/15/91 60 G, J, ltaynes, A. Stetnman, G, Tuskan
students

DOE.Headquarters, Andy Wallo 7/15/91 4 A.J. Stewart

UT Math Department 7/17/91 14 G.J. Haynes

Environmental Restoration 7/17/91 20 H. Boston
Advisory Group

Western Kentucky University 7/18/91 20 C, A. Gunderson, T, Tschapllnskl

ORNL staff 7/'22/91 10 S. D, Wullschleger

OI;tAU student research participants 7/24/91 20 G.J. Haynes

Accounting interns 7/25/91 15 G.J. Haynes

DOE engineering interns 7/29/91 20 G.J. Haynes

Energy Systems co-op students 7/31/91 35 J.D. Joslln

Appalachian Honors Workshop 7/31/91 42 J.H. Cushman, G, J. Haynes,
W. A, McNabb, A. J. Stewart

Energy Systems co-op students 8/06/91 35 S.M. Adams

STRIVE and TRAP programs 8/07/91 55 G.J. Haynes, R, Evans

Executive Seminar Center 8/08/91 30 R.J. Norby

DOE and DOD visitors 8/30/91 2 R. Evans

Tokyo Power and Tokyo University 9/13/91 4 H. Boston, R. I. Van Hook

Dr. Bruce Serltn 9/16/91 1 N.T. Edwards, G. J. Haynes,
P. J. Mulholland, A. T. Palumbo

DOE new employees 9/19/19 40 R.J. Norby

Total 1467

"DOD = U.S. Department of Defense; DOE = U.S. Department of Energy; Energy Systems = Martin
Marietta Energy Systems, Inc.; NSF = National Sctenc'e Foundation; ORAU = Oak Ridge A_oclated
Universities; ORNL = Oak Ridge Nattona! Laboratory; STRIVE = Stir'rice Teachers Research Involvement
for Vital Education; TRAP = Teacher Research As,soctate Program; UT = The University of Tennessee.
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During the past year, ESD staff members Short,Ckmrse on Populations and Fax_sys-
actively participated in numerous terns, Swedish Agricultural University,
conferences, Listed below are conferences Uppsala, Sweden, April 1_)1. Organizer:
organized or chaired by members of the DeAngelis, D. L.
division.

Dense Non-Aqueous Phase Liquid Work-
17th Annual Aquatic Toxicity Worksholr-.- shop, DOE, Atlanta, Georgia, July 1991.
Bioindicators, Government of Canada, Chairman and organizer: Early, T, O.
Vancouver, British Columbia, Canada,
November 1990. Chairman and organizer: Symposium for Annual Meetings of the
Adams, S.M. Etx_logical Society of America, San

Antonio, Texas, August 1991. Chairman
Third Topical Meeting on Emergency and organizer: Gardner, R. H.
Preparedness and Response,
American Nuclear Society, Chicago, Remote Sensing and DOE Research Parks,
Illinois, .April 1991. Chairman and DOE, Oak Ridge, Termessee, June 1991.
organizer: Baes, C. F., III Chairman and co.organizer:

Graham, R. L.
Workshop on Ecologic,al Risk Assessment,
National Research Council, Airlie, 23rd Annual Air Pollution Workshop,
Virginia, February-March 1_)1, Chairman .California Department of Food and
and organizer: Barnthouse, L.W. Agriculture, EPRI, Southern California

Edison, Lake Arrowhead, California,
Biofuels Energy Conferenee, Biofuels April 1991. Chairman: Hanson, P. J.
Feedstock Development Program and IEA
Biocnergy Task V, Davis, California, Symlx_siumon Terranes in the
Scptcmbcr !991. Chairman: Appalachian/Caledonia Orogen, Geological
Cushman, J.H. Society of America, Baltimore, Maryland,

April 1991. Chairman anadorganizer:
Workshop on Natural Resource Ec,onom- Hatcher, R. D., Jr.
its, U.S. Agency for International Develop-
mcnt and Partners in Education for ten Women in Science, ORNL and ORAU,
visiting Brazilian scientists, Oak Ridge, Oak Ridge, Tenncssce, April 1991.
Tenncssce, September 1991. Chairman: Organizcr: Haynes, G. J.
Dale, V. H.

BIOMOVS--Bk_sphcric Model Validation
U.S. Japanc.'se Collaborative Research Study, Swedish National Institute for
Workshop, National Science Radiation Protection, Stockholm, Sweden,
Foundation--Japan Society for Promotion October 1990. Chairman: Hoffman, F. O.
of Science, Oak Ridge, Tennessee,

- September 1991. Organizer: International Symtx_siumon the Biologic.al
DcAngelis, D.L. Aspects of the Chernobyl Accident,

U.S.S.R. Academy of Sciences, Zeleny
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Mys, Ukraine, U.S.S,R., September ]9cX), E,_logleal Physiology of Conifers, IUFRO,
Chairman: Hoffman, F.O. Abakan, U.S.S,R., August 1991. Chalrnum:

Luxmoore, R. J.
Validation of Assc,_ment Model Predic-
tions/Multiple Pathways AnalysL,_,Interna- Ckmcepts in Manipulations of Groundwater
tional Atomic Energy, Vienna, Austria, Ck_lloidsh_r Environmental Rt_toration,
December 1990. Chairman and organizer: DOE, Mant¢o, North Carolina,
Hoffman, F.O. October 1990. Chairman und organizer:

McCarthy, J. F,
Fourth Tennessee Water Rt.,'sourees
Symtx_sium, ORNL and Environmental Tran.w_t Workshop II, DOE OHER, I.,as
Restoratkm Program, _mxville, Cruces, New Mexico, March 1991. Chair-
Tennessee, September 1991. Organizer', man and organizer: O'Neill, R. V.
Huff, D. D.

NATO Advanced Study Institute on Global
Symposium: Regional Fazologi't_alRisk Carbon Cycle, NATO, I1 Ciocco, Italy,
Asst,-ssn_ent,International Association of September 1991. Chairman: Peng, T.-H.
Landscape Ecology World Congress,
International Association of Landscape Annual Conference of the American
Ecology, Ottawa, Canada, July 1991. S_mietyof Civil Engineers, ASCE Water
Chairman and organizer: Hunsaker, C.T. Resources Planning and Management

Division, New Orleans, Louisiana,
FinestInternational Conference/Workshop May 1991. Chairman: Railsback, S. F.
on Integrating, National Center for
Geographic Intbrmation and Analysis, Fourth Tenne.s.see Water Resourc.es
Boulder, Colorado, September 1991. Symlxxsium, Tennessee Section, American
Chairman and organizer: Hunsaker, C.T. Water Resources Association, Knoxville,

Tennessee, September 1991. Chairman:
63rd Annual Water Pollution Control Sale, M. J.
Federation Conference, GIS and
Environmental Modeling, Washington, NATO Advanced R_ch Workshop on
D.C., October 1990. Chairman and Biomarkers, NATO, USEPA, Procter und
organizer: ttunsaker, C.T. Gamble, and Green Pence, Texel, '/'he

Netherlands, May I_1. Organizer:
International Symposium on Ecological Shugart, k P,.
Indicators, U.S. EPA, Fort Lauderdale,
Florida, October 1990. Chairman and "Ilaird Meeting of the International Task
organizer: Hunsaker, C.T. Force on the Application of the Principles

of Environmental Impact Assc.'ssment to
Second Annual Walker Branch Watershed Policies, Phms, and Programs, EPA,
Research Symposium, DOE OILER, Oak Washington, D.C., April 1991. Chairman
Ridge National Laboratory, March 1991. and organizer: Sigal, L. L.
Chairman and organizer: Huston, M. A.

Prc.-sident's Ck_uncilon Environmental
t_A Contributed Papers on Remote Quality (CEQ)/EPA Workshop on
Sensing, Ecological Society of America, CERCLA and NEPA at Federal Sites,
San Antonio, Texas, August 1991. CEQ/EPA, Washington, D.C., July 1_)1.
Chairman and organizer: Huston, M.A. Facilitators: Sigal, L. L.; Webb, J. We;

Schramm, W. E.; and Smith, E. D.
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NEPA Integration: Eff_tive, Efficient Marker-Aided Selection Workshop,
' Environmental Compliance in the 199_, Biofuels Feedstock Development Program

President's Council on Enviromnental and Weycrhaeuscr, Gatlinburg, Tennessee,
Quality, Alexandria, Virginia, March l CZ)l, June 1991, Chairman and organizer:
Stcerlng committee: Stgal, L.L. Tuskan, O. A.

Fourth Meeting of the International 21st Southern Forest Tree Improvement
Task Force on the Application of the Conference, Southern Forest 'Free
Principles of Environmental Impact Improvement Committee, Knoxville,
Assc.-_smentto Policies, Plans, and Tennessee, June 1991. Organizer:
Programs, EPA, Geneva, Switzerland, Tuskan, G. A.
August 1991. Co-chairs: Sigal, L.L., '
and Webb, J.W. Tcchnologi_ for a Grc_nhouse-Con-

strained Society, DOE, Oak Ridge,
WATl_ee, Knoxville, Tennessee, February Tennessee, June 1991. Planning
1991. Chairman: Sigmon, C.F. committee: Van Hook, R, I.

Ck_mmissionon tlydrogeology of Hazard- Symposium on Individual-Based Approach
otis Waste, International Association of to Fish Population Dynamics: Theory,
Hydrogcologists, Hannover, Germany, May Proet_ Studies, and Modeling Approaches,
1991. Chairman: Stow, S.H. American Fisheries Society, San Antonio,

Texas, September 1991. Chairman and
International Symposium on High-Level organizer: Van Winkle, W. W.
Waste Disposal, DOE American Nuclear
Society, Las Vegas, Nevada, April 1991. Meeting the Challengt_ of the 21st
Organizer: Stow, S.H. Century, Association for Women in

Science, Washington, D,C., June 1991.
Chesapeake Bay Ecological Risk Assc.'_- Chairman and organizer: Watts, J. A,
ment Workshop, EPA and Chesapeake
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metabolites in animal tissues final report. Sigal, L. L., and G. F. Cada. 1991.
ORNL/M-1336. NEPA compliance auditing. Environ.

Professional 13(2):174-77.
S_egrist, R.L. 1990. Development and
implementation of soil quality and cleanup Sigal, L. L., and A. N. Miller. 1991.
criteria for contaminated sites. In International environmental impact
Proceedings of the Third International assessment. Abs'tract. p. 40. Collection
KfK/TNO Conference on Contaminated of Abstracts. For 1991 Conference of the
Soils, Karlruhe, FRG. Kluwer Publishers, National Association of Environmental
Dordrecht, The Netherlands. Professionals, National Association of

Environmental Professionals, Alexandria,
Siegrist, R.L. 1990. International review Virginia.
of approaches for establishing cleanup
goals for hazardous waste contaminated Sigmon, C.F. 1991. Checklists for
land. Abstracts. In Proceedings of Multi- evaluating compliance with selected
Stakeholder Contaminated Sites environmental regulations applicable to
Consultation Workshop sponsored by Federal Building No, 8. ORNL/M-1428.
Canadian Council of Ministers of the
Environment, Toronto, November 1990. Sigmon, C.F. 1991. Environmental

Compliance Auditing Workshop:
Siegrist, R.L. 1990. Methods Evaluating Compliance with Selected
development for sampling contaminated Portions of the Resource Conservation and
soils and sediments for volatile organic Recovery Act (RCRA) Training Materials
compound measurement. Abstract. In used in Workshop Course in
Proceedings of the Third International Environmental Laws and Regulations,
KfK/I'NO conference on Contaminated [,as Vegas, April 10-12, 1991.
Soils, Karlruhe, FRG. Kluwer Publishers,
Dordrecht, The Netherlands. Sigmon, C. F., R. A. Barringer,

R. D. Coleman, and G. K. Eddleman.
Siegrist, R.L. 1991. Volatile organic 1991. Environmental compliance
compound measurements in contaminated assessment of Federal Building No. 8.
soils: State of practice, methods ORNL/M-1438.
development and implications tbr site
remediation. J. Hazard. Mater. 28(1). Sigmon, C. F., I. Berger, J. Castro,

R. Coleman, J. Garland, R. Jolley, and
Siegrist, R. L., N. E. Korte, B. Hyder. 1991. Environmental
D. A, Pickering, and T. J. Phelps. compliance assessment and management
1991. Site characterization and on-site program report. ORNL/TM-1604.
biotrcatability studies for bioremediation U.S. Air Force Tactical Air Command,
technology demonstration at U.S. Army Davis-Monthan AFB, Arizona.
Kwajalcin Atoll (USAKA). ORNL/TM-
11894. Sigmon, C. F., R. D. Coleman, R. L. Jolley,

S. Railsback, B. K. Schafer, M. Chini,
Siegrist, R. L., N. E. Korte, M. McGee, R. Ward, S. McCoy, H. Carter,
D. A. Pickering, and T. J. Phelps. 1991. and G. Morrison. 1991. Preliminary
Preliminary characterization of the power findings, environmental compliance
plant burn pit on Roi-Namur Island, assessment and management program "-
Kwajalein Atoll, Republic of the Marshall (EC,4MP) report, August 9-13, 1991, Shaw
Islands. ORNL/M-1821. AFB, South Carolina. ORNL/M-1777.
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Smith, E. P,, lC. W. Pontasch, and Speece, M. A., T. O. Early, J. Switek,
J. Cairns, Jr. 1990. Community similarity J.A. Hanson, and R. T. Williams. 1991.
and the analysis of multispecies Shallow high resolution seismic reflection
environmental data: A unified statistical studies near the Paducah Gaseous
approach. Water Res. 24:507-14. Diffusion Plant. Paducah Gaseous

Diffusion Plant, Paducah, Kentucky.
Smith, J. G., J. A. Williams, and
A. W. McWhorter. 1991. Evaluation of Stam, A. C., S. B. McLaughlin, and
sphaeriid clam (Sphaerium fabale) natality J.F. McCormick. 1990. Effects of acidic
as an indicator of water quality. Abstract. precipitation on the soil chemistry and
Bull. North Am. Benthol. Soc. 8(1):116. bioavailability of aluminum, manganese, _

and copper. ORNL/TM-11569.
Solomon, D. K., and E. A. Sudizky. 1991.
Tritium and helium-3 isotope ratios for Steele, L. P., and P. M. Lang. 1991.

direct estimation spatial variations in Atmospheric methane concentrations--The
groundwater recharge. Water Resour. NOAA/CMDL global cooperative flask
Res. 27(9):2309-19. sampling network, 1983,1988.

ORNL/CDIAC-42.
Solomon, D. K., E. A. Sudizky, and
R. J. Poreda. 1991. Effects of dispersion Steinman, A. D. 1990. A functional-form
on 3H/aHe ages in shallow aquifer, model for lotic algae. Bull. North Am.
p. 1299. Eos--Transactions. American Benthol. Soc. 7:93.
Geophysical Union, Washington.

Steinman, A.D. 1991. Effects of
Solomon, D. K., J. D. Marsh, I. L. Larsen, herbivore size and hunger level on
D. S. Wickliff, and R. B. Clapp. 1991. periphyton communities. J. Phycol.
Tra'lsp0rt of contaminants during storms in 27:544-59.
the White Oak Creek and Melton Branch

Watersheds. ORNL/TM-11360. Steinman, A. D., and A. F. Parker. 1990.
Influence of substrate conditioning on

Solomon, D. K., R. J. Poreda, periphytic growth in a heterotrophic
E. A. Sudizky, S. Schiff, and J. A. Cherry. woodland stream. J. North Am. Benthol
1990. Tritium and tritiogenic helium-3 as Soc. 9:170-79.
indicators of travel times and dispersion in
shallow aquifers. TAMEP-18. Transport Steinman, A. D., and H. L. Boston. 1991.
and Mass Exchange Processes in Sand and Photosynthetic characteristics of lotic
Gravcl Aquifers, AECL Research, Chalk bryophytes. Bull. North Am. Benthol. Soc.
River, Ontario. 8(1 ):59.

Southworth, G. R. 1990. PCB Steinman, A. D., P. J. Mulholland,
concentrations in stream sunfish (Lepomis A.V. Palumbo, T. F. Flum, and
auritus and L. macrochirus) in relation to D.L. DeAngelis. 1991. Resistance of
proximity to chr_nic point sources. Water
Air Soil Pollut. 51:287-96.

Spalding, B.P. 1991. Evaluation of
1985-1986 corrective actions at ORNL
Liquid Waste Disposal Trench 7.
ORNL/TM- 11793.
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lotic ecosystems to a light elimination Surer, G. W., II, 1990. Uncertainty in
disturbance. Ecology 72(4): 1299-1313. environmental risk assessment, pp. 203.-30.

In Acting Under Uncertainty:
Steurer, P. M., and T. R. Karl. 1991. Multidisciplinary Conceptions. Kluwer
Historical sunshine and cloud data in the Academic Publishers, Norwell,
United States. ORNL/CDIAC-43. Massachusetts,

Stewart, A.J. 1990. A field guide to Suter, G. W., II. 1990. Seven-day tests
ambiguities in ambient toxicity testing, and chronic tests--Letter to the Editor.
p. 110. In Proceedings of the llth Annual Environ. Toxicol. Chem. 9:1435-36. "
Meeting of the Society of Environmental
Toxicology and Chemistry, Arlington, Suter, G.W., II. 1990. Use of Biomarkers
Virginia, November 11-15, 1990. in Ecological Risk Assessment.

pp. 419-26. In J. F. McCarthy and
Stewart, A. J. 1991. Issues in "Toxicity." L.R. Shugart (eds.), Biomarkers of
Assoc. Ecosystem Res. Centers News Environmental Contamination. Lewis
5(1):3. Publishers, Ann Arbor, Michigan.

Stewart, A. J., W. R. Hilll R. D. Bailey, Suter, G. W., II. 1991. Estimating the
and K. D. Ham. 1991. Chlorine dynamics risE,; of contaminants to populations of
and toxicity in an industrially impacted aquatic animals, p. 25. Abstract. For
stream, p. 115. Abstracts. For Bull. EPA Workshop on Recommendations for
North Am. Benthol. Soc,, North American Revising the National Water Quality
Benthologicai Society, Littleton, Colorado. Criteria Guidelines, ASCI Corporation,

McLean, Virginia.
Stow, S. H., and K. S. Johnson. 1990.
Environmental impacts associated with Suter, G. W., II. 1991. Rapid chronic
deep-well disposal, pp. 77-86. In tests as surrogates for life-cycle tests.
P. E. LaMoreaux and J. Urba (eds.), p. 7. Abstracts. For EPA Workshop on
Hydrogeol0gy and Management of Recommendations for Revising the
Hazardous Waste by Deep-Well Disposal. National Water Quality Criteria
Hcise-Verlag, Hannover, Germany. Guidelines, ASCI Corporation, McLean,

Virginia.
Stow, S. H., and V. Kolaja. 1990.
Geologic and hydrologic criteria for design Suter, G. W., II. 1991. Screening level
of a deep-well disposal system, pp. 21-37. risk assessment for off-site ecological
In P. E. LaMoreaux and J. Urba (eds.), effects in surface waters downstream for
Hydrogeology and Management of the U.S. DOE Oak Ridge Reservation.
Hazardous Waste by Deep-Well Disposal. GRNL/ER-8.
Heise-Verlag, Hanover, Germany.

Surer, G. W., II., and L. W. Barnthouse.
Stow, S. H., and T. L. Ashwood. 1991. 1990. Population risk assessments based
High schooi science students: What can on toxicity testing, pp. 13-16. In
they tell us about science education? E.C. Krome (cd.), Chesapeake Bay
Abstract. For the American Association Ambient Toxicity Testing Workshop.
for the Advancement of Science, CBP/TRS 42/90. U. S. Environmental
Washington, D.C. Protection Agency, Washington, D.C.
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Suter, G. W., II, S. W. Christensen,and EastFork PoplarCreek. Abstract. Bull.
Y. I. Jager. 1990. Fitting N. Am BentholoSoc.7(2):117.
exposureresponse models to tests of
acidification effects on fish. p. 202. Toran, L. E. 1991. Complex geology,
Abstracts. For Global Environmental complex models. Grand Challenge News,
Issues: Ch'Alenges of the 90s, Society of'_ Vol. 2.
Environmental Toxicology and Chemistry,
Washington, D.C. Toran, L. E., D. K. Solomon,

W. M. McMaster, and C. M. Morrissey.
Talmage, S. S., and B. T. Walton. 1991. Matrix diffusion as a mechanism to
1991. Small mammalsas monitors of explain recent tritium and old 14Cin
environmeatal contaminants. Rev. groundwater fi:om fractured sedimentary
Environ. Contain. Toxicol. 119:47-145. rock. Abstract. p. 111. For American

Geophysical Union Spring Meeting, '
Taylor, G. E., Jr., N. T. Edwards, Baltimore.
M. B. Adams, A. L. Friend, R. E. Dickson,
T. Grizzard, C. A. Gunderson, Toran, L. E., D. K. Solomon,
E. G. O'Neill, J. A. McEvets, and W.M. McMaster, and C. M. Morrissey.
P. T. Tomlinson. 1.991. Influence of 1991. Uncertainties in C-14 dating in
ozone, acidic precipitation and soil fractured sedimeatary rock on the
magnesium status on the physiology and Oak Ridge Reservation. Abstract. For
growth of Pinus taeda L. under field Tennessee Water Resources Symposium,
conditions. RP-2799-2. Desert Research Knoxville, Tennessee.
Institute, Reno, Nevada.

Trabalka, J. R. 1991. Effects due to
Timmins, S., and J. Chason. 1991. chronic exposure, pp. 9-28. In
1989 Walker Branch watershed surveying W.L. Templeton and B. G. Blaylock
and mapping including a guide to (eds.), Effects of Ionizing Radiation on
coordinate transformation procedures. Aquatic Organisms (NCRP Report 109).
ORNL/TM-11779. National Council oa Radiation Protection

and Measurernents, Bethesda, Maryland.
Tolbert, V. R. 1990. Use of an aquatic
spill model in the EIS process to predict Trabalka, J. R., and S. I. Auerbach. 1990.
impacts from destruction of chemical nerve A western pe_rspective of the 1957 Soviet
agents. Bull. North Am. Benthol. Soc. nuclear accide.nt, p. 2. Book of
7:141. Abstracts. For Seminar on Comparative

Assessment of the Environmental Impact
Tolbert, V. R. 1991. Generic of Radionuclides Released During
environments impact statement for license Three Major Nuclear Accidents:
renewal of nuclear plants, R. B. McLean Kyshtym, Windscale, and Chernobyl,
(ed.). NUREG-_'!437. U.S. Nuclear October 1-5, 1990, Luxembourg.
Regulatory Commission, Office of Nuclear Commission of the European
Regulatory, Washington, D.C. Communities,. Luxembourg.

