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ABSTRACT

AUERBACH, S. I, et al. 1981. Environn:ental Sciences Division Annual Progress Report for
Period Ending September 30, 1980. ORNL-£700. Oak Ridge National Laboratory, Qak Ridge,
Tennessee. 212 pp.

Research conducted in the Environmental Sciences Division for the Fiscal Year 1980 included studies
carried out in the following Division programs and sections: (1) Advanced Fossil Energy Program, (2)
Nuclear Program, (3) Environmental Impact Program, (4) Ecosystem Studies Program, (5) Low-Level Waste
Research and Development Program, (6) National L ow-Level Waste Program, (7) Aquatic Ecology Section,
(3) Environmental Resources Section, (9) Earth Sciences Section, and (10) Terrestrial Ecology Section. In
addition, Educational Activities and the dedication of the Oak Ridge National Environmental Research Park
are reported.

Research related to Advanced Fossil Energy Systems emphasized development of data for comparative
technology assessments. Emphasis cominued to shift toward larger-scak, longer-term studies with planning
and initiation of pond experiments for assessing effects and fate of synthetic oil spills. Greater efforts were
expended in evaluating potential hazards of solid residues with efforts initiated to compare combustion and
conversion ashes and to identify the potential role of microbial systems in mobilizing trace clements
contained in the residues.

The biocaccumulation of Tc under ficld and smaill-pond conditions provided more realistic concentration
factors for regulatory models. More information on the chemistry of Pu in natural waters. the dissolution
characteristics of Pu-contaminated soil, an? the bioaccumulation of the transuranium eclements was
obtained. Laboratory studies made substantial progress in defining a simple geochemical model for
predicting ™Tc migration from breached repositories.

Environmental impact assessments were prepared on specific energy projects regarding nuclear power
plants, uranium mines and mills, geothermal power plants and process heat users, oil-fired power plants
ordered to bum coal, the fusion energy development program, and a large facility to process high-level
nuclear waste from defense plants, Guidance documents were prepared to aid DOE in consideration of
environmental matters especially related to competitive procurement and large demonstration facilities.
State-of-the-art strategies for monitoring and environmental assessment were published as were specific
protocols for use of terrestrial enclosures and artificial streams as monitoring tools.

Ecosystem studies during the past year centered on systems analysis (including succession modeling.
error analysis, and studies of spatial heterogeneity), stream spiralling (dealing with phosphorus cycling and
strecam experiments), global carbon modeling (including analysis of land-use patterns and extant global
models), and fuels from woody biomass (including resecarch in woody production and harvest and
environmental effects of tree harvesting and agricultural residue utilization).

Processes and mechanisms controlling the escape of radionuclides from low-level waste disposal sites
were investigated. Rock-jointing was found to control near-surface solution cavity development and
subsequent hydrology and radionuclide transport. Remedial a<tions for stopping radionuclide escape were
developed.

The National Low-Level Waste Management Program Office at ORNL began full-scale operation
during the past year. Detailed program plans and budgets were developed for FY 198] and 1982; program
guidance was provided to participating DOE contractors; and cooperation was initiated with other U.S. and
foreign wast. programs.
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A major and growing area of rescarch in the aquatic ecology section deals with ecological processes in
southeastern reservoirs, which is supported by assessment work on environmental issues related to
smali-scale hydroelectric development. A second major area f research deals with analysis and modeling of
aquatic populations and ecosystems, inclusing continued involvement in the Hudson River Power Plant
Case. Research continues on particular components of impacts associated with power plants. such as
toxicant formation in condenser cooling systems and association of Legionnaires Disease Bacterium with
coaling towers. A new and expanding 'project in the section is Multimedia Environmental Transport
Modeling, which involves rescarch on formulation of physicochemical piocesses, operaiion of the U nified
Transpori Model, and development. verification, and validation of atmospheric. terrestrial, and aquatic
transport models.

Regional studies focused on site-specific as well as generic problems and included the completion of
activities related to the US. Forsst Service RARE Il (Roadless Area Review and Evaluation). Systems
aralysis activities continued to be closely allied with research project planning and analysis. Numeric data
activities emphasized mapping routines for global carbon projecis. completion of the US IBP Abstracts
series, pulling together of inventaries related to global carbon, updating of the Remote Baich Station
computing facilities, publication of the Geoecology Data Base. and several rrojects dealing with research
data management.

Leachate studies of advanced coal wastes reveal that although these wastes will not be considered
hazardous by RCRA testing, the problem may be in meeting secondary drinking water regulations at tiie site
boundary. Preliminary evaluation of the EPA EP extracts from six landfills show that four would be
classified as hazardous, where direct ground-water concentrations indict two fandfills. Several new initiatives
related to earth science interests were pursued and are showing promise of increasing involvement by the
staff.

Terrestrial activities reported this year include initial results on refative effects of humidity on plant
uptake of O; and SO; as determined in the new controlled fumigation facility, assistance to the DOE gaseous
diffusion plants in dealing with cooling tower windage, resulis on acid rain impacts on vegetation. and
atmospheric deposition of trace organics on Walker Branch Watershed. Basic studies completed show
considerable progress in developing southeastern U.S. tree-ring chronologies and evaluating a
“symptomology™ for determining air pollution stress on white pines.




ENVIRONMENTAL SCIENCES DIVISION AWARDS AND HONORS

The Environmental Sciences Division of the Oak Ridge National Laboratory received the Award of Distinction

from the Miam: University Institute of Environmental Sciences in recognition of the relationship between
the two institutions.

HAZEL R. DELCOURT

Recipient of 1980 International Youth in Achievement Award from the International Biographical Centre,
Cambridge, England, and the American Biographical Institute, Raleigh. North Carolina.

ANNA S. HAMMONS

Communication Competition Award of Merit in the Category of Topical Reports. Presented by the East

Tennessee Chapter of the Society of Technical Communication in the 1980 Technical Publications
Competition.

R. B. McLEAN

Communication Competition Award of Merit in the Categoi v of Journai Articles. Presented by the East

Tennessee Chapter of the Society for Technical Communication in the 1980 Technical Publications
Competition.

T. TAMURA

Elected Fellow, Soil Science Society of America, August 1980.
Elected Fellow, Amcrican Society of Agronomy, August 1980.

xi



THE OAK RIDGE NATIONAL ENVIRONMENTAL RESEARCH PARK

J. T. Kitchings
L. K. Mann J.D. Story D. C. West

The Department of Encrgys (DOE) Oax Ridge Reservation has been recognized for many years as a
significant national, resi~zi, and loral resource for environmental research. Few sites have such varied natural
resources, and noue has comparable security and protectionin a- ommunity containing so much scientific tajent.
The resurces are typical of the southern Appalachian landscapes and represent ecosystems not extensively
investigated by other research groups within this region. The site has been designated as a component oi the
Experimental Ecological Reserve (EER) Network; it is associated with the U.S. Man and Biosphere Reserve
Network; and on June 5, 1980, 5500 ha of the site wo.re designated by DOE as a National Environmentni
Research Park (NERP).

A NERP is an outdoor laboratory in which research nray be -onducte”’ (o achieve environmental goals
defined by the National Environmental Policy Act (NEPA), the Energy Reorganization Act (ERA). and the
Nonnuclear Energy Research and Development Act. The NEPA heightened the public’s interest in
environmental quality and established the nation's environmenrtal goals. The NERPs were established under
DOE to provide protected l2nd areas for research and ecucation in the environmental sciences and to
demonstrate vhe environmental compatibility of energy techuology development ard use.

The addition of Oak Ridge to the NERP system brouglit to five the number of chese parks located at DOE
sites across the country. The others are a: Los Alamos, New Mexico; Idaho Falls, Idaho; Hanford, Washington;
and Aiken, South Carolina. Controlled public access to the diversity of biological communities represented on
the NERP sites as well a< the resources of ~xpert staff and f: cilities provide a uninue nnnortinity for attaining
NERP objectives.

A wide range of research and demonstration programs are necessary to address systematically the
environmental impacts of man’s activities. Environmental research parks not only provide sites ¢ » which to
conduct general research but also help environmental research programs (1) to develop methods for assessirg
and monitoring, both quantitatively and continuously, the environmental impacts of man’s activities; (2) to
develop methods for predicting the environmental impacts of proposed and ongoing. energy-develrpment
actjvities; and (3) to demonstrate the environmental impacts of various activities and evaluate nethods for
minimizing adverse effects.

The Oak Ridge NERP is an integral part of the ecological programs administered through tire Oak Ridge
Natijonal Laboratory’s Environmental Sciences Division (ESD). The core of the park is formed by the land and
water areas thzt ESD has used and protected for long-term ecological projects over the past 20 years (Fig. 1), As
part of the oak-hickory association of the ridge and valley province in the southern Appalachians, the Oak Ridge
NERP includes a diversity of biological communities and a wide range of geology, topography, and cuitural
pracsices. Naturally occurring terrestrial and freshwater aquatic communides range from cedar barrens to
streams and associated floodplains and upland hardwood forests, while current lan. uses include undisturbed
mature hardwoods, intensively managed forest piantations, and power line corridors.

Since 1975, ESD members have been involved in inventorying the natural resources within the NERP
boundaries. This effort was undertaken to formulate plans to permit management of these resources to meet the
DOE goals for the NERP system. Initial efforts were to construct a classification scheme of the forested area over
the whole NERP to delineate major forest types. This exercise had a twofold purpuse: (1) to highlight major
forest types to ensurc their inclusion in a system of protected research areas and (2) to aid in identifying areas
which are lesscommon on the NERP, such as beech-maple, cedar barrens, and hemlock areas, so that they could
be included in an ancillary system of protected natural areas. This task was accomplished by constructing a
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Fig. 1. The Department of Encrgy NERP at Oak Ridge. Tennes~=, consints of 5500 ha =nd las in the hear of an sastern
deciduous forest azes of streams and reservoirs, mesic hardwo. s foresss, and extemsive upland mixed fore ts.

classification of forest types over the vhole area on the basis of overstory (irees >22.% cm L* 3H) composition.
The previously established 184 continuous forest inventory (CF1) plots (0.08 ha) were used "o delineat:: forest
types within the 5500 forested hectares on the Reservation (Curlin 1965). Aithough not susficient to identify
small-scale unique features, these plots were useful in defining forest type by using two classification (clustering)
techniques based on basal area (m?/ha) of the overstory trees. The result of this initial effort was the
categorization of designated NERP lands into specific programmatic activity units a  outlined below:

i. Natural areas—protected lands within the Reservation that are habitats for regionally unique. rare. or
cndangcrcd plant and animal species. Twenty-five of these areas have been identified and encompass
approximately 500 ha.

2. Reference or control programs—lands within the Reservation that are representative of the vegetation
communities of the southern Appalachian region. These reference areas contain permanent forest inventory
plots spanning the range of natural forest community types within the Reservation. Periodic remeasurement of
the forest types provides data that can be used to ascertain natural forest successional patterns and constitutes a
standard with which to compare potential changes in forest communities resulting from man-induced changes
such as managemenr practices and air pollution,

3. Environmental research— generic research on poliutant transport. environmental toxicology. renewable
resources, and monitoring of population and community fluctuations.
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4. Technology assessment--analysis of anthropogenic actvities that affect the Oak Ridge Reservation.
These include impacts resulting from forest management. solid waste landfills. cooling towers. coal-fired steam
plants. and nuclear fuel cycles. with emphasis on extrapolating ' .is informsation to other aras in the Southeast.

Within the framework of the activity units, inventories of natural resource coraponents were formulated to
contribuie to the compilation of a regional environmental encyclopedia. including species lists, characterization
of ecosystems. successional stages. and mapping the vegetation. soils, hydrology. etc.

Temporary variable radius plots were used throughout the Reservation to characterize stand composition
and volume. Of the 35 forestry compartments. 31 werc inventoried in this manner. From these data.
compartment maps were drawn showing stand boundanies. composition. and acreage and other land-use
categorics such as roads. power lines, and dump sites. Although variable radius piot sampling is used for most of
the inventory because of the rapidity with which such data can be collected. some areas also have a system of 860-
m? permanent sample plots. These include the previously mentioned CF1 plots. Walker Branch Watershed. most
of the natural arcas. and one of the rescarch reference areas. These permanem plots. which mumntain a record of
tree mortality and ingrowth, provide the basis for comparative forest success and productivity.

Concomitant with the forest inventory, wildlife surveys (plant and animal) are being conducted to determine
species distribution. To accomplish the surveys, 2 number of represeatative stands of habitat types distributed
appropriately over the Reservation were selected. These stands are being surveyed to determine tie occurrence
and gencral abundance ¢f bird and small mammal specics and plant species. As a result of instial surveys, certain
habitats may be scarche.s more thoroughly for less common species (i.c.. endangered or rare). The survey results
can provide informat,on to create habitai maps which are necessary to research and management scenarios for
wildlife populations at the species, community. and ecoregion levels.

The Oak Ridge NERP also serves 2= 2 refuge for wildlife specxs that are representative of those in this
region; thus. it cfers scicntists an oppuriunity to investig: te the habitat requirements of these species. Current
wildnic ;2scasvn includes studies of v hite-tailed deer and bobcat populations and niche preference studies of
various other animal specices.

The DOE and ui~ Tennes»ce Wildlife Resources Agency use the Oak Ridge NERP for wildlife research to
obtain information on the inological characteristics and management of many specwes in Tennessce. Potential
exists for research not only on small game species. such as quail. rabbit. squirrel. and raccoon. but also on skunk.
opossum, groundhog, fox. and other species of nongame and nonfurbearing animals. L ong-term studies on the
status of bobcats on the Rescrvation were initiated to learn more about the natural histony of thesc animals and
to deterrune any cifects on their habitat caused by man's acuvities. These cfforts use the latest in radiotelemetry
technigues to supplement observational data.

Rare plant suncys were conducted over most of the Oak Ridge NERP. with approximately 15 species
located and their distribution mapped. Habitats fo. these species are currently ina protecicd status. Herbaceous
and shrub vegetation inventorics were also completed in these protected areas. As these surveys were mage. plant
specimens were added to the NER P herbarium. and the collections were reorganized according to the Missouri
Botanical Garden Flora of North America. In addition, < lichen collection was added to the herbarium,

Compiction of the inventory processes is of paramount importance 1o the formulation and ' ..matc
implementation of a natural resource program. Although a data base is available, it is far from compi te (Table
1). Highest priority is being given to ompilation of a natural resources inventory that archives both natural and
human-mediated events. The data kse will be readily retrievable by a variety of users. Development of a site
classification scheme bascd on geology. soils, aspect. and slope will allow managiment scenarios 1o he
formulated. cnsuring the presence of a wide range of ecological communities that may be required for rescarch.

The maintenance of a diverse array of habitats potcatially supportable un the NERP is a significant
management challenge and will require close cooperation and frequent interaction of ecologists and forest
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Tabic |. Elements t0 be incleded ia the resource dema system

Type Source aud avadability of data
Geology Maps for eatre Reservation
Sotks Maps for Roane County. maps

overlan on acrmal photos for
Anderson County

Aspect Contour maps
Slope Composite slope class map
Forsst irventory 31 of 35 forest imventon
compariment maps compietd
Land usc (road systems, Map of current tand us~ to he
nghts-of-way. plant prepared (981
boundarcs. borrow
areas ¢ic.)
Streams Maps 10 he prepared wn FY 8I
Land-use hntor- Maps of phannng. cutting. fire.

e to he prepared m FY 81

managers. The use of IMGRID (Information Management on a Grid Celi System. a computer system provi'ed
to us by TVA) will provide a convenient system for division stafl to scarch for research sites and input sites being
used and to summarize salabk timber from sites 1o be converted 10 other forest types. scral stages. or ss:s.

Specifrally. the IMGRID system can be used in a varicty of applications ranging from simple data sturage
and retrieval to complex systems modeling. These uses include:

1. Datastorageand retricval - The IMGRID system can be used to store and rz2pidly retrieve large amounts
of geographically referenced data as well as used to identify what. where, and how much of a certain condition.
item, or set of circumstances exists in map or tabular form.

2. Data interpretations - Information needs often require interpretations from data in addition to their
basic storage and retrieval. The IMGRID system enables data to be directly interpreted to identify specific
conditions and attributes. For example. site index. depth to bedrock. and permeability interpretations can be
denived from stored soil mapping unit data.

3. Single factor modeling - As a tool 10 aid decision makers. the 'MGR:D system c2n be used to rapidly.
clearly, and accurately develop and evaluaic alternative actions. This p.ocess 1s accomplished through single
factor models or systems modcis. Data are manipulated 10 identifv areas capabie of supporting specific uses or to
predict the occurrence of natural conditions.

In the modeling effort, uata from several sources are combined. For exampie, proximity to water and
vegetation cover may be combined with road accessibility to produce a wildlife rescarch area model. These
models cana!so be used to develop and evaluate alternatives through comparison of results derived from changes
in model criteria. A research siting model may evaluate and rate anarea's suitability for res.-arch by weighting the
required characterictics of the site. Sites initially identified as most suitable ...y then be coi” sared to alternative
sites derived by varying the relative importance of characteristics initially chosen.

This analysis system should alsc be of interest to Oa¥k Ridge Operations and the “master planners” for
locating sites for facilitics. Necessary data such as geology. slope, soil types, roads, and other land-use features
will be included. In addition to providing objective data for siting, comparisons of sitc alternatives can be made
rapidly with data listings and line printer maps.

Our efforts have been to determine what data bases are currently available. which can be casily obtained.
and how these can be utilized in IMGRID. Data coded at this time include soils, geologic strata. and aspect and
will be expanded to include slope classes, perennial and wet weather streams, roads. land use. fire and cutting
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history, and land use prior to land acquisition. Forzst inventory data will be inciuded by specics and size classes
as well as by volume, basal area. and hardwood and softwood composition. Data are being coded on 0.5-ha grid
cells for the entirc Reservation. This cell size was chosen as being most compatible with the current forest
inventory data and will allow reasonably accurate models of site charactenstics of sites as small as S ha.

Once the data bases are completed we will allocate silvicultural activities to acleve a maximum spatial and
temporal diversity of vegetation typical of southern Appalachian Ridge and Valley system: on the Reservation.
Antempts will also be made to maxinize aquatic system diversity. It is important that habitat diversity be
developed at federal sites like the ORNL Reservation. Very few university or private sites have the land resource
base, interest, and expertise to develop and manage ficld research of this magnitude.
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PART 1. ENVIRONMENTAL SCIENCES DIVISION PROGRAMS

1. ADVANCED FOSSIL EN* Y PROGRAM
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Introduction
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The United State< continues to sti,ve for encrgy independence with caal and oil »hale expected 10 provide
future ligriid fuel and petrochemical feedstocks. Emphasis in technology continues to center on construction and
operation of large-scale demonsiration facilities. Enactment of the Energy Mobilization Ac’ has led to rapid
proliferation in type and number of. and location for. deronstration facilitics.

The objective and major goals of the program remain relatively unchanged. They are (1) o determine the
form, source. and potential concentrations of trace contaminants to man and other components of the biosphere
fro1a cnvironmental release of coal conversion materials; (2) to develop a data base for assessing effects of coal
conversion technologies on biological populations. communities. and ecosystems: (3) 1o develop cffects data
bases which contain information useful for sctting standards for acceptable release of currently nonregulated
pollutants generated by coal convervion processes: (4) to provide process engineers and control technologists
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with timely data on the potential 'azards of effluents. products. and thir constituents: and (5) (o develop
environmential assessments for coal conversion technoiogies based on information obtained from previous
objectives.

Environmentai research efforts continue 1o shift tovard larger-scak laboratory and field investigations in
spite of unavailal-¢ facilities und uncertainty surronnding specific techrology development. A major thrust of
our research efforr now focuses on the potential impacts of oil saills. A serics of ponds (20 m’) have been
constructed and are being used to investigate system cffects (and n siliency) resulting from a syncrude oil spill.
Similar efforts are planaed for terrestrial sysicms.

Investigation of the potential environmental eflects of coal liquefaction continued with the development of
plaas for the sampling and ecological testing «f materials from the newly constructed H-Coal Pilot Plant at
Catleitsburg. Kentucky. During the nex: two years, samples of solid wastes, wastewaters, and liquié products
wi'l be collected from each of a series f pirct plant process runs using vanous fypes of coal and operating modes.
The materials will be testeu for possible adverse impacts on aquatic and terrestrialecosystems. An environmental
assessment of the H-Coal process will be prepared at the comspletion of this project.

Terrestrial and Atmospheric Research

The goal of research in this area continues 10 be 10 identify potential environmental problems associated
with coal liquids technologies development. Data derived frrm tnis research will serve as feedback to design
engincers and environmental control technologists to permit easly sdentification of potential problems related 10
ais quahty or terrestria’ ecosyszems in adviace oi commercial-scule technology deploymemt. This type of
research is increasingly serving as a valuabk base from which to compare alternative technolegy options.

The operation of liquefaction facilities i~ expecied to have. as a consequence of storage and transport of
liquid product. a potential fos rather dispersei coniamination of soil and terrestrial ccosvstems. This section
highlights studies -*! the potential fate and cffects of sech spills in the terrestrial environment.

Other enviie: e atal ssues e xpected to play ar importawt role in t:¢ acceptabiliiv of a coal hyuids industry
are those of solii . s:c disposal and air quality. Abc highlighted in this report are recent research results on the
microbial oxudat.on f sulfur from landfilled solid was.>s. phytotoxicity of aguecous extracts of solid wastes.
uptake of soil-ha:ne PAY contaminants by plants. and comparative phytotoxicity of five sulfur gas species
potentially reke>sca to the 5 abient environment by coal liquids technologics.

Insect Embryotoxicity and Teratogenicity of a Chemically Fractionated Shale Oil,
Petroleum Crude Oil, and Coal 1 juefaction Pruduct

Experimental evidence (rom 2 number of laboratories suggests that accidental spills of shale oil and coal
liquids could pose greater environmental hazards than the petroleum products they replace. Comparative
toxicity studies in our laboratory isdicated that coal liquids are gencrally more toxic than shake oil and petroleam
10 eggs of a terrestrial insect, Achesa domesticus (1. ). In addition, a number of whoie oils derived from coal were
teratogenic to the insects. Chemicai class fractionation of three oils. followed by biological.1ssay of each fraction.
was undertaken in a first attempi to isolate the toxic components and the teratogenic compounds in the oils.

A petroleum crude oil. a coal-derived liquid. and a crude shale oil were obtained from the EPA DOEF Fossil
Fuels Research Matenals Facility (Comparative Rescarch Materials §. 2. and 3) for fractionation. Solvent
partitioning and liquid column chromatography were employed to obtain saturates, mono- and diaromatics,
polyaromatics. ether-soluble acids. ether-soluble bases. and an insoluble residuc. The percent weigh contributio
of each fraction to the whole oil was determined. and cach fraction was assayed for insect embryotoxicity and
teratogenicity.
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The ether-soluble bases were the most toxic component of all three fuels. This fraction constituted 0.2, 5.1.
and 7.2% by weight. respectively. of the petroleum crude. the coal iquid. and the shale oil and was the aly
teratogenic fraction. However. ether-soluble bases isotated from crude petroleum were not teratogenic.

The mono- and diaromatic fraction and the polyaromatic fraction from the coal liquid were also higiily
toxic: however, these fractions from the shale oil were only moderately toxic, while thos: obzined from ihe
petroleum crude were practically nontoxic. The aromatic fractions differed quantitatively as well as qualitatively
among the fucls. Mono-. di-. and polyaromatics comprised 70% by weight of the coal liquid. 41% of the shauix: ¢il,
and 23% of the petroleum crude. Further separation of the embryotoxic and teratogenic fraction is under way tor
analysis by infrared spectroscopy and combined gas chromatography 'mass spectrometry to idertify specific
chemicals with the greatest embryotoxic and teratogenic activity.

In this study. crude syn:hetic fuels were found to be more toxic than cyude pe. roleum because of the
relatively higher concentration and potency of the ether soluble bases and aromatics present in the coal ond shale
oils. If this generalization proves £o be true for other species of organisms, preventive measures to reduce the
likelihood of synthetic fue! spilks or to reduce the content of ether soluble bases and aromatics prior to transport
should be considered.

Decon:position of Cosl Liquefacticn Product Spills by Soil Microflora

Because the production, storage, 2nd transport of coal liquefaction products will predor._.inantly occur on
land, accidemal spills of these materials will likely contaminate terrestrial ecosystems. Microbial decomposition
of the organic compounds in ;nilled oils is one of the most important potential fates of these contaminants in soils
because this process most often leads to detoxification and ever complete mineralization of potentially
hazardous chemicals. The purpose of this project is 10 determiue factors that affect the rate and extent of
l'u;»!'ObIB"Y rmediaied decomposition of synthetic oils spilled onto terrestrial ecosystems.

Because of the inherent compk xitic s of soil ecosystems, the approach involves three experimental systems:
(1) nitial laboratory studies done with soil suspensions, (2) greenhouse studies done with soil microcosms, and
(3) field studies done with plots of land and ' or soil contained in large metal cylinders.

in a comparative study of the degradation of three different oils obtained from the ORNL EPA sample
repository, petroleum crude A. shak oil A, and coal o1l A were addvd to suspensions of an Etowah silt loam
(collected from the ORNL reservation) in a mineral salts solution. Temporal changes ir: the numbers of oil-
degrading microorganisms and the amounts of residual oil in the soil suspensions were measured. After an
incubation period of three months. enumeration results indicated that the addition of shale oil or petroleum
crude caused a 10-fo!d or 11-fold increase. respectively. in shale oil degrading or petroleum degrading
microorganisms. Put levels of coal oil degrading microorgznisms were undetectable both at the start (<3 X 10?
organisms per milliliter of so’l suspension) and threc months later (<3 X 10° organisms per milliliter). The
residual oil in the soil suspensions after one month of incubation was extracted. »ad the analytical results,
indicated that none of the oils had undergone significant degradation. However, extraction and recovery of the
added oils were ve,v poor because of the loss of volatik components during evaporative removal of the
extraction solvesnt.

A unique opportunity 1o acquire soil contaminated with an actual accidental spill of a coal liquefaction
product was offered in June 1980. and a trip was made to collect control and contaminated soils from the spill
area. Because the spill was more than six months old at the time of coliection. it was hoped that. unlike the
Ftowah silt loam. an active coal oil degrading microbialcommunity had had time to develop in this soil. Because
this material is uniquc, I is also being made available to other rescarchers in the Advanced Fossil Energy
Program. Experimental results using this soil arc not yet available.
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Sulfur Oxidation in Coal Conersion Wastes

A commercial coal gasifier is expected to produce approximately 2.7 % 10° kg (3000 tons) of solid wastes per
day. The dominant wastes, mixtuces of slag and ash, will contain 0.3 10 4.0x inorganic reduced sulfur which may
eventually be oxidized to sulfuric acid during landfill disposal and storage. This sulfuric acid may cause
environmental problems directly by contaminating ground and ' or surface waters and indirectly by enhancing
weathering and the release of toxic heavy metals. The purpose of this research was to determine the potential for
microbial (and chemical) oxidation of reduced sulfur contained in coal gasifier solid wastes.

The solid wastes that were included . . this study were (1) a gasifier slag. containing ~45 sulfur, that had
been shown to release sulfate when continuously leached with distilied water; (2) unleached slag: ash mixtures
from five coal gasifier processes that contained 0.3 10 4.0% sulfur; and (3) three coal gasifier slag ash mixtures
that had been inoculated cither with soil from their respective proposed landfill sites or with a coal gasifier waste
that had demonstrated the biological production of sulfate in a previous experiment.

Coal gasifier slag; ash waste that had released sulfates in the column leaching study was fouad to contain 1.3
X 10’ sulfur-oxidizing bacteria per gram. The combined rate of microbial and chemical oxidation in batch
suspensions of this waste was nearly double the rate of chemical oxidation alone in <terike control suspensions.
The addition of thiosulfate to batch suspensions resulted in a sixfold increase insulfate production in unsterilized
wastes, indicating that the sulfur-oxidizing bacteria were limited by the availability of reduced sulfur in the
wastes. The levels of sulfur-oxidizing bacteria in five solid wastes were undetectable (<3 X 10° organisms per
gram of waste). Combined rates of sulfur oxidation in unsterile suspensions ranged from 1.2 to 4.4 umes the
corresponding chemical rate of oxidation in sterile controls. Biological sulfu: oxidation was lowest in waste
which contained 0.4% sulfur and highest in wastes with 4.0 and 1.7% sulfur. Inoculation of wastes with landfill
soils (<3 X 10’ sulfur-oxidizing bacteria per gram of soil) or witha microbia'l*- active sample of waste (9 X 10°109
X 10* sulfur oxidicers per gram of waste) had no effect on rates of biological sulfur nxidation in these wastes

For coal-gasified slags and ashes that contain reduced forms of inorganic sulfur, the potential exists for
microbial and chemical oxidation to sulfuric acid, which. if not recognized, may mobikze toxic metal ions in the
waste. The transformation of reduced sulfur appears to be dependent on the initial sulfur content of the wastes.
which .nplies that coal gasification processes that produce low--uJlfur solid wastes should ve encouraged. The
low rates of biological sulfur oxidation in some wastes may be due toan inadequate microbial inoculum. and this
possibility is being examined further.

Phytotoxicity Tests of Coal Wastes and SCR 11 Oil-Contaminated Soil

The U.S. Resource Conservation and Recovery Act (RCRA) was enacted to provide control of hazardous
wastes from their origin to their final destination. One characteristic of a hazardous waste is toxicity to
organisms. A number of simple test systems were developed for EPA here at ORNL for testing the potential
toxicity of solid waste to both aguatic and terrestrial organisms. We have extended the use of these test systems to
the identification of (1) potentially hazardous waste from coal gasification and liquefaction facilities and (2)
potentially toxic water and soil that may have been contaminated withsynthetic fuel oils. The following describes
results from acute toxicity tests using radih and sorghum plants.

Water extracts of two samples of bottom ash and one sample of cyclone char collected from the University
of Minnesota-Duluth (UMD) gasifier did not inhibit root growth in radish and sorah:m grown for 48 and 72 h,
respectively. One bottom ash did inhibit radish root growth but not at tenfold dilution of the extract. Acetic acid
extracts of one of the bottom ash samples caused root growth inhibition in both sorghum :.nd radish even at a
tenfold dilution. Previous experiments would indicate that the inhibition was due to the acetic acid and not to the
bottom ash. A sulfuric acid extract of the same bottom ash had no effects on radish and sorghum root growth.

e e
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These results illustrate the importance of using extraction techniques which simulate “real-world ™ leaching
situations for tests on biological systems. Specifically, if the real-world situation dictates the use of an acid
extractant, let us be sure the extractant in the concentrations used does not ir itself directly affect the organisms
used in the test.

A water extract of H-Coal vacuum still bottoms did not inhibit root growth in either plant species. A water
extract of soil contaminated with SRC 1 oil reduced radish root growth at a 1% concentration but inhibited
sorghum root growth only at a 1005 concentration.

Uptake, Translocation, and Metavolam of PAH by Plant:

The fate of PAH compounds (some of them carcinogenic and; or mutagenic) released during the burning of
fossil fuels requires careful study. One portion of PAH food chain pa  ways which has not been adequately
studied to date is the uptake of PAHs by terrestrial plants. A confounding problem with such studies is that
piants apparently synthesize their own PA Hs, using them in as yet unknown ways but possibly as plant growth
regulators. As a resull, PAH compounds are found in low concentrations in all terrestrial environments.
However, PAH concentrations have been found to be significantly higher in soil near industrial centers than in
rural areas. Therefore, we must detcrmine whether plants canassimilate these additional amounts of PAHs from
their environment, thus serving as a link in the food chain to man

Studies on the uptake of '“C-anthracenc were continued this year. Last years studies(Auerbach et al. 1980)
showed that soybeans grown in nutrient solutions containinganthracene took up, travslocated, and nictabolized
some o the anthracene. This year's studies were undertaken to determine the effects on ug.'ake of varying the
anthricenc concentration in the plant’s root environment and also to determine whether uptake of anthracene
will occur in plants growing insoil. Plants grown vor four days in nutrient solutions containing 0.1036.0.005. and
00117 ug/mL of **C anthracene assimilated 69.3, 52.6. and 75.9% of the "*C activity available tc them,
respectively (Table 1.1). Most of the '“C activity was in the roots, though significant amounts were found in the
stems and leaves.

Increasing the anthracene concentration in the nutrient solutions by a factor of 1.4 Jid not result in an
increase in “C activity in the tor : ,ant, but the activity in the roots more than doubled (Table 1.2). Increasing
the concentration by a factor of 3.3 resulted in about a fourfold increase in **C activity in the rovis and seven-and
fivefold increases in the stems and leaves, respectively.

Table 1.3. Comparison of the dis.bution of
C activity (%) in soybeun phats grown for
four days in nwtri Xt sohstions containing
differemt concentrations of "'C anthwacene
Concentrations were 0.0036, 2.005, and 0.0117
ug. mb in cultures 1. 2, and 3. respectively; values
are mean percentages o, total “C activity.

Cultures
Component | 2 3
Roots 648 %62 8.5
Stems 32 29 58
Leaves 1.3 95 16
Total plant .3 526 759
Nutrient solution 16.2 21 121
Voletilized 1.2 L 4.2

Unaccaunted for 13.3 1.5 18
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Table 1.2, Effects of verying anthracese conceatration on
snthracene wptake and tramslocation in soybean
plasts grows i putrient cullures
Values given are ''C activity ratios of a high-concentration treatment
(culture 3) and a2 medium-concentration treatment (cvhure 2) to a
lower-concentration treatment (culture [); concentrations in nutrient
sobtions at Ty were 0.0036.0.005. and 00117 xg mL in cultures 1.2,

and 3. respectively.
Ratio of '“C activity
Component Cukwes 2w i Cultures 3 vs »

Nuwrient solution (7..)" 1.9 37
Roots (7)" 214 399
Stems (7.) .13 704
Leaves (7)) 09 49
Total p.ants (72.) 093 413

“Ratios of conomtrations of anthracene present in the solution
when plants were a/ided to flasks.
*T. = 4 day" afier plams were added to flasks; ratios are on a

per-plant basss

Our previous research showed tha ¢ only a portion of the *C activity detected in the plant tissues was
anthracene; the rest was apparently products of anthracene metabolism by the plants. We are now using an
improved extraction techniaue in order to look more carefully at the potential for plant metabolism of
anthracene.

The studies on uptake from soil are incomplete. However, results to date indicate that soybean plants did
assimilate “C compounds from both flooded and moderately moist silt 10am soils that were tagged with 'C
anthracene,

Comparstive Toxicity and Uptake of Sulfur Gases

The ambient poliutant dose to which a plant is exposed is not a direct quantitative measure of the dose that
causes a physiological response (i.c., effective dose). The latter is a function of the rate that pollutant molecules
arrive at sensitive metabolic sites within the leaf icterior. This rate varies substantiz!ly with exposure
environments and plant species. Thus, only a fraction of pollutant molecules in ambient air react with foliage,
and even less are absorbed into the leaf interior. It is proposed that pollutant flux to foliage (micrograms of
pollutant per square centimeter of foliage per hour) is a more accurate measure of the dose to which plants
respond. The importance of discriminating between ambient and effective dose is shown in Fig. 1.1. Inthe Air
Pollution Effects Research Facility, bean plants (Phaseolus vulgaris L.) were exposed 10 an equivalen
atmospheric concentration (500 ug/ m’) of five different sulfur-containing gases that are common effluents from
coal conversion technologies. The gases were sulfur dioxide, carbonyl sulfide, carbon disulfide, methyl
mercaptan, and hydrogen sulfide. The amount of each pollutant reacting with foliage is recorded as total leaf flux
of sulfur. Among gases, sulfur flux varied threefold, from 0.10 to 0.30 ug cm™ h™*. Thus, gases react with
vegetation at different rates, so that equivalent atmospheric levels do not result in equal sulfur deposition raies on
vegetation. The positive cor -elation between flux and pollutant solubility in water may be a good criterion for
estimating relative deposition rates for unanticipated waste sulfur gases. The issue of ambient versus effective
dose has implications for both applied and basic research efforts. For example, itis relevant toestablishing acute
and chronic rankings of phytotoxicity since effective poliutant dose differs markedly among gaszs even though

A
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Fig. 1.1. Fiux of sulfur to foliage of Phasecius vuigaris exposed 1o different coal conversion gases at sn ambient concentration of
$00 p/m’. COS = carbonyl sulfide, CS; = carbon disulfide. H;S = hydrogen sulfide. CH,SH = methyl mercaptan, and SO; = sulfur
dioxide.

ambicnt dose is equivalent. As for more basic concerns, such as physiochemical mechanism of injury, it it
important to assess effective pollutant dose so that model experimental systems can be more effectively designed
to represent field conditions. -

Aquatic Effects Fesearch

Operation of coal conversion plants located on rivers and streams can result in intentional or accidental
release of efflucnts and products into these waters. It is necessary, therefore. to know the effects these materials
may have on aquatic organisms and also whether treatment of the wastescan ameliorate or climinate the toxicity.
The purpose of this research is (1) to determine the lethal and sublethal effects on aquatic organisms o materials
from different coal conversion technologies, i.c., comparative toxicology involving effects of different
technologies, effects on different organisms, and effects on different ecological organizational levels (individuals,
populations, ecosystems); (2) to determine the effects of treatment of thc above materials on their toxicity to
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aquatic life: and (3) to develop a battery of short-term toxicity tests that can be used to predict concentrations of
these materials that will have no observable effects on aquatic ecosystems.

Algal Toxicity Tests

Results of tests with Selenastrion capricornutum (a green alga) and Microcysris aeruginosa (a blue-green
alga) revealed that the water-soluble fractions (WSFs) of coal liquefaction products are significantly more tox ¢
than WSFs of petrcleum products. As a first step toward identifying the principal toxic constituents of synfuel
WSFs, bicassays were conducted on the ether-soluble acid, ether-soluble base, and neutral subfractions of WSFs
from five H-Coal products and one petrolcum-derived diesel fuel. Each subfraction was tested at 10% of its
concentration in the original WSF._ Photosyntiietiv inhibition of the two test species was most severe during
exposure to the ether-soluble bases; the neutral subfractions were the least toxic. except in the case of petroleum
diesel oil. Ether-soluble bases of coal-derived oils are mainly primary 2.nines and azaareaes; primary amines
have been found to be particularly toxic to these two algae. Removal of nitrogen compounds from these oils by
hydrotreating (the first step in upgrading and refining} would te expected to reduce the oils’ toxicity to algae.
Research is under way todetermine how the chemistry of WSFs, and their toxicity to aquatic organisms, changes
as the oils “weather™ under natural conditions.

Daphnia magna Toxicity Tests

Water-solubk fractions of five products from the H-Coal process were tested for acute and chronic toxicity
10 D. magna. They were prepared by adding one part of product to eight parts of distilled water. stirring gently
for 16 h in the dark, and separating and filtering the aqueous phase. The extracts were a:so separated into acid,
base, and neutral fractions. Each fraction and a recoastituted extract, which was prepared from the fractions,
were tested for acute toxicity to D. magna. The results of the acute toxicity tests are presented in Tables 1.3 and
1.4. They are expressed as the percent concentration of the water extract or of the acids, bases, or neutral fraction

Table 1.3. Acute and chronic toxicity to Daphiic magna of water-soluble
fractions (WSFs) of the five H-Coal products
and petroleum No. 2 fuel oil

Toxiity of WSF

Product Acute (LC%0)° Chronic (NOECY

Atmospheric still botioms

(syncrude mode) No. 1309 4.64 (392 5.69) 0.29
Vacuum stifl overhead

(syncrude mode) No. 1310 249 (1.08 498%) 0.46
Aimospheric still overhead

(fuel oil mode) No. 1312 0.24 (0.16 0.36) 0.0078
Atmospheric still bottoms

(fuel oil mode) No. 1313 1.04 (0.80 1.26) 0.125
Vacuum still overhead

(fuel oil mode) No. 1314 2.46 (1,20 1.95) (ndt tested)

"Percent concentration (955 fiducial limits) of the water extract estimated to have
killed 50% of the test animals in 48 h,

"Highest concentration (%) at which no significant cffects on reproduction (P = 0.05)
were observed,
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Table L4, Acute toxicity to Daphnis meagne of acid,
bese, and newtral fractions of water
extracts of five H-Cosl products

Fraction

Acute toxicity’

Ammosphenic still bottoms
(syncrude mode) No. 1509
Acuds
Bases
Neutrals'

Vacuum still overhead
{syncrude mode) No. 1310
Acids
Bases
Neutsals

Awmospheric still overhead
{fuel oil mnde) No. 1312
Acids
Bases
Neutrals

Awmoypheric still Lottoms
(fuel oil mode) No. 1313
Acids
Bases
Neutrals

Vacuum still overiead
(fuct oil mode) No. 1314
Acids
Bases
Neutnals

128 (11.2-14.7)
548 (4.56-6.64)
9.0 (6.96-14.08)

23(20.4-268)
11.2 (9.6-13.6)
140 (12.1-159)

0.96 (0.84-1.12)
0.36 (0.06-0.56)
5.40 (4.48-6.00)

3.92(3.60 432,
8.28 (2.92-26.80) -
4.16 (3.16-5.00)

5.24 (4.52-6.16)
7.68 (6.48-9.24)
1.24 (0.64-2.4)

“Percent of the fractionated material from 1 L of water
extract that, when dissolved in | . of dibstion water, was estimated
to have killed 505 of the test animals in 48 h.

of the extract that was estimated to ha- ¢ killed 50% of the test animals in 48 h. Four of the water extracts (Nos.
1309, 1310, 1313, and 1314) had 48-h LC50 values that differcd by iess than a factor of 5 (1.04 t0 4.64%), but the
fifth extract (No. .312) was considerably more toxic (48-h LC50 o1 0.24%) than the others. For comparison, the
48-h LC50 forD. magna and a water extract of a No. 2 diesel fuel oil was estimated to be 6.0%. The base fractions
were the most toxic of the three fractions for three of the five water extracts (Nos. 1312, 1309, and 1310). The
neutral fraction was the most toxic for extract 1314, while he acid fiaction had the highest toxicity for extract
1313.

For all five extracts, the 48-h LCS50 values of the reconstituted water extracts were not significantly different
from those of the original water extracts. These results confirm some of our previously published data, namely,
that our fractionation process does not have a significant effect on the toxicity of theindividual fractions. These
data also demonstrate that the fractionation process is valuable for identifying the toxic components of water
extracts of oils as well as wastewaters.

Chronic toxicity tests, which determined the effects of a 28-d exposure of the water extracts on D. magna
reproduction, were done with four of the five H-Coal extracts and witha WSF of a No. 2 diesel fuel oil. By the
three most sensitive toxicity criteria (number of broods, number of young, and the number of young per brood),
the no-observed-cffects concentrations (NOECs) for the water extracts were 0.125% for oif No. 1313, 0.0078%
for oil No. 1312, 0.46% for oil No. 1310, and 0.29% for oil No. 1309 (Table 1.3). For No. 2 diesel fuel oil, it was
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10%. The corresponding application factors (NOEC + 48-h LC50) are 0.12, 0.0325, 0.185, and 0.063,
respectively, for the four H-Coa: extracts and 0.33 for No. 2 diesel fuel oil. These results indicate that the
relationship expressed as the app ication factor between acute and chronic toxicity is not identical for different
water extracts of synthetic oils as it is for other related chemicals. Thus, the use of a single application factor for
coal liquids is questionable.

We initiated a study to evaluate the effect of several wastewater-ireatments on the toxicity of a coal
gasification wastewater—a provs 2 wuer from a Holston Ordnance Plant gasifier. The four treatments to be
evaluated were steam stripping, an uctivated sludge bioreactor, ozonation, and charcoal adsorption; however,
sufficient wastewater was not 7 vailable to test the ozonation step alone. The treatments were used in a sequential
series. In addition, tars whic.s precipitated out of the raw process water were leached withdistilled water and the
resulting leachates were tested for toxicity. Each sequential treatment step significantly reduced the toxicity of
the wastewater. The wastewater resulting from the final treatment, charcoal adsorption, had a 48-h LC50 of
30./9 compared with 0.22% for the untreated raw process wastewater. The extracts from the tar had relatively
lov/ toxicities compared with the treated wastewaters. : ’

" The acute toxicities of solid waste leachates from sev-n coal conversion processes were determined. The
leachates were Jaboratory derived by extraction with distilled water, according to a procedure similar to the one
developed by the U.S. Environmental Protection Agency, which uses acetic acid as the extraction medium. The
extract concentrations that killed 50% of the D. magna in 48 h ranged from 9 to 100%(i.c., undiluted). Generally,
the,e synthetic fuel leachates were about as toxic as those from conventional power plants but less toxic than
industrial waste leachates. Subsamples of one synthetic fuel leachate were aiso extracted with both acetic acid
‘and sulfuric acid. It was tested for acute toxicity to D. magna and also ina 21-d chronic toxicity test for effects on
D. magnareproduction. In the acute toxicity tests, th: sulfuric acid and water extracts showed little or no toxicity
and the acetic acid extract was slightly toxic. In the chronic toxicity test, the water and acetic acid extracts did not
significantly affect D. magna reproduction hut the sulfuric acid extracts did. On the basis of these and results
from other studies, which showed that acetic acid may be toxic to the test organism, distilled water is considered
to be a more appropriate medium than acid for the extraction of toxicity test materials.

Midge Larvae Toxicity Tests

To add to the battery of aquatic bioassays, a method was developed for testing the toxicity of pure
compounds and complex mixtures to fourth-instar larvae of the aquatic insect Chironomus tentans
‘Diptera:Chironomidac). Midges are widespread and important members of the benthos (bottom-dwelling
community). The benthic community is significant in the processing of organic matter in aquatic ecosystems and
as food for fish. Thus, a study of toxic c{iects on midges yiclkds information on an important component of the
food web. The test is a 48-h static bioassay, v ith glass wooladded asa relatively inert substrate for the burrowing
larvae. To validate the bioassay method .d to provide comparative data for results with D. magna, fish, and
algae, 48-h LCS0 values were determined for the azaarenes acridine and quinoline and the phetols S-naphthol
and plienol. The calculated values were acridine, 1.96 mg/L; quinoline, 57.2 mg/L, B-naphthol,4.60mg/L;and
phencl, 106 mg/L. Generally the insects were more resistant to these compounds than algae, D. magna, rainbow
trout embryos, and fathead minnows but were more sensitive than snails,

Snail Toxicity Tests

In this new test, the acute toxicity of six compounds, which are important components of most synthetic
oils, were evaluated for azute toxicity to adults of the pond snail Physa hzterostropha v nrovide comparative
Aata for results with other test organisms. The testing of snails provides data on these often dominant grazers in
lentic (standing-water) communitics. The 43-h LC50 values for these chemicals were acridine, !1.]1 mg/L;
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naphthalene, 8.2 mg/L; phenanthrene, 2.1 mg/ L; B-naphthol, 25.2 mg/L; quinoline. 183.1 mg, L; and phenol.
2584 mg/ L. Generally, the snails were the most resistang of the test organisms (alga=. midges, D. magna, and
fisk).

Rainbow Trout Toxicity Tests

Embryo-larval tests were done with four of the six compounds tested with snaiks (sce above). Based on
median lethal concentrations, the order of decreasing toxicity was phenanthrene, S-naphthol, phenol, and
acridine. Corresponding LC50 values were 0.04, 0.07, 0.15, and 032 mg/ L and LC1 values were 14.6,0.2. 1.1,
and 58.1 ug/L.. The debilitating effects of the four toxicants were not only limited to embrya-farval lethality bt
also included significant frequencies of teratogenesis. Anomalics observed in the trout exposed to e test
compounds involved vertebral column defects and included lordosis, scoliosis, kyphosis, and rigid coiling. The
embryonic stages of the trout were much more sensitive than early larvae to toxicant exposure. The embryo-
larval stages of rainbow trout were the most sensitive of the test organisms to these single chemicals.

Bacterial Studies

Studics were conducted on the effects of coal conversion contaminants on microbial processes in ireshwater
sediments. Phenanthrene, a model polyaromatic hydrocarbon; a coal hydrogenation wastewater; and synthetic
fuel oils were examined as potential environmental contaminant.. A multivariate zpproach was used to examine
the impact of these contaminants on the activity, biomass, and structure of microbial communities in both
freshwater sediments and experimental microcosms. The objectives of these studies were to predict contaminant

effects on components of the microbial community and to provide information for validating the use of aquatic
microcosms in predicting contaminant effects in natural szdiment environments.

Eff-cts of Coal Conversion Materials on Microbial Comm:unities

Methanogenesis in freshwater sediments was found to be relatively insensitive to environmental
contamination. High concentrations of phenanthrene (100 ppm) and a waste effluent from a coal hydrogenation
process (3%) demonstrat:d significant inhibition of methanogenesis 20 to 60%, respectively. Glucose
min.ralization was not efiected by 100 ppm of phenanthrene, and no changes were observed in the standing crop
of viable heterotrophic bacteria during long-term dosing conditions. As previously reported. alkaline
phosphatase activity is marginally stimulated by low levels of phenanti:rene () ppm). Results of preliminary
studies indicate that nitrification can proceed in river sediments amended with H-Coal synthetic oil at
concentrations up to 5.0%. Nitrification is not inhibited by phenanthrene up to concentrations of 100 ppm.
Studies have been recently :nitiated to examine the effects of synthetic oil on respiration and heat output during
metabolic activity by natural mixed microbial populations.

The results of microccsm studies demonstrated minor differences among the microbial populations and
their activity in control microcosms and those treated with H-Coal product and No. 2 diescl fuel oil.
Quantitatively, the microcnsm microbial processes are similar in magnitude to those observed in Melton Hill
Lake sediments. However, the data are insufficient to demonstrate conclusively that microcosms accuraltcly
simulate the environment from which they are drawn. Forexample. temporaland spatial variation remains to he
examined for microcosm sediments.

Aquatic Transport

This year aquatic transport studies shifted in primary emphasis from determination of behavior of
contaminants released inaqueous discharges (c.g., treated wastewater effluents) 1o examination of contaminants

N s
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dissolving into underlying water from synthetic fuel product spillage. Object ves of initial studies have been(l) to
wdentify major contaminant compounds which dissolve from synthetic fuel . ‘quids and (2) to quantify rates of
contaminant dissolution under controlled hboratory conditions. Additional studies initiated include
investigation of effects of wind velocity and sunlight on contaminant dissolution. These laboratory studies will
supply data for development of a model of contamimant dissolution from oil spalls. which will be tested in a series
ot pond experiments planncd to begin i1 the summer of 198).

During the past year rescarch on transport and transformation of polycyclic aromatic hydrocarbons
(PAHs) was continued but at a lower priority. Studies on sorption of PAH to particles in surface waters and
microbial transformations of PAH were completed and submitted for publication. Transport of nitrogen-
containing PAH (azaarenes) was investigated with studics on bioaccumulation by fish. which paralielied
previous PAH studies. Akthough major emphasis wa hiited to synthetic fuel spills, continuing low-level efforts
on (1) elucidation of the role of sediment in transport of PAH and azaarenes and (2) a~plication of 1-on-stcady-
state models to PAH and azasrencs transport through surface waters aie planned for the coming year.

Dissolution of Contaminants from Synthetic Fuel Spills

Evaluation of petrolcum industry statistics suggests that a high probability exists for some synthetic fuel
spillage into surface waters when commercial facilities are operated. Tests in the Aquatic Effects Group have
demonstrated high toxicity of some synthetic fuels (relative to petroleum) to aquatic orzanisms. Data on the rate
of dissolution of toxic componerts and levels of toxicants which might occur ién the event of a spill are necessary
in order to asses* ad=quately hazards of syafuel spillage. Tha objective of this work is therefore to quantitate rates
of dissolution and levels of solubilized contaminants as a function of oil composition and river characteristics.

'Aass transfer of contaminants across an oil-water interface can be expressed according to two-film theory
in terms of mass transfer coefficients in oil (k.) and in water (k) and the oil-water parstition ¢ efficient (P):

kokw

Tk (G PO

Mass flux (units of contaminant mass’area. time) =
where C, and C., are contammant concentrations in the oit and water. respectively. To apply the theory tostudy
of dissolution of contaminants in synthetic fuel liquids, 2 glass cylinder (30 X 15.4 cm 1D) was constructed and
equipped with vulved ports for sampling and covered with a glass plate. In use, oil is layered on water, which is
agitated with a reciprocating magnetic stirves, increases in contaminant concentrations are monitored in the
underlying water over time until equilibrium is attained.

Tests of dissolution of 11 representative compounds ranging in solubility from catechof (P = 0.0015) to
t-methyinaphthalene (P = 8000) (rom a mode! oil demonstrated close agreement of measured and predicted
dissolution rates. Studies were then continued with a series of five synthetic fuel liquids ranging from a heavy,
viscous mw syncrude to a liquid distillate fraction; an aromatic petroleum crude was tested for comparison
purposes. Oils were layered over water (1:140 v/v) in the laboratory extraction apparatus; water samples were
collected over 48 h. Acidic, basic, and neutral components were isolated by solvent extraction and quantified by
gas chromatography (GC). Compound identifications were confirmed by GC-mass spectrometry.

Assemblages of water-soluble contaminants from all fiv: synthetic liquids were quite similar, although
concentrations varied over an order of magnitude between oils. As anticipated, principal water-soluble
contaminants are phenols and cresols, with lower levels of xylenn!s, and C3- and C4-substituted phenols: total
concentrations of phenolics ranged from 50 to 250 mg/ L after 48 h equilibration. Major neutral compounds are
toluene, xylene, and naphthalene, which were detect .’ at concentrations of 5 10 20 mg; L. Basic constituents are
aniline and C1- 10 C3-substituted anilines, found at concentrations of 0.2 104 mg/ L. No evidence for dissolution
of multiring phenols (c.g.. naphthol). alkylnaphthalenes, pyridines, or multiring anilincs has been found,
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although these compounds may be present at levels below analytical detection limits (approximately 0.1 mg/ L).
No phenols or bases (cxcept for aniline) were detected in water underlying the petrolcum crude tested. Rates of
contaminamt dissolution follow theoretical predictions, with phenol being most rapidly dissolved and less-water-
- soluble contaminants dissolving more slowly. Dissolution rates appear to be highly dependent upon oil viscosity:
the time required to reach 5095 dissolution of phenol varied fm6mhforaﬁonviscomrd’nndsymhctic
distillate to more than 2 h for a highly viscous heavy distillage.

Preliminary studies were initiated this year to ckicidate the effects of wind speed on dmohmon of toxic
contaminants from synthetic fuel iquids. To determine rates of evaporation of oi spill constituents, weight loss
of oil films several millimeters thick from 30 X 30 cm glass plates were determined under differing wind speeds.
Loss of individus® constituents was measured by use of radiohiicled compounds. Under moderate wind
velocities (several km/ h) at 23°C, one raw syncrude lost 10% of initial weight within 6 h and 38% within 70 h.
Complete loss of *C-benzenc occurred within several minutes; phenol, naphthalene, and aniline volatilized with
half-residence times of 6, 16, and 68 h, respectively. Tests will be continued with other oils under different
conditions of wind speed, wemperature, and film thickness. Initial resuks indicate that evaporation may reduce
dissolutio: of monoaromatics into water underlying a synthetic oil spill but may have substantiaily less effect on
dissolution of phenols, anilines, and diaromatics.

Initial work was also undertaken toexamine effects of sunlight on formation of toxic water-soluble oxidants
in synthetic fuel spills, as has been reported to occur for petroleum distillates (Larson et al. 1979) Films of four
synthetic oils, a petroleum crude, and a petroleum-based No. 2 fuel oil were layered onto water (£40:1 v/v
water/ oil) in a stirred 3.5-L extractor, and exposed under a quartz glass cover to midsummer sunlight. A water
bath maintained the'temperature of the oil and water at 24 to 28°C. Aliquots of underlying water were removed
at intervals of up to 5 d; oxidant concentrations were determined by 2 modified amperometric titration. Oxidants
were produced in water underlying two synthetic liquids at rates comparable to the petrokum-based No. 2 fuel
oil, resulting in concentrations after five days of more than 500 mg; L (expressed as tetralin hydroperoxide). No
oxidants were produced from irradiatiox o1 the petroleumcrude. A "though acidity of undcrlying water increased
markedly compared with nonirradiated controls, GC scans of extracted phenols did not differ qualitatively or
quantitatively from nonirradiated control extracts. Further studies are under way 1o characterize the oxidants
produced during irradiation and to relate formation of oxidants to toxic effects of underlying water on aquatic
organisms.

Solid Waste Research

Development of a synthetic fuel industry will result in copious quantities of solid waste. Thesc wastes will
result largely from the implementation of plans to produce liquid and gaseous products from coal and liquids
from oil shale. The management of solid wastes from these technologies will have a significant influence on the
environmental impact from cach technology. Work at ORNL in the Advanced Fossil Energy Program is directed
at assessing the environmental impact of disposing of solid wastes from the various coal conversion processes.
The major component of the solid wastc stream in .20al conversion processes is the slag ash prouuced in coal
gasification. Early work has revealed that coal gasification wastes would be considered nontoxic under the most
recent (May 19, 1980) revision of the Resource Conservation and Recovery Act of 1976(RCRA). However, this
does not imply disposal of these wastes is free from adverse environmental impacts. To identify these posiblc
adverse impacts, work has centered on the physicochemical character of the solid wastc and relating these
characteristics to what may occur under various disposal regimes. For instance. some of these wastes in column
leaching experiments have effluent leachates which are very acidic (<pH 3) and contain concentrations of sulfate
exceeding 10,000 mg 1.,
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Leaching Characteristics of a “ssification Shag

The chemistry of coal process wastes is being studied to provide guidelines for product treatment and/ or
identification of conditions whereby leaching of toxic components from landfills might be mitigated. Reported
| - here are experiments on the leachability and chemical characteristics of a coal gasification slag based on
| sequential acid extractions.

The waste contained three morphologically different fractions: glasslike rods and glasslike shards (~42%),
particic aggregates (~50%), and fines (5-um particke diameter, ~8%). These fractions appeared to result from
variations in conditions during gasification, although specific information was not available to make direct

. correlations with operating conditions. Each isolated fraction was subjected sequentially toan increasingly harsh
series of leaching medim: deionized water, dilute HNO; (pH =~ 1 2), a 1:1 mixture of H;O, HCL, and HNO,, and
50% HF. Each leachate was analyzed for Fe, Pb, Cd, Zn, N, As, S¢, Mo, and Cr by standard graphite furnace
stomic absorption methods.

The fines exhibited the highest concentration of leachable cationic trace elements on a per-gram basis in
each xtraction, followed by the aggrepates and glass shards. Maximum concentration of leachable oxyanions
varied considerably betwren different morphological fractions and acid leachates. However, the total
concentration of each clemert was highest in the aggregate fraction except for Pb and Cd (higher in the fine
fraction) and Cr (higher in giass shards). The shards contained the lowest levels of all other trace clements except
Cd (40% lower in the aggregates). Considering the proportion of the total waste mass included in each fraction,
the aggregates contributed the lasgest percentage of each element 1o the waste (ranging from 40 to 90%) except

_ for Cr (giass shards contributed 809%) and Cd (~35% cach was contributed by the finc and glass shard fractions).

