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EXECUTIVE SUMMARY

The methods and concepts of watershed research, originally applied in an
experimental or monitoring mode to relatively small catchments, are
increasingly being used at larger scales and for specific applied problems.
Research at Oak Ridge National Laboratory, the Tennessee Valley Authority,
the U.S. Forest Service, and other agencies and institutions participating
in this symposium reflects research over a broad range of spatial scales
that is being integrated through large-scale experiments along with computer
modeling and graphical interfaces. These research projects address the
basic atmospheric, geophysical, biogeochemical, and biological processes
that regulate the responses of forested ecosystems to natural environmental
variation and anthropogenic stresses.

This symposium highlights the use of large-scale ecosystem experiments to
address environmental issues of global concern. Our ability to foresee the
consequences of such major environmental changes as regional air pollution
and global warming can only be tested and improved by means of experimental
manipulations. These experiments provide the only effective way to test
models of ecosystem response that are based on the current state of
knowledge of hydrology, biogeochemistry, plant physiology, and other
ecosystem processes. Major environmental problems that are being addressed
by large-scale experiments include acidic deposition and nitrogen loading
(Bear Brook Watershed, Maine; and the Gardsjon Covered Catchment, Sweden);
climate warming (Soil Warming Experiment, Maine); and altered rainfall
amounts (Savannah River Loblolly Pine Soil Water Manipulation and the Walker
Branch Watershed Throughfall Displacement Experiment).

The reports presented in this symposium illustrate a wide range of methods
and approaches and focus more on concepts and technique:; than on a specific
physical site. Sites and projects that have contributed research results
to this symposium include Walker Branch Watershed (DOE), the Oak Ridge
Reservation (DOE-Environmental Restoration), the Coweeta Hydrologic
Laboratory and LTER site (USFS and NSF), Great Smoky Mountains National Park
(research funded by NPS, TVA, and EPRI), the TVA-Norris Whole-tree Facility
(TVA and EPRI), DOE's Biomass Program, the Bear Brook Watershed in Maine
(EPA), the Savannah River Site (DOE and USFS), and the Gardsjon Lake Site
in Sweden (Sweden and the European Community).

The Department of Energy's local research site, Walker Branch Watershed, is
a long-term ecosystem research project initiated on the Oak Ridge
Reservation in 1967. Walker Branch provides a well-characterized site where
many of these methods can be tested and applied. The Walker Branch
Watershed Project is initiating a large-scale, long-term rainfall
manipulation experiment that will address an important component of global
climate change. The experimental treatment will transfer throughfall
precipitation from one 0.6 ha site to another, effecting a 30% increase from
ambient precipitation on one site and a 30% decrease on the other site with
each rainstorm. A large suite of community and ecosystem response
parameters will be measured, in conjunction with use of natural and
artificial tracers to evaluate changes in ecosystem fluxes. Collaborators
to participate in this prcject are being sought.



In addition to the large-scale ecosystem experiments discussed in the
Plenary Session, other large-scale experiments represented in this symposium
include experiments on the effects of clearcutting and burning on forest
structure and productivity associated with Coweeta Hydrologic Laboratory,
and whole-tree ozone exposure chambers constructed by TVA and ORNL
researchers. The regional implications of local research are emphasized in
various contexts including (1) the responses of ecosystems along gradients
of sulfur and nitrogen deposition, which reach the highest levels recorded
in North America in the high elevations of the Appalachians; (2) energy and
gas fluxes between forest floor, forest canopy, and the atmosphere;
(3) deposition and behavior of heavy metals in forest soils and vegetation;
(4) mechanistic models of carbon cycle processes; and (5) use of
anthropogenic and cosmogenic radionuclides as tracers for sediment transport
in terrestrial and aquatic systems.

The scientific value of a symposium such as this lies primarily in the
opportunity for researchers from related, but separate, disciplines to take
advantage of techniques, data, and concepts to which they would not normally
be exposed. There is already a high degree of integration and collaboration
among local scientists working on issues related to forest ecosystems from
the scale of soil blocks to the Appalachian region. Great potential exists
to increase still further the degree of interdisciplinary collaboration and
to make major contributions to the solution of regional and global problems
through the application of mechanistic research and models.
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ANNOUNCEMENT

For your information, the Fifth Annual Walker Branch Watershed Research
Symposium will be held March 16-17, 1994. For further information please
contact Walker Branch Watershed Project, Environmental Sciences Division,
Building 1505, MS-6038, Oak Ridge National Laboratory, P. 0. Box 2008,
Oak Ridge, TN 37831-6038.



FOURTH ANNUAL
WALKER BRANCH WATERSHED SYMPOSIUM

PROGRAM SCHEDULE

Thursday, March 18 Large-Scale Ecosystem Experiments

8:00-9:00 Registration and Coffee

9:00-9:10 Welcome and Introduction by Michael Huston

9:10-9:45 Ivan Fernandez. The Bear Brook Watershed Acidification Study and
Planned Soil Warming Experiments

9:45-10:20 Hans Hultberg. The Gardsjon Covered Catchment Experiment and the
European Roofed-forest Approach to Ecosystem Manipulation

10:20-10:45 Coffee Break

10:45-11:20 Don Marx. Response of Plantation-grown Loblolly Pine to Different
Regimes of Available Soil Water

11:20-12:00 Michael Huston. The Walker Branch Throughfall Displacement
Experiment: Testing Models of Ecosystem Responses to Climate Change

12:00-1:30 Lunch (On your own)

Geology and Watershed Hydrology

1:30-1:42 Nyquist, J. E., W. E. Doll, and A. 0. King. Airborne Geophysical
Survey of the Oak Ridge Reservation.

1:42-1:54 Williams, R. T. Seismic Studies of Karst Features in the Walker
Branch Watershed.

1:54-2:06 Dreier, R. B. and L. E. Toran. Geologic Controls on Flow Patterns
at the Oak Ridge Reservation.

2:06-2:18 Rubin, P. A., B. Zerr, G. J. Davies, P. J. Lemiszki, P. S. Neuhoff,
and J. Aiken. Preliminary Hydrogeologic Studies in Carbonate
Aquifers of the Oak Ridge Reservation, Tennessee.

2:18-2:30 Davies, G. J., P. A. Rubin, and J. F. Quinlan. Indirect Observation
of the Rapid-Flow and Slow-Flow Components of Recharge to the Knox
Aquifer, Oak Ridge, Tennessee.

2:30-2:42 Jenssen, P. D. Norwegian Hydrology and a Method for Measurement of
the Saturated Hydraulic Conductivity.

2:42-2:54 Clapp, R. B., M. A. Huston, and S. Timmins. Visualizing the Surface
Hydrodynamics of a Forested Watershed.



2:54-3:06 Huston, M. A. and T. A. Fontaine. Predicting Temporal and Spatial
Flood Dynamics Using a Pre-calibrated Model.

3:06-5:00 Tour of Walke- Branch Watershed

Friday. March 19 Stream and Riverine Processes

8:30-8:42 Hart, D., D. Neergaarri, G. Harrison, and D. L. DeAngelis.
Alternative Models of Solute Transport and Transient Storage In
Streams.

8:42-8:54 Brenkert, A. L. Contaminated Sediment Transport: A Modeling Effort
in the Clinch River - Watts Bar Reservoir System.

8:54-9:06 Hulnoil and, P. J. Hydrological, Geochemical, and Biological
Interactions Control Streamwater Nutrient Concentrations in Walker
Branch.

9:06-9:18 Mulholland, P. J., D. L. DeAngelis, E. R. Marzolf, A. D. Steinman,
and M. Loreau. Hydraulic Storage Zones and Nutrient Cycling in
Streams.

9:18-9:30 Marzolf, E. R., P. J. Mulholland, and A. D. Steinman. A Whole-
stream Approach to Measurement of Stream Metabolism and Implications
for Nutrient Utilization and Light Limitation.

9:30-9:42 Hi 11, H. R. Canopy Closure Over Two Woodland Streams: Consequences
for Algae, Grazers, and Nutrients.

9:42-9:54 Hitch, M. E., P. J. Mulholland, and K. N. Eshleman. Riparian
Controls on Nitrogen Flux to Streams.

9:54-10:06 Korte, N., P. Kearl, G. Rajen, L. Suina, J. Sisneros, and
J. Lubbering. Non-Point Source Pollution Control and Watershed
Restoration on Indian Reservations in the Western United States.

10:06-10:30 Coffee Break

Tree Physiology and Stress Responses

10:30-10:42 Wullschleger, S. D. Growth Response of Forest Tree Species to
Atmospheric C02 Enrichment - A Review of the Literature.

10:42-10:54 Cooper, L. M. and R. J. Norby. Atmospheric C02 Enrichment Can
Increase the 0 Content of Leaf Water and Cellulose: Paleoclimatic
and Ecophysiological Implications.

10:54-11:06 Gunderson, C. A., R. J. Norby, and S. D. Wullschleger. Effects of
Elevated Atmospheric C02 on Coppice Growth in Yellow-poplar.



11:06-11:18 Norby, R. J., E. G. O'Neill, S. D. Wullschleger, C. A. Gunderson,
and C. T. Nietch. Growth of Quercus alba Saplings in Elevated C02
under Field Conditions.

11:18-11:30 Tschaplinski, T. J. and G. A. Tuskan. Water Stress Tolerance of
Black Cottonwood and Eastern Cottonwood Clones and Four of their
Hybrid Progeny. II. Metabolites and Inorganic Ions that Constitute
Osmotic Adjustment.

1.-: 30-11:42 Samuel son, L. J. and G. S. Edwards. Northern Red Oak Seedling and
Mature Tree Sensitivity to Ozone.

11:42-11:54 Elliott, K. J. and J. M. Vose. Physiology and Growth Performance of
Planted Pinus strobus L. Seedlings on Cl' cut and Burned Sites in
the Southern Appalachians.

11:54-12:06 Pedersen, B. S. Tree Mortality Can Be Attributed to Drought
Occurring Decades Prior to Tree Death.

12:06-1:30 Lunch (Own your own)

1:30-1:42 Garten, C. T., Jr. and H. Van Miegroet. Relationships Between Site
Nitrogen Status and Natural Nitrogen-15 Abundance in Plant Leaves
from the Great Smoky Mountains National Park.