Tolbert, V. R., H. J. Eckman, and Trabalka, J. R., and S. I. Auerbach. 1991.
J. G. Smith. 1991. Effects of differences One western perspective of the 195'7
in temperature and water quality on the Soviet nuclear accident, pp. 41-70. In
distribution of hydropsyche depravata in Proceedings of Seminar on Comparative
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Assessment of the Environmental Impact An introduction, pp. 3-14. In
of Radionuclides Released During Three M.G. Turner and R. H. Gardner (eds.), '
Major Nuclear Accidents: Kyshtym, Quantitative Methods in Landscape
Windscale, and Chernobyl, October 1-5, Ecology. The Analysis and Interpretation
1990, Luxembourg. Commission of the of Landscape Heterogeneity, Ecological
European Communities, Luxembourg. Studies Series. Springer-Verlag,

New York.

Tsai, S.-C., J. S. Mattice, J. R. Trabalka,
M. B. Burch, and K. B. Packard. 1990. Turner, M. G., and R. H. Gardner (eds.).
Chlorine sensitivity of early life stages of 1991. Quantitative Methods in Landscape

freshwater fish. Vol. 6, pp. 479-89. In Ecology. Springer-Verlag, New York.
Proceedings of the 6th Conference on
Water Chlorination, Oak Ridge, Turner, M. G., W. H. Romme, and
Tennessee, May 3-8, 1987. Lewis L.L. Wallace. 1990. Simulation of winter
Publishers, Chelsea, Michigan. foraging by large ungulates in a

heterogeneous landscape, pp..349-50. In
Tschaplinski, T.J. 1991. Drought Book of Abstracts, 75th Annuual Meeting
resistance of Popuhts deltoides Bartr. cv. of the Ecological Society of America,
Siouxland. p. 7. In Proceedings of Snowbird, Utah, July 29-August 2, 199().
Southern Biomass Conference, Baton

Rouge, I.ouisiana, January 7-11, 1991. Turner, R. R., M. A. Bogle, L. L. Heidel
and L. M. McCain. 1991. Mercury in

Tschaplinski, T. J., and R. J. Norby. 1991. ambient air at the Oak Ridge Y-12
Physiological indicators of nitrogen Plant, July 1986 through December 1990.
response in short rotation sycamore Y/TS-574. Oak Ridge Y-12 l_lant,
plantations. I. CO 2 assimilation, Oak Ridge, Tennessee.
photosynthetic pigments, and soluble

carbohydrates. Physiol. Plant. 82:117-26. Turner, R. S., C. C. Rrandt,
D. D. Schmoyer, and P. _. Ryan. 1990.

Tschaplinski, T. J., D. W. Johnson, Regional forest soil "sensitivity," revisited.
R. J. Norby, and D. E. Todd. 1991. Agron. Abst. 341.
Biomass and soil nitrogen relationships
of a one-year-old sycamore plantation. Turner, S. J., R. V. O'Neill, W. Conley,
Soil Sci. Soc. Am. J. 55:841-47. M.R. Conley, and H. C. Humphries.

1991. Pattern and scale: Statistics for

Tschaplinski, T. J., D. B. Stewart, landscape ecology, pp. 17-49o In
P. J. Hanson, and R. J. Norby. 1991. M.G. Turner and R. H. Gardner (eds.),
Osmotic adjustment in five tree species Quantitative Methods in Landscape
under elevated CO 2 and water stress. Ecology. The Analysis and Interpretation
Abstract. For Plant Physiology Suppl. of Landscape Heterogeneity, Ecological
96:(1)106. Study Series. Springer-Verlag, New York.

Turhollow, A. F., J. H. Cushman, and Tuskan, G. A., and L. L. Wright. 1990.
J. W. Johnston. 1990. Herbaceous energy Can prairie forestry benefit from

crops program: Armual progress report for biotechnology? Vol. 132, pp. 41-45. In
FY 1988. ORNL-6639. Proceedings of the 43rd Great Plains

Agricultural Council Forestry Committee,
Turner, M. G., and R. H. Gardner. 1990. Colorado Springs, Colorado, June 14, 1990.

Quantitative methods in landscape ecology:
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Tuskan, G. A., and lC Laughlin. 1991. sites in the Great Smoky Mountains
Windbreak species performance and National Park, p. 42. Proceedings of the
management practices as reported by First Annual Conference on Southern
Montana and North Dakota landowners. Appalachian Man and the Biosphere
J. Soil Water Conserv. 46(3):225-28. Conference, Tennessee Valley Authority,

Knoxville, Tennessee.
Van Miegroet, H. 1991. Is acid deposition
a problem in the Southeast? Book review Von Damm, K. L., J. M. Grebmeier,
of D. Binkley, C. T. Driscoll, H. L. Allen, I.L. Larsen, and C. R. Olsen. 1990.
P. Schoeneberger, and D. McAvoy (eds.), Identification of sediment sources and
Acid Deposition and Forest Soils: Content short-term sediment remobilization in
and Case Studies of the Southeastern U.S. the Savannah River estuary using 7Be,
Ecology. Ecology 72(5):1909-10. 137Cs,and 21°Pb. p. 1391. For Eos-

Transactions, Anlerican Geophysical
Van Miegroet, H., D. W. Johnson, and Union, Washington, D.C.
D. W. Cole. 1990. Soil nitrification as
affected by N fertility and changes in forest W_lton, B. T., and A. M. Hoylman. 1991.
floor C,_4ratio in four forest soils. Can. J. Uptake, translocation, and biochemical
For. Res. 20:1012-19. transformations of polycyclic aromatic
Van Miegroet, H., D. W. Johnson, and hydrocarbons by vegetation.
D. E. Todd. 1990. Soil solution chemistry ORNL/M-1691.
in spruce-fir forest at differeat elevations
in the Great Smoky Mountains. Abstract. Webb, O. F., T. J. Phelps,
p. 531. In Conference Abstracts of the ?. R. Bienkowski, P. M. DiGrazia,
Interr',ational Conference on Acidic G.D. Reed, J. M. H. King, D. C. White,
Deposition: Its Nature and Impact, and G. S. Sayler. 1991. Development of a
Glasgow, Scotland, Sept. 16-21, 1990, differential volu,l,_ reactor system for soil
Royal Society of Edinburgh. biodegradation systems. Appl. Biochem.

Biotechnol. 22/23:5-19.
Van Miegroet, H., D. W. Johnson, and
D. E. Todd. 1990. Spruce nutrition in Wesolowski, D. J., R. D. Hatcher, Jr.,
the Great Smoky Mountains--Testing the D.R. Cole, R. T. Williams, T. C. Labotka,
Ca-Mg deficiency hypothesis. Abstract. R.J. Bodnar, R. P. Philip, and
p. 341. Agron. Abstr. American Society of R.N. Anderson. 1990. COSPLUM
Agronomy, Madison: Wisconsin. (Crystalline overthrust structures on the

platform localizing unconventional
Van Miegroet, H, H. L. Boston, and methans): A proposed 3-km CSDP drilling
D. W. Johnson. 1991. The role of Iand project in the eastern Blue Ridge Province
application of municipal sludge in short of the southern Appalachian overthrust
rotation woody biomass production, belt. p. 197. In Geological Society of
p. VI.A.5. In Book of Abstracts, Southern Amc,ica, Abstracts with Programs (Annual
Biomass Conference, Baton Rouge, Meeting). Geological Society of America,
Louisiana, Jal,_uary8-10, 1991. Louisiana Boulder, Colorado.
Department of Agriculture and Forestry,
Publishers. West, D. C., and T. G Jett. 1.oF)0.

Oak Ridge Reservation environmental
Van Miegroet, H., D. W. Johnson, report for 1989, Volume 1: Narrative,
D. E. Todd, and J. D. Goodlaxson. 1990. summary, and conclusions. ES/ESH-13/V1.
Nitrogen dynamics in high-elevation spruce
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West, D. C., and T. G. Jett. 1990. Wickliff, D. S., D. K. Solomon, and
Paducah Gaseous Diffusion Plant , N.D. Farrow. 1991. Preliminary
environmental report for 1989. investigation oi' processes that affect
ES/ESH-13/V3. source term identification. ORNL/ER-59.

West, D. C., and R. L. Grant. 1990. Wilson, G. V., P. M. Jardine,
Portsmouth Gaseous Diffusion Plant R.J. Luxmoore, L. W. Zelazny,
environmental report for 1989. D.A. Lietzke and D. E. Todd. 1991.
ES_SH..13/V4. Hydrogeochemical processes controlliag

subsurface transport in inorganic solutes
West, D. C., S. T. Goodpasture, from an upper hillslope of Walker Branch
C. W. Kimbrough, and M. F. Tardtff. Watershed during storm events, Part 1.
1990. Oak Ridge Reservation J. ttydrol. 123:296-316.
environmental report for 1989, Volume 2:
Data presentation. ES/ESH-13/V2. Wilson, G. V., P. M. Jardine,

: R.J. Luxmoore, L. W. Zelazny,
Whicker, F. W., H. Grogen, U. Bergstrom, D.A. Lietzke and D. E. Todd. 1991.
and F. O. Hoffman. 1990. BIOMOVS Hydrogeochemical processes controlling
Scenarios B-8: The relative impc rance of subsurface transport in inorganic solutes
ingestion of multiple pathway dose from an upper hillslope of Walker Branch
assessments, pp. 333-51. In Watershed during storm events, Part 2.
BIOMOVS-- On the Validity of J. Hydrol. 123:317-36.
Environmental Transfer Models. National
Institute of Radiation Protection, Winen:iller, K. O., and W. Van Winkle.
Stockholm, October 1990. 1991. Life history theory as a comparative

framework for the individual-based
White, D. C., D. B. Ringelberg, approach to fish population dynamics.
J. B. Guckert, and T. J. Phelps. 1990. p. 72. Abstracts. For the Annual Meeting
Biochemical markers for in situ microbial of the American Fisheries Society,

: community structure, pp. 4-45--4-56. In San Antonio, Texas, September 1991.
: Proceedings of the 1st International

Symposium on The Microbiology of the Wolfe, M. H. and J. D. Joslin. 1990.
Deep Subsurface, Orlando, Florida, Nutrient inputs and foliar leaching in two
January 15-19, 1990. WSRE Information red spruce stands along a cloudwater
Service, Aiken, South Carolina. deposition gradient. Abstract. p. 341.

Agron. Abstr. American Society of
White, T. W. 1991. The global coastal Agronomy, Madison, Wisconsin.
hazard data base created from multiple
polygon coverages in ARC/InFO. Wright, L. L. 1990. Commercialization o17
Abstract. For llth Annual Environmental short-rotation intensive culture tree

Systems Research Institute User production in North America. pp. 309-28.
Conference Proceedings, Environmental In Proceedings of the 13th Symposium on
Systems Research Institute, Palm Springs, Energy from Biomass and Wastes,
California. New Orleans, February 13-17, 1989.

Institute of Gas Technology.
Wickliff, D. S., C. M. Morrissey, and
T. L. Ashwood. 1991. Active sites Wright, L. L. 1991. Biomass energy crop
environmental monitoring program: Mid- development. ?_,stract. p. 151. In
FY 1990 summary report. ORNL/M-1179.
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Proceedings of the 17th Pacific Sciences simulation model of winter foraging by
Congress, University of Hawaii, HonoluJu, large ungulates. Abstract. Bull. Ecol. Soc.
May 27-June 2, 1991. Am. Suppl. 72(2):296.

Wright, L. L. 1991. Development of Wullschleger, S. D., and D. M. Oosterhuis.
biontass energy crops. Abstract. For 1990. Photosynthetic carbon production
American Association for the and use by developing cotton leaves and
Advancement of Science Annual Meeting, bolls. Crop Sci. 30:1259-64.
American Association for the

Advancement of Science, Washington, Wullschleger, S. D., and D. M. Oosterhuis.
D.C. 1991. Osmotic adjustment and the growth

response of seven vegetable crops
Wright, L. L. 1991. The economic following water-deficit stress. HortScience
viability of short rotation woody crops. 26:1210-12.
pp. H-1 to H-5. Appendix H, Biomass.
National Academy of Sciences, Policy Wullschleger, S. D., P. J. Hanson, and
Implications of Greenhouse Warming. R.F. Sage. 1991. Educational software
Report of the Mitigation Panel, National illustrating gas-exchange processes in
Academy Press, Washington, D.C. plants. Abstract. Plant Physiol. Suppl.

96:46.
Wright, L. L. 1991. Role of new wood
energy crops in mitigation of fossil CO 2 Wullsch!eger, S. D., R. J. Norby, and
emissions, pp. 87-112. In Proceedings of D.L. Hendrix. 1991. Dark respiration
1990 Conference on Biomass for Utility and carbohydrate status of two forest
Applications, Tampa, Florida, October species grown in elevated carbon dioxide.
23-25, 1990. Electric Power Research Abstract. Plant Physiol. 96:100.
Institute, Palo Alto, Californin.

Yell G.IT., and V. S. Tripathi. 1990.
Wright, L. Lo 1991. Woody and HYDROGEOCHEM: A coupled model
herbaceous energy crops. Abstract. of HYDROlogic transport and
p. 151. In 17th Pacific Science Congress GEOCHEMical equilibria in reactive
Abstracts, University of Hawaii, Honolulu. multicomponent systems. ORNL-6371.

Wright, L. L., and J. H. Cushman. 1991. Zelazny, L. W., P. M. Jardine,
Development of biomass energy crops. G.V. Wilson, D. A. Lietzke, and
p. 6. News Release of American R.J. Luxmoore. 1990. Aluminum
Association for the Advancement of solubility and mineral weathering in a
Science, Washington, D.C., February 15, forested watershed during rainstorm
1991. events. Abstract. p. 354° Agron. Abstr.

American Society of Agronomy, Madison,
Wu, Y., M. G. Turner, W. H. Romme, and Wisconsin.
L. L. Wallace. 1991. A landscape
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ESD staff cleared the following with the Environmental Toxicology and Chemistry,
ORNL Laboratory Records Department Arlington, Virginia, November.
for presentation during FY 1991.

Anderson, T. A., and B. T. Walton. 1991.
Adam,, S. M. 1990. "Biological Indicators "Fate of 14C-Trichloroethylene in Soil-Plant
of Toxicity Stress." 17th Annual Aquatic Systems." National Meeting of the
Toxicology Workshop, Vancouver, British American Chemical Society, New York,
Columbia, Canada, November. August.

Adams, S. M., W. D. Crumby, Ashwood, T. L., D. Wickliff,
M. S. Greeley, and L. R. Shugart. C.M. Morrissey, and H. L. Adair. 1990.
1991. "Use and Application of "Active Sites Monitoring at Oak Ridge
Bioindicators for Addressing Issues of National Laboratoly." Spectrum '90,
Concern to the Forest Products Industry." Knoxville, Tennessee, October.
National Council of the Paper Industry for
Air and Stream Improvement, 1991 Bats, C. F., III. 1990. "The Safe Drinking
Southern Regional Meeting, Charleston, Water Act." DOE Workshop (4-Day),
South Carolina, June. Chicago, October; Augusta, Georgia,

November; Germantown, Maryland,
Adams, S. M., and D. L. DeAngelis. 1991. December.
"In,_.ermediateFood..Chain Regulations by
Prey: A Working Hypothesis." Annual Baes, C. F., III. 1990. "The Clean Water
Meeting of the American Fisheries Society, Act." DOE Workshop (4-Day), Chicago,
San Antonio, Texas, September. October; Augusta, Georgia, November;

Gcrmantown, Maryland, December.
Adams, S. M., and M. S. Greeley. 1990.
"Direct and Indirect Mechanisms of Bats, C. F., III. 1990. "Comprehensive
Chronic Stress on Fish Populations." Environmental Response, Compensation,
17th Annual Aquatic Toxicology and Liability Act (CERCLA)." DOE
Workshop, Vancouver, British Columbia, Workshop (4-day), Chicago, October;
Canada, November. Augusta, Georgia, November;

Germantown, Maryland, December.
Adams, S. M., M. S. Greeley, and
L. R. Shugart_ 1991. "Responses of Fish Baes, C. F., III. 1991. "'l__eSafe Drinking
to Pollutant Stress: Evaluating the Water Act." DOE Workshop (4-Day),
Relative Importance of Direct and Indirect Idaho Falls, Idaho, February; Oak Ridge,
Mechanisms." Sixth International Tennessee, July.
Symposium on Responses of Marine
Organisms to Pollutants, Woods Hole, Baes, C. F., III. 1991. "The Safe Drinking
Massachusetts, April. Water Act." DOE Training (2-day),

Gaithersburg, Maryland, April; St. Louis,
Anderson, T. A., and B. T. Walton. 1990. June; Denver, July.
"Enhanced Mineralization of 14C-

Trichloroethylcne in the Rhizosphere of a Baes, C. F., III. 1991. "The Clean Water
Legume from a Contaminated Field Site." Act." DOE Training (2-day), Gaithcrsburg,
llth Annual Meeting, Society of

207



208' Presentations

Maryland, April; St. I.x_uis, June; Denver, Cultures for Use ill TCE Degradation
July. Studies." 91st Annut_l Meeting, American
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Baes, C. F., III. 1_)1. "The Clean Water

Act." DOE Workshop (4-Day), Idaho Borders, D. M., R. B. Clapp,
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New Mexico, August. and A. T. Bednarek. 1991. "Surface
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Environmental Rcsponse, Compensation, Radionuclides in Sewage Sludge Applied to
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Barker, A. A., W. R. Hill, and Brandt, C. C., K. A. Rose, R. B. Cook,
A. J. Stewart. 1991. "Death by Gravel: A K.C. Dearstonc, A. L. Brenkcrt, and
Mechanistic Study of Flood-Related C.R. Olsen. 1991. "Patterns of Sediment
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Snail (Elimia)." Meeting of the North Based on 137Cesium." Fourth Tennessee
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Meeting, Santa Fe, New Mexico, May. Tennessee, September.

Barnthouse, L. W., D. L. DeAngelis, and Brenkcrt, A. L., R. B. Cook, K. A. Rose,
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Environmental Toxicology and Chcrnistry, Water Resources Symposium, Knoxville,
Arlington, Virginia, November. Tcnnessce, September.
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Meeting, American Society for Cowan, J. H., Jr., K. A. Rose, and
M;crobiology, Dallas, May. E.D. Houde. 1991. "Size-Specific

Vulnerability of Fish Larvae to Theoretical
Burns, T. P. 1991. "Ascendancy, Predators: An Individual-Based Numerical
Fittedness and a Hierarchical Model of Experiment." Annual Meeting of the
Ecosystem Development," International American Fisheries Society, San Antonio,
Society for Ecological Modelling Annual Texas, September.
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Cada, G. F. 1991. "Effects of M.S. Greeley, Jr., and M. G. Ryon. 1991.
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1991. "Use of a Fish Bioenergetics Model in DOE's Biofuels Research." Biofuels
to Evaluate Effects of Dissolved Oxygen Energy Conference, Davis, California,
Mitigation at Norris Dam." Fourth Annual September.
Tennessee Water Resources Symposium,
Knoxville, Tennessee, September. Cushman, J. H. 1991. "New Directions in
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Clapp, R. B., D. M. Borders, M. F. Tardiff, Developing Forages for Fuel." Southern
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Cook, R. B., B. L. Kimmel, and Management and Urban Water Resources,
F. O. Hoffman. 1991. "Environmental New Orleans, May.
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Technical Conference, Knoxville, and R. Frohn. 1991. "Simulating Spatial
Tennessee, February. Patterns and Socio-Economic and Ecologic
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Effects of Land Use Change in Rondbnia, DeAngelis, D.L. 1991. "Mathematics: A
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Society of America, Symposium on Understanding of Ecological Systems?"
Theoretical Approaches for Predicting Annual Meeting of the German Ecological
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Meeting of the American Fisheries Society, to Enhanced UV-B Radiation under Field
San Antonio, Texas, September. Conditions." Annual American Institute of
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Biological Sciences Meeting, San Antonio, Foreman, J. L., K. R. Walker, L. J. Weber,
Texas, August. S.G. Driese, and R, B. Dreier. 1991.

"Slope and Basinal Carbonate Deposition
Farrell, M. P., and P. Kanciruk. 1991. in the Nolichueky Shale (Upper
"Global Data Bases: Problems and Issues." Cambrian), East Tennessee: Effect of

tL International Association of Meteorology Carbonate Suppression by Siliciclastic
and Atmospheric Physics Workshop on Deposition on Basin-Margin Morphology."
Climatic Effects of Atmospheric Trace Core Workshop on Mixed Carbonate-
Const!tuents, Vienna, August. Siliciclastic Sequences, Dallas, April.

Flamm, R. O., M. G. Turner, and Francis, C. W., and B. P. Spalding. 1991.
R. G. Lee. 1991. "Land-Use Patterns: "In Situ Grouting of Low-Level Burial
Implications for Long-Term Sustainable Trenches with a Cement-based Grout."
Development and Environmental Vitality, Environmental Remediation '91, Pasco,
Two Conceptual Models." World Congress Washington, September.
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Franklin, M. J., D. C. White, and
Fontaine, T. A. 1990. "Raingage Network H.S. Issacs. 1990. "Effect of Bacterial
Characteristics and Runoff Model Error, Biofilms on Carbon Steel Pit Propagation
Symposium on Urban Hydrology and In Phosphate Containing Medium."
Drainage Issues." American Water International Congress on MicrobiaUy
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Denver, Nowzmber.

Franklin, M. J., J. B. Guckert, D. C. White,
Fontaine, T.A. 1991. "Modeling Extreme and H. S. Issacs. 1991. "Spatial and
Rainfall Runoff Events." American Water Temporal Relationships Between Localized
Resources Association Annual Conference, Microbial Metabolic Activity and
New Orleans, September. Electrochemical Activity of Steel."