These data allow estimation of the water and dilute acid solubility of these clements in each fraction and in
the total waste for prediction of leachate concentrations following zround- or surface-water interactions. The
Tange of these solubilities is determined from the ratios of water soluble (WS) or water plus ditute nitric acid
soluble (DAS) concentrations 0 total (Z) clement concentrations [ic., WS/E and (WS + DAS)/Z]. The
following is a summary of the cakculated total concentration of each cicment in the unfractionated solid (ug/ g)
and the range in cakulated solubilities (%), respectively: Fe (1.9 X 16° ug/g, 0.01-13% soluble), Cr (1.2 X 10’
ug/ 8. <0.01-3%), Zn (530 ug/g. 0.7-1.7%), Ni (260 ug/g. 4-28%), Mn (77 ug/g. 0.06-0.3%), As (39 ug/g,
0.02-0.3%), Pb (16 ug/ 2.0.2-5%), and Cd (0.6 ug/g. 28-56%). The Cd exhibdits the highest solubility but is also
present in the lowest concentration. Only Ni exhibits both a relatively high con:centration and solubility. Under
acidic conditions 1 is apparent that the leachate will be dominated by Fe, present initially as Fe** from the
dissolution of iron sulfides.

The solubility experiments with the individual morphological fractions indicated higher solubilities for the
aggregate and fine ‘ractions, becruse of a particke-size effect. X-ray fluorescence (XRF), combined with scanning
electron microscopy, indicated that the surfaces of glass shards were essentially small and free of particies. The
primary constituents of the shards were Al, Si, Ca, and Fedistributed uniformly thiroughout an amorphous glass
matrix. The aggregates and fines were agglomerations of smafler opaque particles consisting primarily of Al Si,
Fe, and Ca with smaller amounts of S, K, Ti, Pb, Cr,and Zn. This morphology may account for the more readily
soluble trace clements from these fractions because of the invens relationships between particle size and both
trace element concentration and solubility in combustion ashes.

§f these particle fractions result from known variations in gasification parameters, it may be possible to
select against the aggregate frac .on, which is more readily subject to trace clement leaching, in favor of the glassy
Traction as a relatively stable wasie. This type of selective control in the gasification process, combined with
pH/Eh controls at the disposal site (Auerbach et al. 1980), could potentially lead to disposal with minimum
environmental risk.

j
|

- i
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Comparison of Solid Wastes from Coal Combustion and Coal Gesification

The clectric utility industry is especially interested in coal-gasification-based generating systems. These
combtined cycle systems (gas turbine—generator/ stcam turbine—generator) appear to offer distinct envivonmental
advantages over, and to be economically competitive with, conventional direct coal-fired plants with flue gas
cleaning systems (Hok et al. 1980). The main environmental advantages of entrained flow gasifiers are purported
10 be the production of a dense inert siag and the absence of tar and other troublesome by-products._ In addition,
by-product sulfur can be produred in clemental form, which has greaser potential for beneficial utilization and
requires less space for storage and disposal than conventional flue gas desulfwrization shadges.

Research sponsored by EPRI imvolves physical/chemical characeerization of solid wastes and ti-*-
leachates from the Combustion Engincering gasifier (entrained Jlow) and from a conventional coal-fired power
plant (450-MW wet-bottom slagging boiler) firing the same feed coal (Pittsburgh seam). Comparative studies of
solid wastes generated by two or more processes from the same coal feedstock offer the opportusity to evaluate
the contribution of process to solid waste characteristics. For cxample, if it can be demonstrated that similar
solid waste characteristics are produced regardiess of whetixr a given coal is combusted or gasified, thea
available knowledge on the environmental behavior of combustion solid wasses can be validly used fo determine
the most environmentally appropriate disposal practices for gasification solid waries. -

Shg from the gasifier and bottom ash from the conventional plant are very simiiar in appearance and
physical characteristics (glassy shards) and are reasomably similar in chemical composition. Calcium content
(5.5%) of the combustion bottom ash was significaatly higher than that (1.8%) of the gasifier slag, but the
difference is consistent with the difference in calcium content of the respec:ive feed coals which originated in
diflerent mines. Other smaller differences in waste composition were also attributable 1o differences in feed coal
composition. However, both feed coals fell within the compositional range of Pittsburgh scam coal based on
compositional data obtained from the National Coal Resources Data System.

Particulates collected from the flue (combustion fly ash) and product (gasification char) gases, respectively,
are recycled (reiniected) at both the combustion plant and the gasifier and thus do not constitute sofid waste
streams. By-product ziemental sulfur from gasification could potentially become a solid waste if adequate
markets do not dewelop. Sulfur from the Combustion Engineering gasifier is impure (Table 1.5), containing
carbon, residuz| Stretford chemicals (vanadium, sodium). and some volatile trace ckcments apparently sorbed

Table 1.5. Pantinl clemenial analysis of sulfer by-product
(Stretford Process) from Combustion Engincering
gesifier; values given are meaa * stndard

deviation of anslyses on fowr samples”
collected over 3 30-h period

Sulfur. & 7646
Carbon. 11409
Sodmum. % 3104
Hydrogen, % 1.26 £ 0.12
Nitrogen. < 0.55 =002
Aluminum. ¢; 019002
lron. % 017+002
Vanadium. ppm 726 = 9%
Arnenic. ppm 53-8
Mercury. ppm 4.7
Selenium. ppm 4R+ 04

Antimony. ppm sizol
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from the product gas stream. M» 5y Gf these contaminants vrould probably not be present in sulfur produced ata
commercial-scale plant. However, the contamination of clemental sulfur by arsenic, selenium, and mercury has
been predicted on theoretical grounds by Anderson et al (1979), who suggested that this contamination covld
render the product sullur unfit for many industrial applhications.

The combustion and gasification solid wastes have been submitted toa variety of leaching tests including the
USEPA RCRA extraction procedure (Fed. Reg. 1980) and the ASTM distilied water extraction. Both the
RCRA and ASTM resuits (Tabie 1.6) suggest that the gasification slag s comparable tothe combustion bottom
ash i keaching behavior. Both =astes yicloed low concentrations of nearly a” the primary and secondary
drinking water metals. Iron and nickel were higher in the gasification shag. with iron in the slag leachate
exceeding U.S. Public Heakh Service cricria for drinking water. Based on these results, neither the bottom ash
nor the slag would be chssified as toxic under RCRA.

The aqueous extracts (Table 1.6) of gasification sulfur sladge yielded some high (relative to drinking water
standards) concentrations of As, Pb, Ag, Cr, Hg, Fe, Mn, and sulfate. Akbough none of these concentrations
would result in a toxic classification under current RCRA regulations, they could present ground-water
contamination problems i sulfur sludge of similar characteristics were disposed i landfills. The high
concentration of mercwry (45 pg/L) n the RCRA extract is especially notable because it is over 20 times the
mterim primary drinking water standard and represents about 209 of the mercury in the solid phase. The reason
for the much lower extractability of mercury by the ASTM method is imknown but is under study.

The ahove results suggest that the primary solid waste (slag) gencrated by entrained flow gasifiers will be
quite similar to botiom ash gencrated in conventional slagging boilers fwing the same feedstock and will not
present unexpecic’ disposal problems. The refatively high concentration of most metals and sulfate in the
RCRA and ASTM extracts of the sulfur sludge suggest the need for concern # (1) a2 sufficient market for
recovered sulfur aoes not develop and this by-product is to be disposed of by kandfilling or (2) residues
{concentrated impurities) fis.n sulfur sludge cleanup are disposed of by landfilling.

Table 1.6. Results of RCRA and ASTM extractions of solid v astes generated
by combustion or gasification of Pittsbwrgh scam cosl
Values given are averages of duplicate extractions and analyses: sulfate
is m mg . and other consttuents are in gL

Combustion Gasification Gasification
botiom ash shag sulfur shudge Drinking
water
RCRA ASTM RCRA ASTM RCRA ASTM criteria®
extract extract extract extract extract extract
As 90 0Ss 0.2 007 1520 400 50
Se <0.05 < <05 50 I8 <5 o
Ba 24 035 72 1180 710 40 1000
Pb ole <0.2 <0.: 02 620 150 50
Ag <0905 <03 <0.04 04 Mo 74 50
Cd 0.0 0.05 0.0} 0.12 ’ 14 32 0
Cr <0.} 19 0.19 04} 200 685 50
Hyg 0.003 0.0} 002 0.9 450 0.10 2
Zn 061 23 0.64 48 180 Jas0 3000
Cu 0.74 0.55 059 6.3 170 5% 1000
Fe 2750 510 600.0 960.0 30 118.000 L)
Mn 13 038 1.7 2.0 022 806 50
Ny 023 <0.5 153.0 1000.0 800 1 2000
SO, 1. R 6.1 - 250 1210 6.050 2%0

" Nanon. ! Intenm Primary Drinking Water Standard or U.S. Public Health Service Criterin.
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Organic Characterization of Solid Wastes from Fossil Fuel Technologies

The solid waste produced by coal conversion processes in the form of various types of ash and slag is
considerable. Solid wastes generated at proposed commercial cosl conversion facilities are expected to exceed
6070 tons; d. Given the varicty of potentiaily tox>: organic chemicals in coal, the production of toxic compounds
in combustion processes, and the fact that most coal conversion solid wastes have significant total carbon
contents, the question arises as to what type of hazard, if any, may be presented by the erganics present in the
wastes, This investigation was initiated (1) to determine the forms and amounts of organics present in these
wastes, (2) to determine the mobility of these compounds in aqueous systems, and (3) as necessary, to establish
means of attenuating the movement of these compounds into surface- and ground-water systems. _

Solid wastes selected for examination represent a variety of gasification processes and feei] coals and also
transitionally stored solids from two liquefaction/ gasification processes. In the first phase thece solids were
exhaustively extracted (Soxhiet) with methylene chioride and the extracts duly analyzed for organic
components. To provide direct evidence of the leachabaity of the orgatics, aqueous equilibrations (24 h) of these
solids were conducted in systems buffered and unbuffered with regard 1o pH. Methylene chloride extracts of the
water were made and the organics therein characterized.

The methylenc chloride extracts from solids and waters were partitioned between cyclohexane and
nitromethane to cffect an ahphatic/aromatic separation. Identification and quantification were done by
capillary GC-MS. The efficiency of the methylene chloride extraction of the solids was checked by measuring the
recovery of '*C-labeled benz(ajanthracene (13 ng/g) from each solid. The recoverics ranged from 2 to 100%.

In general, the transitionally stored solids (H-Coal vacuum bottoms and SRC-] mineral ash residue) were
substantially higher in total carbon content (*>405) than were the gasification wastes (] 10 33%. median <10%).
This was reflected in the extractability of organics from these solids by the methylene chloride. By and large, the
gasification wastes were devoid of recoverable aromatics. The exceptions were samples from one process
showing | to 2 ug: g of alkyl-subsiituted and unsubstituted three- and four-ring PAHs and another showinga few
ng: g of alkyl-substituted naphthalenes. In contrast, for the stored solids the H-Coal vacuum bottoms and the
SRC-I mineral ash residue (MAR ) showed on the order of 120and 760 ug: g. respectively. in total aromatics. The
MAR extracts showed compounds having from two to four fused benzene rings. some of which were alkyl
substituted. H-Coal vacuum bottom extracts showed a substantial component of four-ringed PAHs which
constituted 30% of the total.

Although the aliphatics were measurable amounis in several of the gasification wastes. again the contrast
with the stored solid was substantial. Thus, while the MAR showed an aliphatic cor*ent of ~1.3 mg-g. the
gasification wastes showed a range of 0 to ~30 ug: g with several samples showing nonc. These aliphatics were
predominantly in the C-11 to C-12 range, although a few were as low as C-8.

Preliminary indications from the aqueous equilibrations of the solids are that the MAR contains a
substant.l fraction of organics thatare readily keachable. This is also true for the H-Coal vacuum bottoms but to
a lesser extent.

Solid Waste Extractions for Biotesting

Work in ESD has shown that the extraction procedure (EP) for assessing the toxicity of a solid waste under
RCRA is not satisfactory for biotesting protocols (Epler ct al. 1980). The major limitation is that the acetic acid
in the EP is not compatible with the biotesting protocols (phytotoxicity and aquatic Loxicity tests using Daphnia
magna). Thus, distilled water has been used to make solid waste extracts for biotesting as well as to detect
potentially toxic clements or compounds in the solid waste. The extract concentrations of Jhe eight elements
listed in the National Interim Primary Drinking Water Regulations (Ag, As, Ba, Cd. Cr, Cr;, Hg, and Se) have
been extremely low (in ug/ L) for many of the gasification wastes and arc in most instar ces very close to the
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analytical detection Emits for that element. For this reason, it is very difficult to assess the ermor directly
associated with the extraction procuss. Data to date indicate that the major source of error in the water
extractions of gasification wastes is the heterogeneity of the sample.

An Alcrmative to Landfil Dispoeal

The traditional method for disposing ash/ slag from direct-fired combustion has been either ash ponds or
landfills. Preseatly, lundfill dsposal is more desirable because of economic and environmental considerations.
An alternative to landfill disposal is land application, which the USEPA has encouraged for sewage sludge.
Some cnergy-refated wastes, such as calcium-carbonate-rich fluidized bed combustion (FBC) wastes, appear to
be applicable as a substizuie for agricultural limestone. Leaching tests on coal gasification wastes at ORNL have
indicated that very small quantities of toxic metals are leached fron. most of the wastes. One of the chemical
compounds found to be most abundant in the water leaching studics of these gasification residuals is sulfate.

Sulfur is cssential for plant growth, and certain soils in the Southeast are deficient in this clement for
maximum crop production. A greenhouse cxperiment using perennial rye grass as a test crop was conducted to
assess (1) the plant availability of sulfur in three coal conversion solid wastes and (2) the plant uptake of toxic
metals in these wastes. Supplemental data were taken relative to the phytotoxicity of direct seeding in the
wasie/ soil mixtures, and an estimate was made of ground-water contamination (lkeachates collected from cach
pot). '

Four harvests were conducted, and data showed sigaificant reductions in vield at high was:e/ soil ratios.
Plant yiclds were less with some solid wastes than others.

Eavi .
Gasifier im Industry

The Environmental and Health Program for the University of Minnesota Gasification Facility outlines a
program to provide data and perform assessments on the low-Btu gasification facility which will permit DOE
and other federal agencies to judge potential impacts and the accepiability of this coal conversion technology.
The three-year program entails on-line monitoring, sample collections, und laboratory experiments. The
primary objective of this project is to develop and implement the data management requirements for researchers
directly involved in the UMD program. :

Additional objectives of this project are (1) to solicit the data management requirements of persons
indirectly engaged in the UMD program and to implement, when feasiblc. these needs to enhance the assessment
capabilities of the UMD program; (2) to establish the sample management facility and develop the archival
procedures for the resulting data; and (3) to incorporate the ability to handle data from other gasifier sites within
the data management system.

Data management has historically consisted of implementing computer programs for analyzing.
summarizing, tabulating, and graphically displaying rescarch data on a crisis basis. In this mode, a great deal of
effort is expended over a short time to meet a project deadline. This mode is bearable when only a single
rescarcher is to be accommodated. When more than one rescarcher or more than one project task requires
programming, crisis data management is inefficient and, because of too little time for completely inspecting the
results cr for completely defining the programming needs, the research project tends to suffer. Experience gained
in the U.S. International Biological Program and other research programs in the Environmental Sciences

Divison has shown that crisis data management can be climinated by changing the approach 1o data
management to include working with researchers prior to and during the project to define data formats, codes,
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and output requirements. The definition of requirements for cach task or project feeds into the development and
implementation of computer programs for accomplishing the total data management needs of the research
program. The need for management of the University of Minnesota Gasifier Program data and the diversityand
volume of the data motivate the expenditures for this project in order that that UMD Environmental and Health
Assessments can be performed in a timely and organized fashion.

The approach used in this project is to organize the research components that generate data pertaining to the
UMD gasifier facility. Several components have been described as to kinds of data, formats, and identifiers.
These components include (1) the on-line process data acquisition system, which wasa PDP1 I system on-site; (2)
the environmental monitoring system, which uscs cassette recorders on-site; (3) the process sampling scheme,
which describes number, location, and volume of samples; and (4) the laboratory tests that perform ecological,
biological, and chemical characterizations.

Other components which were organized include tllc test results rchtmgenvronmemaleﬁeﬂs and fate of
product (c.g ., gas streams) or waste material (cg_, ash, tars) sampies, the sampie handling and tracking
procedures that provide the status of the material samples, and the health effects research results on their UMD
samples.

We succeeded in defming the data structure and internal format for the on-line computer acquisition and
documented a system of pbymsfonudingand handling the computerized ( 1) baseline meteorological and air
quality and (2) process control measurements tapes from UMD and in tabulating the data, which are being
gathered on-site at UMD. Ao, data were solicited and received from several working groups in the gasifier
program, including Analytizal Chemistry (sample characterizations), Industrial Hygiene (carbon monoxide
Jevels and work environment samples characterizations), and Environmental Sciences (solid waste
characterizations and ecological effects of leachates and high-volume sample characterizations).

All these data have been formatied and tabulated and computer programs writien to store, retricve,
manipulate, and graph the data in raw or summarized form.

Base Progam

This activity concentrated on organizing the extant data on toxicity of agueous effluents from synthetic fuel
processes and their acid, base, and neutral fractions. With these data organized. formatted, and computerized,
we were able 1o write computer programs for comparing data sets derived from different experiments. Summary
programs wrre also devcloped for presenting the dawa in tables. These capabilities were impontant in
summarizing the current body of information from these toxicily expsriments. The initial standards for
computer codes and rescarch nosaenclature were completed. and a summary of the ongoing rescarch was
implemented to allow the inventorying of current and future research in the program,

H-Coal Plan

The H-Coal environmental plan includes the ecological testing of the fate and effects of H-Coal products
and wastes. The tesisinclude the evaluation of H-Coal product oil in aalgal microcosm, pond ecosystem, cricket,
plankton, and seed germination studics. The data management project for the H-Coal program helped establish
the experimental designs for these studies and the data formats for organizing and later storing the data from
these studies.

Gasifier-in-Industry Project

This activity is a component of the larger site-specific Environmental and Health study being conducted for
DOE at the University of Minncsota-Duluth (UMD) campus and the Pike County, Kentucky, gasifier sites. The
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purpose of these studies is to identify potential impacts arising in the vicinity of the two facilities from their
operation. Th: project is a state-of-the-art assessment activity rather than a research study. Although the UMD
facility is currently operating, it now appears that the Pike County project will be terminated. Consequently. the
Pike County ffort focused on completing the baseline characterization of the site.

- University of Minnesota-Duluth Studics

Ambient air quality monitoring, performed under subcontract by Dr. Sagar Krupa of the University of
Minncsota-St. Paul beginning in February 1979, continued throughout FY 80. Monitoring was conducted both
during periods of gasificr operation and during shutdown periods. The use of two munitoring stations, located
800 m cast and 600 m west of the gasifier, has allowed a preliminary analysis of the effects of gasifier emissions on
ambient air quality. Combining data on gasificr operation, meteorological conditions, and incasured air quality
permitted a prefliminary assessment that the gasifier did not measurably increase ambient levels of SO,, NO,, CO,
Os, hydrocarbons, and total suspended particulates (TSP). Samples of particulates are being analyzed for
constituenis (trace clements and organics) to determine if they might be attributed to the gasificr. A more detailed
analysis of potential air quality eflects will be possibke with data from the 1980-81 UMD campus heating season.
In addition to the above analyses, installation of Tenax traps will allow characterization of vapor-phase organic
pollutants in the ambient air.

Solud wastes from two gasifier runs (Novembcr-Deocmbcr 1979 and February-March 1980) were collected
and shipped to ORNL for chemical and toxicological characterization. Bottom ash from the formes run and
bottom ash and cyclone char from the latter run were subjected to two laboratory leaching procedures. The
extraction procedure (EP) of the USEPA, an acetic acid technique used for determination of “hazardous™ wastes
as required by the Resource Conservation and Recovery Act (RCRA) of 1976, was used to produce leachates
for chemical analysis. A distilled, deionized water technique was also used tc produce leachates for chemical
analyses and for toxicological testing in a battery of bioassays. The battery included ( I) acute toxicity to the
zooplankter D. magna, (2) inhibition of photosynthesis in the bluc-green alga Microcysiis aeruginosa. and (3)
inhibition of radicle (root) elongation in radish and sorghum seedlings.

Chemical and toxicological testing indicate that the solid wastes would qualify as “nonhazardous”™
according to USEPA’s current interpretation of RCRA. In many cases, full-sirength (100%) distilled water
leachates of the solids did not elicit a toxic response in the battery of tests. In the remaining cases, 2 toxic response
was found only at near-full-strength concentration. When USEPA assumptions are incorporated toaccount for
the likely dilution of leachates as they pass from disposal sites ‘nto ground and surface waters, the materials
would appear nontoxic to terrestrial or aquatic biota, based on our bioassays. Trace element concentrations in
distilled water and EP leachates of the solids did not exceed RCR A standards established by the USEPA for the
designation of “hazardous™ wastes. Furthermore, in most cascs the trace element concentrations would not
violate other critieria for ground and surface waters (drinking water, irrigation, livestock watering, and
protection of aquatic biota) when assumed dilution is taken into account.

Pike County Studies

Samples of surface water at the site (Shelby Creek and a small tributary) were taken under subcontract by
Pikeville College staff for analysis of water quality. Analysis by the college confirmed earlier reports of marginal
water quality in the area, a result of regi~nal coal mining and untreated sewage discharges. Organic and trace
element analyses are under way for the water samples and for samples of fine sediments (silt/ clay) from the
streambeds.

During the planning of the air quality monitoring program, it became clear that state-of-the-art
meteorological models were not sufficient to allow the optimal placement of monitoring equipment or to

N T




Section 1 ' 2l ORNL-5700

simulate the rough terrain of the site. Consequently, the stafl of the National Oceanic and Atmospheric
Administration’s Atmospheric Turbulence and Diffusion Laboratory (ATDL) cooperated with ESD in
characterizing air movements at the site. In September 1979, ATDL. began operating metcorological ecuipment
on-site (with the assistance of Pikeville College). Equipment located on-site includes two portable battery-
operated meteorological stations to measure basic variables (wind direction and speed, temperature, and relative
Lumidity) and an acoustic sounder to record air stability. The ATDL ako conducted short-term studies (smoke-
bomb releases, pibal and neutral-density balloon releases, and lapse-rate measurements) of 2ir movements at the
site.

Mecteorological studies in FY 80 showed that the complex terrain of the site will have a major effect on
pollutant dispersion. The surface air, which is decoupled from regional air flow, usually extends to ridge height,
approximately 300 m above the site. At night, the air is typically calm with frequemt fag and ground-based or
elevated inversions. During the day, frequent convective air flow interacts with the terrain, producing
mechanical turbulence. Mechanical turbulence was verified by the helical pattern and irregular direction of
experimental smoke releases.

The potential for ground-level air pollution appears to be high. Terrain-induced flows can produce
subsidence over the central portion of the site. Plume impactions with the surrounding terrain are expected
during daytime, causing damage to vegetation. Also, plume material that contacts the terrain may lose its
buoyancy and sink to lower clevations or be carried down by drainage currents. Akhough the effective piume
heigit (approximately 100 m) is well below ridge height, the high frequency of weak winds may often allow the
plume to extend above the ridge top. The combination of elevated inversions and fog (which cools the plume)
suggests that at night the plume will often be contained within the site. Chemical interaction of plume materials
with nightime moisture may be an additional problem. These tentative resuits suggest that any pollutants
released at this site should be carefully monitored.
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Introduction

Environmental Sciences Division research related to nuclear energy technologies considers the biutic and
abiotic behavior of radioelements for which information is riceded. In addition to biological accumulation and
transport data, research under way also considers environmental chemistry evaluations of long-lived, man-made
radioclements for which no geochemical history exists. Major emphasis is on the actinide elements (U, Th, Pu,
Am, Cm, Np), Tc, activation products such as”Nb, and natural radionuclides that are componer:s vr analogs of
isotopes in nuclear fuel cycles. Collectively, this research effort expands the data base an the understanding of
potential impacts of radionuclide releases from nuclezr fuel cycle operations. Res=arch support is largely
provided by the Department of Energy (DOE), Division of Ecological Researchi, wiih lesser funding from the
Environmental Protection Agency (EPA) and DOE/ Waste Management.

Substantial new information on the behavior of Tc under ficld conditions was obtained. For ™ Tc released
from operating gaseous diffusion plants, Tc is not as plant-available as predicted by greenhouse studies. In a
small pond ecosystem, Tc was not found to bioaccumulate to a significant degree but retention by ecosystem
components does occur. From this work, a model was developed to enable the prediction of Tc dynamics in
aquatic systems.

Research results on actinide behaviorin Pond 3513 have shed additional light on the role of sedimentsin fish
tissue burdens, on the hehavior of An. and Cm in freshwater ecosystems, and on the oxidation state of
organically bound Pu.

Studies on simulated 1ung fluid leaching of Pu-contaminated soils reveak d different rates (and amounts) of
leachable Pu. A novel idea on the origin of soluble Pu species derived from global fallout was tested
experimentally and found plausible.

Innovative research on the geachemistry of the artificial element Tc has further defined the redox regimes
where this element loses its mobility.

Additional information on the freshwater bioaccumulation characteristics of *Nb was cbtained this year as
well as a comparison of the uptake of Np by plants grown on different soils.

'Dual eapacity.
"Health and Safety | vscarch Division, ORNL,
'Analytical Chemistry Division, ORNIL..
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Technetium and Niobium Research

Uptake of ™ Tc by Freshwater Biota

The values used for bicaccumutation factors (Bq per g fresh weight of organism/ Bq per g water) for Tc to
calculate potential radiation Jose to man through the freshwater aquatic food chain are default values based on
the behavior of | in the environment. Data collected from a small experimental pond that was 1agged with an
acute spike of " Tc was used to calculate bioaccumulation factors and to determine the tissue distributionof Tc
in freshwater fish and snails.

A model of the pond ecosystem that treated cach organism separately was developed to predict the long-
term, steady-state body burden of Tc in two species of fish and one specics of snail. Transfer coefficients for the
model relied on the uptake a~.d climination of " Tc by the organisms. The mean concentrations of **Tcincarp,
mosquitofish, and snails during uptake and elimination of *Tc are shown in Fig. 2.1. The data points (! SE)
were used with a Marquardt nonlinear least-squares technique to detes mine the uptake and elimination rates of
¥*Tc. The effective biological half-life of **Tc calculated for carp, mosquitofish, and snails was 2.5, 4.3, and
21.3 d, respc-tively.
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Fig. 2.1. Uptai. of "*Tcis shown for (a) carp, (b) Gambusia, and (c) snails in an experimental freshwater pond that received an acute, or
*s} .43,” pulss release of "~ Te. Elimination of **"Tc is shown for () carp. (¢) Gambusia, and (/) snails after they were removed (rom the pond.
The effective biological half-lives were 2.5, 4.3, and 21.3 d for carp, Gambusia, and snails, respectively, The solid line connects data poins
representing the mean concentration of **"T¢ (£1 SE). The data points were used with a Marguardt nonlincar least- squares te-hnigue to
determine the uptake and elimination rates of the isotope.



Section 2 2 ORNL-5700

Bioaccumulation factors for carp, mosquitofish, and snails based on steady-state body burdens calculated
with the pond ecosystem model wese 11, 75, and 12}, respectively. The value for czrp is less than the default value
of 15 that is commonly used in radiation dose calculation for man; however, the calculated biocaccumulation
factor for mosquitofish exceeded the default value by a factor of 5. The calculated concentration factor for snails
was 24 times the recommended default value of S for invertebrates.

The difference in the concentration of **Tc in the two species of fish is probably related to their feeding
haoits. A tissuc analysis of the fish showed that a large proportion of the body burden of ***Tc was present inthe
digestive system of the fish. Gill tissue contained the second highest concentration of **™Tc, and musck tissue had
the lowest concentration of any of the tissues examined.

" Technetium-99 Behavior near Uranium Enrichment Facilities

Technetium-99 was measured in vegetation and soils collected near three operating gascous diffusion
facilities 1o obtain estimates of the soil-to-vegetation concentration factor. The plants are locateo in Oak Ridge,
Tennessee; Paducah, Kentucky; and Portsmouth, Ohio. The ratio of measured plant and soil concentrations
(plant/soil) constitutes the soil-to-plant concentration factor. Analyses performed by ORNL Anaiytical
Chemisiry Division primarily used radiochemical separations and low-level beta counting techniques, with
selected samples checked by isotope dilution mass spectrometry. Sampling of Tc in vegetation and soil near the
three uranium enrichment facilitics produccd 24 vegetation/soil concentration factors. No differentiation could
be made between the Tc in vegetation obtained from direct aerial deposition and that obtained from the soil.
The highest values were associated with Paducah, and the most variability was associated with concentration
factors calculated for Portsmouth. The concentration factors for the Oak Ridge Gaseous Diffusion Plant ranged
from 3.3 to 16.0 with a mean of 7.0. The range for Paducah was 5.1 to 44 with a geometric mean of 16. The
Portsmouth range was 1.4 to 26 with a geometric mean of 7.4. The pooled assemblage of concentration factors
appeared to be lognormally distributed with a gecometric mean of 9.5 (Table 2.1). These field soil-to-vegetation
concentration factors are one to two orders of magnitude less than those derived from Jaboratory experiments
using potted soils. These ficld studies indicated that the radiological impact of Tc releases to food chains may be
substantially less than those predicted by assessment models using data derived solely from laboratory
experiments. B,

Table 2.1. Ststistical summary of

soil-to-plant concentration factors

combined from all sampling sites
Number of values A4
Maximum value (Paducah) 44
Minimum value (Portsmouth) 14
Arithmetic mean 14
Standard deviation 10
Standard error 20
Geometric mean’ 9.5
Geometric standard deviation® 24

‘Geometric mean = exponential of the
mean of log-transformed data.

*Geometric standard deviation = ex-
ponential of the standard deviation of
log-transformed data,
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Concentration of Nb in Freshwaer Biota

Two studies have been conducted with Nb in experimental ponds to deter aine the distribution and
concentration of Nb in freshwater ecosystems. The initial experiment involved the release of ”Nb at a constant
rate for a period of 30 d. and the second was a short-term release study with "Nb to obtain data on uptake and
elimination rates in aquatic biota. In these expeniments, water, sediments, and aguatic biota were collected
routinely and analyzed for *Nb. Elimination studies were conducted on fish, crayfish, and snails by removing
them from the pond after 30 d of exposure to **Nb. Tissue analyses were conducted on three specics of fish,
crayfish, snails, and clams. :

In the initial experiment after approximately 30 d of exposure, snails and crayfish contained higher
concentrations of Nb tha: -tid any of the fish species. The whole-body bicaccumulation factor (Bg per g fresh
weight/ Bq per g water) w; 6 for snails and 67 for crayfish. The bioaccumulation factors for carp, bluegill, and
mosquitofish were 16, 12, and 11, respectively. Analyses of climination éxperiments showed that at least 50% of
the body burden of *’Nb in the organisms tested was in the fast component of the climination curve. Therefore,
the effective biological half-lives were relatively short. The half-lives for carp, mosquitofish, and snails were 2.3,
1.4, and 0.4 d, respectively; the biological hzlf-life for crayfish was 7.9 d. If only the slow components of the
elimination curves were considered, the biological half-lives for carp, mosquitofish, snails, and crayfish were
21.0,.11.5, 14.5, and 10.2 d. -espectively.

~ Tissue analyses of c2.p, mosquitofish, and bluegill agreed with the data from the climination experiments.
In fisn from the pond, the Gl tract and its contents accounted for 6510 95% of the body burden of Nb; however,
this percentage dropped rapidly to approximately 10% of the body burden after they had been removed for three
days. In all three species of fish the muscle tissue contained the lowest concentration of *Nb of all tissues
examined. The *Nb content in carp bone was about ten times the concentration of ”>Nb in muscle tissue.

Elimination studies and tissue analyses on snails and clams taken directly from the “Nb-tagged pond
showed that approximately 80% of the body burden of *Nb was in the body tissues and the remainder in the
shell. After removal from the tagged pond. " Nb was rapidly eliminated from the body tissues and the percentages
in the body tissue and shell were reviewed.

Previous analyses of the datz from this experimental pond showed that **Nbis rapidly lost from the water to
the sediments and that periphyton and macrophytes accumulate *Nb rapidly. Information from the elimination
studies and tissue analyses indicate that *’ Nb was accumulated primarily through the food chain. The maximum
bioaccumulation facter calculated for fish was 16, which is much less than the bioaccumulation factos of 3 X 10*
listed in USNRC Regulatory Guide 1.109 and recommended for calculating potential radiation exposure to
man.

Actinides in Biota
Tissue Distribution of U, Pu, Cm, and Am in Freshwater Fish

The patterns of actinide distribution in tissuc organ fractions for goldfish, bluegill. and catfish exposed
to actinides in Pond 3513 for one full year (1977-1978) were qualitatively similar despite differences in
trophic position. Absolute concentrations were highest in goldfish because of their greater association with
the sediment-water interface. The ranking of tissues, organs according to *”>*Pu concentration was as
follows: GIT (digestive tract) » gill, kidney > liver > gonad, bone + RST (residual soft tissues). Quantitative
differences between absolute concentrations of actinides were observed within tissue/ organ types, but these
did not affect the relative position within the rankings. The ranking according to relative tissue/organ
fractional body burdens was affected by sample mass and thus differe2 from that for concentration. Gill and
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GIT were exciuded from the fractional body burden comparisons because of potential sediment
contamination. The ranking for ***®Pu in goldfish (percent of total activity in compartment) was as follows:
bone + RST (71%) > liver (13%), kidney (11%) > gonad (4%). Muscle tissue was included in the RST
fraction and has not been analyzed separately thus far because of constraints of sample size and expected low
activity levels.

Differential Uptake of Actimides by Fish as a Functioa of Source Characteristics

Concentrations of actinides (Pu, Am, Cm, and U isotopes) were determined in the livers of goldfish that
had been exposed for | year in [977-1978, | year in 1978-1979, and 1.5 years in 19781979, respectively, in
Pond 3513 and in the antificial stream and net enclosure isoletion groups described previously (Averbach et
al. 1978). The results indicate that **Cm and ®***Pu concentrations and **Pu: **®Pu ratios in liver of fish
exposed to the 1978 accidental spike (1978-1979 groups) were not significantly different than those in
sampics obiained before the spike, despite the fact that average **Cm and *?*Pu concentrations in pond
water were greatly increased (e.g., **Z?®Pu concentrations in water were 0.04S, 0.23, and 0.20 Bq/L in the
three periods, respectively.) These observations cannot be explained by Pu oxidation state cffects because the
accidental spike was dominated by oxidized Pu, the most biologically available state (in the absence of
chelaies). In addition, the ®*Pu?®?®Pu activity ratio of the spike was 0.6 as opposed to the ambient value of
0.09; thus, the activity ratio in the liver samples should bave been significantly lower if water was a
significant source of Pu. These observations scem to provide additional reinforcement for the concept that
the critical abiotic source of transuranics in Pond 3513 s sedimentary particulates rather than the overlying
solution.

Neptunium in Plaots

The upuake of **Np by fescue grass from five USA soil series was studicd in the laboratory. The soils
used were a Captina silt loam from Tennessee, 2 Muscatine silt loam from Illinois. a Salinas clay loam from
California, and a2 Dothan sand and a Fuquay sand from South Carolina. Replicate soils were kept moist for
50 d and then spiked with Np(V) to achieve a soil concentration of 10,000 pCi/g. Fescue grass was grown on
the soils and harvested 14 and 42 d after planting. The soils were then leached with waser. and the leachate
was collected after percolation through the soil.

Analysis of variance showed significant differences in plant yptake of **Np due 1o suil series and tirc of
harvesi. The only difference duc to time of harvest was for the Fuquay soil type. There wa. 1000-fold
variation in the soil to plant transfer of **Np over the five soil s-ries. Plam uptake of ®*Np increased with
decreasing cation exchange capacity and decreasing organic matter content of the soils. The results from
leaching the soils with water paralieled the plant uptake of **Np by fescue. There was high leachability of
Np from sandy soils with low cation exchange capacity which was consistent with the high plant uptake on
sandy soil. Neptunium (V) in these laboratory studies exhibited a soil-plant relationship consisient with that
expected of any simple cation.

Actinide Eavironmenta] Chemistry
Association of Trivalent snd Tetravalent Actinides with Organic Matter
The association of Cm. Am, and Pu(llI+IV) with s high-molecular-weight (nominally 6000 to 10,000)

organic fraction in solution (Auerbach et al. 1979) and their subsequent re-releass over a longer time period
indicate that sorption by algal detrital material plays 8 major role in the cycling of these clements.
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Conversion of insoluble detrital organic matter to lower molecular weight fragments (humic materiaks) by
microbial degradation could explin the observed solubility pattern. One issue that required resolution was
the oxidation state of the organically bound plutonium. The qualitative separation of Pw(IV) from Pu(lll)
using precipitation techniques was previously illustrated (Auerbach et al. 1978). For the evaluation of Pu(lll)
vs Pu(1V) in Pond 3513 water, Zr phenylarsonate (Zr PA) was precipitated after making the water 0.5 M in
HCl and adding “*Pu(ifl). The Py, redcced 1o the trivalent state with a Jones Reductor. was added to
serve as an intermal oxidation state “control™ tnat is, (0 check the efficiency of the Zr PA precipitation.
which should coprecipitate Pu(lV). . '

The results are presented in Table 2.2, The August | results indicated that the amount of **Pu that
precipitated with BiPO, [Pu(llI + IV)] was the same as that precipitated with Zr PA [ic.. Pu(1V) Jominates].
Added “*Pu(lll) did not significantly carry (18%), thus validating the valence separation. Because the
high-molecular-weight “fulvic™ material also precipitated with the Zr PA, the **Pu could have been trivaient.
compiexed with the organics, and not released upon acidification. To test this. a second sample (August 5)
was made millimolar in hydroxylamine, micromolar in Fe(ll) at the time of acdification. This reductive
treatment (room tempe, .ture, 10 min) reduced by about 75% the amount of Zr PA-carriable Pu and
compietely eliminated the precipitation of the added “*Pu(Ill). From these data. we conclude that Pu(lll) is
not a significant component of the organically bound plutonium.

Teble 22. Pu(Ill) w (IV) cnlantions on 0.22-um-filkered

waster from Poad 3513
Ppy (pCi L)
0+ ave v v+VI HE+ vV +vp
August | 1980 072+004 074006 Lost 046 = 0.0}
added T*Pu(lit) 185 82
Avgust S, 1980 065003 0I7=003 049003 09
added ™ Pullll) + <l 9;
hydroxylamine. Fe(1l)
‘BiPO, method.
*ZrPA method.

Long-Term Changes Expected in Trivalent Actinide Behavior in Pond 3513

Although Pond 3513 currently maintains a sediment-water exchange equilibrium for the actinides. it is
clearly only quasi-stable for Pu (significant long-term correlations with time} and for Cm and Am
(nonuniformity in sediment-water exchange). The nonuniformity in Am-Cm exchange behavior will
eventually resolve itself when either differences in chemical associations or. more likely. depth distribution in
sedirsents are eliminated with time. On a geologic time scale, equilibrium differences in geochemical behavior
of Am(Ill) and Cm(l11) must be relatively insignificant because of their similar chemistries. Nonetheless. it is
significant that such a difference in observed behavior (25:1 in sediment-water exchange) can occur because
of anthropogenic influences over a very short time scak (<J0 y). Similar pl._.nomena have been observed for
anthropogenic sources of nonradioactive heavy metals and transition elements in sediments.

Under laboratory conditions of pH, ionic strength, and carbonate comparable 10 Pond 3513 values,
Allard and Beall (1979) reported K, values for ' Am primarily in the range | to 10 X 10’ for over 30 natural
minerals (including quartz, gibbsite, biotite, dolomite, calcite. albite, olivine montmorillonitc. kaolinitc.
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muscovite, olivine, chlorite, augite, etc.). The estimated K, for **Cm from Pond 3513 was 59 X 10°. very
comparable to the median value of the data above. This obscrvation suggests that the *'Am is physically
occluded relative to **Cm in the surficial sediment layer.
Inflwence of Bioterbation on Triveleat Actinide Activity Ratios in Solution

Although one could hypothesize that chemical occlusion (produced by waste effluent variations) rather
than physical occlusion (caused by differences between the depth distributions of Am and Cm) was
responsible for the observed differences in apparent solubility, the latter explanation now appea:ss to be more
plausible. Surficial sediment leaching with cither 1| N HNY® or 001 N HC! indicated no significant
differences between Am and Cm solution-sediment exchange (C. T. Garten data). Further. in-situ
homogenization of surficial sediments inside plexiglass TM columns inserted into Pond 3513 sediments
resulted in lowered 2*Cm* Am activity ratios comparabl 10 those in the entire 0- to 5-cm depth layer.

Because we had previously cbserved that digestive tracts of benthic-feeding fishes contained significant
quantitics of sediment with radiological characteristics similar to that of the 0- to S-cm surficial sediment
layer (Auerbach ct al. 1978), one could predict that continued bioturbation of surficial sediments by fish
alonc would eventually resolve the apparent differences observed in Am and Cm solution-sediment
exchange. Despite the effects produced by the 1977 aigal bloom and by the 1978 accidental spike of **Cm
into Pond 3513 (**Cm>" Am activity ratio in solution raised to 40:1) which tended to obscure the long-term
trends, both the absolute concentration of ***Cm and the **Cm:** Am activity ratio have falien steadily. By
July 1980, the >**Cm concentration in filtered water had fallen to 0.068 Bq: L. approximately twice that of
¥ Am. The concentration of >’ Am was comparabk to the vaiucs obtained in 1977 before the introduction of
fish 10 Pond 3513. Pond-wide mean values for the **Cm:**'Am ratio in surficial sediment and seston were
1.3 10 1.5 as opposed 1o activity ratios of 25:1 and 40:1 in the overlying water following the 1977 algal bloom
and the 1978 spike, respectively. Thus, these data suggest that in the three years since fish were introduced 60
10 70% of the 0- to S-cm sediment layer in Pond 3513 has been homogenized by bioturbation. and. coupled
with the effects of the 1977 algal bloom. direct biotic effects on the solution chemistry of the trivalent
actinides have been more impontant than physicochemical factors. Plutonium solution chemistry. on the
other hand, is complicated by its oxidation state transformztions and is apparently more subject to
physicochemical perturbations (ic.. redox-pH cffects) in the Pond 3513 system.

Origins of Gilobal Fallout-Derived Pu(V + VI) Species

Work by Wahigren et al. (1977) dumonstrated the presence of Pu(V+VI) species in North American lakes.
These oxidized Pu species could originate by in situ oxidation (thermodynamically possible) or could be a
“memory” of their origin. This latter possibility was particularly intriguing. since most of the globally dispersed
Pu originated by pulked neutron activation of natural uranium refleciors or tampers in thermonuclear
weapons [i.c.. U(n. v) U £ 7 Np £ Pu.] The Pumeasured in fallout was not present during condensation
whereas the *”U was. The oxidation state of the U was most likely +6. Experiments were conducted 1o determine
if this oxidation state could be preserved during B decay in a solid (no work like this has been done).

Because it is impossible to simulate the sequence of events following a nuckear detonation. it was only
possible 1o activate deplesed U in various solids (CaO and mixed Ca, Fe.and Al oxides) as well as to precipitate
™Np in solids. Thus, following 1-min activation in the ORR, both **Np ind *™Pu oxidation state
determinations were performed after appropriate decay periods by sample dissolution - radiuchemical
separations. Plutonium-238(1V) was present in several solids before activation te. evaluate chemical oxidation
during the radiochemical steps. The evidence seems unequivocal that at least part of the *™Pu is oxidized (+5 or
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+6) after double be.s decay. For exampic, when Fe and [ or Al was present. between 60 and 90% of the 2 Pu was
oxidized. Several other tests showed very little oxidized Pu, however. It should be noted that f” decay is the loss
of an clectron; theoretically this increases the charge on the daughter element. but the matrix enviconment and
daughter chemistry are also important. For the U, Np, Pudecay sequence, the chemical species are so similar that
oxidation state preservation is more likely than the case where ' Te decays to *'1

Dissolution Characteristics of Pe-Contaminated Soils in Synthetic Lung Fluid

Models for Pu retention in 'he human respiratory tract rely upon distinet Pu solubility classes for inhaled
particies. Solubility class Y, represented by oxides and hydroxides, was used by the EPA m the development of a
soil screening level. Application of a single solubility class to a2 dose assessment model for nonoccupational-
environmewtal exposure may not be 2ppropriate because the chemical nature of Puin contaminated soils may be
different from synthetic PuO; particies. How does soil Pu vary in “solubility ™

Individual aliquots of five contaminated materials [nuciear (N-NTS) and safety short (S-NTS) soils from
the Nevada Test Sie, retention and pond sediment from ORNL (ORNL). canal sediment from Mound
Laboratory (ML), and surface soil from Rocky Flats (R F)] were continuously equilibrated in synthetic lung fivid
(Lovelace Foundation recipe) at 37°C. After a designated equiltbration period. the solutions were centrifuged
and filtered (0.22 ym)and the dissolved actinides (Pu, Am, U) measured. Another set was successively leached by
weekly replacement with fresh solution for seven weeks. The dissolution patterns—Pu in solvtion vs time—for
the continuously equilibrated set indicated that dissolved Pu had reached 2 maximum within a day of
equilibration. The dissolved Pu from the soils was 0.70(RF),0.43(ML),003(S-NTS).0.02(ORNL).and 0015
(N-NTS). The results of the successive extraction experiments showed that the extracted Pu from Ri-. ORNL,
and ML samples decreased aficr a few extractions and then remained at concentrations that were less than 105
of the first Pu extractions. This result indicates that a variable amount of soil Pu may be rapidly solubilized but
that this leach rate is not representative of the entire soil-assocmted Pu.

The differences in dissolution charzcteristics of the contaminated soils indicate that a single solubility class
(i.e., Y) is too generic. This is most evident when it is recognized that ML and ORNL represent contamination
events involving soluble Pu, while S-NTS and RF contain particulate Pu. It is not clear how this differential
solubility should be handled in the International Commission on Radiological Protection type lung models. but
clearly single solubility classes may not b~ environmentally relevant. The most important result. therefore. seems
to be that the contamination mode (source term) is not reflezted in the solubility data for these real-world soils.

Radionuclides in the Coastal Zone

*Mud Patch” Sedimentation

Continental shelf sediments off the northeastern United States are ¢cominated by sands. Thus. the
occurrence of fine-grained sedimenis under some 80 m of water in an area south of Martha's Vineyard has long
been conspicuous. Whether this deposit, called the “mud patch,”is a modern feature or 3 relict deposit remaining
from depositiun during a period of lowered sea level has not been resolved among geologists. Recent work by
U.S. Geological Survey (USGS) scientists (Bothner, in press) implies that the mud patch is either 2 modern
deposit or that the feature is undergoing a dynamic exchange with overlying water. In cooperation with the
USGS. we analyzed sediment cores from the mud patch for gamma-emitiers.

These cores contain *”'Cs to depths of greater than 20 cm but less than 30 cm, indicating that very recent
»edimentary material is being mixed downward into the mud paich, presumably by burrowing organisms. Even
more rapid mixing is apparent in the upper S cm of the sediment column. where 53 " Be is found. Because both
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"Cs and "Be in marine sedimentary environments are permanently bound to particles once they become
adsorbed, these observations demonstrate the transpont of fine-grained particles downward in the sediment
column at surprisingly bigh sstes. Persissence of the mud patch among cosrser grained sediments despite a highly
dymamic particie exchange rate must, therefore, be the result of physical controls related to water circulation,
turbulence, and wave action. If the deposit is mdeed relict, it s even more surprising that it should persist
throughout the changesin physical occanographic features that presumably accompanied oceanic transgression.
Geochemistry of Long-Lived Radioauclides

Introduction

The reduction of TcOs to less-soluble (mobile) oxidation states occurs within geochemical regimes
encountered naturally. A generic model, considering the three-clectron reduction of TeO; to TcO;, was
previously sugpested (Bondictti and Francis 1979, Allard et al 1979) as 2 means for in evaluating migration
under breached repository conditions. We have extended our previous work and attempted to experimentally
evalmic the generic model The availabiity of A G} for hydrated TcOy, ic.. T(OH)s (Cartledge 1971)
reformulates the equilibrium model as the relationship: log [TcOi] = (Eh — 0.710 + 0.0788 pH)/0.0197 for the
reduction of TcO; w0 Tc(OH ). We have been imterested in evaluating this model experimentally using the
Fe(IT)-Fe(I11) couple as the redox system.

. Because sulfides are important in the chemistry of Tc and have geochemical significance. work on Te-sulfide
memactions was mitiated, and mitial results are presented. In all our experiments. loss of soluble Tc was
considered 10 involve a change in chemical form, usually involving reduction. The actual oxidation states are
unknown, although Tc(IV) was assumed because coprecipitation of Tc(1V) by Fe(OH), is well recognized.

Pt Electrodes and the Eva’uvation of Eh

Inen elecirodes (P, Au) are potentially useful for evaluating redox potemials if exchange currentsare high
enough, O; is excluded. and (ideally) the electrode reaction is known.

In the hydrolyzed Fe(11,111) system and above pH 7.5, the Pt electrode response was noted to approximate
180 mV/pH unit, consistent with efectrode couples involving Fe?* and Fe(OH)} and/ or Fe(OH)" and Fe(OH);
(i.e., 3 OH'). Between pH 6and 7, the response approximated 120 mv/ pH unit, corresponding presumably to the
Fe*'-Fe(OH); coupie. In the Fe(11)-Fe(I1]) system, the redox potential can also be theoretically evaluated if the
equilibrium concentration of Fe?” and Fe” are known. Redox (Eh) measurements obtained at steady state or in
decline [due to slow oxidation of Fe(ll). particularly at pH values above 8] were combined with measured Fe(11)
concentrations to calculate Fe* concentrations. These values were then normalized for pH using Ky values.
Data from FY 1979 experiments showed a cakulated log Ky (1 =0.01) for Fe(OH); of —38.1 * 0.55 (geometric
mean, *1 SD). where N = 14 and pH ranged between 7.8 and 4.8, The log Ky values obtained this FY (1980) in
the pH range 8 109 8 (8 experiments, N = 20) wi re similar: —37.8 £0.48. These calculations were performed from
the relationship Eh =0.771 + 0.0591 log Fe’*/ F¢**. The measured redox potentials were judged to be valid since
the same (factor of 3) solubility product was calculated when 10™° M Fe(11) was presentas when 10°* M Fe(11) was
present. In several experiments where TcOs was added to deacrated solutions containing Fe(Il) and where the
measured Eh values were slightly higher than the model boundary, a frac:ion of the TcOj; wa; lost immediately (5
min) but appeared in solution over a period of several hours. However, when the measured Eh’s were below the
model boundary. added Tc was rapidly lost, loss wascontinuous in time, and most of the Jost Tc did not reappear
in soluble form even after several days of aeration. One problem is that results from our transient studics are
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being compared to anequilibrium model. This is by necessity, but obviously conclusions must be tem:9ered. Also,
the model assumes a solid phase of Tc{OH ), yet the almost identical ionic radii of Fe* and Tc*” preclude sucha
phase.
Figure 2.2 summarizes the basic results in very abbreviated form. Two concentrations of Tc were studied
(4.2 uM below pH 8,0.011 uMabove). When Eh’s were above the model boundaries. TcQO, was generally not lost
from solution (regions N), and in those cases where it was, it was not continuous (M). In every case where
experimental potentiaks were below the boundary, over 90% of the Tc was lost (R). What was derived. therefore,
~was much more definitive e xperimental evidence that in the Fe system. TcOq can be reduced and that the Te(Vil)-
Tc(1V) model is a valid approximation of the redox potentials where this occurs. A geochemical model, which
calculates Fe(ll) concentrations during rock weathering, can be used to predict Eh. and thus TcO, stability.

ORNL - DWG 81 - 3880 ESD

1 1 . A
D) ) 7 [ 9 0
pH

Fig. 2.2. Summary of experimental data obtained to define Eh-pH boundary for TcOs reduction. Fyuilibrium lines were calcubated at
log TcO, concentrations intially present cxperimentally.
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Introduction

The Environmental mpacts Program (EIP) prepares environmental analyses relating to federal energy
planning and decision-making , ~ocesses. This effort includes preparation of Environmental Impact Suatements
(EISs) and Environmental Assessax:'« (EIAs). development of cavironmental monitoring strategies and
protocols, formulation of guidelines and environmental compliance documents, and technical assistance. The
Program assists the Department of Energy (DOE) and the Nuclear Regulatory Commission (NRC) in
accomplishing their environmental responsibilities under the National Environmental Policy Act (NEPA).

The EIP was formally established in May 1974. During ns first few years, the Program's primary
responsibility was preparation of EISs on proposed nuclear nower plants for the U.S. Nuclear Regulatory
Commission (then the Regulatory Division of the U.S. Atom¥: Energy Commussion). In the last few years we
have almost chminated our work on commercisl nuclear reactors in order to address advanced energy
technolog.es, in¥iate assessment and monitoring research. and develop environmental guidance for use by
decision-makers.

The EIP is organized around six team activities: Power Stations, Nuclear Fuel Cycle, Geothcimal Energy
and Fuel Conversions. NEPA Affairs and Fossil Encrgy. Monitoring Proto ols Development. and Solar and
Special Progects. Impact statement work is a cooperative effort with the OR ~L Energy Division, in which the
EIP analyzes issues dealing with terrestrial and aquatic ecology and land and water use.

The primary goal of the Program is to promote the inclusion of scientifically sound and supportable
environmental analyses and advice as input into major federal decisions. To implement this goal the EIP engaged
in several activitics this year which provide guidance, technical assistance. planning, and long-range
environmental analyses.

Five types of DOE actions involve decitions affecting the environment: legislative or regulatory actions.
programmatic decsions, regulation and permits. construction projects wholly undertaken by the agency, and
procurement {(funding) of the private sector for development and demonstration projects. All these activities,

'Joint responsimhities with othcr programs.
IVisrting scientist, Birmingham Southern Unincrsity, Birmungham. Alahams
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except procurement. have required and have had public participation and environmental (NEPA)
documentation. The procurement process occurs after an agency decides to develop a program objective.e.g..
demonstrate coal gasification or develop fucks from biomass or geothermal energy. The agency may provide
assistance to the priva‘e sector by funding for feasibility studies. loan guarantees. and cooperative agreements.
Announcements of availability of funds are generally made by publication of a Request for Proposal (RFP)ora
Program Opportunity Notice (PON) which solicits proposals for DOE consideration. These announcements
include specifications of the types of information {(economic., technical. and environmental) to be included in the
submitted proposals. Each proposer designates a site and type of gro~-=. wuch of the information provided to
support the proposal is proprietary and therefore cannot be released to - public forum as is required by NEPA.
Therelore, littk if any environmental analysis has traditionally gone into the selection process even thovsh the
various proposals could have widely different environmemal consequences. Selection of proposals at the
procurememt stage forecloses many aliernatives available to the agency. and therefore the sciection process
represents 2 major decision poim requiring environmental review under provisions of the new Council on
Environmental Quality (CEQ) regulations. Recognizing this, the EIP has been active in finding ways to include
scientifically vald environmental analyses in these decisions.

The staff participated in the procurement process to select proposals for strategic petroleum reserve sites
and for development of alternative fuels. As part of its technical assistance to DOE's NEPA Affairs Division. the
staff developed guidelines for incorporating environmental information into proposals, forming the basis for an
environmental impact analysis comparing and environmental consequences among the various proposals. This
system has been used successfully in two recent solicitations.

The staff developed other guidance documents which facilitate the inclusion of sound environmental
analyses at the earliest point in the decision-making process. These include environmental report and monitoring
guidelines. In addition, the staff has given technical assistz nce to the Environmental Protection Agency (EP \)in
evaluation of 316(a. b) demonstrations.

The program continues 1o develop envirenmental analyses. impact statements. and asscssments in such new
areas as conversion of existing vil and natural gas burners to alternative fuels. biomass cnergy facilities. and
alcohol fuel plants.

The staff also contributed to the Oak Ridge National Energy Perspective. which attempis to anticipate the
environmental constraints on. and impacts of. the cnergy-producing sector under a desirable future scenario.
Highlights are discussed below.

Procurement
Sirategic Petroleum Reserve

The 1973 oil embargo and the resultant effects triggered governmental efforts 1o reduce the nation’s
vulinerakility to future interruptions. Congress ordcred the creation of a Strategic Petroleum Reserve (SPR) in
passing the Encrgy Policy and Conscrvation A.t of 1975. The ..PR program calls for storage of oil in man-made
underground caverns so that it could be available to reduce the effects of an oil embargo.

Present and pl.nned oil storage sites are within Gulf Coast salt domes. large underground salt deposits up to
1500 m in diamete, and 6000 m in depth. Storage caverns are typically developed by injecting freshwater intoa
well deep in the salt dome. The hore hole enlarges as the water dissolves the salt, eventually forming a cylindrical
cavern. The resultant concentrated brine is displaced by the storage of oil. The principal environmental concerns
related 1o SPR projects are deep-well or offshore disposal of brine, construction in wetlands, pipeline routing,
brine and or oil spills in sensitive arcas. freshwater consumption and its effects on aquatic biota, and
atmospheric release of hydrocarbors.
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Initial storage sites. developed dunng SPR Phase I, used existing solution-mined salt caverns and one salt
mine with a total capacity of 248 milion barrels (30 X 10° m*)[although to date only 92 million barrels ( 14.6 X 10°
m’) have been stored]. Phase I of the plan. currently being implemented. will increase the storage capacity by 290
million barrels (46 X 10° m®).

In November 1978. DOE issued an RFP for indusiry development of oil storage facilities for the SPR Phase
111 development (the SPR “Turnkey™ program). Staff from EIP served on the Committee on Environment for
the SPR Turnkey Source Evaluation Board charged with reviewing and comparing the environmental effects
related to industry. After the review. the Secretary of Energy cancelled the SPR Turnkey program prior to
awarding contracts because Saudi Arabia threatened to curtail its oil productionif the United States mainiained
its commitment to have one billion barrels (15 X 10* m’) of oil in storage by 1989. Recent events in the Middle
East, however. prompted rcnewed imierest in SPR Phase 111 expansion. Although the industry Turnkey
approach has been abandoned, DOE is now committed to government construction of SPR expansion sites.
SPR Phase 111 will add 212 million barrels (33 X 10° m’) of oil storage for a total U.S. oil reserve of 750 mi'lion
barrels (119 X 10° m’). In assistance with Phase 111 efforts. EIP staff members are currently working as
environmental advisors to the New Orleans SPR Project Managemcut Office.

ARermative Fuck Production

On November 27. 1979, Congress passed the Department of Interior and Related Agencies Appropriations
Act for FY 80 (PL 96-126). This act made $2.2 billion available. stimulating commercial production of domestic
alternative fuels. Of this total. the first $200 million was allotted for grants for project development feasibility
studies and commercial-scale development by cooperative agreement with non-federal entities.

Under an accelerated schedule mandated by Congress. DOE issued RFPs for alternative fuels projects. The
resource technology areas included in the solicitation were biomass. coal liquids and gases. shale oil. tar ;ands.
unconventional natural gas. sclid waste, lignite. peat. and other mincrals or organic materials. DOE had received
well over 900 proposals, over two-thirds dealing with biomass resources. the majority of which were fr..
production of ethyl akohol for bler.ding with gasoline. Each proposal was reviewed and scored by teams of
scientists drawn largely from the national laboratories or from within DOE. Each team evaluated one of the
follewing areas. (1) commercial viability: (2) environmental, health, safety. and socioeconomic factors; (3)
business factors: or (4) cost factors in each proposal. The success of this first solicitation prompted Congress to
appropriate $300 million in additional funding to be awarded in the near future by the same process.