1:42-1:54 Peterjohn, H., K. Newkirk, J. Melillo, P. Steudler, and J. Aber.
Trace Gas Fluxes and Nitrogen Availability in a Deciduous Forest
After One Year of Elevated Soil Temperatures,

1:54-2:06 Hanson, P. J. and W. A. i^ffman. Emission of Non-C02, Non-CH4
Volatile Organics from Hardw>od and Conifer Forest Floor Cores.

2:06-2:18 Turnage, K. H., S. Y. Lee, J. E. Foss, M. E. Timpson, J. T. Ammons,
I. L. Larsen, and R. J. Lewis. Determination of Soil Erosion and
Deposition in Dclines by Cs Redistribution: Relation to Land Use.

2:18-2:30 Jardine, P. M. and G. K. Jacobs. Unsaturated Transport of Co-
Contaminants in Undisturbed, Heterogeneous Porus Media.

2:30-2:42 Post, W. M. Biotic and Abiotic Controls on Soil Carbon Turnover:
Model Evaluation for TDE Soils.

2:42-2:54 King, A. W., S. D. Wullschleger, W. M. Post, and W. R. Emanuel. C02
Fertilization in Forested Ecosystems: A Global Modeling
Perspective.

2:54-3:06 Kim, Ki-Hyun and S. E. Lindberg. Comparative Studies of Mercury
Behavior in the Forest Environment.
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NOTE:

These abstracts are reports of completed or ongoing scientific studies.
They are not to be quoted or reprinted without prior permission from the
authors.



Thursday Morning - 9:10-12:00 — Plenary Session: Large-Scale Ecosystem Experiments

Response of Plantation-grcwn Loblolly Pine
to Different Regimes of Available Soil Water

Donald H. Marx
USDA Forest Service, Forestry Scitn jes Laboratory, Athens, Georgia

Most general circulation models predict changes in the climate of the southern forest region.
These predicted changes include mean annual temperature increases and change in amount and
distribution of precipitation. Precipitation is the component of climate change likely to have the
greatest effect on composition, structure ana productivity of forests. Most of our knowledge on soil
water effects is based on seedling studies and on correlations of historic rainfall, water-holding
capacity of soil and dendrochronology. Manipulative field studies with large trees are needed to
acquire better above- and belowground data for whole tree-stand-ecosystem models.

A long-term, intensive research study dedicated to studying the effects of available soil water
(ASW) on biological response of 12-year-old plantation loblolly pine has been installed at the
Savannah River Site, Aiken, SC in cooperation with DOE. This is a preliminary and non-replicated
study to ascertain validity of design, to develop methods, and to determine sampling protocols. Soil
is Troup. In one plot, aluminum gutters have been placed under the canopies to intercept 25% of
thrufall. Collected thrufall is irrigated onto another plot. A third plot is a control. Both latter plots
have the same construction without gutters but with PVC pipe to standardize shade, etc. Each plot
is 7 rows of 7 trees on 8 ft. centers.

Currently, thrufall patterns, stem growth (dendrobands), litter baskets, and root ingrowth
patterns are being monitored to furnish preliminary data for analyses. Results after 7 months of
treatment are as follows:

1. Gutters intercepted 24.3% of thrufall; irrigated plots received 24.8% of additional water.
2. Analyses of 225 rain gauges placed at random in test plots indicated that less than 20%

of variation in thrufall pattern is caused by the construction.
3. Sampling of fine rout biomass (roots <2 mm dia.) showed that 5.7 cm (x 20 cm deep)

diameter soil core samples are as representative as 7.9 cm cores and better than 2.9 cm cores.
4. There is no spatial pattern in fine root biomass due to distance from tree, due to size of

tree, or due to a void caused by a missing tree.
5. There is no correlation in the amounts of fine root biomass in the initial soil cores and

the amount which grew into ingrowth cores.
6. Treatments did not affect litter fall (254-303 g/m2).
7. Due to above average rainfall in 1992, reduced thrufall was not sufficient to cause deficits

in ASW. However, the irrigated treatment increased the following:
a. Fine root biomass was increased by 35%.
b. Ectomycorrhizal development was greater.
c. More than 3.5 times more fruiting bodies of ectomycorrhizal fungi were produced.
d. Tree circumference growth (dendrobands) was nearly 30% greater.

Methods are being developed to estimate fungal biomass in rhizoplane, rhizosphere, and bulk
soil using the ergosterol technique for eventual estimation of carbon cost of root and soil fungi.

These preliminary results show that thrufall (and ASW) can be successfully manipulated on
"big" trees using this physical type of field design. Where do we go from here?



Thursday Morning - 9:10-12:00 — Plenary Session: Large-Scale Ecosystem Experiments

The Walker Branch Throughfall Displacement Experiment:
Testing Models of Ecosystem Responses to Climate Change

Michael A. Huston

The responses of forests to decreased water availability or increased occurrence of drought
is currently considered a key issue in climate change scenarios (Wigley et. al. 1984). Smith and
Tirpak (1989) have concluded that anticipated increases in temperature associated with accumulation
of greenhouse gases may threaten future water availability because wanner temperatures may increase
evapotranspiration. Nielson et al. (1989) concluded that forests throughout the United States could
experience severe impacts from climate change, especially in the southern states where potential
evapotranspiration is predicted to increase the most. At a global scale, interactions between
vegetation and the hydrosphere can dter the atmosphere, moderating or feeding back on
"greenhouse" climate change processes (Wigley and Jones 1985).

Tiie actual directions and/or magnitude of expected changes in precipitation patterns are
highly uncertain and specific scenarios for regional climate change do not exist. Given this
uncertainty, manipulative field experiments can play a role in the identification of important
ecosystem responses that might result from future increasing or decreasing levels of precipitation.
Predicted changes in forest ecosystem processes resulting from climate change are likely to result
from several environmental variables including: changing precipitation and temperature patterns and
direct effects of elevated carbon dioxide concentrations. There is a current need to understand how
projected climate change phenomena might impact forest productivity and associated social and
economic concerns. Manipulative experiments represent a process through which some of this
information can be obtained. Because moisture limitations are considered to be the primary stress
limiting forest productivity (Kramer 1983), the Walker Branch Watershed Project is initiating a major
study of the impact of moisture changes on forest ecosystem processes.

The Throughfall Displacement Experiment (TDE) will study effects of altered precipitation
inputs on a wide range of biological and chemical characteristics of forest stands including: forest
growth and physiological responses of major tree species, leaf area index, herbivory, litter fall,
understory composition, litter decomposition, soil organic matter and microbial populations, nutrient
availability, and biogeochemical cycling processes. Data will be integrated and used to test and
enhance ecosystem process models that operate at different spatial sealer (e.g., leaf, whole tree,
canopy, stand, ecosystem). Vegetation growth, mortality, and reproduction data from the wet/diy
experimental scenarios will be used in existing models of community structure to produce estimates
of potential changes in species composition over longer time periods.

The experimental manipulation of soil moisture will be implemented by a gravity-driven
transfer of throughfall precipitation of soil moisture from one experimental plot to another.
Throughfall will be intercepted in subcanopy troughs suspended above the forest floor of the "dry"
plots (=30% of the ground area will be covered) and transferred by gravity drainage across a control
plot for subsequent distribution onto the "wet" treatment plot. The experimental throughfall
throughfall displacement system is in place on Walker Branch Watershed. One year of pre-treatment
data has been collected and treatments will begin May 1993. The reductions in soil moisture
anticipated from this manipulation are equivalent to the driest growing season of the 1980's drought,
which resulted in sapling mortality and reduced growth of yellow-poplar on Walker Branch
Watershed.



Thursday Afternoon - 1:30-3:03 - Geology and Watershed Hydrology

Airborne Geophysical Survey of the Oak Ridge Reservation

J.E. Nyquist and W.E. Doll, Environmental Sciences Division, ORNL
A.D. King, Environmental Restoration Division, ORNL

A two-phase aerial survey of the Oak Ridge Reservation (ORR) was initiated 1992 in
order to better characterize known waste sites and locate and characterize additional
environmentally hazardous sites. Phase I, which began in April, 1992, consisted of aerial
radiation, multispectral scanner, and photographic surveys. Phase II, which began in
November, 1992, consisted of a helicopter electromagnetic (HEM), magnetic, and
radiation survey. The magnetic and electromagnetic (EM) methods are capable of
detecting both man-made targets(metallic objects, trench boundaries, burn pits and
excavation areas, well heads), and geologic features (fractures, faults, karst features,
geologic contacts, weathered layer thickness and conductivity).

The Phase II survey has three components: testing, reconnaissance, and high resolution
data acquisition. To date, the testing and reconnaissance data acquisition have been
completed, and part of the data have been processed. Test data were designed to set
parameters for data acquisition and to determine the sensitivity of the instruments to
known targets. Tests included measurements over •well-characterized waste sites, over
increasing numbers of 55-galion drums under different site conditions, and over sites
where surface EM data have previously been collected. Test data were collected at
altitudes ranging from 50 to 100 ft. above ground level (AGL) with flight line spacings
ranging from 50 to 150 ft. Data which have been processed to date indicate that: 1)
magnetic and HEM data are complementary, and do not always highlight the same
anomaly; 2) under favorable circumstances, helicopter magnetometer systems are capable
of detecting groups of 4 or more 55-gallon drums at detector altitudes of 50 ft or less; 3)
HEM data provide data which compare favorably with surface data collected over burial
trenches and 4) well casings seem to be related to magnetic monopole anomalies, as
would be expected.

Reconnaissance data were collected over the entire ORR at a nomina' flight line spacing
of 150 ft. at an altitude of 100 ft AGL These data were designed to display large-scale
geologic features, reveal any large undocumented waste areas, and indicate areas where
ground-based follow-up surveys are needed. Preliminary maps from a small segment of
the data between ORNL and foe Clinch River show striking agreement between geologic
contacts (separating shales and limestones) and abrupt changes in surface layer
conductivity and thickness. Mapped geologic contacts are also apparent in the magnetic
maps. This suggests that reservation-wide magnetic and EM data will be useful in
refining geologic maps and possibly in locating faults and fracture zones. Both the
magnetic and EM maps show large anomalies at the known waste sites, suggesting that
the reconnaissance data will be useful in locating unknown waste sites, if any exist.