Meeting of National Association of
Fontaine, T.A. 1991. "Transport of Corrosion Engineers, Cincinnati, March.
Contaminated Sediment During Floods in
White Oak Creek near Oak Ridge, Friend, A. L., P. T. Tomlinson,
Tennessee." Fourth Tennessee Water E.G. O'Neill, N. T. Edwards, and
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Tennessee, September. Composition of Loblolly Pine Treated with
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American Geophysical Union Spring
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Foreman, J. L. 1991. "Water-Rock Uncertainty Analysis."
Ini.eraction in the Nolichucky Shale (Upper Symposium/Workshop on Validity of
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Vein Calcites." Sigma X Graduate Student

Paper, 2ontest, The University of Garland, S. B., II, G. R. Peyton, and
Tennessee, Knoxville, February. L.E. Rice. 1990. "Evaluation of
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Advanced Oxidation Process for Treatment Walker Branch Watershed Research
of Groundwater." 63rd Annual Symposium, Oak Ridge, Tennessee, March.
Conference, Water Pollution Control
Federation, Washington, D.C., October. Graham, R. L. 1991. "Linking Forestry to
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Garten, C. T., Jr., P. J. Hanson, Greenhouse Gas Emissions." Conference
P.J. Mulholland, and H. Van Miegroet. on Forests and Global Change, Arlington,
1990. "Nitrogen-15 Abundance in a Forest Virginia, June.
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N Cycling." Southern Appalachian Man Graham, R. L. 1991. "Short-Rotation
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Carbon Dioxide Emissions." Southern
Gehrs, C. W., J. M. Loar, A. J. Stewart, Regional Meeting of National Council ova
J. F. McCarthy, L. R. Shugart, and Air and Stream Improvement, Charleston,
S. M. Adams. 1990. "Biological North Carolina, June.
Monitoring Related to Demonstration of
Waste Remediation." Symposium on Greeley, M. S., Jr., S. M. Adams, R. Epler,
Environmental Biotechnology: From the P. Pack, S. Sharp, and E. Tan. "Mixed
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October. for Pollutant Exposure: Effects of

Reproductive Status and Gender."
Gornitz, V., T. W. White, and llth Annual Meeting, Society of
R. M. Cushman. 1991. "Vulnerability of Environmental Toxicology and Chemistry,
the U.S. to Future Sea Level Rise." Arlington, Virginia, November.
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July. Greeley, M. S., Jr., A. M. Perez,

C. G. Hull, and M. G. Ryon. 1991. "Use
Graham, R. L. 1991. "A Spatially Explicit of a Fish Embryo-Larval Test to Evaluate
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States." International Associate for Effluents." Sixth International Symposium
Landscape Ecology Conference, Ottawa, on Responses of Marine Organisms to
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April.
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Program at Oak Ridge National Gunderson, C. A., and R. J. Norby. 1991.
Laboratory." EPA Research Laboratory, "Photosynthetic Responses of Yellow-
Corvallis, Oregon, February. Poplar and White Oak to Long-Term

Atmospheric CO2 Enrichment in the
Graham, R. L. 1991. "Classifying Forest Field." American Society of Plant
Productivity at Different Scales." Physiologists--Annual Meeting,
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P. M. Jardine. "Modeling Subsurface Flow
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Gwo, J. P., G.-T. Yeh, P. M. Jardine, and Meeting of the American Society of
G. V. Wilson. 1991. "A Multi-Region Agronomy, San Antonio, Texas_ October.
Approach to Modeling Subsurface
Transport." National Spring Meeting of Hanson, P. J., M, A. Huston, D. E. Todd,
tile American Geophysical Union, D.F. Grigai, R. A. Goldstein,
Baltimore, May. W, F. Harris, G. S. Henderson, and

D. W. Johnson. 1991. "Changing Tree
Haase, C. S., W. M. McMaster, S. H. Stow, Growth in an Oak-Hickory Forest: The
and R. D. Hatcher. 1991. "An Integrated Wet 1970s Versus the Dry 1980s."
Hydrologic and Geologic Study to Support International Symposium: Physiology and
Monitoring Compliance and Environmental Determil,,ation of Crop Yield, GainesviUe,
Restoration Activities at Oak Ridge." Florida, June.
Waste Management '91, Tucson, Arizona,

March. Harrington, B. 1991. "Hydrological Data
Analysis with a Geographical Information

Haase, C, S., S. H. Stow, and Systern." Fourth Tennessee Water
K, L. Von Damm. 1991. "The Disposal of Resources Symposium, Knoxville,
Liquid Low-Level Radioactive Wastes by Tennessee, September.
Underground Injection at the U.S. DOE's

ORNL." Spring Meeting of the Americ_m Hatchet', R. D., Jt., J. A. Austin, Jr,,
Geophysical Union, Special Session on P, R. Stoffa, J. K. Costain, J. Coruh,
Hydrological and Hydrochemical Aspects A.C. Johnston, D. S. Sawyer, and
of Deep Underground Injection of D.T. Secor. 1,_)0. "Southern Appalachian
Hazardous Wastes, Baltimore, May. Crustal Section (SACS)." Annual Meeting

of the Geological Society of America,
Haibrook, R. S., L. R. Shugart, Dallas, November.
S. M. Adams, and J. M. Loar. 1991.

"Review of Several Studies Associated with Haynes, G.J. 1991. "Undergraduate
a Biological Monitoring and Abatement Research Opportunities at the Oak Ridge
Program." 18th Annual Toxicity Workshop National Laboratory." North American
on Ecological Perspectives on Aquatic Benthological Society Annual Meeting,
Toxicology, Ottawa, September-October. Santa Fe, New Mexico, May.

Halbrook, R. S., J. M. Loar, S. M. Adams, rtemenway, A., Y. Weber, R. M. Reed,
M. C, Black, H. L. Boston, A. J. Gatz, and J. T. Stone, Jr. 1991. "Environmental
M. S. Greeley, Jr., W. R. Hill, Analysis of Clean Coal Technologies."
R. L. Hinzman, J. F. McCarthy, Coal in the Environment '91, London,
M. G. Ryon, E. M. Schilling, J. G. Smith, April.
G. R. Southworth, and A. J. Stewart.

1991. "Tennessee's East Fork Poplar Hill, W. R., and M. G. Ryon. 1991.
Creek: A Biological Monitoring and "Light-Lirnited Grazer Growth in a
Abatement Program." 18th Annual Tennessee Stream." North American

Aquatic Toxicity Workshop, Ottawa, Benthological Society Annual Meeting,
Canada, September." Santa Fe, New Mexico, May.

Hanson, P. J., D. S. Ramer, N. T. Edwards, Hill, W. R., H. L. Boston, and
and T. J. Tschaplinski. 1990. "Contrasting A.D. Stcinman. 1991. "Grazing Snails
Impacts of UV-B Radiation on Crop and Depress Chlorophyll-Specific Production in
Tree Species: Leaf Physiology." Annual Periphyton." North American
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Benthological Society Annual Meeting, Huff, D. D. 1989. "Status of Site
Santa Fe, New Mexico, May, Characterization at Oak Ridge." DOE

Environmental Biotechnology Group,
Hinzman, R. L., T. D. Richardson, and Berkeley, Calitbrnia, December.
A. J, Stewart. 1991. "Effects of
Suspended Solids on the Feeding Rate of a Huff, D. D,, and C. S. Haase. 1990.
l.x_ticSnail," Annual Meeting of the North "Groundwater Monitoring Challenges on
American Benthoiogical Society, Santa Fe, the Oak Ridge Reservation." DOE/EPA
New Mexico, May. WOrkshop on Methods for Siting

Groundwater Monitoring Wells, Las Vegas,
Hoffman, F. O. 1990. "Conclusions of December.
BIOMOVS Phase I: BIOMOVS on the

Validity of Environmental Transfer Itunsaker, C.T. 19_. "AssessingRisk of
Models." National Institute of Radiation Ecological Disturbance." Ecology and
Protection, Stockholm, October. Planning: The Landscape Dimension,

Sacramento, California, October,
Hoffman, F. O. 1991. "The Use of
Chernobyl Fallout Data to Test Modcl Hunsaker, C.T. 1990. "Ecological
Predictions of the Transfer of 131I and 137Cs Indicators for the Environmental
from the Atmosphere Through Agricultural Monitoring and Assessment Program,"
Food Chains." Third Topical Meeting on Association of Ecological Research
Ernergzncy Preparedness and Response, Centers, Washington, D.C., November.
American Nuclear Society, Chicago, April.

Hunsaker, C.T. 1990. "Ecosystem
Hoffman, F. O., B. G. Blaylock, and Assessment Methods for Cumulative
J. R. Trabalka. 1991. "Historical Overview Effects at the Regional Scale." Ecology
of Releases to the Environment of and Planning: The Landscape Dimension,
Radioactive Materials and Other Sacramento, California, October.
Contaminants from the Oak Ridge
Facilities." State of Tennessee, Hunsaker, C. T., R. V. O'Neill,
lIcpartment of Health, Nashville, D.A. Levine, S. P. Timmins, and
September. B.L. Jackson. 1991. "Proof of Concept

Research on Landscape Characterization."
Holdren, G. R., Jr., T. C. Strickland, Ecological Society of America Meeting,
P. L. Ringold, B. Rosenbaum, and San Antonio, Texas, July.
R. S. Turner. 1990. "Sensitivity of the
Critical-I.x_ad-Sctting Process to Model Hunsaker, C. T., and R. V. O'Neill. 1991.
Selection and Rcgionalization Schemes." "Landscape Characterization for Regional
Task Force on Mapping, Working Group Ecological Risk Asscssment," International
on Abatement Strategies, UN-ECE, Association of Landscape Ecology World
Geneva, November. Congress, Ottawa, July.

Horwcdc!, J. E., S. F. Railsback, apa Hunsaker, C. T., D. A. Levine,
Ii. I. Jagcz'. 1991. "Automated Sensitivity S.P. Timmins, B. L. Jackson, and
Analysis fc)rFORTRAN Models." Water R.V. O'Neill. 19_1. 'T,andscape
Rcsottrce Planning and Management _nd Characterization tbr Assessing Regional
Urban Watcr Resources, 1Sth Annual Water Quality." International Symposium
Confcrcnce and Symposium,, New Orleans, on Ecological Indicators, Fort Laudcrdale,
May. lqorid_, October.
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Hunsaker, C. T., D. E, Carpenter, and Jardine, P. M., G. V. Wilson,
M. C. Fabrizio. 1991. "Indicators and J.F. McCarthy, R. J. Luxmoore,
Integration: Weaving the Fabric of P.A. Taylor, and L. W. Zelazry. 1990.
Regional Assessment." 76th Annual "Hydrogeochemical Processes Controlling i_.
Meeting of the Ecological Society of the Transport of Dissolved Organic Carbon ( _
America, San Antonio, Texas, August. Through a Forested Hillslope." American

Society of Agronomy National Meeting,
Hunsaker, C. T., R. A. Nisbet, D. Lam, San Antonio, Texas, October.
J. A. Browder, M. G. Turner, W. L. Baker, r

and D. B. Botkin. 1991. "Spatial Models Kay, D. P., and T. J. Tschaplinski. 1991.
of Ecological Systems and Processes: "Induction of Plant Secondary Metabolites
The Role of GIS." First International Confers Protection Against Short-Term
Conference/Workshop on Integrating Exposure to Enhanced Levels of UV-B
Geographic Information Systems and Radiation." 1991 EUREKA Conference,
Environmental Modeling, Boulder, Pasadena, California, March.
Colorado, September.

Kelly, J. M., G. S. Edwards, and
Huston, M. A. 1991. "Second Annual N.T. Edwards. 1990. "Growth and

Walker Branch Watershed Research Nutrition of Loblolly Pine Seedlings as
Symposium." ESD, ORNL, Oak Ridge, Affected by Ozone, Rainfall Acidity, and
Tennessee, March. Soil Mg Status." Annual Meeting of the

Soil Science Society of America, San
Jackson, B. L. 1991. "SAS Macros for Antonio, Texas, October.
Converting Between ARC/INFO
Import/Export Files and SAS Data Sets." Kim, K. H., and S. Y. Lee. 1990.
SAS Users Group International 16rh "Immobilization of Radiostrontium in
Annual Conference, New Orleans, Contaminated Soils by Phosphate r

February. Treatment." American Society of -
Agronomy National Meeting, San Antonio,

Jacobs, G.K. 1990. "In Situ Vitrification Texas, October.
tbr Remediation of Contaminated Soils."

Geological Sciences Colloquia. The Kim, K. H. and S. Y. Lee. 1990.
University of Tennessee, Knoxville, "hnmobilization of Radioactive Strontium

Tennessee, October. in Contaminated Soils by Phosphate
Treatment." Fall Meeting of the Material

Jager, H. I., and W. S. Overton. 1991. Research Society, Symposium on Scientific
"Explanatory Models for Ecological Basis for Nuclear Waste Management,
Response Surfaces." First International Boston, November.
Conference/Workshop on Integrating
Geographic Information Systems and Kimmel, B. L. 1991. "Off-Site ER
Environmental Modeling, Boulder, Program Activities--An OveI_,iew."
Colorado, September. ORNLAJT/TVA Water Resources

Consortium, Knoxville, Tennessee,
Jardine, P. M., F. M. Dunnivant, and September.
J. F. McCarthy. 1990. "Modeling the
Transport of Dissolved Organic Carbon in Kimmel, B. L. 1991. "Reservoirs as
Aquifer Columns." American Society of Ecosystems--A Conceptual View."
Agronomy National Meeting, San Antonio, International Seminar on Limnology,
Texas, October. Guadalajara, Mexico, February.
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Kimmel, B. L., and D. W. Swindle. l_tO0. Conference/Workshop on Integrating
"Remedial Investigation of Clinch River Geographic Information Systems and
and Watts Bar Reservoir Contamination." Environmental Modeling, Boulder,
American Nuclear Society, Washington, Colorado, September.
D.C., November.

Levine, M. B. 1990. "The Clean Water
King, A. W. 1991. "Quantifying Regional Act." DOE Workshop (4-Day), Richland,
Changes in Terrestrial Carbon Storage by Washington, October; Chicago, October;
Extrapolation from Local Ecosystem Savannah River, South Carolina,
Models." Workshop on Carbon Cycling in November.
Boreal Forest and Subarctic Ecosystems,
Corvallis, Oregon, September. Levine, M. B. 1990. "Risk Assessment

and Risk Management." DOE Workshop
King, A. W., W. R. Emanuel, and (4-Day), Chicago, Ocltober; Richland,
W. M. Post. 1991. "Terrestrial Ecosystems Washington, October;; Savannah River,
as Part of the Global Carbon Cycle: South Carolina, November.
Source or Sink." Annual Meeting of the
Ecological Society of America, Levine, M. B. 1990. "The Clean Water
San Antonio, August. Act." Overview Course, Oak Ridge,

Tennessee, Novembe:r; Piketon, Ohio,
Kszos, L. A., A. J. Stewart, and November; Paducah, Kentucky, December.
P. A. Taylor. 1990. "An Evaluation of
Nickel Toxicity in a Contaminated Stream Levine, M. B. 1990. "The Clean Air Act."
and in Laboratory Tests." Society of Overview Course, Pik:eton, Ohio,
Environmental Toxicology and Chemistry, November.
1lth Annual Meeting, Arlington, Virginia,
November. Levine, M. B. 1990. "The Safe Drinking

Water Act." Overview Course, Piketon,
Kszos, L. A., M. G. Ryon, J. G. Smith, Ohio, November; Paducah, Kentucky,
J. M. Loar, and A. J. Stewart. 1990. December.
"Biomonitoring to Evaluate Water Quality:
A Synthesis of Toxicity Test Data and Levine, M. B. 1990. "Overview of
Surveys of Invertebrate and Fish Environmental Laws and Regulations for
Communities." Water Pollution Control Environmental Protection Officers."

Federation, 63rd Annual Meeting, Presentation, Environment, Safety, and
Washington, D.C., October. Health Workshop for Environmental

Protection Officers, ANL, Argonne,
Iaztcher, B. H., J. A. Rice, and IC A. Rose. Illinois, November.
1991. "A Simulation Model Examination

of the Relative Importance of Starvation vs L_vine, M. B. 1990. "The DOE NEPA
Predation Mortality of Larval Fish." 76th Compliance Strategy." Overview Course,
Annual Meeting of the Ecological Society Piketon, Ohio, November; Paducah,
of America, San Antonio, Texas, August. Kentucky, December.

Lcvine, D. A., and C. T. Hunsaker. 1991. Liang, L., J. F. McCarthy, and
"Using GIS to Apply Field-Scale Models to T.M. Williams. 1991. "Iron Dynamics
Watershed-Level Processes: Nutrient and During Injection of Dissolved Organic
Sediment Movement." First International Carbon into a Sandy Aquifer." National
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Meeting of the American Chemistry Luxmoore, R.J. 1991. "Evaluation of
Society, Symposium on Shallow Aquifer Temporal Changes in Soil Barrier Water
Chemistry, Atlanta, April. Content." 17th Annual EPA Hazardous

Waste Research Symposium, Cindnnati_,
Liang, L., and J. F. McCarthy. 1991. April.
"Colloidal Transport of Metal
Contaminants." Metal Speciation and Luxmoore, R. J., A. W. King, and
Comtamination of Soil, Jekyll Island, M.L. Tharp. 1991. "Approaches to
Georgia, May. Scaling Up Physiological Processes of

Conifers." International Union of Forest
Lien, S. C. T., A. S. Kubo, and Research Organizations International
N. H. Cutshall. "DOE Office of Symposium, Abakan, U.S.S.R., August.
Technology Development Serves
Environmental Restoration and Waste Luxmoore, R. J., M. Cunningham,
Management Needs." Annual Meeting of L.K. Mann, and M. G. Tjoelker. 1990.
the American Associat_ ._ tor "Urea Fertilization Effects on Growth and
Advancement of Science, Washington, Nutrition of American Sycamore." Soil
D.C., February. Science Society of America Annual

Meeting, San Antonio, Texas, October.
Lindberg, S. E. 1991. "The Flux of Sulfate
in Forest Canopy Throughfall: An Marland, G. 1991. "Carbon Dioxide
Indicator of Atmospheric Deposition or a Emissions from Fossil-Fuel-Based
Coincidental Relationship." International Electricity Systems." Environmental
Conference on Atmosphere/Surface Challenges for Asian-Pacific Energy
Exchange Processes, Richland, Systems, Kuala Lumpur, Malaysia, January.
Washington, June.

Marland, G. 1991. "Global Climate
Lingle, W. N., T. D. Sherrod, J. M. Loar, Change: Some Implications,
W. W. Tolbert, and B. L. Kimmel. 1991. Opportunities, and Challenges for U.S.
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Nashville, Tennessee, May.

McCarthy, J. F. 1991. "Field
Loar, J. M. 1991. "Biological Monitoring Manipulations of Colloids in a Sandy
Programs on the DOE Oak Ridge Aquifer." Commissariat de l'Energie
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May. McCarthy, J. F. 1990. "Subsurface

Transport of Contaminants: Role of
Loaf, J. M. 1991. "Ecological Effects of Mobile Colloidal Particles." Annual

Nonpoint-Source Pollution." U.S. Senate Meeting of the Soil Science Society of
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Protection, Washington, D.C., July.

McCarthy, J. F. 1991. "Role of Colloids in
I.oar, J. M. 1991. "Ecological Risk of Subsurface Transport of Contaminants."
Aquatic Habitat Degradation." American Michigan State University, East Lansing,
Chemical Society, New York, August. Michigan, January.
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L. R. Shugart. 1991. "Biomarker-Based American Benthological Society, Sante Fe,
Biomonitoring for Evaluating Health and New Mexico, May.
Ecological Effects of Environmental
Contamination." 15th Annual U.S. Army Mulholland, P. J., and A. D. Steinman.
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Meeting of the Ecological Society of
McCarthy, J. F., R. S. Halbrook, and America, San Antonio, Texas, August,
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Annual Meeting of the American Fisheries
McCarthy, J. F., L. Liang, P. M. Jardine, Society, San Antonio, Texas, September.
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Trondheim Nappe, Einunnfjellet-Savalen Forests in a CO 2 Enriched Atmosphere:
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Tennessee." Water Resources Initiative Fractures." Fourth Annual Tennessee
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Mulholland, P. J., and A. D. Rosemond. O'Neill, R. V., C. T. Hunsaker, and '
1991. "Response of Periphyton to a D.A. Levine. 1990. "Monitoring
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Challenges and Innovative Ideas." Peng, T.-H. 1991, "Distribution of
Ecological Indicators, Ft. Lauderdale, Radiocarbon irl the Antarctic Ocean:
I01orida,October. Implications Regarding Effects of Ozone

Depletion on Global Carbon Cycle." 14th
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Olsen, C. R. 1.991. "Cosmogenic Iron Fertilization Strategy." 1990 Fall
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Reed, R. M. 1990. "Preparing NEPA Rose, K.A. 1991. "Individual-Based
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DOE Mid-Level Management Training Striped Bass Population Dynamics."
Course on Environmental Laws and Annual Meeting of the American Fisheries
Regulations, Richland, Washington, Society, San Antonio, Texas, September.
October.
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Salk, M.S. 1990. "NEPA Compliance
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International Congress of the International
Society of Rock Mechanics, Aachen, Salk, M.S. 1990. "Special Topics in the
Germany, September. NEPA Process,;: Integrating Other

Environmental Review Requirements into
Richardson, T. D., and A. D. Rosemond. NEPA Reviews." DOE Environmental
"Food Selection in a Lotic Generalist: Laws and Regulations Course,
Effects of Nutrients Additions on Snail Albuquerque, New Mexico, August;
Foraging Behavior." Annual Meeting of Oak Ridge, Tennessee, August; Augusta,
the North American Benthological Society, Georgia, November.
Santa Fe, New Mexico, May.
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Salk, M. S., and L. N. McCold. 1991. Siegrist, R. L. 1990, "Methods
"NEPA and the Endangered Species Act: Development for Sampling Contaminated
Complementary Approaches or Regulatory Soils and Sediments for Volatile Organic
F_cess." 1991 National Association of Compound Measurements." (Poster
Environmental Professionals Annual presentation.) Third International
Conference, Baltimore, April-May. KfK/I_O Conference on Contaminated

Soils, Karlsruhe, Federal Republic of
Shugart, L. R. 1990. "DNA Alterations as Germany, December.
Potential Biomarker in Evaluating
Exposure and Environmental Effects of Siegrist, R. L. 1990. "Soil Sampling
Toxic Chemicals." l lth Annual Meeting, Techniques for Contaminated Site
Society of Environmental Toxicology and Remediation." Understanding Site
Chemical, Arlington, Virginia, November. Remediation, short course for the

Tennessee Valley Authority National
Shugart, L. R. 1991. "Strategies for Fertilizer and Environmental Research
Assessing the Health of the Pilar Center by the University of Wisconsin,
Ecosystems." First International MusCle Shoals, Alabama, October,
Symposium on Ocean Pollution, Mayagtiez,
Puerto Rico, May. Siegrist, R. L. 1991. "Balance in

Environmental Measurements: Issues and
Shugart, L. R., J. F. McCarthy, Challenges Associated with Sampling."
J. J. Beauchamp, D. H. Rosenblatt, 33rd Rocky Mountain Conference on
M. Small, J. E. Caton, and W. H. Griest. Analytical Chemistry, Denver, July.
1991. "TNT Metabolites in Animal Tissues

from U.S. Army Ammunition Sites." 15th Siegrist, R. L. 1991. "Bioremediation of
Annual U.S. Army Environmental R&D Polluted Soils: An Overview." Buried
Symposium, Williamsburg, Virginia, June. Waste Deposits and Polluted Soils,

Norwegian Centre for Soil and
Siegrist, R. L. 1990. "Data Quality Environmental Research, Aas, Norway,
Management for Difficult Contaminants." September.
Data Sufficiency and Decision Making for
Site Remediation, short course, University Sicgrist, R. L. 1991. "Data Quality
of Wisconsin, M;_dison,November. Management for Difficult Contaminants.