The experience acquired by EIP personne! in this exeicie provided an impetus for iwo subsequent
activities. First. a summary of the existing knowledge on the environmental impacts of alcohol fuel production is
being prepared for publicatio.'. Second. EIP personncl provide technical e xpertise for guidance documents to be
used as information resources Yor future solicitations (see NEPA Affairs). These efforis will contribute to
increasing the accuracy of proposal evaluation and to improving realization of environmenial goals by
incorporating such considerations at the earliest possible stages of decision-making.

Guidance and Technical Assistance

Guidance 1o DOE on NEPA Affairs

The Council on Environmental Quality (CEQ) regulations for implementing procedural provisions of the
NZPA have iniiiated major changes in DOEs NEPA process. The NEPA Affairs Division within DOE is
responsible for incorporating the new CEQ procedures into department-wide, decision-making activities and for
assuring that appropriatc analyscs are developed for DOE NEPA documents. As part of the technical support,
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EIP staff developed a set of environmental guidance documents to be used by applicants for DOE financial
assistance in preparing proposals and environmental repo:*; in support of their ap,lications.

The environmemal information requirements iu RFPs and PONs have traditionally been vague and sketchy
in comparison to technical and economic informatica requiremeznts. Environmental information content of
proposals has, as a result, been highly variable in quality and completeness, and mezningful comparison of
proposals on environmental grounds has been difficult, if not impossible.

The EIP staff prepared a procurerent-level environmental guidance document that can be included in the
text of an RFP or 2 PON. When finalized, the document will be available for use by both personnel whodraft the
RFPs or PONs and applicants whe are preparing the proposals. The EIP document contains guidance for
preparing rdescriptions of existing environmental conditions and for assessin? environmental impacts to land,
water, air, biotic, and socioeconomic resources. Because the time period available for preparation of proposals is
short (generally 60 to 90 d), the guidance assumes that existing information from published sources and the
applicant’s own studies will form the primary data base for proposals. However, the guidance encourages
applicants to include reconnaissance-level ficld studies for each site.

The new CEQ regulations state that the central focus of a NEPA review should be a rigorous cemparison of
reasonable alternatives. The rigorous comparison of alternatives by DOE to comply with NEPA isthen provided
by DOE's comparison of the group of submitted proposals. This NEPA review focuses on the criteria used for
selection of proposals and the types and severity of environmental impacts resulting from each project. Ideally.
the environmental review at the procurement level will be tiered to NEPA reviews for specific projects at a later
stage of projcct development. The procurem..  level environmental guidance document thus helps ensure that
an adequate environmental comparison of proposals is possible at this important stage in selecting alternatives.

An environmental report (ER), a document providing environmental data on the existing environment,
presents the applicant’s assessment of environmental impacts and the need for mitigation measures. The ER is
used by DOE as a hasic source of data in preparing the agency’s environmental impact statement (EIS). The ER
is developed in consultation with DOE so that adequate information is available on process design, effluents, and
onsite conditions.

The EIP staff developed generic environmental guidance for preparing ERs that will be submitted to DOE.
The guidance document was written to permit flexibility so that the applicant, in consultat’sa with DOE, can
focus on significant issues in detail and provide only gener:il baseline information for issues waere no significant
impacts are anticipated.

The emphasis of a specific ER is on the applicant’s preferred alternative. A brief description of other
alternatives considered hy the applicant will be included. Assuming an adequate environmental review of
alternative projects ~as conducted at the procurement level, DOE focuses the project-specific EIS on a relatively
narrow range of alternatives, including the no-action alternative, alternative sites, designs, pollution abatement
systems, and other agency actions which may be available. Althoughthe ER is a major source of informration for
the DOE impact statement, the agency needs to develop additional data to permit an independent analysis of
alternatives and potential impacts.

A set of technology-specific environmental guidance documents is currently under development which will
identify specific issues related to major alternative energy technologies. These documents will supplement the
g " ER guidelines.

»n addition to the preparation of environmental guidance, EIP is providing technical assistance in two other
areas. An inventory was developed of projects throughout DOE, focusing on project identification and NEPA
compliance. This inventory will be used by the NEPA Affairs Division to evaluate and advise project offices on
compliance requirements (e.g., scoping) and schedules. The EIP staff also provided technical evaluations of
NEPA documents prepared by other agencies and submitted to DOE for review. Most of these evaluations were
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assessments of constraints to energy development (e.g., uranium deposits, oil shale. hydroelectric potential)
which would be imposed by designation of wild and scenic rivers. The EIP staffalso responds to specific requests
for short-term technical assistance to the NEPA Affairs Division on a variety of other projects.

Evaluation and Analysis of 316 (a, b) Demonstration for EPA

The EIP, through an interagency agreement with EPA-Region V. performs reviews, analyses, and
evaluations of Section 316 (a, b) material to determine the acceptability of power plant cooling intake and
discharge sysiems in accordance with the Federal Water Pollution Control Act amendments of 1972 (PL 92-500).
Federal and state regulations Cesigned to implement the technological standards prescribed by the Act place
strict imitations upon the discharge of heat from stream-electric power plants. Even if these standards are being
exceeded, a thermal discharge can still comply with the statutes of the Act ty demonstrating, under Section 316
(a), that the =ffluent limitations are unnecessarily stringent. This is accomplished by providing evidence that
alternative, less-stringent thermal effluert imitations can still assure “the protccnon and propagauon of a
balanced, indigenous community in or cn the receiving water body.”

EPA contracts with the EIP to provide technical evaluations of validity of the demonstrations. Three
evaluations were compicted and two are in progress. Studics on the Prairie Island nuclear generating plant
(PINGP) on the Mississipps River involved a detailed analysis to assess the ecological impacts of the cooling
water intake. Results of our study indicated that the white bass population in the area of PINGP cuuld be
reduced by 0.7 to 24% due to entrainment through the preseri intake system. A significant highlight of this study
relates to our recommendation for installation of modifiec vertical fine-mesh traveling screens as an alternative
intake system for Prairic Island. The power company, the Minnecsota Poliution Control Agency, and EPA
endors~d our reccommendation, and the power company plans to install this intake system at Prairie Island to
reduce ccoling-water-relat.d ecological impacts at an estimated coast of $7 to 10 million.

The analysisand evaluation of the Muskingum River power station [316(a, b)] was also a major project. The
analysis of the 316 (a) data indicated that, except for short periods in the summer when temperatures may limit
the distribution of a few fish species, the thermal discharge 4oes not affect the population structure or abundance
of fish in the vicinity oithe plant. Consideration of the 316(b) data revealed that the present design, location, and
operation of the plart do not serve to minimize entrainment impacts; however. the preseat location of the intake
appears favorable for minimizing impingement-related impacts.

Ongoing efforts under this interagency agreement include determining the status of the Ohio River fish
community and a review and critique of the Monroe Power Plant 316 (a, b). Determining the status of the Ohio
River fish community willallow the significance of Public Law 92-500(316a, b)and the NEP A on the Ohio River
to be evaluated. The significance of these acts can be evaluated by comparing the present status of the Ohio River
aquatic communities to the communities in the river prior to passage of these acts in the early 1970s. A
description of the current status of the fisheries will also serve as a background for the interpretation of site-
specific environmental impact statements and 316 (a, b) compliance reports.

Moriitoring Protocols Dev=lopment Project

The purpose of the Monitoring Protocols Development Project is to develop and demonstrate site-specific
monitoring protocols for conducting scientifically valid, cost-effective assessments of the n radiological
impacts of energy-production facilities on ecosystems. Our approach is unique in that field monitoring
techniques, experimental-perturbation techniques, and analytical techniques derived from ecological theory are
integrated and used to identify vulnerable ecosystem components and processes. Monitoring resources can then
be optimized, and the information can be used to :make the best possible evaluation of ecological impacts.

Preliminary work performed during the first two years of the project consist=d in cvaluating statutory
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requirements for ecologica: monitoring (Sanders et al. 1979), evaluating thie usefulness of existing ecological data
bases for incorporation in :ite-specific assessments (Huber et al. 1980). and developing general strategies for
measuring and assessing eco.ogical impacts (Sanders et al., 1980). In the last year our focus shifted from the
production of review and synthests reports to the development and demonstration of two components of our
integrated approach to site-specific monitoring and assessment: experimental perturbation system‘s and
analytical methodologies. Once this developmental work is completed, funding will be sought to perform a full-
scale ficld test of the methodology at a DOE energy-production facility.

Perturbation experiments performed using field enclosures or mesocosms offer . direct method of
investigating the effects of complex effluent mixtures on ecosystems. For such experiments to be useful in site-
specific assessments, it must be possible to construct the experimental systems at a reasonable cost and to
perform ine studies within a reasonably short time. In addition, the results obtained from the experiments must
be representative of the actual effects of the effluerit on the receiving ecosystem. As a first step in the development
of practical experimental systems, we evaluated existing microcosm and enclosure systems with respect to
ecological realism, practi.ality, and cost. An evaluation of terrestrial systems was published (Suter 1980).
Evaluations of marine/estuarine and lotic freshwater systems were performed, and draft reports are now in
review. , )

Mathematical models can he used to formulate explicit hypotheses about potential impacts which can be
tested using perturbation experiments. Models can also aid in the interpretation of results obtained from both
experiments and operational monitoring studies. A det>iied, site-specific ecosystem mode: is, in principle, the
ideal tool for predicting impacts. However, practical problems associated with complex models prevented them
from being widely used in impact assessment. The objective of this subtask is the development of alternative
analytical methodologies that are more practical for monitoring/assessment studies.

We are currently cvaluating two candidate methodologies: input/ output anal ssis (Finn 1976, Lettenmaier
and Richey 1978) and loop analysis (Levins 1974). Two reports on the derivation of material cycling indices
using input/ output analysis were prepared and are in review. During the last year we used computer simulation
experiments to examine both loop analysis and input/ output analysis. Specially designed stochastic simulation
models are being used to examine the sensitivity of loop .. nalysis to viciations of the steady-state assumption. In
addition, we are developing the computer programs necessary for applying input/output analysis to synthetic
data generated by an ecosystém simulation model. This simulation experiment will be designed to simulate, as
closely as possible, the conditions that would be encountered in ar 2rtual field application. Its purposes are to
test the reliability of methods used to compute the matrix of flow coeffi ":nts used in input/output analysis, to
test the ability of input/output models to predict changes 11 the structure of ecosystems when stress is applied,
and to explore the relationships between the cycling indices derived from input/output analysis and more
conventional measures of adverse impact (e.g., change in stability and/or species composition).

The EIP concluded an agreement for cooperative research with Dr. Harry Leland of the U.S. Geological
Survey. Dr. Leland had performed experimental studies of the effects of low-level copper pollution on strea:..
ccosystems, using an experimental design similar to one ihat we mie*! p.upose. Our primz; y goal is to obtain
hands-on experience at using our analytical methodologies to interpret data obtaired from perturbation
experiments. In addition, we will use the Convict Creek data to evaluate ar refine an experimental protocol for
artificial streams that we "ave developed.

Environmental Impact Starzment Projects

Fuel Converrions Project

The ruei Use Act (FUA) project was initiated this past fiscal year to provide technical ascistance to the
Ecoromic Regulatory Administration’s (ERA) Office of Fuels Conversion in its implemenration of the Power
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Plant and Industrial Fuel Use Act. The primary purpose of the kegislation is to further the national policy of
iainimizing reliance on petroleum and natural gas. The Act prohibits the use of these fuels in new clectrical
gencrating faciut.es and major industrial boilers and provides a vehicle for DOE to order existing utilities and
major industrial users which are capable of using coal or an alternate fuel to cease burning oil or natural gas.
EIP’s involvement in the FUA project centered on the analysis of environmental effects of conversion of existing
oil-burning electric utilities in the Northeast to coal or to an ahernate fuel.

The environmental review process for the FUA evolved as a prime example of the concept of tiering put
forth under the new CEQ regulations. The concept is intended to focus discussion of environmental issues at a
s “ale appropriate with the level of environmental review. Agencies are encouraged to prepare broadly focused
EISs for major programs or policy decisions, followed by briefer, more narrowly focused EISs for specific
actions under the program. The generic EIS for the FUA legislation focused on the eavironmental implications,
on a national scale, of increased coal utilization resulting from implementation of the Act. Of the 107 existing
generating units at 50 stations which ERA has identified as prime candidates for conversion to coal or to an
alternate fuel, over 75% are located in the northeastern United States. Consequently, the decision was made to
prepare a Northeast Regional EIS toaddress on an appropriate scale the cumuiative impacts of prohibiting these
northeastern facilities from burning oil or natural gas.

EIP personnel were {...trumental in instituting the tiering of regional and subsequent site-specific E1Ss and
participated in scoping oi issues for the regional EIS. The major issues include degradation of air quality. health
effects, potential exacerbation of the regional acid rain problem, availability of adequate disposal facilities in the
densely populated areas for the increased amounts of ash and scrubber sludge, and adequacy of local rail and
barge transportation facilities to handle the coal. The EIS is subdivided into five major task groups: air quality
impacts, tiansportation, heaith effects, fuel availability, and waste disposal. ORNL is responsible for the first
three tasks; Argorine National Laboratory has responsibility for the latter two.

The staff is also preparing EISs for the proposed issuance of prohibition orders for two oil-fucled electric
generating units at two stations in metropolitan New York. The units are located at the Arthur Kill facility on
Staten Island and the Ravenswood plant in Queens. The fact that the units are located in the most densely
populated metropolian region in the country makes their conversion especially sensitive. Local concern has
been expressed over whether the units can be converted to coal without significant degradation of local air
quality with possible adverse health effects on the surrounding population. Additionallv. there is a dearth of
adequate landfills for the increased amounts of ash. The staff is analyzing these and other environmental issues.

Geothermal Project

Technical assistance to DOE’s Division of Geothermal Energ: accelerated in FY 1981, with the primary
emphasis on site-specific environmental analyses of research, development, and demonstration projects and
geothermal loan guarantees. Final EIAs were published for direct bzat use demonstration and for a hot dry rock
research project and a geopressure well test.

As part of loan guaranty project support, a draft EIA was issued for the direct use of geothermal water to
provide cooling and process 1nd space heat for a commercial mushroom-growing facility. A draft EIA was also
issued for a loan guaranty application to support an electric generating facility, south of the Geyers. in Sonoma
County, California.

The EIP staff also participated in a review of a California State Environmental Impact Report for a second
phase of activity in the Imperial Valley, South Brawley Project. This activity was initiated in response to the CEQ
regulations encouraging joint federal and state environmental reviews and to reduce dup'ication of effort, The
state Environn..- .1l Impact Report was subsequently adopted as an addendum to DOE's Final EJA for the
South Brawley Loan Guaranty Application, which had been prepared by ORNL and published in i. -
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The EIP staff participated in environmental evaluations of two DOE-sponsored demonstrations of
commercial-sized geothermal power plants. A fina! EIS was issued for the 50-MW flasii-cyle power plant at the
Baca location. New Mexico. The staff prepared an alternative tradeoffs analysis and concluded that the Baca
location was not the cavironmemally preferable alternative. However, tased on technical. management. and
other program objectives. DOE decided to fund the demonstration project at the Baca site.

An EIA was completed for the S0-MW Heber Binary Cycle Demonstration Power Plant in California’s
imperial Valley. A critical issue concerned the potential adverse effects of sah drift from the power plant’s
cooling towers on adjacent valuabie croplands. For most of its operating life. the Heber binary plaat »:ill use
agricultural return flow in the cooling towers, which will operate with a drift salinity of 20.000 mg ' L.. The staff
analyzed three aliernative drift loss rates: 0.I5 of circulation water (corresponding to no drift eliminators) and
0.008 and 0.002% (corresponding to use of reasonably achievable and state-of-the-art drift climinators).

The analysis revealed that some agricultural soils in the project vicinity are custently at, or very near. their
maximum leaching capacity. Significant incremental salt as drift could cause moderate to severe salinization of
these soils. The staff concluded that a 0.1% drift loss rate could result in salinization of up to 250 ha of cropland,
with crops on an additional 150 ha suffering damage from deposition of salt on foliage. With the reasonably
achicvable loss rate of 0.0085, the staff predicted that less than 25 ha of croplands might be adversely affected by
salt from the towers and that if state-of-the-art drift eliminators were used, holding loss 10 0.002%, effects would
be negligible. Based on the staff's analysis. the commercial partner decided to utilized eliminators capable of
reducing drift loss to 0.008% and to institute a monitonng program during the iwtial years of operation to
determine whether the towers should be retrofitted with climinators which would reduce the loss rate to
0.002%.

Fossil Energy Environmental Prr. =t

As participants in the ORNL Fossil Energy Environmental Project (FEEP), EIP staff provided ecological
analyses for EISs on six proposed DOE coal conversion demonstration projects. Two of these facilities (SRC-!
and SRC-I1) are coal liquefaction plants, while the other four (ICGG. Conoco, MLGW, and Grace) are coal
gasification projects for producing pipeline or industrial fuel gas. These demonstration plants are critical to the
nation’s efforts to develop a synthetic fuels industry, and the EISs will receive a high degree of public visibility.
The draft EIS on the SRC-II project was released to the public in May 1980 and has received extensive comments
from agencies and public interest groups. The preliminary drafts for the other projects are being modified in
partial response to comments on the SRC-1I document and will be released for publicreview late in 1980 or early
in 1981,

Preparation of the six coal conversion EISs (which are among the first major EISs that DOE has
prepared under the new CEQ regulations for implementing the NEPA process) presented the project staff
with a number of challenges. A public scoping process in which EIP staff actively participated was held for
cach of the projects and revealed considerable public concern about siting and potential release of
carcinogens.

Because the demonstration projects involve newly developing technologies, the staff had to deal with the
particularly difficult problem of assessing environmental impacts for a process with poorly characterized
effluents and emissions. DOE determined that the impact statements were to b~ prepared using a conceptual
design because finalization of the design would represent a major commitment of funds and therefore a
significant action under NEPA. The staff, therefore, based its analysis on data available from bench-scale and
pilot plant research, information from industries using related techaologies. and predictions of the nature and

amounts of effluents hased upon the conceptual design.
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I« its commeats on the SRC-11 EIS, EPA objected to preparing »n EIS using such preliminary information.
As a resuit of subsequent comsultation, DOE and EPA developed a memorandum of understanding which
commits DOE to undertake a comprehensive monitoring program and submit information on the final design
and the results of the monitoring program to peblic review at a later time. The monitoring program, which EIP
stafl is corrently developing, vl become a critical part of the environmental review process.

The coal conversion projec's provided EIP staff with additional experience in preparing analyses nceded to
meet new or revised regulstory requirements. Sinoce several of these projects would affect floodplains and
wetisnds, an assessment was necded to satisfy new DOE reguilstions for complying with executive orders
resviting from the proposed project and altesnatives which would avoid or missmize disturbance of such arcas.

Consultation with the U.S. Fish and Wildlife Service (USFWS) indicated conern abowt potential impacts
of the SRC-1 project to the Indiana bat, an endangered species. To comply with the provisious of the Endangered
Specics Act, EIP staff helped DOE and the industrial partner assembie a team of experts to conduct ficld studics.
The staff then used the collected data to prepare a biological assessment for submiital tothe USFWS. Akhough
Indiana bats were fournd on the site, the assessment indicated that impacts (o the species would be minimai
because no critical habitat was present on or in close proximity to the site.

Uranium Fuel Cycle Project

Evaluation of potential environmental impacts is an integra! part of the licensing process for uranium fuel
cycle facilities. Environmental assessments are required to sipport NRC licensing decisions on new and
continued activities including uranium mining and milling, fuel processing and fabrication, and decommission
and site reclamation of inactive uranium recovery facilities. The EIP staff provided technical assistance to the
NRC's Office of Nuclear Material Safety and Safeguards by conducting scveral assessments of uranium fuel
cycle operations during this reporting period. The projects (Table 3.1) include open-pit uranium mining, in situ
uranium mining, fabrication of aranium fuel rods, and decommissioning a uranium mill complex.

Tabie 3.1. Nuclear fuel cycle projects reviewed by EIP staff in FY 1980

Project title Location Fuel cycle component Activity completed
Bison Basin Fremont County, In situ uranium mine Draft eavironmenta! impact
Wyoming . statement
Edgemont Uranium Mill Fall River County, Decommissioning a uranium Initiation of ecological analyses
Decommissioning South Dakota mill complex
Federal-American Fremont County, Open-pit uranium mine, Initiation of ecological analyses
Partners Wyoming uranium mill
Alabama Nuclear Fuel Autauga County, Uranium fuel fabrication Preliminary dnaft environmentsl
Fabrication Plant Alabama plant impact statement
Sand Rock Mili Campbe8 County, Open-pit uraniuvm mine, Acceptance review of ER
Wyoming uranivm mil
Special Projects

The special projects team completed programmatic EISs for the Biomass Energy Systems and the A'quifer
Therma) Energy Storage programs during FY 1980, Work in progress includes an EIS for a proposed Defense
Waste Piacessing Facility (DWPF) at the Savannah River Plant, an EIA of mining and retorting Chattanooga
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oil shale. and an EIA and outreach support for conventional fuel ethanol production for the Office of Akcohol
Fuels.

The DOE Biomass Energy Systems Division suj:ports production. conversion.and end use of all forms of
bromass and hiomass-derived fucks except alcuhol. Consequently. the biomass programmatic assessment had a
broad scope. Assessment of production and harvesting considered the wood rescurces of mill wastes. forest
residues. noncommercial forest and silvicultural energy farms. the agricultural resources of energy crops. crop
residues and livestock wastes. and both freshwater and marine aquacufture. Conversion assessments considered
direct combustion. anacrobic digestion. fermemtation. and thermochemical conversion (gasification,
liquefa.tion. and pyrolysis). As might be expected from such diverse energy sources. environmental impacts
ranged from beneficial to benign to highly detrimental. An example of 2 beneficial impact would be the
conversion of feedlot livestock wastes to methane by anaerobic digestion. thereby ameliorating a waste disposal
problem. Amon;: the potentially most scrious impacts were those deriving from open-ocean kelp farms. Because
of their large size and the fact that very large volumes of cold. decp water would be pumped to the surface to
supply nutrients, the climate. biology. and morphometry of coastal areas could be affected.

The Aquifer Thermal Encrgy Storage program promotes the use of aquifers to store heated or chilled water
fer later use in space heating or cooling. One example uses the waste heat from an industrial process (aluminum
smelting) to provude winter heat to a nearby commercial district. Water is drawn from the aquifer, passed
through a heat exchanger where it s warmed. and reinjected upstream in the same aquifer. Heat storage can
occur year-round. During the winter, warmed water is withdrawn from the aquifer for space heating. Conversely,
spray fickds can he used to chill water in winter for storage and retrieval during summer for cooling No
significant impa.ts to ecosystems were identified during the assessment. Patential degradation (o ground-water
quality was identificd as a major concern, as were effects on aquifer permeability.

In 1950. the U.S. Government sct aside 800 km’ in southwestern South Carolina for the production of
nuclear materials for national defense. Since production began. some 76,000 m’ of high-level radioactive wastes

- have accumulated in storage tanks on the Savannah River Plant reservation. DOE :iow wishes 1o reduce the
volume of that wastc and package it in 2 form suitable for eventuai permanent disposal. A large industrial facility
known as the Defense Waste Processing Facility (DWPF) will be required.

Although the Savannah River Plant was set aside for an industrial purpose, less than 55 of the land areais
actually occupied by man-made structures. The remaining area has heen planted into pine or aliowed to revert to
native vegetation. and all is protected from public access. The value of the reservation as an environmental
research site was recognized early. first with university contracts to study the biota and later the establishment of
the University of Georgia's Savannah River Ecology Laboratory on the reservation. Finally, the U.S. Atomic
Energy Commission designated the entire reservation as the first National Environmental Research Park
(NERP) in 1972,

There are no serious environmental issucs associated with building the DW PF at the Savannah River Plant,
because the reservation has already heen dedicated to industrial use and the NER P was established as a means to
study the effects of industrialization on natural systems. The ecological assessment rather focused upon the

“ alternatives { design and location within the reservation. Issues focutd on protection of unique assemblages of
flora and fauna and the impact construction and operation of this facility wifl have on current and future NER P
scientific ohjectives.

The equivalent of 2 to 4 trillion barrels of oil is contained in shales within the United States. By far the
majority of the oil is in the Green River formation of Colorado. Wyoming. and Utah. The Green River formation
shales produce an average of 0.095 m’ (25 gal) of oil per ton of rock while the eastern black shales produce only
atout 0.04 m’ (10 gal) of oil pei ton of rock although their carbon content is essentially equivalent. However, a
recently developed high-pressure, hydrogren-atmosphere retort process reportedly produces yields equivalent to
the western shales,
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The laboratory began an internally { nded study of the Chattanooga formation. a Devocian shale of middie
Tennessee. southern Kentucky, and pars of northerr: Alabama and Georgia. This will atlow the development of
the expertise needed if commercial development of castern shales does proceed. Issues to be clarified are the
feasibility of castern oils shale development and the identification of areas. process and environmental
constraints, and mitigation measures. The FIP is involved in the overall assessment of the impacts of mining.
retorting. and waste disposal.

Major issues appear to be impacts on hydrology and water quality. air quality. and stabilization and
vegetation of spent shale. Because of the ex_..nse associated with removing the overlying Fort Payne dolomite.
little surface mining is anticipated. Aboveground disposal of spent. surface-retorted shale is expected and will
result in atmosphenc loading of particulates. leaching and runoff of acid and metals. and the need to establisha
vegetative cover on a material that is essentially an extremely poor plant-growth medium.

Finalty, ORNL was designated as the environmental comphiance ficld center for the new DOE Oftice of
. Alcohol Fuels. In this capacgy. we are responsibie for program planning. advice on compliance neceds.
environmental impact assessments and statements, and outreach. Current activity includes preparation for an
envircnmental compliance works<hop for alcohol fuel producers and the preparation of generic environmental
health and safety assessments for conventional fuel alcohol plants producing 0.06 10 0.67 X 10° m’ (15 10 150
million gal year).

Long-Range Environmental Isucs Analysis
Ok Ridge National Energy Perspective

The Oak Ridge National Energy Perspective (ONEP) was designed 1o providy an independent judgment of
the factors that constituie the basis of our national ener, y problem and to articulate a rational perspective of the
nation’s energy future toclardy the priorites for allocating the Laboratory’s resources during the 1980s. The goal
was not to forecast the energy future. but rather to decide on the future that was desired and then to characterisze
policies that would tend to hring that future into being. The two grestions which were to be answered were (1)
what is the energy crisis and (2) whatis a reasonabic strategy for deai:ng with it. To provide resource information
for the steering group performing the anziysis, indiv'duals and groups within ORNI. were asked to prepare
background papers covering different aspects of energy supply and demand. The staff prepared working papers
on three topics: (1) environmental implications of cutrent energy systems. (2) environmental implications of
unconventional ¢nergy systems, and (3) environmental implications of different emission standards for
combustion devices. The thrust of these evaluations was an iterative. inferactive analysis to set likely limits of
environmentally acceptable and autainable levels of dev~' j.nent for cach of the conmventional and novel
technologies.
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Introduction

The Ecosystem Stuoses Program consists of National Scieme Foundation-supported research designed to
increase our understanding of both aquatic and terrestrial ecosystem function and Department of Energy-
supported research which addresses issues associated with successful utilization of fuels from biomass. National
Science Foundation activities currently include work in systems analysis, spiralling of nutrients in stream
ecosystems, and global carbon inventories and cycling. Fuek from biomass activities deal with production and
harvest of wood for fuel and environmental constraints associated with utilizing agricultural 2nd forest residues
for fuel. Strong emphasis is placed on interaction and collaboration with outside institutions as evidenced by the
number of universities and federal agencics involved in our efforts. Educationai aspects of the program include
support of undergraduate and pre- and postdoctoral candidates who are actively involved in one of our five
major research-areas.

Rescarchactivities in the extending systems analysis in ecology project were initiated on March |, 1978, for a
three-year period. The primary vbjectives of this project are (1) to provide analytical approaches and solutions to
ecosystem-level problems that are important to continued progress of the self-discipline of systems ecolegy. (2) to
develop and apply new analytical systems ccology methodologies which aid in advancing our basic
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understanding of ecological phenomena. and (3) to apply systems analysis techniques from other disciplines to
ecological problems of currem concern. Major areas of research effort include forest dymamics, error analysis.
and community dynamics. Significant accomplishments this year include development of seven new dynamic
simvlators for temperate. ‘ropical. and managed forests. These models are being utlized in increasing our
understanding of forest dynamics and evaluating the impact of pollutants on these system«. Our error analysis
work concentrated on uncertamues resulting from mode! structure. uncertamtics due to natura. variability of the
system being modeled. and uncertainties associated with estimation of model parameters. Community dynamics
work focused primarily or evaluation of positive feedback systems and on the recognition that recent
developments in matrices mathematics are uniquely suited to anmalysis of these systems.

The material spiralling and stream ecosystems project was initiated on May 1. 1978. for a three-vear period.
to test the hypothesis that the ability of a siream community to retain and reutilize material such as nutnients and
carbon is an mportam systems-kevel process that alters stability properties at the total stream system.
Expenimental studics in this project are designed for utilization of tracers in natural and artificial streams to
determine spiralling indices and for manipulating stream systems defining their stability properties. Thework is
divided into three majos arcas: measurement of spiralling in stream systems. detailed investigations of spiralling
mechanisms. and ficld manipulation of streams to test the kength-stability hypotheses. Third-year efforts
concentrated on deriving methods of estimating spiralling kengths from data on downstream flux of an clement
and the rate at which the clement is removed from the water column, and on partitioning of the spiralling length
mto (1) an uptake length associated with transport in the water column, (2) a particulate turnover length
associated with seston transport. and (3) a consumer turnove- lkength due to invertebrate drife. On the basis of our
ficld experiments, we concluded that spiralling of phosphorus, for exampie. can be observed in ficld data
utilizing radiotracers. In quantifying pathways of nutrient spiralling. we observed in laboratory experiments
with particulate matter from Walker Branch that most of the uplakc of PO4-P is biotic and that the uptake length
of phosphorus appears o vary scasonally.

The global CO; research in the Division is directed toward chrifying the role of terrestrial biota in the global
carbon cyclke and developing methods for assessing the effects of chmatic change that might be induced by
increases in CO;. We are also concerned with how these climatic changes might influence the distribution of
terrestrial vegetation. The Global CO; Project, which was initiated in October 1978 for a six-year period. is
developing mathematical models of global carbon cycling based on newly developed inventorics of carbon
distribution in world ecosysiems and incorporating ocean representations developed elsewhere. Current
research is aimed at improving our understanding the role of terresirial ecosystems in the global biogeochemical
cycle of carbon with primary attention on time scales of 100 to 200 years. We concentrated on studics which
aggregate across geography. climate. and types of ecosysiems to develop inventorics for total terrestrial carbon
storage and its historical change, as well as models for carbon cycling in the collection of terresirial ecosystems
which have been integrated into the total glo' 4l cycle representztion. Climate reconstruction activitics in this
project continue 10 address the development of reliable southeastern tree-ring chronologies and simulation of
vegetation reconstruction over the last 16,000-year period utilizing pollen records and forest succession models.
Resufts to date indicate that we can identifly and separatc the roles of climate and biolic interaction in
determining changes in species composition reflected by pollen chronologies.

Fucls from biomass activities incrcased during the past year with the Division taking on a larger
responsibility in the Fuek and Chemicals from Woody Biomass Program. which is DOE's national program for
basic research in specics screening. stand establishment, advanced management strategics. and harvesting
techniques. In addition to our management responsibilities for the 4.4 million dollar, 24-contractor program, we
further developed our in-house rescarch on regionalization of our contractor results and accompanying
evaluation of environmental impacts of intensive silviculture and on site-specific research on the Oak Ridge
Rescrvation designed (o evaluate specific ccosystem effects of intensive silviculture. We are now into our second

v vl
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year of research on the Environmental Effects ol Whole-Tree Harvesting Project. which consists of research sites
in Oak Ridge and at seven other insttutions around the United States. Each of the watersheds in this five-year
study have now been harvested afier a full one-year accumulation of baseline data. and near-term impacts
associated with immediate erosion should soon become evident. Our agricultural residue removal project,
Fertility and Tilth Effects of Fuel Crop Residue Removal. is continuing into its second vear of funding and is
concerned primarily with erosion and nutrient depletion as a rate of residue removal and tillage level. The
research being carried out at USDA-SEA Laboratories is beginning to vield information on soil and nutrient loss
in both comn and wheat experiments. Modeling is being pursued as 2 means of extrapolating and interpolating
our limited ficld data and ultmately vielding simple equations that can be used in determining residve removal
rates.

Systems Ecology

The Extending Systems Analysis in Ecology project is funded by the National Science Foundation’s
Ecosystem Studies Program_ The major objectives of this project are (1) 1o proside analyrical approaches and
solutions to ecosystem-level problems that are important 1o continued progress of the subdiscipline of systems
ecology, (?) tu develop and apply new analytical systems ecology methodologies “which aid inadvancing our basic
understanding ot ecwiozical phenomena, and (3) to appiy systems analysis te-hniques from other disciplines to
ecological problems of cuuvem concem. Three major themes pervade this project: forest dynamics, error
analysis. and spatial studies; « ach contains clements of our three major program objectives.

Forest Dynamics

The FORET model was the basis for a considerable pa. t of our work. The original documentation (Shugast
and West 1977) described the validation procedure using the demise of American chestnut as the focal point. The
following discussion highlights the products from this area of systems.

A stand model for upland fonsts in Arkansas (FORAR) considers 33 tree specees typical of the upland
forests of southern Arkansas. It was validated using historical accounts. density-diameter distribution curves,
and USDA-Forest Service Continuous Forest Inventory species composition data.

A stochastic stand simulator for loblolly pine plantations simulates planted pine using a wide variation of
planting densities and site-index values. The output was validated by simulations employing published values
(density and site index) from actual plantations of various ages. The results showed asignificant change in overall
stand growth and biomass production depending on fire. cutting practices. and variations in density and site.

A model of the Mississippi River flo - "plain fores: includes 33 specics dominating the Mississippi River
floodplain forest and simulates forest growth and development with vanat.ons infloodingand drought. Results
indicate that drought conditions are a significant environmental factor in the Jypamics of a floodplain forest.

A model of Eucalyptus forests along a montane gradient in the Australian Alps (BRIND: Noble etal.. in
press) simulates the dynamics of forests along a 2000-m altitudinal gradient with various frequencics of wildfire.
The model was validated against independent ficld data on the growth and yicld of Alpine ash forests (E.
delegatensis) and against known patterns of successional dynamics in these forests.

A model of Complex Nuiophyli vine forest (subtropical rainforest) in Australia(KIAMBRAM: Shugartet
al., in press) simulates the dynimics of 125 species of trees in forests found in the Tweed Range near the New
South Wales Quecnsland border. The model was tested on its ability to reproduce successional patterns of
rainforest and was used to assess the impact of current forestry practice.

A modecl of deer browsc cffects (FORCAT) is being used 1o determine the reciprocal effects of deer
browsing stand dynamics. The model will be used to develop cutting schedules to optimize deer habitat on the
Catoosa Wildlife Management area on the Cumberland Plateau in Tennessee.
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A s dynamics modei of a Puerto Ricaa rainiorest (FOR 1CO) was developed for the Tabauoco forest in
Puerto Rico. The model was validated on itsability to independently predict diameter frequency distributions in
forests of different ages. The model will be used to test the effect of hurricanes on the diversity of this rainforest
type.
We plan to coliaborate in the development of a Boreal succession model with the Fire Science Centre,
| University of New Brunswick, and the Forest Scicnce Laboratory, Oregon State University, and in the
development of a simulator for coniferous forests of the Pacific Northwest. Such collaborations are a desirable
adjunct, and we expect to continue to build models either by visits of our staff to research centers (as was done
with Shugart in developing two models for Australian forests), ot by visits of staff from other institutions to Oak
Ridge.

Error Amalysis

In summarizing the results for the present funding period, we highlight major conclusions under three
categorics: (1) uncertainties resulting from the structure of the model, (2) uncertainties due to natural variability
of the system being modeled, and (3) uncertainties associated with the estimation of model parameters.

Prediction uncertainty is a function of the mathematical formulation chosen to represent processes in the
system. Six nonlincar models were calibrated to the same data and their prediction unertainty was compared.
Differcnces in mathematical formulations caused major differences in prediction uncertainty an:ong the models.
Parameters associated with loss terms affect primarily one state variable and the simpler the tern. the less the
error. However, terms describing relationships between siate variables can play a domiant role in total errors,
and greater complexity is desirable

Amplification of parameter errors can be the most important factor in deciding among model structures.
Model variance may dominate the total sum of squares for a model and be more important than estimation bias
(deviation of model from “truth™ in determining the uncertainties of model predictions, yet most models are
developed and parameterized to minimize estimation bias.

Ignoring natural system variability in a deterministic mode! always results in prediction error. The
prediction of a deterministic model using the mean values of each parameter is not equal to mean behavior of the
system when the parameters are allowed to vary around their means(O™Neill and Gardner 1979). The systematic
bias introJuced can lead to serious error in some circumstances.

Natural environmental constrzints place boundarics on model error. Natural processes, such as scasonal
changes in light and temperature, place upper and lower boundarics on what is biologically possible. Models
which consider these constraints explicitly also show bounds on their error terms.

Environmental variability must be considered in designing ficld validation experiments. Discrimination
between models can be done mosteffectively with data collected during periods when conditions are optimaland
system components are changing most rapidly.

Parameter means and variances must be estimated with specific model objectives in mind. In our studyof a
marsh model (Gardner et al.. submitted), variance on one parameter was estimated a priori from knowledge
about how this parameter varies across marshes. Although this parameter was relatively unimportant to model
mechanisms, its variance dominated total prediction unceniainty. When its variancs “~ac reduced to the
variability that would be expected within any specific marsh, its importance dropped 10 reasonable levels.

Simultancous measurement of parameters can be as important as increased accuracy in individual
measurements. Simultancous measurement of model parameters permits estimation of correlations. Including
these correlat.ons in the analysis results in a reduction in prediction uncertainty equivalent to readcing the
variance on individual parameters (O 'Neill et al. 1980).
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Sensitivity anaiysis can iead to =rroneous results. Sensitivity analysis is the most common approach used to
decide which parameters of a mode! should be measured most accurately. The assumptions of the sensitivity
approach are seriously violated in many ecosystem studies. In our analysis of a marsh model, we were able to
show that sensitivity analysis directed the researchers’ attention to the wrong parameters.

Community Dynamics

During the past two years our group studied positive feedback systems from the analytic point of view, as
well as researched phenomenas in which such processes occur. The first important result of this work was the
recognition that recent developments in the mathematics of matrices (namely the theory of M-matrices and
Morishima matrices) were uniquely suited to the analysis of systems characterized by positive feedback loops
involving many different system components. In particular, it was possible 10 evaluate the stability of a large
system (linear or nonlincar) by simply calculating the principal minors (determinants of the principal
submatrices) of the system matrix. Criteria for stability (and hence indirectly threshold criteria for persistence
and population uruptions) could be provided in algebraic form, even for very large system models.

Our first application of these methods was to ecological community models involving mutualism and
competition among members of the community (Travis and Post [979). To give a simple example. let us consider
a system composed of three species, A, B, and C, where A and B compete and B and C compete, but where A and
C =:c mutualistic. This is a positive feedback sysiem, and analytic conditions are easily found for its stability or
for the ability of one of the species, initially absent, to successfully invade. Much more complex systems area.so
manageable. The stability criteria were extended (o nonlinear models (Travi, and Post [979) and to models with
delays (Post and Travis 1979).

A second application of our methods was suggested by our work on problems of the persisience of tree or
other plant species in dissected (paichy) environments, such as areas of forest islands. which constitute much of
the landscape of the castern United States (DeAngelis et al. 1979). Species initially relatively rare in continuous
forest cover may not be maintained on individual islands for very long because of random extinctions. Once gone
from a particular island, such species would not reappear if there were no interisland seed disp~isal, and
eventually the specics would disappear from the whole landscape. However, if dispersal of seeds by wind or by
animals takes place, the populations on any given island could be regenerated periodically so they could persist
indefinitely in the whole system. Models of this system, with species populations on each island being the
variables. are positive feedback systems.

Problems of disease and pest outbreaks in regions with paichily dis. 1buted hosts are similar in abstract
form to the forest island problem. In any given small paich, the cluster of hosts may be too small for the rate of
transmission to exceed the threshold needed for an epibiotic 1o become established. 1. however, there are many
such patches and there is migration of hosts and pests or pathogen vectors among the patches. therate of contact
between infecteds and noninfecteds may be high enough to lead to an outbreas. We derived conditions under
which this can occur.

We also adapted the positive feedback matrix criteria to discrete-time systems such as Leslie matrices and
their generalization to interacting species populations. In particular, we considered a Leslie matrix model of
competing fish populations where the competition coefficients, as well as survival and fecundity. are age-specific.
We showed that it is relatively simple to obtain conditions for the stability of communities of mutually
coexisting. competitive, age-structured species and that the presence of age structure can lead to significant
differences from models that do not consider it.
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Material Spiralling in Stream Ecosystems

Nutrient cycling in a stream is coupled with downstream transport, so that one can think of th r'path traveled
by a nutrient atom as a spiral. Our study combines theoretical and experimental approaches to explore the
spiralling concept and its potential as a framework for synthesizing stream ecosystem analysis. Theoretical
analysis of stream dynamics yield. a measurable index of spiralling which we call the spiralling length. Spiralling
length can be derived in two ways: (1) fora steady-state system, spir:: lling length is the total downstream flux of a
nutrient divided by the rate at which the nutrient is taken out of the water column by organic matter. substrates,
and organisms; and (2) more generally, it is the average downstream velocity of all components of nutrient
transport times the cycling turnover time (i.c., the tim: required to complete one cyck). Spiralling leng-h can be
partitioned into (1) an uptake length associated with transport in the water column. (2) a particulate turnover
length associated with seston transport, and (3) a consumer turnover length due to invertebrate drift (Fig. 4.1).

ORNL -DWG 79-14194R4

Fig. 4.1. Nutrient spirallingin a stream ecosystem. (a) The three components ol spirailing length, S. The nutrient atom travelsan average
longitudinal distance, Sw, dissolved in the water compartment, W, plus an averuge distance. Sp. in the particulatc compariment. P. plus an
average distance, S¢, in the invertebrate consumer compartment, C, before returning to the water. th) Downstream nutrient fluxes. 7~(g s).
and exchange fuxes. R (gs ' m '), of nuirients between compartments. The total relcase from the particulate compartment, Ky, consists of
the sum of the reicase to the water, rwp. and the uptake by consumers, 7cs.
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To subject this concept to field testing. we conducted an experimental rele: . of P in Walker Branch. 2
small woodland stream in Tennessee. Measurements were made of >P in water. seston, coarse narticulate
organic ms ter (CPOM), fine particulate organic matter (FPOM), grazers. collectors, filter-feeders, and
predators over a six-week period. Analysis of the data was accomplished with a partiai differential equation
model of stream ecosystem dynamics. This combination of data and model permits an extensive analysis of the
components of phosphorus cycling in the stream ecosystem. The radiotracer was initially taken up primarnily
onto particulates. The CPOM accounted for 605z and FPOM for 35¢ of the P taken up. Analysis of FPOM
data indicates both a fast and a slow turnover component. The phosphorus subsequently moved up the
foodchain, but only about 3% of the total 3P released found its way into the invertebrates by the end of the
sampling period. Transport of particuiates was dominated by FPOM. which constituted over 98% of the total by
weight. Most of the remaining 26 was composed of C POM. Over the n.easurement period, about one-half of the
2p originally taken up by fine particulates was exported as suspended FPOM. Expected travel distance for
FPOM was calculated to be 37 m for the fast turnover fraction and 6.7 m for the slow turnover seston. Both
aufwuchs and CPOM clearly showed the effects of spiralling. At downstream sampling stations. these
components reutilized *’P which had been released from upstream portions of the system.

Uptake into invertebrates was dominated by the snail Goniobasis clar *formes, which also Jominated the
standing crop of consumers. By the end of the measurement period a significant portion of the > ’P remaining in
the experimental reach was in consumers, indicating a potentially important role in retention of nutrient within
the ecosystem. There was little upstream-downstream difference in 3p concentrations in food sources. Initially.
upstream concentrations of **P food compartments were nearly double the downstream concentrations, but
these differences diminished as **P was released upstream and reutilized in food compartments downstream.

The stream ecosystem model was used to estimate the total stable phosphorus dynamics by runmng the
model to equilibrium with hypothetical inputs. This calculation indicates that only about 209 of the organic
particulate pools are exchangeable. Estimates of exchangeable phosphorus for the majority of in--ertebrates were
between 81 and 93¢;. Calculations of total phosphorus fluxes permitted estimation of all three cor. .ponents of
spiralling length. Uptake length (i.e.. average distance traveled by a nutrient atom in water) was 164 m.
Particulate turnover length was 23 m. and consumer turnover length was 0.0023 m.

On the basis of these results, we concluded that spiralling of phosphorus can be observed ir field data
utilizing radiotracers. Although our original explorations of the concept involved extensive sampling, spiralling
length can be reasonably estimated by short-term measurement of 2P in water samples and seston. combined
with laboratory estimates of equilibrium **P concentration in FPOM. Spiralling length appears. therefore. to be
a reasonable index. measurable in the field. which synthesizes transport-dependent and transport-independent
phenomena in stream ccosystems.

In addition to quantifying pathways of nutricnt spiralling in stream ecosystems based on components of
spiralling length. we have investigated mechanisms underlying nutrient spiralling and how spiralling varies
seasonally. Nutrient uptake onto strcam sediments occurs via two primary mechanisms: abiotic surface
adsorption and absnrption by attached living microorganisms. Results of laboratory experiments using sterile
and nonsterile fin. particulate matter and inorganic substrates from Walker Branch. Tennessee. indicated that
mos’ uf the uptake of PO,-P is biotic. The uptake length of phosphorus appears to vary scasonally, ranging from
approximately 6 m in late fall after leaf drop to over [80 m in summer. Thus. uptake length 1s shortest in late
autumn, when the standing crop of detritus and surface area for microbial colonization are at their annual
maximum. If the major site of nutrient uptake is 'nicrobes associated with stream sediments, then uptake length
will be a function of microbial biomass which, in turn, is a function of the surface area that can be colonized.

Another mechanism of increasing productivity and stabilizing the nutrient availability in stream ccosystems
is to store nutrients in sites that are less vulnerable to downstream transport. The greater retention time of
phosphorus in Walker Branch in late autumn compared to that 4.,ing summer and carly fall suggests that the
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turnover of phosphorus sorbed by substrates on the stizam bottom is much slower during the late fall period.
Phosphorus associated with leaf detritus collected following a November releass of PO, appears to exhibit an
asymptotic decline in activity, with approximately 709 of the *’P havingaturnover time of 15d. However, there
appears to be little or no turnover of the remaining 30%, implying that a substantial fraction of the phosphorus is
sequestered by micrahes into storage sites with a very slow turnov:r rate. Leaf detritus collected after the **P
release in July, however, did notexhibit this slow turnover compartment. Slow turnover rates in late fall may be a
result of the increased nutrient supply from leaf detritus. If this sequestered phosphorus is available to microbes,
it could provide an important stabilizing factor during a later period when the demand is high but the supply is
rduced.

Global Carbon Dioxide

The NSF-supported Globa! Carben Project, initiated October 1, 1978, was developed (1) to determine
whether forests and woodlands which comprise the bulk of terrestrial carbon storage are a net source or sink for
atmospheric carbon dioxide and (2) toestablish a means by which it is possible to predict how the carbon balance
might be changzcd, especially by climatic shifts associated with credible changes in atmospheric carbon dioxide.
Our six-year approach in addressing these two objectives includes a series of six subtasks. These are (1)
evaluation of major geographic and geochemical carbon pools, (2) dei2rmination of land-use shifts as they effect
trends in carbon pools, (3) utilization of this information in an overall terrestrial carbon submodel for global
exchanges, (4) evaluation of production and loss rates of carbon for the main classes of ecosystems that dominate
the terrestrial environment, «5) comparison of the climatic control of present geographic patterns to real climatic
fluctuation in post-glacial times, and (6) utilization of all this information for a beginning assessment of how the
carbon cvcle itself could be modified by future climatic changes which now seem likely ts arise if atmospheric
carbon dic xide increases substantially.

Carbon Cycling

The carbon cycling activity is aimed at improving our understanding of the role of terrestrial ecosystems in
the global biogeochemicalcycle of carbon. Qur primary attention is directed to time scales of 100to 200 years and
the dependence of the terrestrial com)onent of the carbon cycle on climate. We concentrated on studies which
aggregate acrcss geography, climate. anc 1ypes of ecnsystems to develop inventories for total terrestrial carbon
storage ard its histo:ical change, as well 2s models for carbon cycling in the collection of terrestrial ecosystems
which were then integrated into total carbon cycle representations. Although our emphasis was un globally
aggregated models and data, we continue to move toward more detailed representations. Our approach includes
three major areas: (I) Distnicution of Terrestrial Ecosystems, Assuciated Carbon Storage, and [heir
Dependence on Climate; (2) Moc.els for Carbon Cycling in Terrestrial Ecosystems: and (3) Total Carbon Cycle
Integration and Modeling.

Recently, Olson preparcd his estimates of vegetation distribution in computerized form using the daia
organization system developed by Hummel and Reck (1979). A vegetation classification is assigned to each 0.5-
latitude by 0.5-longitude cell on the earth’s land surface. The resulting map forms a much improved basis for
constructing models of the terrestrial component of the carbon cycle. aflowing treatment of each type of
ecosystem and their geographical distributioan,

In addition to this ongoing effort at a global terrestrial carbon inventory, the historical changes in carbon at
the regional level were analyzed in detail for arcas where data are available and our group has first-hand
experience. Delcourt and Harris (1980) reconstructed the standing crop of carbon in forests of the southeastern
United States from 1750 to the present and clearly estisblished a shift from net source to net sink with respect to
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the aumosphere. We found = similar trend for the Georgia Piedmont area. In very recent work. Y. H. Chan is
completing an analysis of carbon change in Malaysia. He estimatesan annual net release of CO: from this region
of approximately 0.25 Pg.

The largest actively exchanging pool in the terrestrial component of the carbon cycle is in the soil. In
collaboration with Paul Zinke at the University of California-Berkeley, this project expanded \he data base for
estimating the sianding crop of carbon in soil. Approximately 2100 profiles for soil carbon were assembled in a
computer-readable form. These profiles were initially sorted according to major types of ecosystems and climate
conditions to provide preliminary estimates of average soil carbon density for each ecosystem type.

Many studics of the global carbon cycle report that the terrestrial component of the cycle must be treated as
a net sink for carbon from the atmosphere in order to balance with models for the ocean. This conclusion
depends on the assumed initial concentration of CO,; in the atmosphere as well as the values for other model
parameters. These assumptions and a genera) »pproach to including explicit treaiment of the less abundant
carbon isotopes, *Cand “C, in models for terrestrial carbon circulation are given in Emanuelctal. (1980a). Ina
companion paper (Emanucl et al. 1980b), a deailed derivation of relationships for representing isotope
fractionation in our model for terrestrial carbon cycling was presented along with further comparison of model
responte with data which reflect the dynamic characteristics of the total carbon cycle.

Investigations of the exchange of CO; between the atmosphere and terrestrial plants on a global scale cannot
ignore ‘he complementary role played by the ocean in the world carbon cyclke. This principle guided the
component of our modeling program that is concerned with dyaamics of the total carbon cycle.

The rate of evasion of CO; from the ocean to the atmosphere is assumed to bx: proportional to the (globally
averaged) partial pressure, Pa, of CO; in the surface waters. Keeling (1973) emphasized the importance of
treating the dependence of Pa, on the surface water temperature, 7. The effect is such that warming of the surface
waters or increases in inorganic carbon as a resuit of uptake from the atmosphere decreases the ocean’s capacity
for additional CO;. Using a logistic scenario that would ultimately release about 3000 Pg of carbon to the
atmosphere, Killough (1980) carricd out Jong-term simulations to contrast the case of explicit treatment of the
dependence of the evasion flux on temperature with the temperarire-independent assumption. The predicted
maximum in atmospheric CO; is 1200 ppmv in the first case and 896 -nmv in the second. A comparison was also
made of *he result of allowing the ter.perature to rise 3 K for each doubiing of CO;. In these cases the maximum
predicted CO; levels were 1200 and 1150 ppmv, respectively.

Killough . nd Emanuel ( 1980) compared the response characteristics of five models of carbon ti.rnover in the
ocezn. Four of the models were 1 - .:totypes th:t correspond structurally to models proposed bv several
investigators. The five were calib-~ . - the same carbon-mass distribution of natural '*C activity. insofar as the
individual structures permit, an-: .. rc subjected to the same assumed secular trend in atmospheric CO; from
1860 to 1975. The resultantnetw, - .> of carbon ranged from 24 1o 66 Pg. Correspondingly. the complementary
comporents of carbon that did not remain airborne suggested quite different modes of behavior for the
terrestrial biosphere, ranging from a net sink for carbon throughout the simulated history at one extreme to a
pattern ol ajternation between sink and source at the other.

Bioclimatology

Climatic changes due to CO; increases in the atmosphere would affect the growth of forest species directly
by reducing or enhancing annua! productivity and indirectly by controlling competitive interactions among
species. The competitive interactions are a function of immigration of new species to areas where climatic
conditions have become more favorable for their growth. The separate and combined effects of climatic change

and specics immigration on forest composition were examined. using a forest stand successic 1 model (FORET:
Shugart and West 1977)in concert with a continuous record of fossil polien data in eastern Ternnessee. The pollen
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record reflects vegetation changes over the last 16.000 years. near full-glacial plant refugia and at least 400 km
south of the maximum cxie™ of continental ice sheets. The pollen record should therefore record effects of
climatic change with minimal effects of irregular invasions by individual forest species.

Four separate simulation conditions were considered: (1) all species available. chmate constant: (2) all
species available. chimate variable: (3) species sequentially available. climute constant: and (4) species
sequentially available. chimate variable. Species availzbility and climatic varia sbity were defined by the pollen
record. based on the reasoning that if these factors determined the polien record. then their use in valid
simulations should producs a simulated vegetation record similar to that abtained from the pollen data. If those
factors do not determine the vegetation record reflected by the pollen record. or if the model is invalid. then the
simulation record would not duplicate the pollen record.

The majority of covariance between poli:n and simulation records occurred under climate-variable
simulations. Inaddition, patierns of community .esponse toexpansion into empty niches (under specics-variable
simulations) were characteristically different from community response to species expansion under climate-
variable simulations. Both of these patterns can be identified in other pollen records such as Rogers Lake.
Connecticut (Davis 1969). Mouhon Pond. Maine (Davis etal. 1975* or Yellow Dog Pond. in northern Michigan
{Brubaker 1975).

These results demonstrate that we are now capable of identifying the separate roles of climate and biotic
interactions in detcrmining the changes in species composition reflected by pollen chronologies. Thus, we can
select chronologies which reflect primarily climatic vanations for usc in reconstructing past biotic analogs to
future vegetation shifts which may occur under a CO;-induced climatic warming. Results from these simulations
may then be utilized in estimating world carbon pools under future scenario conditions.

Fuels and Chemicals from Woody Biomass

During 1980, we increased our activities in the Fuels and Chemicals from Woody Biomass Program  a
program originating with the DOE-Division of Biomass Energy Systems. The purpose of the program is 1o
investigate increasing or improving wood supplics for energy and includes arcas of research in species screening:
forest stand establishment; new or altered forest management strategies: hanvest. collection. transport. and
storage of wood fuels; and environmental effects of producing wood for energy. The involvement of the
Environmental Sciences Division focused on technical monitoning of the program for DOE and in-house
research concerning environmental effects of wood energy develcpment.

The program is now funded at a level of $4.4 million and consists of 24 contracts. primarily with universities.
Thesc projects reflect the recent consolidation of DOE-related. wood<cnergy production projects around the
country info onc program at ESI). Concomitant with the monitoring activities of site visits. reporting results to
DOE. and assistance to DOE in program planning. the Division has tzken a more active role in coordination of
research and issuc identification in wood-energy production around the country and world.

The Fuels and C.remicals from Woody Biomass Program focusea primarily on the viability of wood-energy
plantations and species screening for biomass and energy production. Results to date showed tiiat wood-cnergy
plantations can be a viable source of supplementai energy in some locations ($22-25 dry ton), *“at production of
12 10 25 dry metric tons biomass ha ' year ' (5-10tonsacre ' year ') can usuallv be achieved on good sites in the
East, Midwest, Pacific Northwest, and South, and that genetic improvement and species screening can raise this
figure 255 or more in tie first or second generation of selection efforts. The Southeast hzs the greatest potential
fer sustained wood-energy production, and surprising results occurred with semi-arid shrubs of the Southwest
(38 metric tons ha ' year”' with irrigation). Spacing and rotation length studies on short-rotation plantations in
the Fast indicate that (1) spacing trees closer than about 2 X 2 m for eight-year rotations is a waste of effort and
that (2) harvesting more oftenthanabout once every cight years causes the average periodic increment 1o decline.
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Closer spacings with shorter rotations are being cvaluated to determine economic possibilities for the small
Iandowner. Utilization of forest shash for fucl(i.c.. its collection and transport) received attention both in making
collection more economical and making handling more feasible (development of a skash baler). Energy balance
studies led to efforts 1o reduce the use of man-made fertilizers. wood drying by artificial means. and irrigation. all
of which consume considerable cnergy.to produce wood encrgy.

Division activities mvolving wood-encrgy development and related to program n:anagement for DOE
included sponsoring technical workshops for wood-encrgy production researchers .o ideraify needs for future
research. guiding mternational forest energy tours, revewing proposaks. participating in the International
Encrgy Agency. and speaking . hout wood encrgy in the United States at scientific meetings and to public groups.

Research in the Division n tated to or evolving from program mamagement activitics in the Fuels and
Chemicals from Woody Biomass Program continued to develop. Inctuded are programs in Environmental
Effects of Whole-Tree Removal. Tikh and Fertility Effects of Crop Residue Removal for Energy. and in-house
regional studies concerning the potentials and environmentat effects of wood-¢nergy development in the
Southeast and the country. Future plans include continued program management and increased efic is in
environmental rescarch and regional studies with DOE and the USDA-Forest Service.

Eavircamental Effects of Whole-Tree Harvesting

To investigate the additional environmental effects of residue removal and wholc-tree utilization beyond
thosc caused by contemporary harvesting techniques, sites were selected in northern hardwood. eak-hickory,
northwestern coniferous. and southern pine forests (Table 4.1). The selected sites have large data bases of
nutrient cycling in und sturbed systems providing a reference point for possible nutrient depletion and erosion.
In addition, a slash pine experimental forest ncar Macon, Georgia. was selected for study to evaluate the long-
term cffects of repeated plantauon harvest on productivity. Questions to be answered as a sesult of this research
are: (1) What are the effects of total sFovoground woody biomass removal on erosion and nutrient loss and
subsequent changes in water quality? (2) Wha: are the changes in nutrient supply? (3) What will these changes
mean in terms of subscquent biomass productiy ity under whole-tree or residue removal harvesting rotations?