High resolution data will be acquired within the next year at sites which will be selected
on the basis of the sensitivities indicated by test results and where the reconnaissance
data shew that more detailed information would be useful.



Thursday Afternoon - 1:30-3:06 — Geology and Watershed Hydrology

Seismic Studies of Karst Features in the Walker Branch Watershed

R. T. Williams
Dept. of Geological Sciences, University of Tennessee, Knoxville,

and Environmental Sciences Division, Oak Ridge National Laboratory

Numerous ancient sinkholes are known to be present in the watershed. Other karst features,
such as underground drainage, are likely to be present in the subsurface but their effect on the
hydrology of the watershed is not known at present. Seismic reflection studies have been undertaken
with the goals of determining the internal structure of the sinkholes, depth to bedrock, and bedrock
characteristics beneath the watershed. To date, a total of 7 seismic profiles have been recorded.
Field procedures during the seismic data acquisition have been designed to minimize undesirable
impacts on the ecology of the watershed. A Betsy Seisgun, which is a 21 mm industrial shotgun
that fires a steel slug vertically into the ground surface, was used as the seismic source for the first
6 profiles. Deep reflectors including bedrock were not obsened in these data, in part because the
shotgun source did not produce sufficient energy given the geologic conditions.

Recent efforts have focused on a sinkhole on the northeastern side of the watershed. This
sinkhole is one of two that have clear topographic expression along the crest of a ridge. It was
found to be unusual during prior study with ground-penetrating radar, in that it was possible to
image layering within the sinkhole to a depth of some 10's of meters. In most locations, radar
penetrates to only a few meters due to the clay content of the soil, but this sinkhole appears to be
filled with relatively course sediment and the clay content may be low. Although a topographic
depression, it is well-drained and shows little evidence of holding water after heavy rain. Effort has
been focused on this sinkhole in an attempt to image both the fill material and the surrounding
soils, which were not visible in the radar data but may contain drainage pathways.

The most recent profile (7) was recorded on January 29 using a new, more powerful seismic
source. The new source detonates a 300 grain powder charge, packaged in a shotgun shell casing,
at a depth of 0.5 m in a 41 mm diameter hole. It produces more energy and better coupling to
the soil than the industrial shotgun. The quality of the field records was significantly better than
in previous profiles, but processing of these data is in an early stage. Preliminary results (brute
stacks) show numerous reflectors within the sinkhole and surrounding soils. The sinkhole itself
appears to extend to a depth of approximately 22 m, and is asymmetrical. The center of the
sinkhole at its bottom is southwest of the center of the topographic depression at the surface. An
undulating surface, possibly the top of bedrock, with a relief of approximately 5 m is indicated at
a depth of approximately 27 m.



Thursday Afternoon - 1:30-3:06 — Geology and Watershed Hydrology

Geologic Controls on Flow Patterns at the Oak Ridge Reservation

R. B. Dreier and L. E. Toran
Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831

On the Oak Ridge Reservation in eastern Tennessee, deep coreholes instrumented with
multi-port measuring systems provide hydrogeologic data that can be used to design and
calibrate flow models. The hydrology of the site is influenced by steeply dipping, faulted
and fractured shale and limestone.

A flow model has been developed that incorporates a dipping bedding-plane parallel
anisotropy, as well as depth-dependent hydraulic conductivity changes. The model is cal-
ibrated using hydraulic head profiles from three deep coreholes and demonstrates possible
flow patterns in a ridge-valley-ridge system typical of eastern Tennessee.

Pressure data indicate that geologic features can influence hydraulic head gradients.
(1) Step-like vertical head profiles show packages of strata that exhibit minimal vertical
gradients. These packages are separated from each other by significant changes in head.
The low vertical gradients are attributed to an interconnected porosity and steep gradient
changes probably reflect a poorly connnected porosity. (2) Reversals in hydraulic head
gradients occur at depth in three coreholes. These change are coincident with either the
presence of a regional thrust fault, or with the absence of hydrologically active fractures.
The head reversals may coincide with flow system boundaries. If so, the geometries of major
faults and fractured acquifers must be considered in the design of regional-scale flow and
transport models.



Thursday Afternoon - 1:30-3:06 — Geology and Watershed Hydrology

PRELIMINARY BYDROGEOLOGIC STUDIES IN CARBONATE
AQUIFERS OF THE OAK RIDGE RESERVATION, TENNESSEE

Paul A. Rubin (ORNL/ESD), Bruce Zerr (Y-12), Gareth J. Davies (ASI), Peter J.
Lemiszki (ESD/UT), Philip S. Neuhoff (ORNL/ESD), and Jane Aiken (K-25/HAZWRAP)

Groundwater flow in carbonate aquifers is characterized by rapid-flow
(swallet water; > 0.001 m/sec) and slow-flow (percolation water) components.
Permeability teBts in wells on the Oak Ridge Reservation (ORR) have provided much
information on the slow-flow component, but less information is available on the
rapid-flow component, principally because these pathways (macrofissures and
conduits) are difficult to intercept with randomly-drilled wells. Because
significantly large quantities of rapid-flow water can be transmitted during
storm events through macrofissures and conduits, it is important that as much
information as possible be gathered about thiB component. Conduits are the
pathways of maximum groundwater flow in ORR carbonate aquifers.

Enterable caves, accessible cave streams, springs, and other features on and
near the ORR are being used as natural laboratories where structural and
hydraulic controls governing groundwater flow are being surveyed by a team of
hydrologists, geologists, and cavers. The results of these surveys can be used
to infer likely patterns and dynamics of flow in other portions of ORR carbonate
aquifers that have no physical access points.

Work to date has focussed in the Knox Group on Copper Ridge, where there are
broad sinkholes, a sinking etream, and an exposed pinnacle and cutter epikarst.
The epikarst is enterable to depths of 18 m along dissolutionally enlarged
fractures. Big Turtle Cave, Little Turtle Cave, and Turtle Pit, for example,
have lenotths up to 34 m and widths up to 6 m. Percolation water infiltrating
through the soil overburden and bedrock, precipitates CaCO, as formations in
these caves, and then drains into an underlying conduit network. Pinnacle Cave,
situated in the base of a large sinkhole, leads beneath the pinnacle and cutter
epikarst toward the conduit portion of the aquifer. Large passage dimensions (5
m-width) and a steep gradient (0.8) indicate large paleoflow inputs.

Physical evidence on Copper Ridge indicates that the vadose zone of ORR
carbonate aquifers may range vertically more than 150 m. The dendritic plan
pattern of Copper Ridge Cave conduits provides information on how the slow-flow
and rapid-flow components are integrated. Copper Ridge Cave descends as a vadose
canyon for a length of 243 m until intersecting a relict phreatic conduit with
passage dimensions up to 15 m high and wide. Small tributary feeder passages to
this cave are of sufficient size to walk or crawl through. All conduits act as
convergent flow integrators for sinkhole and epikarst infiltration/recharge
water. Groundwater, undersaturated with respect to CaCO3, typically enlarges
interconnected fractures (NW and NE) and bedding planes, and follows the steepest
available gradient, which is generally down the stratal dip. Once base level is
reached, passages are no longer vadose canyons, but instead phreatic strike-
oriented passages. The geometry and size of trunk passages in Copper Ridge Cave
document large paleoflow discharges (from an extensive catchment basin, active
for tens of thousands of years), with active flow superposed into and through
truncated conduit segments. The surveyed position of the main trunk passage can
not be predicted based on present surface topography. The passage elevation is
lower than the nearby intermittent surface stream, thus indicating that surface
drainage patterns and topography may have no relation to actual groundwater flow
paths and basin boundaries.

The dynamic nature of groundwater flow in response to storm events has been
documented in Copper Ridge Cave. Copper Ridge Cave is entered in a swallow hole
receiving a small stream. Discharge measurements in one sinking stream/cave
location indicated a low flow of = 10 gpm, while the discharge increased to = 330
gpm (at 0.6 m/sec) during a moderate storm four days later. Many large and heavy
logs have washed into the cave. Although the discharge required to move these
logs far into the cave is not known, it is likely to be at least an order of
magnitude higher.

Slow-flow components ultimately converge with rapid-flow components, which
can transmit large quantities of groundwater. The resulting groundwater flow
paths and basins are not always correlative to the surface water flow paths and
basins. Therefore, it is important to determine the flow direction, destination,
velocities, water chemistry, and flux of groundwater in these aquifers.
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INDIRECT OBSERVATION OF THE RAPID-FLOW AND SLOW-FLOW
COMPONENTS OF RECHARGE TO THE KNOX AQUIFER, OAK RIDGE, TENNESSEE

Gareth J. Davies (Advanced Sciences Inc., Oak Ridge, TN), Paul A. Rubin
(ORNL/ESD) and James P. Quinlan (Quinlan & Associates, Nashville, TN)

Recharge to a carbonate aquifer can be classified in three mutually exclusive
ways, each of which comprises a continuum: source (allogenic vs. autogenic),
dispersiveness of entry (point vs. dispersed), and speed of entry (high flow vs.
low flow). Autogenic recharge is derived from precipitation on the carbonate
terrane itself. Allogenic recharge is derived from an adjacent non-carbonate
terrane. Point recharge occurs via open sinkholes (perhaps via swallets into
which a stream sinks) and via dispolutionally-enlarged joints; dispersed recharge
occurs over a broad area. Thick accumulations of soil and residuum tend to
dampen the response of an aquifer to recharge events, but recharge and flow
through these media can be rapid (probably through macropores) or slow (mostly
through the matrix itself). Recharge and flow through open sinkholes and joints
is rapid.

The Knox aquifer beneath Chestnut Ridge is a significant carbonate aquifer
that discharges to springs. Chestnut Ridge has surface features characteristic
of a well-karstified carbonate aquifers numerous sinkholes, recent collapses,
pinnacles, dissolutionally-enlarged soil-filled joints (cutters), and streams
that sink at a swallet.