Data Sufficiency and Decision Making for
Sicgrist, R. L. 1990. "Development and Site Remediation, Short course, University
Implementation of Soil Quality and of Wisconsin, Madison, November.
Cleanup Criteria for Contaminated Sites."
Third International KfI_TNO Conference Sicgrist, R. L. 1991. "Environmental
on Contaminated Soils, Karlsruhe, Federal Sampling at Contaminated Sites: Issues
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on Analytical Chemistry, Chicago, March.
Siegrist, R. L. 1990. "International
Rcvicw of Approaches for Establishing Sicgrist, R. L. 1.tO1. "Volatile Organic
Cleanup Goals t'_r Hazardous Waste Corqpounds in Soils as Affected by
Contaminated Land." Multi-Stakeholder Sampling Practices and Some Implications
Q:ntaminatcd Sites Consultation for Soil Rcmcdiati,_n." National
Workshop, Can_dian Council of Ministers Symposium on Soil Venting,
of the Environment, Toronto, November. Environmental Protection Agency,

Houston, April.
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Siegrist, R.L. 1991. "Data Quality Smith, E. D. 1991. "Integrating NEPA
Management for Difficult Contaminants: and CERCLA." Oak Ridge Hydroforum,
Volatile Organic Compounds." Workshop Oak Ridge, Tennessee, February.
on Data Sufficiency and Decision Making
for Site Remediation, San Diego, June. Smith, J. G,, J. A. Williams, and

A. W. McWhorter. 1991. "Evaluation of

Sigal, L; L. 1990. "Decision Making and Sphacriid Clam (Sphaerium fabale) Natality
NEPA Follow-Up." DOE Mid-Level as an Indicator of Water Quality."
Management Training Course on 39th Annual Meeting cf the North
Environmental Laws and Regulations, American Benthological Society, Santa Fe,
Augusta, Georgia, November. New Mexico, May,

Sigal, L. 1991. "Tiger Team Assessments: Solomon, D. K., E. A. Sudicky,
NEPA Compliance L.c.ssons Learned." J.A. Cherry, and R. T. Poreda. 1990.
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Laws and Regulations, Oak Ridge, Shallow Aquifers." American Geophysical
Tennessee, August. Union Fall Meeting, San Francisco,

December.

Sigal, L., and A. N. Miller. 1991.
"International Environmental Impact Solomon, D. K., R. T. Poreda,
Assessment." 16th Annual Conference of E.A. Sudicky, and J. A. Cheng. 19_).
the National Association of Environmental "Groundwater Dating with 3H and 3He

Profcssionals, Baltimore, April. Isotopes: Effects of Dispersion and Utility
tbr Defining Groundwater Flow and Solute

Sigmon, C. F. 1990. "Comprehensive Transport Parameters." Concepts in
Environmental Response, Compensation, Manipulating Groundwater Colloids,
and Liability Act." DOE Training, Mantco, North Carolina, October.
Portsmouth, Ohio, November; Paducah,

Kentucky, December. Steinman, A. D., and H. L. Boston. 1991.

"Photosynthetic Characteristics of Lotic
Sigmon, C. F. 1990. "Resource Bryophytes." North American
Conservation and Recovery Act." DOE Benthological Society, Santa Fe, New

Training, Oak Ridge, Tennessee, October; Mexico, May.
Portsmouth, Ohio, Novcmber; Paducah,

Kentucky, December. Stewart, A. J., and J. M. Ix_ar. 1990.

"Spatial and Temporal Variability of
Sigmon, C. F. 1990. "Toxic Substances Biomonitoring Data." Biological
Control Act." DOE Training, Oak Ridge, Monitoring of Freshwater Ecosystems,

Tennessee, October; Portsmouth, Ohio, West Lafayette, Indiana, November-
November; Paducah, Kentt_cky, December. December.

Sigmon, C. F. 1991. "Environmental Stewart, A. J., W. R. ttill, and K. D. Ham.

Compliance Auditing Workshop: 1991. "Chlorine Dynamics anti _lk_xicity in
Evaluating Conal_li_ncc with Selected an Industrially Impacted Stream." Annual
Portions of RCRA." Training Workshop, Meeting of the North American
Las Vegas, April. Benthological Society, Santa Fe,

New Mexico, May.
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Stone, J. T., A. _Hemenway,R. M, Reed, Revising the National Water Quality
and Y. Weber. it991, "Clean Coal Criteria Guidelines, Arlington, Virginia,
Technology Dcrt_lonstration Program: December.
Part I, Technolo_;ies and Emissions."
First World Coal Institute Conference on Suter, G. W., II, and L. W. Barnthouse.
Coal in the Environment, London, April, 1990, "Application of Risk Assessment

Paradigms to the Chesapeake Bay."
Stoss, F. W. 1991. "CDIAC: Responding Chesapeake Research Conference on New
to Changing Information Needs." 84th Perspectives in the Chesapeake System,
Annual Meeting, Air and Waste Baltimore, December,
Management Associiation, Vancouver,
British Columbia, Jt_le. Suter, G. W., II, S. W. Christensen, anti

Y. I. Jager. 1991. "Fitting Exposure.
Stoss, F. W. 1991. "Carbon Dioxide Response Models to Tests of Acidification
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Science, Washington, D.C., February. Timmins, S. P., B. J. Jackson, and
, C.T. Hunsaker. 1991. "Landscape
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Risks of Contaminants to Populations of East Fork Poplar Creek." North American
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December. W.M. McMaster, and C. M. Morrissey.
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Tests as Surrog_tes for Life Cycle Tests." Oak Ridge Reservation." Fourth
EPA Workshop on Recommendations for
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Tennessee Water Resources Symposium, Van Hook, R. I. 1_)1. "Future
Knoxville, Tennessee, September. Environmental Chemistry Needs: A
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Trabaika, J. R., and S. I. Auerbach. 1990. Planning Workshop on Environmental
"One Western Perspective of the 1957 Chemistry and Chemical Engineering,
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Tschaplinski, T. J., D. B. Stewart, Acidic Deposition--Its Nature and Impacts,

P. J. Hanson, and R. J. Norby. 1991. Glasgow, United Kingdom, September.
"Osmotic Adjustment in Five 'I"ree Species
Under Elevated CO 2 and Water Stress." Van Miegroet, It., D. W. Johnson, and
American Society of Plant Physiologists, D.E. Todd. 1990. "Spruce Nutrition in
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Ca-Mg Deficiency Thypothesis." Soil

Turner, M. G., W. It. Romme, and Science Society of America Annual
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Disturbance Models and the l.xmg-Tcrm
Dynamics of Natural Areas." 76rh Annual Van Miegroet, It., D. W. Johnson,
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Turner, R. S. 1990. "Susceptibility of D.W. Johnson. 1991. "The Role of Land

A_sian Ecosystems to Soil-Mediated Acid Application of Municipal Sludge in Short-
Rain Damage." Second Workshop on Acid Rotation Woody Biomass Production."
Rain in Asia, Bangkok, Thailand, 1991 Southern Biomass Conference,

November. Baton Rouge, Ix_uisiana, January.
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(OREIS)." DOE/EPA_DEC/Energy Wicker, L. F., and J. E. Richmond. 1990.
Systems Senior Managers Meeting, "The Effects of Perrier Water and Trace
Chattanooga, Tennessee, July. Metal Amendment on the Fecundity of

Ceriodaphnia dubia." 1lth Annual
Voorhees, L. D. 1991. "Status of the Meeting, Society of Environmental
Oak Ridge Field Office Environmental Toxicology and Chemistry, Global
Information System (OREIS)." Environmental Issues: Challenge for the
Environmental Restoration Regulatory 90s, Arlington, Virginia, November.
Interface Mecting, Knoxville, Tennessee,
September. Wicker, L. F., and J. E. Richmond. 1990.

"The Effects of Perrier Water and Trace

Voorhees, L. D., and R. A. McCord. 1991. Metal Amendment on the Fecundity of
"Development of a Consolidated Data Cedodaphnia dubia." Society of
Base System htr Environmental Data at Environmental Toxicology and Chemistxy,
Oak Ridge DOE Facilities." DOE l lth Annual Meeting, Global
Conference, Environmental Remediation Environmental Issues: Challenge for the
'91, Pasco, Washington, September. 99s, Arlington, Virginia, November.

Webb, J. Warren. 1990. "Preparing Winemiller, K. O., and W. Van Winkle.

NEPA Docunacntation." DOE/OR 1991. "Life History Strategies Among
Environment_d Restoration NEPA North American Fishes: Theoretical
Training, Oak Ridge, Tennessee, Implications of a Multivariate Comparative
December. Analysis." American Society of
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Ichthyologists and Herpetologists, Second Brazilian Meeting on Forestt'y
New York, June, Economics and Planning: Agroforestry

Systems, Curitiba, Brazil, September-
Winemiller, K. O., and W. Van Winkle. October.
1_)1. "Life t-li,.;tc_ryTheory as a
Comparative Framework for the Wright, L. L. 19_)1. "Woc_dyand
Individual-Based Approach to Fish Herbaceous Energy Crops." XVII Pacific
Population Dynamics." American Fisheries Science Congress, Honolulu, May.
Society, San Antonio, Texas, Sept_:rnber.

Wright, L. L., and E. Hanson. 1991.
Wright, L. L. 1990. "Rc_leof New Wood "Short-Rotation Woody Crops: EPRI
Energy Crops in Mitigation of Fossil CO2 Questions Answered." Waste-to..
Emissions." Cc_nfcrcnce on Biomass for Energy/Biomass Working Group Meeting,
Utility Applications, Tampa, Florida, Nashville, Tennessee, April.
October.

Wu, Y., M. G. Turner, W. H. Romme, and
Wright, L. L. 1991. "Biomass Energy L.L. Wallace. 1991. "A Landscape
Crop Development." XVII Pacific Simulation Model of Winter Foraging by
Sciences Congress, Honolulu, May. Large Ungulates." Ecological Society of

America Annual Meeting, San Antonio,
Wright, L. L. 1991. "Development of Texas, August.
Biomass Energy Crc_ps." 1991 American
Association for the Advancement of Wullschleger, S. D., D. M. Oosterhuis, and
Science Annual Meeting, Washington, B.R. Bondada. 1990. "Reassimilation of
D.C., February. Respired Carbon Dioxide by Developing

Cotton Bolls." Annual Meeting of the
Wright, L. L. 1991. "Overvic,,vof Short- American Society of Agronomy, Madison,
Rotation Forests in the United States." Wisconsin, November.
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ADAMS, S.M. sponsored by EPA/ORNL
Chairman; 17th Annual Aquatic Washington, D.C., April 1991; CEQ/EPA

Toxicity Workshop--Bioindicators, Workshop on CERCLA and NEPA at
sponsored by Government of Canada, Federal Sites, sponsored by CEQ/EPA,
Vancouver, British Columbia, November Washington, D.C., July 1991.
1990.

Member; Awards Committee ASHWOOD, T. L.
(Students), American Fisheries Society; Advisor: Julic B. Klein. B.S. candidate,
ESD representative to ORNL Animal Care West Liberty State College; T. L. Phung,
Committee. B.S. candidate, Yale University;

Participant; 17rh Annual Aquatic Lisa S. Schilling, B.S. candidate, Virginia
Toxicity Workshop, sponsored by the Polytechnic Institute and State University.
Government of Canada, Vancouver, British Ad Hoc Reviewer;' Water,Air, and Soil
Columbia, November 1990; Sixth Pollution.
International Sympc_siumon the Effects of Other; Vice-chairman, Environmental
Pollutants on the Marine Environment, Review Board, Roane County.
sponsored by Woods Hole Oceanographic
Institute, Woods Hole, Massachusetts, BAF_N,(2. F. III

April 1991; NCASI National Meeting Chairman: Third Topical Meeting on
Council of Paper industry for Air and Emergency Preparedness and Response,
Stream Improvemcnt, sponsored by sponsored by American Nuclear Society,
NCASI, Charleston, South Carolina, Chicago, April 1991.
June 1991; National Meeting of American Participant: 4-Day DOE Training
Fisheries Society, sponsored by American Course on Environmental Laws, Chicago,
Fisheries Socicty, San Antonio, Texas, October 1990_4-Day DOE Training
September 1991. Course on Environmental Laws,

Faculty: Adjunct Faculty, Ecology/ Augusta, Georgia, October 1990; 4-Day
Environmental Toxicc_logy,The University DOE Training Course on
of Tennessee, Environmental Laws, Germantown,

Editor' A.,,sociateEditor for book, Maryland, December 1990; 4-Day DOE
Ecological Society of America. Training Course on Environmental Laws,

Advisor: Ken Ham and Christine G. Idaho Falls, Idaho, December 199t); 3-Day
Hulls, Ph.D. candidates, The University of Overview of Environmental Laws, spon-
Tennessee; Stan Sharp, M.S. candidate, sorcd by DOE-ER, Gaithersburg,
The University of Tennessee. Maryland, Apri! 1991; 2-Day Workshop on

Ad Hoc Reviewer; Transactions of Environmental Laws and Regulations,
the American Fisheries Society; Copeia; sponsored by DOE, St. Louis, June 1991.
proposals for NSF and EPRI.

BARNTHOUSE, L. W.
ALLISON, L.J. Chairman; Work_shopon Ecological

Chairman: Third Meeting of the Task Risk Assessment, sponsored by National
Force on the Application of the Principles Research Council, Airlie, Virginia,
of Environmental Impact Assessment to February-March 1991.
Govcrnment Policy, Plans, and Programs, Member' National Research Council:

Board on Environmental Studies and

227
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Toxicology, Committee on Risk Assess- Tennessee; Volunt_:er Scientist, Science-by-
ment Methodology. Mail Program.

Participant; Society for Environmental
Toxicology and Chemistry, Arlington, BORDERS, D. M.
Virginia, November 1990; EPA Ecological Member: Associate Member, American
Risk Assessment Strategy Workshop, Society of Civil Engineers.
Miami, April 1991; EPA Ecological Risk Participant; Fourth Tennessee Water
Asse:)sment Framework Review, Rockville, Resources Symposium, sponsored by the
Maryland, June 1991; Ecological Society Tennessee Section of the American
of America Annual Mceting, San Antonio, Water Resources Association,
Texas, August 1991. Knoxville, Tennessee, September 1991.

Editor; Editorial Board Member, Envi-
ronrnental Toxicology and Chemistry. BRANDT, C. C.

Participant; 1991 Winter Conference,
BEAUCHAMP, J.J. sponsored by the American Statistical

Participant: Review of BMAP and Association, New Orleans, January 1991;
Cz:nada Goose Neck Collar Studies, ESD, Fourth Tennessee Water Resources
ORNl.., March 1991; BMAP Landscape Symposium, sponsored by the Tennessee
Analysis Core Workgroup Meeting, ESD, Section of the Aanerican Water Resources
ORNl,, May 1991; Program Review of Association, Knoxville, Tennessee,
Vcgetation Field Study at SRS/MCB, ESD, September 1991.
ORNL, July 1991; Surface Water Sampling
Program, ESD, ORNL, July 1991. BRENKERT, A. I_

Ad floc Reviewer: Canadian Journal of Participant: Sedimentation Engineering
Fisheries and Aquatic Sciences; Communi- Using HEC 6, sponsored by Arizona State
cation in Statistics Theory and Methods. University, Tucson, April-May 1991.

BLAYLOCK, B.G. BURNS, T. P.
Member; Intcrn_ltional Union of Member: International Society

Radioccologists; N_ltic_nalCouncil of for Ecological Modeling, 1992
Radiation Protectic_n and Measurement. Program-Hawaii Meetings.

Faculty: Adjunct Professor Graduate Participant: Synthesis of Species
Program in Radioccc_logy,The University Population Dynamics and Ecosystem
of Tcnncssee. Processes, sponsored by U.S./Japan

Ad_,isor.. Richtlrd Graham, and Cooperative Research Program, ORNL,
Deborah Mohrb_lchcr, Ph.D. candidates, September 1991.
The University o1'"['cnncssce; Alicia Water,
M.S. candidate, The University of CADA, G. F.
Tennessee. Participant: EPRI Downstream

Ad Hoc Reviewer; NCRP Reporter. Migrant Study Workshop, sponsored by
Electric Power Research Institute, York

BOGLE, M.A. Haven, Pennsylvania, October 1990;
Member; Atls_ci;ltion for Women in Sandia National Labc_ratory Tiger Team

Science. Audit, DOE, Albuquerque, New Mexico,
Other: Event Supervisor, Regional April 1_)1.

and State Science Olympiad, Museum Ad tloc Reviewer: Canadian Journal of
of Science and Energy, Oak Ridge, Fisheries and Aquatic Science; Transactions
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of the American Fisheries Society; North Program; Ad I-IocPlanning Committee,
American Journal of Fisheries Management; Southern Biomass Conference; Sigma Xi.
The Environmental Professional. Participant; 1991 Southern Biomass

Conference, sponsored by Louisiana
CI-IASON, J.W. Department of Agriculture and Forestry

Participant: Association of Southeast- and Louisiana State University,
ern Biologists Annual Meeting, sponsored Baton Rouge, January 1991; FY 1993 CE
by Association of Southeastern Biologists, Program Planning Workshop
Boone, North Carolina, April 1.991. Transportation Sector, sponsored by Solar

Energy Research Institute, Golden,
CHRISWF__SEN, S.W. Colorado, February 1991; Biomass From

Participant: West Coast Review Energy and Wastes XV, sponsored by
Team Meeting, EPRI Downstream Migrant Institute of Gas Technology, Washington,
Study, sponsored by EPRI, Elwha D.C., March 1991; Southern Pasture and
Hydroelectric Project, Port Angeles, Forage Crop Improvement Conference,
Washington, Novembc:r 1990; Site Visit, sponsored by Mississippi State
Skagit River Basin Existing and Proposed University, Starkville, May 1991;
Hydroelectric Projects, Federal Energy Biomass Feedstock/Conversion Scale-Up
Regulatory Commission, Concrete, Working Group, sponsored by DOE,
Washington, May 1991. Washington, D.C., June 1991; Biofuels

Energy Conference, sponsored by Biofuels
CLAPP, R.B. Feedstock Development Program and

Ad Hoc RevieweJ:' Water Resources 'Institute of Gas Technology Bioenergy
Research. Task V, Davis, California, September 1991.

Other: Consultant, North Carolina Editor: Editorial Board, Bioresouree
Nature Conservancy. Technology.

Ad Hoe Reviewer: Proposal, Southern
COOK, R.B. Regional Biomass Energy Program;

Participant: NEPA Workshop, publication, Union of Concerned Scientists.
sponsored by ER Division, Oak Ridge,
Tennessee, December 1990; WATI'ec, CUSHMAN, R. M.
Knoxville, Tennessee, February 1991. Participant; Water Resources:

Ad Hoc Reviewer: Canadian Journal of Planning and Managen_ent. and Urban
Fisheries and Aquatic Sciences; Water Resources, sponsored by American
Biogeochemistry; Water,Air, and Soil Society of Civil Engineers, New Orleans,
Pollution; proposal for the Natural May 1991.
Scicnces and Enginecring Research Adv&or: Kevin R. Birdwell,
Council of Canada; book chapter for M.S. candidate, Murray State University;
Scientific Committee on Problems of the Richard C. Daniels, M.A. candidate,
Environment. Miami University.

Ad Hoc Reviewer; The Environmental
CUSttMAN, J.H. Professional; Environmental Management;

Chairman: Biofuels Energy proposal to DOE.
Conference, spc_nsoi'edby Biofuels
Feedstock Development Program and IEA CUTSHALL, N.H. _
Bioenergy Task V, Davis, California, Participant: National Conference of
September 199l. Radiation Control Program Directors,

Member: Planning Committee, sponsored by NCRCPD, Wichita, Kansas,
Southern Regional Bio)mass Energy May 1991; Annual Meeting of Health
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Physics Society, Washington, D.C., DEANGELIS, I). L
July 1991; National l_x:.adership Chairman: U.S. Japanese Collaborative
Conference, sponsored by Future Business Research Workshop, sponsored by
Leaders of America, Anaheim, California, NSF--Japan Society for Promotion of
July 1991; Chemical Congress of North Science, Oak Ridge, Tennessee,
America, sponsored by/Mnerican Chemical September 1991; Short Course on Popula-
Society, New York, August 1991. tions and Ecosystems, Swedish Agricultural

Editor: Editorial Board, DOE's Five- University, Uppsala, Sweden, April 1991.
Year Plan for 1993-1997. Participant: South Atlantic Bight

Ad Hoc Reviewer: Proposal for Sea Recruitment Experiment Meeting,
Grant, NOAA. sponsored by NSF--Sea Grants, Raleigh,

On.4ssignment: DOE, Washington, North Carolina, February 1991.
D.C. Faculty: Adjunct Professor, Graduate

Program in Ecology, The University of
DALE, V.H. Tennessee.

Chairman: Workshop on Natural Advisor: Yiannis Matsinos, Ph.D.
Resource Economics, sponsored by candidate, The University of Tennessee.
U.S. Agency for International Editor." Associate Editor, Mathematical
Development and Partners in Education. Biosciences.

Participant: Workshop on Modeling
Global Climate Change, sponsored by the DEARSTONE, IC C.
U.S. Forest Service, Tucson, Arizona, Participam: 1lth Annual ESRI User
November 1990; National Research Conference, sponsored by ESRI, Palm
Council Meeting on Sustainable Springs, California, May 1991; NCGIA
Agriculture, Washington, D.C., First National Conference/Workshop on i'

February 1991; Second AnnUal Walker Integrating GIS and Environmental
Branch Watershed Symposium, sponsored Modeling, sponsored by NCGIA, Boulder,
by DOE OHER, ORNL, Oak Ridge, Colorado, Sep_tember 1991; Fourth
Tennessee, March 1991; Technologies Tennessee Water Resources Symposium,
forGreenhouse-Constrained Society, Oak sponsored by the Tennessee Section of the
Ridge, Tennessee, June 1991; Symposium American Water Resources Association,
on Forest Management Policy and Forest Knoxville, Tennessee, September 1991.
Landscapes, sponsored by International Ad Hoc Reviewer: Proposal for DOE.
Association of Landscape Ecology, Ottawa,
Canada, July 1991; Symposium on DOLL, W. E.
Theoretical Approaches for Predicting Participant: Eastern Section Seismo-
Spatial Effects in Ecological Systems, logical Society of America, sponsored by
sponsored by Ecological Society of Colby College, Virginia Polytechnic
America, San Antonio, Texas, August 1991. Institute and State University, Blacksburg,

Advisor: Robert Frohn, Ph.D Virginia, October 1990.
candidate, University of California--Santa Faculty: Assistant Professor, Geology,
Barbara. Colby College.

Ad Hoc Reviewer: Canadian Journal of Advisor: Harry Evans, B.A. candidate,
Forest Research; Landscape Ecology; Colby College.
proposals for NSF, NASA, and Maryland
Department of Natural Resources. DREIER, It. B.