Tabie 4.1. Revidue Removal and Whole-Tree Harvesting Reseah Sites

L.ocation Forest Type
Gamcwvilk. Florda Stnh pine
Mawon, Georga® Slash pine
Clemrorn, South Carolina [ oblolly pine
Cowceta. North Caroling Mixed upland hardwood
Oak Ridge. Tennevsee Mixed upland hardwood
Hubbard Brook. New Hamphire Mixed northern harzdwood. spruce-fic
Fhompson. Washington Douglas-fir. red alder

‘Rescarch at this site 1s imited to evaluation of changes in autrent pools under
dd!f rent rotation periods

Following the sclection of sites. a research framework was agreed upon which would maximize integration
of results among the different forest types being studied. Although sites differ both insuitability for certain types
of data collection and in available expertise and funding. all sites have certain elements in common, including
some form of monitoring of nputrient status. leaching. and productiviry.

In addition to the research progress and resuits described below, a comprehensive data base of species
nutrient pools for the sites was compiled to provide estimates of nutrients exported during harvesting. Included
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in this data base are nutricnt concentrations and total nutrient contents of the specics of trees occurring on the
sites by age-class and tree parts and similar data on many other specics.

Harvesting is complete at Hubbard Brook. Clemson. and Coweeta: underway at Thompson: and will be
completed at Oak Radge and Gainesvilie by the end of 1980. Preliminary data on biomass. nutrient input and
joss. and nutrient totaks are available from most sites. In addition. instrumentation was instalied and permanent
sampling plots for growtl. measurements and system process monitoring were established.

Because the significant adverse effects may be realized immediately after harvestmg. indications of the initial
difference in environmental effect between total biomass removal and conventional harvesting should be evident
by the end of 1981. As an exampk of information obtamed with this study. analvsis of data at Oak Ridg:
indicates that both conventional and whole-tree harvesting will have the greatest impact upon the direct removal
of cakcium. Removal of total aboveground vegetation with one harvest cycke will deplete 5657 of the available
calcium content of the ecosystem. We will cortinue to monitor nutrient dynamics through keaching and erosion
processes and, periodically. through inventory vegetation for specics composition and biomass. Current plans
call for continuation of this study for at least five years. a time span which other studics indicate is sufficient for
stabilization of mineral cycling processes.

Fertility and Tilth Effects of Fuel Crops Residuc Removal

The fertility and tilth project is a cooperative cffort between the Depaniment of Encrgy and the Deparntment
of Agriculture to determine means of maximizing crop residue removal for energy without unacceptable declines
in the productive capability of agricultural soils. We are managing the work for the Department of Energy. The
research is organized around crosion and nutrient depletion as a function of rate of residuc removal and level of
tillage. Small plots planted in corn or wheat provide most of the data. whilec a modcling effort seeks to extrapolate
the results to the rest of the country.

Com and wheat were chosen as our focus because together they account for approximately 5767 of all crop
residues produced in the United States. Soybeans are the next largest crop with less than 109 of the residues
produced nationally. Because soybean residues decompose 100 rapidly to have an excess for energy production.
they were not included in our rescarch design.

Modeling is being pursued as a means of extrapolating our limited field data to arcas of the country where
we do not have study sites. Ultimately, we expect the modeling cffort to yield simple cquations that a county
agricultural extension agent can use to advise a farmer on residuc harvest from a specific field.

Data were collected for only one year. so conclusions are premature. In fact. growing conditions during the
past year were anything but typical. Nature seemed to conspire against the wheat plots. Winter wheat was
plantzd in October without the usual preemergence herbicide treatment because of insufficient soil moisture to
activate the chemical. Winter rains produced such heavy weed growth that the plots were killed out with
herbicide in April and replanted in spring wheat. The eruption of Mt. St. Helens buricd the plotsin volcanic ash
in May, and the unusually cool, wet summer which followed led to a severe leaf rust infestation and >50%; yield
reduction. Treatment effects on yield, vrosion, and loss of nitrogen, phosphorus, and organic matter were not
clear due to the confounding variables.

The corn plots yielded interesting results in an atypical year. The carly growing season was dry, with
insufficient storm intensity to produce erosion. Sediment yield was actually lower on the tilled plots than on the
untilled plots due to the water storage capacity of the rough surface. Because storms of sufficient intensity to
produce esosion did not occur until after the crop had formed a closed canopy, no differences were seen between
iillage levels or residue cover treatments,

The modeling effort is in the model construction phase. Early emphasis is on soil organic matier dynamics
and sn:l moisture dynamics. Existing models were evaluated for their applicability to this program in terms of
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data needed to run them ad the kinds of mforriation they yield. Two soil carbon models were selected. one
which deals withshort-term chas;ges (about a year) and one which deals with long-term soil carbon batances. The
two models arc being adapted for programmatic needs and are being linked together so that cutput from the
short-term model serves as input to the long-term model. A water balance mode] was selected on the basis of its
ability 10 mterface with the organic matter models and yield information on the relative impostance of
phenomena observed in the field. Ultimaiely. both models will need to be simplified before they van be of general
use.
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Introduction

Solid wastes gencrated by laboratory and industrial activities involving radionuclides are frequently
contaminated with low-level radicactivity. Where contamination levels are relatively low, it is cost effective to
dispose of these wastes by shallow land burial. Some disposal siies have been used for over 30 years while others
have been newly opened. Druring this time period, changes in burial techniques and in situ monitoring practices
have been made to keep pace with increased awareness of and concern for environmental radioactive
contamination. Corrective action may be required where inadequate containment of radionuclides at older
burial sites causes contamination of the biosphere.

This project provides for the development and implementation of new methodologies in environmental
monitoring. updating of existing procedures, 2nd standardization of monitoring criteria for all present and
future bunial facilities. These guidelines, with appropriate modifications. may be extended to encompass
alternative disposal options to shallow lana burial, such as deep disposal in geologic formations.

The most significant mechanism for transport of radionuclides from shallow land burial sites in the castern
United States is ground-water flow. Water flowing laterally into buried waste or percolating downward from the
surface leaches radionuclides from the waste and flows onward. spreading the contamination. Several
radionuclides, especially *Sr. are found in solution in ground water flowing from older burial sites. Methods for
immobilization of such radionuclides or for their collection and removal are badly needed. Furthermore. the
continued devclopment and implementation of improved shallow land burial practices is necessary.

The overall goal of this work is to develop the necessary technology to ensure the safe. cconomical, and
environmentally and socially acceptable disposal of solid low-level radioactive wastes. Specific objectives
include studies of the mechanisms whereby radionuclides are mobilized and transported (or. conversely.
retained) at shallow land burial sites, development and evaluation of measures for prevention of mob‘hization,
and development anJ evaluation of measures fo: correction of radionuclide dispersion problems at older sites.

Low-level wasic storage areas at Oak R:rige National Laboratory (ORNL) are used as a testing and proving
ground for monitoring and modeling techniques. Because of the range in age of the ORNL waste storage areas
and the similarity of hydrologic and topographic conditions to much of those of the eastern United States. these
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areas provide an excellem setting for real-world assessment of methods. Therefore, where advanced methods are
evaluated, the various disposal trenches, pits, and shallow land burial grounds at ORNL have been used. For the
most part these areas are contained within the White Oak Creek watershed.

Geological Investigation of the Cambrian Conasauga Group
in the Vicinity of the Oak Ridge Department of Encrgy
Reservation, Teanessee

A new research effort was initiated this fiscal year to provide a detailed comprehensive understanding of the
stratigraphy, petrology, and geochemistry of the Cambrian Conasauga Group in the vicinity of Oak Ridge.
Tennessee. Conasauga Group sediments exhibit very complex lithostratigraphic and geochemical facies
variation in this area, and previous research results do not provide adequate detail into the spatial distribution
and complex nature of this lithology. _

Research begaa with verification and synthesis of the reported results of previously undertaken geological
research. Existing literature, as well as drill cores and geophysical logs from boreholes within the Oak Ridge
DOE Reservation, was examined. Drill core was relogged and samples were taken from the drill core for
laboratory analysis by standard mineralogical, petrological, and geochemical techniques.

From examination of extensive drill core material from the White Qak thrust sheet in Bear Creek Valley
(obtained .rom Exxon Nuclear), six constituent formations of the Conasauga Group (the Pumpkin Valley Shale.
Rutledge Limestone, Rogersville Shale, Maryville Limestone, Nolichucky Shale, and Maynardville Limestonce)
were delineated. Less complete core data from the Copper Creek thrust sheet in Melton Yalley suggest thatall six
formations are also developed and that they are stratigraphically and lithologically quite similar to the matenal
in Bear Creek Valley. ORNL geophysical borehole logs and 2 recently obtained U.S. Geological Survey (USGS)
log identify at least the lowermost four formations throughout much of Melion Valley. These data suggest that
the Conasauga Group frexr he Oak Ridge vicinity is in the transition zone between the clastic-rich. carbonate-
poor “Northwest " facies a 1 tne clastic-poorer, carbonate-rich “Central” facies of Valley and Ridge Conasauga
Group lithologics (Rodge . 1953). The data also indicate that the Conasauga Group in the Oak Ridge area has
much greater affinity to “Central™ facies lithologies than previously had been thought.

X-ray diffraction and petrographic thin-section analysis indicates that all formations within the Conasauga
Group are lithologically heterogencous. Silt- and sand-rich formations may contain significant amounts of
carbonate, both cakite and dolomite, typically as cements in subarkosic submature siftstones. Carbonate-rich
portions are typically argillaceous or arenaccous interclastic micrites (lime muds) to poorly washed sparse
biosparites (fossil-bearing coarse-grained limestones). Such lithologies account for between 30 to 60°; of the
total thickness of Conasauga in both thrust sheets. Argillaceous portions exhibit a complete gradation f[rom
massive, poorly bedded mudstones to fissile shales. Complex color and mineralogical variations are noted
reflecting differing modal amounts of kaolinite, chlorite. illite. smectite, mixed-layer illite-smectite. quartz, K-
feldspar, glauconite, hematite, pyrite, chalcocite. and organic material; significant amounts of carbonate may be
contained as well. Formation contacts are readily recognizable by changes in bedding character and abrupt
mineralogical changes. but the general complexity of the group as a whole makes characterization of the
Conasauga Group by "average™ mineralogical compositions or cation exchange values futile.

Preliminary structural analyses show much evidence of internal deformation throughout the Conasauga
Group in both Bear Creek and Melton valleys. Numerous small-scale folds and faults are observed both in drill
core and in outcrop. Argillaceous portions typically are slickensided. indicating substantial bedding plane slip
has occurred. Such slippage and most of the folding were contemporancous with a major regional thrusting
event. The Conasauga is also highly jointed and locally fractured. Most jointing 1 synthrusting and some joints
heve been subsequently filled with cakcite: many others, however, still remain unfilled. Fractures are syn- and

I .
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posi-thrusiing and iypraiiy exnibit evidence of having sustained substantial fluid flow (e.g., vein fillings and
wall-rock aheration).

Research is continuing to establish a detailed lithostratigraphic map of the Conasauga Group in the Oak
Ridge vicinity. Sedimentological. mineralogical. and petrological analyses are planned to document spatial and
temporal variations in the Conasauga depositional environment and the subsequent diagenetic and
deformational events responsible for the presently observed lithological and geochemical variability of the
Conasauga Group at this locality.

Appraisal of Present Monitoring System

The monitoring practices for waters in the waste management areas at ORNL have been reviewed. Although
surface waters are routinely monitored at several locations within and downstream of the waste disposal areas,
no ground-water monitoring has been employed. Furthermore, the data available on burial grounds have been
deemed “inadequate for the design of reliable monitoring programs” (Dames and Moore 1978).

During FY 1980 this subtask was devoted to the design of a preliminary ground-water monitoring plan.
Since definition of geohydrologic conditions at the ORNL site is the primary function of the ongoing USGS
project at the site and results from that effort have not been available, a design has been constructed without
detailed knowledge of ground-water flows. To approximate the extent and range of present ground-water
contamination with radionuclides, a quarterly ground-water sampling and analysis effort was conducted. The
preliminary monitoring design s based primarily on information from that sampling effort.

A system for recording and storing radionuclide analyses results in computer-retricvable format was
developed and implemented to aid in providing information on the distribution of radionuclides in shallow-land
disposal sites. The required information and the format for recording results on punched cards are described in
the SORA computer program documentation (Huff 1980). The required information includes data on site
location, clevation. and past history, as well as results of radiochemical analyses. identification of laboratory log
and report numbers for each sample. type of sample. and primary investigator. Where appropriate, observations
such as well-water kevel may be included.

At present. ncarly 2000 individual records have been stored in an interactive data base management system.
and these data are available for access on demand. With the system, it is possible to select all records available for
a user-specified area, sort them. and prepare a record by site. date, and radionuclide. Alternatively. it is possible
1o select an arca and request all observations greater than a specified value for a given radionuclide. Where data
are available and have been entered into the system, each of the above tasks can be completed inless than S min,
including report generation. We stil! need to incorporate more of the extant radionuclide data into the system:
however, current prioritics will prevent this in the near future. )

In cooperation with the USGS. water-level observations for wells in Solid Waste Disposal Areas 3.4,and 6
have been loaded into the data base management system. A total of 8155 records that cover the period from April
1975 through Scptember 1979 are available. With the computer software that has been developed. graphs suchas -
that shown in Fig. 5.1 may be generated. The locations of the 278 wells represented in the data base may also be
plotted to allow examination of the distribution of the present monitoring system. Data for observation wells in
SWDA S will be supplied by the USGS in the future, but it is anticipated that support for the data system will not
be available to load those results into the system or to continue 1o make existing results available.

Transport Controls

Transport of radionuzlides from castern U.S. disposal areas by water dominates all modces of contaminant
dispersal. Detailed undeistanding of the movements of water and of its interactions with disposed waste is
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essential for the adequate design of remedial measures and for the prevention of future contamination resulting
from current disposal.

Solid Waste Disposal Area 4 Case Study

As a case study, ground- and surface-water transport of *Sr in Solid Waste Disposal Arca 4(SWDA 4) has
been determined in order to evaluate the relative importance of these two modes of transport and to suggest
effective remedial actions to reduce or climinate St migration from the area. Samniing stations for the study
were established as noted in Fig. 5.2. In the carly part of the study. data on flow rate and **Sr concentration were
collected simultaneously to establish a relationship bet'veen flow rate and total **Sr flux. This relationship can be
used as a control or baseline in future work to evalv.te remedial actions.

Subsequent work has dealt with characterizing ¢'stribution and transport of **Sr during storms and during
low-flow conditions. Figure 5.3 shows the increase .1 **Sr concentration downstream along the SWDA 4
tributary both for low- and storm-flow conditions. The m..,or inputs are located primarily between TMS-1| and
TMS-3. This area also corresponds to the zone of highest *Sr levels in ground water and the point where the
surface diversion channels empty runoff from north of SWDA 4 into the tribirtary.

We find a strong association among ground-water contamination. *Sr flux in storm runoff and base flow,
and the discharge points for the surface diversion channels. Our results indicate that the remedial action that
would be most likely 1o be successful would have to focus on dealing with surface runcff that originates north of
Lagoon Road. The runoff musi be collected and conveyed directly to White Oak Creek, preventing recharge of
the contaminated ground-water zone in the region between TMS-1 and TMS-3.
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Fig. 5.2. Surface topography in the vicinity of SWDA-4.

Infiltration Study

Spatial variability and chemical modification of drainage through a weathered shale subsoil were evaluated
at a site near the arca used for shallow land burial of low-level radioactive waste at ORNIL.. Double-ring
infiltrometers were installed at 48 locations ona 2 X 2 m grid after the removal of 110 2 m of soil (Litz-Sequoia
Association, ty;:ic hapludults). Drainage rates were measured before and 20 and 259 days after treatment with
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Fig. 5.3. Concentrations of ™Sr in surface water along southside of SWDA4. Flow is from right to left. The reach of greatest *Sr
input lies between TMS-3 and TMS-1.

solutions of NaOH, KOH, NaF, NaAlQ;, and Na,SiO; at rates of 151 equivalents per square meter. None of
these chemical treatments significantly altered drainage rate. indicating that chemical modification of soil may
be achieved without inducing hydrologic disturbance in these subsoils. A semivariogram analysts of drainage
data showed that areal variability was random and, therefore, that any spatial patterning must occur at a smaller
scale than the 2 X 2 m grid. The frequency distribution of drainage rate fitted a lognormal model with a geometric
mean of 2 cm; d and a coefficient of determination of 1309;.

Soil Block Study at Trench 7

Soil water retention characteristics (relationship between water content and water potential) were
determined for the horizons of a Sequoia silt loam profile from calibrated neutrou probe and tensiometer
measurements taken during drainage of the field soil. These field data were compared with laboratory
measurements made in soil cores taken in the vicinity of the field study. Changes in the shape of the laboratory-
determined retention curves suggested that a significant reduction in the frequency of pores in the 0.005-t00.01-
cm diam range occurred during soil core sampling. Hydraulic characteristics determined on soil cores cannot be
used to represent the field properties of Sequoia silt loam. The ficld retention data may be used in hydrologic
transport model applications to the low-level solid waste management areas.

Mechanisms of Mobilization

Stream-bed gravels in White Oak Creek watershed often have substantial dark coatings of iron and
manganese hydrous oxides. These coatings have been found to be strong absorbents for #Co from stream water.
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Radioactivity determinations of gravel samples from throughout White Oak Creck watershed have delineated
the areal extent of radionuclide contamination. Two reports on this work have been prepared; onc has been
issued (Spalding and Cerling 1979) and the other is in press.

Rates of formation of hydrous oxide coatings and the relationship between their rates of formation and the
rates of uptake of heavy metals and radionuclides have been only recently quantified (Means et al. 1978). Like
ferromanganese crusts and concretions found in lakes, these coatings appear to be ephemeral in streams. Rates of
destruction and fate of heavy metals and radionuclides sequestered in coatings undergoing destruction are
unknown.

The kinetic aspects of this problem required a method of periodically resampling the same stream substrate
over an extended period of time. Tethered containers with screen mesh (I-mm opening) sides and partially filled
with gravel (] to 2 mm size) of known starting composition were used to meet these requirements. Rates of
formation of coatings and uptake of “’Co were determined by placing gravels uncontaminated with “Co at sites
on White Oak Creek (WOC) known to be contaminated with **Co and following changes in Fe, Mn. and “Co
content over a 250-d period. Rates of destruction of coatings and loss of “*Co were determined by piacing “Co-
contaminated gravel at uncontaminated sites on WOC. One “destruction site” was chosen. on the basis of its low
redox potential, to provide favorable conditions for dissolution of the ferromanganese coatings. Concurrent
studies also involved '”’Cs and *™Sr.

Although oxidizing conditions are required for precipitation of manganese oxides, the coatings can
accumulate only if dissolved iron and manganese in stream water exceed about S0 ug L. Below this
concentration, coatings are lost by abrasion as fast as. or faster than, the growth by precipitation. At one site with
average stream-water conczatrations of manganese of 276 ug: L, and characterized by oxidizing conditions, the
rate of manganese accumulation was 9.2 g d”' g' of sample gravels. BET surface areas of about 30 m* g wer:
measured for these gravels.

Previous work at ORNL (Spalding and Cerling 1979) and elsewhere (Jenne and Wahlberg 1965. Carpent:r
and Hayes 1980) has established an association between manganese and *°C: in hydrous oxide coatings
However, net growth of these coatings does not appear 1o be necessar, tor cobalt to be incorporated into the
coatings. Cobalt-60 accumulated rapidly (50 Bq g ' d*) at one site where dissolved *“’Co averaged 8 Bq L, but
manganese content of the gravel was stable or slightly decreasing with time. Contaminated gravels placed in
uncontaminated and weli-acrated stream reaches did not lose “°Co over a 250-d period. In contrast, where an
oxide coating containing *°Co was being dissolved (at rates betwecn 10 and 25 g of manganese per gram of
coating per day) because of local reaucing conditions, **Co was lost in direct proportion to the loss of manganese.

The rate of natural decontamination of a stream environment after cessation of contaminant input is
expect:d to depend on both the rates of downstream transport and dilution of contaminated substrate material,
and on the new equilibria established between the clean aqueous phase and the residual contaminated solid
phase. The results presented here suggest that contaminated substrates in well-acrated streams will losc “Co very
slowly. In contrast, local reducing conditions occurring in organic ¢ *bris dams and stream-bank alluvium will
greatly accelerate the loss of **Co from contaminated substrate contained therein. Subsequent alternating cycles
of exposure of substrate to oxidizing and reducing conditions result i a “leap frog™ pattern of downstream
transport of *°Co and mangancsc.

The behaviors of "'Cs and *°Sr in the strcam environment contrast considerably with that of *Co.
Cesium is irreversibly adsorbed to stream substrate, and once adsorbed, its downstream transport depends
~ntirely on physical processes. Strontium is reversibly adsorbed to substrate largely in a readily exchangeab'c

form and thus is rapidly desorbed when aqueous concentrations are decreascd.

This work also suggested the value of simple tethered substrates as monitors of radioactivity in the stream
environment. The gravels used here were quite sensitive both to low levels of activity and to sp.ikes in activity in
the aqueous phase. They may bec useful in cstimating natural rates of decontamination of the stream
environment.
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Chemical Treatments to Control Radionuclide Transport

Treating soil with caustic soda increases both the capacity and selectivity for radiostrontium adsorption. A
report on the fundamental chemistry of this soil reaction has been published (Spalding 1980). A ficld-scale
demonstration of sodium hydroxide treatment of a burial trench was initiated. but results to date have been
inconclusive; the :nitial treatment did not reach the entire trench volume. necessitating repeated hydroxide
treatments during the year. The entire trench now appears to have been influenced by the hydroxide, and
monitoring of the surrounding area will continue through the wet winter months todemonstrate the effectiveness
of the treatment.

Severa: other chemical treatments of soil which precipitate radiostrontium and or calcium have been
investigated. The precipitated phases are formed insoil by percolating solutions through columns of soiland can
result in up to a 65% reduction in the leachability of radiostrontium. Of the various precipitatinig anions tested
with several soils the leachability of rediostrontium in the resulting soil followed the order carbonate <
phosphate < fluoride < silicate < aluminate < hydroxide. A report on this work has been queued for publication
in the Journal of Environmental Quality.

All these proposed chemical treatments were for'nd to have noeffect on the insitu hydraulic conductivity of
a typical subsoil used for waste burial at ORNL. This was a little surprising since most of these strongly alkaline
reagents are excellent soil—dispérsing agents; such dispersion would result in very large decreases in soil profile
hydraulic conductivities. If these chemical treatments had decreased the hydraulic conduct.vities. their use would
have inflicted a major perturbation in the ground-water flow pattern: such effects would have had to be carefully
assessed before their use could be reccommended. Apparently the soil interparticie binding in weathered
Conasaupa shale soils is strons enough to withstand these chemical Jispersing forces. and alteration of
coaductivity is insignificant.

Permeable Barriers for Retarding Radionuclide Movement

Luw-level wastc literature inuicates that zeolite minerals are potentially suitable for construction of water-
permeable barriers compcsed of radionuclide-sorbing materials. In particular, clinotilolite has plaved a
prominent role in waste mansgement for over 20 years. This mineral has a high cation exchange capacity and
therefore was considered to be a prime candidate material to be used as a sorptive barrier for °Srand '*’Cs at
shallow land burial sites. Five zeolite-rich samples were obtained trom indusirial vendors. To determinc
gistribution coefficients for ®Sr each sample was crushed and sieved into three size fractions: 80 to 100 mesh (180
1o 160 um), 100 10 200 mesh (160 to 75 um), and 200 mesh (<75 um). Ground water irom SWDA Sand ¥Sr were
added to each sample, which was then shaken and centrifuged. An aiiquot of the transparent supernatant liquid
was extracted and counted for **Sr on a scintillation speciromeicr. The data (corrected for background) were
then used to calculate Ky values for eachi size fraction of each sample. The results of these experiments were quite
variable but also quite promising (Table 5.1). The <75-um size fraction for two of the samples (CZ 1, Z5) yielded
very high distribution coefficients, ~10*. Further studies are continuing on these samples. Preliminary results
from column studies indicate that all size fractions, which are in the coarse- .o finc-sand range. are quite
permeable to water flow. Field testing of .iiesc materials ata known radioactive surface seep in Buriz | Ground 6 is
plonned,

Electromigration Experiments

Most radionuclides transported by water are 11 an ionic chemical form and are. therefore, susceptible to
alteration of movement by eleciric potential gradients. This subtask has investigated the feasibility of practical
application of electric ficlos for contral of ionic radionuclide transport. Anclectromigration field test was carried
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Tabile 5.1. Distribution coefficiests (X,)
for strontium obtained wsing variows size fractions

of wob-rl:h samples
A for grain sizes:
Sample
1A0-180 um 75-160 pm <75 um
(Y4 5.900 7.500 10.400
22 4300 6200
cz3 2500
24 3900 3.600
CZs 6.400 ~ 7.900 9800

out or. the experimental foodplain below Buriat Ground 4. A cathode consisting of a 61-cm (24-in.) section of
standard 16-cm (2-in.) stainless steel pipe was used. A series of holes along one side allowed circulation of water
between the interior and exterior of the pipe. The pipe was wrapped in blotting paper and placed into an open
drill hole. Although the hole was initially fuil of water. during the unusually dry suma..r the water level declined
and eventually became compleiely dry. The anode consisted of a row of stainless steel rods driven into the ground
approxiinately 8 m from the cathode.

Nearly all the voltage drop took place near the electrodes. This resulted from the relatively small cross-
sectional area of the soil through which the current passed near the electrode surfaces. Since cross-sectional area
increases rapidly with increasing distance from the electrodes. the curremt density and voltage gradient are very
small away from the electrodes.

Results of the field test are given in Table 5.2. Initially the **Sr content. the pH. and the electrical
conductivity of the water in the cathode hole increased. These results were expected because of the migration of

" cations to the cathode and the generation of OH ions by the reaction 2 H.0 +2¢ —20H — H(g). The highest
®Sr concentration and clectrical conductivity. however. were observed after only three days of operatinn. The
next sample. takcn after a power interruption. showed values lower than rhat of the water before electrolysis.
After the current was started the *Sr concentration increased temporarily . nd then fell 1o an even lower level.
The electrical cost per unit of *™Sr remored will be inversely propostional to the ratio of **Sr 1o the total
exchangeable minceral content of the sosl. Thus, this cost will decline as the fevel of comtamination increases and
will also decline as the total exchangeable nuncral content of the sotldeclines Tie flood plain soil is a poor soil for

Tabhle 5.2. Log of electromigration field test

Flasped Conduciity Cusrent hYi
ume th) fus cm) ) rH (B m)
0 6xS§ 0 73 1083
s 2iaM L. 00 115 m7
$3 1200 14710 14 19%3
76 6000 20700 12.0 7683
193 A} 500 9.6 nw
96 35 1 127 350
TiN 104 7 10 127 67
N34 11T - 127 67
1054 1410 N water
167K i

< K No water

Fhe pov o was tound o e been turned off by anastomitic
relas ot the e sample § was taken
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the application of this process. A well-leacked soil would be better. The clectrical power consumed per unit of
decontamination s directly proportional to the voliage at which the process is operated. The rate of
decontamination is also mast directly proportional to the voltage when other things are equa!

Hydrologic Modeling

Environmental release of radjonuclides may occur in subsurface aquifers, su-face water regimes.
oceans. estuaries. the atmosphere, or even directly to briota. However, following the release. there will be
redistribution of the wastes into all media. The possible important pathways of the radionuclides from source of
release to man are shown in Fig 5.4. Accordingly. for a complete systematic approach. flow dynamic. waste
transport. biological transfer. and dose models are needed to cover the entire biosphere. Flow dynamic models
are required to stmulate the flows of the carmer fluid; waste transpornt models are necessary for predicting the
concentration distribution; biological transfer models are needed to simulate the uptake and release between the
biota and physical environment. Dose models must be provided to compute radiation dose and its effect on man
through external exposure and the inhalation. ingestion, immersion, subme rsion and other internal exposures.
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Computer codes of biological transfer niode’s (AQUAMOD and TERMOD) and dose models (AIRDOS,
SWDOS, GWDOS, AQUADOS. TERDOS. and :30SDOS) have been routinely used for several vears to assess
the radiological impact of environmental release ¢ f radionuclides (Booth et al. 1971, Moore 1975. Halfon and
Bargmann, 1975). Many of the environmental transfer coefficients and other pertinent data required fora given
simulation arc already available. Hence, in the past year. we were primarily concerned with the implementation
and adaptation of flow dynamics and waste transport modelks in subsurface aquifers. surface water regimes.,
estuares; oceans, and the atmosphere.

To predict the concentration distribution of radwastes in the physical environment, we have envisic. ed at
Jeast 36 types of models (Table 5.3). that 1naust be documented for practical applications. These include steady
onc-dimensional to transient three-dimensional models of “low dynamics and waste transport in subsurface
aquifers, surface water regimes, estuaries - oceans, and the atmosphere. Most of these models are available (Owen
ctal. 1979); but for a systematic approzach. they must be adapted, modified, and documented in a unique format
so that the flexibility and utility of combining the models can be achieved. They can then be used separately to
deal with site-specific problems or in combination to handle a large-scale generic study. If a combination of
models is employed, iterations must be used to obtain interface parameters for the media when feedback between
media is strong. When the feedback between media is weak. the output from one medium may be used as input to
the subsequent medium and iterations may be ignored.

Because of problems that result from unsound management practices based on poor assessments. cach of
the models listed in Table 5.3 must yield valid results whenapplicd to any management proposal. To achieve this
goal, each model must satisly the following minimum requirements: { { ) the problem must be logically formulated
and expressed in mathematical equaticns to tnclude as many processes as possible; (2) up-to-date and efficient
computational algorithms must be devised and 2nalyzed: (3) the model must be validated by comparing e
modcl results with well-known analytical solutions. other types of numerical simulations. laboratory
cxperimenis, and - or ficld measurements; and (4) demonstrative applications must be made.

The processes governing radwaste transport within a medium may include mainly the advection of carricr
fluid. hydrodynamic dispersion. radioactive decsy and medium-dependent processes. For example. adsorption
by the soil matrix will occur in the subsurface 2quifer. The adsorption and desorption by sediments. which are
transported along with the radionuclide b the fluid. can occur in the surface water regimes and the
estuaries . cceans. Cloud scavenging and precipitation washout may take place in the atmospherc. On the other
hand. transfer across media imterfaces may be induced by various kinds of processes such as deposition,
resuspension. acration, scepage, infiltration, volatilization, evaporation, and transpiration. All these processes
must be transformed into equations. Computational algorithms range from simple analytical and empirical
methods to realistic sophisticated numerical techniques including finite-difference. finite~ ‘ment, and Monte
Carlo simulations. Analytical and empirical models are best utilized for analyzing the response of the media 1o
the variation of model parameters. Insensitive parameters are then excli'ded from the sophisticated numerical
based models.

Eight models (6 to 13), each representing an example of modeltypes 1,2.3,4.12,13.17.and 18in Table 5.3,
have been completed according to the minimum requirements described above. Fach model has been
documented by an ORNL report (Yeh, 1980a; Yeh, 1980b; Yeh and Ward. 1980a; Yeh and Ward. 1980b).

Modeling of Geologic Controls on Hydrology

One important aspect of radionuclide migration from solid waste disposal areas is the direction and rate of
ground-water movement. Because shales in the Conasauga Group at ORNI. are highly fractured, the fracture
porosity and permeability are highly significant in assessing ground-water flow and thus radionuclide migration.



56

Section 5 LU ORNL-5706

Tabic 5.3. Dynamic tramapost models required

for a systematic modeling approach®
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Joint erientations, spacing. kength. and gap-size data were collected for the shale and siltstone beds of the
Conasauga Group from outcrop exposures and drill core specimens for the ORNL Reservation. Joint length,
spacing. and oricntation data were subjected to computer analysis to determine dominant trends. In the siltstone
beds. joint length varied from 2 to 76 cm with a range of 6 1o 45 join's per meter. Shale beds contained a nearly
constant joint length of 12 cm with a frequency of 12 to 28 joints per meter. Based on the findings. a compwer
model of the Conasauga formation was developed. The model allows prediction of joint orientation, fracture
poraosity. and fracture permeability for » wide range of locations in the ORNL. area as a function of depth at a site.
Results are ixmited by availability of suitable peologic core data. The model does provide the basic framework for
building a comprehensive coverage of the ORNL area and should prove very useful in future studies of
radionuclide migration in highly fractured formations. It is belicved to be mos: apphicable to near-surface
conditions. A detailed description of the study and the computer model nas been published (Sledz 1980).

Radiologic Modeling

Primary cfforts during the year focused on two tasks. The first was to develop an assessment methodology
for the calculation of water-borne radiological doses. and the second concerned the organization of an
interagency workshop to discuss modeling applications to low-level waste management.

The assessment methodology is imended to provide users having no dosimetric trasning. such as hydrologic
modelers. with a means of cakulating radiological doses given a radionuchide concentration in water. A user-
oriented handbook and later an imeractive computer code were 1o have been writien 1o specify the important
assumptions n such calculations and io append the nccessary dose conversion factory and other data for the
various water pathways to human populations. This work is not vet completed.

C. A. Little has been serving as scientific secretary of the interagency workshop planned for December | 104,
1980. The meeting is sponsored by the Interagency Low-Level Waste M xdeling Commitice and will include
representatives of DOE. the Environmental Protection Agency (EPA). the Nuclear Regulatory Commission
(NRC). and USGS. Madelers and model users from each of these agenc'es will be brought 1ogether to discuss
each agency’s needs for modeling of low-level waste management Weorkshops on release mechanisms,
environmental transport pathways and parameters. « verall system modeling. and model verification validation
will be conducted to discuss topics in those specific areas. Approximately 20 formal papers will be prescnted by
both modci users and modelers. A pro-sedings of both the papers and the workshop summaries will be
published.

Development and Testing o: New Ground-Water Tracers

F'he objective of this subtask is to define the physical and chemical parameters w hich influcnce the migration
of organic molecules in gre mdwater in order to wdentify tracer species capable of not only indicaring the
direction and velocity of ground water, but also the ahility of a particular burial site 1o retard the passage of
contaminants (chemical and radioactive) once they reach the saturated zone. Previous efforts have demonstrated
that a particular class of organic compounds, chlorofluorocarbons, have unique advantages over more
co wentional tracers such as salts and dyes in determining ground-water direction and velocity.

At pre-ent, efforts are directed at quantifying the mechanisms by which tracers are sorbed on heterogeneous
natural media. By use of experimental techniques adapted from the related ficld of adsorption chromatography
and a mathematical model which can describe multisite, heterogeneous surfaces, it has been shown that
chlorofluorocarbons interact with a wide variety of minerals only through weak, nonspecific, clectronic
dispersion-type forces. Furthermore, it is apparent that the strength of these interactions is dependent primarily
on the size of the molecule,
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The ability to quantitatively describe solute-surtace interactions has several implications for tracer studics.
First. it is possible. using 2 multiple set of chemically related racers (a “homologous series™, to determine
whether significant sorption has occurred and the exter® .o which this sorption will retard the migration of
compounds in the saturated zone. Second. ground-water velocities can in theory be calculated even when all the
members of a tracer series are sorbed to some extent. Finally, comparisons between sorption studies of field cores
and corresponding ficld migration profiles can indicate the in situ character of the hydrologic system.

Sorption studics ako indicate distinct Gifferences in surface propertics between mineral classes. Naturally
occusning silica. in contrast to synthetic silica gels. appears to have an essentially nonpolar surface and
consequently .nteracts relatively strongly with nonpolar organic compounds. Carbonates and silicates. on the
other hand. have adsorptive sirfaces dominated by large. complex anions. Similar studies of shak obtained from
the Enginc=ring Test Facility (ETF). located in SWDA 6 at OR NL.. indicate that the surface of the shake member
of the Conasauga Group is simiar o the silica surface. being essentially nonpolar. Further studics are indicated
to determine whether this 1s a result of a high silica content or the presence of large amounts of organic debris.

A onc-dimensional, multiple-chiorofluorocarbon tracer *es! was conducted in the surial Ground 4 area
under an antificially induced hydraulic gradient. Tracer migration was observed in a direction paraliel to the
general bedding plane in the Melton Valley. Results clearly indicate muitiple pathways with no d ‘tectable
sorption of tracers, consisient with the assumption of fluid flow in wide-apeststre strike joints and fauls. Two-
dimensiona) studies of tracer mig at'on are presently under way at the ETF site.

Demonstration and Implementation

in the ETF (formerly the demonstration burial ground) an array of 10 wells was drilk-d 1n a semicircular
pattern for tracer tests. These tests were performed by investigators from the University of Arizona and Indiana
Umiversity. Fluorobenzoic acids, yeast, and standard chemical tracers werse used by the University of Arizona
investigators, while a homologous serics of chlorofluorca “rhons was employed by the investigators from Indiana
University. Test results are being interpreied; preliminary scrutiny indicates that the tracer travel is dominated by
preferred pathways. Initial hydraulic tests performed by the University of Arizona researchers indiczte that the
Conasauga Group in the ETF has hydraulic conductivities ranging from 0.05100.41 m’ d: transmissivity of 0.05
m’ d: and a storage coefficicnt of 0.005. More cxtensive hydraulic tests are planned to verify the numbers. In
addition to the ten tracer array wells the E and W wells were also drilled. The N and S wells are still being
considered for multiple piezometer array. Rock core was recovered from 7 of the 12 wells driiled. The cores were
logged. and samples for thin sections have been obtained for petrographic analysis. Study of the cores shows a
complex interbedding of shale and limestone. with limestone being the more abundant rock type. Numerous
fractures in the cores were noted: some fractures were calcite-filled and some open. indicating water had at one
time flowed througk the rock. More work is planned on correlating the cores as well as introducing thin-section
information into the interpretation.

Weekly measurements of water levels are made at Jhe 12 new wells in addition to the original 4 observation
wells. Continuous watcr-level monitoring is expected to begin soon. A rain gauge was installed to monitor the
rainfall in the ETF. Sites for the flumes, which provide the surfuce water data, werce prepared, and monitoring of
the surface water will begin upon completion of flume emplacement. Geophysical surveys (resistivity and
seismic) of the area will be performed in addition to installing tensiometers and continuing the monif~ -ing
efforts.
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6. NATIONAL LOW-LEVEL WASTE PROGRAM MANAGEMENT

R.S. Lowrie
R. B. Fiuuts M. S. Moran
L. E. Stration J. E. Vath

Introduction

Early in FY 979 Oak Ridge National Laboratory was assigned the assocate lead role in the Department of
Energy (DOE) National Low-Level Waste Mangement Program (NLLWMP). This role is carried out under the
overall management of the DOE Program Manager, the lead contractor, EG&G Idaho at the Jdaho National
Engincering Laboratory, and DOEYS Oak Ridge Gperations Office.

The overall objective of the NLLWMP is to develop and promote environmentally sound techniques for
safely and efficiently managing all types of low-level wastes (LL.W). These are all the radioactive wastes that
contain less than 10 nCi of transuranic contaminants per gram of material and contain potentially hazardous
quantities of radionuclides. They result from such activities as energy production, manufacturing, and the use of
radioisotopes in medicaland other fields. Some specific activities included in the program are the development of
waste treatment and packaging technology; optimization of shallow land burial; establishment of remedial
measures for stabilizing and improving performance of existing burial grounds; evaluation of rx:thods for
storage and disposal that are alternatives to shallow land burial; and development of guidelines or standards for
waste characterization, disposal, and monitoring. In addition, the program includes assistance in developing a
national plan for handling and disposing of such wastes and in the public and governmental interface activities
necessary to prepare for the implementation of programmatic developments.

In its associate lead role ORNL has the responsibility to manage a delegated part of the national effon.
Although the Laboratory will generally assist EG&G Idaho in the total program, emphasis at ORNL is on the
overall management of research. development and demonstrations for technical arcas involving waste
generation, waste handling and treatment, environmental technology, and waste disposal facilitics. During this
year the ORNL office of the NLLWM P drafied technical program plans; prioritized FY 1981 and 1982 zero-based
budgets aimed at implementing these programs within DOE financial constraints; provided guidance to the
participating DOE site programs; and initiated coopcrative efforts with waste disposal programs within DOE, in
other federal agencics, in the state of Tennessce, with the Federal Republic of Germany. and with the
International Atomic Encrgy Agency(IAEA).

Figure 6.1 shows the work breakdown structure for the NLL.WA program and identifies the areas of direct
ORNL. responsibility (WBS 3.5.0) The total program budget this ycar was about $9.3 million, and that for the
portion managed by ORNL was about 3&.5 million. -

Management Activities
Some of the more important accomplishments in the ORNL management activity for lhc \Ll WM
Program are briefly described .n the following paragraphs. -
Technical Planning

In cooperation with the Icad laboratory, EG&G Idaho, the NLL.WM technical program was reevaluated in
June and facused on eight major program milestones (Table 6.1). On the basis of these a detailed set of supporting
milestoncs and program logic diagrams was developed to guide the cxecution of the program. The principal
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Fig 6.1. Work breakdown siructure (V' BS) for WLLWM Program and identification of ORNL responsibilities (WBS 3.5.0).

Tablke 6.). Majpr sechnology program milestones of the NLLWMP

Date Activity

484 Provide a3 Waste Gencration Reduction Handbook B

12 83 Document waste treatmens and solidification sysiems mecting shallow land burial (SI.B)
site operating criteria

4 Document all procedures and information required ta support locating an S1_B site in eastern
United States

12-84 Provide a manual of proven and recommended remedial actions for S1.B sites

186 Document all procedures and information required to establish a facility that provades
greater isolation from the environment

6 Bl Provide 2 waste classifivation system

9 85 Provide waste treaimenst methods for greater solation

6 8l Provide information required for use in establishing interitn engincered storage facilifics

technical goal of the program is to provide the information needed to support opening a new improved shallow
land burial facility ata humid site in 1985. T he other milestones and program efforts support this goal, provide for
longer term, nonshallow land bunal disposal options, or address remedics to currently cxisting psoblems in
shallow land burial.

Seven state-of-the-art review reports were issued duting this year documenting information developed in

support of program planning. These reports covered waste treatment processes, models and monitoring for
disposal sites, shallow land burial of LLW, and alternative approaches.

S
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Several arcas were identified where insufficient effort was currently under way 10 meet the needs of the
national program. To remedy this deficiency, a procedure for obtaining competitively awarded work from DOE
contractors was developed inconjunction with the program lead site and our respective DOE Operations Offices.
Responses in four technical areas resulted in 49 proposaks from 16 organizations. After technical review and
evaluation, several proposals were selected for FY 98! funding.

Program Implementation

One of the more important activities carried out by the ORNL office of the NLLWM program is the review
and guidance of technology dvelopment and demonstration programs being carried out at all DOE sites
participating in the NLLWMP. Site visits were made for this purpose during 1980. During . =se visits, site
programs and program proposals were reviewed and guidance was furnished relative to program _oals, funding
and organization. In parallel with these visits, budget prioritics were developed for the program zero-based
budget analyses used for FY 98! and FY 982 budget actions by DOE.

Progmm Coordination

Information exchange and program coordination with other DOE and federal waste programs continued.
The first annual DOE NLLWMP Information Meeting was held in December 1979, 2a DOE Modeling Workshop
was held in July 980, and arrangements were finalized for an Interagency M odeling Meeting for early FY 198).
Foreign program cooperation efforts were limited to initiating a cooperative program with the Federal Republic
of Germany in the area of low-level waste fixation and technical assistance to the JAEA in the fields of waste
treatment and disposal facility siting.
Citizen Participation

At the request of Tennessee Governor Alexander. a plan for management of low-levzl radioactive wastes in
Tennessee is being prepared jointly by the DOE NLLWM Offices and the Tennessee Department of Public
Health. After several developmental meetings with the Governor’s staff, the Tennessce Depariment of Public
Health, and the Tennessee Valley Authority, the first draft of the plan was given to the Tennessee Department of
Public Health in August 1980. The Governor is to receive the final report by January 1981. The plan lists sources
of low-level radioactive wastes, projects the quantities for future years, and discusses short- and long-term

management options. The national LLWMP office at ORNL is responsible for determining the quantities and
sources of the waste, identifying altematives for managing the waste, and assessing the environmental impacts.
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The Aquatic Ecology Section is involved in basic and applied research focusing on environmental
problems and on gaining a better understanding of the structure and function of aquatic ecosystems. The
continuing objectives of the section are to develop and maintain a position of excellence in disciplinary areas
of aquatic ecology, to provide technical expertise to achicve the goals of the various Division programs. and
to anticipate future disciplinary and programmatic directions of research in aquatic ecology. In addition to
interacting with the programs and other sections of the Division, the Aquatic Ecology Section interacts with
several other ORNL divisions (c.g.. Analytical Chemistry, Energy, Health and Safety Rescarch, and
Information), with the Computer Sciences Division (UCCND), and with several outside research

'Dual capacity.

1Joint position in [Department of Zoology. University of Tennessee. and Environmental Sciences Division, ORNI
'Atmospheric Turhulence and Diffusion Laboratory, NOAA,

‘Computer Sciences Division, UCCND,
*Chemical Technology Division, ORNL.,

*Healih and Safcty Rescarch Division, ORNL.

y - v . . . . .
Postdoctoral Fellow. Graduate Program in Ecology, University of Tennewee. Knoxsille.
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organizations in the Southeast [e.g., Tennessee Valley Authority (TVA), University of Tennessee, Tennessee
Technological University, and the National Reservoir Research Program of the U.S. Fish and Wildlife
Service). Research in the section is funded by the Depanrhem of Energy (36%), the National Science
Foundation (22%), the Nuclear Regulatory Commission (20¢;), the Environmental Protection Agency (199%).
and the Electric Power Research Institute (3%).

There are two major projects in the section. The Reservoir Studies Project involves research on
ecological issues related to small-scale hydroelectric development. Studies on forage species and their
interactions with predators involve defining the role of the Kingston Steam Plant as a “predator”™ in Watts
Bar Reservoir and determining an intake design that will minimize fish impingement in southeastern
reservoirs. These studies also focus on the more basic questions of assessing the effect of low temperatures on
mortality of threadfin shad and of identifying the resiliency meckanisms operable within the threadfin shad
population of Watts Bar Reservoir. Studies of trophic dynamics of reservoir benthos focus on determining
the direct and indirect effects of the Kingston Steam Plant on mayflies and the Asiatic clam, Corbicula.
Studies of habitat selection by predators involve investigating the role of physical factors, particularly
temperature, in determining habitats selected by major predatory fish species and investigating the
relationship of selected habitat to prey utilization and physiological performance. During FY 1980, work in
the small-scale hydro project focused on analyzing the potential environmemal impacts associated with
dredging. with water level fluctuations. and with fish passage both upriver and downriver.

The second major project in the section involves analysis and modeling of aquatic populations and
ecosystems. A variety of useful quantitative methodologies were developed and applied in an effort to assess
the impacts of entrainment and impingement of fish by power plants along the Hudson River in New York.
The resultant methodologies are proving to have applicability to a variety of other systems and populations,
with particular emphasis on evaluating the effects of 1oxic materials at both the population and community
levels.

Research on impacts associated with power plants continues (o be prominent. Qur study of toxicant
formation in condenser cooling systems is directed toward determining optimum chlorination procedures at
power plants. Current research focuses on bioaccumulation of chlorinated organic compounds by the Asiatic
clam and toxicity of free residual chlorine. Pathogenic microorganisms in artificially heated waters is a growing
area of concern. Our research is focused on determining the extent of distribution of pathogenic amoeba and
bacteria, such as the Legionnaires’ Disease Bacterium, and on defining the conditions promoting their
proliferation.

A new and expanding project in the section is “Multimedia Environmental Transport Modeling,”
funded by the U.S. Environmental Protection Agency, Office of Toxic Substances. Efforts to date have been
concentrated in the areas of formulation of physicochemical processes; operation of the Unified Transport
Modet; and development, verification, and validation work on atmospheric, terrestrial, and aquatic transport
models.

Reservoir Studies Project

The primary goals for the Reservoir Studies Project over the next severa} years are to further develop a
strength in comparative reservoir research and to continue our research and assessment activities related to
small-scale hydroelectric development. We present accomplishments during this reporting period for research
on ecological processes in southeastern aquatic systems and for analyses of environmental issues of concern
when small existing dams are retrofitted to produce hydroelectricity.

o AR
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Ecological Processes in Southeastern Aquatic Systems

Effects of Forage Loss on Predatory Fish in Watts Bar Reservoir

Research on forage species and their interaction with predators was focused on threadfin shad and
young-of-the-year gizzard shad (forage) and on sauger (predator) in Watts Bar Reservoir. Mass mortalities
of threadfin and young-of-the-year gizzard shad in many southeastern rese:voirs result from impingement at
electrical generating stations and Jlow water temperatures in the winter. Shad provide the principal forage tor
numerous game fish and other top carnivores. The impact on predators of the loss of this forage has never
been quantified. The goals of this rescarch were (1) to develop a bicenergetics approach to quantify effects of
forage loss on predators and (2) to determine the applicability of this method to two major predators with
contrasting feeding strategies, largemouth bass and sauger.

Sauger were collected biweekly from October 1979 through April 1980, and largemouth bass were
collected monthly from May 1979 through September 1980. Data for these sauger were combined with
sauger data collected for two 7-month periods, October through April 1976-78, and for a 12-month period,
October 1978 through September 1979. Fish length, stomach contents, and weight of the total fish, fat, and
gonads were recorded for each fish of both species. Short-term effects of loss of prey were determined by
comparing changes in caloric intake to changes in caloric value of the two predators. Partitioning of intake
energy into the body components of muscle, fat, and gonads was quantified. l.ong-term effects were
determined by measuring growth each year. A bioenergetics model, based on a balanced energy equation,
was used to compare predicted growth of sauger with that measured in the field for one year (1979). For
largemouth bass, a bioenergetics simulation model is currently being developed and parameterized with
laboratory and field data (1) 10 determine the usefulness of the model in predicting important aspects of
predator dynamics (such as growtit). (2) to indicate. through sensitivity analysis. areas of predator-prey
dynamics which require detailed study: and (3) to investigate the potential application of the madel fos usc as
a tool in resource management and regulation.

The growth of sauger in Watts Bar Reservoir during tnc 1our-year study was higher than that reported
in northern lakes and compared favorably with other southern reservoirs. Sauger minimized the effects of
prey fluctuations through several mechanisms. These included (1) utilization of prey which are stressed at
cold temperatures, prior to a large decline in the prey population, (2) partitioning of excess energy into fat
stores and gonad tissuc, and (3) utilization of alternate cold-tolerant prey. Shad consistently comprised the
dominant portion of the sauger diet, but shad were especizally important in the cold months. For example, in
the winter of 1979-80, over 75% of the fond consumed was shad, which resulred in a major energy surplus
for sauger for the spring spawning season. The biocnergetics model predicts that if this surplus had not been
gained, 176, more food would have had to be caten during the summer months to produce the observed
growth. Nonshad prey buffered the diet during periods of low shad abundance, but predation on schools of
spawning shad produced the only peak in consumption during nonwinter months. -

largemouth bass are warm-water predators, but their feeding strategy allows them to maintain high
growth in a system where preferred prey are most abundant in the carly winter. Bass do not take advantage
of this increased prey availability. In fact. the total energy intitke of bass in winter is less than 50%; of that in
summer-fall. However, in late winter, when threadfin and voung-of-the-vear shad populations greatly
decline, bass of all age classes except the 0~ age class are able to teed on large gizzard shad (=20 cm).
Although bass do not store large amounts of energy in the form of fat as do sauger. the lowered metabolic
rate in winter. coupled with the ability to utilize farge, high-cnergy prey, explains the good condition of bass
in the spring. During the summer months when sauger may he spatially separated from prey duc to high
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temperatures, sauger condition declines. In contrat. largemouth have an increased fzeding rate during
summer months and maintain their condition dux to high temperature preferences that paraliel those of their
prey. )
~ In summary, sauger and hrgemouth bess are exampies of predators which deal with the problem of a
fluctuating proy base in difierent ways. Sauger increase consumption in winter and stire eacrgy which is then
used during periods of low prey availabiity. Low prey availability may be due to ma ss mortality in winter or
1o spatial scgregation cavsed by high semperature; in suminer. Largemouth bass do ok store large amounts
mmhnﬁyktwmwmmmhpmmﬁmhnondﬂw
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" Corbicula populations have a high potentinl frr interaction with predator popr'ations. In the

well-isrigated substiates in which clams occur, mean density in 60 samples collected using a modified Venturi
suction sampler in several representative coves was 70 clams/m’ ard in areas below Melton Hill Dam
averaged 825 clams/m® over an area at least 1.2 km in length. Conwrsion of these two densitics to biomass
standing crops (wet tissue weights) yiclds values of 390 and 10.000 kg/ ha, respectively. In contrast, standing
crop biomass of forage fish in 23 southern reservoirs has been reported by other investigators to range from
7.3 10 180 kg/ha. Thus, even if areas populated by Cortucida represent only a small percentage of total
benthic surface arcs for the reservoir, tie potential for contribution of Corbicuda 1o predator-carrying
_capacities in Watts Har Reservoir appears substantial.
- During late February and March. Corbicuks populations in Watts Bar Reservoir suffer massive die-offs
due 10 low water temperatures. This mortality coincides with reduction 10 yearly lows of threadfin shad and
L young-of-the-year gizzard shad ponulations, which provide the major forage base for predatory fish in Waits
Bar Reservoir. We examined the hypothesis that the coincidence of these two events has a stabilizing effect
on populations of predatory fish. Weight change of catfish that were starved, fed minnows, os fed clams was
measured over a five-week period to determine whether clam consumption could contribute to maintenance
of catfish condition. Studies were conducted in the laboratory at 10°C, the approximate reservoir temperature in
March. Fish of 120 mminitini standard length (SL) were fed twice a day (except weekends) and uneaten food was
removed afier [0 min.

Results were somewinat equivocal. In one replicate (5 = S for each treatmenm), catfish that were fed
clames gained an average of 0.14 g while those that were fed minnows lost 1.32 g aid those that were starved
lost 1.68 g. In the other replicate, all groups lost weight: 1.14 g (clams), 2.14 g (minnows), and 182 g
(starved). Food comsumption paralieled the weight changes. In each replicate the fish that were fed clams
fared better than those given «her weatments. These preliminary results indicate that catfish will consume
clams and suggest that this consumption does help in maintaining condition. Field siudies indicate that
Corbicule are more prevalem in catfish stomachs during the late February—March period when shad
populations arc low, suggesting that catfish do take ad=2nige of this available food resource.
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 and 30°C was nearly synchonous. The lag in emergence of the 9-mm imitial size class at both temperatures
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Our research cu the effects of the Kingston Steam Plant on Hexagenia pepulations in Waits Bar
Reservoir invoived both field and lboratory tasks. Our emphasis during :his reporting period was on
laboratory mvestigations to determine the effect of sex, initial size, and temperatore on growth rates, adult
size, and size 21 large-wing-pad stage. We found that female mayfly nymphs grew faster and reached larger
sizes than mals; growth at the constant temperature of 15°C was significantly Jess than ai 22.5°C. Nymphs
reared at 15°7 were unabic to successfully complete metamorphosis into the adult stege ¢/en though

development and adukt tssue matamation appeared normal. Comperison of nymph leagth at the -

Inrge-wing-pad stage indicated that temsperature/initial size interactions were significant, with the largest

-mymphs resaling from the 15°C and 17-mm initinl size group and the smallest resulting from the 30°C and

-.om initinl size group. In general, akk mymphs reared at 30°C were smafler than n, mphs reared at 225 and
15°C withia the same initial size growps. Emergence from the 13.5-and 17-mm initial size classes at both .2.5

snd the extended pesiod of emergence of the 9-mm group at 22.5°C indicate that a size-dependent threshold

" for aduk tissuc maturation occurs between 9 and 13.5 mm. For nymphs above the size threshnid, aduil tissue

'(‘,

mmmmwwmmuu*d’mﬂﬁmmmgm

. of 15°C 10 experimental temperatures dMﬂwC.memﬂalpcﬁwwm

. mbumlinﬂwc:bomprm because nymphs reared at 15°C were unsuccessful at

metamorphoss.
In summary, our laboratory dats indicate that H. bilineats generally conform to the expected responses

" 10 a suboptimal semperature treatment as proposed by the thermal equilibrium hypothesis of Vannote and
Sweency (1980). In particular, adult size and fecundity and symph survival wese aR reduced at 30°C, which

is & much higher sempersture than would normaby be encountered in natural H. bilineasa mbitats. The 15°C
treatment appeared 10 be optimal for the nymphs when judged by the nymphal size autained, but adult
metamosphosis war mostly unsuccessful. We hypothesiz~ that the “optimal” constant temperature regime for
maximizing size end survival of H. hbmusbamlswwubmammnyrmm
wuhmmmmwuabwl?CMamrlymnoflS‘Cmaypfmdemﬂyormlcmdum

nmsmbym

Rescarch on habitat selection by predators in southeastern reservoirs focused on (1) temperature
selection by juvenile striped bass (Morome saxorilisy in the lboratory and field, (2) distribution and
‘movements of aduht striped bass in Watts Bar Reservoir in relation to water temperature, and (3) growth rate
and thermal tolerance of juvenile striped bass held in fluctuacing temperature regimes. Results from each of
these tasks are summarized below,

Juvenile striped bass are known to occupy nearshore zones of reservoirs i.nd ~+twarics in summer where
active feeding and growth occurs. Tentperatures there are relatively high, often exceeding 2§° C. Our previous
laboratory studies of juvenike growth rates identified optimum growth temperatures near 24 to 25°C.
Temperature preferences in the laboratory were suggesied 10 be near 25°C in exploratory studies by others.
Ovur field telemetsry studies with subadults and adults, however, indicated lower temperature preferences
(near 22 and 20°C, sespectively). A size-d-pendent chunge in thermal niche was suspected, which necessitated
more thorough study of juvenile temperature preferences msing 2 variety of laboratory and ficld methods.