A sixteen-month Btudy of temperature variation at several springs draining
the Knox aquifer beneath Chestnut Ridge in Oak Ridge was conducted. Data
collected almost daily showed that for all springs the maximum measured
temperature lagged behind the mean air temperature by abou*- 50 days. The
amplitude of temperature variation was well-defined, but different, at each
spring. This variation is explained by a model of an aquifer characterized by
mixed proportions of slow-flow (percolation infiltration) end rapid-flow (swallet
infiltration) components. A shorter-duration study of variation of specific
conductivity of theae spring waters through several storm events was also
conducted. The variation of specific conductivity was different from the
variation of temperature. For example, after a moderate storm, at a spring where
temperature did not vary more than 0.3° Celsius over sixteen months, specific
conductivity changed more than 50 micromhos/cm within several hours of
significant rainfall. This is equivalent to about a 50 mg/L decrease in total
hardness. Recession to background conductivity values occurs in 3 to 7 days. The
variation of specific conductivity can be shown to be a linear function of
percentage of swallet water recharge (rapid-flow, characterized by low hardness)
mixing with perennially-flowing percolation water (slow-flow, characterized by
high hardness) entering the system during each storm event.

The variation of both temperature and specific conductivity at all the
springs can thus be explained by a general aquifer model based on mixed
proportions of rapid-flow and slow-flow components. The hardness of a water is
directly related to its specific conductivity. Each property and its coefficient
of variation are directly related to the percentage of swallet water recharging
the aquifer. Therefore, from these relationships and from measurement of
fluctuations of specific conductivity, the amount of Bwallet water recharging the
Knox aquifer for some springs in the study area could exceed 45 percent. A
complex distributary of overflow and underflow springs (as yet inferred but not
identified, and typical of all carbonate aquifers) also contributes to this
variation. Overflow springs operate when infiltration exceeds aquifer reservoir
capacity, providing relief outlets for flooded and alluviated conduits and
aggraded underflow springs.

The specific conductivity data suggest that, even though there are few known
swallets, rapid recharge to the aquifer is probably via numerous inputs of
percolation water. This appears to be a common feature of all autogenic
carbonate aquifers and indicates that rapid-flow components are as common to
percolation-water inputs as they are to swallet-water inputs. Physical evidence
of rapid flow and "flashy" response of cave streams to storms, as seen in Copper
Ridge Cave (see abstract by Rubin et a_l.in this volume), supports this model.
Similarly, other caves entered through the base of sinkholes on Copper Ridge,
have percolation water infiltrating through overlying residual soil and bedrock
ceilings, before draining into an underlying conduit network.
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Norwegian hydrology and a method for measurement of the saturated hydraulic
conductivity

Petter D. Jenssen, Dr. Sc.
Visiting Scientist from the Norwegian Centre for Soil and Environmental Research

The presentation will give a brief introduction to Norwegian hydrology and soils and a method of
measuring the saturated hydraulic conductivity above the water table.

The saturated hydraulic conductivity measured above the groundwater table is an essential parameter
in hydrological evaluations, agricultural and geotechnical work, and in design of systems for land
disposal of waste. Equipment similar to the Guelph permeameter (constant head borehole
permeameter) has been developed by the author and will be described. The equipment is cheaper and
has a lower failure rate than the Guelph permeameter. Improvements include the use of a porous
plastic liner that preserves both the borehole geometry and the soD structure when measuring.

In capillary soils the saturated hydraulic conductivity calculated from measurements with the constant
head borehole methods can be greatly overestimated if capillarity is not taken i.ito account. Problems
of accounting for capillarity are mentioned and solutions presented.
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Visualizing the Surface Hydrodynamics of a Forested Watershed

R. B. Clapp and M. A. Huston, Environmental Sciences Division, ORNL
S. P. Timmins, Anaiysas Corp., 151 LaFayette Drive, Suite 110,

Oak Ridge, Tennessee U.S^A. 37830

Spatiotemporal variation in runoff source areas, soil water content, and stream flow h?.a been
modeled by linking a semi-distributed hydrologic model with a visualization system to depict
continuous changes in spatial variables on a watershed map. The hydrologic model
TOPMODEL, predicts watershed runoff as a function of 13 v/atershed-specific parameters,
rainfall and potential evapotranspiration rates, and a frequency distribution of an index
derived from the watershed topography. Prior to simulation, a raster map of the
topographic index must be calculated from elevation data, and the spatially distributed index
information must be discretized into a series of frequency classes. During a simulation, the
watershed-wide soil water deficit is partitioned at each time step among these classes, and
this spatially distributed deficit can be displayed continuously on a wate/shed map. We have
written an interactive version of the TOPMODEL algorithm, developed by Beven and
Kirkby, in 3 vector-based programming language that simplifies the model code and provides
visualization. Examples for two contrasting forested watersheds exposed to synthetic storms
for return periods ranging from 2 to 100 years are discussed.
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Predicting Temporal and Spatial Flood Dynamics
Using a Pre-calibrated Mode!

Michael A. Huston and Thomas A. Fontaine
Environmental Sciences Division, Oak Ridge National Laboratory

A large storm in December, 1990, allowed the evaluation of flood predictions from a
hydrologic model (TOPMODEL) that had been previously calibrated on Walker Branch
Watershed, a gauged 37.5 ha catchment near Oak Ridge, Tennessee. The model predicts
both hydrograph dynamics and the spatial distribution of overland flow using an index based
on topography. Maximum extent of overland flow during the storm was determined from
patterns of leaf litter removal from valley bottoms. Both the flood hydrograph and the
extent of overland flow were accurately predicted using model parameters obtained from
a 3-month period of normal flow conditions during 1983. The fact that a pre-calibrated
model predicted the spatial and temporal dynamics of a large flood as well as did a model
optimized over the flood period itself, suggests that under some conditions the impacts of
extreme events can be predicted based on watershed dynamics under normal flow conditions.
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Alternative Models of Solute Transport and Transient Storage
In Streams

Deborah Hart
Knox College

Daryl Neergaard and Gary Harrison
Mathematics Department

The University of Tennessee

Donald L. DeAngelis
Environmental Sciences Division
Oak Ridge National Laboratory

A stream is an heterogeneous environment in many respects and this
inhomogeneity is important to the biota of the stream. In high
gradient streams flow velocity can vary dramatically from the free-
flowing surface water in the thalweg tc backwater areas, areas near
the stream bottom, and interstitial sediment water. In these areas
of relatively still water, which can be classified as "hydraulic
storage zones", exchange of nutrients (and other solutes) with the
free-flowing water may be slow and processes of nutrient recycling
may be important. Therefore, estimation of the extent of these
storage zones and of the transfer rates of solutes between storage
zones and free-flowing water will be an important part of the
physical characterization of a stream.

An indirect estimate of the physical storage zone characteristics
is possible by adding biologically inert solute tracers to the
free-flowing water and then fitting a model of solute exchange with
the storage zone to measured concentrations of tracer in free-
flowing water downstream. The problem posed has two aspects,
first finding a way to solve the model equations and then making
the best estimates of the water exchange parameters. The model
equations cannot in general be solved analytically, but there are
a few different approaches to estimating the solution numerically.
It is useful to explore a few different approaches to the solution,
because this may help with the problem of determining the set of
parameter values that provides the best fit. We have used and
compared (1) a method of successive approximations to analytic
equations, (2) a Monte Carlo approach in which tracer atoms are
modeled individually, and (3) and finite difference methods with a
moving coordinate system.

The models were applied to tritium and salt injection data for
several experiments in different streams segments to determine the
approximate (1) volume of storage zones in these streams, (2) the
average stream flow velocity, (3) the longitudinal dispersion
coefficient, and (4) the exchange rate of tracer between free-
flowing water and the storage zone.
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Contaminated Sediment Transport: A Modeling Effort in the
Clinch River - Watts Bar Reservoir System

A. L. Brenkert
Environmental Sciences Division
Oak Ridge National Laboratory

Oak Ridge, Tennessee 37831-6038

As part of the Clinch River - Environmental Restoration Program (CR-ERP) the
Environmental Sciences Division (ESD) of the Oak Ridge National Laboratory (ORNL)
has implemented a sediment transport model for the Clinch River - Watts Bar
Reservoir System. The sediment transport model chosen is HEC-6, originally
developed by the U.S. Army Corps of Engineers and modified by ESD to incorporate

Cs fate processes. The model will initially be used to simulate the fate of
the historical releases of Cs to increase our confidence in model predictions.
The model will then be used to predict contaminant redistribution under scenarios
of remedial action, of extreme climatic events, and of possible future accidental
contaminant releases from ORNL. The strategy of model calibration and validation
will be briefly outlined and some preliminary results will be presented.
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Hydrological, Geoche-/~al, and Biological Interactions
Control Streamwater Nutrient Concentrations in Walker Branch1

Patrick J. Mulholland
Environmental Sciences Division
Oak Ridge National Laboratory

Concentrations of soluble P, N and organic C in stream water exhibit temporal (e.g.,
seasonal, storm event, diel) and spatial variation. These variations are the result of
temporal and spatial variation in the dominant flowpaths of water to the stream and
temporal variation in terrestrial and instream biological processes. End-member mixing
analysis involving Ca and SO4 concentrations has been used to identify three dominant
subsurface flowpaths to the stream. Nutrient concentrations are different among these
flowpaths as a result of biological processes in surface soil layers in upslope areas
(particularly microbial immobilization and vegetation uptake of N and P) and geochemical
weathering of the parent dolomite at depth. Stream water nutrient concentrations, in part,
reflect the temporal and spatial variation in the relative importance of each flowpath in
generating streamflow.

Streamwater nutrient chemistry, however, cannot be entirely accounted for by
hydrologic processes and conservative mixing of flowpaths. During baseflow periods,
instream and riparian biological processes strongly influence stveamwater nutrient
concentrations, and seasonal variation in these processes result in additional temporal
(seasonal, diel) and spatial (upstream/downstream) variations in streamwater nutrients.
Autumn leaf fall and spring leaf emergence appear to be particularly important events
controlling instream processes (litter decomposition and primary production) that regulate
streamwater nutrient chemistry.

During stonn periods, streamwater nutrient concentrations also cannot be fully
accounted for by hydrologic flowpath variations. The flowpath mixing model does not
account for streamwater nutrient dynamics during storms nearly as well as it accounts for
Ca and SO4 dynamics. In particular, concentrations of NO3 are both lower and higher and
concentrations of PO4 are lower than predicted from the flowpath mixing model. These
shortcomings of the flowpath model for predicting streamwater nutrient concentrations
suggest that instream or near-stream processes may be important modifiers of streamwater
nutrient chemistry during storms or that spatial and temporal variability in flowpath
nutrient concentrations are not appropriately defined.