Other: Chairman, Citizens for Quality Participant." Practical Tracing of
Growth, City of Oak Ridge. Groundwater, Karst "I'erranes, sponsored
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by Geological Society of America, Dallas, Meeting of North American Benthological
October 1990; Groundwater Flow Through Society, Santa Fe, New Mexico, May 1991;
Fractured Media, sponsored by University Environmental Compliance Audit of Naval
of Wisconsin, Madison, December 1990; Inactive Ship Maintenance Facility,
Borehole Geophysics in Environmental and U.S. Navy, Pearl Harbor, Hawaii,
Engineering Investigations, sponsored June-July 1991; Environmental/Waste
by COLOG, Knoxville, Tennessee, Management Issues at Paducah and
March 1991; DOE Workshop on DNAPL, Portsmouth Gaseous Diffusion Plants,
sponsored by DOE, Atlanta, July 1991; sponsored by DOE Office of Uranium
Geochemical Modeling of Groundwater, Enrichment, Lexington, Kentucky, July
sponsored by National Water Well 1991; Tiger Team Assessment of Los
Association, Chicago, August 1991; Basic Alamos National Laboratory, Los Alamos,
Ground Water Modeling on a PC: Tran- New Mexico, September-October 1991.
sient Flow in 2-D and 3-D, sponsored by Advisor.. Patricia O'Connell, J.D.
National Water Well Association, Seattle, candidate, University of Illinois Law
September 1991. School.

Faculty: Adjunct Assistant Professor,
Geology, The University of Tennessee. EDWARDS, N. T.

Advisor: P. J. Lcmiszki, Ph.D. Participant: UV-B Measurements
candidate, The University of Tennessee. Workshop, sponsored by USDA, CSRS,

and AFEAS, Denver, January 1991.
EARLY, T. O. Ad Hoc Reviewer.. Health Physics.

Chairman: DNAPL Workshop,
sponsored by DOE, Atlanta, July 1991. EMANUEL, W. R.

Editor: Nuclear Safety. Member: Working Group on
Integrated Global Change Modeling,

EDDLEMON, G.K. Committee on Global Change, National
Member: Sigma Xi. Research Council.

Participant: Pre-Tiger Team Assess- Participant: Workshop on the
ment of the Oak Ridge K-25 Site, Martin Scientific Basis of Global Warming
Marietta Energy Systems, Inc., Oak Ridge, Potential Indices, sponsored by NASA,
Tennessee, August 1990-November 1991; NOAA, EPA, and DOE, Boulder,
DOE Training Course on Environmental Colorado, November 1990; Workshop on
Laws and Regulations, Richland, the Engineering Response to Global
Washington, October 1990; Environmental Environmental Change, sponsored by
Compliance Assessment of the Food and Engineering Foundation, Palm Coast,
Drug Administration (Federal Building 8), Florida, May 1991; Review Panel--Global
Washington, D.C., November 1990; Tiger Change Distinguished Postdoctoral
Team Assessment of Princeton Plasma Fellows, sponsored by ORAU,
Physics Laboratory, Princeton, New Jersey, Atlanta, June 1991; Global Power
February 1991; Environmental Compliance Research Workshop, sponsored by EPRI,
Audit of Naval Inactive Ship Maintenance Carmel, Calitbrnia, July 1991; NASA
Facility, U.S. Navy, Philadelphia, Review Panel on Terrestrial Ecological
March 1991; Tiger Team Assessment of Studies, Washington, D.C., July 1991;
Sandia National Laboratory, Albuquerque, Aspen Global Change Institute Summer
New Mexico, April 1991; Environmental Session, Aspen, Colorado, August 1991;
Compliance Audit of Naval Inactive Ship NATO Advanced Study Institute on the
Maintenance Facility, U.S. Navy, Global Carbon Cycle, II Ciocco, Italy,
Portsmouth, Virginia, May 1991; Annual September 1991.
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FARRELL M.P. New Orleans, September 1991; Fourth

Participant: CDIAC Program Review, Tennessee Water Resources Symposium,

sponsored by DOE OHER, ORNL, Knoxville, Tennessee, September 1991.
December 1990, Septcrnbcr 1991; Carbon Ad Hoc Reviewer: Journal of the

Cycle Conference, sponsored by DOE Hydraulics Division--American Society of
OHER, ORNL and Washington, D.C., Civil Engineers; Water Resources Bulletin.

August 1991.
Advisor: Kim Chapman, B.S. candidate, FORD, C. J.

East Tennessee State University. Participant: Remedial Approaches for
Other." Participant, Friends of ORNL. Sites with Contaminated Sediments,

sponsored by EPA, Atlanta, Philadelphia,

FAULKNER, M.A. and Kansas City, Missouri, June and

Participant: Environmental Systems August 1991.
Research User Conference, sponsored by

ESRI, Palm Springs, California, May 1991; FRANCIS, C. W.
National Conference on Integrated Water Ad Hoc Reviewer." ttealth Physics;
Information Management, sponsored by proposals for the state of Wisconsin.
EPA, USGS, Multi-State Fish and Wildlife

Information Systems Project, Atlantic City, FRANK, M. L
New Jersey, August 1991. Participant: Pathway Analysis and Risk

Assessment for Environmental Compliance

FLAMM, R. and Dose Reconstruction, sponsored by

Participant: Southern Appalachian Radiological Assessments Corporation,
Man and the Biosphcre Planning Meeting, Kiawah Island, South Carolina, February
sponsored by SAMAB, Ashcville, North 1991.
Carolina, April 1991; World Congress of
Landscape Ecology, International GARDNER, R. H.
Association for I_,andscape Ecology, Chairman: Symposium for the Annual
Canadian Society for Landscape and Meeting of the Ecological Society of

Ecology, IJS..IALE, Ottawa, July 1991. America, San Antonio, Texas, August 1991.
Ad Hoc Reviewer: Environmental Participant: DOE Symposium on

Entomolo_. Theoretical Ecology: Progress and
Prospects, Washington, D.C., April-May

FONTAINE, T.A. 1991; Cary Conference IV: Humans as

Member: American Water Resources Components of Ecosystems, Institute of
Association; American Geophysical Union. Ecosystem Stadies, Millbrook, New York,

Participant: Annual Meeting of the May 1991; IGBP Meeting on Global
American Water Resources Association, Change and Terrestrial Ecosystems,

Denver, November 1990; Modeling the Trondheim, Norway, June 1991; Annual
Behavior of Radionuclides on a Soil- Meeting of the Ecological Society of

Aquatic System Including Rivers and America, San Antonio, Texas, August 1991.
Reservoirs, sponsored by Pacific Northwest Faculty: Adjunct Professor,
I_.aboratory, Richland, Washington, Department of Ecology, The University of
March 1991; American Geophysical Union, Tennessee.
sponsored by American Geophysical Advisor: Sandra Lavorel, Thesis
Union, Baltimore, May 1991; Annual Committee Member, Center for

Meeting ot' the American Water Resources Environmental Research, Montpellier,
Association, sponsored by tlm France.
American Water Resources Association,

k
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Ad Hoc Reviewer: Ecology; Landscape Advisor: Hope Barrett, M.S. candidate,
Ecology; Proceedings of the Fourth Annual The University of Tennessee.
Symposium on the Natural History of Lower Ad Hoc Reviewer: Canadian Journal of
Tennessee and Cumberland Rivet" Valleys, Forestry; Western Journal of Applied Forest.
proposals for NSF. ry; proposals for NASA and USDA; EPA

Other; Chairman, ORNL's Seed program.
Money Committee; ORNL's Showcase
Seminar Series. GREBMEIER, J. M,

Participant: U.S. JGOFS Southern
GARTEN, C. T., JR. Ocean Process Study Workshop, sponsored

Participant: Southern Appalachian by Joint Oceanographic Institute, Inc.,
Man and the Biosphere Conference, Lamont-Doherty Geological Observatory,
sponsored by TVA, Gatlinburg, Tennessee, Paisades, New York, October 1990;
and TVA, November 1990; Second Annual Workshop on the 1993 Northeast Water
Walker Branch Watershed Research expedition, sponsored by NSF,
Symposium, sponsored by DOE OHER, Bremerhaven, Germany, February 1991;
Oak Ridge, Tennessee, and TVA, U.S./U.S.S.R. Workshop on the
March 1991. Advisor: R. S. Thomason, Bering/Chukchi Seas, sponsored by the
B.S. candidate, Tennessee Technological U.S. Fish and Wildlife Service,
University; Christopher A. Thoms, San Francisco, March 1991; GLOBEC
B.S. candidate, University of Wisconsin; Southern Ocean Zooplankton and Climate
Laura Broughton, B.S. candidate, Change Workshop, sponsored by Joint
Dartmouth College; David M. Byers, Oceanographic Institute, Inc., and
B,S. candidate, Claremont McKenna Scripps Institution of Oceanography,
College; Karin Wolfe, B.S. candidate, La Jolla, California, May 1991; ASLO
Centre College. Spring Meeting, American Society of

Ad Hoc Reviewer: Journal of Limnology and Oceanography, Halifax,
Environmental Quality; Environmental Nova Scotia, June 1991; Polar Biology and
Pollution; Tree Physiology;Health Physics; Medicine Panel Review--Antarctica,
proposal for EPA. sponsored by NSF, Washington, D.C.,

August 1991.
GRAHAM, R. L Faculty: Research Assistant Professor,

Chairman: Co-organizer, Biomass Graduate Program in Ecology, The
Energy Strategies Workshop, sponsored University of Tennessee.
by DOE, Oak Ridge, Tennessee, Ad Hoc Reviewer." Limnology and
November 1991; Remote Sensing and Oceanography; Nature; Marine Ecology
DOE Research Parks, sponsored by DOE, Programs Series; proposals for NSF.
Oak Ridge, Tennessee, June 1991.

Member: Technical Steering GREEI2EY, M. S., JR.
Committee for U.S. Forest Service Participant: 17th Annual Aquatic
Center for Forest Environmental Studies, Toxicity Workshop, sponsored by National
U.S. Forest Service. Stccring Committee (Canada), Vancouver,

Participant: Interagency Workshop on British Columbia, November 1990; Sixth
Deforestation, sponsored by NASA/EPA, International Symposium on the Effects of
Washington, D.C., May 1991; Central Pollutants on the Marine Environment,
Africa Research Meeting, sponsored by sponsored by Woods Hole Oceanographic
U.S. Agency for International Develop.. Institute, Woods Hole, Massachusetts,
ment, Washington, D.C., August 1991. April 1991.



?

234 Other Professional Activities

Advisor: Christine Gettys Hull, Pan'icipant: Walker Branch Watershed
Ph.D. candidate, The University of Program Review, sponsored by DOE,

Tennessee; Stan Sharp, M.S. candidate, Oak Ridge, Tennessee, January 1991;
The University of Tennessee; John Platt, Second Annual Walker Branch Watershed
B.S. candidate, '['he University of Research Symposium, sponsored by DOE
Tennessee. OHER, Oak Ridge, Tennessee,

Ad Hoc Reviewer: Intcrmural Grant March 1991; 23rd Annual Air Pollution

Proposal, New York City University. Workshop, sponsored by Statewide Air
Pollution Research Center, University of

GRIZZARD, T. California--Riverside, Lake Arrowhead,

Adv&or; David Morgan, B.S. candidate, California, April 1991; International
Roane State and The University of Symposium: Physiology and Determination
Tennessee; Robert Stewart, B.S. candidate, of Crop Yield, American Societies of
Roane State and The University of Agronomy, Crop Science, and Soil Science,
Tennessee. Gainesville, Florida, June 1991.

Advisor': DOE High School Honors
GUNDERSON, C.A. Students from Alaska, Utah, Wisconsin,

Member: American Society of Plant and Puerto Rico; Stephanie Bohlman,
Physiologists. postgraduate, New College, Sarasota,

Participant: Second Annual Walker Florida.
Branch Watershed Research Symposium, Ad [toc Reviewer: Atmospheric

sponsored by DOE OHER, Oak Ridge, Environment; Forest Science; :Free
Tennessee, March 1991; Early Selection of Physiology; Physiologia Planetarium;
Forest Tree Species Combining proposals for NSF, USDA, USDA Forest

MorphophysMogical Trails and Molecular Service.
Markers, sponsored by ORNL and
Weyerhaeuser, Gatlinburg, Tennessee, HARDY, C. L.
June 1991; Annual Meeting of the Participant: Introduction to Biological
American Society of Plant Physiologists, Monitoring, sponsored by the Nature
sponsored by the American Society of Conservancy, Nashville, Tennessee,
Plant Physiologists, Albuquerque, May 1991; Introduction to Environmental
New Mexico, July 1991; Biofucls Energ_ Laws and Regulations, sponsored by DOE
Confercnce, sponsored by Biofuels Office of Energy Research, Germantown,

Feedstock Development Program, Davis, Maryland, April-May 1991.
California, September 1991.

Ad Hoc Reviewer' Plant Physiolo_ and HARGROVE, W. W.
Biochemistry. Participant: Plants and Their

Environments, sponsored by First Biennial
HANSON, P.J. Scientific Conference on the Greater

Chairman: 23rd Annual Air Pollution Yellowstone Ecosystems, Mammoth Hot

Workshop, sponsored by California Springs Hotel, Yelk)wstone National Park,
Department of Food and Agriculture, Wyoming, September 1991.
EPRI, and Southern California Edison,

Lake Arrowhead, Calil2_rnia, April 1991. HARRINGTON, B.
Member: American Association for the Participant: Introduction to

Advancement of Science; American Society Groundwater Geochemistry, sponsored by
of Plant Physiolc_gists; American Society of Naticmal Water Well Association, I.xmg
Agronomy. Beach, California, January 1991; Advanced

AML-ARC/INFO Course, sponsored by
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Environmental Systems Research Institute, Section, Baltimore, March 1991; Nlckelsen
Atlanta, February 1991; SAS Basics I and Symposium: Deformation Mechanisms in
II, sponsored by SAS Institute, Cary, Fold.Thrust Belts III, sponsored by
North Carolina, March 1991; ESRI User Geological Society of America, NE-SE
Conference, sponsored by Environmental Section, Baltimore, March 1991; Structural
Systems Research Institute, Palm Springs, Interaction Between Blue Ridge and
California, May 1991; Introduction to Appalachian Cover Rocks I, sponsored by
Relational Data Bases and Using ROBI Geological Society of America, NE.SE
with ARC/INFO, sponsored by Section, Baltimore, March 1991; HyTec
Environmental Systems Research Institute, Panel on Coupled Processes Field Trip and
Redlands, California, May 1991; Basic Review of Yucca Mountain Project,
Statistics Using SAS/STAT Software, sponsored by National Academy of
sponsored by SAS Institute, Chicago, Sciences/DOE, Yucca Mountain, Nevada,
June 1991; SAS Programming, sponsored January-March 1991; Field 'Trip in Swiss
by SAS Instit;._te, Car3,, North Carolina, and Italian Alps, sponsored by University
July 1991. of Basel and Geologische Vereinigung,

Switzerland and Italy, April 1991; External
HATCHER, R. D., JR. review of Geological Sciences Department,

Chaitrnan: Symposium on Terranes in sponsored by Rutgers University, New
the Appalachian/Caicdonia Orogen, NE-SE Brunswick, New Jersey, May 1991;
Section of' the Geological Society of Strategic Planning Retreat, Environmental
America, sponsored by Geological Society Management Systems, sponsored by
of America, Baltimore, April 1991. Clemson University, Department of Group

Member: Board of Directors, Systems Engineering, Clayton, Georgia,
DOSECC, Inc.; EDGE Planning May 1991; Tcrranes in the Arctic
Committee, Houston Area Research Caledonides, sponsored by International
Center; Earth Sciences Advisory Geological Correlation Programme, Oslo,
Committee, Westinghouse-Savannah River August 1991.
Site; Board on Radioactive Waste Faculty: UT/ORNL Distinguished
Management, National Academy of Scientist, Science Alliance, Department of
Sciences; Structural Geology/Tectonics Geological Sciences, The University of
Division Career Award Nominating Tennessee.
Committee, Geologic_l Society of America; Editor' Special Volume Editor (IGC
Committce on Committees, Geological Symposium), Tectonophysics.
Society of America; Council (Board of Advisor: John O. Costello,
Directors) and Executive Committee, Ph.D. candidate, University of
Geological Society of America; ORNL South Carolina; Timothy L. Davis,
Corporate Fellows Subcommittee on Janet L. Hopson, Peter J. Lemiszki,
Geoscicnces, ORNL. Angang Liu, and Elizabeth A. McClellan,

Participant: Invited participant, Ph.D. candidates, The University
symposium sponsored by European Union of Tennessee; H. Ann Burns,
of Gcosciences, Strasb_urg, France, Michael J. Quinn, Gregory M. Yanagihara,
March 1991; Appalachian Structure and and S. Allen Young; M.S. candidates, The
Tectonics, sponsored by Geological Society University of Tennessee.
of America, NE-SE Section, Baltimore, Ad Hoc Reviewer: Journal of
March 1991; Tcrrane Accretion and Geophysical Research; Southeastern
Related Processes in the Appalachians and Geology; two articles in The Evolution of
Related Crustal Blocks II, sponsored by the Alpine Basement, J. von Raumer and
Geological Society of America, NE-SE F. Neubauer, cd.; Geology; paper for

_
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ASCE Geotechnical Engineering Division; sponsored by DOE, Oak Ridge, Tennessee,
NSF Program; NSF proposals; Petroleum June 1991.
Research Fund proposal; Natural Sciences Faculty; Adjunct Professor, Graduate
and Engineering Research Council of Program in Ecology, The UniVersity of
Canada proposal; presentation for National Tennessee.
Academy of Science Board on Radioactive
Waste Management Symposmm. HII._ W. R.

Member: American Society of
. HAYNES, G.J. Limnology and Oceanography; Physiologi-

Cha#_nan: Women in Science, cal Society of America; North American
sponsored by ORNL and ORAU, Benthological Society.
Oak Ridge, Tennessee, April 1991. Advisor' Audrey Barker, B.A.

Member" Martin Marietta Energy candidate, Carleton College; Rachel
Systems, Inc., Values Committee. Mooney, B.A. candidate, Syracuse

Advisor; Cedric T. Rcvenard, University.
undergraduate, France University, Paris. Ad Hoc Reviewer: Ecology;Journal of

the North American Benthological Society,
HERBES, S.E. Other:. Volunteer instructor, graduate

Participant: In Situ and On-Site course in stream ecology, The University of
Bioreclamation, sponsored by Battelle Tennessee.
International, San Diego, March 1991;
Mid-Year Review, sponsored by DOE HOFFMAN, F. O.
Office of Technology Development, Chairman; International Symposium
Gaithersburg, Maryland, June 1991; on the Biological Aspects of Chernobyl
Environmental Biotechnology, sponsored Accident, sponsored by U.S.S.R. Academy
by The University of Tennessee--Knoxville of Sciences, Zeleny Mys, Ukraine,
Management Research and Education U.S.S.R., September 19_;
Institute, Knoxville, Tennessee, BIOMOVS--Biospheric Model Validation
October 1991. Study, sponsored by Swedish National

Faculty: Adjunct Prol'cssor, Graduate Institute for Radiation Protection,
Program in Ecology, The University of Stockholm, October 1990; Validation of
Tennessee. Assessment Model Predictions/Multiple

Ad Hoc Reviewer: Proposal for Natural Pathways Analysis, sponsored by
Sca Grant CollEge Pre,gram. International Atomic Energy Agency,

Vienna, December 1990.
HII.,DEBRAND, S.G. Member: U.S./U.S.S.R. Joint

Member: Public Rclatic_ns Committee, Coordinating Committee on Civilian
American Fisheries Society. Nuclear Reactor Safety, Task 7. lD,

Participant: Ecol_)gical Risk Agricultural Food Chains and Uncertainty
Assessment, sponsored by National Analysis; International Atomic Energy
Research Council, National Academy of Agency, IAEANAMP, Multiple Pathways
Science, Warrenton, Virginia, February Model Validation; National Council on
1991; Theoretical Ecc_lc_gyProgram Radiation Protection and Measurement,
Review, sponsored by DOE, Gaithersburg, Task Group 16 of Scientific Committee (:_;
Maryland, April 1991; 42hd Annual National Council on Radiation Protection
Meeting of American Institute of and Measurement, Task Group 1 of
Biological Sciences, San Antonio, Texas, Scientific Cc)mmittec 84; tfealth AdvisozT
August 1.C_l; Tcchnolc)gics ft_r a Panel for Rocky Flats Dose Reconstruc-
Greenhouse-Constxaincd Society, tion, Department of Health, State of
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Colorado; Scientific Advisory Panel ibr the Kick-off Workshop, sponsored by Oak
Han[brd Thyroid Morbidity Study, Centers Ridge Operations, Environmental Restora-
for Disease Control, Atlanta; Health tion Program, Knoxville, Tennessee, June
Advisory Panel for Dose Reconstruction at 1991; Health Advisory Panel, sponsored by
Oak Ridge, Department of Health, State Department of Health, State of Tennessee,
of Tennessee. Nashville, September 1991,

Participant: First International Faculty; Invited lecturer in nuclear
Conference on the Biological Aspects of engineering, The University of Tennessee.
the Chernobyl Accident, sponsored by Advisor: Richard V. Graham and
U.S.S.R. Academy of Sciences, Zcleny Deborah Mohrbacher, Ph.D. candidates,

,_ _ _ 'Mys, Ukraine, U.S.S.R., September 1990; 'I]ae University of l"ennessee; Janna
BIOMOVS--On the Validity of Hammonds, M.S. candidate, The University
Environmental Tr_lnsfcr Models, sponsored of Tennessee.
by Swedish National Institute for Radiation Ad Hoc Re_,iewer: tlealth Physics; Risk
Protection, Stockholm, October 1990; Analysis.
Consultant's Meeting on Revision to Safety
Series No. 57, sponsored by International HOLLADAY, S. IC
Atomic Energy Agency, Vienna, December Member; American Society for Testing
1990; Health Advisory panel, sponsored by and Materials, D-34; American Water
Department of He_lth, State of Colorado, Works Association; American Business
Denver and Alameda, Colorado, October Wornens Association; American Society of
1990, January 1991, M_rch 1991, May Quality Control.
1991, and September 1991; WATI'ec,
sponsored by DOE _lndMartin Marietta HUDSON, W. S.
Energy Systems, Inc., Knoxville, Tennessee, Participant: Clean Water Act
February 1991; Environmental Dose Compliance Course, sponsored by
Reconstruction and P,isk Assessment, Government Institutes, Arlington, Virginia,
sponsored by Radi_logic_ll Assessment September 1991; Storm Water Discharge
Corp., Kiawah Island, South Carolina, Regulations Course, sponsored by
February 1_)1; Evaluz_tion of NCRP Government Institutes, Arlington, Virginia,
Screening Assessment Models, sponsored September 1991.
by National Council on R_ldiation
Protection and Mc_surcments, HUFF r D. D.
Washington, D.C., and Ki_lwahIsland, Chairman: Fourth Tennessee Water
South Carolina, October 11990and March Resources Symposium, sponsored by
1991; Hanford Thyroid Morbidity Study, ORNL and Environmental Restoration
sponsored by Centers for Disease Control, Program, Knoxville, Tennessee, September
Atlanta, and SeattJc, M_vch 1991 and July 1991.
1991; Hanford Environmcnt_! Dose Member: Tennessee Section, American
Reconstruction Project, st_onsorcd by Institute oi"Hydrology.
Battelle Pacific Northwest L_boratory and Facult),: Adjunct Professor, Geology
Hanford Environmcnt_l Dose Rccon.,_truc- Department, The University of Tennessee.
tion Tcchnical Steering P_lncl,P_lsco, Ad Hoc Reviewer: Manuscripts for
Washington, July 1991; Third Tc_pical Waste Management (Pergammon); RFI
Meeting on Emergency Prcp_redness and documents for ORNL ER Program.
Response, sponsored by American Nuclear
S_ciety, Chicago, Apiii 1991; Evtllu_tion ()f HUNSAKER, C. T.
Contamination in Scclimcnt, sponsorcd by Chairman: Co-chairman, ESD GIS
EPA, Atlanta, Juno 1991; I_,iskAssessment Self-Directed Work Team; Symposium:
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Regional Ecological Risk Assessment, Environmental Professional; U.S. Man
International Association of Landscape and the Biosphere Program; EP.A's
Ecology World Congress, Ottawa, July Environmental Monitoring and A=ssessment
1991; First International Program.
Conference/Workshop on Integrating, Other: Second Annual Women in
sponsored by National Center for Science, ORAU and ORNL, Oak Ridge
Geographic Information and Analysis, and Knoxville, April 1991.
Boulder, Colorado, September 1991;
63rd Annual Water Pollution Control HUSTON, M. A.
Federation Conference, sponsored by Chairman: Second Annual Walker
GIS and Environmental Modeling, Branch Watershed Research Symposium,
Washington, D.C., October 1990; lnterna- sponsored by DOE OHER, ORNL,
tional Symposium on Ecological Indicators, Oak Ridge, Tennessee, March 1991; ESA
sponsored by EPA, Fort Lauderdale, Contributed Papers on Remote Sensing,
Florida, October 1990, sponsored by Ecological Society of