We tested juvenile siriped bass in the spring and summer of (980, near their first anniversary in a

longitudinal thermal gradiemt (rough, in an electronic shuttle box, and in the field following atiachment of

ministure ulirasonic temperature transmitters. Each method estimaicd temperature preference 1o be in the 24
to0 27°C range. which was clearly above the preferences of larger fish. We found no size effects among subsets
of this age group for which size diffcrences had been accentuuted by rearing at growth-stimulating and
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inhibitory temperatures (total size range was 82-222 mm). We did not find clevated theymal preference in a
group which corsisted of survivors of lethal critical thermal maximum tests. This clevation suggests a genetic
range for thermal preference/tolerance which could have application for breeding stocks of this species that
are hmm:om-mmmmeMMmmmmMudy&ﬂw:
scasonal decrease in taaapersture preference, an observation whick requires fusther study. ~
Thermal niche mformation was developed for adult striped bass in our previous research in Cherokee
Reservoir and i quarry lakes on DOES Oak Ridge Reservation. This information was tested by following
the distribution and movements of similar fish tagged with ultrasonic trans., ..ters in Watts Bar Reservoir.
The work was conducted in cooperation with the Tennessee Wildlife Resources Agency and the Department
of Interior’s Cooperative Fishery Research Unit at Tennessee Technological University. We hypotiesized an
Mpmdmmnmumm(-mmzs-wcmm)mm
tributary arms which are geaerally cooler in summer. The Clinch River tributary rarely exceeds 20°C, while
the Tenmessee River reaches 25°C bricfly in late semmer. The movement was expected to be induced by
WmmmmmqmnuBmdxmmmbyamdm
temperatures in the lower reservoir. Over 60 fish were tagged. <
MMWWWMW Tagadﬁshsbowedmnwbity
throughout the reservoir in months other than June-October, mthmnyﬁshmmngmowthnsomA
June concentration of fish i the Chnch River arm coincided with temperatures generally associated with
spawning. There was a second concentration of fish in the Clinch River and in cool zones of the Tennsssee
River arm in July-September when lower reservoir temperatures were warmest. No tagged frsh were found in
) the o er reservoir when semperatures exceeded about 26°C. Late summer congregations of striped bass in
», ' the Clinch River were concentrated between Gallaher Bridge and Grub Island, which is the reach to be
{ : occupied by the Clinch River Breeder Reactor Plam. Conflicts may oocurbctween needs of striped bass for
cool summer refuges and water uses by the reactor facility.
Previous studices of the effects of fluctuating temperatures on responses of juvenile striped bass indicate
1 o that these fish dn not respond to the mean temperature, but to some value between the mean and maximum.
[ - Studies of other species (e.g. rainbow and cutthroat trout) substantiate this pattern of response. Because fish
" normally occur in fluctusting field temperatures, predictions of thermal tolerance, growth rater. - and
bioenergetic efficiency should not be based on the assumption that fish will respond as though they were
being held at the average temperatere. We sought to determine experimenially the role of amplitude of
tempemature change in a 24-h fluctuation o), growth rates and thermal tokvance of siriped bass and to
formulatc a mndel for predicting their thermal acclimation state in known fluctuating temperature
conditions. '
Striped bass were held for three-week growth periods at constart temperatures of 17, 22, 27, and 32°C
and in temperature regimes which fluctuated +1, +2, +3, +4, and +5°C around means of 17 and 27°C. Mean
| growth rates and critical thermal marimum (CTM) values were determined. The tiend in the data was
j generally consistent with the phenomena demonstrated in earlicr studies. Growth rates and thermal tolerance
of juvenile striped bass heid i the fluctuating temperature regimes generallv fell begween the vaiues for
consiant temperatures equivalent 10 the mean and the maximum of he fluctuation. Growth rates and CTM
values were not always proportional to-amplitude of fluctuation. Fhis result may be due (o imprecision in
controlling the amplitude or to variations among the test groups of fish. The development of a reliable
predictive mode! is as yet impractical without further experimentation.
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Analysis of Eavirosmental lasues Related to SmaB-Scale Hydroeictric Development
The Environmental Sciences Division continued to implcment the Exvironmental Subprogram Plap for

the Department of Encrgy Division of Hydroekectric Resourves Development (Assistané Secretary for
Resource Applitations). We present below a summary analysis of two enviromnental issucs (apstream fish -

passage, water level fluctumtion) that may be of concern when existing dams are retrofitied to produce

The possible requirement (t y state and/ or federal agencics) of facilities to move migrating fish upstream
around dams may be a significant factor in determining the economic feasibility of retrofitting existing dams
for hydroelectric generation. Three types of facilitics are appropriate to move fish upstream around dams: (1)
fishways, (2) fish locks, and (3) fish Kfis (also called fsh clevators). In a fshway, fish swim up a series of

-pools, each of winis is clevated above the preceding pool In a fish lock, fish are crowded into a lock
chamber, raised above the dam by filling the chamber with water, and relcased over the dam. A fish Eft
works similarly 10 a fish lock, except a water-filled mechanical hopper raises the fish above the dam.

.. il fish passage facilities are planned for a small hydroclecusc site, there are important design

- considerations that must be cvaluated to ensure the device will perfonm at the level required. Tin swimming
_ ability of the target fish species requiring passage is one of the most important aspects of design. Swimming
" ability dictates atiraction water velocitics 10 entrance areas, water velocitics requived in resting aveas, and the
aumber and size of pooks in a fishway. AH environmemal paramcsers that affect fish swimming ability (fish
sice, temperature, dissolved oxygen, presence of contaminants) must be known and ¢valuated on a
cite-specific basis. Fish behavior (@cluding reaction to flows, restricied openings. and light), schooling
behavior, and jumping behavior also can affect design features. Regardiess of the type of passage sysiem
used, attraction water must be supplicd to encourage fish (o leave the normal flow and enter the device. Exit
positions of fishways should be in low-velocity quict areas. Small hydroclectric developers should obtain the
advice and consultation of the U. S. Fish and Wildlife Service and the National Marine Fisheries Service to
ensure that these types of complex and site-specific design considerations are properly incorporated into fish
passage plans. ’

Small-scale hydroelectric sites retrofitied to operate in a storc-and-release mode will carse water leved
fluctuations both above and below the dam. Potential impacts on physical and chemical characteristics in
reservoirs resulting from water Jewel fluctuation include resuspension and redistribution of bank and bed
sediment, leaching of soiuble organic matier from sediment in the littoral zone, and changes in water quality

reculting from changes in sediment and nutrient trap efficiency. Potential impacis on reszrvoir biota as a.

result of water level fluctuat »r. include habitut destruction and the resulting partial or to1al loss of aquatic
species; changes in habitat quality, which result =z reduced standing crop and production of aquatic biota;
and possible shifts in speciec diversily.

The potential physical effects of water kevel fluctuation on downstrcam sysiems below dams are (1)
streambed and bank erosion and (2) water quality problems related to resuspension and redistribution of
these materials. Potential biological impacts of water level fluctuation on downstream sysiems below dams
result from changes in cunem velocity, habitat reduction, and akeration in food supply. These alterations,
cisher singly or in combination, can adversely affect aquatic populations below dams.

Assessing the potential significance of the above potential impacts due to water level fluctuation to the
development of small-scale hydroekctric technology i difficult, due to the site-specific nature and
complexity of the mpacts. It appears that many existing dams that can be retrofitied to produce
hydroelectricity would be operated in a run-of-the-river mode. Water level fluctuation mz.y occur at suwh
sites, but not 10 the same degree as at store-and-release plants. However, where feisible, ctore-and-relcase
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hydroelectric facilities can produce high value “peaking™ power. Developers interested in peaking plants must

carcfully evahuate adverse impacts of water level fluctuation. Mitigation of water level fluctuation impacts is
generally not feasible.

Modeling and Anslysis of Aqustic Populations and Ecosystems

The Modeling and Amalysis of Aquatic Populations and Ecosystems Group is concerned with the
development and application of quantitative methodologics for predicting the consequences of mortality
amposed on aquatic populations by man'’s activitics. Historically, our research has focused on the efi>cts of
entrainment and impingenient at power plants on fish populations. In response to changing regulatory needs,
we are now reoriemting our efforts toward the developmem of methods for assessing effects of other kinds of
stresses, such as toxic substances and acid precipitation, on both populations and ecosystems.

Fouy Lines of research are described in this section. Three are extensions of entrainment/ impingement
work that are applicable to any kind of stress. The fourth (Comparison of Estimati.n Procedures for the von
Bertalanfly Growth Equation) is related to our current efforts to develop bioenergetic population models
that incorporate the growth of organisms as well as thelr birth and death.

Stock-Recruitment Analysis

We arc examining the statistical dependence of recruitmem Jewel upon stock sice and selected
environmental factors for three fish stocks: California striped bass (Morone saxatilis), Adanix menhaden
(Brevoortia syranmus), and American shad (Alosa sapidissima) in the Connecticit River. The analysis
involves (1) simple and muhiple Encar regressions of recruitment against stock size and environmental
variables, (2) nonlinear regressions of recruitment against stock size using Ricker and Beverton-Holt
stock-mcruitment models, and (3) nonlincar regressions using Ricker and Beverton-Holt models modified to
include environmemal effects. We assess relative effectiveness of linear and nonlincar mooels in describing
variation in recruitment level of the three fish sixcks by comparing residual mean square (RMS) vatucs ana
also by determming whether or not the regression models reduce to simpler forms (due 10 parameter
estimates not differing significamly from 0.0) after being fitted to data.

Preliminary results indicated that no single ciass of models (lincar. simple stock-recruitment, modified
stock-recruitment) was consistently supedior to the others in explaining variation in recruitment for alf three
fish stocks. The analysis for siriped hass showed that environmental (water transport) variables were
statistically more important to recruitment thar was stock size, with lincar regression smodels providing the
most accurate descriptions of the data. In contrast, prefiminary an~iysis of American shad data indicated
that stock size was much more important 1o recruitment :han =cie cnvironmental variables, and modified
Ricker anao Beverton-Hoilt models appeared 1o besi fit the data.

The results of such statistical analyses must be interpreted in the context of the data they are based on
and of the specific analytical procedures employed. However, general features such as the strong dependence
of Californa striped bass recruitment on environmental factors can be recognized and should bz (onsidered
n studics of this species in different arcas (c.g.. in the Hudson River). Our results also may indicate which
type of model (lincar or nonlnear) would be worth claborating in future studies f these fish stocks or
applying in studics of other stocks of these specics.

Detection of Reductions in Year-Class Strength

Fisherics managers and other decisionmaken {requently must predict the likely reduction in the size of a
fish stock nr in the strength of year classes prior to the imposition of a new or additional impact on the

i
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population. Although it may not be possible to address the problem directly with the degree of certainty
desirable, it is possible to estimate what reductions could be detected using standard statistical techniques if a
historical time series of stock sizes or year-class strengths is available.

White perch is one of the dommant fish species in the Hudson River. it has been the subject of intense
study since 1972 with respect 1o potential population-level effects of entrainment and impingement mortality
at power plants. As part of US. Environmental Protection Agency hearings, we performed a detailed
evaluation of impingement losses of white perch at five power plants on the Hudsen River. In this evaluation
we used impingement rate of young-of-the-year white perch, especially at the large downriver power plants in
winter where most young-of-the-year overwinter, as an approximate index of year-class strengih. We
concluded, based on regression analyses of impingement ==*¢ of young-of-the-year while perch versus year,
that there was no statistically significant change in year-class strength during the period 1972 through 1977.
Thus, we used impingement rates for 1972 through 1977 aklhcseﬁvepowcrplamsashwhnedauto
provide a measure of “natural”™ variability in year-class strength.

, The two questions we addressed were: (1) Based on a given number of years of additional impingement

data (starting in 1978), what is the minimvm fractional reduction in mean year-class strength of white perch
irs the Hudson River ti.1t onc could expect to detect? (2) Given tnat we want to be ablk to detect a specified
fractional reduction in mean year-chss strength (c.g., 2 25 or 50% reduction), how many additional years of
impingement data (starting in 1978) would be required?

Our results were not encouragir.g. The, indicated that the variability in the existing baseline time series
of imping=ment rates is so great that (I) 10 acditional years of indices of year-class strength are not likely to
provide a very powerful data set for detecting even substantial, actual reductions in mean year-class stzength;
and (2) a number of years of additional data greater than the expected lifetime of the power plants involved
(cg.. 40 years) would be required to detect an actual 505 reduction in the mean index of year-class strength,
even if one is willing to accept a2 Type Il error of SO%.

Our methodology is applicable whenever a time series of indices of year~class strength is available.
Because fluctuations in year-class strength of the Hudson River white perch population are not unusually
great compared to those for other fsh populations, it seems likely that similar results wou'd be obtained for
other species, even if the histori al time series already availablke is appreciably longer. Thus. our analysis of
the minimum detectable reduction in yearclass strength of the Hudson River white perch popuiation
highlights a gencric prediction problem which is already well recognized but sckdom quantified in
environmental impact analyses. Our methodology offers a generic tool for establishing bounds on minimum
detectable reductions in fish stocks (or other porulations) and on the number of additional years of data
required to be able to detect a specified reduct.on.

Mulktipopulation Modeling
Ecologists recognize that in many cas’s studies of the impacis of stresses on single populations are not
_sufficient because they cannot account for indirect impacts that arc medated by other populations. These
indirect effects, related to increases or decreases in the abundance of food organisms, competitors, and or
predators, can cither magnify or offset th direct effects of stress on a population.

We used a method of multipopulation modeling known as loop analysis 1o investigate the direct and
indirect effects of entrainment and impingement at power plants on the Hudson River white perch
population. Our goal was to discover how interactions with other populations affect the response of the
white perch population 10 power plant impacts.
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‘We have studied four models thus far:

1. A simple three-compartmen' food chain consisting of white perch, macroinvertebrates (the primary prey
of both juvenile and aduk white perch), and organic detritus (the primary source of energy for the biota of
the Hudson and the sink to which entrained and impinged organisms are returncd).

2. A four-compartment model in which another fish competes with white perch.

3. A four-compartment model in which another fish preys on white perch.

4. A five-compartment model that includes both a competitor and a predator.

Our analysis showed that in simple food chain modelks {i.c.. no competitors present) the entrainment and
impingement of white perch may not necessarily kead to a reduciion in the long-term abundance of white
perch. ,

If a competitor is present, then dincct mortality to white perch invariably decreases the abundance of
white perch, irrespective of whether prejators are present. This decrease is invariably accompanied by a
. complementary increase in the abundance »f i con.petitor.

Because the invertebrate prey of white perch is also preyed on by other fish spécies, it is clear that
competitors with white perch arc present in the ludson River estuary. Our preliminary conclusion,
therefore, is that inters.cions with other populations cannot offsct the direct impact of power plant mortality
on the Hudson River white perch population. Morcover, if this mortality does cause a decrease in the
abundance of white perch, then one or more fish species with similar diets should increase in abundance.

We cxtended our amalyses 10 models in which the white perch population is subdivided into lifestages,
some of which are vulnerable to power plant mortality and some of which are not. We also used numerical
simulation modeling 10 complement the work with loop analysis. Using numerical simulation, we can
investigate the sensitivity of inferences drawn from loop analysis to violations . the assumptions employed
in the analysis. Two especially important subjects for study are the effects of environmental fluctuations and
of nonlinear feeding;assmilation functions. :

Comperison of Estimation Procedures for the von Bertalanffy Growth Equation

The von Bertalanffy growth equatior is popular with fisheries scientists because it can be fitticd to most
growth data and incorporated into stock assessment modelks. The von Bertalanffy equation is ofien presented
in the form

’( = l.c:” - e‘ﬂ'k(' - ’o)]' v

where / is the fish length at age 7 and L., k and 4 are cocfficients characteristic of the fish stock. 1.
represents the average maximum lkength, & is the rate at which L. is approached, and o is the age at which /;
equals zero. S

The vo.. Bertalanffy ngh cquation is nonlincar, and in the past it has been difficult to estimate ‘s
parameters. Traditionally, population length-age data have been manipulated so that simple linear regression
techniques could be applied. The availability of digital computers, however, makes para meter estimation in
nonlincar equations a trivial task. This study used Monte Carlo simulations of fish populations to compare
linear and nonlincar methods for estimating parameters of the von Bertalanfily growth equation. The
methods examined in this study were (1) the Ford-Walford hnear method, (2) Bayley's linear method, and (3)
an iterative, nonlinear regression computer program.

Monte Carlo simulations of fish populations (individual fish age. length .nd weight) were generated on
an IBM 3033 computer using the von Bertalanffy growth equation [Eq. (1)] and the stand=rd allometric
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equation. Multiplicative error, to simulate natural -ariability, was entered into both of these equations. Base
conditions were set, and then five parameters were varied: (1) standard error of fish length, (2) total sample
size, (3) sampling time interval, (4) the von Bert ilanfly growth rate (k), and (5) aanual adult survival. Each
of the 20 simulated populations was replicated 100 times, with parameter estimates obtained for each
replicate using the three estimation methods. The biases in estimates of L., k, am! fo for each replicate were
calculated, and then the mean and standard errors of the biases irom the 100 replicates were calculated for
cach simulated population. The mean of the bias is a measure of the accuracy of the estimate, while the
standard error ol the bias is a measure of the precision of the estimate.

The results were clear. The nonlinear procedure produced the most accurate parameter estimates in 55
out of 60 cases and the mos: precise estimates in 56 out of 60 cases. The nonlincar method. in general, also
places the fewest constraints on data collection and provides asymptotic confidence intervals. It is also the
casiest to use. The results of our study suggest that lincar sclutions to th» von Bertalanfly growth equation
should be abandoned.

Toxicant Formation in Condenser Cooling Systems

Potentially toxic products formed during chlorination of freshwaters include free residual chlorine
(hypochlorous acid and hypochlorite ion), combined residual chlorine (chloramines - NH;Cl, NHCl,, NCh),
anc ck orinated organic compounds (chlorophenols, trihalomethanes. 2tc.). Rescarch during the past year
focused on bicaccumulation of chlorinated organic compounds by the Asiatic clam, Corbicula fluminea, and
toxicv of free residual chlorine. Staff on the project also provided the major impetus for organizing the
Third Cunference on Water Chlorination and for publication of the proceedings.

Bioaccumulation of Chlorinated Organic Compounds by the Asiatic Clam

Several chlorinated organic compounds have been tentatively identified in Asiatic clams, Corbicula
Sfluminea. collected in areas influenced by chlorinated efflucnts from power plants. Following evaluation of
previously developed analytical methodology for extraction and identification of lipophilic chlorinated
organics in animal tissues, samples of clams were collected from the discharge area of the Kingston Steam
Plant and from a “control” population below Melton Hill Dam. a few miles away. Several halogenated
organics were tentatively identified in the test populations (3.4-dichlorobenzoic acid. | chloro-tetradecane,
Ichloro-heptadec-6-yne. 3-bromodecane, 11-bromoundecanox acid). which were not found in controls.
Protocol for sampling and for publication of results is currently being established with responsible
individuals in the Tennessee Valley Authority. A subsequent collection of Corbicu/a and water samples has
been made at the John Sevier Plasit and both are currently being analyzed.

Toxicity of Free Residual Chiorine

The term “frec residual chlorine™ (FRC), which includes hypochlorous acid (HOCI) and hypochlorite
ion (OCV'), was coined by chemists, becausc analytical techniques could not separate the acid and ionic
forms, but FRC appears to be an invalid term with respect to toxicity. Last year we reported results of
research examining the relative toxicity of HOCI and OCI by exp -ing Gambusia affinis, for T h, to
predominantly FRC at six leveks of pH. L.C50 values, in terms of total residual chlorine (TRC), increased
with increasing pH. ranging from 0.41 mg 1. at pH 6.04 1o 1.28 mg . at pH 8.42. Because of the influence of
hydrogen ion concentration on dissociation of HOCI, the percent of FRC which would be present as HOC!
is about 97 and 11%;, respectively, at the low and high pH. We have subsequently examined toxicity of
monochlcramine (NH;Cl) and dichioramine (NHC1;), each of which were €127 of the TRC at each pH. No
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mortalities were observed afte: exposure to NHCl at concentrations about {our times or «o NHCl; about
two times the maximum concentrations present in any of the tests. We therefore assumed that the
contribution of these two forms to toxicity was negligible and examined the fit of the FRC concentrations at
the LCy for cach pH, with predictions based on a theoretically derived model. The model is

[+ K:;:;l
LCenrc= LChor [
L+ LCoc- % Kuocr
L LCuoc:  [H7]

where LC = LCso (mg. L) for each component of FRC, Kyoc: = the dissociation constant for HOCI, and [H')
= hydrogen ion concentration (moles, L). This model assumes that the toxic effects of HOCI and OCI™ are
additive. Unknowns are _Croct and: of (LCocri LCioar)- A nonlinear least-squares egression of LCerc on
pH (= —logye [H]) 'ndicated that 99% of the total variability in L.Ceac was accounted for by the model,
supporting the 1dditivity assumption. Toxicity of HOC! is about four times that of OCI'. indicating that
FRC is not an accurate measure of toxicity.

Knowledge ol city of chlorine to sensitive life stages of organisms is imporiant for assessing the
impacts of chlorinated power plant discharges. We determined the toxicity of I-h expasures of chlorine (9267
free residual) at pH 8.3 (range £ 0.1) to eggs, larvae. and young (through 416 days of age) of common carp,
Cyprinus carpio. Effects on eggs were assessed as percent hatch (~3 d post-fertilization), while effects on
other stages were assessed 24 h after exposure. Probit transformation of percent mortality and log
tiansformation of concentration were used for calculation of LC50 vaiues. Eggs were the Jeast sensitive of all
life stages (Fig. 7.1). Larval LC50s were about | 100 that of eggs. Median lethal concentrations (1.C50) of
young fish (2740 d post-fertilization) increased rapidly to about double that of larvac and remained
constant for 10~ to ~100-mg fish. Then, in a petiod of less than 7 d the fish grew from about 100 10 300 mg
body weight, and LC50 values more than tripled. Toxicity was constant from 47 to 416 d post-fertilization
even though body weight increased by more than !5 times. Sensitivity of common carp from egg to 416-d-old
fish appears to be characterized by a series of platcaus related to life stage and not body size, with rapid
shifts in toxicity between platcans. Relation of these plateaus to morphological or physiological changes
occurring during these transition periods may be helpful in determining the mechanism(s) of chlorine
toxicity. At least for common carp. effluent limits based on toxicity to larvae would protect other life stages.

Third Conference on Water Chlorination

‘Ihe Third Conference on Water Chlorination: Environmental Impact and Health Effects was held in
Colorado Springs. Colorado, October 28-November 2, i979. The conference, co-sponsored by the U1.S.
Environmental Protection Agency, Departmernt of Energy. Nuclear Regulatory Commission. National
Cancer Institute, Tennessee Valley Authority, and Oak Ridge National Laboratory, was atiended by over
300 scientists in biological, chemical, engincering. environmental. and related Jields. One hundred technical
papers were presented in IS sessions. The proceedings, edited by R. 1.. Jolley, W. A. Brungs, and R. B.
Cumming. was published by Ann Arbor Science Publishers, Inc. The conference and proceedings represent a
major contribution to collecting and disseminating the known information and cusrent research results
concerning water chlorination and associated environmental effects.
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Fig. 7.1. Medmn lethal concentrations (1.C50) dind 95% C.L. for common carp (Cyprinus carpio) exposed for | h to free residunl
chlorine as a function of weight_ Life stages are indicated.

Association of Legionnaire’s Discase Bacterium with Cooling Towers

Legionnaire’s Disease attained international attention as a “new™ discase in 1976 when it caused a
number of fatalities in Philadelphia. The causative Legionnaire’s Discase Bacterium (LDB) has subsequently
been identified at other disease outbreaks in hotels, hospitals, a university center, and in the New York
garment district. Thus far, four major serogroups have accounted for the majority of diagnosed cases.
Studies of the source of infection have at times implicated cooling towers associated with air conditioning
systems as the dispersal vehiclke for LDB. To compare the distribution and levels of LDB in air conditioning
cooling towers versus the larger industrial-type towers, we surveyed both types of towers from various areas
of the continental United States. The towers varicd in size, type, and construction material. Some were
treated only sporadically with biocides, while others were treated thrice weekly with a variety of biocides.
The levels of LDB and the predominant serotype in the tower basin waters and control source waters were
determined microscopically by the fluorescent antibody technique. Infectivity of L.DB populations was
determined by inoculation of guinea pigs and subsequent isolation of the bacterium on agar. The most
striking result of the study was the ubiquity of [.DB in both cooling towers and ambient control waters. Also
the individuality of each tower regarding LDB levels and serotypes of LDB was apparent. Most of 70 test
towers contained in excess of | X 10° LDB/L of water, as did many of the control waters that served as the
source water for the towers. Levels of LDB in the cooling tower water ranged from no increase over source
water to several thousandfold increzses relative to source water. In general, the LDB populations did not
depend on whether the tower was of the air conditioning type or the larger industrial type. Likewise, some
towers receiving minimal biocide treatment had low levels of LDB (10°/L), whereas some receiving extensive
biocide treatment had higher concentrations of LDB (10'/L). In addition, towers of similar size, type, and
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biocide treatment and receiving the same source water may have LDB populations which vary greatly in
numbers, predominating serotype. and infectivity. Treatment with chromate biocide does, however, correlate
with low concentrations of LD#.

Multimedia Environmental Transport Modeling

In early 1979. the Environmental Protection Agency (EPA) ask~d ORNL to further develop and
implement ORNL's Unified Transport Model (UTM) for use by EPA in fulfilling the Toxic Substances
Control Act of 1976 (TSCA). The UTM was developed in the early 1970s under National Science
Foundation sponsorship as a multiple-media (air. land, water) package of linked computer models for
tracing the movement of inorganic, trace contaminants through the environment. Under TSCA. EPA must
evaluate the environmental hazard of new chemicals, of existing chemicals with new uses, and of existing
chemicals that have been designated as priority toxic pollutants. Many of the chemicls are organics. A first
step in evaluating hazard is determination of environmental concentrations of the chemicals following
dispersal from sites of manufacturing. transportation, and use. The ORNL model package seemed well suited
to this need.

In general, major goals of the project in its first year have been to update the UTM and to expand it to
incorporate chemical transport mechanisms that are characteristic of organic substances. These mechanisms
include volatilization, photolysis, hydrolysis, and chemical/ biological degradation. Improved modeling of
sediment transport in water and evaluation of deposition routes and rates from air to the surface terrain were
important goals. Terrestrial hvdrological models were modified to make them more applicable to agricultural
lands and to soils with discrete percolation channels (“macropores™. The ability of the UTM to handle
multiple-release scenarios was broadencd, and model output formats were adapted to graphical displays.

Because the UTM requires stipulation of many cavironmental variables (e.g. terrain, rainfali, soil types,
vegetation cover), the regional assessment staff has sought to characterize discrete environmental regions of
the United States. These regions can then be used as “standard environments” for generic evaluation of
chemical transport and fate. The regionalization of available data in computer-searchable data bases also
provides a resource for input information for initial site-specific analyses.

At the end of the first year, ORNL provided EPA with a working tape of the main UTM model package
ard 12 backup reporis in draft form. We anticipate continuation of the project with further model
development and assistance to EPA in applying the transport models to regulatory assessments.

Formulations of the Physicochemical Processes

The UTM developed by ORNL to simulate the movement of heavy metals in the environment is being
modified to address the fate of organic compounds in the cnvironment. The resultant new model, the
Multimedia Model (MMM), consequently must account for transport, partitioning, and transformation
processes of relevance 1o organics. At the moment, algorithms have been incorporated to represent the
various processes only as they occur in the terrestrial and aquatic compartments. Atmospheric processes will
be considered in the ncxt developmental phase. The current MMM represents the first phase of the
introduction uf the above processes into the model. Thus the descriptions of individual processes do not
necessarily represemt the ultimate ievel of sophistication intended, i

The physicochemical processes represer.ted in the MMM iuclude adsorption-desorption, volatilization,
biodegradation, hydrolysis, and photolysis. Wherever possible, rate processes have been oresented as
first-order or pseudo-first-order expressions. Adsorption-desorption in terrestrial and aguatic systems is
given by a simple distribution coefficient, Ky
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where x/m ©; the amount of chemical sorbed per unit mass of sorbent av.a C is the equilibrium concentratior.
of chemical in solution. Chemical degradation and biodegradation processes in terrestrial systems are treated
by a single first-order equation utilizing an aggregated first-order constant:

where C is the concentration of chemical in the soil, and K is the aggregated rate constant. For a given soil,
this rzte constant is dependent on the temperature and soil moisture content.

In contrast, in aquatic systems, thé degradation processes arc readily separable into hydrolytic,
photolytic, and biodegradation contributions. The hydrolysis rate is given by

dc .
i =KiuC = (ka[H ] + k{OH] + AN[H:0]DC .
where Ky is the overall hydrolysis constant; k4. k 3, and kx are second-order acid. alkaline. and neutral rate
constants, respeciively; and C is the concentration of chemical in solution. The rate constant is thus
dependent upon pH, and in addition upon temperature, in accordance with the Arrhenius equation. The
photolytic rate expression is
dC
- — =K, oC .
dr ¢
where C is the coucentration of chemical in solution: @ is the quantum vield: and AL is the rate constant
(which is further detailed below):
2303
K, = ‘_T Y E. .
where E is the molar extinction coeflicient of the chemical a1 wavelength A: /. is the “light™ intensity at
wavelength A; and J is a conversion factor. The biodegradation rate expression is

a7l KBC |
where K is a second-order rate constant; B is the number of viable bacteria per unit volume. and C is the
concentration of the chemical in solution. This equation is derived from the more complicated Monod-type
expression at low concentrations of chemical.
Volatilizations of organics from aquatic and terrestrial systems are treated differently. In ihe latier
instance, the expressions depend upon the location of the chemical in the soil profile. Where the chemical is
at the soil surface, the flux, F, from volatilization is described by

F=CAVYEVC M,

where C is a calibration factor related to watershed characteristics, 1 is wind velocity, EVC iy the
equilibrium vapor concentration, and M is the molecular weight of the chemical compound. Where the

chemical is deeper in the soil profile and movement of the chemical is diffusion controlled. then the flux, F,
is given by
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F=DG)/(=D1)'* .

where D is the diffusion coefficient of the chemical in the soil, Co is the initial concentratic 2 of chemical in
the soil, and 1 is the time elapse2. D is a function of the <oil moisture content, porosity, and temperature. In
aquatic systems, the expression for volatilization is

- %g— =&K(C—- PN L,
where C is the < 'ncentration of chemical in solution, P is the nbient vapor pressure of the chemical, H is
Henry's Law constant for the chemical, L is the depth of mixing, and K. is the overall mass transfer
cocflicient. K, is a function of the mass transfer coefficients in the water and air films at the air-water
interface, the temperature, turbulence in the air and wate:, the gas constant, and H. When P is negligible. the
above expression reduces to

This is a first-order expression under constant environmental conditions. .

In the néxt developmental stage, anticipated alterations to the MMM will include (1) the incorporation
of atmospheric chemistry; (2) in a few instances, substitution of new algorithms for ones already present; and
(3) for the most part, the addition of new algorithms which represent the influence of assorted environmental
conditions on the primary coefficients included in the basic algorithms that are already installed in the
model.

Operation of the Mode!

During October 1979 the UTM was reactivated atter a dormancy period of over three years. The model
was put in operation again very quickly, aud a restudy of the model was begun to make the modifications
recuired by the Environmental I’rotection Agency. Simultaneously, a series ©( t13ining sessions were held
with the multimedia modeling group, most of whom had not worked with the UTM.

Early and systematic collaboration was begun, a.med at setting ihe appropriate scale and resolution for
the new processes. Volatility from the soil was selected as the first candidate from the processes to be
included in the model. Volatilization from the stream channel flow, degradation in the soil, degradation in
the stream, and pl. _tolysis have now been added to the model, and cxamples of each have been successfully
executed. These secondary sources need to be coupled back to the atmospheric transport portion of the
model to establish their fate.

Considerable work has gone into refining the methods by which the results of the modei are presented ‘o
potential users. Comments by EPA staff indicated that concentrations in the environmental compariments
would be of great interest in asscssing exposure, so these variables were extracted and displayed in
appropriate formats. The display modes now include tabular display of selected data, tabular display of
statistical summaries, print plots, CRT displays of selected data (primarily used in debugging operations),
and line plots made with pen and ink or other devices.

The capabilities of the UTM have been used to address six release scenarios proposed by the EPA.
These scenarios include direct release to air and/or water in both urban 2 .d rural sites. The model in its
present form is capable of handling each of the proposed scenarios, but it will be modified slightly to
accommodate some of these in a more direct manner. Considerable development of the UTM during the
co:ning year can be anticipated to yicld an enhanced environmental transport model with greater scope and
more utility to the user.
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Ammospheric Transport

An updated version of the Atmospheric Transport Model (ATM) (Culhowstic and Patterson 1976) was
developed as part of the Multimedia Modeling Project and was delivered to EPA. The ATM is a Gaussiar
plume-type dispersion model capable of calculating dispersion from point, tine, and area sources emitting
into the atmosphere. The main features added were a facility to include a vertical wind profile, a mixing
height facility, provision for chemical decoy, and an additional atmosphere stability classification scheme.

Models and observations of atmospheric removal processes for toxic chemicals were reviewed. It was
discovered that very few field observations of wet and dry removal of toxic cnemicals are available. One
study showed that the major input of PCBs to the Great Lakes ts through atmospheric removal. The
recommendation is made that dry deposition speed and washout ratio for new chemicals be set equal to the
value: observed for krown chemicals with similar characteristics. In this way, extensive deposition data for
S0,, CO, iodine, and a icw other well-known chemicals can be used.

Verification and validation work has also been uncertaken for ATM. The modeci s ssults were compared
with an “Kr data base from the Savannah River Laboratory. These data covered a 30-month pericd and
contained information on release rates and observed concentrations at |3 locations at distances from 4C to
140 km ‘ro.n the release site. In almost all cases the concentrations caiculated using ATM were within a
factor of 10 of the measured values, with about one-half of the calkulated values being within a factor of 2,
The agreement is probably as good as can be expected for such a model.

Terrestrial Transport

Models representative of three levels of resolution were developed or modified to meet EPA assessmeat
needs in pollutant transport, particularly for organic materials. (1) The Wisconsin Hydrologic Transport
Model was modified tc include orsanic chemical processes (ab-.ve). (2) The Terrestrial Ecosystem Hydrology
Model (TEHM) was modified for agricultural applications with the inclusion of algorithms for flood and
sprinkler irrigation and changes in soil water dynamics to allow macropore channeling flow through the
profile. The original algorithm for variable subsurface flow (interflow) in TEHM was also changed to
provide variable contributirg ares flow during storm events. This change provided much more reahstic
hydrologic behavior in icst case applications made for grassland watersheds than was obtained with the
original model structure. Several additional modifications were made to the handling of input data to
increase flexibility in using either detailed hourly inputs or having the model derive average daily data for
periods when no data are available. This agricultural version, called AGTEHM, is being applied to three
crop studies {(onc for corn and two for soybeans) for testing of the new algorithms. (3) The third modeling
development involved a finite-clement code for two-dimensional transport of contaminants in porovs media.

The three levels of mode! development allow a range of possible applicaiion scenarios required for EP/A
assessment needs. These range from large watersheds (100 km?) to small watersheds (100 ha) down to small
land units (1000 m’) facilitating applications to regional as well as detailed site specific (c.g.. landfil!)
pollintant transport prohliems

Aquatic Transport

First, to predict the processes involving flow dynamics and transport of matters (chemicals, radioactive
or nonradioactive wastes) and heat in the physical environment of the hydrosphere. lithosphere. and
atmosphere, one is normally faced with the problem of solving a set of elliptic, parabolic, and or hyperbolic
differential equations, in which appear both first and second derivatives of dependent variables, usually with
nonconstant cocfficients. Onc is further confronted with the problem of analyzing those processes in a region
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consisting of compound media enclosed by very complex geometrics. Analytical solutions for such compiex
problems are not possible with the present state-of-the-an of applied mathematics. Numencal methods must
therefore be selected to approximate the governing differental equations and 1o best represent the region of
interast.

A powerful numerical method - an integrated companiment method (ICM). proposed last year for the
numerical solution of Navier-Stokes esquations (Yeh 1980a). has been extended to handie any type of partial
differential equations that may be carved into the combinations of gradiemt. divergence. and some
functiona’s of the dependent variables (Ych 19806). The extension includes among other things the easy
handling of nonisotropic media and the adoption of implicit time-marching schemes. The method has been
applied 10 the simulation of flow dynamic problems ir a stream river network (Yeh ct al., in press). Results
indicate that the ICM can definite’y simulate the benavior of the hydrodynamic vanables that are reguired
for the chemical transport and transformation in the stream river system. It has also been applied to the
anisotropic poraus media for the multidimensional modeling of the chemical fate and pathway under
nonsothermal conditions (Crooks ct al. 1980).

The most serious deficiency encountered in the ICM is that the interpofated interface value is only the
representative one. The value cannot be identified with a definite point on the interface. Continuing cffort
should be made 1o circumvent this problem. One possible way to overcome the problem is to first interpolate
the value of the cormer points of the interface in terms of the node values w! Jse compartments join at the
corner and then interpolate the value at any point on the interface in terms of the values at the corner points.
This two-step interpolation procedure would greatly complicate the problem; however, it is worth pursuing
for further improvement of the ICM.

Second. 10 study the transport and fate of dissolved constitutents in a subsurface flow system, the
Darcian velocity ficld therein must first be determined. The finiteclement modeling technique is normally
used to simulate the pressure distribution in the aquifer system. The flow field is then computed with Darcy’s
law by taking the Jerivatives of the calkculated pressure field (Pinder 1973, Duguid and Recves 1975, Gupta et
al. 1976, Segol 1976). Inherent in that approach, however. is the resulting discontinuity in the velocity at
nodal points and clement boundaries. which unfortunately keads to a vielation of the conservaticn of mass in
a local sense. Inputting this discontinuity flow ficld into the contaminant transport computation could
conceivably produce erratic errur. Therefore, we have proposed to solve Barcy’s law for the velocity ficld at
nodal points using the finiteclement technique rather than simply taking the derivatives of the computed
pressure field. With this approach, we have reinoved the discontinuity in the velocity field Yen et ol in
press). To illustrate the case, Figs. 7.2 and 7.3 d: pict the velccity distribution resulting from a scepage pon.i
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Fig. 7.3. Flow pattern o the ground-water system simulated by the present approach.

by the conventional approach and by our proposed approaches. respectively. It show that the velocity by the
comventional methad is discontinuous at every nodal point as indicated by the multivectors st every pointin Fig.
7.2. The discontinuity is completeh eliminated with the proposed approach as can be seen from Fig. 7.3. which
stiows the unigue velocry vector at all nodal points.
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Introduction

The Environmental Resousces Section (ERS) continuns to provide support for many Environmental
Sciences Division (ESD) rescarch and management activities. In addition. section staff members contribute to
scientific goals of the Division by collaborating with staff f[rom other sections and programs in ESDand ORNL
as well as by conducting research projects totaily in the context of subjects specifically related to ERS.

The major support for ERS activities is from the Deparimem of Energy (DOE) Office of Health and
Environmental Research, with lesser support from the U.S. Army Corps of Engincers. U.S. Fish and Wildlife
Service, U.S. Forest Service. and National Science Foundation. and other DOE cffices.

Because . cientific needs. staff. and support are so diverse. section capabilities and output are diverse. They
range from expertise and major emphasis in both generic (i.c.. broadly based studics involving mostly principles)
and highly specific regional studies to use of software in routine statistical analyses. Specific groups within the
section are Regional “tudies, Modeling and Systems Analysis, and Data Management and Analysis.

Regional stud:es historically have focused on site-spevific subjc... ~.aich mainly characterize conditions
involved in potential impacts. Such studies arc clusely tied *o extant data bases or the collection of new data to
meet new objectives in regional analysis The value of such studies will continue. but additional approaches ate
being developed to help managers plan and predict alternatives relating 1o overall land usc ina given region. This
new emphasis, which < being ried Diore closely to sysiem analysis procedures, is briefly outlined in later text.
Systems analysis activities continue to be closely allied with rescarch project planning and analysis. Three
cxamples which have widespread implications are given in this report. Lastly. section staff provided considerable
development and awd to ESD in numeric data activities through statistical and computer services in the past year.
Further. continued acquisition. organization, updating. and usc of both extant and newly collected data added
significantly to ESID resources and capabilities. In addition 1o long-term data set development summarized in
previous years, new activities were established this past year.

New projects w hich potentially could benefit from slight changes in Section emphasis point the way for the
continuous dynamic process of updating overall Section activities. The most active arcas of such evolutionary
change are in Regional Studies and Data Management, mainly aided and driven by rapid changes in these fields
of study and rescarch and development needs in the ESI) and clsewhere.

‘Computer Saences Diviion, £ COND.
Part-ime
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Regional Ecology and Analysis
RARE-II

The past fiscal vear marked the end of the DOE-funded project tc analyze and evaluate the U.S. Forest
Service's RARE-1i (Roadless Area Review and Evaluation) tracts being consider od for porsible inclusionin the
National Wilderness Preservation System. The goals of this project were twotold: ({) 10 estimate the energy
resource potential of the tracts and (2) to evaluate the ecological resources within them. The results of the energy
resource investigztions are in Voelker et al. (1979 a.5).

We developed a hierarchical rating system for regional ecoiogical assessment (K lopatek =t al. 1980 2.b) that
can be used to provide an objective and comparative  vlogical evaluation of land areas in the United States. The
methodology can also be used to evaluate notential biot.. and nonbiotic resource (e.g.. minerx! and energy) use
conflicts and to strzxcture and study alternztives to resolve such conflicts. Four general parameters were chosen to
quantify land areas focated anywhere in the contermmnous United States. These are (1) vegemtion—the principal
vegetation communities within each area. (2) 2vian communitics—the kinds and abundance of birds inhabiting an
area and the quality of habitat provided by anaiia,(3) memmal communities—the species of mammals inhabiting
an area. and (4) endangered or threatened species—the occurrence of species and whether or not the area provides
critical hahitat. Ratings of all four parameters were then combined 10 produce an Overall Ecological Index.
Figure 8.1 shows the results for the Ponderosa pine—Douglas-fir ecoregion of the United States. As discussed in
Aucrbach et al. (1979). these rankings of individual tracts can then be used in a matrix to segregate the tracts
according to their ecological ratings against their energy, critical mineral. timber. or other ratings to identify
range and type of potential future conflicts.

As with any technique for regional analysis. this methodology has limatations. primarily centering on the
level of resolution of the data. An ecological rating systemn requiring uniform resolution fo. the approximaie
800 X 10° ha ir the conterminous United States would r=quire an enormous amount of data. probably mo-e than
can be justified oreven acquired. Nonctheless. the data base has been designed so that when additicnal ecological
data (applicable to the whole United States) become available, they can be added without much difficulty. Data

that are both necessary and acceptahic 1o improve current files include stage of vegetational succession; water

quality (in terms of supporting biological life): distribution of reptiles. amphibians, and fish: and exact locations
of federally und state-designated endangered and threatened species. In addition. definitions of vegetation type.
successional scquence. and animals that inhabit that type are needed. This goal is being addressed by new
rescarch projects developed by siaff of the ESID and the U.S. Forest Service.

Landscape Pattern Analysis

Since European scttlement, the U_S. eastern dreciduous forest formation has been continually fragmented to
a point where most regions in the eastern United States are characterized by isolated patches of forest ina matrix
of agricultural. urban. or other land uses. As part of a project on “Forest Island Dynamics in Man-Dominated
Landscapes.” soon to be published in book form, the distribution of forest islands in diverse a.cas in Ohio was
analyzed. A major objective was to determine if 1ogional environmental characteristics were sufficient 10
influecnce and control historical Yand use in selected regions that were initially covesed by contiguous forest, Maps
of Ohio counties. prepared by the Ohio Depavtment of Forestry with Works Projects Administration (WPA)
assistance in the late 19305, port;ay sizes. shapes. locations. and (18 some cases) §orest 1ype and condition class of
all woodlots over | ha Study arcas of 10,000 ha wzre selected in Miuams. K nox. Belmons, Summit, Holmes, and
Coshocton counties. These regions. chosen solely for perceived differences in the pattern of forest islands that
remain in the modern landscape, span environmental gradients of glacial history. topography. and soils.
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In Miami County. which is highly modified by agriculture. woodlots are generally small, few in number,
widely scattered, and approach rectangularity. with the majority of the island edges formed by straight lines. In
Belmont County. in the unglaciated castern part of the state adjacent to the Ohio River, the islands are large,
numerous. and very dissected, with virtually no straight boundaries anywhere. Areas in Coshocton, Holmes,
Summit, and Knox counties, astride the glacial boundary in east-central Ohio, are intermediate.

Measurements of sclected variables associated with forest islands in 15 study areas viekied landscape
parameters of forest cover (percent). density (number per unit area). median island arca. mean island Dissection
Index {DI). landscape DI. and mean distance of separation (edge to edge). The DI gives the ratio of the perimeter
of an island to the area of a circle of equal size and thus measures the degree of irregularity in island shape. A
I~ndscape DI. using the sums of perimeters and arcas.

s n
Di= X P'2\/ﬂ'5-la4 .
Azl
gives an independent measure of the amount of dissection for the landscape within a given region. which. when
coupled with cover and density measurements, characterizes a given forest island pattern.

These variables were derived from a compaiison of differ~nces based on a hypothetical landscape composed
of circular islands of uniform sze. Because cultural landscapes harbor islands that are neither circular nor
uniform in size, deviations from expected values based on hypothetical landscapes permitted placement of
sampled areas in an vrthogonal array.

' Muitivariate analyses then positioned the different forest istand regions according to principal components
axes related to cove: (primarily) and density. Use of discriminant analysis determined that the vanable
landscapes could be scparated based on environmental factors such as so’ls, topography. glacial history, and
presettiemant vegetation (Fig. 8.2).
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Woody Biomass Regional Studies

Short-rotation silvic ulture is the most intcasive management scheme now proposed for producing wood for
encrgy. Most plans for short-rotation production have certain common assumptions that allow analysis of
possible patterns and impact of such program development. The most important of these assumptions is that the
land used will be only marginal for conventiona! agriculturz' crops. though suitable for mechanical site
preparation, cultivation, and harvesting. When we examined the distribution of such land in the Southeast not
being used for crops. pasture. or forest products. portions of the Coastal Plain. peninsular Florida. and the
Mississippi River Valley showed the greatest potential for producing enough short-rotation wood guantities tc
suppornt large-scale conversion facilities (Ranney and Cushman. in press).

To understand implications of changes in the structure and composition of regional forest system:,. we
examined the distribution of forest types and existing harvesting patterns on lands suitable for shori-rotation
culture. Results show that effects - n forest types will not be homogencous across the coastal plains. Existing
forests contain various mixtures of hardwood and softwood types. However, forest industries alrcady use
significant amounts of softwooao forests in much of the region. and remaining hardwood types become th
available. Though the largest conversion programs are expected to use loblolly ‘shortleaf pine stand e
Atlantic Coastal Plain, bottomland hardwoods on river floodplains may be disproportionally affected across the
Southeast.

A simulation study of the h;-drologic consequences of converting coniferaus forest to a sycamore { Platanus
occidentalis L.) biomass farm in the coastal plain of South Carolina (Crandal! and l.uxmoore. submitted)
entificd a potential problem of rising water tables with the change in land use Reduced annual
evapotranspiration and increased drainage to water tables. predicted with the change from coniferous to
deciduous species, could kead 1o an increase in swampland in the coastal plain region of southeastern United
States.

Extension of Regional Models

The objective of this project is to formulate a comprehensive conceptual framework for regional analysis
(ARIES) adaptable t0 a broad spectrum of environmental conflicts. The concepts are not based on any specific
disciplinary paradigm, such as ordinarily used by demographers. resource economisis. or environmentalists.
Ths strategem is likely 10 be mzintained., for the choice of any single paradigm might limit the scope of the effort
because of a temptation to reframe problems into “familiar™ terms. ,

At the heart of our conceptua! framework is the hypothesis that three classes of state variablcs are necessary
and sufficient for addressing a broad spectrum of potential regional env'« onmental conflicts. These classes are (1)
marketable assets. (2) environmental patierns. and (3) cultural responses within a region.

Regiona! marketable assets represent one facet of these potential conflicts. Ordinarily, they represent
potential sources of revenue such as units of oil, mincral resources. or harvestable timber. In developing these
resources commercially. other state variables are impinged, often resulting in conflicts among social units.

Of particular imterest are changes in natura)l or managed systems of the region. To emphasire spatial
characteristics of many of these changes, we designate certain relevant state variables as environmental paucrns,
Typical variables are indices of air or water quality and areas of unique habitat or productivity of these
ecosystems in the region,

The involvement of society in the conflict is reflected in a set of cultural variables. We use the term “culture™
to cmphasize that not only population densities but also equally important variables reflecting values of the
society such as encrgy demand per capita, recreation, and aesthetics ase included.
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Funther, our hypothesis is that these three classes of state variables, about which we make our arguments
characterizing social conflicts related 10 resources. adequately consider internal aspects of economics of resource
extraction, potential environmental changes. and cultural reactions to the changes.

This approach implies that all major relevant aspects o the regional system are included and that we can
study these implications. An implicit subliypothesis is that it is necessary to include externalities, which may
often be the driving forces of the system. before the entire problem can be formulated and understood.

Results of this model have been demonstrated (Krummel et al. 1980, Auerbach et al. 1980) for a regional
system in which the problemn examined was dominated by assets. Figure 8 3 displays some results obtained from
applying the ARIES conceptual framewor k to a regional-kevel problem strongly influenced by pattern. Jo this
situation we analyzed the food supply. grazing. and cattle herding of an East African seminomadic herding

ORML - DWG 80 - 17068 ESD
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Fig 8.3. Three-dimensions! plot of population changes over timne of an east African seminomadic herding society and how it is affected
by s government-sponsored food subsidization (EF).
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socicty. Environmental patterns associated with grazing. crop production. and rainfall are the critical factors in
this problem. The influence of a food subsidy. when needed because of a crop failure or a decline in cattle
population. is d:monstrated. The results indicated that the population peaksat a lower initial value (than with no
subsidy) with a high subsidy and a higher peak in later years. This behavioral aspect of the ARIES model is noi
fully understood at the present time, and we are attempting 10 explore the causes.

It is our premise that a wide variety of regional problems can be approached through use of this basic
framework. We feel all such problems involve the dynami interactions of regional assets. environmental
pauterns. and socictal responses. Thus, these interactions. combined with any relevant external influences.
should receive the greatest amount of attention in future studics on energy emvironment conflicts within given
regions of the United States.

Ecological Toxicology Protocols

This project was initiated to aid the Office of Toxic Substances. Environmenial Protection Agency (EPA).
in the implementation of the Toxic Substances Controf Act (TSCA). The TSCA authorizes the EPA
Adminsstrator to protect the public and the environment from potentially harmful chemical substances and
mixtures by requiring testing and necessary use restrictions on chemicals that have been demonstrated to present
an unrcasonable nsk.

The major objective of the project is to identify the potential for standardizing the testing of the effects of
toxic substances on sciected ecological parameters indicative of interspecific interactions, community dynamics,
and ecosystem functions. This has been accomplished by reviewing and c¢valuating multispecies test methods.
datwa evaluation procedures. and ecological parameters amenat'e to laboratory test development for their
potential utility to the hazard identification and risk asscssment processes of TSCA.

To enhance data collection and analysis activities. a series of six workshops was held on issues refated to
multispecies laboratory testing methodologies and environmental hazard assessment techniques. The
workshops specifically addressed methods for measuring effects of chemicals on terrestrial population
interactions. on aquatic populason interactions. on terrestrial ccosystems, and on aqguatic ecosystems.
Mathematical modeks useful in chemical hazard assessment and assessment and policy requirements of multi-
species test procedures were also addressed.

Efforts this year concentrated on the workshop scries. including documentation of the results. and on the
review and analysis of selected literature on laboratory methods for ecological toxicology. Two reports resulted
from this project: (1) Ecological Test Systems (workshop sesults) and (2) Methods for Ecological Toxicology: A
Critical Review of Laboratory Multi-species Tests. A companion report, Testing Effects of Chemicals on
Ecosystems. was produced by the National Academy of Sciences Committee to Review Methods for
Ecotoxicology.

Office of Environmenta) Assessment Activities

Researchers in the Environmental Resources Section participated in the Regional Issues and Identification
Assessment (R1IA) for the Office of Environmental Assessment. This project sought to identify environmental
issues associated with the implementation of the National Energy Plan (NEP II). Significant regional
environmental problems identified as possible constraints to encrgy development were analyzed, and the
magnitude of the environmental problem over regions was quantificd. Qur involvement consisted of an analysis
of the ecological, water-quality, and land-use rcgional problems associated with increased projected energy
development in Federal Regions IV und VI




Section 8 103 ORNL-5760

The regional ecological analysis focused on potentiai problem areas of natural vegetation and cropland
associated with SO, deposition. For example, possible impacts on commercial pine forests and soybean
production were analyzed under the assumptions of NEP 11 scenario for coal-fired power plant sitings. Impacts
on threatened and endangered (T and E) species from future energy developments (i.e., surface coal mining) were
also examined by overlaying potential energy perturbations on county-kvel information on habitat require-
ments and present distribution of T and E species.

Regional land-use and water-quality analyses dealt prumarily with projected increases in surface coal
mining. The land-use analysis presented information on revegetation potential and the land-use categories most
likely to be disturbed by mining activities. For example, lignite extraction in Texas will affect pasiure land,
commercial forest sites, and some wheat and sorghum cropland. The water-quality analysis addressed those
drainage basins already experiencing watcr-related problems. Potential problems of acid mine drainage and
increased sediment loads in certain streams and rivers associated with increased coal removal were analyzed.

Systems Ecology
Ecosystem Model Resilience Analysis

Models of food-web or trophic-level energetics and models of nutrient cycles have been treated separately in
the literature in these areas. and different conclusions have been drawn about the factors that affect the resilience
of these models. Resilience means the rapidity with which a stable ecosystem model returns to equilibrium
following a perturbation. The study of energetics models led to the conclusion that the magnitude of flux, in this
case crergy or biomass, per unit standing crop through the system, or power capacity, is positively correlated
with the system’s resilience. The analysis of nutrient cycles, on the other hand, indicates that the recycling index
(proportional to the average number of times a given nutrient aiom would cycle through the system) is a
determinant of resilience and that the resilience of a model decreases as the degree of recycling increases. Analytic
work has shown that these conclusions are not mutually exclusive, and both factors can operate in a given model.
Both the power capacity and the recycling index are measures of the speed with which units of energy of matter
are carried through the system from input to output. In fact, it is possible to define a single index, the mean transit
time (TT) from input to output, that incorporates the two factors of power capacity and recycling. This TV
should, in principle, be strongly positively correlated with the mean recovery time (TR) of anecosystem model in
which a perturbation has been set and, therefore, inversely correlated with the resitience. Extensive Monte Carlo
simulation appears to confirm this relationship. These results should bring us a little closer tounderstanding the
iniluence of structure on stability in ecosystems,

Model of Technetium Isotope (**"Tc) in a Pond

Nuclear power generators are enhancing the levels of radionuclides in the 2quatic environment. Since many
aquatic organisms in the human food chain are known to concentrate certain radionuclides, even very low levels
of radionuciides entering lakes and strcams are a matter of concern. Methods for estimating average body
burdens in biota caused by chronic releases of nuclear wastes to the environment are needed.

A combination of empirical study and mathematical modeling is being used to study the fate of
radionuclides in bodies of water. The bodies of water are simulated by small, carefully controlled ponds stocked
with food chains that are simplified but representative of temperate climates (e.g.. a few macrophyte species,
periphyton, snails, crayfish, and a few species of fish). Short-term experiments have been pesformed involving
initial pulses of technetium (*"T¢). Following the pulse input, the radiation levels in the various biota were
monitored at regular time intervals to determine “"Tc levels. These data were then used to determine the
parameters of compartmental models of the system. From the models, extrapolations were made from the short-
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term experiments to predict the organism body burdens that would be caused by chronic radiatiyn dosage to the
ponds. The models are currently being validated by comparing their predictions with data from long-term dosage
experiments.

The modeling techniques are applicable not only to radionuclides but also to chemical toxicants. In
combination with the empirical pond studies. the modeling research should enable us te determine concentration
factors for a varicty of radionuclides and chemical toxicants under approximately natural conditions.

Models for Stream Ecosystem Nutrient Dynamics

A procedure for calibrating modeks of th- cycling of phosphorus in a stream ecosystem has been developed.
This work is in support of the ESD' stream spiralfing project. Radioactive phosphorus.*’P_ has been released as
a tracer for phosphorus cycling in the biotic and abiotic compone ats ot the Walker Branch Watershed stream
ecosystem. A separate tracer. tritium, has been used for hydrodynamic transport because the flux of phosphorus
due 1o the downstream flow of water was several orders of magnitude larger than the flux through the aquatic
biota.

The model consists of a set of linear state equations which describe mass oalance for 13 compartments
repeated on | I segments of the stream. The model was calibrated by adjusiing 32 parameters to achieve a “best™
fit between model response and measurenients of radioisotope concentrations in each compartment. Nonlinear
search by Marquardt’s method, coupled with a numerical differentii.] equation solver, was used to refine
estimates of .nodel parameters. This estimate and search process was iterativc with parameter estimat.s from the
scarch algori.hm modified based on investigator intuitive understanding of tie system.

Studics on Error Propagation in Models

As part of our continuing efforts to apply systems techniques to Division programs, density-independent
and density-dependent Leslic models were investigated by Monte Carlo methods, Random values for parameters
of striped bass (Morone saxaiilis), white perch (Morone americanus), and tomcod (Microgadus tomcod)
populations were selected from truncated normal distributions with standard deviations equal to 109 of the
mean. Only total population size after 40 years was considered. The error propagation properties of the density-
independent models are strongly influenced by modelassumptions (e.g., calculating egg to one-year-old survival
to ensure an eigenvalue of 1.0)and by the way model parameters are estimated (i.c., reestimated from data each
year). Prediction errors on total population size depend on the number of age classes in a species but become
insensitive when the number of classes exceeds seven. Under the very restrictive assumptions used here. there is
little difference in the error-propagating properties of alternative density-dependent models.

Numeric Data Activities
Ecosystem Analysis Data Center (EADC)

Activities concentrated on carbon dioxide and environment studies. On a global basis, 0.5 X 0.5 cells were
constructed (o buiid a data base containing 42 classifications by vegetative and climatic factors, Initial data were
obtained from the General Motors Research Lahoratory surface albedo data base (Hummeland Reck 1979)and
updated with information obtained from various map and atlas sources. These data were ma »ped using the
DISSPLA (ISSCO 1978) mapping capabilities. The North American portion of the data base was the focal point
for a more detailed analysis, especially for eastern North America. An ancillary file developed for areal extent
calculations contains areal data on the 0.5 X 0.5 quadrilaterals. The arcal extent file was uscd to summarize the
global ecosysiemns data base by latitude hands and vegetation type.




Section 8 ns ORNL-5700

Temperature and precipitation data extracted frcm the World Weather Records serve as a valuable data
base for the climatology and inventory subtasks of the carbon projects. Stztion iocations were mapped. and a
bio-teinperature data base was developed to complement the temperature files.

Other files developed this year include an FAO land-use data basc and a preliminary population data base.
The FAO land-ue file contains eight land uses and has areal extent of each use category by country for 1970 to
1977. The population data base is also by country and contains data for 197010 1977. We plan to update thisdata
base and compile as comprehensive a file as pessible on historicai as well as modern population levels. Also. an
clevational data hase on a I° X I° cellular grid wil! be interpolated to the 0.5° X 0.5° gnd we hav= chosen. to
provide for compatible frames of reference for ail our inventory efforts.

Ir a joint effort with Oak Ridge Associated Universities (ORAU), the DOE Office of Carbon Research has
funded a project on CO; Information Systems. The EADC and the Carbou. !nformation Center are coopera ing
on a subtask with the EADC focusing on the numeric data management aspects. Our initial effort was to conduct
a survey of scientists involved in carbon dioxide res-.rch to identify (1) persons and: or groups conducting
carbon research, (2) the types of numeric data being >ollected or extant data being utilized, and (3) the scope of
the numeric data and its availability. Of the 275 surveys mailed in July 1980, 102 i.1ve been returned. These
responses are being computerized and will be made available to the scientific community in a directory format.
We are also developing a data base on carbon in U.S. rivers. We used the EPA STORET data base to extract
stlected parameters for 83 stations. We also scanned the Water Availability System (W AS) developed in the
Energy Division ' ubtair drainage area information for the selected stations to be merged with the STORET
retricval.

The US. IBP ABSTRACTS senies was completed [Volumes V(2)and V(3-4)]. Todocument the IBP studies
as cmpletely as possible. theses and presel;lations were included as published by each biome with atotal of 1300
new enties presented ir these two volumes. Data on the 1979 vegetation survey for the cast portion of Walker
Branch Watersi,od and the Oak Ridge area m=teorological data were added to the numeric data files.