1 Research sponsored by the Walker Branch Watershed Project and the Oak Ridge
National Environmental Research Park, Environmental Sciences Division, Office of
Health and Environmental Research, U.S. Department of Energy, under contract
DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
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Hydraulic Storage Zones and Nutrient Cycling in Streams1

P. J. Mulholland, D. L. DeAngelis, E. R. Marzolf,
A. D. Steinman2, and M. Loreau3

Environmental Sciences Division
Oak Ridge National Laboratory

The role of hydraulic storage zones on nutrient cycling in streams is examined using:
(1) simulations of a stream ecosystem model that explicitly includes a hydraulic storage
zone containing living biomass and detritus, and (2) empirical studies in periphyton-
dominated laboratory streams and a first-order natural stream. Hydraulic storage zones
are defined as being zones of zero or near-zero flow within the stream channel that
exchange water and materials slowly with the free-flowing water. Simulations of the stream
model suggest that nutrient concentrations in water and in algal biomass are lower and
nutrient turnover times are longer in streams with large storage zones compared with
streams with small storage zones. Long turnover times for nutrients in the model result
from high rates of internal nutrient cycling.

In the empirical studies we examined the effect of hydraulic storage z-nes existing
within periphyton mats in laboratory streams and backwater pools in a first-order natural
stream on phosphorus cycling in periphyton communities. Phosphorus cycling was
quantified by measurements of the ratio of nutrient uptake from free-flowing stream water
to gross primary production and measurements of nutrient turnover rate. Results of the
laboratory stream study indicated that nutrient cycling was greater in periphyton
communities that had greater biomass (dense mats) than in communities with lower
biomass. In the natural stream, nutrient cycling was greater in periphyton commur.ties in
backwater areas than in communities in faster-flowing areas. Together, the modeling and
empirical studies suggest that biological or physical characteristics that increase hydraulic
storage zones in streams will increase in-place nutrient cycling and reduce downstream
nutrient loss in streams.

1 Research sponsored by the Ecosystems Studies Program, National Science Foundation,
under Interagency Agreement number DEB-9013883 with the U.S. Department of
Energy.

2 SAIC, 4275 Campus Point Court, San Diego, CA 92121-1578

3 Department of Animal Biology, C.P. 160/13, Universite Libre, Bruxelles, 50 av. Rcjsevelt,
B-1050 Brussels, Belgium
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An Whole-stream Approach to Measurement of Stream Metabolism and

Implications for Nutrient Utilization and Light Limitation

Erich R. Marzolf, Patrick J. Mulhollana and Alan D. Steinman1

Environmental Sciences Division

Oak Ridge National Laboratory

Abiotic constraints (eg. nutrients and light) are important regulators of stream
ecosystem function although the relative importance of these factors may change
over time. Previou? work in Walker Branch has shown large changes in seasonal
nutrient utilization occur on the reach scale, however small scale measures of
stream metabolism have not detected seasonal differences which might be
responsible for altering instream nutrient demand. Small scale measurements are
limited by problems involved in scaling up to a whole stream reach. For this reason,
a whole-stream approach was used to measure stream metabolism.

The relationships among gross primary production (GPP), community respiration
(CR24) and nutrient uptake were investigated in a 62 m reach of Walker Branch, a
first order woodland stream. GPP and CR24 were measured using the
upstream/downstream dissolved oxygen (DO) method at various times during 1992.
Dissolved oxygen and temperature were measured at 5 minute intervals for
approximately 40 hours. Changes in DO were corrected for oxygen reaeration using
a reaeration coefficient calculated with data from conservative and volatile tracer
injections done within several days of DO measurements. Phosphorus uptake was
measured during 90 minute injections of carrier-free 33PO4 and 3H2O to the reach.

GPP varied with light conditions as controlled by forest canopy development and day
length. GPP was highest (25 u.g O2 nr2 sec"1) during the spring just prior to canopy
closure and dropped over 17 fold to -1.7 fig O2 nr2 sec1 after the forest canopy
closed. During this same period light dropped approximately 19 fold. CR24
exceeded GPP on all dates and reached a maximum of 48 u.g O2 nr2 sec"1 after leaf
fall in autumn as expected in a deciduous forest stream.

Ambient stream nutrient concentrations and phosphorus uptake length varied
inversely with total metabolic activity, suggesting an important biotic linkage between
stream water quality and benthic metabolism.

1 Current address SAIC, 4275 Campus Point Court, San Diego, CA 92121-1578.
Research conducted on the Oak Ridge National Environmental Research Park.
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Canopy Closure Over Two Woodland Streams: Consequences for Algae, Grazers, and Nutrients.

Walter R. Hill
Environmental Sciences Division
Oak Ridge National Laboratory

Woodland streams undergo marked transitions from light-replete to light-limited ecosystems every
spring when leaves on streamside trees emerge. In this study, I documented strong direct and indirect
effects of decreasing light on periphyton photosynthesis, grazer growth, and nutrient concentrations
from April to June in two undisturbed streams on the Oak Ridge Reservation (Upper White Oak
Creek [WOC] and Walker Branch [WB]). Although periphyton biomass did not vary significantly
during the study, photosynthesis was substantially altered in both streams as streambed PAR declined
from >1000 to <50 umol m'2 s'1. Photosynthesis became substantially more efficient at low light
levels (alpha increased >300%) and saturated at progressively lower irradiances (It declined 75%).
Despite increased photosynthetic efficiency, light reaching the stream bed declined enough so that
output from static models (constructed with laboratory-derived P-I data and ambient streambed PAR
data) indicated considerable diminishment of in situ primary production in both streams. Monthly
carbon fixation estimates in WOC dropped from 356 ug C/cm2 in April to 66 ng C/cm2 in June, while
carbon fixation in WB declined from 485 to 168 ug C/cm2. Growth rates of grazing snails (Elimia
clavaeformisi in both streams declined dramatically from April to June, consistent with modeled
decreases in the productivity of their primary food resource. Dissolved nitrate in WB increased
abruptly (300%) in late April and May coincident with leaf emergence. Phosphate also increased.
The multilevel effects of canopy closure observed in this study accentuate the importance of light as
a forcing variable in stream ecosystems.
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Riparian Controls on Nitrogen Flux to Streams

Mark E. Mitch1, Patrick J. Mulholland2, and Keith N. Eshleman1

1Dept. Of Environmental Sciences, University of Virginia

Environmental Sciences Division, Oak Ridge National Laboratory

Biogeochemical processes within stream riparian zones have been identified in numerous
studies as important regulators of nutrients to streams and downstream resources. Most
research has been done in lowland environments, generally associated with agricultural
landuse and waters with a high nutrient content from fertilizer runoff and leachate.
Investigations of the role of riparian areas in upland environments have been for the most
part limited to catchments with substantial and distinctive wetland areas.

Previous work on Walker Branch has shown that streamflow is fed by waters from
different hydrological flowpaths and that changes in nitrogen content and form in riparian
groundwater likely result from passage through the the local riparian environment. The
NO3" concentration of riparian water in the Noland Creek watershed in the Smoky
Mountains has been found to be roughly half of that found in the stream. Data from a
subcatchment in central Virginia's Piedmont region indicates that streamwater NO3"
concentrations are 20 fold lower than that found in deeper groundwater. Unfortunately,
because of the difficulty of quantifying the flow of water passing through such areas, little
is known as to the importance of riparian processing in forested upland and headwater
subcatchments.

These results do, however, suggest that riparian processes may have an important
influence on the amount of nitrogen exported from these sites. Research is being initiated
to investigate the influence and the mechanisms of riparian "processing" including
microbial processing (e.g., denitrification and assimilation), vegetative uptake, and
hydrologic dilution. Flowpaths through selected riparian areas will be identified using a
small network piezometers to monitor hydraulic head and through injection of
conservative tracers. Evidence of riparian biogeochemical processing (e.g.,
denitrification) will be investigated based on the spatial distribution of inorganic nitrogen
species in subsurface waters supplemented by use of stable nitrogen isotopes in NO3"
and NHJ along flowpaths and laboratory assay of denitrification.
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NON-POINT SOURCE POLLUTION CONTROL AND
WATERSHED RESTORATION ON INDIAN RESERVATIONS

IN THE WESTERN UNITED STATES

Nic Korte and Peter Kearl
Oak Ridge National Laboratory
Environmental Sciences Division

Grand Junction, Colorado
and

Gaurav Rajen, Lloyd Suina
John Sisneros and Jeanne Lubbering

All Indian Pueblo Council
Albuquerque, New Mexico

Range scientists generally agree that the condition of riparian zones on Indian lands in the
western United States has deteriorated seriously over the last century. *Historic accounts
suggest that much damage occurred at that time. Erosion on these rangelands remains a
serious non-point source pollution problem.

Besides soil erosion, tribal lands are affected by hundreds of polluted sites and waste
generators. Potentially contaminated sites include oil refineries, mining and ore processing
sites, pesticide disposal areas, and miscellaneous manufacturing sites. Numerous single
family dwellings employing septic systems have also added to the surface-water pollution.
With funding from the U.S. Environmental Protection Agency, the All Indian Pueblo Council
(AIPC) is developing pilot programs and a long-term strategy for addressing pollution of
surface waters on tribal lands.

The AIPC is considering a number of innovative strategies for solving these problems
including constructed wetlands, biogas plants, and large-scale watershed restoration. Oak
Ridge National Laboratory (ORNL) scientists will assist the AIPC in developing strategies
and priorities for their program. During the initial phases, ORNL efforts will be directed
toward training, providing technical information and technical review, and assisting in the
development of monitoring strategies.

The AIPC will use a watershed approach to address the non-point source problems. Future
plans include expanding the research to determine whether large-scale restoration of
degraded watersheds should be tribal policy. Small projects completed previously have
shown that vegetation can be restored, that sediment losses can be halted, and that formerly
ephemeral streams can be made perennial. However, the impact of a basin-wide restoration
program on water yield and timing, overall biological and ecological changes, and the
operation of downstream reservoirs has never been quantified. The long-term intention of
the AIPC program, therefore, is to develop a research effort that will determine when,
where, and how additional restoration should be performed.