Member: Ecology Committee, Water America, San Antonio, Texas, August 1991.
Pollution Federation; Program Committee Participant; Workshop on Bilateral
and Ad Hoc Education, Water Pollution U.S.-U.S.S.R. Biodiversity Research,
Control Federation; I:'ublic Affairs, sponsored by NSF, Moscow,
Ecological Society of America. November 1990; Workshop on CERCLA

Participant: Ecology and Planning: The NRDA Regulations, sponsored by Martin
Landscape Dimension, sponsored by Marietta Energy Systems, Inc., Oak Ridge,
University of California, Sacramento, Tennessee, March 1991; Convention
Octobcr 1_)0; International Symposium on LTER Annual Public Information Meeting,
Ecological Indicators, sponsored by EPA, sponsored by NSF, Otto, North Carolina,
Fort Lauderdale, Florida, October 1990; April 1991; EPA Environmental Biology
63rd Water P,,llution Contrc_l Federation Review Panel, sponsored by EPA,
Conference, Washingtc_n,D.C., Knoxville, Tennessee, June 1991; Hazward
October 19_); Water Quality 2000 Forest Biodiversity Workshop,
Members Congress, spc_nsorcd by Water sponsore,d by NSF and IUBS, Petersham,
Pollution Control Federation and 80 Other Massachusetts, June-July 1991; NSF LTER
Organizations, Alexandria, Virginia, Site Review, NSF, Las Cruces and
June 1991; Internatic_nal Association of Albuquerque, New Mexico, July 1991.
Landscape Ecology Wc_rldCongress, l;?lculty: Adjunct Professor, Ecology
sponsored by IAI.E, Ottawa, Canada, Program, The University of Tennessee.
76th Annual Meeting Ecc_lc_gicalSociety of Advisor: Eric Hartzcll, B.S. candidate,
America, San Antonio, Texas, August Ohio University; Aida Solivan, B.S.
1991; International Ct_nl'crcnce/Wc_rkshop candidate, University of Puerto Rico;
on Integrating GIS and EccHogical Chris Thorns, B.S. candidate, University of
Modeling, sponsored by NCGIA, Boulder, Wisconsin-Stevens Point.
Cc_lorado, September 1991. Ad 1foc Reviewer; NSF proposals;

Editor: Advisoly B(_ard, The Environ- Ecology; Bios'cience; Science; American
mental Professional, N_ltic_nalAssociation Nature.
of Environmental Prc_l'cssic_nals. Other; Environmental Quality Advisory

Advisor: Daniel A. Levinc, Board, Oak Ridge; talks to junior high
Ph.D. candidate, Indiana University, school science classes, Oak Ridge; science
Blocmaington. fair judge, Jefferson Junior High School,

,,td Hoc Reviewer; C_nsultant, Oak Ridge.
EPA Science Advisc_ryBoard; 7'he
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JACKSON, B. L Editor; Associate Editor, Soil
Participant; SAS Users Group Interna- Chemistry.

tionai 16th Annual Q_nference, sponsored Advisor.. Jack Gw,, Ph.D. candidate,
by SAS Institute, Inc., New Orleans, Pennsylvania State University; Virginia
February 1991, Harless, Andy McNabb, and

"Ionia Melhorn, B.S. candidates, The
J ACOBS, G.K. University of Tennessee, Knoxville.

Participant; Modeling Workshop for Ad Hoc Reviewer: Soil Science Society
the Subsurface Science Program, sp,ns,red of America Journal; Journal of
by DOE, Germantown, Maryhmd, Environmental Quality; Nature; Soil
November 1990. Science; Advances in Soil Science;

Faculty.. Adjunct Faculty, Department Geochimica et Cosmochimica Acta;
of Geological Scienccs, The University _f proposal for Georgia Agricultural
Tennessee. Experiment Station.

Adv&or.. J. L. Foreman, Ph.D. Other' Recycling Theme Group ibr the
candidate, The University of Tennessee. Appalachian Regional Commission Honors

Ad 1toc Reviewer': Geochimica et Workshop.
Cosmochimica Acta; proposal for Copper
Development Association. JOSLIN, J. D., JR.

Participant: American Society of
JAGER, H.I. Agr,horny/Soil Science Society of

Participant: 1991 American Statistical America--Annual Meeting, San Antonio,
Assocmtmn Winter Conf_-rcrtce on "lexas, October 1990; Southern
Statistics and the Envirc_nment, sponsored Appalachian Man and the Biosphere
by American Statistical Association, Conference, Gatlinburg, Tennessee,
New Orleans, January 1991; First November 1990; Second Annual Walker
International Conference cm Integrating Branch Watershed Research Symposium,
GIS and Environment_l Modcling, sp,ns,red by DOE OHER, Oak Ridge,
sponsored by the Natit_nal Center for TEnnESSEe,March 1991; Air Pollution
Geographic Informatic_taand Analysis, Workshop, Lake Arrowhead, California,
Boulder, Color_do, SeptembEr 199l. April 1991.

Adv&or: Achim Kayser, undergraduate,
JARDINE, P.M. University of BayrEuth, Germany.

Member: ORNL P_lpcr Recycling Ad tloc Reviewer' Physiologia
Program; ORNL Sanitary Waste Reduction Platzetarium; Forest Science; Journal of
Team. Applied Ecology; Soil Science Society of

Participant: Semin_tr, University of America Journal; Canadian Journal of
Virginia, Charlottesville, Virginia, Forest Research.
November 1990; Amctic_n Society of
Agronomy Meetings, spc_nsorcd by KANCIRUK, P.
American Society of Agr¢_nc)myand Soil Participant; International Union of
Science Society of America, San Antonio, Geology and Ge,physics, sp,ns,red by
'Texas, October 1990; DOE Subsurface IUGG, Vienna, August 1991.
Science Prograrn Review, Bcthcsda,
Maryland, March 1991; DOE Subsurface KEARL, P. M.
Science Program REview, S_lltL_,ke City, Participant: Blue Ribbon Panel to
April 1991. Revicw LANL Site-Wide Hydrogeologic

Faculty: Committee IVlembcr,Civil Program, l_a_sAlamos National Laboratory,
EngineEring, PEnnsylwlni_, State UnivErsity.

=

_
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Los Alamos, New Mexico, May-August Ad t-lot Reviewer; Ecological
1991. Applications; Limnology and Oceanography;

Ad Hoc Reviewer: Mol'['ett Field proposals for NSF,
Aquifer Testing Program; Sunset Golf
Course Landfill Program. KING, ,4,.W.

Chairman: Session Moderator,
KIMMEL, B.g. Workshop on Carbon Cycling in Boreal

Member: Advisory Panel, Ecosystem and Subarctic Ecosystems, sponsored by
Studies Program, NSF; EPSCoR Scientific EPA, Oregon State University, Corvallis,
Review Panel, NSF Experiment Program September 1991.
to Stimulate Competitive Research; Participant: Workshop on Ecological
Advisory Committee, Reserw_ir Research Integrity and the Management of
Center, Murray State University, Murray, Ecosystems, sponsored by Heritage
Kentucky; Advisory Panel, Water Quality, Resources Center, University of Waterloo,
New York City Department of Ontario, Canada, April 1_1; International
Environmental Protect ion. Joint Commission Ecosystem Model

Partic(pant: Remedial Action Roundtable, sponsored by International
Program Review Meetings, sponsored by Joint Comnaission, Racine, Wisconsin, July
DOE, EPA-IV, TDEC, Energy Systems 1991; Annual Mceting, Ecological Society
ER Program, Chattanooga, Tennessee of America, San Antonio, Texas, August
(quarterly); ER Program Monthly Review, 1991; Workshop on Carbon Cycling Boreal
sponsored by DOE ER, Energy Systems and SubArctic Ecosystems, sponsored by
ER Program, Oak Ridge, '-l'enncssce, Oregon State University, EPA, Cowallis,
Paducah, Kentucky, and Portsmouth, Ohio September 1991; First International
(monthly); American Nuclear Society, Conference/Workshop on Integrating GIS
sponsored by American Nuclear Society, and Environmental Modeling, sponsorcd by
Washington, D.C., Novcmbc.r 1990; National Center for Geographic
International Seminar on Limnology, Information and Analysis, Boulder,
sponsored by National Water Commission Colorado, September 1991.
of Mcxico, Februaly 1991; Natural
Resources Damage Assessment Workshop, KOONER, Z. S.
sponsored by Energy Systems ER Program, Ad Hoc Reviewer: Arsenic in
Oak Ridge, Tennessee, March 1991; Gtvmndwater; LANL Proceedings of
ER Program Off-Site Workshop, Unsaturated Transact of Inorganic Cation
sponsored by Energy Systems ER Program in Disturbed Soil Column; Environmental
and DOE ER, Pigeon Forge, Tennessee, Geolo&,_J.
March 1991; Ecosystem Studies
Program Advisory Panel, sp_)rlsorcd by KORq_, N.
NSF, Washington, I).C., March 1991; Ad 1toc Ret,iewer; Environmental

DOE-Headquarters ER Program R.eview, Science and Technoloby; Environmental
sponsored by DOE 17_R,Wastaington, D.C., IVlanagement.
May 1991; ESPCoR Scientific Review
Panel, sponsored by NSF, Washington, KROODSMA, R. L
D.C., July 1991. Ad tfoc Reviewer: Journal of Wildlife

Faculty; Faculty Assc_ciate,Graduate Management; Proceedings of the
Program in Ecology, The University of Southeastern Association of Fish and
Tennessee. Wildlife Agencies; Auk; The Sixth Crane

Editor;' Editorial 13_ard, Limnology aral Workshop.
Oceanography.
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KSZOS, L A. Participant; Clay Mineral Society
Member; Association for Women irl Annual Mccttng, Columbia, Missouri,

Science; Society of Environmental October 1990; Soil Science Society of
Toxicology and Chcrnhtry; Water Pollution America, San Antonio, Texas, October
Control Federation; Sigma Xi, 1990; Symposium on Characterization of

Participant; Water Pc)llutlon Control Molecular Sieve, sponsored by Material
Federation, Washington, D,C., October Research Society, Anaheim, California,
1990; I lth Annual Meeting of the Society April-May 1991.

r 4

of Environmental I'oxlcolc)gyand Faculty; Adjunct Associate Professor,
Chemistry, Arlington, Virginia, Plant and Soil, The University of
November 1990, Tennessee.

Advisor: James Sumner, B.A. Advbor; Kelley Turnage,
candidate, University of New Hampshire. M.S, candidate, The University of

Tennessee,

LAASE, A. D. Ad Itoc Reviewer: Soil Science Society
Participant,, The Use of MODFLOW of America ,lournal; Soil Science; Clays and

for Analysis of Ground-Water Flow Clay Minerals; proposal for DOE.
Systems, sponsored by National Water
Well Association, Reston, Virginia, LEMISZKI, P. J.
April 1991. Other; Lecture, 4th--6th Grade Spring

Camp, Athens, Tennessee.
LARSEN, I. L.

Participant: University Research LEVINF_ D. A.
Instrumentation Prc_graln, spcmsored by Ad Hoc Reviewer: Journal-.Water
DOE, Salt Lake City, March 1991. Pollution Control Federation,

Ad Hoc Reviewer; Prt_l)osals for DOE.
Other: Tennessee State Science LINDBERG, S. E

Olympiad "Fournamcnt, Oak Ridge, Chairman; Working Group on New
Tennessee. Initiatives, sponsored by U.S. National

Atmospheric Deposition Program,
LEE, K.-L. 1900-91; Session on Deposition to Forests,

Faculty: Share Faculty, Biomedical sponsored by Conference ota
Graduate School, The University of Atmosphere/Surface Exchange Processes,
Tennessee. Richland, Washington, June 1991.

Advisor: Anthcmy Makkinje, Member: U.S. and Soviet Scientists
Ph.D. candidate, Oak Ridge Biomedical Delegation to select research sites in
Graduate School, The University of the Siberian Arctic as part of the Joint
Tennessee. U.S..U.S.S.R. Bilateral Agreement on

Ad Hoc Reviewer: Prt)posals for ORNl., Environmental Protection; U.S.-Poland
and DOE. Joint Research Committee on Status and

Trends of Forest Ecosystems: Climate,
LEE, S.Y. Pollution, and Forest He_lth; Advisory

Member: Committee on Southeastern Pancl, Air and Deposition Monitoring
Soil Mineralogy/USDA; Prr)gram Group of the EPA program on
Committee, Clay Mineral S()cicty; Environmental Monitoring anad
Charactcrizatic)n Gr()up, Uranium Assessment; Honorary Steering Committee,
Contaminated Soil Integrated International Conl'crence Series: Heavy
Dcmc)nstration. Metals in the Environment; Technical

Organizing Committee, Eighth
_
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International Conference on Heavy Metals Ad Hoc Reviewer; Water, Air, and Soil
in the Environment; Planning Committee, Pollution; Journal of the Tennessee
lnternatkmal Conference on Academy of Science,
Atmosphere/Surface Exchange Processes;
Executive Committee, Natit_nal LUXMOORE, R. J.

Atmospheric Deposition Pmgram/NTN; Chairman; ItJFRO Representative,
MAP3S/RAINE Prccipitatit_n Chemistry Ecological Physiology of Conifers,
Network; Habllitation Comxnittcc, sponsored by IUFRO, Abakan, U,S,S,R.,
D, Godbold, University of G(ittingcn; August 1991.
Organizing Committee, Sec_)nd Member; Board of Directors, Soil
Internatkmal Conference on Mercury as an Science Society of America; Physiology
Environmental Pollutant. Subject. Group, IUFRO,

Participant,, Annual "Ik'chnical Meeting Participant: Annual Meeting of Soil
of the National Atnlosphcrtc Deposition Scic'nce Society of America, San Antonio,
Program, San Antonio, Tcxas, October Texas, October 1990; 17th Annual EPA

) ,1990; U.S..-Poland Wc_rkshc_p tt_ Develop Hazardous Waste Research Sym f osmm,
Joint Research on Forest Ecosystems, Key sponsored by EPA, Cincinnati, April 1991;
Biscayne, Fqorida, March 199l; 13riefing lk:_r Southern Global Change Program
State of New York Power Company Workshop, spons()red by U.S. Forest
representatives on atmosl)heric chcmistt.'y Service, Coweeta, North Carolina,
and emissions of mercury, New York, May 1991; Response of Vegetation to
March 1_._91;EPRI Annual Review Elevated CO_, sponsored by DOE,
Meeting of Mercury in Temperate I.,akcs Edgewater, Maryland, May 1991;
Project, Palo Alto, Calil'c_rnia, April 1991; Physiological Ecc_logy of Coniferous
International Conl'crcnce on Forests Past and Future, sponsored by
Atmosphere/Surface Exchange" Processes, University of Wyoming, Jackson,
Richland, Washington, Junc 1991. Septembcr 1991.

Editor; Advances itz Etzvircmmetltal Faculty: Faculty Associate, Life
Science. Sciences Graduate Program, The

Ad Hoc Reviewer: Water Resources University of Tennessee.
Reseamh; Enl,iromnen/al Science and Editor; Editor-in..Chiet, Editorial

Technology; Atmospheric EIt_,iromneHt; Board, Soil Science Society of America

Tellus; Water; Air; and Soil l_ollutiotz,• Journal; Associate Editor, Tree Physiolo_;
Springcr-Verlagl Editorial Advisor), Board, Modeling of

GeoBiosphere Processes.
LOAR, J.M. Ad Hoc Reviewer; Soil Science; 7'tee

Member: Oak Ridge Reservation Physiology; USDA; Soil Science Society of
Resource Management f.)rganizatit_n, America Journal; prol_osal tbr National
Aquatic Resource Groul_. Environmental Research Council, UK;

Participant; Conference on proposals ti)r USDA, NSF, and Research
Environmental Biotcchn(_logy: Moving Council of Canada; American Society of

from the Flask to the Field, spt_nsorcd by Agronomy.
The University ()l"I'enncsscc, Kn¢_xvillc, Other;' B<m_"dMember, Tennessee

October 1990; The Risks t¢_Ck:an Water, Citizens for Wildcrnc.ss Planning.
sponsored by EPA, East Lansing,
Michigan, February 1991; Quantitative MANN, L.

Ranking of Environmental Problems Member: Southern Appalachian Man
Ac.cording to Risk, spc_nst_rcd by American and the Bic_sphcrc, Natural Resources
Chemical Society, New York, August 1991.
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Committee; Soil Sciences Society of MARSHALL, D. S.
America; Ecological Society of America, Participant; Fourth Tennessee

Participant,, Biomass Energy Strategies Water Resources Symposium, sponsored by
Workshop, Biofuels Feedstock Program, Tennessee Section, American Water
Oak Ridge, Tennessee, November 1991. Resources Association, Knoxville,

Ad Hoc Reviewer; Canadian Journal of Tennessee, September 1991.
Forest Research; proposals for EMCOMP
(USDA). MCCARTHY, J. F.

Other; Soil Conservation Service Board Chairman: Concepts in Manipulations
of Supervisors, Roane County. of Groundwater Colloids tbr Environmen-

tal Restoration, sponsored by DOE,
MARLAND, G. Manteo, North Carolina, October 1990.

Member; Advisory Committee, Member; American Chemistry Society;
National Institute for Global Environmen- Society of Environmental Toxicology and
tal Change--South; Pc_licyImplications of Chemistry.
Greenhouse Warming;Council on Advisor: W, Bt,rton, Ph.D. candidate,
Agricultural Science and Technology, The University of Tennessee.
U.S. Agriculture and Global Climate Ad Hoc Reviewer: Environmental
Change. Science and Technology; proposals for

Participant; Environmental Challenges DOE, National Research Council of
for Asian-Pacific Energy Systems, Canada.
sponsored by Asian-Pacific Development
Centre, Kuala Lumpur, Malaysia, January MCCORD, R. A.
1991; National Emissions of Greenhouse Participant.. Tennessee Natural
Gases--An Expert's Seminar, sponsored by Resources GIS Users Meeting, sponsored
OECD/IEA, Paris, February 1991; by TVA, No"ris, Tennessee, October 1990;
Unconventional Strategies of Mitigating SAS Users Group International, SAS
Global Climate Change, spc_nsc_rcdby Institute, New Orleans, February 1991;
EPRI, La Jolla, California, Fcbrual 3, 1991; Environmental Rest:arch Systems Institute
Engineering Response to Global C.limate User Conference, spon._ored by ESPI, Inc.,
Change, sponsored by Engineering Palm Springs, California, May 1991.
Foundation, Palm Coast, Florida,
June 1991; Advanced Study Institute on MCMASTER, W. M.

the Global Carbon Cycle, spc)nsorcd by _.hatrman. Hydroforum, sponsored by
NATO, Castelvecchic_ l-'ascoli, Italy, ESD, Oak Ridge, Tennessee.
September 1991. Member: Association of Ground Water

Advisor.. Susan Thompson, B.S. Scientists and Engineers, National Water
candidate, Oklahoma State University. Well Ass_ciation.

Ad Hoc Reviewer: Etzergy,The Participant: Third Tennessee
lntert2ational Jout_Tal;Scieilce; Climatic Hydroh-)gySymposium, sponsored by
Change; National Wildlil'c Fcdcratic_n; U.S. Geological Survey and others,
Greenpcace; EPA. Nashville, Tennessee, September 19_).

Faculty: Research Associate, Civil
MARSIt, D.J. Engineering, The University of Tennessee,

Member; Geochcrnic_ll Society; Knoxville.
American Geophysical Uniton; Sigma Xi.

Participant; DOE High Schc_c_lHonors MCK.)RE, G. K.

Workshc_p, Oak Ridge, Tennessee. Participant: Containing and Controlling
Groundwater Contamination, sponsored by
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National Water Well Association, Research Council; book chapter: Aquatic

Nashville, Tennessee, July 1991; Fourth Microbiology-Ecological Processes, T. Ford
Tennessee Water Resources Symposium, (ed.), Blackwell Scientific Publishers.

sponsored by Tennessee Section, American
Water Resources Association, Knoxville, NORBY, R. J.

Tennessee, September 1991. Participant: Second Annual Walker
Branch Watershed Research Symposium,

MULHOLLAND, P.J. sponsored by DOE OHER, Oak Ridge,
Participant: Walker Branch Tennessee, March 1991; Carbon Dioxide

Watershed Program Review, sponsored Workshop, sponsored by DOE, Edgewater,
by DOE/Ecological Research Division, Maryland, May 1991; Technologies for a
Oak Ridge, Tennessee, January 1991; Greenhouse-ConsfLrained Society,
Second Annual Walker Branch Watershed sponsored by ORNL, Oak Ridge,

Research Symposium, sponsored by DOE Tennessee, June 71991;Applied and
OHER, Oak Ridge, Tennessee, Environmental Microbiology, sponsored
March 1991; North American by Gordon Research Conference,

Benthological Society Annual Meeting, New London, New Hampshire, July 1991.
Santa Fe, New Mexico, May 1991; Faculty: Adjunct Faculty, Graduate
Ecological Society of America Program in Ecology, The University of
Annual Meeting, San Antonio, Texas, Tennessee.
August 1991; Fourth Tennessee Water Advisor." Megumi Murakami,
Resources Symposium, sponsored by the B.A. candidate, Carleton College;
Tennessee Section of the American Water Daniel B. Stewart, B.S. candidate,

Resources Symposium, Knoxville, Pennsylvania State University;
Tennessee, September 1991. Andrea Tucker, B.A. candidate, The

Faculty: Adjunct Faculty Associate, University of Tennessee.