Carben Cycling

The question of carbon poolsize in the terrestrial biosphere has been controversial, both for plants and soils.
One reason for confusion about the answer is that no single strategy has combined the nceded estimates of area
{a) and ca-bon density per unit area () to obtain the sum of products of (a)(¢) = v for both natural and more or
less disturbed ecosystems. A hasic ecosystem critique on the NSF-supported carbon project, noted elsewhere in
this annual report, combined with data base activities for computerized mapping sup ported by DOE, provides a
range of credible estimates that are all below those most commonly quoted in some of the literature on global
carbon cycling.

We found that an carlier published estimate of near 560 Pg (or Gton. i.c.. 10" g or 10° tons) is well within a
low to mediun range of values derived from revised mapping of ccosystem areas and amounts of live plant
carbon (phytomass C) in typical natural, completely deforested. and regrowth areas. The estimates of 630 Pg
{Baes et al. 1976 (Table I) and 1977] are plausible as initial conditions (or simulations of land-use changes over
recent centunes. Higher ones (e.g.. 830 Pg of Whittaker and l.ikens 1973) are difficult to recoucile with the
widespread disturbance history and broad extent of suboptimal sites in the more extensive parts of tropical
vegetation. Estimates like those of Basilevich etal. (1971 ) are possible for times prior to agriculture and expanded
savanna burring by humans, pcrhaps. but probabily not tor modern or evei ancient historic times.

Implications of these lowered estimatcs lead directly to lower estimates of some of the more dramatic and
inexplicable nonfossil CO,inputstothe atmosphere (Sto 18 Pg vear), which the geophysical community at large
finds impossible to reconcife with known constraints of geochemistry and physical circulation of the ocean. OQur
prior estimates of 1.2 to 3.2 Pg: year for the tropical forest cutting and partial clearing may be partly offset by
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regrowth within parts of the tropics and partl:- by net carbon storage in some parts of the temperate and boreal
zones. The role of soils both as recent sources and potential sinks for CO,, mainly involving resistant humus
compounds, Is still a priority area for continuing research on global cyciing. Because equations for both
vegetation :id humus halance are influenced by climate-controlled rates, it continues to be important to
strengthen the linkage of biogeochemical studies with bioclimatology.

Remote Batch Station

The ESD has operated a Remote Batch Station (RBS)since 1972. Over the years this facility has grown, and
both hardware and software have been added to meet current and projected needs of the Division.

The RBS has a Modcorp Il and a Modcomp Classic which communicate with the ORNL main computer
complex through a Remot: Job Entry (RJE) link. The Modcomp Il also has a telephone link with the
COMNET's Washington Computer Center (WCC) to allow access to EPAS STORET data base. A flow
diagram showing the linkages of the RBS with other computing facilities is shown in Fig. 8.4.

The RJE link is used for submission and retrieval of batch jobs that are processed on the JBM computers.
Jobs submiited through the TSP PDP-10 system are also printed locally through the link. Figure 8.5 shows
recer.. 1s¢ patterns in the numb.r ot jobs processed, lines printed, and cards read through the RBS. Anadded
advantage of the RBS to ESD isthe ability to maintain reasonably large data bases on magnetic tapes (held in the
RBS tapelibrary)forin. - .tion into the job stream to the main computer complkex. This saves storage space on the
main computers and also decreases job turnaround time, anaid to staff productivity. A Vers ecprinter/plotter
was recently added to the system to enable staff to obtain computer-generated plots quickly and efficiently.
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The Modcomp Classic has 768K of memon with capability to communicate with the Modcomp II.
Recently. several hardwire lines were installed to various points within the ESD laboratory. Terminals can be
attached to these ports for lime-share processing of jobs on the Modcomp Classic. Two 3330-type disks (with a
total capacity of 600 megabytes) and a time-share software (TS X) and a data management system (INFINITY)
were installed. In its final configuratin+:, the Modcomp Classic can be used Lo preprocess data for submission to
the main computer and for loc: processing.

The Modcomp Classic £ also used to develop data bases for projects such as thosc in Small Scaie
Rydroelectric Generation, C ~1 Gasification, and the Geoecology Data Base and for the dci2lopmezat of analysis
and simulation programs by the ESD staff.

The Geoecology Project

The Geoecology Data Base contains inegrated natural resource data for use in regional environmental
analysis and assessment studies. Selected data on 13 major environmental parameters are available for county
units in the conterminous United States. The parameters are soils, terrain, water resources. forestry, vegetation,
agriculture, land use, wildlife, air quality, climaie, natural areas. population, and endangered species. All data
are stored in metric S} units. The data base has been operational since 1975, and ESD staff continue to provide
expansion as new data or research needs are identified.

This past year the Geoecology Data Base entered 2 new mode of operation with the publication of a user’s
guide and data documentation report (Olson et al. [980). The report gives examnies of applics tions and provides
users infc-mation on how to access the data base. Each of the 105 data sets is described. including source of the
data, spatia! and temporal characteristics, variables and labels, and other comments related 1o using and
interpreting the data. The data base and report will be expanded as new data sets are added. Thus the Geoecology
Data Basc has become a readily available resource to ORNL staff. In addition, copies of data sets have been
distributed to DOE and other national ‘aboratories.

Research Dets Management

Data management historically has consisted of implementing computer programs for analyzing.
summari ing, tabulating. and graphically displaying research data. By combining the tools of computer science
and statistics with disciplines within environmemal sciences. new capabilities for organizing, analyzing. and
synthesizing research findings dealing with complex environmental issues have been develo sed. Several ongoirg
activities with the ORNL Environmental Sciences Division have resulted in the development of computerized
systems for the management of data and information relative to environmental monitorir.g parameters and
biological effects data.

When more than one researcher or more than one project task in an interdisciplinary laboratory requires
computer programming, data management modes should be employed. Experience gained in over eight years of
involvement in multidisciplinary research progr.'ms in the ESDand with other research organizations has shown
many benefits when a data management approach includes working with researchers and manageme:t
throughout the development of a project. Organizational requirements, data formats and codes, analyses. and
reporting requirements are all planned well in advaace of program deadlines. The definition of requirements tor
each task or project feeds into the development and implementation of computer programs for accomplishing
the total data management needs of the research program.

Such data management activities have necessitated development of supporst systems that can be categorized
into four subject areas: (1) Decision Support Systems (DSS), (2) Project Results Tracking System (PRTS), (3)
Research Data Management Systems (RDMS), and (4) Analysis and Reporting Systems (ARS).
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The DD'S involves the development of a computer-based system for management of environmental research
projects. This includes a plan of smdy for determining status o1 project research at diiferent sites and criteria
documenting the numeric standards o¢ limits (e.g.. EPA/RCRA guidelines) within a rsearch project.

The PRTS activitics help determine fate of samples taken during a project. For instance, analytical
characterization and expected dose-effects relationships of any noxious materials can be provided instantly and
casily. Any step being made towards completing analyses to be taken on each sample. tabulation of all
experimental data provided on each sample. and the interfacing between DSS and PRTS to maintain project
progress and completion can be provided easily to the manager. This potential is an important attribute of
research data management. : )

The RDMS asks require acquisition, development, and implementation of computer software and
hardware capabilitics. These provide for appropriae computer files, quality assurance control, data
management and retricval systems, and specific data analysis and graphic output. An ancillary function which
has been implemented in this task is the development of forms for reporting results and the adoption of coding
schemes for identifying rescarch results.

The ARS involves procedures which are developed for project evaluation and assessment. Specific activities
have included computer-generated report summaries, statiical analyses, summaries, data synthesis for
mathematical and statistical modeling, and site; generic summarics for assessments.

The ERS research and support staff dealing with large assemblages of raw data and other types of
information on environmental subjcts have dedicated much of their effort to ensuring that the capabilities
discussed above are available and useful. Many large-scale projects discussed in this part of our annual report. as
well as in other section and program reports, utilize some form of the ESD data handling and analysis procedures
routinely. Without them, many ESD research and reporting activitics would function much less efficiently.

Environmental Water Quality Operational Studies

An Interagency Agreement was established between ESD and the U.S. Army Corps of Engincers,
Waterways Experiment Station, Vickshurg, Mississippi, 10 provide an Environmetrics Program approach to
management of specific rescarch data. General management, as well as detailed analyses for the Long-Term
Ficld Studies of the Environmental Water Quality Operational Studics. will be provided. This six-year rescarch
program was established to evaluate new or improved technologies needed to solve selected environmental
quality problems associated with civil works activities by the Corps in the nations waterways.

Data collected from the Mississippi River, Tennessee-Tombigbee. and other riverine systems are subjected
to rigorous quality assusance checks before and after entry into the developing data bases. All data entries have
been coded using “nonsense codes” (i.e., sequentially assigned numeric values) which our research has shown to
be subject to fewer errors in transcription. The annotated computer output from the ten quality assurance
programs documents a wide variety of potential errors in the data hases for appropriate action by the ficld
researchers. Once the data are free of errors, they are consolidated and a series of phase | tabular and graphical
summary reports arc generated for cach of the major components o the studies (c.g.. fish. benthos, water quality,
etc.). Subsequent detailed analyses are developed based on these preliminary refinements.

Although these studics emphasize applied problems associated with riverine systems. basic research is also
heing conducted on new approaches for evaluating community structures in widely fluctuating environments. A
secies of over 50 algorithms was developed to ascertain the sensitivity of community indices in detecting natural
variations in community composition. These rescarch efforts into the analysis of relar snshipsinenvironmental
systems will aid in undcrstanding the dynamics of riverine systems.
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Most of the contributions of the Earth Sciences staff are direcied to accomplishing the missions of
programs within the Environmental Sciences Division: these include the Synthetic Fuels. Nuckear. Low-Level
Waste. and the Multimedia Modeling programs. This section contains reports of projects that are unique or
in early developmental stages and projects that represent new initiatives. Thus. the progress reports in this
section are diverse and lack a unifving theme: nonctheless they are vital 1o the Division and represent

potential growth arcas.

A continuing growth area is represented by the Nonnuclear Solid Waste Technology efforts. The
contribution 1o this progress report was scparated into two major segments: the rescarch related to the
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biological aspects s reported n the Advanced Fossils Encrgy Program: the arca strongly related to the
Resource Conservation and Recovery Act (RCRA) is reported here.

Two reports represent work where the major effort or interest & in other divisions. The repont on
monazue is part of a study of synthetic compounds which may be useful in incorporating and immobilizing
long-hved radionuclides. The second report provides data on the quality of some leachates cellected from
natural r>wnfall events on different ~oal types.

Fmally. a shont repodt is included o indicate several areas of new initiatives being developed and
pursuved by members of this section.

Nonnuciear Solid Waste Technology

Last vear’s annual report (Aucrbach et al. 1980) presented dzta indicating that the gasifier ash slags
tested would not be classified as hazardous under the regulations of the RCRA proposed at that time. On
May 'y, 1980, the Environmemal Protection Agency (EPA) published revised hazardous waste regulations,
whicn appear to make it more certain that gasifier ash. slags will not be considered foxic and, as a result, will
not require disposal using hazardous waste guidelines.

RCRA requires that all nonhazardous wasies be disposed in sanitary landfills. In the past, the term
sanitary bndfill was poorly defined; in fact, some open dumps were called sanitary landfills. The EPA has
now published a new set of regulations concerning land disposal of nonhazardous wasres titled “Criteria for
Classification of Solid Waste Disposal Facilitics and Practices™ (44FR 53425-53464), the most critical
criterion for gasifier ash skag disposal appears 10 be the protection of ground water from solid wasie
leachates. The regulations state that the disposal facility (landfill) shall not contaminate an underground
drinking water source beyond the solid wasie boundary or beyond an alternative boundary specified by the
state in which the facility is located. Ground water is considered conmtaminated according to the RCRA
critena if the maximam contaminant Jevels (MCL) listed in the NIPDWR are exceeded due to landfill
leachates. Thus, although the leachate produced by the EPA kaching technique (EP) /- contain up to 100
times the MCL without the wasic being considered hazardous, these same clements in ue ground water in
the vicinity of the landfill cannot exceed the MCL. As a result, some nonhazardous waste landfills may
require liners and leachate collection systems if the geology or hydrology of the site will not provide adequate
attenuation or dilution of leachates. :

On September 13, 1979, an amendment (44FR 53465-53468) was p- oposed to the criteria which would
add the MCL salues included in the National Sccondary Drinking Water Regulations (NSDWR) to the
ground water MCL values alrcady listed in the criteria. If the ar:2ndment is approved, MCL values will exist
for sulfate, Fe. Mn. Cu, Zn. chloride. and total dissolved solids (T DS). Thus, gasifier ash - slag and other coal
ashes may not be declared hazardous by RCRA testing. but their disposal in nonhazardous waste landfills
may be almost as expensive as disposal of hazardous waste. Liners, special soil treatments, leachate
collection and treatmemt systems, cic., may be required to meet the nonhazardous landfill criteria in cenain
cases. Thus characterization of solid waste is becoming zven more important as environmental protection
criteria became more stringent.

Stored Sobds Stwudy

Earlicr studies on the leachates from laboratory waste columns indicated that certain contaminants in
addition {0 those listed in the NIPDWR will be leached from the gasifier ashes. To determine if these
constitucnts in the leachates will present a problem in landfill design, the leachates from initial water
applications (o columns containing ash slags were analyzed for most of the MCl.s listed in the NSDWR,
The results of these analyses are sho vn in Table 9.1,
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Warte  laachae 0y B Ma SO, Q K Na Cu  Zn  TDS
npe pH
C 8.2 6l 21 <05 <01 I 03 06 14 <nl <05 460
C 8.2 s8 22 <05 <ol 1 02 05 14 <01 <05 22
E 63 250 32 <0S <0l % 14 27 61 <01 <05 32
£ 36 1031 S 12 29 SM 30 108 362 03 33 109
G 80 %2 20 <05 01 182 05 20 162 <01 <05 4800
G 74 %1 20 <05 02 17 06 73 156 <01 <05 4840
v 31 ® 190 SO 120 4020 23 22 TS 20 11 7000
H- 36 66 150 s6 123 4™ 28 29 M®S 0 1 1%
i 57 4 B6 98 65 319 6 560 178 <01 06 6170
¥ ST 4% 139 918 64 3000 S0  SS2 ISI <0l 07 6280
Sandards 6.5 8.5 0.3 00s 250 250 i 15 S0

“Secand column volume.
‘First column volume.
"EPA secondary drinking water standards.

It can be seen (Table 9.1) that the initial elemental concentrations in the leachates from some of the
gasifier ashes tested may represent a potential problem by exceeding the MCLs listed in the secondary
standards (Cu, Zn, Fe, Mn, SO« and TDS). Landfills for these wastes must be located in soils having
satisfactory propertics to attenuate transport of these pollutants or there will need 10 be some hydrological
dilution if these leachates are not to violate grcund-water criteria for v.. as a3 public water supply. If
sufficient attenuation or dilution is not available at the sitc, mitigating measures such as iiners or leachate
collection systems will be required.

In addition ro small-scale batch and column leaching experiments. leachate production and soil
attenuaiion in large-scale ash soil columns are being investigated. Six leaching columns were loaded with
30.5 cm of site soil from the Waste E plant and overlain with a 30.5-cm depth of Waste E. Each of the six
waste-soil lysimeters was subjected 10 a series of simulated rainfalls of 2.44 cm week. Leachate samples
resulting from each simulated rainfall were periodically checked for changes in pH and electricat
conductivity. The data indicate that thus far the leachate pH from all six lysimeters remained in the neutral
range (6.2-8.2) and did not appear 10 be increasing or decreasing with time. It should be mentioned that this
site soil showed a slightly basic pH. whereas other site soils showed pH in the range of 4.5 to 5.0.
Laboratory-scale experiments with this same waste showed that the keachate pH was in the range of 3.7 to
4.] as a result of the acidic nature of the waste. The observed neutral pH range of the leachate pH is evidence
of the strong buffering capacity of the soil.

Afier 30 water applications (73 cm rainfall), one of the lysimeters was disassembled to examine the
release of metals from the waste and their movement through the soil layer. The soil layer was removed in
}.5-¢m increments for the first 7.5<m depth. followed by 7.5<m increments until all of the soil was removed
from the lysimeter.

Representative samples were taken and cxtractions performed on cach soil increment using distilled
watcr, 0.1 M hydrochloric acid. and a 1.0 M ammonium acetate (nH 7). To date, only the results for Ni, Ca,
and sulfate in the exiracts have been obtained. In addition, pH and clectrical conductivity measurements
were made on the distilled water extract. These latter results inciuding nickel are given in Table 9.2. The pH
of cach increment of soil remained relatively constant, but the clectrical conductivity increased with depth
and is approaching the valuc obtained from soil only. A possible explanation for the increasing conductivity
is that soluble matcrials were being leached from the upper layers of the soil and distributed downward in the
soil,
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Tabic 9.2. Soil-extracied nicke! conceatrations wsing sciectied solvemts
(1:1 soil-solution ratio); soil pH and conductivity measured
i distillled water extract

Nickel ir extract
Soud depeh tug g soil) Condwti ity
{cm} s tuS cmy
H:O NHLOAc HCI pH

01s 0.2} 1.06 204 76 hal )
15 30 004 (i, ] 041 6 2250
3045 003 o9 024 7.7 2240
45 60 002 ot DS 3 1290
6075 w02 007 ol 77 3%
15 150 002 0 0.07 T3 w10
150 225 001 0N 0.04 76 30
225 310 0.03 0.00 o0ll 7.3 27170
Control soil” 002 007 0.08 ki 3250

“Not subgxicd 1o the 30 water appbcations.

The distribution of Ni shows that it is distributed about 6 cm into the soil. The first 1.5-cm increment
contains the highest Ni content based on all the extracts. The ammonium acetate extraction was applied to
evaluate the exchangeabl Ni concentration: the water extract should reflect the water-soluble fraction. The
difference between the acid and ammonium acetate extract values may be considered the “fixed™ Ni
concentration.

The soil adsorption was calculated by using the acid-soluble values as the amount on the solid phase and
the concentration in the water as the liquid phase. A common c¢xpression for this adsorption is the
distribution coefficient (A). in mL g. which can be simply expressed as the ratio of the amount adsorbed per
unit weight to thal remaining in solution per unit volume. The simplificd mathematical model used to depict
the distribution is based on incremental additions to the column for 30 “simclated rains™ and is defined as

=Gl
. o

and

R4=l+£§i.
Ne

where €, and C; denote the concentration of Niin the water and solid phase. respectively of soif layer L. n is
the number of applications of rain, p is the bulk density, », is the effective porosity. Ry is the retardation
facto:, and K, is the distribution coefficient as defined carlier. Because the mathematical model had been
prepared to depict the downward transport of trace mctals, the observed distribution in the first four layers
of scgmented soil was compared using K, values of cither 10. 20, or 100: the Jatter was the expected
cquilibrium K, value measured in the laboratory using Waste E site soil. The results in Table 9.3 suggest that
the K, of 20 more necarly depicts the observed distribution. Furthermore, since dispersion was not considered
in the present model, the results suggest the possibility of closer agreement if this parameter is included. The
possible disagreement of the expecied and the obscrved Ay may lic in the time-dependent function of
achieving equilibrium. The considerations of dispersion and time dependency of Ay are now being examined.
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Table 93. Cakwisted and obecrved distribution
(%) of nickel i s0i aficr 30 wakr apgications

Cakulared based
Depth on K, of Observed
icm)
100 > 10

015 9% 80 66 k.
1530 1 7 b 3
3ois 0 3 7 6
45 60 0 0 2 3

Watering of the remaming five lysimeters was continued with a secord lysimeter removed from service
after 55 waterings; the third lysimeter will be watered until 90 events have occurred. The soil from these
lysimeters will be sampled as described for the first lysimeter and the results used to further vahidate the
predictive model. The remaining three lysimeters were disassembled after 55 waterings and are being
analyzed w0 determine the varmbility of results from this tvpe of ash soil attenuation experiment.

Comparison of EPA-Leachate and Ground Water

The EPA extraction procedure (EP) is a 24-h batch extraction using 0.5 A" acetic acid to adjust the solid
waste suspension to pH 5. This exwaction. however, has been criticzed as being irrelevant and not
representative of authentic solid waste leachates or ground water found in “real world™ conditions. The
objectives of this study were 1o sample solid wastes and the available ground water from landfills with known
biohazards. to extract the solid wastes using the EP. and to compare NIPDWR contaminant concentrations
in the EP extracts with that in the solution obtained directly from the landfill.

Table 9.4 summarizes the results comparing the NIPDWR contansinant concentrations. In five of the
six landfills sampled. the NIPDWR concentrations were exceeded in the EP or ground-water samples
collected. The only elements found in concentrations cxceeding NIPDWR were As. Ba. and Cr. At only one
site (No. 1) did both the EP extract and the ground water both exceed NIPDWR concentraticns for a
specific clementi. Three of the sites (Nos. 2. 4. and 5) showed higher concentrations in the EP extract than
thosc in the collected ground water. On the other hand. one site (No. 3) showed higher concentrations of
both Ba and Cr in the ground water. Part of the reason for the observation art site No. 3 may be due to the

Table 9.4. Toxic clements exceeding NIPDWR
concentrations in EP extracts and landfill
ieachates ground water from six landfil] sites

loxw ckements e weeding

fandrdt MPDWR comentrations
wic - - - -
P extract Jandtill leachate ground water

i A AL

2 Cr “

3 a . Cr

4 Cr I}

S Ba a

[ o i

Conceptrations weie less than thase bisted 0 NIPDWR
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fact that the ground water had not moved through the survounding geologic media when samples were
coliected. However, more information s necessary before further conmjecture is justified. Factors that
influenced the concentrations inchude diflerences in hydrologic conditions. pH of the media. age of the waste.
chemical character of the toxic clkements. type of landfill. and the autenuating quality of the geologic
maferials.

Supporting Research Activities

The category of supporting rescarch activities includes two contributions related to waste products or
cifluent products. The report o0 monazite is a summiary of the critical review of the existing literature on the
stability and akeration of the monazite group of minerals. Experimental research is actively being pursued in
the Solid State Dnvision of ORNL: we are also providing support in this area. The report on coal pile
kachate is part of a general coal pike lkeachate study; the summary included here is mainly to provide
information on the quality of lcachate from five cozl types that were exposed to the ORNL environment in
contrast to carlier studics conducted in the laboratory.

Review of Monazite Stability

A commonly used approach to aid the evaluation of crystafline waste forms for Ligh-level waste disposal
is to examine the stability of their natural analogs in geological geochemical environments through time,
One of the most promising ceramic host phases for actinide-bearing wastes s synthetic analogs of the
monazite group of minerak [(Ce, La, Ca. Th, UXP, Si)Os). The most importamt propertics of monazite-type
phases for disposal are (1) the similar geochemical behavior of lanthanides and actinides which allows
energetically favorable ionic substitutions of radioactive species within the crystal structure and (2) the
reportedly high resistance of natural monazites to aiteration and nuclear radiation damage. We examined the
geologic evidence for monazite st2bility at ambient 7 and P (i.c., during weather:ng). at elevated 7T and P
{hydrothermal conditions). and with regard 10 metamictization.

Monazite is a widely disiributed accessory mineral that occurs in a variety of igncous. metamorphic, and
sedimentary terrains. Along with other relatively insoluble heavy minerals it tends to be concentrated in
detrital placer deposits because of its physical and chemical inertness. A recent review of minerals considered
as candidatc hosts for radionuclides (DOE 1979) concluded that. whilke monazite is extremely stable. it can
alter to members of the rhabdophanite group of minerals: rhabdophane (Ce. Y. La) (POs. COy)-HO.
brockite (£ a. Th.Ce) (PO4. COsYH:O. and grayite (Th, Pb, Ca) PO,-H,0. Despite this claim. there are few., if
any. well-dJocumented descriptions of monazite altering iv ‘hesc hydrated phosphates. The rhabdophanite
group and the related phosphate ningyoite [CaU(PQ,)r 1.5 H;0] typically occur as fine-grained secondary
phases in supergenc deposits and as weathering products in oxidizing environments: only occasionally are
they associated with monazite. In most occurrences the rhabdophanite minerals appear to have forined at the
expense of other rare-carth-bearing minerals (c.g.. apatite) or are associated with finc-grained earthy
monazite of secondary origin: primary monazite is usually absent. In at least one instance, carthy monazite
may have formed by the dehydration of rhabdophane (Mitchell et al. 1976). This observation is consistent
with Iaboratory experiments demonstrating that the crystal structures of the rhabdophanite group readily
transform to the monoclini monazite structure upon heating.

Wiere observed. the alteration of monazite is typically described as a surface incrustation of
fine-grained opaque material of unknown naturc. often tentatively identified as rhabdophanc, In
dccomposed granitic rocks that have undergone intense in situ chemical weathering (saprolitization), this
surficial alteration tends to be lost by abrasion and is usually absent from detrital monazite. However, some
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monazites from saproiite were observed to alter internally along cleavage traces and in patches to an Fe-rich
nonhydrous amorphous material: the degree of alteration is directly correlated with the increased
development of multiple cleavages and opacity (up to 75%).

Alteration of monazite affects its U-Th-Pb isotopic systematics used in geochronology. The U-Pb and
Th-Pb ages tend 10 be discordant due to loss of Pb or U and Th. indicating that open system conditions
prevailed at some time in the past. However. monazite has less tendency than zircon to lose its radiogenic
Pb. The discordance in some (perhaps most) dated monazite samples appears to be due to surficial
weathering.

With regard 10 a radiation damage. there is considerable controversy as to whether monazite undergoes
metamictization. Partly metamict monazites identified by x-ray diffraction studies were described only from
Indian beach sands (Karkhanavala and Shankar 1954, Ghouse 1968). These studies are difficult to interpret
because of a lack of detailed sample descriptions, especially petrographic and compositionai data which
would indicate whether the samples were altered. Such data are important because the rate at which
metamictization occurs is believed to be a function primarily of structural stability. a-particle flux, and
alteration due to hydrothermal (primary) or weathering (sccondary) effects. The inherent stability of the
monazite-type structure is well demonstrated by the extreme rarity of reported metantict occurrences, not
only of monazite but also of the isostructural minerl huttonite (ThSi0;); total metamict or fully amorphous
cxamples of these mineraks have never been reported. Very large a-particle doses have not noticeably affected
the crystallinity of monazites containing high concentrations of U + Th [e.g.. 365 ThO; + 67 U;O4(Finney
and Rao 1967); 166¢ U0 + 115 ThO; (Gramaccioli and Segalstad 1978)]. These observations suggest that
primary or secondary alteration may be the cause of the diffuse diffraction patterns attributed to
metamictization.

Based on the available geologic data, it appears that additional critical information needs to be gathered
and evaluated defore synthetic monazite-type minerals can be selected as host phases for actiuide wastes,
Research needs include a beuter understanding of:

® The leaching mechanism(s) involved in a mcnazite decomposition and how these affect the mobility of
rare-carth clements as well as U-Th-Pb systematics.

® The relative stabilities of the monazite and rhabdophan groups of minerals as a function of kinctic and
thermodynamic parameters (¢.g.. pH and Eh); the genetic relationship between these mineral groups
(which also include the synthetic rhabdophanc-like minerals. AcPO.-0.5 H;0 and PuPO,-0.5 HO) needsto be
established in the presence of weathering solutions and hydrothermal fluids.

e The physical and chemical coaditions under which monazite can become metamict and the potential role
that aiteration, including the possibic formation of hydratcd phosphates. may play in the metamictization
process. This last point is particularly relevant in view of the conflicting evidence. Detailed investigations
of a large suite of monazitcs are needed. as well as a carcful re-examination of the partially metamict
monazites reported in the literature.

Leachates from Coal Storage

Various environmental problems will arise in the handling and storage of large volumes of coal. Rain or
snow will either penctrate or run down the outer surfaces of the pile: in cither case. particulates and various
inorganic and organic clements will be leached from the stockpile. Chemical analysis of the leachate from
high-sulfur eastern coals indicates that it is similar in quality to the acid drainage from mines, having low pH
values and high concentrations of dissolved Fe, sulfate, and trace metals (see Table 9.5),
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Table 9.5. Summary of coal pile kachate quality collected from five coal types
subjected to 12 natural rainfall events with 21l parameters reported as means

Ilinons Montana Kentucky Piusburgh Ohio

Pacameter 6 Rasebud 9 3 9
Runofl (€ of rawfall) 73 Fp ] ™ 3
pH 22 63 21 29 79
Acidity 21 200 a 33.100 990 a

(mg Las CaCO‘)
Electrical conductivity 15.200 2670 10.500 2130 7570

(s cm)
Sulfate (mg L) 21,500 1.800 27,300 1240 8810
Iron (g L) 7.710 043 9859 26 0.10
Arsenic (ug L) 147 b $.050 16.2 b
Barium (mg L) <02 b <02 <02 b
Cadmium (pg L) 268 b 166 95 b
Chromium (ug L) 438 b <24 n b
Lead (pg L) 4 b 12 16 b
Sckentum (pg' L) 438 & 829 <X b
Silver (pg L) 035 b <0.05 <0.05 b
Mercury (ug L) 0.12 ) 0.20 008 )

“No measurable acidity.
"Measurement not made.

The purpose of this research is to investigate the potential environmental problems associated with coal
pile funoff and to suggest methods of circumventing the acidic leachate. S-.ccifiz controlled laboratory and
field-scale experiments which identify and investigate varivus factors bel.eved to be influential in C~termining
leachate quality have been carried out. These factors include coal type (higi: or low sulfur content), exposed
coal surface area, storage moisture conditions, and rainfall intensity, frequency. and duration.

Runoff samples resulting from the leaching of Illinois 6 and Montana Rosebud coals indicate that
leachate from laboratory-scale column leaching experiments does not adequately predict the quality of
leachate which occurs from larger volumes of the same type of coal sfored under natural ficld conditions.
Comparisons of leachate quality between laboratory and field-scale experiments could only be made after the
data had been normalized based on the weight of coal in storage and the ratio of rainfall volume to unit coal
surface area. It is recommendcd. therefore, that in laboratory experiments designed to simulate the leachate
from actual coal storage piles. he rainfall volume per unit time be identical to expected field conditions and
the exposed coal surface area be adjusted so that the ratio of rai, fall volume to unit area of coa! surface be
similar to that occurring in the actual coal pile.

As a result of leaching experiments, recommendations have been made for a coal storage strategy which
will yield a feachate containing the lowest possible concentration of pollutants.

New Initiatives

Three new areas of involvement have been identified and arc heing actively pursued. Thesc include
assuring responsibility for management and coordination of the Waste Isolation Program, d« eloping a
broader-based geoscience program, and becoming involved in the Uranium Mill Tailiags Remedial Action
Program (UMTRAP). At the request of DOE EV a program plan for solid waste + cscarch was developed. A
summary of the plan is included in this section because new arcas of opportunitics have been identified in the
plan.
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Waste Isolation Program

During the last year. the Division assumed responsibility for management and coordination of the
Waste Isolation Program. suppo-ted by the Office of Nuclear Waste Isoiation (ONWI). This program is
heavily rescarch-orented wiih the major emphasis on geologic-geochernical aspects associated with disposat
of high-level nuclear wastes in deep repositorics. Research projects have ‘ncluded (1) evaluation of the
physical parameters (temperature, etc.) of importance in determining performance criteria for cepositories in
different rock types; (2) the prediction of how the presence of water in a salt repository might compromise
the integrity of the disposal system; {3) a study of the ability of different rock types to conduct the heat
associated with wastes: (4; the investigation of changes in the geochemistry of brines during irradiation at
elevated temperatures; (5) the {easibility of considering thick shales, which are present in the eastern United
States as repository hosts; and (6) the expected chemical reactions which would occur bztween ground water,
backfills. and waste canisters in the repositories. We have also continued research on the ground water
geochemical parameters which affeci the mobilization of long-lived radioactive elements, especially Tc. Np.
and Pu.

During the last vear, increased emphasis was placed on providing an up-to-date data base on waste
isolation for ONWI and the public. This effort included picparation of bibliographies and active
participation workshops. In addition. a new project was initiated. which is oriented voward an assessment of
the impact of nuclear waste facility siting on loca; and state host areas and the identification of arrangements
which are acceptable to local interests. o

Most of these program areas will continue during FY 8} and some are planned for following vears.
Emphasis is being pia.>d on expansion of the geological geochemical aspects of the program: this emphasis
is in close accord with the nterest of the Division and ORNL in expansion of the geosciences.

Geoscience Program Deve'opment

For several yvears ORNL management has expressed a strong desire to expand the geoscience staff and
research emphasis. This plan is especially timely now in light of the heavy involvement of geoscience
activities in enviropmental, waste disposal, and resource-related questions. The Division is actively involved
in this expansion through the hiring of new geoscientists and through the integration of geology into a wide
variety of divisional research projects, as well as the initiation of new geologic research endeavors.

One of the more active areas for geoscience development was n the waste disposal programs. We are
investigating the geology of ORNL's shallow low-level waste facilities (o ensure environmentally saf: disposal
of radioactive waste and to understand natural mechanisms by which radionuchides migrate or are retained.
Within the last year the Division assumed management responsibility for the Waste Isolation Program,
which has the responsibility of examining geologic aspects of deep repository disposal of high-level nuclear
waste.

In conjunction with the Chemistry Division, geologists in Environmental Sciences are developing an
expanded geoscience program, supported by the Basic Energy Sciences Section of DOE.

We have identified two major arcas of involvement, one dealing with “surficial processes™ and the other
with “organic geochemistry.” The surficial process program will involve geochemical and siratigraphic
studies of oil shales and metamorphosed equivalents in the eastern United States and a second project
dealing with ground-water flow through fracture media. The first project will involve an examination of the
mechanisms by which trace metals are incorporated in hydrocarbon rich shales, relating the concentration (o
paleoenvironmental criteria and eventually to look at the behavior of these metals dunng piogre-sive
changes in temperature and pressure, from diagenetic to high-grade metamorphic conditions. The second
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project will d=al with modeling of flow patterns through fracturing rock and the chemical reactions which
occur between rock and water. This Division’s involvemen in organic geochemistry is closely tied to the
research on oi! shales and is expected 10 include work on trace metal uptake by organisms.

A further new area into which geology from the Division is growing involves mineral resources.
Divisional geologists are examining the geochemistry and origin of sedimentary ir>n ores, massive sulfide
deposits containing Cu and Zn, and granitic Sn ores. Also, ORNL is planning future involvement in
resource-related research projects, and the Division was instrumental in helping to plan this activity. We
anticipate the aevelopment of a program dealing with basic rescarch on ‘ow-grade deposits. the type which
will represent reserves for the nation in future years after the turn of the century.

Geoscientists in Environmental Sciences have also initiated a Laboratory-wide seminar, eatitied “Topics
in Geology,” and are becomirg actively involved in a wide variety of o her projects. including remote
sensing, environmental resource analysis, and impact statement preparation.

UMTRAP Involvement

The Uranium Mill Tailings Radiation Control Act of 1978 (PL 95-604) identifies 22 inactive uranium
tailing. sites which are candidates for remedial action. It l:as been estimated that 140 million ton- of tailings
are stored at rhese sites. Due to the amount of material wvolved, remedial action such as earthen or
man-made covers is preferred over removal of the existing piles and emplacement in specially prepared
lozations.

Existing tailings piles rcpresent a potential source of surlace and or ground water and air
comtamination. Attempts were initiated mainly to retard Rn gas flow from the storage piles by applying
asphaltic cover materials, but in certain cases this resulted in an accelerated movement of contaminants to
the surface of the piles. Attenuation of contaminant movement through soil liners and covers may represent
a more feasible solution to this problem. Special soils, or soil-clay admixtures. may reduce infiltration of
water into and out of the tailings. reduce containinant transport, and retard Rn gas flow.

Studies were initiated in the latter part of the reporting period to evaluate potential variations which
might occur in the parameters controlling gas and leachate movemens. to provide remedial solutions for
existing tailings piles, and to suggest new disposal practices for future tailings production. This effort is
supported by DOE through the Albuguerque Operations Office.

Program Plan for Solid Waste Research

At the request of DOE; EV a program plan for solid waste rescarch was developed. A program planning
workshop was organized and held in fuly 1980 to definc the scope of the program and to identify specific
rescarch needs. Over 40 scientists and engineers from various federal agencies and private industry
participated in the workshop, with ORNL playing a leading role. The program plan addresses the
management alternatives for solid wastes generated in the energy technologies with the maror emrhasis on
the emerging nonnuclear energy technologies. Significant increases in the quantities of nonauclrar solid
wastes are anticipated because the nced to convert coal, oil shale. and hiomass to liquid and gascous fucls
and the increasingly stringent air ard water pollution control regulations will result in farger accumulations
of the contaminants in the form of solid wastes,

The program plan was developed in a manner that will permit a DOE solid waste management policy to
be adopted bascd on sound relevant cxperimental data wn concest with a risk-benefit strategy. The major
objective of the plan is to provide a coordinated research and development program for safe and economic
management of solid wastes produced by the various energy technologics to ensure that solid waste
management cannot be considercd a deterrent to the orderly development of the technelogies,
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The initial strategy is to develop environu.entally acceptable dispesal methods for solid wastes that are
currently being generated. This strategy also holds for those wastes that will result from the emerging
technologies that require an acceptable solid waste management plan before approval can be made
implementing their construction. However. the major theme in the plan is the development of alternatives to
disposal: that is. utilization of solid wastes. Research and development initiatives were outlined evalus 2ing
the possible use of energy-related solid wastes in construction materials and as source materials in land and
civil engineering reclamation projects. Research needs in charactenization of solid wastes and methods of
disposal were also addressed. The plan considers environmental impacts from the wtilization as well as
disposal of solid wastes. The most siznificant contribution resulting from the impleme~tation of the plan will
be the developmemt of a data bas: from which decisions can be made regardi.g the managememt of
energy-related solid wastes. This dara base will allow the employment of a “degree of hazard degree of
control” disposal sirategy as well as enhance the beneficia. utilization of energy-related solid wastes.
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Introduction

The Terrestrial Ecology Section provides expertise in terrestrial environmental sciences to both basic and
applied research areas. The section is currently involved 10 ecosystem studies. environmental impacts. advanced
fossil energy. and nuclear programs. Staff members are also assigned 1o other research divisions at ORNL..
Within the section. a basic rescarch program is maintained to ensure continued development of our technical
abilities in selected arcas of terresirial ecology. Current section research cncompasses three major arcay:
ccological effects of air pollutants. clement cycling studies on Walker Branch Watershed. and ecosystem studies.
Section rescarch projects also require input from other units of the Division. In particular. geological and
hydrologicai expertise is provided from the Earth Sciences Section to assist with resecarch activities on Walker
Branch Watershed. Progsess during the cursent year by tesrestrial ecologists participating in Division programs
is highlighted in technical summaries of programs in this report. The following paragraphs highlight the research
activities contained within the Terrestrial Ecology Section.

Rescarch activities on ecological effects of air pollutants are aimed at evaluating both present and future
ccolugical risks associated with pollutants from coal combustion and other encrgy technologies. The controlied
fumigation facility describcd in last year's annual report (Aucrbach ct al. 1980) was completed during this year.
and experiments were initiated quantifying the cffects of relative humidity on the uptake of ozone and SO,
Initial results indicate that increasing humidity causes a substantial increase in foliar uptake of both ozone and
SO:. Currently, the exposure system is being utilized 1o examine the influence of combinations of levels of SO;
and O, for individual pollutant uptake. In addition 1o laboratory studies on air pollutant effects. we are
continuing our cfforts on documenting plant responses der ambient poliutant burdens.
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in our continuing work on cooling tower drift and emissions from uranium enrichment facilities. we assisted
the Paducah and O." Ridge gascous diftusion plants in evaluating cooling cower windage. Windage occurs when
vooling water is lost {rc.n wie sides of the tower rather than from the top and is subsequently transported to
streams as runoff. This influences the water quality of regulated streams and canconstitute a2 National Poliutant
Discharge Elimination Systems (NPDES) permit violation as an unregulated discharge. Results from
measurements of chromium deposition within 5 m of cooling towers provided quantitative evidence of windage
at the Oak Ridge Gaseous Diffusion Plant. The problem is primarily restricted to cold scason months when the
towers are operated without man-induced draft and the soils have high moisture content. Our results will assist
the Depastment of Energy {DOE) in developing engineering design studies to ensure comphiance with discharge
regulations.

Acid-rain studies concerning impact on vegetation are continuing. Studics with bush beans, radishes. and
wheat are being conducted to look atdirect effects of rain pH on senescence growth and vields. interactive effects
of varying levels of rain pH and ozone. and genctic ditTerences in plant response to simulated acid precipitation.
Results from these studies indicate (1) that rain pH effects are direct on foliage rather than indirect through
interactions within soil, (2) that the combined effects of ozone and increasing rain acidity are greater than
additive, and (3) that plant response to acidic precipitation is further confounded by genetic differences among
plant species and cultivars.

Research on atmospheric deposition on Walker Branch Watershed focused on identification of organic
constituents in rain above and below a forest canopy. Extracted material observed inthroughfall samples proved
1o be largely aliphatic and was identified by comparison of cxperimental mass spectra. Qrganic acids and
plasticizers were found in all samples. Chlorinated organic compounds were also observed. as were wrpinoids
derived from coniferous vegetation. Rainfall samples included all compounds found in throughfall. but at
considerably lower concentrations.

Acid precipitation and soil mobility studics continued 1o concentrate on the development of a working
hypothesis for why certain soils icach sulfate anion and others do not. Results todate indicate that the presence of
free iron and aluminum account for considerable sulfate absorgtion in watersheds in East Teanessee. North
Carolina. and Costa Rica. In contrast. watersheds in New Hampshire and Washingion accumulate none of their
incoming sulfate and are being leached. Qurs studies will continue 1o examine the role of acid rain versus naturally
produced acid, determine the role of organic maiter intypes of free iron and aluminum i~ sulfate absorption. and
ultimately develop simpie soil criteria for susceptibility to leaching by sulfuric acid.

Hydrologic research on Walker Branch Wate.shed continued to further develop the vanable source-arca
concept and to understand the role of soil macroperes in the subsurface flow of water. Significant increases in
streamflow were found 1o be assciated with both sude slope valleys and outcraps of resistant layen of bedrock
on Walker Branch. These findings may help to explain the subsurface flow between the cast and west forks of
Walker Branch. Hydrologic consequences of soil macropores werc investigated with a modified sersion of ous
hydrology model by including algorithms for macropore flow. Initial runs indicate that macropores can cause a
major change in simulated drainage patterns under high rainfall conditions.

Bioclimatology studies contirded 10 focus on establishing a sound basis for both tree-ring and policn
chronology work in the southeastern United States. We recently showed that climate can be reliably
reconstructed from tree-ring data in East Tennessee and lowa. Whenthe simplest form of statistical analyses was
used. our corrclation coefficients between actualand reconstructed values were significant at she 994 confidence
level in 12 of the I3 sites analyzed. These coefficients are based on 40 years of independent data at cach site.

Recent results from our global carbon work indicate that terrestrial vegetation accounts for S60 Pg(Citon).
This estimate is well withia the ranges which come from revised mapping of ccosystem areas and amount of live
carbon plant material averaged over typicai. natural, cutover, and regrowing woods. The implications of this
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jower estimate lead directly to lowering some of the more dramatic and unexplainable estimates of high nonfossil
CO: inputs to the atmosphere which we have not been abie 1o reconcile with known constraints. Currently, we
are addressing the rele of soils both as recent sources and as potential sinks for CO;. and this continues to be a
priority area in our global carbon cycling rescarch.

Forest resource management activities on the DOE-Oak Ridge Reservation took on new directions during
the past year. A move from multipic-use, sustained yield to a research sapport role results primarily from the
termination of the long-term timber contract. We are continuing pulpwood sales. emergency timber removals.
and sales of timber for research purposes. Current research activities include timber removal on the whole-tree
harvested research areas (described in the Ecosystem Studies Program section of this report) and preparation of
sites for research on the ecological =ffects of intensive silviculture.

Ecological Effects of Air Pollutants
Coal-Derived Air Pollvtant Effects on Vegetation

The Environmental Sciences Divisions Air Pollution Effects Project is aimed at evaluating both present
and future ecological risks associated with pollutants from coal combustion and other energy technologies. In
Iaboratory, greenhouse, and field studics, we are conducting research along four specific lines: definition of
corcentration thresholds for plam response 10 individual and combined exposures to SO,. 0y, and acid rain;
evaluation of physiological indicators of stress; assessment of critical characteristics of exposure dose; and ficld
monitoring of physiological and growth responses of native vegetation exposed to ambient poliutant levels.
Coliectively. these studies are aimed at evaluating the cfficacy of present ambiemt air quality standards and
evaluating potential damages to terrestrial ecosystems which may accompany large-scale implementation of co::}
combustion technologies.

Our capabilities in conducting laboratory studies on plant-pollutant-environment interactions were-
substantially improved this year with the compietion of a 12-chamber exposure system for poliutant dispensing.
control, and monitoring (Fig. 10.1). The system permits simultancous, controlled exposure of plants with up to
three poliutants per chamber. The facility is shared by researchers addressing effects of atmospheric pollutants
from coal combustion, coal conversion, and uranium enrichment technologics.

Initial experiments 1n the exposure system were directed toward quantifying the effects of relative humidity
on uptake of O and SO; by plants (McLaughlin and Taylor 1980). Comparisons of uptake of these gases into
plant leaves at low (35%) and high (755%) relative humidity showea two- to threcfold increases in uptake of SO;
and three- to fousfold increases in uptake of O) at high humidities. This provides a physiological basis for the
documented enhancement effect of humid:ty on plant sensitivity to air pollutants. Inaddition. it may eventually
provide a basis for evaluating regional Zaferences in adverse effects from atmospheric poliutants. The and
Southwest. for exampie, would be expected to sustain considerably less damage from an equivaient level of air
poliutants than the humid East. Thus, relaxed standards may be justified in this region. Additional work on the
influence of SO; and O, alone and in combination is being conducied to determine how individual pollutant
uptake is influenced by multiple pollutant exposure.

While laboratory cxperiments are aimed at determining concentration thresholds for plant response and
providing a basis for understanding important concepts of pollutant dose, field work continues to document
plant responses under ambient pollutant burdens. In previous work (Mann 1 al. 1980). we documented the
chronology of foliar disorders and accompanying chronic decline in white pines under chronic air pollution
stress. During the past year, we documented ring-width chronologies. compared photosynthetic rates, and
studied the dynamics of **C-photosynthate allocation in trees with varying degrees of symptom development
(McLaughlin et al. 1980). Results indicated that chronic decline was caused primarily by premature sencscence o.
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Fig. 10.1. Control censer for dspensing snd monitoring air polistants to 12 advence-Jesign exposure chambers provides a versstile
system for exposing plants 1o siv polistants from both cosl comburtion and cosl conversion processes. Both rates of pollui._ nt optake snd
effects of exposure on photosynthess can be measured simultancously with this systens.

older needles with resultant reduced availability of storage capacity in the (all and reduced supply of
carbohydrates to newly developing needles in the spring. Shorter needles in affected trees function well
photosynthetically but apparently do not meet the total carbohydrate needs of the tree. Chronic decline in
sensitive trees results in reduced growth and an apparent modulation of growth responses to favorable
environmental conditions. Under these conditions trees can be expected to be more susceptible to other forms of
environmental stress, particularly ro discases.

Cooling Tower Windage

Cooling towers at DOE contractor-operated gascous diffusion plants in Kentucky. Ohio. and Tenncssee
require the addition of a chromate, 2inc-phosphate corrosion inhibitor to the recirculating cooling waters for
protection of copper i\ ooling condunsors. During the past decade. the impact of cooling tower drift on
terretrial environments has been a major consideration. Recent studies at the Paducah Gascous Diffusion Plant
sugptst that there is also a significant potential for aquatic impacts. Blowdown at the Paducah facility and the
Osk Ridge Gaseous Diffusion Plant (ORGDP) is engineered for 7ero chromate discharges to receiving streams.,
Fast experi:nces at the Paducah facility without chromated discharges mysteriously re .uked in viotations of
National Pollutant Dicharge Ebmination Systems (NPDES) permit standards (or hexavalent chromium. These
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episodes of noncompliance were associated with high winds perpendicular to the tower axis and tower operation
without fan-induced draft. Operation of the cooling towers without fans is an operational procedure effected
during wintcr 10 maintan 2 minimum required temperature for the enrichment cascade. Under these conditions.
cooling water is lost from the sides of the tower instead of from the tep as with drift and is subsequently
transported to streams as runoff. This loss of water. termed “windage.™ has a potential to impact the water
quality of regulated streams or simply constitute a permit violation as an unregulated discharge.

The DOE requested the ORGDP Environmental Management Group to determine if windage was also a
problem at Oak Ridge and 1o quantify the losses. In a collaborative effort between the Environmental Sciences
Division (ORNL) and ORGDP. a series of studies was conducted on several mechanical-draft cooling towers.
Effective windage volume was collected as precipitation along a distance gradicnt from the tower base. Depth
(height of the water column) was calculated from the refationship of the measured volume to the diameter of the
collector and termed effective wetfaPF {cm - h). Pilot studics indicated that evaporation might be an important
consideration. Because evaporative processes would not affect the total chemical residue in the collected
samples, volume inferred by chewical methods would be more representative of true windage volume.
Consequently, true windage volume was calculated from the tuisl chromium residue present in cach sample and
the measured chromum concentration of the recirculating water system. Similarly. true wetfall (cm-h) was
cakculated from the corrected volume.

A comparison of results from the two methods indicates that estimates of effective windage contain
significant negative: bias (~ 305%) in assessing the magnitude of the wetfall. Maximum effective windage measured
adjacent 10 (0.5 m) a newly constructed 295-m*: min (78,000-gpm) tower was 10cm hin contras: to a true wetfall
maximum of {4 cm h. ’

The data were further summarized as windage flux to the ground (L m * h *) and best-fit curves plotted using
spline functions. Results during tower operation with fans on and fans off are depicied in Fig. 10.2. Wind was
from the southwest. gusting from 410 7 m s. Most (>95%) of the windage water was deposited (fans off) within
5 m from the base. L osses from cells operating with fans on depict water entrained in exit air flow and deposited
as drift. The point of intersection of the two curves (8 m) represents the maximum distance windage was
transported frori the tower. The windage water drains 1o an open ditch and is transported to Poplar Creek. To
estimate the total chromium deposited as windage (fans off). the area under the curve was integrated over the
distance from the tower ( 10 m) and along the length ( 100 m) of the tower. assuming no end effects. This represents
a worst-case example because all cells would be in operation without utilizing the fans. Total hexavalem
chromium discharged through windage was calculated assuming a 9-ppm water concentration. Under the
meteorological conditions of this specific example. it was estimated that 1.7 X 10° 1. of chromium-laden water
(153 g of hexavalent chromium) were lost per hour of operation. Similar studies were conducted on several other
cooling towers during varying meteorological conditions (wind speed). Since drift does not contribute
significantly to runoff, the point where windage flux is equal to drift flux becomes important in predicting the
greatest distance of windage transport. The relationship of windage transport (distancz) to wind speed is
described by the lincar model. ¥ = 1.6 + 1.36X. r = 0.986

Results of the combined investigations provided quantitative evidence of windage from the ORGP
cooling towers. The problem is primarily restricted tocold months (November through March). when the towers
arc sometimes operated without fan-induced draft and soils have a high moisture content such that the
depneition is quickly iansporied as sunoff. The research was an important contribution to engineering desion
studies submitted 1o DOE for construction approval of long-term abatement structures to attain NPDES
compliance. Results of the rescarch also have significance for other technologies using evaporative cooling
towers, because 8 common practice (o prevent icing in the winter is (o operate without fan-induced draft.
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Fig. 10.1. Windage from the K-392J cooling tower on December 7, 1979, Wind was trom the SSWat 30 T m s (X =Sm «)

Effects of Acid Rain on Vegetation

Precipitation acidity is an issue of primary concern resulting from the long-range transpon of sulfur and
nitrogen oxide air pollutants generated by fossil-fucl combustion. Although current kevels of precipitation
acidity are generally regarded as not being a direct threat to the growth and vield of tereestrial plant species, the
long-range impact of chronic exposure of crop and forest specics to acid rain alone and in combination with
gascous pollutants of regional concern remains to be resolved. This eeport highlights several recent studies aimed
at clarif 'ing the potential role of precipitation chemistry in the response of vegetasion to the overall level of
poliutant stress potentially occurring from expanded national reliance on fossil-fuel utilization.

Bush bean plants ( Phaseolus vulgaris L. ‘Blue Lake 274°) were exposcd to simulated rain at pH 5.6.4.0, or
3.2 twice weekly during the third through the seventh week of growth. Solutions of identical chemistry and
volume were addcd (o the soil of another sct of plants. The threshold for visible injury and significant growth
reduction due 10 rain exposures was between pH 3.0 and 3.2. Exposure 1o pH 4.0 or 3.2 rain caused premature
sencscence of the unifoliate leaves, but trifoliate leaves of the same plants often had greater leaf chlorophyll
concentrations, thus apparently compeasating for the observed premature senescence. Comparison of the
growth betwceen plants exposed to rain at a constant pH 3.2 level and those cxposed to rain that increased in pH
from 2.8 10 4.0, with a pH 3.2 average. indicated that rain cvents with a high peak level of acidity may cause
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greater deletericus effecis un bean piants than those characterized by a constant pH level. The pH of the solutions
that were added to the soil had no significant effect on any of the parameters that were measured. Therefore, the
significant effects of rain pH were direct foliar 2ffects. rather than indirect effects mediated by effects on the soil
media.

In an experiment comparing constant and varying acidity lkevels. radish plants were grown in a growth
chamber and exposed to pH 5.6 or 3.3 simuilated rain. Comparison was made between plants exposed topH 3.3
rain applied at a constant pH 3.3 leveland those exposed to rain in which the pH increased during exposure from
pH 2.9 10 4.5 with a pH 3.3 mean. Although analysis vielded nonsignificant F-iests, the plants exposed to the
constant pH 3.3 treatm=nt tended to weigh less (3457) than those exposed tocither the pH 5.6 or the changing pH
3.3 treatments. .

It 5 important to note that the response pattern observe:! with this species was not in agreement with the
pattern observed for bush bean, indicating the importance of species-specific variation in response pattern. The
fact that such varniation exists in respoase pattern will be critical to understand in efforts to develop predictive
capabilities for assessment of large-scale impacts of precipitation chemistry on plant response.

To dztermine interactive responses to pollutants, radish plants were grown in 2 growth chamber and
exposed to simulated rain, twice weekly for two weeks, at pH 5.6,4.0_3.3, or 3.0 and 10 ozone (05) 210.0,0.1,0.2,
or 0.4 ppm for 4 h on each of 3 d in a 4-factonal design. Parameters measured were percent leaf area necrotic (%
LAN! of the first through fifth leaves. chiorophyl! concentration (mg g) of the second and fourth beaves. and the
dry weignt of the leaves and roots. Ozone at 0.4 ppm caused significant (>20%) injury on the first tofifth leaves,
reduction of root weight (57¢). and chlorophyll concentration (6057 ). The threshold Oy concentration to cause
signiicant cffects was between 0.2 and 0.4 ppm. Ozone did not affect the dry weight of lcaves, even though
signiticant amounts of injury were present. Rain at pH 3.0 significantly affected injury to the first and second
leaves. Rain pH did not significantly affect any of the other parameters that were measu~- * ‘n‘eractive effects of
O; and rain pH resulted in injury to the second leaves. The combined effect of increas.ny +; concentration and
increasing rain acidity was greater than additive. Over the range of concentrations used during this study, O,
caused significant damage to radish plants. The effect of rain pH was restricied to the older lcaves of the radish
plant. and there was no significant interaction of Oy and rain pH on radish growth processes.

Three wheat cultivars ( Tritician aestivum L. "Arthur 1. *Abe.” and "Oasis’) were grown in a greenhouse and
exposed to simulated rain acdified to pH 4.3. 4.0, 3.3, 3.0, or 2.3 with equal volumes of 6 N sulfuric and nitric
acid. Rain (1.1 cm) was applied twice weekly for three weeks, Tiller number and number of leaves greater than
106¢ necrotic were counted and dry weight measured 32 d after planting. Dry weight and tiller number were
reduced an average of 125 by exposure to pH 4.3, 4.0, and 3.3 rain for cultivars Arthur | and Abe and were
stimulated an average of 21¢7 by pH 2.3 rain (or all three varieties. This study demonstrates the complex nature of
plant response to acidic precipitation. Different cultivars of a species may respond to rain chemistry differently.
The birodal response pattern shown by two cultivars suggests that more than one mechanism is re .ponsible for
plant responses to acidic precipitation.

Element Cycling Studies on Walker Branch Watershed
Organic Constituents in Rain Above and Below a Forest Canopy

Forest canopies can be important sites of deposition of atmospheric gases and particles. During dry
weather, the forest canopy may exude components that accumulate on leaf surfaces along with dry-deposited
atmospheric constituents. These accumula.ions are subsequently washed off, perhaps only partially, by
precipitation ¢vents which follow. Rain collected under a forest canopy (throughfall) may therefore contain
constituents from several sources, including the leaf interior, the external environment, and the incident rain
itself. Forest canopies are thus sites of physical and chemical interactions that affect the composition of rainfall
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which ultimarel :saches 2 {Gicsi fiowe. The current study (Hoftman et al. [980) was designed to identify the
organic components of throughfall anc to define the relationship to deposition and leaching phenomena. This
rescarch s a portion of ongoing deposition studics at the Walker Branch Watershed.

Rain samples were collected on an event basis from August 1977 to June 1978. Lindberg et al. (1979)
described the sampling sues. the sampling procedures, and the precipaation collectors (HASL- type. wetfall-
onlv) used. Samples from above (incident rain) and below {throughfall) the forest canopy (Quercus prinus L.
chestnut oak) were collected for 43 rain events representing ~90% of the precipitation volume that occurred
during the sampling period.

The interception of incoming rain by a fully foliated forest canopy produced a large increasc in the organic
content of resultant throughfall compared to the organic content of incident rain. In the absenc of leaves the
organic contemt of throughfall decreased substanuially. although it remained above that of incident rain.
Material recovered from dichloromethane extracts of incident and throughfall samples followed this pattern as
well. The organic content of incident rain sampies generally appeared to be unaffected by scasonal facters.

Constituents found in extracts of incident rain samples were invanably present inlower concentrations than
those found in comparable throughfall. Virtually all throughfall constituents were observed at some time in
incident rain-sample-extract chromatograms. Excepting dioctylphthalate and dioctyladipate. however. they
were generally at or below detection limits. If an absolutedetection limit of 1 ngis assumed. based on instrument
specifications, no component below ~0.5ug L in the rain could be identified.

The extracted material in throughfall samples proved 1o be largely aliphatic and was identified by
comparison of experimental mass spectra with reference spectra and, where available. with spectra of reference
compounds. Octanoic and decanoic acids were the only organic acids found. and of these, only octanoic (or
isomeric Cy acids) appeared consistently. Only dioctylphthalate was present in all samples. incident and
throughfall. Dioctyi, hthalate and dioctyladipate (or their 2-cthy thexyl isomers) are widely us~d plasticizers and
have been distributed in (e environment for over 20 vears. Dioctyladipate was frequently present but was nut
usuzlly predommnant. Regular,, <paced peaks were noted at the high-temperature end of the chromatogram.
particularly in autumn throughfall sam,.'~< In the spring. throughfall chromatograms were much simpler. traces
of the high-temperature series were rarely seen, and fewer different low-concentration components were
observed.