* Although traditional land management practices had sustained the land for centuries, the
pressures of colonization and changing socio-economic relations led to overgrazing in the
19th century.
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Growth Response of Forest Tree Species
to Atmospheric CO2 Enrichment • A Review of the Literature

Stan D. Wullschleger
Environmental Sciences Division
Oak Ridge National Laboratory

As a key component to understanding how forests interact with the global carbon cycle, the
capacity of long-lived woody perennials to sequester carbon in a future higher-CO2 world
remains a topic of debate. Although several extensive data bases have been compiled to
address a similar concern within the agricultural research community, no such data base
exists for forests. Therefore, literature published over the past 25 years was used to compile
a data base describing the growth response of forest trees to CO2 enrichment. This data
base represents the results of 58 controlled-exposure studies and summarizes the growth
response of some 73 boreal, temperate, and tropical tree species to CO2 enrichment.

Based on this analysis, tree seedlings exhibited a wide range of growth responses to
atmospheric CO2 enrichment. Of the 398 observations compiled, 51 of them showed a
negative growth response (i.e., elevated/ambient less than one) and 31 showed values greater
than two, indicating a two-fold increase in plant dry mass with CO2 enrichment. For the
entire data set the relative growth response averaged 1.32 with a 95% confidence interval
of between 1.28 and 1.36. A relative growth response of 1.32 is equivalent to a 32%
increase in total plant dry mass (i.e., above- and below-ground) in response to an
approximate doubling of atmospheric CO2 concentration. From a smaller number of
observations, this stimulation of whole-plant dry mass was found to be more or less equally
partitioned to leaves (1.33), stems (1.29) and roots (1.38), but was not a fair representation
of canopy leaf area which increased only marginally (1.13) in response to CO2 enrichment.

Separating the compiled results by species indicated that the relative growth response varied
by up to four-fold across all 73 tree species, from below one in some instances to above
three in others. Those species most responsive to a doubling of atmospheric CO2 were the
Eucalypts where estimates of the growth response for Eucalyptus grandis exceeded three and
for the genera averaged over two. Limitations imposed on the relative growth response by
the availability of nitrogen and water were minimal. In contrast, phosphorus deficiency did
result in a lower, albeit still positive, growth response as compared with that observed when
plants were supplied with adequate phosphorus.

Finally, these results are representative of experiments in which CO2 exposures lasted
between 8 and 798 days, with the average length of exposure being 136 days. The majority
of studies were conducted in growth chambers or greenhouses, a few were field studies using
open-top chambers, most used transplanted seedlings grown in pots. Rarely were seedlings
grown from seed under elevated CO2 concentrations. No study considered the interactive
effects of temperature on the growth response of trees to CO2 enrichment. There is an
obvious need to explore CO2 x temperature interactions in forest trees.
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Atmospheric CO2 enrichment can increase the *8o content of leaf
water and cellulose: paleoclimatic and ecophysiological implications

Lee W. Cooper, Richard J. Norby
Environmental Science Division, Oak Ridge National Laboratory

The 51^0 values of daytime total leaf water and leaf cellulose in yellow-
poplar, Liriodendron tulipifera (L.), were elevated approximately 2%0 when
exposed to ambient +300 |imol mol - ' CO2 in outdoor open-top chambers
relative to ambient CO2 concentrations. 8 ^ 0 values of light cycle total leaf
water were also enriched when plants were drought-stressed in an indoor
growth chamber experiment where humidity variation was limited. In
both experiments, no significant differences were observed among
treatments in 8D values of leaf water in ambient or elevated CO2.
Simultaneous measurements made of Quercus alba (L.), growing in open-
top chambers, did not show any significant difference among treatments in
either 8 ^ O or 8D values in leaf water for ambient, ambient +150 |nmol mol"
1, or ambient +300 |imol mol'l CO2 treatments. Differences between the
species that may be important to this variable response include apparent
longer water turnover times in Liriodendron tulipifera that were inferred
from conductance and leaf water content measurements. The increases in
8*^0 values of leaf water in L. tulipifera without a parallel increase in 8D
values indicate that elevated CO2 treatments can affect the kinetics of leaf
water evapotranspiration, for which H 2 ^ O evaporation is more sensitive
than DH*6o. The apparent long-term incorporation of this increase in 8 ^ 0
values of daytime total leaf water into leaf cellulose of L. tulipifera may
introduce a new complication into the use of stable isotopes of fossilized
plant fibers as paleoclimatic indicators because of the long-term variation
in atmospheric CO2 content.
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Effects of Elevated Atmospheric CO, on Coppice Growth
in Yellow-poplar

Carla A. Gunderson, Richard J. Norby, and Stan D. Wullschleger
Environmental Sciences Division
Oak Ridge National Laboratory

Despite a sustained enhancement of photosynthesis in yellow-poplar (Liriodendron tulipifera)
seedlings exposed to CO2 enrichment, previous work at our field site has shown insignificant
increases in above-ground growth in this species. One hypothesis has been that growth is
limited by the tree's ability to obtain adequate nutrients and water to take advantage of the
increased carbon availability. Many hardwood trees will resprout from their root systems
when cut, forming coppices and often adding above-ground mass at a much faster rate than
intact plants because of the large root systems already in place to provide nutrients and
water. This experiment took advantage of such coppice formation as a tool to approach the
effects of CO2 on a system not limited by the size of its root system.

In 1990, ten 1-year old yellow-poplar seedlings were planted directly in the ground in each
of nine open-top field chambers. Trees were thinned to five per chamber in 1991. The
plants were exposed continuously during each growing season to CO2 enrichment at one of
three concentrations: ambient +0 jumol mol"1, +150 /xmol mol1, and +300 ^mol mol"1 CO2-
In March of 1992, three of the five saplings in each chamber were cut at ground level and
allowed to regrow (coppice) in order to compare growth, gas exchange and carbon storage
in coppicing and intact saplings.

Leaves of coppice plants had, in general, higher photosynthesis (PN), lower stomatal
conductance (gj, higher water use efficiency (WUE), and significantly less mass per unit leaf
area than leaves of intact plants. The relative effect of CO2 enrichment on these
parameters, however, was similar, with higher PN and WUE, and slightly lower g, in both
coppice and intact trees exposed to increasing CO2 concentrations. The coppice and intact
trees had a comparable amount of leaf area per tree despite lower stem mass in the coppice
trees, and the coppice trees, compared to intact trees, showed a somewhat larger response
to CO2 enrichment in stem growth.
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Growth of Quercus alba Saplings
in Elevated C02 under Field Conditions

Richard J. Norby, E. G. O'Neill., S. D. Wullschleger, C. A. Gunderson,
and C. T. Nietch

Environmental Sciences Division, Oak Ridge National Laboratory,
Oak Ridge, TN, 37831-6034

White oak (Quercus alba L ) trees were grown in soil under field conditions for four

growing seasons in open-top chambers containing ambient air continuously enriched with

0,150, or 300 umol/mol CO2. The trees were significantly larger in elevated CO2: whole-

tree mass (including woody roots) was 36% greater in +150 and 140% greater in +300

compared to ambient-grown trees. There were no significant effects of CO2 concentration

on root-to-shoot or leaf area ratios. The stimulatory effect of CO2 occurred during seedling

establishment, and there was no effect of CO2 on relative growth rate after the first field

season. However, photosynthesis remained consistently higher in elevated CO2, foliar

respiration was reduced, and fine root density and CO2 efflux from the soil were higher,

as previously reported with yellow-poplar trees. The lack of a sustained response in

relative growth rate after the first year in the field suggests that the large effect of CO2

enrichment on tree mass would not persist in a developing forest after canopy closure.

Nevertheless, the apparent increase in carbon cycling in elevated CO2 may have positive

secondary effects on forest productivity and carbon storage.
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Water stress tolerance of black cottonwood and eastern cottonwood
clones and four of their hybrid progeny. II. Metabolites and

inorganic ions that constitute osmotic adjustment

Timothy J. Tschaplinski and Gerald A. Tuskan
Environmental Sciences Division
Oak Ridge National Laboratory

The biochemical bases of water stress tolerance of six clones in a
pedigree consisting of black cottonwood (Populus trichocarpa Torr.
& Gray 9) and eastern cottonwood (P. deltoides Bartr. cf) parental
clones and four hybrid progeny was investigated. Trees were grown
outdoors in pots; well-watered trees were kept moist in trays and
stressed trees were subjected to repeated cyclical stress of one to
two days duration over the 14-week study. Analysis of the major
metabolites and ions in fully expanded leaves and fine roots
demonstrated that the greatest degree of osmotic adjustment in
leaves was displayed by hybrid 242 cf, the DELT cf parent, and in 239
d to a lesser extent, whereas three of the four hybrids (240 9, 239
cf, 242 cf) displayed substantial carbon-based adjustments to water
stress in roots that were offset by declines in inorganic ions.

Given that the TRIC 9 parent did not display osmotic adjustment in
either tissue, the hybrids' water stress tolerance capabilities
were likely conferred by the DELT cf parent. There was, however,
some indication of hybrid vigor in certain metabolic responses that
enhance water stress tolerance. For example, sucrose, glucose, and
salicin levels in leaves were generally higher under stress in
hybrids than in parental clones with such soluble carbohydrates and
glucosides involved in osmotic adjustment. Malic acid and K were
important osmolytes in the leaves of both hybrid 242 cf and the DELT
cf parent, with sucrose and glucose also increasing under stress.
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Northern Red Oak Seedling and Mature Tree Sensitivity to Ozone

Lica J. Samuelson and Gerry S. Edwards
Cooperative Forest Studies Program

Tennessee Valley Authority

Assessments of ozone sensitivity in tree species have been
based on seedling exposure studies without any knowledge of the
similarities between seedling and mature tree responses. To
address difficulties in scaling from a seedling to a mature tree
level, a long-term, open-top chamber project was initiated by TVA
to examine northern red oak (Ouercus rubra L.) seedling and tree
responses to ozone. Growth and leaf physiological
characteristics of 2-year-old seedlings and 30-year-old trees
were examined in response to fumigation with subambient, ambient
and twice ambient ozone (doses of 16, 39 and 75 ppm-hr,
respectively) for one growing season.