Department of Ecology, The University of Ad Hoc Reviewer: Tree Physiology;
Tennessee. Canadian Journal of Forest Reseerch;

Editor." Board of Editors, Ecology, Atmospheric Environment; Environmental

Ecological Monographs, Ecological Society and Experimental Botany; proposals for
of America. DOE and NSF.

Advisor." Terry Flum, Ph.D. candidate,
The University of Tennessee; NYQUIST, J.
David Genereux, Ph.D. candidate, Participant: Kickoff Meeting for
/vlassachusetts Institute of Technology; Fernald Integrated Demonstration,

Amy Rosemond, Ph.D. candidate, sponsored by Fernald, Harrison, Ohio,
Vanderbilt University; David Kirschtel, February 1991; High Performance
M.S. candidate, University of I.x_uisville; Computing Group, sponsored by DOE,
Rachel Smith, B.S. candidate, Earlham OTD, Washington, D.C., April 1991;
College. Spring Meeting of the American

Ad Hoc Reviewer: Canadian Journal of Geophysical Union, sponsored by

Fisheries and Aquatic Sciences; Wetlands, American Geophysical Union, Baltimore,
Limnology and Oceanogral,hy; May 1991; Workshop on Geophysics for
hlydrobiologia; Journal of the Soil Science Non-Invasive Waste Site characterization,
Society of America; JourtTal of the North sponsored by DOE, OTD, Dallas,
American Benthological Society; Journal of August 19!91;Tennessee Water Resources
Environmental Quality; Archly for Symposium, Nashville, Tennessee,
Hydrobiolgie; proposals to NSt-, Australian September 1991.
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Faculty: Adjunct Professor, Geophysics Society of Naturalists; Fellow, American
and Geology, The University of Tennessee. Association for Advancement of Science;

Other: Science-by-Mail Scientist. International Society of Ecological
Modeling.

OI,SON, 1L J. Participant: Annual Meeting
Member: Interagency Committee on of Ecological Society of America,

Environmental Trends, Council on San Antonio, August 1991; Transect
Environmental Quality; GCDIS Catalog Workshop II, Las Cruces, New Mexico,
Services Subgroup, NASA. March 1991; U.S.-IALE Annual Meeting,

Participant: International Forum on Ottawa, August 1991.
Environmental Information for the Faculty: Adjunct Associate Professorl
Twenty-First Centux7, sponsored Graduate Program in Ecology, The
by Environment Canada, Montreal, University of Tennessee.
May 1991; GISDEX: Geographic Advisor: Jackie Cunningham, Ph.D.
Information and Spatial Data Exposition, candidate, The University of Tennessee.
sponsored by Government Computer Ad Hoc Reviewer" Landscape Ecology,
News, Washington, D.C., July 1991. Environmental Management, Ecology;

Other: (Special assignment) President's proposals for NSF, EPA, NASA.
Council on Environmental Quality,
Washington, D.C., advisor for Environment PALUMBO, A. V.
'li'rends. ' Participant: In Situ and On-Site

.Bioreclamation, An International
O'NEILL, E.G. Symposium, sponsored by Battelle,

Member: Soil Ecology Society; San Diego, March 1991; Program
Ecological Society of America; American Review--Biodegradation/Microbial
Institute for the Biological Scienccs. Physiology Subprogram, sponsored by

Participant: Second Annual Walker DOE .3HER, Washington, D.C.,
Branch Watershed Research Symposium, March 1991; Program Review--Deep
sponsored by DOE OHER, Oak Ridge, Microbiology Subprogram, sponsored by
Tennessee, March 1991; International DOE OHER, Salt Lake City, April 1991;
Symposium on Soil Divcrsity a,'d Function: 91st Annual Meeting of the .American
Resolving Global and Microscopic Scales, Society for Microbiology, Dallas, May
sponsored by U.S. Soil Ecology Society and 1991; Program Rcview-RDDT&E
EPA, Corvallis, Oregon, April 1991; The Program, sponsored by DOE OTD_
Response of Vegetation to Elevated Washington, D.C., June 1991.
Atmospheric CO_ Concentration, Advisor: Andrew Arrage, Ph.D.
sponsored by DOE, Edgcwatcr, Maryland, candidate, Virginia Polytechnic Institute
May 1991. and State University; Deborah Quo, Ph.D.

Ad Hoc Ret,iewer: Crop Science; candidate, The University of Tennessee;
proposals for USDA Competitive Rcscarch Nanette Olmeda Miro, DVM candidate,
Grants Program. School of Veterinary Science, The

University of Tennessee; Jeffcry Arnold,
O'NEILL, R.V. M.S. candidate, University of Michigan;

Chairman: Transect Worksh(_p II, Adonna Miller, B.S. candidate, George
sponsored by DOE OHER, Las Cruces, Washington University.
New Mexico, March 1991.

Member: U.S. Chapter of International PARR, P. D.
Association for Landscape Ecology; Chairman: Plant Ecology Session,
Ecological ,qot:ielv nf Amc, rit',_. Amt, ric,-,n er_ ........... _ !_,, A ........ :,,,: .... t" o .... I. .........

............ ul,,-,aa_,,,.'t _..,u t),y _ I_'_ou_..,t¢ltlUll LPJL OOLltlIUI3.btlL_I il rj ............... 9
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Biologist Meetings, Boone, North Carolina, Marine Chemistry, Polar Studies, DOE,
April 1991. and NOAA.

Officer" Treasurer, Association of
Southeastern Biologists. POST, W. M., IV

Member." Southern Appalachian Man Participant: NATO Advanced Study
and the Biosphere, Environmental Institute on Global Carbon Cycle, I1

' Education; Association of Southeastern Ciacco, Italy, September 1991.

Biologists; Oak Ridge Reservation Officer: President, Knoxville Recycling
Resource Management Organization, Coalition. Knoxville, Tennessee.
National Environmental Research Park. Faculty: Associate Professor, Graduate

Participant: LTER Ali Scientists Program in Ecology, The University of
Meeting, Estes Park, Colorado, Tennessee.
September 1990; Meeting of the Ad Hoc Reviewer: Nature; American
Association of Southeastern Biologists, Naturalist; Journal of Environmental
Boone, North Carolina, April 1990. Quality; Journal of Theoretical Biology;

proposals for NSF and DOE.
PEARSON, S. M.

Member: American Ornithologist RAILSBACK, S. F.
Union; Wilson Ornithogical Society; Chairman." Annual Conference of
Cooper Ornithogical Society; Behavioral ASCE Water Resources Planning and
Ecology Society; Sigma Xi. Management Division, New Orleans,

Ad Hoe Reviewer: Auk, Condor, May 1991.
Animal Behaviour, Journal of Theoretical Member: Social and Environmental

Biology, Landscape Ecology. Objectives Committee, ASCE; ASCE
Water Resources Planning and

PENG, T.-H. Management Division.
Chairman: NATO Advanced Study Participant." Interagency Research

Institute On Global Carbon Cycle, I1 Coordination in Water Quality and
Ciocco, Italy, September 1991. Ecology Workshop, sponsored by

Participant." Marine Algal Productivity Interagency Research Coordination
and Carbon Dioxide A_,;similation Committee, Denver, February 1991;
Workshop, sponsored by National Instrcam Flows and Recreation Workshop,
Research Council Board on Biology, Irvine, sponsored by Oregon State University,
Calitornia, October 1990; American Corvallis, March i991; Annual Conference

Geophysical Union 1990 Fall Meeting, of the Water Resources Planning and
San Francisco, December 1990; ASLO Management Division, sponsored by
Symposium, San Macos, Calili_rnia, American Society of Civil Engineers,
February, 1991; The 14th lntcrnatic_nal _4C New Orleans, May 1991.

Conference, Tucson, Arizona, May 1991' Ad ttoc Reviewer: Proposal for NSF,
U.S. JGOFS Steering Committee, Boulder, reports for Niagara-Mohawk Power

Colorado, June 1991; SAVE Workshop, Corporation.
Harriman, New York, July 1991; EPRI Other" Adopt-a-River Technical
Workshop on Carbon Cycle, Carmel, Committee Chair, Tennessee Scenic River
California, July 1991. Association.

Ad Hoc Reviewer" JourJml of
Geophysical Research; Earth and Planetary RANNEY, J. W.
Sciences Letter; Global Biogeochemical Member: Executive Committee,
Cycle; Science; Nature; proposals for Research Committee, Resource
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Management Committee of the Southern Freeman Publications, Santa Clara,
Appalachian Man and the Biosphere California, February 1991.
Program.

Participant: Technologies for a RYON, M. G.
Greenhouse-Constrained Society, Member: Pollution Committee,
sponsored by ORNL, Oak Ridge, Southern Division, American Fisheries
Tennessee, June 1991. Society.

Editor." Editorial board member,
Biomass and Bioenergy, Pergamon Press. SALE, M. J.

Ad Hoe Reviewer: Book chapter for Chairman: Fourth Tennessee Water
Fuels and Electricity from Renewable Resources Symposium, sponsored by
Sources of Energy; book for U.N. Tennessee Section, American Water
Conference on Environment and Resources Association, Knoxville,
Development. Tennessee, September 1991.

Member." Tennessee Section, American
REYES, O.M. Water Resources Association.

Participant: Simulation of Subsurface Participant: GEWEX Design
Flow and Contaminant Transport by Finite Workshop, NASA, NOAA, and USGS,
Element and Analytical Methods, Reston, Virginia, October 1990;
sponsored by Pennsylvania State COMPMECH Program Review, sponsored
University, University Park, May 1991. by EPRI, Oak Ridge, Tennessee,

Ad Hoc Reviewer: Rock lVIechanicsand February' 1991; FY 1993 Program Planning
Rock Engineering. Workshop--Utilities Sector, sponsored by

DOE, Denver, February 1991.
ROSE, K.A. Ad tfoc Reviewer: Canadian Journal of

Participant: COMPMECH Workshop Fisheries and Aquatic Sciences; proposals
on Striped Bass, sponscircd by EPRI, for U.S. Fish and Wildlife Service;
Columbia, South Carolina, November 1990; programs for DOE and Virginia
COMPMECH Workshop on Bay Anchovy, Department of Wildlife and Inland
sponsored by EPRI, Raleigh, Fisheries.
North Carolina, November 1990;
COMPMECH Program Review, sponsored SALK, M. S.
by EPRI, Oak Ridge, Tennessee, Participant: 1991 Conference,
February 1991; COMPMECH Workshop sponsored by National Association of
on California Halibut, spc)nsorcd by EPRI, Environmental Professionals, Baltimore,
La Jolla, California, June 1991; April-May 1991.
COMPMECH Workshop on Pcrcids, ,'td Hoc Reviewer: The Environmental
sponsored by EPRI, Madison, Wisconsin, Professional.
July 1991.

Ad Hoc Reviewer: Ecological SCHRAMM, W. E.
Appl&ations; Ecological Modeling; proposal Participant: Environmental Sustainable
for National Sea Grant. Development Planning, U.S. Agency

for International Development,
ROSEN, A.E. Washington, D.C., June 1991; Workshop

Member: Association for Computing on NEPA/CERCLA at Federal Sites, CEQ
Machinery. and EPA, Washington, D.C., July 1991.

Participant: Software Developers
Conference '91, sponsored by Miller
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SHAAKIR-.ALI, J.A. NATO, EPA, Procter and Gamble, and
Member: American Public Health Green Peace, Texel, The Netherlands,

Association. May 1991.

Participant: 26th Annual International Member: Technical Committee, Society
Graduate Summer Session in of Environmental Toxicology and

Epidemiology, Environmental Epiden_io- Chemistry.
logy Section, sponsored by University of Participant; Review of TNT Project,
Michigan, Ann Arbor, Michigan, July 1991. U.S. Army Biomedical Research and

Development Laboratory, Fort Derrick,
SIIARPLES, F.E. Maryland, November 1990; Review of

Member." AAAS Comlnittce on Biomarkers Program, sponsored by EPA,

Science, Engineering and Public Policy. Cincinnati, December 1990; Review of
Participant: Environmental Biology Gulf Breeze ERL Proposal for National

Peer Review Panel, sponsored by EPA, Center for Marine Research, sponsored by
Phoenix, Arizona, December 1990; EPA, Gulf Breeze, Florida, February 1991;

Workshop un Undergraduate Education in NATO ARW on Biomarkers (Workshop),
Environmental Sciences, sponsored Tcxel, The Netherlands, May 1991; Study
by Ecological Society of America, Group on Environmental Remediation,
San Antonio, Texas, August 1!)91. sponsored by Environnmntal Health

Advisor: Marc Sperl ct, J.D. canctidate, Institute, St. Simon's, Georgia, June 1991'
Boston University; Patrick Gann, DOE OTD Workshop on Bioremediation,
J.D. candidate, Arizona State University. Denver, August 1991; Savannah River

Ad Hoc Reviewer; OTA Document. Genotoxicology Workshop, sponsored by
Sawlnnah River Ecology Laboratory

SItEVENELL, L. (University of Georgia), Aikens,

Particit2ant: Simulations t)l"Subsurface South Carolina, August 1991.
Flow and Contaminant Transport by Finite Faculty: Adjunct Associate Professor,

Element and Analytical Models, sponsored Oak Ridge Graduate School of Biomedical
by Pennsylvania State University, State Sciences, The University of Tennessee.
College, Pennsylvania, May 1991. Editor: Ecotoxicolo_, Chapman and

Faculty." Research Associate, Civil Hall Publishers.
Engineering Department, The University Advisor: Anne Helmenstein, Christina
of Tennessee, Knoxville. Gcttys ttull, and Chris Theodorakis, Ph.D.

Ad ttoc Reviewer: Documents for candidates, The University of Tennessee.

Portsmouth Gaseous Difl'usic_n Plant. Ad Hoc Reviewer." Archives of Environ-
mental Contamination and Toxicology;

SHRINER, D.S. Aquatic Toxicology; Marine Environmental

Member; Research Task Group, Research; Risk Analysis; Cytometry; journal
U.S. Forest Service, Southern Gh)bal article for International Symposium on

Change Program. Biomarkcrs of Ecology; journal article
"_ ) 'Participant: Annual Meeting of the t'or ASTM Sympt slum on Environmental

American Phytopathological Society, Toxicology; proposal to Microbiological
St. ix)uis, August 1990. Associates, Inc.; grant proposal to

Ad Hoc Reviewer; U.S, Fc)rest Service U.S. Department of Commerce; Ph.D.

Northern Global Change Program. thesis, University of Mysore, Mysore, India.
Other (Special assignment)" North Sea

StlUGART, L.R. Cruise to sample aquatic species as part as
Chairman: NATO Advanced Research of Integrated N_rth Sea Program,

Wl,_,rb,-ht,,n ,'xr+ I_;,,,,'n,art-, .... ',w+nt',,,',,tt I'+u ,_nt+rlvg'_rt,t] hv lh(_ _,t+vt_rllrn+_.nl cl_"Tho.
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Netherlands and The Netherlands Institute September 1991; 5th Interagency Meeting
of Sea Research, Texel, The Netherlands, on Quality Assurance for Environmental
August 1991. Measurements, sponsored by EPA

and DOE, Richmond, Virginia,
SIEGRIST, 1L L September 1991.

Chairman: Sixth National Conference Advisor: Paula Labieniec, Ph.D.
on On-Site Wastewater Treatment, candidate, Carnegie Mellon University;
sponsored by Society of Agricultural Dan Hurst, M.S. candidate, The University
Engineers, Chicago, December 1991. of Tennessee.

Member: American Society of Civil Ad Hoc Re_,iewet: EPA; Bioremedia..
Engineers; Water Pollution Control tion of Environmental Contaminants
Federation; Soil Science Society of Consortium, University of Wisconsin,
America; Committee D-34 on Waste Madison, program review and critique.
Disposal, American Society for Testing O_her: Member, Core Planning Group;
Materials (ASTM). and Director, Research and Development

Participant: Understanding Site Initiatives, In Situ Remediation Integrated
Remediation, sponsored by the University Program, DOE OTD.
of Wisconsin for the 'I'cnnc.ssee Valley
Authority, National Fertilizer and SIGAL, L L
Environmental Research Center, Muscle Chairman: Third International Task

Shoals, Alabama, October 1990; Data Force on the Application of the Principles
Sufficiency and Decision Making for Site of Environmental Impact ,_sessment on
Rcmediation, sponsored by the University Policies, Plans, and Programs, sponsored
of Wisconsin, Madison, November 1990; by EPA, Washington, D.C., April 1991;
Multi-Stake Holder Workshc_pon Fourth lnternati_mal Task Force on the
Contaminated Sites, sponsored by the Application of the Principles of Environ-
Canadian Council of Ministers of the mental Impact Assessment on Policies,
Environment, Toronto, November 1990; Plans, and Programs, sponsored by EPA,
Third International KfK/TNO Conference Gcneva, August 1991.
on Contaminated Soils, sponsored by KfK Participant: NEPA Integration:
and TNO, Karlsruhe, Germany, December Effective, Efficient Environmental
1990; Pittsburgh Conference on Analytical Compliance in the 1990s, sponsored by
Chemistry, sponsored by Varian Press CEQ, Alexandria, Virginia, March 1991;
Briefing, Chicago, March 1991; Natiom_l Lichens as Biomonitors, sponsored by
Symposium on Soil Venting, sponsc)rcd by National Park Service, Denver, April 1991;
EPA, Houston, April 1991; D_lta Lichens as Indicators of Air Pollution
Sufficiency and Decision Making for Site Impacts at Toxic Waste Sites, sponsored by
Remediation, sponsored by the University EPA, Arlington, Virginia, June 1991;
of Wisconsin, San Diego, June 1991; Office CERCLA and NEPA at Federal Facilities,
of Technology Development Progr_m sponsored by EPA/CEQ, Arlington,
Review, sponsored by DOE, Gcrnlantown, Virginia, July 1991.
Ma .ryland,June 1991; 33td Rocky
Mountain Conference on Analytical SIGMON, C. F.
Chemistry, sponsored by USGS and others, Chairman: WATFec, Knoxville,
Denver, July 1991; Buried Waste Deposits Tennessee, February 1991.
and Polluted Soils, sponsored by Member: A.ssociation h_r Women in
Norwegian Centre for Soil and Science; WATTcc.
Environmental Research, Aas, Norw_ty,

z

z
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SMITH, FL D. SOUTHWORTH, G. R.

Chairman; Discussion group leader, Member: American Chemical Society;
CEQ/EPA Workshop on CF-.,RCLA and Society of Environmcntal Toxicology and
NEPA at Federal Sites, sponsored by Chemistry; Sigma Xi.
CEQ/EPA, Arlington, Virginia, July 1991. Ad Hoc Reviewer: Environmental

Participant: Hydrogeology and Science and Technology; Water, Air, arm
Geomorphology of the Mammouth Cave Soil Pollution.
,,M'ea, Kentucky, sponsored by
Southeastern Friends of the Pleistocene, SPALDING, B. P.

Cave City, Kentucky, November 1990. Participant: In Situ Vitrification
Ad Hoc Reviewer; Journal of Hazardous Technology Development Activities

Materials. Review, sponsored by DOE, Pasco,
Other: Member, Environmental Quality Washington, January 1991; Society of

Advisory Board, City of Oak Ridge. Exploration Geophysicists, sponsored by
DOE, Knoxville, Tennessee, March 1991;

SMITH, J.G. Office of Technology Development
Participam: 39th Annual Meeting of Program Review, sponsored by DOE,

the North American Benthological Society, Washington, D.C., June 1991.
Santa Fe, New Mexico, May 1991. Ad ttoc Reviewer; Soil Biology and

Advisor: Dan O'ttallaran, participant in Biochemistry.
the DOE Teacher Research Associates

Program. STEINMAN, A. D.
Ad Hoc Reviewer: Canadian Journal of Member: Elections and Piace

Fisheries and Aquatic Sciences. Committees, North American
Benthological Society.

SOLOMON, D.K. Particil)ant; Second Annual Walker

Participant: Concepts in Manipulation Branch Watershed Research Symposium,
of Groundwater Colloids for sponsored by DOE OHER, Oak Ridge,
Environmental Restoration, sponsored by Tennessee, March 1991.

OHER DOE, Mantco, North Carolina, Advisor; Ralph Mathes, SEED Project,
October 1990; Transport and Mass Fulton High School.

Exchange Processes in S_lnd and Gravel Ad Hoc Reviewer: Freshwater Biology;
Aquifers, sponsored by AECl., Research, Hydrobiologia: Ecology; Journal of the
Chalk Rivet" Laboratory, Ottawa, North American Benthological Society;
October 1990; American Gec_physical Canadian Journal of Fisheries and Aquatic
Union Fall Meeting, spons¢_rcd by " ....Sctence, proposals for NSF.
American Geophysical Uniora, San Other: Knoxville Metropolitan
Francisco, December 199(); Second Annual Planning Commission; consultant for
Walker Branch Watershed Rest'arch Environment 2()00 Project.
Symposium, sponsored by DOE OIIER,

; "" ' 7 "Oak Ridge, Tennessee, April 1!)91 S ILWARq, A. J.

Manipulation of Natural Subsurl'ace Participant." North American Bentholo-

Processes for In Situ Remcdiati_m, gical Society Annual Meeting, Santa Ft,
sponsored by DOE OHER, Richland, New Mexico, May 11991.
Washington, July 1991. Faculty: Adjunct Faculty, Graduate

Ad ttoc Reviewer: Pl't_l_osal t'ot"I)OE. Program in Ecology, The University of
Tennessee, Knoxville.
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Advisor; Phil Neuhoff, B.S. candidate, SUTER, G. W., 1I.
University of Iowa; Erik Wordcn, B.S. Chairman: Rapporteur and Plenary
candidate, Washington State University. Speaker, OECD Workshop on the

Extrapolation of Laboratory Aquatic
STOW, S.H. Toxicity D_._tato the Real Environment,

Chairman: International Symposiuni sponsored by Organization tbr Economic
on High-Level Waste Disposal, Cooperation and Development, Crystal
sponsored by DOE American Nuclear City, Virginia, December 1990; Chesapeake
Society, Las Vegas_ April 1991; Bay Ecological Risk Assessment
Commission on Hydrogeology oi' Workshop, sponsored by EPA and
Hazardous Waste, sponsored by Chesapeake Research Consortium,
International Association of Solomons, Maryland, May 1991.
Hydrogeologists, Hannover, Germany, Member; Board of Directors, Society
May 1991; Co-host, Conference of Dense for Environmental Toxic_,logy and
Nonaqueous Phase Liquids at DOE Chemistry; Ecosystem Valuation
Facilities, sponsored by DOE/ER, Forum, EPA/Conservation Foundation;
Atlanta, July 1991. Group E-47 on Aquatic Toxicology and

Member`' Education, Nc_nainatk_ns, Environmental Fate, American Society for
Geology and Public Policy cc_mmittecs; Testing and Materials.
Geological Society of America; DOE OTD Participant: EPA Workshop on
Advisory Task Force on Educatic_n; The Recommendations for Revising the
University of Tennessee Advisc_ryBoard National Water Quality Criteria
for Gcoscienccs; Science-Math Deans Guidehnes, Crystal City, Virginia,
Advisory Board, Auburn Llnivcrsity. December 199(I;Ecosystem Risk

Participant; Annual Meeting c)f the Assessment and Monitoring Workshop,
Geological Society of America, Dallas, sponsored by National Academy of
October 1990; American Assc_ciatit_nfor Scienccs, Airlie, Virginia, February-March
the Advancement of Science, Washington, 1991; Workshop on Implementation of
D.C., February 1991; Southeastern Section Natural Resource Damage Assessment,
Geological Society c_fAmerica, Baltimc_re, sponsored by DOE, Oak Ridge, Tennessee,
April 1991; Annual Meeting c)['the March 1991; NATO Advanced Research
American Association of State Geolc_gists, Workshop on Strategy h_r Biomarker
Saratoga Springs, New Y_rk, May 1991. Research and Application in the

Faculty: Adjunct Pmt'cssc_r, Gcolc_gical Assessment of Environmental Health,
Sciences, The University _1'Tennessee. Texel, The Netherlands, May 199l.