Some terpenoid-tike materials and highly chlorinated compounds were observed in extraciion isolates also,
Mass spectra of the chlorocompounds did not coincide with those of halogenated pesticides known to be used in
small quantities in the area (i.c.. endosulfan. dieldrin. aldrin. and heptachlor). Howcever, compounds very similar
in spectra toisodrin 2nd 2n apparent homolog were observed. Terpenoids are common atmospheric components
derived from coniferous vegetation in the southeastern Unized States and conseque ntly might be expected in low
concentrations. Both chlorocompounds and terpenoids seem likely to come from external sources rather than
from the deciduous trees themselves,

Specific organic compound types present in single rain cvent samples arr probably related to processes of
deposition, leaching. and weathering in a forest system. Information as t. where the obser.od compounds
originatc. therefore. can provide a rational glimpse of chemical pathways int i se biological s. stems. Plasticizers
and chlorohydrocarbons identificd in this study appear to be related to sources externa! 1o the deciduous trees
examined (Quercus prinus 1..). Organic acids and high-molecular-weight “waxy™ materials were also detected
and are likely derived from the metabolism, or the attrition. of the lcaves themscives.

Acid Precipitation and Soil lon Mobility

Because of the requirement for electrochemical neutrality in soil solutions. acid rain vill have ao effect upon
nutrient cation leaching unless the associated anion (sulfate or nitrate) is mobile inthe ecosystem (Johnson 1979).
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Because sulfarte x the majui anwonike component ot acid precipitation and sultate mobility s an important
component of ongoing research on sulfur cyvcling in Walker Branch Watenhed. considerable effort was
expended in determining the factors affecting sulfate mobility in soils. including the testing hypotheses developed
from Walker Branch studies on soils from a wide range of forest ecosystems w hose sulfur budgets are known.

Walker Branch Watershed as a unit appears to be accumulating approximately 40¢; of incoming sulfate by
adsorption i free iron- and aluminum-enriched B horizons i(Shriner and Henderson 1978, Johnson and
Henderson 1979). Consequently. the potential for acid-rain-induced nutrient cation 'eaching from the ecosystem
is reduced by 407 . Similarly. watersheds at Camp Branch. Tennessee. and Cowecta. North Carolina. and a
tropical ecosystem at La Selhva. Costa Rica. are accumulating 20 to 907 of incoming sultate as a whole. most
likely by adsorption in subsurface horizons (Johnson et al. 12R0). In contr=st. Hubbard Brook Watershed. New
Hampshire. and the Thompson Site. Washington. accumulate none of their incoming sulfzte and are therefore
being leached by incoming sulfuric acid to its fullest potential.

Several factors were shown to influence the abilitic Hf soils to retain sulfate and therefore to retain their
resistance to lkeaching by sulfuric acid. the most important of which are fr.e iron and organ.c matter content
(Johnson ct 2l. 1980). Soils with high free iron and organic matier content. such as subsurface horizons from
Hubbard Brook and surface horizons from La Selva and Coweeta. are poor sulfate adsorbers and highly
susceptible to sulfuric acid leaching. Surface soils from Walker Branch and Camp Branch are low in free iron and
high in organic matter. making them particularly vulnerable to keaching by sulfuric acid. also. Ongoing lysimeter
studies on Walker Branch confirm that surface soils are being heavily leached b sulfuric acid. a potentially
deleterious situation in view of the fow basc saturation and high rooting density in those horizons.

Current research is aimed at assessing the exact roles of acid rain vs naturally produced acids (largely
carbonic) in cation leaching from soils of Walker Branch and at making realistic assessments of total capacity of
these soils 10 retain sulfate (i.e.. how long it will be before the ecosystem is fullyv susceptible to acid rain leaching
such as Hubbard Brook apparently is now). A second major goal is to determine the role of organic matter and
types of frec iron and aluminum in soil sulfate advorption and to specifically determine w hether organic hizands
block potentialsulfate adsorption sites or whether the less crystalline nature of tree iron and aluminum in organic
horizons precludes effective sulfate adsorption in organic matter-rich soily. The ulumate aim of these studies isto
develop simple soil cesteria, such as color. for the assessment of susceptibility to leaching by sulfuric acid.

Hydrologic Transport

Recent advances in the understanding of subsurface flows and the spatial heterogenceity of runoff processes
have highlighted the imporance of variable hydrologic source areas and the role of macropores during major
runoff events. Because water is the primary transport carrier for contaminaznis and nutrients. our work on
hydrologic transport focused on these two areas during the past year.

One aspect of hydrologic transport that is very important is the location and characterization of variable
hydrologic source areas. In conjunction with an ccologicai study of the west fork of Walker Branch Watershed.
tritiated water was released as a tracer to allow determination of streamflow increases along a 120-mn reach of the
stream Jhannel. Because streamflow increases are expected 10 e associated with the presence of hydrologic
source areas, the results can be uscd to infer source area locat:an and factors responsible for their occurrence.
Significant increascs in streamflow were found to be associated with both side-slope valleys and outcrops of
resistant layers of ocdrock. The side-siope valley apparently concentrates subsurface drainage at the valley
outlet. The resistant bedrock layers occur at right angles to the orientation of the stream channel and dip sharply
in the downstream direction. They appear to trap subsurtace flow moving parallel to the main chanacl and force
it out into the channel just above resistant outcrops. This latter finding suggests both a mechanism and pathway
for subsurface tlow transfer between the cast and west forks of Walker Branch Watershed. Such intormation
should be useful in understanding mineral cyching studies at Walker Branch
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The proportion of soil pores larger than I mm diam (macropores) was estimated to be 0.05and0.09m’ m’
for the A and B horizons of Fullerton cherty silt loam according to an analvsis of results froma field soil drainage
study on Walker Branch Watershed (l.uxmoore et al. submitted). The hvdrolegic consequences of soil
macropores Were investigated with a modified version of the Terrestrial Ecosvstem Hyvdrology Model (TEHM)
that included algorithms for macropore flow. Three new subroutines were written and coupled to TEHM in
cooperation with two students from the MIT Practice School in Chemical Enginceringat ORNL (Fongetal..in
press). Sensitivity tests of the modified model showed that macropores could cause a major change in simulated
drainage patterns under high rainfali conditions for scils of low hydraulic conductivity. Macropores in a profile
allowed increased drainage and less lateral flow than from a similar profile without macropores. The computer
analysis highlights the need for experimemal procedures for quantifying macroporosity; however, the work
suggests that geometrical aspects (pore size and shape) may not need characterization. Macropore effects on
pollutant movement in Walker Branch Watershed (SO, ') and in the low-level radioactive waste management
areas are likely to be among the most important controls on chemical transport.

Ecosystem Studies
Bioclimatology

Studies of past variations of climate and vegetation improve our understanding of the nature of chmatic
change and of subsequen: biotic response. Biological indicators of past climate can be used to provide long
records of the natural component of climatic variability. which must be superimposed on any projected
anthropogenic effects on future climate. I.ong records of pust climate provide many examples of climatic change
for hypothesis testing and also provide information on the extremes of climatic variability which have not
occurred in the peried of written record. but have occurred in the more distant past and are likely to occuragain
in the future.

Tree rings have been used to reconstruct past chimatie variability in the arid western United States. (Frits et
al. 1979). and Cook and Jacoby (1977) showed that this can also be donc in the Northeast. We recently showed
that past climate cap also be refiably reconstructed from tree-ring data in the southeastern and northcentsal
portions of the United States.

We reconstructed past climate and veritied the reconstructions intwosclected areas. Eastern Tennessee was
selected because (a) its location was acar the center of the southeastern United States and near our faboratory, (5)
available ring-width chronologies there extended back nefore A.D. 1700, and (¢) the responses to moisture stress
of the species invohed (Vhite oak. Quercire alba. and shortieat pine. Pinus echingra) had been investigated
(Boggess 1957). White oak chronologies trom owar were also investigated because those chronologies had been
extended to over 300 vears in fength and hecsuse chimatic reconstructions from the centrat United States arc
necessary if climatic reconstructions from the Fast are ever to be geagraphically merged with those from the
West.

Statistical analyses indicated that precipitation during the grow ing season (May-June in particular) could
be reconstructed from the chronologies in eastern Tennessee. We used straight-line regression to estimate
May-June precipitation from the average ring-width index of the two available chroaologies. The
reconstructions were tested on 60 vears ot independent data and were significantly corrected (9977 coalidence
level) with the cctual values.

The white oax chronelogies in fowa were accurate ipdicators of annual precipitation, Strajght-line
regression was again ined to estimate the preaiputation values from the ring-width indices. The regression
caefficicnts were calculated using the most recent 60 years of data, and the resulting precipitation estimate:. were
verificd on the previous 46 vears of independent data. The correlation coefficient between actual and estimated
values wa., +0.74 Tar the recent 60 vears and ~0.72 for the preceding 46 years of independent data.
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We noted that ring-width chronologies of white oak were almost invariably sensitive to moisture stress. To
examine the general applicability of tree-ring data to cliipatic reconstructions in the southeastern United States.
we used straight-line regression to estimate past valuzs of the Palmer Drought Severity Index from ring-wicth
data at all stations where white oak chronologies a;e currently available. Correlation coefficients between ac ual
and reconstructed values were significant bevond the 99¢z confidence level at 12 of the 13 sites znalyzed. These
correlation coefficients are based on over 40 years of w.dependent data at each site.

The above results were al] based on the simplest possible form of statistical analysis. The u:se of multivariate
teckniques. incorporating additional ring-widtk chronologies and prior growth variables. is expecied to provide
improved results. as it has in previous studies for the western United States.

Global Carbon Cycling

How large and changeable are the main pools of organié carbon in the biosphere? This question has been
controversial, both for plants and soils. One reason for confusion about the answer is that no single strategy has
combined the needed estimates of area (a) and carbon density per unit area (d) to obtain the sum of products uf
(ad) = v for both natural and disturbed ecosysiems. A basic ecosystem critique from our NSF-supported
carbon project. with dat:-base support for computenzed mapping for DOE. led to a range of credibic estimates
that are all below those commonly quoted in some of the literature on global carhon cycling.

Our findings are that our earlier published estimate of near 560 Pg (or Gron. i.e. 10" g or 10° ton) is well
within the low-to-medium range whichsee:  ro follow from revised mapping of ecosvstem areas and amounts of
live plant carbon averaged over typical, natural, cutover. and regrowing woods. The estimates of 680 Pg(Baes et
al. 1976. 1977) are plausible as irntial conditions for simulations of land-use changes over recent centuries. Higher
ones (¢.g.. 330 Pg of Whittaker and Likens 1973) are difficult to reconcile with the widespread disturbance
history and broad exicnt of suboptimal sites in the more cxtensive parts of tropical vegetation. Estimates like
those of Bazilevich etal. (1971) are conceivable---for times prior to agriculture and expanded savanna burning by
humans, perhaps -but were notset forth by their authors as applicable for modern or evenancient historic times.

implications of these lowered estimates lead directly 1o lower some of the more dramatic and inexplicable
estimates of high nonfossil CO; inputs to the atmosphere (5to I8 Pg year). which the geophvsical community at
farge finds impossibie to reconcile with known constraints of geochemistry and physical circ ifation of the ocean.
QOur prior estimates of 1.2to 3.2 Pg year {or the tropical forest cutting and partial clearing  pparently are offset
partly by regrowth within parts of the tropics and parntly by net carbon storage in some puarts 0 the temperate and
Boreal zones. Soils. both as recent sources and potential sinks for COsz. include ephemeral fitter, logs. and morc
resistant humus compounds. Estimating their carbon fluxes is still a priority arca for continuing research on
global cycling. Because equations for both vegetation and humus balance are influenced by climate-controlled
rales, it continucs to be important to strengthen the hinkage of biogeochemical studies with bioclmatology.

Forest Resources Management

The Forest Resources Management program on the DOE-Oak Ridge Reservation (ook a new direction in
180 from a multiple-use sustained-yicld program to a more research supportive roll. This is due primarily to the

ination of the long-term timber contractand elimination of timber sales. Pulpwood sales through plantation
thinings, emergency timber removals, and sales for research purposes continue in our activities. Plantation
thinnings to climinate suppression and enhance growth totaled 145.4 ha (360 acres) with 7462 m’ (2082.2 cords)
of pulpwood and 1296 m’ (139 million board feed) of sawtimber. Emergency sales volume totaled 2848.5 m’
(794.8 cords) on 32.3 ha(80acres). The only sawtimber sale of 261 m’ (28 million board feed) was sold by spot bid
on our Whole-Tree Harvesting Project rescarch area,
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Management activities over the past year were primanly cultural operations including site preparation and
reforestation of old beetle kill areas and understocked areas on 78 ha (193 acres). Species planted were loblolly
pire ( Pinus 10eda). white pine (Pinus strobus), vellow poplar {Liriodendron tulipifera). eastern cottonwood
( Populus delioides). and sycamore ( Platanus occidenialis). Average seedling survival rates for 1980 wzre 75¢ for
hardwoods and 74% for the pines. These combined rates are the lowest ever recorded on the reservation and can
be attributed to below-average rainfall from June through October which was 40¢; of the normal ranfall.

Site preparation for the 1981 planting season was completed ahead of schedule with 54.5 ha (135 acres)
cleared. piled and burned 2nd harrowed ready for planting. This figure includes 4 ha to be replanted from the
1980 season due to a 35 surviva! rate. Al areas were double harrowed this season to facilitate planting and
improve the survivai rate. Species to be planted on these aieas will be similar to those of past vears but will
includs more pine hecause th~ majority of sites are focated on ridge tops.

Work is progressn.g well on the fertilizer study and the sewage effluent study areas. Final results will not be
known for another vea- or two: meanwhile, preliminary resuits indicate positive responses on poor sites with
little or ne» responses on fertile sites. Measurements on both studies are taken annually at the end of the growing
season, A sitc preparation study was initiated in 1978 to ascertain the benefits of varied site-preparation
techniques. Treatments included clearing-planting. clearing-window piling-harrowing. and clearing-window
piling-buming-harrowing-planting. Initial result. indicate very poor seedling survival (3077, in the first
treatment as opposed to 907 survival in the second t vo treatments. Assessments of growth responses will be
ascertained over the next five-year period.

Long-term forest resource planning is important in formulating goals and coardinzting activities of diverse
research-management organizations to meet these goals. Extensive forest mventory data are required in all
aspects of forest resource planning. Therefore. tc complete the umber type-mapping and invemory data
collection on the DOE Reservation in 1980, the departinent hired three summer forest students for eight months
to complete the Permanent Plot Survey and Continuous Forest Inventory and 1o assist in coding these daia into
the IMGRID format. The IMGRID programming will develop various vegetation, soils, slope. ground water.
elevation. and c¢epth to bedrock maps of the entire reservation. During this eight-month work period. 13
compartments with 4993 ha (12,361 acres) were mapped and cruised. Only two compartments. Alternates | and
4, with 1226 ha (3035 acres) remain to be inventoried. Five of the compartinents will require recruising due to off-
scale maps and the need for updating. To date, 33 compartments. 13.703 ha (33 918 acres). have been mapped
and cruised.

hardwood plantation seedling release for 1980 totaled 61 ha (150 acres) comprised of cight diffevent species
of both pine and hardwoods. The three methods utilized were bushhog mowing 56.6 ha t 140 acres). spraving 2K
ha (7 acres), and discing 1.2 ha (3 acres). Results from all three treatments were satisfactory, with mowing heing
the most inexpensive.
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PART I1I1. EXTRAMURAL ACTIVITIES

H. EDUCATIONAL ACTIVITIES

ESD Seminar Program

During the past year the scminar committee offered a diverse program of guest lectures aimed at informing
Division staff and other interested members of the local scientific community on topics of general interest in
environmental sciences (Tablke 11.1). The seminar serie< ~clies largely on suggestions from Division staff
members for the selection of outstanding speakers. an arrangement that was very successful in the past year.

Undergraduate Education Program

Several programs for undergraduate siudent participation in Division research and asscssment projects
provide a continuing opportunity for interaction between students and staff. A summary of these programs is
provided in Tabk 11.2.

Students involved in these programs are assigned 10 individual Division advisors who guide them through
an =xperiment or project associated with one of the Division’s programs. The student is required to document
results in a report and present a seminar to the Division staff. This research participation expernence is designed
10 expose the student to the research process in a large laboratory. The greatest benefit to students is frequently
an expanded outlook on carcer opportunities in research :nd an understanding of practical approaches to
research problems.

In addition to the programs listed in Table | { 2, six students who completed the B.S. degree were associat~3
with ESD as part of the Laboratory’s summer research intern program. This program provides students just
entering graduate schools the opportunity to participate in research at an advanced level.

Graduate Education Program

The Division provides opportunities for graduate and postdoctoral research consistent with the mission of
the Oak Ridge National Laboratory. During this reporting period, 17 graduate students were supporicd through
a contract with the U niversity of Tennessee Graduate Program in Ecology, one by Vanderbilt University, and
onc through Miami University, Oxford, Ohio. Supporied students receive stipends administered by the
universities and are guided in their research by selected staff members, one of whom serves on the student’s
academic guidance committee at the university. In addition. rescarch done by students not requiring Division
support was accommodated on a more Jimited basis, and graduate students were also supported through
research subcontracts to various universities.

During this past year, periodic meetings were held involving all the graduate students and the Division’s
graduate education coordinator. The purpose of the meetings was 10 explain Division programs to new students
and to provide a forum for comments and suggestions relating to the graduate program.

138



Section 11

136

Tabic 11.1. Enviroamental Scicnces Division invierd speakers

Gctober 1, 199, 10 Sepeember 30, 1990
Date Speaker Tuk
1030M Dy. G. Richard Marzolf Biological processes in reservorns:
Kansas State Universay Lakes or wide places in nivers?
Maphaian. Kansas
188 Dr. Andsre) Prep Habinorous fishes for
Unrversiny of Warsaw buologicat control of aguatx
Wanas, Poland plarts - a panacea or junt
ncw problem?
19 Dr. Kryvstyna Prep Mewbenthos in bakes of
Unrvensity of Warsaw different rophy  Nematodes
Wanaw. Poland as mdxcators of ake
depadation.
110 80 Dx. Patrck Brezomk Aspects of mctal-organ inter-
University of Floruda actions 1 natural waters.
Gamesville. Florda
2148 Dr. Peter Vitousck Natrogen cychng and loss n
Uneversaty of North Casclina dnturbed ccomysiem. An
Chapel Hill. North Carolina experimental analysn.
31380 Dr. Michael 3. Ducver Ecology. controh. and maintc-
National Auduboa Socicty NAMCE rEyuHCEDts 1N C)PIeS.
fmmokolec, Florda ABAMP COMIMET™
41780 Dr. George W. Sak Density cffects on the process
University of California of prodation
Davis. Cahforna
42080 Dr. Donald R Whitchead Pakeoccologral invevtigations
Indana Universay of watershed-lake relation-
Bloomingion. Indana ships in the Adisondach
region of Newm York State
S 1380 Dr. John W. Fawninglon Brochemnnisy of polymuciear
Woods Hole Oceanographx lnsutution aromatc hydrocarbons in
Woods '.ole. Massachusctts MAnNe cCamyMcms
S 2 80 Dr. Robm Vannote femperature affects swe and
Stroud Water Rescarch Center fecundity of agquatic Inwxts
Academy of Natural Sceences of Some geographx and
Phiadeiph.x community implcation
Avondalke. Peowsvivama
714280 Dr P. Kihio Park Radiactite waste dumping
Nauonal Oceanc and Atmospherx the accan
Adminmstration
Rockvilke. Maryland
911 80 Dr. Gerad Fusher Physxal propeniacs and tox-
Baticlie Colunibus [aboratones cology of coal fly ash
Columbus, Ohio
31780 Dy voole €my Energetics of the developng

Winnipeg. Mamitobe

The University of Manstoba

Patuns

ORNL-5700
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Table 11.2. Numbers of students in ESD undergraduase
programs, October 1, 1979-Sepecmber 30, 1900

Program Number

Oak Ridge Associated LUniversitics
Southern College and Universuty Union
Cmon University

Great Lakes Colleges Association
University of Wisconsin-Sievens Pomt
Jackson State University

- IO

ORNL-5700
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12. ESVIRONMENTAL SCIENCES DIVISION RESEARCH AND
DEVELOPMENT SUBCONTRACTS AND INTERAGENCY AGREEMENTS

Titic of subcontract micragency agreeaent

Sabcontractor

wchnical
contact

SUBCONTRACTS

Development and teumg of organc aniom
{or use 2 ground-water tracers

Provude cagincenag process descriptions
for comentonal fall aloohol plants in
size range of 15 10 150 million gal year
for usc m assessing the cavironmental.
heakk_ and salfcty issues of such plants

Research 1o determine the mature,
character. and extent of undersior;
vegetation within uncven-aged pex
and pinc-hardwood southern
forest and the cffects of penodx
harvests of such understors vegetation
on site quakiry

Evaluation and technxal revien of the
Ahbernate Fuels Programmatx
Enviconmental Impact Statement

Assistance in developing the peeliminan
sclationships between remoic-sensmg-
dernved surtace classes and stored
organc carbon in the soil

Ecosystem cffects of whole tree banesing

Toxxologxal and chemwca) characienza-
tion of the water-soluble fraction of
three oily will be studied.

Tests will be short-term lethality studies
with chemical characterization and
fracuionation deicrmined by innml
ologcal responsey

Involvement with the Nabonal Atmo-
spheric Deposition Program requires
samplc analysss by 2 central analy ical
faboratory for comparability of dats on
atninpherc deposition on a nafional
walke

I serature absiracting for shallow land
buriai oY radioactive naste

Provide a1 evaluation of the sechcal saucs
refating 1o land bunal of low-leve! radw-
active waste

Econystem ctfects of wholke-trex harvesting
Flonda Coasta!l Plain Flatwoods

Studies 10 increaswe the Bomas production
of short-sotation coppxe forest

Assistance in conducting an environmental
compluance wurkshop on fuel akcohol in
Federal Region IV

Arroma, Unnersity of

Bataclic Columbas
1Lz%orstoncs

Arkansas. Uanenaty of

Batictic Mamoraal Instauic

Californa. Unncray of

Clemson Unaversity

Cobrrado Sate Unnervty

Colorado State Universuy

amey & Moore

Evaluatwm Research
Corposation

fFlonda. tniversny of

Georga Revearch
Institute. Unversity of

Georgia Tech Research
Institute

N. H. Cuoshall

1. F. McBayer

J. W. Ranncy

R. M._Rerd

R. [ Van Hook

D.C Went

C. W.Gehrs

S F. Lindberg

I Tamura

R .8 Fis

D C Weu

J H. Cwhman

3 ¥ McBrayer

v oYy
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12 ENVIROMMENTA! SCIENCTES DIiVISION RESEARCH AND
DEVELOPMENT SUBCONTRACTS AND INTERAGENCY AGREEMENTS

Tl of subcomtract imteragency agreement Sabcoatractor sechacal
contact

Matcrial spiraling 0 stream ecosysIems: Georgia. Unner 1ty of W. Van Winkk
Feasibility of manipulating na-us. !

Assistance to the Environmental impacts Gilbert Associates R. M. Reod
Program m preparing two guidater
documents bemg subaanted to DOE

Studics on the mobrlity of urganic Indana Unnersay N. H. Coshalt
molecules s groond water

Coorcration between indiana Universin fodana Unnersay S G. Hadebrand
School of Poblic and Emvirosmenta.
Affaurs and ORNL on enviroamental
sciemces rescarch and education
proprams.

Program mtegration for the DOE loternational Rescarch C. W. Gehes
Ecological Program m coal symhetic and Technology Corp.
fucls .

Determmation of the best specics and Kansas State Unnenty J. W Ranncr

management techamues for short rot-
tron production of fuz! ~ood in the
Great Phains

Aguatic tOXCity [e3ts On OEANIK CORAMI-
nants origmating from coal conversion

Determine the optimum sites and identify
equipment needs for the firt 2 quatiny
and metcorological stavons at the Fike
County, Kentucky. Gas:frer-m-Industry
facility

Assutance in the expansion of the
Geoecology Data Base. with the pnman
respansibiiny bemg development ot
files (or the system

Description of the status and well-being f
the Ohio Rnver fsh communsy to
provide a background agamst the
mpacts of sitc-specific psogects which
can be asscwed by regulaion angenc.ev

Internsiup program

Asr quality monitonng and studics relatne
to coal gasfication plant and Bromedwcal
effects

Provide for collection, preperatwn, and
shipment of process samples and pant
arca samples and the operation and
mainienance of on-line mondors. plant
area monitors, and 2 data acquinition
sysiems as part of the comprehensive
environmental and heaith monsoring
and csting program o1 the UMD
Gasler Progect

Kentucky. Unnemity of

Kenstrons. Inc.

L.ockt o8 Mpnsile & Space
Co.. "nc.

Loussille. ¥ niversir of

Muanmu U niversny

Minnevota. Eanersus of

Minncsota-Duluth.
University of

R F. Mikmann

C W Gehn

R J Ohon

S M Adame

S 1 Auverhuch
O W Surer

K F Cowser
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iZ. ENVIRONMENTAL SGIENCES DIVISION RESEARCH AND
DEVELOPMENT SUBCONTRACTS AND INTERAGENCY AGREEMENTS

Tikle of subcontract wtcragency agreement

Subcontracior

Dvoioa
technical
contact

Tac mflwcace of NO-. SO-. and O: com-
Semed 3t thiee concentrations on the
ponth of xvena! plant specks

Development of a wethod of ensuring
long-term contracoal wood chup sup-
plics 10 expedite the use of wasi wood
for fuchng local wood-fired power
plants 30d 10 overcome wood foxl
procurement barriers

Evaluation on papes of the ecconomic
cffsciency of wood-cnergy phntations
and delmeation of nceded fusther rescarch
10 properly and accuraich erakax
wood-energy plntatons

Sampling. mosstormg. and amalysis of
meteorplogy, air qualwy. and wakr
quality for Pike County coal gasdxalion
plam

Legronnarrey dncase bacterium m power
plant coolmg watery

Sue-specific environmental data acqust-

won and review for small hydroekctric
demonsiration sites

Perform 2 survey and prehmmnary aseess-
ment of modeling and monstonng
techmques assocated with rrdonuckde
contzinment reicase from the bural of
low -jevel masie

Provade conference facihixes and personnci
1o handle sx two-day workshops re:
mformatwon needed 10 revies and
cvaluate cxologcal toxxology tests at
the multspecies level

Terrestrmt and aquatx ecology support for
Fosd Energy Environmental Progct

The role of terrestinal ecosysiems - the
globa! carbon cycle and the effects of
chmate change on carbon amounts and
dsinbution

Sunvey of coohing towers wrhm Oak Ry

Operations fos presence of the Legon-
naires dincase bacterum

Impect of coal conversion and shak con-
wmsents on ihe microbmi activily of
squatx sedunents

A coopeminve venture between the
Eavironmenial Sciences Drvson
(ORNL) and the Univensity of Tennessee
Graduste Program i Ecology

Nornth Carolina Stawe
University

Page. Edward L.

Penn State Universay

Pikevilke Colicge

Savannah Rives
Laboratory

Scxcace Applcations.
Inc

Scxence Appikations.
Inc.

Scxence Appixations.
Inc.

Scxence Appixations.
Inc.

Southern Llinos
Univeruiny

Tennessee. Unnenity of

Tenncseee. U nivenuy of

Tennessee. L miverngy of

D. S. Shnner

J. W. Ranney

R. M. Cushman

S. B. Gough

$. G. Hildebrand

R.S. Lowre

A_S. Hammons

$ G. Hiddebrand

R. 1. Van Hook

R L Tyndall

C. W Gehn

R. E. Mdiemann
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12. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND
DEVELOPMENT SUBCONTRACTS AND INTERAGENCY AGREEMENTS

Tntke of subcontract mteragency agreement

Subcontractor

Divisi
technical
contact

A cooperative venture between the
Environmental Sciences Division
(ORNL) and the Untversity of Tennessee
Graduate Program in Geological
Sciences

Model morphological characteristics of
impoundments using surface area and
slopes of seservoir bottom configura-
uons as variables

Field collectio of data and sediments from
Iakes and ponds in Tennessee adjcent
10 Kentucky

Automated biomonitoring applications to
remote water guality stations and satel
lite data retneval

Enviropmental consequences of the Cis-
posa’ of coal conversion solid waste

Evaluation of wastewater treatment
models for their suitability for use by
EPA in assessing the fate of organic
chemicals in the environment and their
risk+ to human and nonhuman
populations

Spatial heterogencity of forest ecosystems

Mazierials spiralling in stream ccosystems:
Effects of physical. chemical. and
biological factors on organic matter
spiralling

Analysts of the impact of air pollutants
emitted from a coal degasifier on native
and planted forest vegetation

Modeling arca biomass dynamics of
terrestrial forest ecosystems at the sub-
continental scalke

A construct fur analysis of ccosystem
perturbations based on input output
analysis. 1. Uncertainty analy sis

Impact of whole-iree hanvesting and
residuc remoral on productis ity and
nutricni loss from sclective soils of the
Pacifc Northwest

Environmental rescarch for small hydro-
electnc technotogy

Evaluation of the effect of aimospherx
sulfur deposition on the uinent status
of soil and plants from two forested
ccosystems in westein Washington

Tennessee. University of

Tennessee. University of

Tennessee. University of

Tennessee. University of

Vanderbilt University

Vanderbift University

Virginia. University of

Virginia Polytechnic
Institute and State
University

Vicginia Polytechnx
Institute and State
University

Virginia Polytechnk
Institute and State
Unnversity

Washington,
University of

Washingion,
Unwvensity of

Washington,
Unnversty of

Washingion.
Universay of

T. Tamura

S. G. Hidebrand

A. M. Solomon

W. Van Winkle

W. 5. Boegly

C. C. Coutant

R. I Van Hook
R. L. Van Hook

D. S. Shriner

R. 1 Van Hook

S G. Hildebrand

. C. West

S G Hildehrand

. W Jahmon

ORNL-5700
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12. ENVIRONMENTAL SCIENCES DIVISION RESEARCH AND
DEVELOPMENT SUBCONTRACTS AND INTERAGENCY AGREEMENTS

| Division

| Title of subcontract mnteragency agreement Subcontractor technical

| contact
Review of existing data on three beavy Weskcyan University N. H. Cutshall

metals (zice, cadmaum. and mercwry) in
New York Bay*t and development of a
compsehensive picture of their wransporn
and cycling among waters and scdiments
of the Bight
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burial element, 10 Nuckar Regulatory Commission stafl. March 1980, -

Mulholland, P. J. .
"Fosmation of particulate organic carbon in water from a southeastern swamp-—stream.” American
Society of Limnology and Occanography Annual Mecting. Knoxville, Tennessee. Junc 1980.

~ "Depasition of organic carbon in floodpkains, wetlands. and dehas,™ National Rescarch Council's
Workshop on the Flux and Fate of Organic Carbon in the World's Rivers, Woods Hole.
Massachusetts, Scptember 1980.
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Newbold, J. D, J. W. Elwood, and R. V ONeill
“Nutrient imitations in streams: A mechansm and prediction based on concepts of nutriemt
spiralling.” American Sockty of Limnology and Occanography Annual Meeting, Knoxville,
Tennessee, June 1980,

N'wresser. M. K., and R. J. Okon
“Regional ccological amalyss and data base applications.” Fifth Anmnual SAS Users Group
inmemationat Conference, San Antonio, Texas, Febrvary 1980.

Nungesser, M. K., G. E. Taylor. Jr., and R_ J. Okon
“Regional mipacts of air pollution on vegetation,” Annual Mecting. American lnstitute of
Biological Sciences, Tucson. Arizona, August 1980.

Oakes, K. M.
“Land use siting considerations for hydroiaermal eoergy facilites,” Twenticth Annual Mecting of
the Institute of Environmental Sciences, Philadelphia, Pennsylvania. May 1980.

Obtn Curtis R.
“Reactor nuchides and fine—panicle transport and accumulation patterns in the coastal waters of
Barncga® Bay and adjacent N. J. shelf.” Annual Mecting <3 American Society of Limnology and
Oceanography. Stony Brook. New York, June 1979,

“Anthropogenic radionuclides in the sediments of the Susquchanna River and Upper Chesapeake
Bay.” Middle Adantic Regional Meeting of thc American Chemical Society. Valley Forge.
Pennsylvania. April 1980.

Olson, J. S.
“Carbon budgcts. climatc and burning.” USDA. Forest Service and Orcgon State University.
Corvallis. January 1980 T

“Global carbon estimates and maps.” Wouds Hole Marine 3iology Laboratory. NSF C oordination
Mecting. July 1980.

“Prohablc biospherc responmses to changes in CO: and chmate.” NSF DOE Workshop. Duke
University, Doerham, North Cerohina, March 1980,

ONesli, R. V.
“Uncenainty in ecological models.” Lnic ersity of Tennessee, Knoxville. May 1980,

Parr, Patricia D.
“Rare plants on the DOE Rescrvation,”™ University of Tenncssee Plamt Ecology Class. at Oak Ridge
National Laboratosry. November 1979,

Parr. Patricia 1).. and Fred G. Taylor. Sr.
“Chromium incorporation i soybeans (Gly. me max) through root uptake and foliar absorption
pathway-.” Association of Southeastern Biologists. Tampa. Flovida. March 1980.

H
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Post, W. M.
“Models of the evolution of mutualism: Some problems and hypotheses.” Society for the Study of
Evolution, Tucson, Arizona, June 1980.

Ranncy, J. W. o
“Biomass mecasurememt nceds in wood cnergy rescarch,” Southern Biomass Working Group.
Raleigh. North Carolina. June 1980.

“Rescarch needs in woody biomass as an energy source,” Conference on Research at Pn;dominamly
Black Insttutions. Wilkamsburg. Virginia, Jane 1980,

Ranncy. J. W_, and J. H. Cushman
“Recent research developments in producing wood for encrgy.” Southern Forest Energy Tour.

Biocnergy 30. Atinta, Georgia. Apnil 1980.

Reichke. D. E.
“Rencwable natural resources management.™ University of Tennessee U.S. Department of State
training coursc on Environment Management in Developing Nations, Tremont Campground.
Gatlmburg. Tennessee, July 1980.

“Use of systems analysis to predict responses of ccosystems under altered conditions.” Annual
Mecting. American Inuttute of Biological Scaences. Tucson, Arizona. August 1980.

“Oak Ridge National Environmental Rescarch Park Program.” U.S. Department of Energy.
Ecological Research Division working meeting. Germantown, Maryland, Scptember (980,

Rust. B. W_and B. L. Kirk
~Applications of cmpirical time series modeling 1o the carbon dioxide problem.” American
Suatistical Association. Houston. Texas. August 1980

Solomon. A. M_. D. C. West, and H. R. Delcourt
~“Simulating the cffects of chmate change and of species mmigration upon fo;=st succession.”
NSF DOE. Workstop on Forest Succession, Mountain Lake. Virginia (workshop presentations).
June 1980.

~Simulsting the effects of climate change .\nd of species immigration upon forest composition.” Sth
International Palynological Conference. Cambridge. England (presented papers). Junc-July 1980.

Solomon. A. M., and H. R. Dekcourt
~Forest-stand simulation models in palcoecology: Application of scanning clectron microscopy to
identify species of Quercus peiden,” Sixt! Biennial Meeting. Anwrican Quaternary Association.
Orono, Maine. August 1980,

~Chemical treatmenmts of soil (0 decrease radiostrontium leachability,” UCCND and Goodycar
Atomic Wasic Management Scminar, Friendship. Ohio, April 1980,

“Influence of soil organic maiies on radiostrontium mobility in soil,” USDA Technical Committee
No. 59 Mecting, Ottiawa, Ontario, Canada, August 1980.
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Shriner.

D.S.

“Terrestrial vegetation — air pollutant interactions: Non—gaseous pollutants, wet deposition.™

International Symposium on the Effects of Air Pollutants on Terrestrial Ecosystems, Banff,
Alberta, Canada, May 1980.

“Effects of acidic precipitation un plants.” Departmcm of Botany Seminar, North Carolma State
University, Raleigh, November 1979.

“Acid rain,” Smoky Mouniain Chapter, Trout Unlimited, Knoxville, Tennessee, Septe:nber {980.

“Ecological effects of acid rain,” Briefing for the Assistant Secretary for Environment, us.
Department of Encrgy, Washington, DC, April 1980.

Shugart. H. H.

Sigal. L.

Sigal. L.

“Overview of cxisting ecosystem modcls,” Effects of Air Pollutants on Mediterrancan and
Temperate Forest Ecosystems: An International Symposium, University of California, Riverside.
June 1980.

“Multivariate statistical methods for bird habitat studies,” Workshop for Multivariate Methods in
Wildlife Studies, University of Vern'ont, Burlington, Apnil 1980.

“Succession models,” Workshop on Applications of Mathematics to Environmental Problems.
University of Tennessee, Knoxville. December {979,

“Dyn .mic habitat simufation,” University of Tennessee. Knoxville. October 1979.

“Succession modeling.” Rutg rs University, New Brunswick. New Jersey. November 1979.
“Models of forest dynamics.” University of New Brunswick. Fredericton, New Bruaswick. Canada.
April 1980.

“Forest succession models,” 2nd USSR-USA Biosphere Reserve Workshop. The Everglades.
Florida, March 1980.

“Landscape modeling.” US-French MAB SCOPE Symposium on Natural and Man-Altered
Landscapes. Stanford Univrrsity. Stanford, California. July 1980.

L..and T. H. Nash, 1L

“Lichens as eccological indicators o photochemical oxidant air pollution.” International
Symposium on Effects of Air Pollutants on Meuiterranecan and Temperate Forest Fcosystems.
Riverside, California, June 1980.

L.

“The effects of peroxyacetyf nitrate fumigations on lichens from southern California forest.” Botany
20 Conference. Vancouver, British Columbia, July 1980.

Story. Jay D.

“Bobcat research at ORNL,” Ternessee Chapter of The Wildlife Socicty and Tennessee Wildlife
Resources Agency Research Review Meeting. Land Between the Lakes, Golkden Pond. Kentucky,
October 1980.

e i ————
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Stow. S.

Stow. S.

H..and J. F. Tull

“Geology and geochemistry of massive sulfides. Pyriton District. Clay County. Northern Alabama
Piedmont,” Geological Society of America Southeastern Section Annual Meeting. Birmingham.
Alabama, March 1980.

H., with M. J. Neilson
“Mafic and ultramafic rocks from the Dadeville complex, Inner Piedmont of Afabama,” Geological
Saciely of America Southeastern Section Annua! Meeting. Binningham, Alabama. March 1980.

Strand. R_ H.

Suter. G

Tamura.

“Research data management of the UMD gasifier facility - A status repont,” Gasifser-in-Industry
Advisory Uroup, Washington, DC, October 1979 and June 1980.

“Historical aspets_of the Environmental Sciences RJIE compuier facility,” presented to C. R.
Richmond, Oak Ridge National Laboratory, Oak Ridge. Tennessee, November 1979.

“Ervironmetrics of the UMD gasifier.,” UMD Gasifier Research Participants. Duluth, Minnesota.
February 1980.

“Environmetrics of UMD gasifier,” Advisory Group and Rescarch Participants, (:;asiﬁer -in- industry
Advisory Group. Duluth. Minnesota. August 1980.

“Using graphics to recognize multidimensional patterns.” American  Statistical  Association
Meectings, Houston, Texas, August 1980

WAL

“Protection of golden cagle. ferruginous hawi and prairie falcon nest siles,” Annual Meeting,
American Institute of Biological Sciences. Tucson. Arizona. August 1980.

“Field perturbation experiments. an alternate approach to the assessment of human effects on
terrestrial ecosystems.” Sccond US. USSR Symposium on Biosphere Reserves. Everglades
National Park, Fi~,ida. March 1980.

T.
“Leaching studics of coal gasification solid waste to mect RCRA requirements for land disposal.”
Secc 1 DOE Environmental Control Symposiuvm, March 1980.

“ORNL site—specific needs in Jow—level waste disposal,” DOE ET Site Review Meeting., August
1980.

Taylor, Fred G., Jr.

“Cooling tower windage: A new aspect to environmental assessment.” UCCND and Goodycar
Atomic Waste Managemer.t Seminar, Shawnee State Park Lodge. Fricndship. Ohio, April 1980.

“Use of pine foliage as an indicator of fluoride from UF4 technologies. 13th National Air Pollution
Workshop, Colorado State Un,versity, Fort Collins, May 1980.
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Taylor. G. E.. Jr.
“Physiotogy of plant differences in response to sulfur dioxide,” Seminar, Corvallis Environmental
Research Laboratory, Corvallis, Oregon, November 1980.

“Sulfur dioxide—leaf interactions: The bidirectional flux of sulfur gases,” Botanical Society of
America Annual Mereting, Vancouver, British Columbia. July 1980.

“Population differences in response to sulfur dioxide: A physiological analysis,” Effects of Air
Pollutants on Meoii..cancan and Temperate Forest Ecosysiems: Ax-_{nternational Symposiun,
Riverside, California, June 1980.

“Effective poflutant dose,” 32nd Annual School of Agriculture “Effects of Gaseous Air Pollutants
in Agriculture wund Horticulture,” Sutton, Bonington, United Kmgdom, Sepiember 1980.

Tolbert, V. R., G. L. Vauzhan, and D. M. Suir, Jr.
“Benthic insect communiiies as indicators of stream alterations resulting from coal strip-mining
Jist..rbance,” Annual Meeting, American Institute of Biological Sciences, Tucson, Arizona. August
1980.

Trabalka. J. K.
“Russian experience.” DOE Workshop on Environmental Deconiamination. Oak Ridge. December
1979.

“Analysis of thc 1957-58 Soviet nuclear accident,™ Electric Power Research Institute, Palo Ato,
California. October, 1979; Department of Environmental and Indusinal Health, The University of
Michigan. Ann Arbor. Michigan. January 1980: Silver Anniversary Mecting, Health Physics
Sociely. Seattic, Washington, July 1980 Annual Bluecgrass Chapter Mecting, Health Physics
Society. Slade. Kentucky. September 1980.

Trabaika. J. R.. C. T. Garten, E. A. Bandietti, and R. G. Schreckhise
~Differential behavior of actinide ¢lements in food chains,” DOE Workshop on Measurements and
Interpretation of Actinide Accumulation by Man. Snowbird, Utah. October 1979.

Trabalka. J. R.. S. C. Tsai, J. S. Mattice, and M. B. Burch
~Effects of chlorinated organic compounds produced during control of fouling organisms,” Third
Conference on Water Chlorination: Environmental Impact and Health Effects, Colorado Springs,
Colorado, October-November 1979,

Tsai, S. C. .
“Partition coefficients of mercuric compounds and their toxicity . nd bioaccumulation in aquatic
animals.” Department of Agricultural Chemistry. National Taiwan University, Taipei, Taiwan,
November 1979.

“Aquatic toxicology of mercuric compounds.” Institute of Zoology, Academia Sinica, Taipei.
Taivan. November 1979.
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Tsai, S. C.. J. S. Mattice, and M. B. Burch

“Chlorine sensitivity of early life stages of common carp and threadfin shad.™ American Fisheries
Society, 110th Annual Meeting. Louisville, Kentucky, September 1980.

Turner, R. R.

“Impact of urban land use on stream hycrology and water quality,” ORAU Traveling Lecture
Program, College of William and Mary. Williamsburg, Virginia, March 1980.

“Environmental effects of trace clements,” University of Tennessee Biomedical School Seminar,
Knoxville, May 1980.

Tyndall. R. L.

~Control of Legionella pneumophila, pathogenic amoeba and pathogenic fungi in cooling waters.”
Third Cosference on Water Chlorination, Colorado Springs, Colorado, October-November 1979.

Tyndall. R_L..E. L. b. .ngue, C. B. Fliermans, and E. Willaert
“Isolation of encephalits Acanthamocba from thermally enriched water,” Second International

Conference on the Biology and Pathogenicity of Small Free-Living Amoebae, Gainesville, Florida,
March 1980.

“Gasohcl.” ORNI. Program Commitiee, Oak Ridge. March 1980.

“Effects of trace clements in the environment.” Oak Ridge Biomedical Graduate School. Oak
Ridge. May 1980.

“Woody biomass activitics at ORNL,”™ Southeastern Forest Experiment Station, Directors™ Staff
Meeting. Asheville. North Carolina. May 1980.

“Food and energy.” ORNL Scnior Planning Group, Oak Ridge. August 1980.

Van Hook, R. I.. D. W. Johnson, and D. C. West
“Environmental impacts of harvesting forests for encrgy.” Envnronmcnlal Impacts Seminar,
Bio-Encrgy B0. Atlanta. Georgia. April 1980.

W. Van winkle

~Aquatic rescarch at Oak Ridge National Laboratory.”™ U.S. Army Engincer Waterways
Experiment Station, Vicksburg, Mississippi, January 1980.

“Population-level assessments  should be cemphasized over community/ecosystem-level
assessments,” Futh National Workshop on Entrainment and Impingement, San Francisco,
California, May 1980.

“An analysis of the ability to detcct reductions in year—class strength of the Hudson River white
perch population.”™ Annual Meeting. American Fisheries Society, Louisville, Kentucky. September
1980.

Vath, J. E.

“Feed conversion industry.” Briefing for Uranium Enrichment Group of Austraha. at Oak Ridge.
Junc 1980.
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Vaughan, D. S.

“Applications of the Leslic matrix to fish population dynamics,” inviled scminar, Workshop on
Applications of Mathematics to Environmental Problems, University of Tennessee, Knoxville,
December 1979.

“Introduction toc module on age structure models in fishery science,” 110th Annual Meeting,
American Fisheries Society, Louisville, Kentucky, September 1980.

Vaughan, Nancy D.

“Pata bases on environmental aspects of the nuclear fuel cycle,” American Nuclsar Society Winter
Meceting, San Francisco, California, November 1979.

Voorhees, L. D.

Walton,

Walton.

“The environmental impact statement for nuclear power plants.” Oak Ridge Associated University
Training Institutes, Oak Ridge, Tennessee, April and June 1980.

“Ecological effects of the front end of the nuclear fuel cycle,” Annual Meeting, American Institute
of Biological Sciences, Tucson, Arizona, August §980.

B. T.. and M. V. Buchanan
“Teratogenic cffects of fuel oils on insects developing in contaminated substrates,” Second
Chemical Congress of the North American Continent. Las Vegas, Nevada, August 1980.

B. T.. E. F. Maggart, Jr., and E. G. O'Neill
“Penetration, metabolism and toxicity of acridine in Achera domesticus (L.),” Entomological
Society of America Annual Mecting, Denver, Colorado, November 1979.

Wright. L. L.. and J. S. Mattice

“Models of H. bilineata growth in laboratory constant temperatures,” Annual Meeting, American
Institute of Biological Sciences Tucson, Arizona, August [980.

Yeh. G. T.

“An integrated compartment method for the numerical solution of Navier—Stokes equations,™
Summer Computer Simulation Conference, Seattle. Washington, August 1980.

“A systematic approach assessment of aliernative nuclear waste management strategies,”
International Symposium on  Scientific Basis for Nuclear Waste Management. Boston,
Massachusetts, November 1979,

"An interstitial water transport model in aquifer svstem by finitec element method,” International
Conference on Water Resources Development, Taipei, Taiwan, May 1980,

Theses

Davis, £. C. 1980. A laboratory and ficld analysis of ‘actors affecting quality of leachate from coal storage

piles. Ph.D., Vanderbilt University, Nashville, Tennessee.

Schaich. B. A. 1979. A biotelemetry study of spring and summer habitat selection by striped bass in

Cherokee Reservoir, Tennessee, 1978. M.S., University of Tennessee, Knoxville.
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Sledz. J. 1980. Computer model fe- determining fracture porosity and permeability in the Conasauga Group,
Oak Ridge National Laboratory, Tennessee. M._S_, University of Tennessee, Knoxville.

ADAMS, S. M.
Participant:

Advisor:
Ad Hoc Reviewer:

AUERBACH, S. 1.

Member:

Chairman:
BARNTHOUSE, L. W.

Chairman:

Participant:

Witness:

Ad hoc reviewer:

BLASING, T.J.
Participant;

Ad hoc reviewer:

Other;

Professional Activities

Preparation of two proposals to Electric Power Research Institute, ORNL seed
money proposal, and proposal to Department of Interior, Of{ice of Water Research;
Annual Meeting, American Institute of Biological Sciences, Tucson, Arizona, August
1980; Annual Meeting, American Fisheries Society, Louisville, Kentucky, September
1980; Union Carbide Management System course, ORNL, September 1980;
Workshop on Microcosms, ORNL-EPA, Ozk Ridge, Tennessee, February 1980.
M. M. Huffman, R-~search "ntern, University of the South, Sewanee, Tennessee.
Transactions of the Ameriran Fisheries Society, Journal of the Water Pollution
Conurol Federation, Hydrobiologia, Estuaries; proposals: NSF.

Commission on Natural Resources for the National Research Council, National
Academy of Sciences; State Advisosy Council for the Water Resource Center,
University of Tennessee, Knoxville, Tennessee.

Admissions Committee, Oak Ridge Chapter, Sigma Xi.

Workshop on Mathematical Models Useful in Toxicity Assessment, Oak Ridge,
Tennessee, January 8-9, 1980, sponsored by the Office of Toxic Substances, U.S.
Environmental Protection Agency. ’

Workshop on Acid Rain and Fish Resources, Ann Arbor, Michigan, ;\ugust 25-29,
1980.

Technical advisor and expert witness for the U.S. Environmental Protection Agency,
Region 11,.in the Hudson River Power Case, represented EPA in technical meetings
related 10 out-of-court settlement of the case, testified at hearings on September
16-18, 1980.

Proposals: ORNL Seed Money Committee, EPRI.

Sixth Conference on Probability and Statistics in Atmospheric Sciences, American
Meteorological Society, Banff, Alberta, Canada, October 1979; DOE Climate
Workshop, Washington, D.C., April 1980; Massachusetts Institute of Technology
Workshop on Climatic Risk, Washington, D.C., May 1980; Annual Meeting,
American Institute of Biological Sciences, Tucson, Arizona. August 1980.
Monthly Weather Review, Transactions of the American Sociecty of Mechanical
Engincers; proposals: NSF.

Treasures, East Te:nnessee Chapter of the American Meteorological Society, 1980,




Professional Activites

BLAYLOCK, B. G.
Member:

Faculty:
Consultant:

Ad hou reviewer:

BOEGLY, \/. 1., Jr.
Member:

Faculty:

Advisor:

Ad hoc reviewer:
Other:

BRADBURN, D. M,
Chairman:
Member:

Participant:
Ad hoc reviewer:

BROWMAN, M. G.
Participant:

BROWN, D. K.
Chairman:
Participant:

187 ORNL-5700

Research Committee. Water Pollution Cortrol Federatic .: National Research Board
of Canada, Panel on Radioactivity in the Aquatic F vironment: Task Group 2 of
Scientific Committee 64 of the National Council on Radiation Protection and
Measurements.

Adjunct Professor. University of Tennessce. Knoxville.

Committee on Federal Research on Biological and Health Effects of lonizing
Radiation {(FREIR), National Research Council.

Radiation Research.

Committee on Utilities (A1A03), Transportation Research Board, National Academy
of Sciences, National Academy of Engineering: Committee on Dual Distribution
Systems, American Water Works Association; Working Commission W-62
(NAS/NRC) on Water Supply and Drainage in Buildings; Program Committee,
ORNL Conference on the Leachability of Radioactive Solids.

Associate Professor of Civil Engineering (Fnvironmental Engineering). University of
Tennessee, Knoxville.

Jeffrey E. Christian, M.S.C.E., University of Tennessee, K noxville; Thomas Carson.
M S.C.E., University of Tennessee, Knoxville; Lawrence Roberts, Ph.D., University
of Tenness=e, Knoxville; Edward C. Davis, Ph.D., Vanderbilt University. Nashville,
Tennessee.

Proposals: EPRI, DOE.

Energy Conservation Coordinator, Environmental Sciences Division.

Tennessce Tree Farm Association, District H.

Society of American Foresters; American Forestry Association: Tennessee Forestry
Association.

IMGRID Workshop, Norris, Tennessee, December 5. 1979.

Manual for Christmas Tree Growers in Tennessee. Prepublication Limited Edition;
Savannah Kiver Forest Management Program. November 1979,

Gordon Conference on Water: Predicting the Concentrations of Organic Compounds
in Natural Waters, New Hampton, Ncw Hampshire. June 15-20. 1980.

Co-chairman, Environmental Sciences Division 1980 United Way Campaign.
Sixth Annual Rescarch Symposium, Treatment and Disposal of Hazardous Waste,
Chicago. Illinois, March 1980,
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BURGESS, R. L.
Chairman;
, Program Committee, Ecologicil Soviety of ~merica. -
Member: Editorial Board, Arid Lands Abstracts; Board of Directors, Tennessee Chapter of
The Nature Conservancy; Committee on Ethics and Professionalism, Ecological
Society cf America; Committee on Histurical Records, Ecological Society of
America; Subcommittee on Environmental Quality, Tennessee-Tombigbee Corridor
“Study, Corps of Engineers; Program Committee, American Institute of Biological
Sciences. ’
Participani: v Meeting, AIBS I’rog am Commitiee, University of Arizona, Tucson, December 1979;
/ Mectings, Board of Directors, Tennessee Chapter of the Nature Conservancy:
Chattanooga, November 1979, Nashville, April 1980, Knoxville, August 198C; AIBS
Metting, Tucson, Aiizona, August 1980. :

s Faculty:. ‘ Adjunct Professor, University of Tennessee, Knoxville.
Other: - Education Program Coordinator, Enviroamental Sciences Division.
CADA,G.F. : . : ,
Participant: Workshop on Resesvoir Ecology, Oak Ridge, Tennessee, October 1979; Fourth
S Annual Larval Fish Workshop, Oxford, Mississippi, February 1980; Fifth National
= ) ‘ Workshop on Entrainment and Impingement, San Fran:isco, California, May 1980;

43nd Annual Meeting of the Ainerican Socicty of Limnology and Oceanography,
- ’ Knoxville, Tennessee, June 1980. Preparation of A!D Project Paper for small hydro
Lo ) development in Peru.

Advisor: Secondary advisor to Nancy Daly, M.S., Tcanessee Technological University,
Cookevilie.
Consultant: . Agency for International Development and National Rural Electric Cooperative

Association, Washington, D.C.
Witness: Expert witness on behaif o1 U_S. Environmental Proiection Agency (Region 1) in the
Hudson River Power Plant case.

CHRISTENSEN, S. W.

Participant; Workshop on Comparative Reservoir Research, Oak Ridge Associated Universities,
October 9-10, 1979; Workshop on the Feasibility of Basing Regulatory Actions on
the Achievement of Mitigation Criteria, Oak Ridge Nar‘onal Laboratory, October
23-24, 1979; Hudson River Power Case.

Witness: Hudson River Power Case: Expert Witpess, Exhibit EPA-200, September 16-18,
1980.- P
" Ad hoc reviewer: American Naturalist. Ecological Analysts, Inc. U.S. Fish and Wildlife Service, U S.

Environmental Protection Agency (Region 11).

COUTANT, C. C. :
- Chairman: National Advisory Council of the Electric Power Research Institute.
Member: Editorial Advisory Board for Environmental Science and Technology. Program

committees of the American Fisheries Society and the Fifth National Entrainment
and Impingement Conference. ORNL General Energy Conservation Committer.
ORNL Wigner Fellowship Selection Committee,

L | T VO
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Participant:

Ad hoc reviewer:

Other:

CRAIG, R. B,
Member:

Participant:

Other:

Chairman;
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Reservoir Workshop, ORNL Aquatic Ecology Section, October 9-10, 1979;
Workshop on Effects of Chemicals on Aquatic Population Interactions, Oak Ridge.
Tennessee, March 18—19, [980; Marine Recreational Fisheries Symposium V: Striped
Bass, Boston, Massachusetts, March 27-28, 1980; Fifth Entrainment and
Impingement Conference, San Francisco, California, Mav 4-7, 1980, (Session
Chairman), American Society for Limnology and Oceanography, June Meeting,
Knoxville, Tennessee, June 16-17, 1980 (Session Chairman); Environmental Eftects
of Photovoltaic Energy Development, Brookhaven National Laboratory, Jume
18-20, 1980; Energy, Ethics, and Governance, EPRI Summer Seminar, Aspen,

. Colorado, August 11-15, 1980 (Session Chairman); Cherokee Interagency Task

Force, Knoxville, Tennessee, August 19-20, 1980; Workshop on Hydroelectric
Development: Ecological Issues at the River Basin Level, Oak Ridge, Teanessee,
September 1517, 1980; American Fisheric; Society, Annual Meeting. Louisville, -
Kentucky, September 22-24, 1980 (Session Moderator).

Adjunct Associate Profes.or, Universitv of Tennessee, Knoxville, and Adjunct

* Professc. at Tennessee Technological University, Cookeville.

Research advisor for B. A. Schaich, M.S., University of Tennessce. Knoxville;
Research advisor for T. E. Check, M.S.. Tennessee Technological University.
Cookeville; Graduate committce member for M. Tisa and J. W. Minton. M.S.
University of Tennessee, Knoxville, and M. Bruner, Ph.D.. University of Tennessee,
Knoxville; Research advisor for K. Zachmann and B. Pearman. undergraduate
rescarch participants. '
Proposals: NSF, Maryland Power Plant Siting Program. and EPRI. Canadian
Journa! of Fisheries and Aquaiic Sciences. Transactions of 1the American Fisheries
Society, Environmerial Science and Technulogy. and Symposium on Water
Chlorination.

Editor, Underwater Telemetry Newsletter. Secretary-Treasurer. East Tennessee
Chaypster of the American Fisheries Society. Southeast regional lecturer for the Society
of the Sigma Xi.

Technical Program Commitiece. American Nuclear Socicty. Power Division:
Program Committee, Ecological Socicty of America: Buell Award Commitice.
Ecological Socicty of America; Technical Committee. Alernative Fuels Source
Evaluation Board.

ANS Topical Meeting on Technical Assessment of Nucicar Power and lis
Aliernatives, Lez Angeles. California, February 27-29. 1980. ICEUM Meeting on
Changing Energy Use Futures. [.os Angeles. California. October 1979. Annual
Mecting, American Institute of Biological Sciences, Tucson, Arizona, August 1980,
Earthday 1980, University of Tennessee, Knoxville, Tennessee, April 22, 19%0;
Working Group, Oak Ridge National Energy Perspective.

Recruiter, Uriversity of California. Berkeley, November 1979: Associate Editor,
NEPA Theory and Practical Application Section, Environmental Impact Asscssment
Review,

Small Mammal Ecology Session. Annual Mecting. American Institute of Biologica)
Sciences, Tucson, Arizona, August 1980,
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CUSHMAN, J. H.
i Member: ORNL Ad Hoc Committee on Energy and Water; State Reclamation Committee,
‘; . Tenness.c Rural Abandoned Mine Program, Soil Conservation Service, USDA.
! Participant: Ecology Task Force, Office of Environmental Assessment, Departme:t of Energy;
! Biocnergy 80 World Congress and Exposition, Atlanta, Georgia, April 1980;
Workshop facilitator, 1980 Solar Update—Tennessee, Knoxville, Tennessee, May
1980; Southern Forest Biomass Working Group, Raleigh, North Carolina, May 1980;
Preparation of Technology Assessment of Solar Enecrgy Summary Volume,
Technology Assessment Division, Department of Energy.
Advisor: Douglas A. Crandall, M.S., Miami University, Miami, Ohio.