Leaf physiology and leaf growth were sensitive to ozone in
trees but not in seedlings. Light-saturated net photosynthesis,
carboxylation efficiency and apparent quantum yield of leaves
from the lower canopy of trees were reduced by exposure to twice
ambient ozone. Leaves of the upper canopy showed no signs of
ozone injury. Total canopy leaf weight of trees was reduced by
twice ambient ozone treatment through reductions in leaf area
rather than specific leaf weight. Despite reductions in leaf
photosynthesis and leaf biomass, ozone treatment did not
influence branch extension or bole diameter growth of trees. In
contrast to tree responses, no growth or physiological
characteristics of seedlings were influenced by ozone treatment.
Differences in ozone sensitivity between trees and seedlings may
be a result of changes in carbon demand, canopy microclimate,
nutrient and water dynamics, hormone balances, leaf flushing, and
ozone uptake that may occur as trees grow larger and more
physiologically mature.

These results indicate that seedling responses may not
accurately estimate ozone sensitivity of larger and more mature
trees, and that ozone gradients and leaf location within the
canopy should be considered when predicting leaf, tree and stand
responses to ozone. These observed differences in ozone
sensitivity raise important questions when considering air
pollution effects on trees. For instance, how significant will
ozone-induced reductions in carbon gain and canopy biomass be to
the cumulative growth and health of long-lived trees ? Will
varying sensitivity to ozone between trees of different size and
physiological maturity influence the composition of forests?
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Physiology and growth performance of planted Pinus strobus L. seedlings on
clearcut and burned sites in the Southern Appalachians

Katherine J. Elliott and James M. Vose

Coweeta Hydrologic Laboratory
Southeastern Forest Experiment Station

USDA Forest Service

The performance of a planted seedling is a function of genetic factors, climatic and
microenvironmental conditions, plant interactions, and physiological adaptation. A lack of
adaptation to the environmental conditions at the forest site, if not immediately fatal, impairs
growth. In the presence of competing vegetation, poor early growth can reduce the survival of
planted trees, or increase the cost of ensuring tree survival through vegetation management.

Variation in the abiotic environment (e.g., soil nutrients, temperature, and soil moisture) may
have direct effects on seedling fitness. Most research to date has focused on plant responses and
adaptations to single features of the environment, but plants in nature often encounter multiple
stressors. It is important to understand interactions between physiological response of a planted
seedling and site environmental conditions such as light, water, temperature, and nitrogen.

In a previous study we reported the response of Pinus strobus L. seedlings the first year after
planting on prescribed burned sites in the Southern Appalachians. We attributed the
physiological and growth response of seedlings to variation in leaf nitrogen and available light,
but did not find that water stress contributed to the decline in seedling net photosynthesis and
growth. The purpose of this study was to: (1) examine the effects of multiple environmental
factors on physiology and growth of P. strobus seedlings under field conditions, and (2) examine
the competitive effects of naturally regenerating vegetation on P. strobus seedlings planted after
prescribed fire.

We measured net photosynthesis, leaf conductance, needle water potential, and growth of P.
strobus seedlings on clearcut and burned sites two years after planting. We used multiple
regression analysis to relate net photosynthesis to vapor pressure deficit, seedling canopy
temperature, light (photon flux density), foliar nitrogen, needle water potential, and soil
moisture; and to relate seedling size and growth to physiological measurements (net
photosynthesis, leaf conductance, and needle water potential), soil moisture, foliar N, seedling
temperature, and light. Seedling net photosynthesis was significantly related to water potential
and vapor pressure deficit, light and temperature (1^=0.70) early in the growing season (May
and June 1993). As hardwood competitors developed, light became more limiting and
significantly reduced pine seedling net photosynthesis later in the growing season (August and
September). Seedling diameter was significantly related to net photosynthesis and competing
biomass (1^=0.68) and seedling height was significantly related to net photosynthesis (ia=0.28).
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TREE MORTALITY CAN BE ATTRIBUTED TO DROUGHT
OCCURRING DECADES PRIOR TO TREE DEATH

Brian S. Pedersen
Environmental Sciences Division
Oak Ridge National Laboratory

Understanding the factors contributing to forest tree mortality is complex since
interactions among the factors contributing to mortality are expected, and these
mortality factors may act over many years.

Tree growth prior to death was analyzed to quantify the tree mortality process.
The annual basal area growth rates of dead trees and their surviving neighbors
were determined from tree-ring measurements. The tree growth rates were
modeled with time series regression analysis. To test the hypothesis that the
tree mortality process involves a response to unusually stressful conditions,
such as a drought year, dead tree annual growth rates were examined for the
presence of step-like growth declines during environmentally stressful years.

The study sites were seven oak-hickory forests in the midwestem USA
(Arkansas, Illinois, Indiana, and Ohio). The study trees included 63 oaks which
had died during 1968-1988 and 86 surviving oaks (all trees >20 cm DBH).

At least one statistically significant step growth decline was experienced by 76%
of trees prior to their deaths. Typically, these trees experienced two step
declines prior to death. The median magnitude of the growth declines was
38% relative to pre-decline growth rates. The severe drought years 1953, 1954,
1964, 1972, and 1977 accounted for 40% of the step growth declines. The
median interval between a tree's first growth decline and death was 20 yrs.
Prior to their first growth declines these dead trees had growth rates 18% lower
than their surviving neighbors, indicating that other factors also played a role in
their deaths.

The results provide quantitative evidence that tree mortality is often a long-term
process involving multiple factors. Infrequent events such as droughts appear
to play a critical role as "triggers" of tree mortality. Because of the observed lag
in mortality response to drought, the full impact of a drought on a forest cannot
be assessed until decades after the drought occurred.
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Relationships Between Site Nitrogen Status and Natural Nitrogen-15 Abundance in
Plant Leaves from the Great Smoky Mountains National Park

C. T. Garten, Jr., and H. Van Miegroet
Environmental Sciences Division

Oak Ridge National Laboratory
and

Department of Forest Resources
Utah State University

Nitrogen saturation can occur without dramatically visible changes in forest
ecosystem health, and there are few simple indicators to identify forests at or near
N-saturation. We tested the hypothesis that naturally occurring N isotope ratios in
leaves (from plants that do not symbiotically fix atmospheric N2) are an indicator of
site N status. Replicate plots were established at each of 8 study sites, ranging in
elevation from 615 to 1670 m, in the Great Smoky Mountains National Park. Soils
were sampled in June and both plants and soils were sampled in August, 1992. Net
N mineralization and net nitrification potential for soils and organic matter layers
at each site were determined by laboratory incubations. Net N mineralization and
nitrification potential in soil increased from low elevation forest sites near Cades
Cove to high elevation sites near Clingman's Dome. There were statistically
significant (P = 0.05) differences between study sites in the nitrogen-15 abundance in
soil N, therefore we examined correlations between both foliar 5 N-values and
enrichment factors (ep/s = 515Nieaf- S15NSOJI). In evergreens and ferns, foliar 815N-
values and enrichment factors were more positive at higher elevations in the Park
and were linearly related to potential net N mineralization and net nitrification in
soil. Trends between foliar 815N-values in deciduous plants and site nitrogen status
were not as straight-forward as in evergreens, but 8 N-values and enrichment
factors in maple trees were correlated with net N mineralization potential in soil
across 7 of the study sites. Observed relationships between natural nitrogen-15
abundance or enrichment factors in foliage and site N status are explained by a
model that predicts the isotopic composition of soil N pools in response to changing
rates of soil N transformation and changing fractional contributions of soil NH4N
and NO3N to plant N. Foliar 8 N measurements have some advantages over
conventional methods of assessing site N status.
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Trace gas fluxes and nitrogen availability in a deciduous forest
after one year of elevated soil temperatures

Peterjohn, William, Kathleen Newkirk, Jerry Melillo, Paul Steudler, and John Aber. West Virginia
Universiry, Morgantown, WV, 26506, The Ecosystem Center, Marine Biological Laboratory,
Woods Hole, MA 02543 and The University of New Hampshire, Durham, NH 03824.

We initiated a field experiment in July of 1991 to determine the response of a deciduous
forest to elevated soil temperatures. From July 1991 through June 1992, CO2 fluxes from
control, disturbance control, and heated plots were 711, 791, and 1113 g C/m2/yr,
respectively. Over the period July to November 1991, CO2 fluxes increased 47% due to
warming. However, during the same period in 1992, CO2 fluxes increased only 9% due to
warming. These results suggest that heating may have significantly reduced the amount of
liable carbon in the soils of the heated plots. Heating also increased CH4 uptake by 0.2i g
C/m2/yr and doubled net M mineralization rates. Unlike CO2 emissions, the changes in CH4
uptake and net N mineralization persisted throughout the first year of the experiment.



Friday Afternoon - 1:30-3:06 — Element Cycles and Fluxes

Emission of Non-CO2, N011-CH4 Volatile Organics From
Hardvtrood and Conifer Forest Floor Cores

P. J . Hanson and W. A. Hoffman
Environmental Sciences Division

Oak Ridge National Laboratory. Oak Ridge, TN
and

Denison University, Granville, OH

Forest floor emissions of non-CO2 and non-CH4 volatile organic
compounds (VOCs) were evaluated to assess their contribution as a carbon
loss from forests. Forest floor cores 19 cm in diameter and approximately
10 cm deep were obtained from beneath loblolly pine {Pinus taeda L.), oak-
maple [Quercus/Acer), and yellow poplar {Liriodendron tulipifera L.) trees
on the Walker Branch Watershed, Oak Ridge, TN. The cores were obtained
when the soils were near field capacity. Samples were enclosed in an open
gas exchange system from which inlet and outlet concentrations of VOC
emissions were determined using a carbon trap/cryofocus/GC approach.
Total VOC emissions from the forest floor cores ranged from 15 to 90 nmol
C m-2 s-i, and showed a species specific level of emissions. Cores from
beneath Liriodendron trees had nearly an order of magnitude greater carbon
equivalent efflux than either the Pinus or Quercus/Acer cores.
Monoterpenes made up virtually all of the VOC emissions from the cores.
The carbon equivalent efflux of VOCs from the forest floor cores was 1 to 2
orders of magnitude lower than rates of CO2 efflux (4-8 ^mol m-2 s-1)
indicating a very minor role for litter/soil VOC emissions in stand carbon
cycling.