Editor: Editorial Board, Environmental Advisor`' David Macintosh, M.S.
Geology and Water Sciences. candidate, Indiana University; Geoffry A.

Ad Hoc Reviewer`' Prc)pc)salsl'c_rNSF. Kerchner, B.S. candidate, Haxward
University.

STRATFON, L. E. ,,td Hoc Reviewer; Environment

Participant: DOE t IQ Review _l" Canada; Risk Analysis; Aquatic Toxicology
ORNL Environmental R.c;;tc_z_ltic_n and Risk Assessnzent; Environmental

t)( ' ., 'and Waste Management (EM) FY 1 93 Toxicology and Ctu.mtstry; International
Budgct Submission, sponsc_rcd by D(3E, Sympcsnum on Ecological Indicators;
Oak Ridge, Tenncssc;e, Fcb_'u_lxy 1991; Environmental Management; EPA.
Confcrcnce of Radiatiorl C_)ntrc_lPre,gram
Directors, spcmsored by DOff, W'ichit_, TIMMINS, S. P.
Kansas, May 1991. Participant: American Society of

Photogrammetry and Remote Sensing,



252 OtherProfessionalAotlvitles

sponsored by ASPRS ACSM, Baltimore, Ad Hoc Reviewer; Water Resources
April 1991; First International Conference Research; Geochimica Cosmochimiea et
on Integrating GIS and Environnaental Acta,
Modeling, sponsored by NCGIA, Boulder,
Colorado, September 1991; Second Annual TRABALKA, J. R.
Walker Branch Watershed Research Member: Task Group 9, Scientific
Symposium, DOE OILER, ORNL, Oak Committee 64, National Council on
Ridge, Tennessee, March 1991. Radiation Protection and Measurements.

. Participant; Observational Approach
TOLBERT, V.R. Workshop, sponsored by DOE,

Chairman: ORNL Conference for Environmental Restoration Program,
College Women, Knoxville, Tennessee, Oak Ridge, Tennessee, May 1991.
May 1.991.

Mentber: North American Bcntlu_log- TSCHAPLINSKI, T. J.
ical Society; Exhibits Committee, Sigma Xi; Partic!pant: Biofuels Subcontractors
Admissions Committee, Association for Workshop, sponsored by DOE, Baton
Women in Science; Awards Committee, Rouge, Ix_uisiana, February 1991; Second
Association of Southeastern Biologists; Annual Walker Branch Watershed
Audit Committee. Symposium, sponsored by DOE OHER,

Participant: North American Bentholo- Oak Ridge, Tennessee, March 1991;
gical Society Annual Meeting, Santa Ft, Marker-Aided Selection, sponsored by
New Mexico, May 1991. DOE, Gatlinburg, Tennessee, June 1991;

Advisor' Ilans J. Eckman, B.S. American Society of Plant
candidate, University of Georgia, Athens; Physiologists--Annual Meeting, sponsored
Theme Group Advisor, DOE High School by American Society of Plant Physiologists,
Itonors Program. Albuquerque, New Mexico, July 1991;

Other; Teacher Enrichlncnt Class in Biot'uels Subcontractors Workshop,
Ecology, Cedar Bluff Intermediate Sch_ol, sponsored by DOE, Davis, California,
Knox County. September 1991.

Advisor; Denise P. Kay, B.S. candidate,
TORAN, L. 1L University of Michigan; Daniel B. Stewart,

Participant: American Geophysical B.S. candidate, Pennsylvanm State
Union Spring Meeting, sponsored by University; Michael Kirk, Junior High
American Geophysical Union, I3altim_re, School Teacher, University of Wisconsin.
May 1991; Cooperate Partnership Ad Hoc Reviewer; Proposal to USDA-
Workshop, sponsored by Partnership in Competitive Grants Program.
Computer Science (DOE), Ct_lurnbia,
South Carolina, June 1991; Groundwater TURNER, M. G.
Transport Workshop, sponsored by Member: Committee on Federal
Partnerships in Computer Science (DOE), Acquisition of Lands For Conservation,
Oak Ridge, Tennessee, August 1991; National Academy of Sciences; Directorate
Tennessee Water Resources Symp_sium, on Temperate Ecosystems, U,S. Man and
sponsored by American Water Resources the Biosphere Program; Councillor-at-
Association, Knoxville, Tennessee, Large, U.S. Association of the
September 1991. International Association for Landscape

Faculty; Adjunct Faculty, (3cology and gc_logy; Future Meetings Committee and
Geophysics, The University of "l'enrlcssee, Vision Committee, Ecolc,gical Society of

Editor: Ground Water. America.
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Participant; Invited Participant, TURNER, R, S.
Wetland and Riparian Ecotoncs in Participant; Integrated Assessment
Landscape Dynamics: A Workshop c_l_ Writing/Review Workshop, sponsored by
Applying Theory, Data, and Methods, NAPAP, Washington, D.C,, October 19.90;
sponsored by the U.S. Man and the Second Annual Conference on Acid Rain
Biosphere Program, Oak Ridge, in Asia, Asian Institute of Technology,
Tennessee, September 1990; First Annual DOE, World Bank, Bangkok, Thailand,
Southern Appalachian Man and the November 1990; Scientific Evaluation of
Biosphere (SAMAB) Conference, NAPAP's Final Report, sponsored by Air
Gatlinburg, Tenncssee, Novcmbcr 1990; and Waste Management Association,
Symposium, Application of Ecological Pittsburgh, December 19_); Walker BranCh
Models to Natural Arca Preserve Design Watershcd Program Review, sponsored by
and Management, Annual Meeting of the DOE OHER, Oak Ridge, Tennessee,
Ecological Society of America, San January 1991; NAPAP Planning Workshop,
Antonio, Texas, August 1991. Washington, D.C.,April 1991;

Faculty: Adjunct Assistt_nt Prol'essc_r TVA/ORNL/NASA Freshwater Initiative
and Assistant Protizssor, Graduate Pre,gram Planning Workshop, sponsored by TVA,
in Ecology, The University <_fTennessee. Norris, Tennessee, July 1991; Fourth

Editor.. Editorial Board, Climate Tennessee Water Resources Symposium,
Research. spc_nsored by American Resources Associa-

Ad_,isor' Nathan Schumaker, Ph.D. tion, Knoxville,Tennessee, September 1991.
candidate, University of Washingtc_n. Ad Hoc Re_,iewer; Soil Science Society

Ad Hoc Ret_iewer; Ecology; Lap_dscape of America Journal; Journal of End)iron.
Ecology; Wetlands Ecology al2d Restoration; mental Quality; proposals for EPA; reports
IALE (Chapman and Hall); Natic_taalPark lk_rEPA, NAPAP, and State of Maryland.
Service; Elsevier; Springcr-Vcrlag;
Cambridge University Press; NSf;'; U.S. TUSKAN, G' A.
Man and the Biosphere Prc_grtlm;USDA Chairman: Marker-Aided Selection
Forest Service; USDI Fish _lnd Wildlil'c Worksho p, sponsored by Biofuels
Service. Feedstock Development Program and

Weyerhacuser, Gatlinburg, Tennessee,
TURNER, R.R. June 1991; Mc)derator, 21st Southern

l-'articipant; Symposium _n Dc.cc_nt_rni- Forest Tree ImI_rovement Conference,
nation of Heavy Metals in S_)iland sponsored by Sc_uthern Forest "Free
Groundwater, sponsored by Amcrictln Improvement Comnlittee, Knoxville,
Chemical Society, Atlanta, April 1991; Tennessee, June 1991.
Annual Program Review of Mercury in Participant; Southern Biomass
Temperate Lakes Project, spc_nsc_rcdby Conference, sponsored by Ix_uisiana
EPRI, Palo Alto, Calilbrnia, April 1991; State University, Baton Rouge,
Genetic and Microbial Ecc_lc_gyc)l'Bic_l'ilms January 1991; U.S.-Canadian Poplar
Review, spc._nsoredby EPRI, I(nt_xvillc, CtJuncil Meeting, sponsored by East
Tennessee, March 1991. Forest/D_mtar Inc., Ottawa, August 1991.

Advg'or: Sharon Kinclc_ta,Ph.1). Ad_)isor; Chcng-gwo Wang, Ph.D.
candidate, The Univ'ersity <_1'Tennessee. candid;_te, Nc)rth Dakc_ta State University;

Ad Hoc Reviewer: Ent,irm_metttal Ting Wec, M.S. candidate, Northern
Toxico/offy and Chemistry. Ariz_)na University.

Other: Event Supcrvist_r, Scictace Ad l loc Reviewer: Proposals for USDA
Olympiad, Museum of Science and Elacrgy, Plant Genome Program, New York State
Oak Ridge, Tennessce. Energy Research and Development;
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project reviews for USDA Forest Service, Forest Tree Nutrition Workshop,
Grand Rapids, Minnesota, und Linccfln, sponsored by UnivcMty of Georgia,
Nebraska, Athens, May 1991; Southern Forest

Environment Research Council, Virginia
VAN HOOK, R.I. Polytechnic Institute and State University,

Chairman: Technologies for a Duffield, Virginia, June 1991;
Greenhouse-Constrained Society, Gordon Research Conference on
sponsored by DOE, Oak Ridge, Tennessee. Forested Catchments, sponsored by

Member; Chairman of Public Affairs, Gordon Research Center, Plymouth,
Association of Ecosystem Research New Hampshire, July 199l; U.S.-Poland
Centers; l-_ecuttve Committee on Research Exchange Planning Meeting,
Southern Appalachian Man and the sponsored by Bowling Green State
Biosphere Cooperative; ORNL..TVA-UT University, Gatlinburg, Tennessee,
Research Consortilml. July 1991; UT/NPS Cooperative Research

PartMpant: U,S. Altcrnatiw Fucl Symposium, sponsored by National Park
Council Meeting, sponsored by DOE, Service, The University of Tennessee,
Denver, Februaz), 1991; DOE Office Knoxville, Tennessee, September 1991.
of Foreign Intelligence Wolkshop, Faculty; Lecture," und Adjunct
Washington, D.C., March 1991; NRC A_,;sistantProfessor, Department of
Workshop on Environmental Chemistry, Forestry, Wildlife, and Fisheries, The
sponsored by NAS-NRC, Washington, University of Tennessee.
D.C., May 1991, Advisor; Susan E. Lindahl, ORAU-

Faculty: Adjunct Fi_cultyMember, Graduate Student Research Participation
Ecology Program, The University ¢_1' Program, The University of Tennessee;
Tennessee. Iwm Rivcra 'Forres, B.S, candidate, SEED

Editor; Editorial Board, Biomass; Summer Student Project, University of
f'on,_'n. Puertc._Rico,

Ad Hoc Reviewer: Journal of
VAN MIEGROffF, H. Environmental Quality; Soil Science Society

Member; ESD Educati_n Committee; of America Journal; Ecology; Canadian
Association for Women in Science, Journal Forest Research; Water Resources
East Tennessee Chapter; ORNL Research; EPA.
Representative, Weslwan College Steering
Committee; OR.NL-ESD Representative, VAN WINKLE, W. W.
Southern Forest Environment Research Chairman; Symposium on Individual-
Council. Based Approach to Fish Population

Participant: Intcrnati_lat_l Cc nlc,rcnce Dynamics: Theory, Process Studies, and
on Acidic Deposition, sponsored by Royal Modeling Approaches, sponsored by
Society of Edinburgh, Glasg_w, United American Fisheries Society, San Antonio,
Kingdom, September 1199(i;Anlaual Texas, September 1991,
Meeting Soil Science Society of America, OJficer: Treasurer, Oak Ridge Chapter
October 1990; First Annual Southern of Sigma Xi.
Appalachian Man and the' Biosphere, Menlbev Oak Ridge Chapter of Sigma
sponsored by SAMAB and TVA, Xi; Scientific Advisory Committee for
Gatlinburg, Tennessee, Ntwcmbcr 199(I; NOAA's Coastal Ocean Program/Coastal
Southern Biomass Colal'crcnce, sponsored Fisheries Ecosystems; Technical Advisory
by Louisiana Department o1'Agriculture Committee for NOAA's South Atlantic
and Forestry, Baton Rouge, Louisiana, Bight Recruitment Experiment (SABRE).
,lanu,_lrv ]991; 13th Biennial Southern
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Participant; EPRI-COMPMECH Foundation, Pacific Ocean, March-April
Program Workshops on California Halibut, 1_1; Alvin Review Committee Meeting,
sponsored by the Los Angeles County sponsored by UNOLS, Woods Hole,
Museum, Los Angeles, October 1990; Bay Maine, June 19)1.
Anchovy, sponsored by Carolina Power and Facully.. Research Associate Professor,
Light and North Carolina State University, Department of Geological Sciences, The
Raleigh, North Carolina, November 1990; University of Tennessee,
Striped Bass, sponsored by South Carolina Adt,isor' Kathy Fraracci, M.S.

0 q _ ,

Electric and Gas and Sc_uth Carolina candidate, The Umverslty of Tennessee;
Wildlife and Marine Resources Rhett Moore, M.S. candidate, Indiana
Department, Columbia, South Carolina, University.
November 1990; Striped Bass, sponsored Ad Hoc Reviewer; Nature; AGU
by the California Department of Fish and Quadrennial National Report; Geochimica
Game, Stockton, California, February 1991; et Cosmochimica Acta; proposals for NSF.
Smallmouth Bass, sponsored by the
Ontario Ministry of Natural Resc_urces, VOORHEES, L
Maple, Ontario, March 19911Percids, Member;' Oak Ridge Reservation
sponsored by the University c_l'Wisconsin, Resource Management Organization,
Madison, July 1991; Smallmouth B_ss, DOE.
sponsored by the Ontaric_ Ministry c:_t' Participant; SAS Users Group Interna-
Natural Resources, Algonquin Prcwincial tional 16th Annual Conference, sponsored
Park, Ontario, September 1991; L_rval by SAS Institute, New Orleans, February
Fish Conference, sponsored by Early Life 1991,
History Section of the American Fisheries
Society, Los Angeles; Annu_l Meeting, WALTON, B. L.
sponsored by American Fishci'ics Sc_ciety, Member; Board of Directors, American
San Antonio, Texas, September 1991; Board of Toxicology; Past Presidents
EPRI Review of the COMPMECH Council, Society of Environmental
Program, sponsored by ORNl.,, Oak Ridge, Toxicc_logyand Chemistry.
"l"cnnessce, February 1991, Faculty: Adjunct Faculty, Graduate

Faculty: Adjunct Faculty, Gradu_xte Program in Environmental Toxicology and
Prograrn in Ecology, The University of Ecology Program, The University of
Tennessee. Tennessee.

Advisor: Mark Clark, Ph.D. candidate, Advisor,. Todd A. Anderson,
The U_liversity of Tennessee. J. Ken Greer, and Anne M. Hoylman,

Editor: Associate Editor, Ph.D. candidates, The University of
COMPMECH News, EPRI. Tennessee.

Editor: Editorial Board, En_,ironmental
VON DAMM, ICL. Toxicoh)ga, and Chemistry.

Member: Alvin Review Cc)mmittee, Ad l:h)c Re_,iewev;' Environmental

University National Occanc_gx'al_hic Toxicology and Chemistry; Journal of
Laboratorics. En_,ironmental Quality; Canadian Journal

Participant: American Gcc_physic_ll of Microbiology.
Union Fall 1990 Meeting, S;ln F:r_:lnci.,;co,
December 1990; Alvin Review WATKINS, D. R.
Committee Meeting, spcmsc_rcdby Participant: Oak Ridge Model
UNOLS, San Francisco, December 1990; Conl'erence, spcmsored by DOE, Oak
Altantis II/Alvin Oceanc._gr_lphicR_'scarch Ridge, Tennessee, October 199t).
Cruise, spcmsc_rcdby Natic_nalScience
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WATI'S, J.A. Other; Boy Scouts, Conservation of
Chaimlan; Tcchnlcnl Program for Bats, Oak Ridge.

WATTec 1991, The Technical
Professional--Staying Current/Staying WHITE, T. W.
Competitive, sponsored by WATTcc, Inc., Chairman: Co-chairman, ESD GIS
Knoxville, Tennessee, February 19911; Self-Directed Work Team,
Technical Program/Education Session, Participant; CDIAC Program
Meeting the Challenges of the 21st Review, sponsored by Carbon Dioxide
Century, sponsored by Association for Research Program, DC)E, Oak Ridge,
Women in Science, Washington, D.C., Tennessee.
June 1991. Advisor: Kevin Birdwell, M.S.

Member: Board of Directors, Science- candidate, Murray State University;
In-Action Eduction Committee, WATTec, Richard Daniels, M.S. candMate, Miami
Inc.; Advisor, Discovery Place "A Matter of University; Kimberly K. Chapman,
Energy" Exhibit, WA'ITec, Inc.; Education, B.S, candidate, East Tennessee State
East Tennessee Chapter of AWIS. University.

Participant; High School Honors
Workshop in Environmental Sciences, WICKER, I,. F.
Chairperson, sponsored by DOE, Participant; l lth Annual Meeting of
Oak Ridge, Tennessee, July 1991. the Society of Environmental Toxicology

Advisor; Angela T. Bcdnarck, I3.S. and Chemistry, Washington, D.C,, Novem-
candidate, Notre Dame University; .lcssellc ber 1990,
M. Christenson, teacher, DOE-'I'RAP
Program; DOE High School I titherS WICKLIFF, D. S.
Program. Participant; SPECq'RUM 90,

Other; Volunteer, Knoxville Zoolc_gical sponsored by American Nuclear Society,
Gardens. Knoxville, Tennessee, September-October

1990.
WEBB, J.W. Advisor: Diannia Brown, SEED

Member: U.S. Delegation and Rel)O/'t student, high school graduate.
Preparation, Task Force on Environmental
Impact Assessment for Policies, Plans, and WINEMILLER, K.
Programs, U.N. Economic Comlnissic_nfor Participant: COMPMECH Review,
Europe. sponsored by EPRI/ORNL, Oak Ridge,

t.'articipant; U.N. Economic Comlnission Tennessee, February 1_)1; American
for Europe Task Force on Environmental Society of Ichthyologists and Herpetolo-
Impact Assessment for Policies, Plans, and gists, sponsored by ASIH, New York, June
Programs Third Meeting, sponsc)rcd by 1991; Smallmouth Bass Workshop,
EPA, Washington, D,C., April 1991; sponsorcd by COMPMECH Program
U,N. Economic Commission for [:)',ulc_pe (EPRI/ORNL), Algonquin Park, Ontario,
Task Force F'inal Meeting, spc_nscwcdby C.anada, September 1991; American
EPA, Geneva, August 1991; Fisheries Society Meeting, San Antonio,
NEPA/CERCLA Integration Workshop, Texas, September 1991.
sponsored by EPA/CEQ/DOE, Faculty; Research Associi_te, Ecology
Washington, D.C., July 1991; Subt:cntract Prograln The University of Tennessee.
Renewal Technical Review Colnmittcc, Ad Hoc Reviewer: Ecology; Acta
sponsored by Martin Marietta Ener_,,y Oecologia; North American Journal of
Systt.m,, Inc., Oak Ridge Tennessee, ['isheri_s Managemem; Col)eta; research
_,,nte,r,._l_,-,r 1(1{11 ............ I C,,,,. Kl_V_
_._,|._i,_,iAit-",_i A..,'..,,l, Illtt|VtJt'_tll lVl/l l_l.Jl ,
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WRIGHT, L L Participant., Annual Meeting of
Chairman: Biomass Energy Strategies the Ecological Society of America at

WorE;hop, sponsored by EPA/DOE, San Antonio, Texas, sponsored by Fort
Oak Ridge, Tennessee, November 1990, Lewis College (Colorado), San Antonio,

Member; Membership Committee, Texas, August 1991; Patch Dynamics
Association for Women in Science, Workshop, sponsored by NSF, Ithaca,

Oak Ridge Chapter; Sigma Xi. New York, June-July 1991.
Participant; Btofuels Feedstock

Program Review, sponsored by DOE, WULLSCHI.,EGER, S. D.
Nashville, Tennessee, January 1991; Member' American Society of
Southern Biomass Conference/SRWCP Agronomy; Crop Science Society of
Contractors Meeting, sponsored by DOE, America.
TVA, and others, Baton Rouge, Louisiana, Participant; American Society of
January 1991; Biomass Power Strategies, Agronomy, San Antonio, Texas, November
sponsored by Solar Energy Research 1990; Response of Vegetation to Elevated
Institute, Golden, Colorado, January 1991; Atmospheric CO2, sponsored by
EPRI Biomass Working Group Meeting, Smithsonian Environmental Research
sponsored by EPRI, Nashville, Tcnnessee, Center/DOE, Edgewater, Maryland,
April 1991; National BioEnergy May 1991; American Society of Plant
Conference, sponsored by DOE, Coeur Physiologists, Albuquerque, New Mexico,
d'Alene, Idaho, March 1991; Ccmfcrcnce July 1991; Second Annual Walker Branch
on Forests and Global Chan:,.c, sponsored Watershed Research Symposium,
by American Forestry Associatkm, EPA, sponsored by DOE OHER, Oak Ridge,
Arlington, Virginia, June 1991. Tennessee, Malch 1991.

Advisor' David Lortz, M.S. candidate, Ad Hoc Reviewer' Crop '"Sctence;
Colorado State University. Agronomy Journal; HortScience.

Ad Hoc Review: Canadian Jotlrllal of
Forest Rese,rch.

VlvrU_ Y.

Member; Ecological Society of
America; International Associt_tic_nfor
Landscape Ecology.
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