CUSHMAN, ROBERT M. ,
Participant: Preparation of: Solvent Refined CoaHl; Demonstration Projct DEIS, SRC-I;
, : Demonstration Project PDEIS, Conoco; Demonstration Project PDEIS, ICGG;
% T Demonstration Project PDEIS, W. R. Grace;: Demonstration Project PDEIS,
MLGW; Demonstration Project PDEIS; Second International Conference on
Encrgy Use Management, Los Angekes, California, October 1979; Annual Meeting. :
American Institute of Biological Sciences, Tucson, Arizona. August 1980.
Advisor: Michael 1. McKamey, ORAU Swudent Rescarch Participant. University of
Tennessee, Knoxville. N -

CUTSHALL, N. H.

Ad hoc reviewer: Eswuaries. Ecological Stress and the New York Bight: Science and Management
(Symposium Proceex ings), Science, Deep Sea Research; propasak: NSF. DOE. Sea
Grant College Progr. m, National Oceanic and Atmospheric Admimistration.

Participant: Water Pollution Cont.n} Federation Annual Conference, Houston. Texas, October
1979. American Society of Civil Engineers Environmental Engineering Division
Specialty Conference. New York, New York, July 1980,

DeANGELIS, DONALD L.

Facuhy: Adjunct Professor, Department of Mathematics. University of Tennessee.
- Advisor: Margaret E. Cochran, M.S., Univensity of Tennessee. (Ms. Cochran was awarded

prize for best contributed paper by a student by the Society for Industrial and Applied
Mathematics, Annual Southeastern Section Mecting, Birmingham, Alabama. for a

- _ presentation based on this work.) Martha A Turner. Indiana University; Master’s
Student Intern at ORNL.

Ad hoc reviewer: Science, American Naturalisi, Mathemaiical Biosciences, Journal of Mathematical
Biology. Jowrnal of Theoreixal Biology.

DELCOURT, HAZEL R.

Participant: 1980 Geobotany Crnference, Bowling Green State University, "owling Green, Ohio,
March 1, 1980.

Ad hoc reviewer: Journal of Biogeography, Ecology, and Ecological Monographs; proposals: NSF.

Other: Secretary, Palececology Section, Ecological Soriety of America, 1978-1980: Vice

Chairperson, Paleoecology Section, Ecological Society of America, 1980-1981; Co-
organizer for the United States Participation in the International Geological
Correlation Programme (IGCP) Project 158, Subproject B (Palcohydrological
changes in the temperate zone in the last 15,000 years: lake and mire environments),

1980-present.
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EDDLEMON, G. K.
Participant:
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Workshop on Comparative Rescrvoir Research, Oak Ridge, Tennessee, October
1979: Public Scoping Mecting for Mount Taylor Uranium Mill Project, G, ants. New
Mexico. October 1979: Annual Meeting. American Soci:ty of Limnology and
Oceanography, Knoxville. Tennessce. June 1980: preparation of: Draft
Environmental Assessment for Dow Parcperdue Geopressure Project. 1980:; Draft
Environmental Report Guidelines for Department of Energy Frojects. [1980;
Environmen*al and Health Program for Pike County Coal Gasification Facility,
1980; Draft Environmental Guidance for Propusals on Oil Shale Projects. 1980; Draft
Environmental Readiness Document for indirect Coal Liquefaction. 1980.

EDWARDS, NELSON T.

Participant:

Ad hoc reviewer:

ELWOOD, J. W.
Mcmber:

Participant:

Faculty:
Advisor:

Ad hoc reviewer:
EMANUEL, W.R.
Participant:
Advisor:

Ad hoc reviewer:

FARRELL, M. P.
Chairman:

Participant:

Faculty:
Advisor:

Workshop on Methods for Measuring Effects of Chemicals on Terrestrial Ecosystem
Propertics. ORNL. Oak Ridge. Tennessce, January 1980: Whole Tree Harvest
W orkshop. University of Florida. Gamesville. Florida. January 1980.

Jorrnal of Environmental Quality; proposal: NSF.

Program Committee of the Fcological Socicty of Americe Review team. Electric
Power Rescarch Institute Project. Lawler. Matusky and Skelley Engineers, Pearl
River. NY. March 1930 N

Workshop on Methods for Measuring Effects of Chemicals on Aguatic Ecosystem
Propertics. Oak Ridge. Tennessce. February 1980. Session chairman. American
Society of Limnology and Uccanography. Knoxvilke. Tennessee. June 1980.
Adjunct Assistant Professor, Graduate Program in Ecology. University of Tennessee.
Martin Sihver. M S.. University of Tennessce. Knoxville: Robert W, Stark. M.S..
University of Tennessee. Knoxville: Caroke Hom. M.S.. University of Tennessee,
Knoxvilk: Linda Neff. B.S.. Carrol Colleg. Helena. Montana.

Pyoposak: NSF. EPR . Canadian Journal of Fisheries and Aquatic Science.

DOE Research Conference on CO: and Cumatc. Washington, D.C.. April 1980.
Erx Kostilich, B.S.. University of North Carolina. Ralkeigh.
Proposals: NSF. EPA. DOE.

Managing Dara for Encrgy and Environmental Rescarch Session, American
Siatistical Association.

Fifth Annual SAS Users Group Internatonal Conference. San Antonio, Texas,
February -1980; American Institute of Biological Sciences Annual Meeting. Tucson,
Arizona. August 1980: American Statistical Association Annual Meetings. Houston,
Texas, August 198D American So&ie(y of Quality Control Meetings. Tulsa.
Oklahoma. October 1980: DOE Statstical Symposium, Berkeley. California,
October 1980,

Adjunct Professor of Zoology, Miami University. Oxford, Ohio.

H. N. Polovino, M.S.. Miami University. Oxford. Ohio; J. C. Watcrnouse, Ph.D..
University of Tennessce. Kaoxville,



Professional Activities

FITTS,R. B.
Member:

Participant:

Ad Hoc Reviewer:

FLORAN, R.J.
Parncipant:

FRANCIS, C. W.
Chairman:

Participant:

Ad Hoc Reviewer:

GARDNER, R. H.
Participart:

Advisor:
Acd hoc reviewer:
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DOE Shallow Land Burial Sicering Committee (Secretary), DOE Waste
Management Facilities Operator Working Group (Secretary).

DOE National Low-Level Waste Management Program (NLLWMP), Strategy Task
Force Mecting, San Francisco, California, December 1979; National LLWMP
Information Meeting, Las Vegas, Nevada, December 1979; DOE Waste Management
Facilities Operator Working Group, Las Vegas. Nevada, January 1980; Waste
Management ‘80, Tucson, Arizona, March 1980; presentation of the DOE NLLWM
program plan to Nuclear Regulatory Commission staff. Silver Spring, Maryland,
March 1980; NLLWA! Program Plan Development Mecting, Des Moines, lowa,
Junc 1980: American Nuclear Society. Las Vegas, Nevada. June 1980. (Session
Chairman):. preparation of Technology Development Plan for the DOE NLLWMP.
Proposals: DOE NLLWMP from various DOE sit=s and commercial vendors.

Auended workshop on Alternative Nuclear Waste Forms, Gatlinburg, Tennessee,
May 1980. ‘

DOE-sponsored Workshop: Managen.ent of Solid Wastes from Energy Producing
Technologies, Washington, D.C.. June 30-July 2. 1980.

Task 4. Third Contractor Information Meeting. Waste Isolation Assessment
Program, Seattle, Washington. October !4 7 197

Jowrnal of Environmental Quality. Soil Science Society of America Jowrnal,
Environmental Science and Technology. Health Physics: proposals: NSF.

EPA Workshop: Mathematical Models Useful in Toxicity Assessment, January 8-9,
1980. :

D. E. Weller. Ph.D., University uf Tennessee. K noxville.

Science, proposal: NSF.

GARTEN, CHARLES T, JR.

Member:
Participant:

Ad hoc reviewer:

Other:

GEHRS,C. W.
Chairman:

DOE Pancl on Actinide Modcling.

Conference on Analytical Chemistry in Energy Technology. Gatlinburg, Tennessee,
October 1979; Environmental Decontamination Workshop, ORNL, December 1979;
Workshop on Environmental Chemistry of Transuranics, Savannah River Plant,
South Carolina, April 1980; Beginner Mapper Course (M-330), ORNL, January
1980; Annual Health Physics Society Mecting, Scattle, Washington, July 1980,
Journal of Environmental Quality, Environmen:al and Experimemal Boany,
Ecology.

Section Editor, Nuclear Safery.

Session chairman, 43rd Annual Meeting of American Society of Limnology and
Oceanography, June 1980; Task Force on Ecological Effects of Synthetic Fuels:
Advisory Committee to Federal Interagency Committee on Health and
Environmemal Effects of Energy Technologies.




Professional Activities

Faculty:

Advisor:

GIDDINGS. J. M.
Chairman:

Participant:

Advisor:
Ad hoc reviewer:

Othe):

GOUGH, S. B.
Member:

Chairman:

Parcipant:

Advisor:
Consulant:

Ad Hoc Reviewer:

Other:

193 ORNL-5700

Adjunct Associate Professor: University of Tennessee, Knoxville: Adjanct Lecturer,
University of Tenncssee, Graduate Biomedical School.

John D. Couney, Ph.D., University of Tenmessee, Knoxville: S. O. Ullrich, Associate
Advisor on the Graduate P .arch Commitiee, Ohio State University. Columbus,
Ohio.

ORNL Workshop on Assessment and Policy Requiwements of Multispecies
Toxicology Testing P edures. Oak Ridge. Tennessee, November 1979; ORNL
Workshop on Methods for Measuring Effects of Chemicals on Agnatic Ecosystem
Propertics. Oak Ridge. Tennessee, February 1980; ORNL Workshop on Methods fos
Measurmg Effects of Chemicals on Aquatic Popuhtiun Iateractions, Oak Ridge.
Tennessee. March 1980.

Thad Intemational Symposium on Aquatc Pollutants, Jekyll Island. Georgia.
October 1979: Symposium on Process Mcasurements for Environmental Assessiment.
Atdanta, Georgia, February 1980: American Society of Limnology and
Occanography Annual Mecting, Knoxville. Tennessee. June 1980 (session chairman):
Symposium on Health Effects Investigation of O Shake Development. Gatlinburg.
Teancssee. June 1980: Symposium on Environmental Aspects of Fuel Convcmon
Technology. St. Louis. Missouri. Scptember 1980.

Michcle Ricard. M.S.. University of Tennessee, Knoxville: Mary Ashley, B.S.,
Kenyon College. Gambicr. Ohio-

Envaonmental and Experimenial Botany. Savannah River Ecologv Laboratory.,
Environmental Protection Agency: proposalks: NSF. EPRI. NOAA.

Ph.D. recruiter. Comell University.

Seminar Commitice. Environmental Scienc.s Division: founding member of the
International Association of Crenobiologists. -

Session chairman. Awnual Meeting. American Society of Limnology and
Oceanography. Knoxville. Tennessee. June 1980.

Bio-Energy 0. International Conference. Atlanta. Geeorgia, April 1980: Conference
on Rescarch in the National Parks of the Southzastern Region, Gatlinburg.
Tennessee, September 1980: preparation of: Fusion Energy Programmatic Workplan
for the Magnetic Fusion Encrgy Environmental Project: Oak Ridge Gascous
Diffusion Plant DES and DEA; the Aquifer Thermal Encrgy Storage EiA;
Monitoring Guidelines for DOE Facilities: PDEIS for the Alabama Nuclear Fuel
Fabrication Plant.

A. Sasson, Masiers of Environmental Science. Miami University, Oxford, Ohio.
ORNL envisonmental control officers and the Chemicai Technology Division
regarding sewage oxidation pond upgrading.

Proposals: NSF, EPRI. OKNL Sced Money Community: Journal of Applied and
Environmenial Microbiology, Botanical Gazette, Limnology and Oceanography.
Ph.D. recruiter, University of Minnesota and University of Wisconsin.



RAASE,C. S.
Participant:

Ad hoc reviewer:
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Annual Meeting of the Geological Saciety of Ameria. San DBiego. California
November {979 Annual Spring Mccting of the American. Geophysical Union.
Toromto. Ontario. Canada. Mav 1980. -

Jewmal of Geology.

HARRIS, W. FRANKLIN -

Facuhy:
Advisor:

Ad hoc reviewer:

HERBES, S. E.
l’anim' n.-

Advisor:
Ad hoc revew

Other:

HILDEBRAND, S. G.

Chairman:

Member:
Ad hoc revicwer:
Other:

HUFF, D. D.
Member:

Participant:
Faculty:
Advisor:

Ad hoc reviewer:

Adjunct Assistant Professor. Unversity of Tennessee. Knoxville.

Laboratory Advisor for P. 3. Parr and D. A. Weinstein (iemporary). Graduate
Program in Ecology. University of Tennessee.

Science. Ecology. Canadian Jeurnal of Forest Research; Journal of Expe, :mental
and Environmental Botany: proposals: Sirithsonian Instuution. XSF: DOE (Office
of Health and Environmental Research).

DOE Workshop on Rescarch Needs for Synthetic Fuels: Water Quality, Quantity.
and Aquatic Ecology. Oak Ridge. Tenncssee. May 1980.

Timothy A. Whitley (Summer Rescarch Internship Program), Ph.D. (Chemistry).
University of Tenaessee, Knoxville.

Archives of Environmental Cormamination and Toxicology: Applied and
Environmental Microbivlogy. '

Undergraduate Swudent Coordinator for ESD.

Environmental Workshops a1t Waterpower 79. An International Symposium on the
Powntal for Small Scale Hydropower. Washington. D.C.. October [979;
DOE TVA EPKI Workshop: Hydrociectric Devclopment: Ecological Issues at the
River Basin Level. Oak Ridge. Tennessce, September 1980: Session 25, Freshwater
and Marine Pollution, Annual Meeung of the American Sockety of Limnology and
Occanography. Knoxville, Tennessee, Junc 1980,

ORNL Ad Hoc Commitice on Energy and Waler.

Proposals: NSF.

Ph.D. recruiter, The University of Michigan. (ail. 1979.

ORNL Geosciences Committee; ORNE Commitice on Water and Fnergy: Associate
Board of Editors. Water Resources Manographs. American Geophysical Union.
DOE Workshop on Hydrociectric Development.

Adjunct Associate Professor. University of Tennessee. Knoxvilie.

James J. Skdz. M.S.. University of Tennessee. Knoxville.

Water Resources Research; Transactions of the American Sociely of Agricutrural
Engineers: proposals: NSF.

L




Professional Activitics

" JOHNSON, DALEW.
' Participant:

Ad hoc reviewer:

KANCIRUK, PAUL
Member:

Pénicipam:

Withess:

Ad Hoc Reviewer:
Other:

KIRK, B. L.
Participant:
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TIE Workshop on Acid Rain Effects on Soils, Indianapolis, Indiana, February 21-22,
1980. )

Science; Soil Science Society of America Journal; Journal of Environmental Quality;
Ecological Monographs; Water Resources Research; EPA Corvallis Lab (Report);
Pedobiologia: proposais: NSF, Central Institute for Industrial Research, Roval
Norwegian Council for Scientific and Industrial Research; papers from final report of
SNSF-pr -wect. :

Environmental technical advisor, DOE's Source Evaluation Board for Alternative
Fuels Proposal, 1980.

Bio-Energy B0 Conference, Atlanta, Georgia, April 1980; Earthday 1980, University
of Tennessee. Knoxville, April 1980; Oceanic Law and the Environment, short course,
Cornell and University of New Hampshire, Isle of Shoals Marine Laboratory, July
1980; preparation of: Craft Environmental Guidance for Preparing Major
Acquisition Project Proposals Solicited by DOE; Draft Environmental Guidelines
for Department of Energy Projects; Draft Technology-Specific DOE Guidance for
Oil Shale Proposals; expert witness testimony for the Nuclear Regulatory

-Commission on the aquatic impacts of marine biomass as a substitute energy source

for the Allens Creek Nuclear Generating Station. Texas, September 1980; PDEIS.
Virgit Summer Nuclear Generating Station.

Expert witness. testimony for the Nuclear Regulatory Commission on the aquatic
impacts of the Virgil Summer Nuclear Generating Plant in South Carolina, 1979.
National Marine Fisheries Service, Fisherics Bulletin; proposals: NSF.

lavited scientist on oceanographic cruise.v R/ V Islin (Miami University). October
1979,

Time Serics, OR N1 In-House Course, April 10-June 26, 1980; Conference on Matrix
Computations and Optimization in Energy Activities. U.T. Math Department and
DOE. October 6. 1979, Co ference on Time Series Analysis. U T. Math Department
and DOE. October 9. 1979; MAX IV Baich Users’ Course: Introduction to the
MOPCOMP CLASSIC IV, ESD for Computer Support Group. October 22-26,
1979: Computer Mcthods for Math Computations, ORNL In-House Course.
September 10-December 3. 1979: Statistical Analysis System (SAS) Course, ESD for
Computer Support Group. January 22-23. 1980.

KITCHINGS, J. THOMAS

Participant:

Sevisor:

~Bobcat Rescarch Conference, Front Royal. Virginia, October 1979; Association of

Southcastern Hiologist 4ist Annual Mecting. Tampa, Florida, March 1980:
Confercnce on Use of Multivariate Statistics in Analyzing Wildlife Habitat,
Burlington, Vermont. April 1980: Workshop on Use of IMGRID in Data Storage and
Handling. TVA, Norris. Tennessee, December 1979; Workshop on Long-Term
Ecological Rescarch in the Southern Appalachian Region, University of Tennessee,
Knoxville. January 1980.

Douglas I.evy, B.S.. Earlham College. Richmond, Indiana; Amy Kretchman. B.S.,
Emory University, Atlanta, Georgia: William Galbraith, B.S.. University of
Wisconsin-Stevens Point.



Professiona! Activitics

KLOPATEK,J. M.
Chairman:

Participant:

Ad hoc reviewer:

KROODSMA R. L.
Participant:

KRUMMEL, J.R.
Participant:

Consultant:
Other:

LEE,S. Y.
Participant:

Ad hoc reviewer:

LINDBERG, S.E.
Chairman:

Member:

Participant;

Ad hoc reviewer:

i% ORNL-5700

Planning committce member and to>ical coordinator for Ecology and Environment,
Second International Conference on Encrgy Use Management, Los Angeles,
California. October 22-26, 1979.

Second Life Sciences Symposium. Potential Environmental and Health
Consequences of Atmospheric Sulfur Deposition. Gatlinburg, Teanessee. October
14-18. 1979: American Institute of Biological Sciences—Ecological Society of
Amcrica Annual Meetings, Tucson, Arizona. August 3-8, 1980.

R. J. Wilk, BS., University of Wisconsin-Stevens Point; D. A. Weinstein, Ph.D.,
University of Tennessee. Knoxville; R. D. Roop. Ph.D., University of Tenr-ssee.
Knoxville.

Environment International, Environmenial Conservation; U.S_ Fish an’  ulife
Service, US. Forest Service.

Preparation of: PDEIS, Memphis Light. Gas and Water Division, Industrial Fuel
Gas Demounstration Plant Program; PDEIS, W. R. Gracc and Company Synthesis
Gas Demonstration Plant; DEIS. Solvent Refined Coal—18 Dumonstration Projec:;
PDEIS, SRC-I Solvent Refincd Coal Dern.onstration Plant; PDEIS, The Hlinois
Coal Gastfication Group Pipeline Gas Demonstration Plant; PDEIS, Conoco Coal
Development Company Pipeline Gas Demonstration; Plant Technology Assessment
of Production of Low Btu Gas from (. al for Industrial Use; Environmental Report
Guidelines for Department of Energy Projects.

Discussion leader on issues of the loss of farmland in the Northeast, sponsored by
New Jersey Conservation Foundation, Princeton, New Jersey, May 1980.
Natior:al Resource Council. National Academy of Sciences, Washington, B.C.
Secretary; Treasurer for the Society for Human Ecology. '

Waste Rock Interaction Technology Information Mecting, Seatvle. Washington,
Ocuober 1979. ' '
Joumal of Environmensal Quality, Nuclear Safery.

Sessions on Atmospheric Chemistry and Deposition, Second ORNL Life Sciences
Symposium un Potential Environmental and Health Conscquences of Aimospheric
Sulfur Deposition. Gatlinburg, Tennessee, October 1979.

Committee on Data Analysis and Interpretation, National Atmospheric Deposition
Program.

EPA Workshop on Dry Deposition Methodology, Argonne. Jllinois, December 1980;
Session on data acquisition needs in vegetation—air pollution irteraction studies,
International Conference on Air Pollutants and Their Effects on the Terrestrial
Ecosystem, Alberta, Canada, May 1980; Gordon Rescarch Conference on
Aerobiology. Meridan. New Hampshire, July 1980.

Geophysical Research Leners, Journal of Environmenial Quality. Journal of
Geophysical Research, Water, Soil, and S5nil Pollution Environmental ard
Experimenial Botany; Council on Environmental Quality report. proposals: NSF.
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LUXMOORE, R.J.
Member:

Participant:

Consultant:
Ad hoc reviewer:

MANN, L. K.
Chairman:

MATTICE, J. S.
Member:

Participant:

FACULTY:
Advisor:
Ad hoc reviewer:

Other:

McBRAYER, J. F.
Member:
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S-I24 Regional Technical Committee, Rurat Abandoned Mines Program Commitiee
for Morgan County, Tennessee. -

S-124 Regional Technical Committee Meeting, Lexington, Kentucky, April 1980;
International Symposiom, Effects of Air Pollutants on Mediterrancan and
Temperate Fores: Ecosystems, University of Califormia, Riverside, California, June
19%0; Low-Level Waste Environmental M odeling Workshop. Bethesda, Maryland,
July 1980.

Mary H. Ward, M S., University of *=nnessee, Knoxville; Lily Fong, M.S., and
Henry R. Appelbaum, M.S_., MIT St ool of Chemical Engincering Practice at
ORNL, Oak Riudge; Paul A. Hausman, BS.., Wilkes Collcge, Wilkes-Barre,
Pennsylvania.

Highlander Research and Education Center, New Market, Tennessee.
USDA-SEA; Agronomy Journal: Forest Science; Soil Science Society of America
Journal: proposals: NSF.

Co-chairperson: Roane County Board of Supervisors, Soil Conservation Service.

Program Committee, Third Conference on Water Chlorination, Colorado Springs,
Colorado, October 28—November 2. 1979. Program Committee, Comparative
Reservoir Research Workshop, Oak Ridge. Tennessee. October 9-10, 1979. Project
Review Teams (2), Electric Power Rescarch Institute,

Session Chairman, Third Conference on Water Chlorination, Colorado Springs.
Colorado, October 28-November 2, 1979; Session Chairman, Annual Meeting of
American Socicty of Limnology and Oceanography. Knoxville, Tennessee, June
16-19, 1980; Discussion Leader, Comparative Reservoir Research Workshop. Oak
Ridge, Tennessee, Cctober 9-10, 1979; Course on Environmental Toxicology Data
Interpretation, University of Tennessce. Knoxville. Spring. 1980.

Adjunct Assistant Professor, Tennessee Technological University. Cookeville.
Tennessee.

Nancy Dailey, M.S., Tennessce Technological University, Cookeville: Donna
Buffum, B.S.. GLCA ' ACM Science Semester. Denison U niversity, Granville, Ohio.
Canadian Journal of Fisheries and Aquatic Sciences, Water Research; proposals:
EPRI. -
Briefing for John Galloway, Staff Director, Subcommitice on Environment. Energy,
and Natural Resources Committee on Government Operations, US. House of
Representatives, on “Potential for increase in production and impacts of chlorinated
organics due to impoundment of the Duck River by Columbia Dam.™ June 26, 1980;
Editor, Corbicula Newsktier: proposal: Interagency Agreement between ORNIL.,
DOE, and EPA.

ORNL-Information Center Complex review team for establishing Basic Ordering
Agreements; PL 96-126 proposal review team, U.S. Department of Energy: Buell
Awards Judging. Ecological Society of America, Tucson, Arizona, August 1980,



Participant:

Ad Hoc Reviewer:

McCONATHY, R K.
Participant:

McLAUGHLIN, S. B.

Partic:pant:

Ad hoc reviewer:
Advisor:

McLEAN, R. B.
Chairman:

MILLEMANN, R.E.
Member:
Faculty:
Advisor:

Ad hoc reviewer:

MORAN. MARY S.
Member:

9% ORNL-5700

Bio-Energy 30 Conference, Atlanta. Georgia. April 1980; Earthday 1980, University
of Teanessce, Knoxville. April 1980; Aquifer Thermal Storage Programmatic
Environmenal ‘Assessment, (Final). Biomass Energy Systems Programmatic
Environmental Assessment, (Final); Defense Wastes Processing  Facility
Environmental Impact Statement (Draft).

American Midland Naturalist, Annals of the Entomological Socierv of Americo,
Applied and Environmenial Microbiology. Canadian Journal of Zovlogy, Ecology,
Ecological Monographs, Pedobiologia; proposaks: DOE Biomass Encrgy Systems
Division, ORNL Seed Money Committee, NSF Division of Policy Research and
Analysis and NSF Ecosystem Studics Program.

Second Life Sciences Symposium on Potential Environmental and Health
Consequences of Atmospnerc Sulphur Deposition, Gatlinburg, Tennessee, October
14-18, 1979.

Annual Air Pollution Workshop, Fort Collins, Colorado. May 7-9, 1980; Session
Moderator for “Effects of Gaseous Pollutamts on Terrestrial Vegetation,”
Intemational Symposium on Air Pollutants and Their Effects on the Terrestrial
Ecosystem, Banfl, Alberta, Canada, May 10-16, 1980; Session Moderator for“Use of
Simulation Models to Study Effects of Chronic Air Pollution Stress on Plam
Processes and Plant Community Dynamics.” International Symposium on Effects of
Air Pollutanis on Temperate and Mediterranean Forest Ecosystems, Riverside,
California, September 17-22. 1980; 31st Meeting of AIBS, Tucson. Arizona, August
7-8, 1980; invited speaker, APCA Specialty Conference un the Air Quality Standard
for Panticulate Matter and Sulfur Dioxide, Atlama, Georgia, September 16, 1980.
Science, Environmental and Experimenial Botany: proposals: EPRI.

Roger Walker, Ph.D.. University of Tenncssce. Knoxville.

Sess‘on chairman, American Socicty of Limnology and Occanography, June 16--19,
Knoxville, Tennessee.

Graduate Student Selection Committec.

Professor, University of Tennessee, Knoxville.

Graduate Swudemt Coordinator. Environmental Sciences Division; Chairmar
Graduate Stugent Selection Commiittee, Environmental Sciences Division; Michele
Ricard, M.S., University ot Tennessee, Knoxville; Sterling O. Ullrich, Jr.. M.S., Ohio
State University, Columbus.

Proposals: NSF, EPRI.

ORNI. Committee for the Establishment of Environmental Guidelines for
Radioactive Waste Disposal.
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Professional Activities

Participant:
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National Water Well Association Ground Water Technology Division, Education
Session, Oklahoma City, Oklahoma, October 1979; preparation of FEIS,
Geothermal Demonstration Program. 50-MWe Power Plant, Baca Location,
Sandoval and Rio Arriba Countics, New Mexico, January 1980; Waste Management
30 Symposium, Tucson, Arizona, March 1980.

Proposals: DOE.

Preparation of draft environmental impact statement related to the operation of
Rison Basin Project, Ogle Petroleum, Inc_, June 1980; Draft Environmental Guidance

. For Peat Utilization Proposak, submitted to DOE, NEPA Affaiss Division, April

M'Hoc Reviewer:

NEWBOLD, J. D.
Participant:

Ad hoc reviewer:

NUNGESSER, M. K.
Participant:

1980. National Rescarch Council Workshop on the Flux and Fate.of Organic Carbon
in the Workdt Rivers, Woods Hole, Massachusetts, Septeber 22-24, 1980.
Proposaks: DOE.

Workshop on Methods of Measuring Effects of Chemical on Aquatic Ecosystem
Properties, Oak Ridge, Tennessee, February 1980; Session Chairman, American
Society of Limnology and Oceanography, Knoxville, Tennessee. Junc 1980.
Proposals: NSF.

Fifth Annual SAS Users Group Iniernational Conference, San Antonio. Texas,
February 1980; 1980 Annual Mceting, American Institute of Biological Sciences,
Tucson, Arizona, August 1980.

OAKES, KATHLEEN M.

Participant:

Member:
Advisor:
Other:

OLSEN, CURTIS R.
Member:

Participant:

Other:

Conference on Encigy “Fast-Track”™ Legislation, Washington, D.C. March 1980;

~ Technical assistance to the BOE Source Evaluation Board for the major Alternative

Fuels Solicitation by reviewing proposals for alcohol fueks cooperative agreements;
preparation of: Final Environmental Impact Stater..cat for the Geothermal
Demonstration Program 50-MWe Power Plant, Baca Kanch, Sandoval and Rio
Amriba Countics, New Mexico, January 1980; Draft Environmental Impact
Assessment for the Heber Geotherma! Binary-Cycie Demonstration Project, Imperial

County, California. July i980: Environmental Guidance for Proposals on Tar Sands

Development for DOE N.E.P.A. Affairs Division. June 1980; Environmental Effects
of Natural Gas Productionand of Geothermal Energy for the OR NL National Energy
Perspectives.

ORNL Ad-Hoc Committee for Unconventional Natural Gas.

William Rusin, M.S., Miami University, Oxford, Ohio.

Coordinator for the ORNL Colloquia Series for 1960,

Panel on Geophysics of Estuaries (National Academy of Scienccs, National Research
Council).

NOAA Workshop on Sediment Transport on the Inner New Jersey Shelf,
Gaithersburg, Maryland, March 1980; DOE Mid-Atlantic Bight Contractors’
Meeting, Harper's Ferry, West Virginia, October 1980,

Proposals: NOAA, EPA, NRC.
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OLSON, J. S.
Member:

Participant:

Faculty:

Ad hoc reviewer:

OLSON, RICHARD J.

Chaiwrman:
Member:
Participant:

O'NEILL,R. V.
Faculty:

Ad hoc reviewer:
Other:

PARR, PATRICI!A D.

Participant:

Other:

POWERS, C. D.
Chairman:
Member:

Participant:

Other:
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National Academy of Sciences; Chmate Research Board, Committee on
International Programs on Climate; NSF coord:nation team at Duke University.
Phytotron Program on Resporse of Plans and Ecosystems to Increased CO;
Fertilization, March 3-5, 1980; National Academy ~f Sciences review izam of
Savannah River Plant and University of Georgia Savannah River Ecology
Laboratory research programs.

Workshop con]posing AAAS-DOE project workpian document on “Fnvironmental
and Socictal Consequences of COy-induced Climate Change,” Duke University,
March 5-7, 1980.

Professor, University of Tennessce, Knoxville, Special -ourse lecturer, J. F.
McCormicks State Department short course for foreign environmental scientists,
August 1980; bricfed NIH team on Environmental Toxicology Program developing
at University of Tennessce.

Richard Busing, M.S., University of Te..nessee, Knoxvnlle

Ecology.

Planning Committee, Integrated County-Level-Data User’s Workshop.

DOE Ecological Task Force.

AuioCanto 1V, Reston, Virginia, November4-8, }579; Harvard Computer Graphics
Week, Boston, Massachusetts, July 28-31, 1980; Multivariate Statistics in Studies of
Wildlife Habitat, Burkngton, Vermont, April 23-25, 1980.

Adjunct Associate Professor, University of Tennessee, Knoxville.
Proposals: NSF, EPA; Ecology. University of Chicago Press.
Associate Editor, Ecology.

EPA Vegetation Damage By Air Pollution Workshop, Minneapolis, Minnesota,
December 1979.

Biology Division Judge for St. Mary’s School Science Fair, Oak Ridge. Tennessee.
May 1980.

Aquatic Ecology Section (ESD) Personnel Search Committce.

ORNL review team as DOE, Washington. D.C., for Alkcohol Fuels Program proposal
evaluation.

Environmental Impact Statement Workshop, University of Wisconsin-Madison,
June 16-20, 1980; Geothermal Rescurces Council Arnual Meeting, Salt Lake City,
Utah, September 9-11, 1980; yreparation of: Federal-American Partners (Gas Hills
District, Wyo.) DES; and Rorabaugh Lease Development Cizothermal Loan
Guaranty (Sonoma County, California) DEA.

Recruiter, ORNL Ph.D. recruiting visit to the University of Michigan, October 2-3,
1980.
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RANNEY, J. W.
Cbairman:
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REED, R. M.
Partcipant:

REICHLE, D. E.

Chairman:
Member:

Participant:
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Woody Biomass Program Contractors’ Workshop. Rhinelander, Wisconsin,
September 1980; Woody Biomass Program Annual Technical Review, Atlanta,
Georgia, March 1980. -

Southern Forest Biomass Working Group, Raleigh, North Carolina, June 1980.
Institute for Iniemational Education-Forest Energy, Atlanta, Georgia, April 24-30,
1980; University of Tennessee, Graduate Program in Ecology, gwest lectorer on
Ecofogical Principles in Forest Energy Development, Great-Smoky Mountain
National Park, Tennessee, July 21, 1980; Alabama A&M University, Summer Forest
Practicum—Energy from Forests, June 1980.

John Schwt, Ph.D., Univessity of Tennessee, Koxwille.

Forest Products Research Socicty; Department of Energy’s Division of Biomass
Energy Systems; American Insutute of Biological Sciences—Ecological Society of
America Buell Award judge, fucson. Ari_ona, August 4-6, 1980.

Preparation of: Draft Environmental Guidasce for Preparing Major Acquisition
Project Proposals Solicited by DOE: Draft Environmental fuidelines for
Depariment of Energy Projects; Draft Technology—Specific Guidance for Coal
Liquefaction/ Gasification Proposals.

Worlds Fair Committee, Oak Ridge National Laboratory.

Associateship Sclection Panel, National Academy of Sciences; Committee on
Alternative Programs for Beliwide Cotton Insect Management, Board on Agriculture
and Renewable Resources, National Academy of Sciences; Committee on Federal
Research on Biological and Health Effects of Ionizing Radiation { FREIR}, National
Academy of Sciences’ National Research Council radiation ecology program review.
Colorado State University; Advisory Subcemmittee for the Applied Physical,
Mathematical and Biological Section of the Division of Applied Research, National
Science Foundation; Committee on the Effects of Funding Changes upon the Rate of
Growth of Scientific Knowledge, Division of Policy Research and Analysis, National
Science Foundation; MAB Project 2 Directorate, US. Department of State:
Admissions Committee, Graduate Program in Ecology, University of Tennessee.
The institute of Ecology (TIE) Tenth Annual Meeting, Indianapolis, Indiana,
March-April 1980; The Institute of Ecology general review of Experimental
Ecological Reserves (EER) Project and discussion panecl “Present Programs and
Future Needs,” Washington, D.C., May 1980; ORNL Technical Seminar Ser‘es, 1979
and 1980.

Adjunct Professor, University of Tennessee, Knoxville.

Science, Ecological Bulletin; proposals: National Sea Grant College Program,
National Oceanic and Atmospheric Administration.

Editorial Board, Pedobiologia: Consulting Environmental Editor, Springer-Verlag,
Inc.
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SALK, M. S.
Participant:

SHARPLES, F.E.
Member:
Participam:

Ad Hoc Reviewer:

SHRINER, D. S.
Member:

Participant:

Faculty:
Advisor:

Ad hoc reviewer:

‘ Other:

SHUGART, H. H.
Chairman;
Faculty:

Advisor;
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Second Symposium on Environmental Concerns in Rights-of-Way Management,
Ann Arbor, Michigan, October 16—18, 1979; coordinator for the preparation of
background papers on the environmental impacts of conventional and
unconventional cnergy technologies for the Oak Ridge National Energy Perspective
steerk:. 7 group.

Review team for DOE’s Alternative Fuels Production Source Evaluation Board.

G. ..hermal Resources Council Management Survey Course, Geothermal
Environmental Problems, Control Technology, and Mitigation Measures, San
Francisco, California, February 1980; U.S. Envircnmental Protection Agency,

- Region IV, Environmental Impact Statement Conference, Atlanta, Georgia, June

1980; Preparation of final Supplementary Staff Testimony on Site Selection
Atematives for the Douglas Point Nuclear Power Plant; FEA Oregon Trail
Mushrooms, Geothermal Loan Guaranty Application, Malheur County, Oregon,
April 1980; DEA 'Biomass Energy Systems Program, April 1980; Draft,
Environmental Guidance for Preparing Major Acquisition Project Proposals
Solicited by DOE; Draft, Environmental Guidance for Proposals on Biomass E;lcrgy
Systems; Draft, Environmental Report Guidelines.

American Naturalist.

Technical Council, TE Agricultural Effects Committee, Air Pollution Control
Assuciation; Scientific Advisory Board, National Atmospheric Deposition Program;
technical advisor: NAS; NRC Committee on Atmospheric and the Biosphere, Sulfur
Oxides Subcommittee; Pollution Effects on Plants Committee, American
Phytopathological Society. '
International Symposiuvm on Air Pollution Effects on Terrestrial Ecosystems, Banff,
Alberta, Canada, May 1980; Annual Meceting, Air Pollution Control Association,
Montreal, Quebec, Canada, June 1980 (Session Chairman).

Adjunct Professor, Department of Plant Pathology and Physiology, Virginia
Polytechnic Institute and State University, Blacksburg.

Bowler Anderson; B.S., Emory University, Atlanta, Georgia; Matthew Mahoney,
Ph.D., VPISU, Blacksburg, Virginia.

Science, Journal of the Air Polluiion Control Associaticn, Journal of Environmental
Qualit;. Environmental and Experimental Botany; EPA; proposals: NSF, DOE,
USDOE, EPRI.

Editor, Effects Division Environmental Report, Air Pollution Control Association.

Workshop on Forest Succession, Mountain Lake, Virginia, June 8-14, 1980,
Part-time Associate Professor, Depariment of Botany and Graduate Program in
Ecology, University of Tennessee, Knoxville, Tennc.sce.

T. M. Smith, Ph.D., University of T:nnessee, Knoxville; T. R, Doyle, Ph.D.,
University of Tennessee, Knoxville; D. A. Weinstein, Ph.D., University of Tennessee,
Knoxville. ’
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Ad hoc reviewer:
Other

SIGAL, L. L.
Participant:

‘ Ad Hoc Reviewer:
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Science, Ecology. American Naturalist.
Ad hoc editor: Ecology | Ecological Monographs.

Environmemal Impact Statement Conferemce, Atlanta. Georgia. June 1980;
International Symposium on Effects of Air Pollutants on Mediterrancan and
Temperate Forest FEcosystems, Riverside, California, June 1980; Botany 80
Conlference, Vancouver, British Columbia, July 1980; EPA ; EPRI Joint Symposium
on Stationary Combustion NO, Control, Denver, Colorado, October 1980;
preparation of: Environmental Gaidelines for Use of Municipal Solid Waste as an
Alernative Fuel, Data Base Outline for Coal Combustion Solid Waste Disposal:
Preliminary Draft of environmental statement for conversion of Arthur Kill power
plant to coal firing.

The Bryologist

SOLOMON, ALLEN M.

Parlicipanl: )

Consultant:
Ad hoc reviewer:
Other:

SOUTHWORTH, G. R.
Participant.

Advisor;
Ad hoc reviewer:

Geological Socicety of America Meeting, American Quaternary Association Council
Meeting, San Diego, California, November 14, 1979 (ex-officio member);
USDOE/NSF Workshop on Forest Succession (invited participant), Mountain
Lake, Virginia, June 8-13, 1980; Fifth International Palynological Conference
(invited participant), Cambridge, England, July 1-6. 1980; Ecological Society of
America Meeting (M. F. Buell Award Committee Chairman), Tucson. Arizona,

‘August 3-8, 1980; American Quaternary Association Meeting (poster presentation).

Orono, Maine, August 18-21, 1980; Oak Ridge Associated Universities. Workshop
on Nuclear Energy (instructor), June 23, 1980; preparation: Final Environmenial
Impact Statement, Bison Basin Uranium a'ine, Sweetwater Station. Wyoming.
USNRC Office of Nuclear Material Safety and Safeguards (DES. June 1980; FES
pending); Final Environmental Impact Statement. Operating License. Virgi! Summer
Nuclear Plant, Columbia. South Carolina, USNRC. Office of Nuclear Reactor
Regulation (DES, June 1979; FES pending); Final Environmental Impact Appraisal,
Oak Ridge Gascous Diffusion Plant, Oak Ridge. Tennessec. Depariment of Energy.
NEPA Affairs Division (DEIA, August 1979; EIA pending).

University of Arizona, College of Medicine. Tucson, Arizona.

Proposals;: NSF—Ecosystem Studies Program and Polar Studies Program (2).
Editor: American Quaternary Association Newsletter, 1979~; Chairman. M. F. Buell
Award Commitice, Ecological Society of America. 1978-1980: Secretary.
Paleoecology Section, Ecological Society of America, 1980-1982.

’

Fifth Annual ASTM Symposium on Aquatic Toxicology, Philadelphia.
Pennsylvania. '

Lynelle Golden. B.S., Emory University. Atlanta, Georgia.

Archives of Environmenial Contamination and Toxicology.
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Advisor:
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STRANI), R. H.
Chairman:

Member:

Participant:

Advisor:

SUTER,G. W.
Chairman:

Participant:

Advisor:
Ad Hoc Reviewer:
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USDA Technical Committee No. 59.

USEPA Workshop on methods for measuring cffects of chemicals on terrestrial
ecosystem properties, Oak Ridge, Tennessee, January 1980.

Soil Science Society of America Jowrnal, Jownal of Environmental Quality:
proposals: NSF.

Parttmme Full Prefessor, Department of Geological Sciences, The University of
Tennessee, Knoxvilie. f
Imemational Geologic Comrelation Program on Volcanic Rocks; ORNL Materials
Recon mendation Committee; ORNL Unconventional Gas Committee.

‘Nationzl Geological Soci:: of America Annual Meeting, San Diego, California,
November 1979; Southeastern Geological Society of America Annual Mesting,
March 1952- Annual Alabama Geological Society Field Trip (Co-Leader), November
1979.

L. Long, D. Whitington, R. McDonald, B. Hayes-Dz vis, J. Holmes, P. Hubbard. L.
Bundschu, M. Steuenpohl, M.S., University of Alabama, Tuscaloosa.

Geological Society of America; Science.

Secretary-Treasurer, Southeastern Section, Geological Society of America.

Statistical Computing Section, American Statistical Association, Program
Chairman-clect 1980; Program Chairman, Statictical Computing Section, American
Statistical Association, 1980-1981.

Environmental Sciences Division, Computing Executive Committee, SAS Users
Group International.

Applied Regression and Modeling Course, Miami, Florida, January 1980; SAS
Statistics Methods Course, Oak Ridge, Tennessee, July 1980; American Statistical
Association, Session Chairman, Research Data Management, Statistical Computing
Section, Houston, Texas, August 1980,

H. N. Polovino, M.S.. Miami University, Oxford, Ohio; J. C. Waterhouse, Ph.DD.
University of Tennessee, Knoxville.

Workshop on Mcthods for Measuring Effects of Chemicals on Terrestrial Ecosystem
Propertics. Oak Ridge, Tennessee.

Workshop on Methods for Measuring Effects of Chemicals on Terrestrial Ecosystem
Propertics, Oak Ridge. Tennessee; preparation of: Draft EIS, W. R. Grace and Co..
Synthesis Gas Demonstration Plant; Draft EIS, lllinois Coal Gasification Group.
Pipeline Gas Demonstratica Plant; Draft EIS, Conoco Coal Development Co..
Pipeline Gas Demonstration Plant; Draft EIS, Memphis Light Gas and Water
Division, Industrial Gas Demonstration Plant;and Oak Ridge National Energy Plan.
Partricia Gregory, M.S., Miami University, Oxford, Ohio.

Pedobiolugia
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TAYLOR, F. G, JR.

Member:
Participant:

Ad hoc reviewer:
Other:

TAYLOR, G. E., JR.

Member:
Participant:
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(with others) Uranium Resource Evaluation Project Reports, “Hydrogeochemical
and Stream Sediment Reconnaissance Basic Data,” Union Carbide Corporation,
Nuckar Division, Oak Ridge Geseous Diffusiop- Plant (ORGDP), Oak Ridge,
Tennessee; and U.S. Department of Energy, Grand Junction (GJ), Colorado: Beeville
NTMS Quadrangle, Texas; Laredo NTMS Quadrangle, Texas; Hot Springs NTMS
Quadrangle, South Daketa; Lemmon NTMS Quadrangle, South Dakota; Wichita
Uplift Region, Oklahoma; Beaumont NTMS Quadrangle, Texas; Dickinson NTMS
Quadrangle. North Dakota; Marque.te NTMS Quadrangle, Michigan; Iron River

NTMS Quadrangle, Michigan.

EPRI Solid Waste Advisory Committee; UMTRAP/DOE Liners Task Group.
DOE/ET Workshop on Modeling Needs for Low-Level Radiocactive Waste,
Bethesda, Maryland, July 1980; DOE/EV Workshop on Nonnuclear Waste
Disposal, Dulles Airport, Maryland, June 1980 (Session Chaiman); JAEA Review of
Shallow Land Burial Criteria, Vienna, Austria, December 1979.

Adjunct Professor, Graduate Program in Geology. University of Tennessee,
Knoxville.

Donald V. Crider, M.S_, University of Tennessee. Knoxville: Janine J. Sled2, M.S..
University of Tenncssee, Knoxville.

Expert witness for DOE (on 9il plutonium contamination at Rocky Flats,
Colorado), Denver, Colorado. 1978 and continuing.

Journal of Environmental Quality; proposals: EPRI.

Board of Directors, Tennessee Native Plant Society. 1980.

Annual Meeting of the Cooling Tower Institute, Houston, Texas. January 1980: 13th
National Air Poilution Workshop. Fort Collins. Colorado, May 1980 Union Carbide
Corporation Nuclear Division and Goodyear Atomic Waste Management Semirar.
Friendship. Ohio, April 1980; 32nd School of Agricultural Sciences. "Effects of
Gascous Air Pollution in Agriculture and Hnrucukurc ~ Nottingham. England.

September 1980.

Builetin of the Torrey Rotanical Chub.

Recording Secretary, Tennessee Native Plants Socicty. 1980.

Steering Committee, Air Pollution Workshop

12th Annual Air Pollution Workshop. Fort Collins. Colorado. May 1980 (session
chairman); “Botany 80'--Botanica) Society of America annual meeting. Vancouver.
British Columbia. July 1980: 32nd Annual School of Agriculture entitled “Effects of

Gascous Air Pollutants in Agriculture and Horticulture.” Sutton Bonington, lnited
Kingdom, September 1980.
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TOLBERT, V.R.
Chairman:

Member:

" Participant:

Ad Hoc Reviewer:

TRABALKA, J. R.
Member:

Participant:

Ad hoc reviewer:

TSAL S.C.
Participant:

206 ORNL.5700

Adjunct Assistant Professor, Oregon State University, Corvallis, Oregon.

Elose B. Carter, Ph.D_, Emory University, Atlanta, Georgia.

USEPA, Criteria Assessment Office, Research Triangle Park, North Carolina.
Bulletin of the Torrey Botanical Club; Ecological Research Series Publications,
USEPA; proposals: USEPA. .

Editor: Physiological Section Newsletter, Botanical Society of America. |

Committee to develop handbook of personnel and sirip-mining research capabilitics
within Tennessce. '

Rural Abandoned Mines Program (RAMP) siate implementation committee.

Tennessee Surface Mining Aquatic Research Needs. Tennessee Wildlife Resources
Agency, Crossville, Tennessee, December 1979; Symposium on Surface Mining
Hydrology, Scdimentology, and Reclamation, Lexington, Kentucky, December
1979; Geothermal Resources Council Workshop. San Francisco, California,
February 1980; North American Benthological Society, Savannah. Georgia. March
1980; Annual Meeting, American Institution of Biological Sciences, Tucson,
Arizona, August 1980; technical assistance to DOE Source Evaluation Board for
review of proposals in response to Alcohol Fuels program solicitations, Washington,

-D.C., May 1980; Judge, annual Murray F. Buell Award, Ecological Socicty of

Amenca, Tucson, Arizona. August 1980; preparation of Draft Environmental
Assessment for Heber 45-MWe bmary demonstration project; Environmental
gurance for sources of aquatic biota and water quality information for response to
Major Acquisition Project solicitations by DOE Division of NEPA Affairs. February
1980; Aquatic habitat alicration sekection for Environmental Report Guidelines for
DOE Division of NEPA Affairs, July 1980.

Entomological Societly of America.

ORNL Seed Money Proposal Review Commitiee; Environmental Sciences Division
Hazardous Micrials Advisory and Seminar Committees.

Workshop on Measurements and Interpretation of Actinide A ccumulation by Man,
Snowbird, Utah. October 1979; Environmental Decontamination Workshop, Oak
Ridge, Tennessee, December 1979; Silver Anniversary Meeting, Health Physics
Society . Scattle, Washington, July 1980; Annual Biuegrass Chapter Meeting, Health
Physics Society. Slade. Kentucky, September 1980; Preparation of Scientific
Progection Paper for NIH Subcommittee to Develop Federal Strategy for Research
into the Biological Effects of lonizing Radiation.

Science.

c=ssion Chairman, Fisheries Section (11/18:79). Agriculiure Division, National
vonstruction Seminar, Taipei. Taiwan, November 4-19, 1979; American Fisheries
Society, | 10th Annual Mecting, September 22-24, 1980, Louisville, Kentucky: Third
Conference on Water Chiorination: Environmental Impact and Heziih Effects,
October 28~November 2, 1979, Colorado Springs, Colorado; biostatistics course at
ORAU and two courses of English pronunciation at The University of Tennessee.
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TURNER, R. R.
Member:
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Reviewer:

TYNDALL,R. L.
Participant:
Faculty:

Advisor:

Consultant:
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Taiwan FBh Culture Station of the Taiwan Fisheries Research Institute. Taiwan. on
the population manipulation of milkfish pond community with chemical and
biological agents.

ESD Seminar Commitice. ORNL Quality Assurance Audit Committee (for mass
spectrometer).

Second Life Sciences Symposium on Potential Environmental and Health
Consequences of Atmospheric Sulfur Deposition. Gatlinburg. Tennessee, October
14-18. 1979; Meeting of DOE Contractors Conducting Coal Ash Rescarch. Chicago.
Illinois, November 9, 1979; Symposium on Urban Stormwater and Combined Sewer
Overflow: Impact on Receiving Water Bodies. Orlando, Florida. November 26-28,
1979.

Water, Air. and Soil Pollution; Chesapeake Bay Rescarch Consortium: proposals:
NSF. EPRIL

Iavited speaker for the Third Conference on Chlorination at Colorado Springs.
Colorado. October 28-November 1. 1979: Pathogenicity of Small Free-Living
Amocha, Gainesville, Florida. March 23-25. 1980.

Rescarch Associate Professor. Zoology Department. University of Tennessee,
Knoxville. Tenncssce. '

Audrey Nicholson. Ph.D.. and Lycurgus Muldrow. Ph.D.. University of Tennessce,
Knoxvilke.

Northern States Power. Minncapolis. Minnesota: Mmncsota Power and Light
Company. Duluth. Minncsota and Duke Power Company. Charlotie. North
Carolina g

Ad hoc reviewer: Science.

VAN HOOK, ROBERT 1.

Ad hoc reviewer: Proposals: NSF.

Member- ORNL Graduate Sclectior Pancl; ORNL Technical Seminar Group.

VAN WINKLE, W. )

Chairman: Commitice to Review Techawcian Performance Review Forms and Provedures,
Environmental Sciences Division. Oak Ridge National lLaboratory: In-House
Comparative Reservoir Rescarch Workshop. Oak Ridge Associated Universities,
Oak Ridge. Tennessee, October 1979,

Member: Program Committee for Fifth Entrainment and Impingement Workshop. sponsored
by Ecological Analysts, Inc.

Participant: Annual Research Coordination Mecting. Tennessee Valiey Authority - U.S. Fish

and Wildlife Service. Pickwick Dam. Tenncssee. November 1979; Population
Dynamics Workshop. State Federal Striped Bass Management Project. National
Marine Fisheries Service, Washington, D.C.. December 1979 and February 1980;
Hudson River Power Plant Case Technical Mceeting, Blue Hill, New York. April 1980
Chairman: Leadership Skills for Project Managers. American Manégcmcm
Association. Boston, Massachusctts, May 1980,
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Facuky: Adjunct Professor, Depariment of Ecology. University of Teno~ssee. Knoxville.
Ad hoc reviewer: Jowrnal of the Fisheries Research Board of Canada, Science; proposals: NSF.
Consulant: Electric Power Rescarch Institute, Palo Ao, California (subprogram on “Aquatic

Resource Utilization and Management™); Manin Marietta  Corporation,
Environmemtal Center, Baltimore, Maryland.

VAUGHAN, DOUGLAS S.
Participant: Workshop on Companative Reservoir Rescarch. Oak Ridge. Tennessee, October
‘ 9-10, 1979; Workshop on Feasibility of Basing Regulatory Actions on the
Achievement of Mitigation Criteria, ORNL, October 23-24, 1979; Workshop on
Apphications of Mathematics to Environmental Problems, University of Tenncssee,
Knoxville, December 4; 1979; 43rd Annual Meeting. American Society of Limnology
and Qceanography, University of Tennessee. Knoxville, June 16-19, 1980;
International Symposium of Iniand Waters and Lake Restoration, Portland, Maine,
September 8-12, 1980; {10th Annual Mecting. American Fisheries Society,
Louisville, Kentucky, September 21-24, 1980; preparation of Supplementary NRC
Staff Testimony Regarding the Criteria Used to Select ARernatives to the Douglas
Pomt Siwe and the Examination of Site Alternatives to Douglas Point, before the
Atomic Safety and Licensing Board; proposal on Effects of Multiple Stress on Fish
Populations. National Power Pant Team, US. Fish and Wildlife Service; An
Introduction to Time-Sercs Analysis, ORNL In-house Course, Spring 1980.

Ad hoc reviewer: Electric Power Research Institute; Environmental Protection Agency (Region V);
proposak: Sea Grant (NOAA), ORNL Seed Money.

Other: Organizer. Module on Age Structure Models in Fishery Science, |10th Annual
Meeting. American Fisheries Society, September 21-24, 1980.

VATH, J.E.

Member: Technology Assessment of Uranium Enrichment Processes (DOE-UCCND/ PNL);

Nonprolferation Alternatives Systenms  Assessmem  Program (DOE); ORNL
National Encrgy Perspective (Contributor).

Participant: NLLWMP Sitc Review, Mound Facility, Miamisburg. Ohio, May 21, 1980;
NLLWMP Site Review, Brookhaven National Laboratory, Upton, New York, May
29, 1980; NLLWM Program Planning Seminar, Des Moines. Iowa, June 34, 1980;
NLLWM Program Current Year Plans meeting. Idaho Falls, Idaho, September

17-18. 1980.
Ad hoc Reviewer: Propusals: DOE.
VAUGHAN, NANCY D.
Chairman: Environmental Sciences, General Scssion at the American Nuclear Society Winter

Meeting in San Francisco, California. November 11-16, 1979.

VOORHEES, L. D.
Member: Committee on Roadside Maintenance, Transportiation Rescarch Board for the
National Research Council.
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Particivant:

Advisor:
WAIDE, JACK B.
Member:

Advisor:
Ad noc reviewer:

WALTON,B. T
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Advisor:
Ad hoc reviewer:

WATTS, J. A.
Participant:

Advisor:
Other:

WEBB, J. W.
Participant:
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Association of Systematic Collections Center for Biosystematics Resources
Workshop, Lawrence, Kansas, October 1979; Annual Mecting of the Transportation
Research Board. Washington, D.C_, January 1980; Sixth Annual Scientific Research
Meeting, The Upland Arcas of the Southwest Region Natiowel Park Service,
Gatlinbu.g, I'ennessee, June 1920; Annual Meeting, American Institute of Biological
Sciences, Tucson, Arizona, August 1980; Transportation Research Board Summer
Meeting, Roadside Vegetation Management and Manipulation Program, San
Antonio, Texas, August 1980; preparation of drafi DOE Procurement Guidelines,
draft DOE Eavironmental Report Guidelines, and PDES for the Alabama Nuclear
Fucl Fabrication Plant, Prativille.

Bill Rusin, M.S., Miami University, Oxford, Ohio.

Environmental Biology Review Panel, EPA; Ecological Systems Review Group for
the Controlled Ecological Life Support Sysiem Program, NASA-AIBS.

Ginger Ellis, M S., Clemson University, Clemson, S.C.; Yetta Jager, M S., University
of Tennessee, Knoxville; Daniel Petugrew, M.S_, Clemison University, Clemson,
S.C.; Lawrence Schissel, M.S., Clemson University, Clemson, S.C.

Ecology. Ecological Monographs, Limnology and Oceanography; proposals: EPA,
NASA, NSF.

Society of Toxicology Annual Meeting, Washington, D.C., March 1980; Second
Chemical Congress of the North American Continent, Las Vegas, Nevada, August
1980; Entomological Society of America Annual Mecting, Denver, Colorado,
wWovember 1979. :

Michael B. Lustig, B.S_, Emory University, Atlanta, Georgia.

Environmernial Eriomology. Journal of Economic Entomology.

IMGRID, Version 2.5 Workshop, Tennessee Valley Authority, Norris, Tennessee,
December 5-6, 1979 IMGRID, Version 3.5 Workshop, Tennessee Valley Authority,
Norris, Tennessee, March 26, 1980; Time Series Analysis Short Course, ORNL In-
house Continuing Education Program, Oak R idge National Laboratory, Oak Ridge.
Tennessee, April 24-June 26, 1980; SAS Statistics Short Course, SAS Institute, Inc.,
Cary, North Carolina, held at Oak Ridge National Laboratory, Oak Ridge,
Tennessee, July 9-10, 1980.

Secondary advisor to G. W. Bowen, M.S., University of Tennessee, Knoxville.
Affirmative Action Representative from ESD, October 1979-April 1980.

Canopy Arthropod Workshop, University of Georgia, Athens, Georgia, May 1980;
Entomology Subgroup (co-chairman). Workshop on effects of chemicals on
terrestrial population interactions. Oak Ridge. Tennessee, February 1980;
preparation of: PDES, Federal American Partners Uranium Mili Project; DEA, Dow
Geopressure Project (project manager); DEA, Rorabaugh Geothermal Project
(project manager).
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Advisor: Christopher Craft, M.S., University of Tennessee. Knoxville.

Ad Hoc Reviewer: Proposals: NSF: Annals of the Entomological Societv of America. Environmenial
Entomology. ‘

WRIGHT, L. D.

Participant: Workshop on Ecology of Mollusca in the Tennessee Valley Region. Tennessee Tech
University, Cookeville, Tennessee, June 2-4, 1980.

YEH,G.T. _

Chairman: Ground-Water Hydrology, Intemnational Conference on  Water Resources
Dewelopment, Taipei, Taiwan, May 12-14, 1980. Coastal Flooding (Session 7), The
National Symposium on Urban Storm-water Management in Coastal Areas,
Blacksburg, Virginia, Junc 19-20 1980. NSF Heat Transfer Program.

Member: Environmental Effects Committee of the ASCE’s Energy Division.

Participant: Workshop on Low-Level Waste Environmental Model.

Ad hoc reviewer: ASCE Committec on Hydrologic Transport and Dispersion.
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