Research sponsored by the Environmental Sciences Division, Office of
Health and Environmental Research, U. S. Department of Energy, under
Contract No. DE-ACO5-84OR21400 with Martin Marietta Energy Systems,
Inc.
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Determination of Soil Erosion and Deposition in Polities by
137Cs Redistribution: Relation to Land Use.

K.M. Turnage, S.Y. Lee, J.E. Foss, M.E. Timpson, J.T. Ammons, I.L. Larsen, and
R.J. Lewis

University of Tr i.nessee
and Oak Ridge National Laboratory

Many methods of estimating erosion and deposition with the use of radiocesium are
available. However, most of these field studies using 137Cs have been conducted in
open watersheds, bearing the potential for significant loss of 137Cs. The abundant
karst terrain of East Tennessee provides numerous closed basins, or dolines, which
are excellent systems for radiocesium redistribution studies. Redistribution of fallout
137Cs was measured to determine soil erosion and deposition rates at three sinkholes,
each located under a different cropping system: cropland, grassland, or forestland.
The erosion rates calculated from 137Cs redistribution were compared with those
estimated from Revised Universal Soil Loss Equation (RUSLE), a computerized update
of the USLE (Renard, et al., 1990). The deposition rates calculated using 137Cs were
compared with those estimated from the buried surface horizons found in the
depositional areas of the sinkholes, the 14C dates from charcoal samples taken in these
Ab horizons, and the volume of sediment.

Redistribution of l37Cs was most pronounced in the grassland, followed by the
cropland and finally by the forestland. However, the results indicated that the soil
erosional processes were not only influenced by land-use practice but also by
microscale geomorphology at each site. The organic carbon date of a buried A
horizon at the middle of the cropland sinkhole was 480 yr 3P, indicating that the
sinkhole has been receiving sediment for more than 480 yr. Thickness of the
sediment above the Ab horizon was about 88 cm with about 12 cm of that being
deposited over the last 30 yr, as indicated by the depth to zero l37Cs. On the
grassland site the Ab horizon was dated at 980 yr BP with a depth of sediment of 40
cm. The Ab at the forest site, dated 2995 yr BP, was covered by 45 cm of sediment.

The erosion rates using 137Cs were consistently higher than those estimated from the
RUSLE, perhaps due to the fact that even RUSLE can not account for deposition,
which is a component of net erosion rates. The deposition rates calculated using the
Ab horizons were less than those calculated using 137Cs redistribution; but when the
137Cs depth was used in the same equation with using 38 yr since 137Cs input, the
deposition rates agreed. All rates exhibited the same trend as the 137Cs redistribution,
with the cropland site having higher rates than the grass, and then forest.



Friday Afternoon - 1:30-3:06 — Element Cycles and Fluxes

Unsaturated Transport of Co-Contaminants in Undisturbed, Heterogeneous Porous Media

P. M. Jardine and G. KL Jacobs

Department of Energy facilities involved in defense related activities have generated huge quantities
of low-level radioactive mixed waste over the past several decades. The waste is composed of
organically complexed contaminants, also known as co-contaminants, that are typically disposed in
shallow land burial sites. Some of the most common co-contaminant mixtures involve *°Co, '"Sr, and
ethylenediaminetetra-acetate (EDTA). The objectives of this study was to provide an improved
understanding of the geochemical processes controlling co-contaminant transport in heterogeneous,
unsaturated subsurface media. Large undisturbed columns (14 X 40 cm) were isolated from a
proposed waste site consisting of fractured saprolitic shale, and the steady-state unsaturated transport
of Co(II)EDTA2", Co(III)EDTA\ and SrEDTA2 was investigated at -10 cm pressure-head. This
condition closely mimics the natural flow characteristics of the soil during storm events where most
unsaturated flow occurs through mesopores and micropores. The displacement studies indicated that
the co-contaminants and the subsurface media were significantly modified by sorption, surface
complexation, and redox reactions during transport. Subsurface Fe and Al sources effectively
dissociated the SrEDTA2' co-contaminant and Sr was transported as a reactive, uncomplexed species.
The EDTA readily complexed with Fe and Al resulting in significant solid phase modification of the
porus media via chelate enhanced dissolution and redox alterations. Displacement of Co(II)EDTA2"
through the subsurface media was characterized by a MnO2 mediated oxidation of the co-contaminant
witn subsequent formation of Co(III)EDTA". The latter co-contaminant was an extremely stable
complex that was transport through the subsurface as a single, reactive entity. Although
Co(III)EDTA' exhibited an overall retardation that was similar to the uncomplexed contaminant
Co2+, sorption kinetics of the former were more sluggish relative to Co and contaminant transport
was accelerated in the presence of EDTA
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Biotic and Abiotic Controls on Soil Carbon Turnover:
Model Evaluation for TDE Soils

W. M. Post

Carbon turnover within and fluxes between identifiable organic matter components
(litter layers separated into Oi and 0 e + 0 o , soil A humus separated into extractable frac-
tions, and microbial biomass associated with each of these components) are simulated
using the Rothamsted Turnover Models for soil organic matter. Environmental conditions
under current and experimental conditions of the proposed Walker Branch Watershed
Throughfall Deflection Experiment (TDE) are used in model simulations for 13C-labeled
litter from forest trees with contrasting lignin and nutrient concentrations and therefore
different levels of decomposability.

The simulations indicate that we can design an experiment that follows the fate of
13C labeled leaf litter in trenched and untrenched field plots and determine the effects of
litter quality and site conditions on the rate of C flux through different soil organic matter
pools. In particular, a factorial designed experiment with replication could estimate (a)
the turnover of C in forest litter and soils, (b) flux of C loss and export from the soil
as CO2 and dissolved organic matter, (c) contribution of roots to soil C pools, and (d)
contribution of microbial biomass to soil C pools and soil respiration.
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CO2 Fertilization in Forested Ecosystems:
A Global Modeling Perspective

Anthony W. King, S. D. Wullschleger, W. M. Post, and W. R. Emanuel
Environmental Sciences Division
Oak Ridge National Laboratory

Many global carbon cycle models assume that the net primary productivity (NPP) of
terrestrial ecosystems increases with increasing concentrations of atmospheric CO2. This
assumption is based on abundant evidence for enhancement of photosynthesis and plant
growth when plants are exposed to elevated C02 concentrations under controlled growing
conditions. Occasionally, the experimental results are also used to parameterize the global
models1 CO2 responses. In most models, the resulting CO2 enhancement of NPP leads to a
significant net increase in carbon storage by terrebtrial ecosystems, and the terrestrial sink
simulated by these models is frequently offered as a plausible solution for the "missing"
carbon of contemporary global carbon budgets. Here we examine the relationship between
CO2 enhanced NPP and carbon storage in forested ecosystems from the perspective of
global carbon cycle modeling.

We constructed a simple model of ecosystem carbon dynamics to investigate the sensitivity
of enhanced carbon storage to the choice of CO2 response function, the parameterization
of those functions, the functional representation of forest growth, and the compartmental
representation of dead organic matter. The model's structure is characteristic of the models
used in global carbon cycle simulations. We simulated forest ecosystem response to the
observed history of change in atmospheric CO2 from 1700 to present. In most simulations,
only a fraction of the CO2 enhanced NPP (roughly 40-50%) is stored or sequestered as
ecosystem carbon. The model ecosystems store less carbon when plant growth is described
by an asymptotic function (e.g., a logistic function) and when dead organic matter pools
with rapid turnover (e.g., surface litter) are distinguished. Ecosystem response is also
dependent upon stand age.

We discuss simulations of global carbon sequestration in light of our model results. We
also discuss what our results might mean for the application of CO2 exposure studies to
the problem of CO2 enhanced ecosystem carbon storage.
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COMPARATIVE STUDIES OF MERCURY BEHAVIOR IN THE FOREST ENVIRONMENT

Ki-Hyun Kim and Steven E. Lindberg

Environmental Sciences Division, Oak Ridge National
Laboratory1, PO Box 2008, Oak Ridge, Tennessee USA

The extensive investigations of the behavior of atmospheric Hg over the past decades

shed lights on the construction of the fundamental pictures of Hg cycling in the forest

environment. Yet many uncertainties need to be resolved due to our limited knowledge on

air/surface exchange processes of Hg. Through direct comparisons of different approaches of

estimating the net exchange rate of Hg, we attempt to provide some insights in to the processes

controlling the behavior of Hg in the forest environment.

We have developed methods to quantitatively describe concentration gradients of Hg in

air over forest canopies and forest soils. With aid of our newly developed air flow calibration

technique, we can now achieve a precision of 1 to 3% in determinations of vapor-phase Hg

concentrations in air (in the sub-pptv range) from up to 18 replicate samples. The gradient data,

in combination with concurrent eddy correlation and gradient data for CO2 and H2O vapor, have

been used with the Bowen Ratio method to estimate air/surface exchange rates of Hg° in the

Walker Branch Watershed. Our initial results indicate that the concentration gradients of Hg° are

in general extremely small (2-12%) and that emission and deposition processes are comparable

in both strengths and occurrences. The dry deposition rates from the gradient data are on the

order of 3 (soils) to 300 (forest) ng m~2 h"1. In comparison, the emission rates ranged from -6

(soils) to -200 (forest) ng nr 2 h"1.

As a check on the estimated strengths of emission/deposition processes of Hg to soils, we

are currently developing a dynamic enclosure sampling technique to conduct on-site

measurements of Hg emission flux rates. The selection of chamber material is thought to be of

prior significance due to the possible artifacts associated with addition or loss of Hg within the

chamber system. It is also anticipated that longer sampling times may sometimes be required for

the flux chamber studies to achieve enhanced sampling precision between two similar

concentration values. The results of these studies will be coordinated with those of the gradient

studies to facillitate comparisons of fluxes obtained by each approach.

Research sponsored by the U. S. Department of Energy under contract with ORNL (operated by
Martin Marietta Energy Systems, Inc., for the U. S. Department of Energy under contract DE-
AC05-84OR21400).


