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This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or respnsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
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Integrated assessment is a process that can be used to evaluate and clarify 
resource management policy options and outcomes for decision makers. The 
defining characteristics of integrated assessment are (1) its focus on providing 
information and analysis that can be understood and used by decision makers 
rather than for merely advancing understanding and (2) its multidisciplinary 
approach, using methods, styles of study, and considerations from a 
broader variety of technical areas than would typically characterize studies 
produced from a single disciplinary standpoint. 

Integrated assessment may combine scientific, social, economic, health, and 
environmental data and models. By its nature, integrated assessment requires 
bridging the gap between science and policy considerations. Because not every- 
thing can be valued using a single metric, such as a dollar value, the integrated 
assessment process- also involves evaluating trade-offs among dissimilar 
attributes. 

Although the term “integrated assessment” is a relatively new one, the approach 
embodied in the term is not new. Scientists at Oak Ridge National Laboratory 
(ORNL) recognized the importance and value of multidisciplinary approaches to 
solving environmental problems early on and have pioneered the development of 
tools and methods for integrated assessment over the past three decades. Their 
extensive experience in environmental impact assessment and in the development 
of ecological and regional-scale risk analysis, regional and global-scale 
modeling, uncertainty analysis, and radiological hazard assessment have brought 
together scientific, engineering, economic, and social science expertise, making 
ORNL unique among research institutions. 

Major examples of O W s  experience in the development of its capabilities for 
integrated assessment incIude the following: 

0 ORNL’s extensive experience with evaluating the impacts of energy and 
defense technologies and facilities under the National Environmental Policy 
Act (NEPA) has produced major advances in assessment science. 

0 ORNL helped integrate research results into assessment and policy for the 
National Acid Precipitation Assessment Program (NAPAP) over the course of 
the program’s 10-year history. ORNL also led the development by a team of 
national laboratory scientists of methods for integration of site-specific results 
into regional and national-scale assessments. Ongoing efforts with NAPAP II 
will help ensure that its scientific results have policy relevance. 

ORNL recently completed a fuel cycle externalities study conducted jointly 
with the Commission of the European Communities to quantify the social costs 
and benefits not reflected in the price of energy products from different fuel 
sources. 

ORNL is currently supporting the Environmental Protection Agency’s Envi- 
ronmental Monitoring and Assessment Program. Their goal is to monitor and 
assess.the condition of the nation’s ecological resources, for which ORNL is 
playing a role in scientific method development. 



These and other studies described in this volume of Zntegrated Assessment Briefs 
exemplify many of the methods and approaches developed by ORNL researchers 
for integrated assessment. To facilitate its use, the document is organized into 
sections summarizing key projects typifying ORNL's diverse research interests. 
The eight cross-cutting sections are: Energy Technologies, Global Change 
Studies, International Studies, Regional Scale Studies;Renewable Resources, 
Risk Assessments, Theory and Methods, and Waste Management Technologies. 

Each brief poses a research question and summarizes the findings of the research, 
giving references and contact names for readers who wish to obtain further 
information. Should you wish to acquire publications or, other information 
mentioned in Integrated Assessment Briefs, please contact Amanda Renshaw, 
Environmental Sciences Division, Oak Ridge National Laboratory, Building 
1505, MS-6038, Oak Ridge, TN, 37831-6038. Telephone: (615) 574-8286; 
fax: (615) 576-8646. 

David E. Reichie 
Associate Director 
Life Sciences and Environmental Techno~ogies 
Oak Ridge National Laboratory . 
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Assessment of Energy Technology 
Research and Development 

Global Environment Glasnost 

Narrowing North-South G a p  
(Developing Nations). 

Fundamental changes are shaping energy technology’s research-and-development needs. 

Significant reductions in CO, 
emissions will require modifica- 

The current U.S. R&D agenda 
for energy technologies is 

tions of current patterns in 
energy supply and use, im- 
proved energy efficiency, and 
substantial adoption of 
nonfossil energy sources: 
nuclear power, renewable ~ 

energy sources (such as solar), 
and fusion energy. 

insufficient to enable the 
changes necessary to address 
global warming issues; public 
and private investment of 
-$1 billion per year is needed. 

Can significant technological 

be made in time to 
address global warming and 
related problems? 
What important national and 
international needs can be met 
by effective energy research 
and development (R&D)? 

Industrialized nations need to 
help developing nations find 
cleaner and more efficient 
technologies to meet their 
growing needs. 

Fulkmon, W., D. B:Reister, A. M. Perry, A. T. Crane, D. E. Kash,-and S. I. Auerbach. 1989. 
Global warming: An energy technology R&D challenge. Science 24&86889. I 
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Energy Techno I ogy "Research ,and Deve I op ment 
for Developing Countries 

DEVELOPMENT ............................. ...fi.. I BANK # 

TECHNICAL TRAINING 
ASSISTANCE b ORGANIZATION ' 

AGENCY 

TO END 
USERS c ............................ t l  

........................ ..:.:.. ............................ LOAN CAPITAL 

d-- LOAN REPAYMENTS 

-b GRANT 

. . I . . . - .> EQUIPMENT 

1 1 )  TRAINING 

Development activities and interactions of energy technology research are demonstrated 
in this organization and projectjlow chart. 

How can energy research and 
development (R&D) for 
developing countries further 
such policy objectives as 
economic and social develop- . 

ment, environmental protection, 
and U.S. export promotion? 

The highest priority is technol- 
ogy demonstration to reduce 
the gap between the tecbology 
frontier and technology use in 
many developing countries. 
A second priority is technology 
adaptation to fit available 
technologies more closely to 
developing country conditions: 
cost reduction, more simplicity, 
and robustness, for example. 

U.S. energy technology exports 
depend on the nation's ability 
to target these activities on 
real development conditions 
and needs. 

Fulkerson, W., et al. 1989. Energy technology R&D: What could make a difference. ORNL-6541. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Environmental Assessments of C-lean 
C o a I Te c h n o I o g i e s 

Hot Gas Cleanup 

Power Generation 

This schematic illustrates the Combustion Engineering integrated gasification combined 
cycle (IGCC) repowering project. 

Can clean coal technologies 
make a difference by providing 
energy using coal, the United 
States' most abundant fuel, in an 
environmentally superior 
manner? 

Congress has appropriated 
nearly $2.5 billion and com- 
bined it with about $4.5 billion 
provided by the private sector 
for 46 demon-stration projects 
in the Clean Coal Technology 
(CC") Program. The goal of the 
CCT Program is to demonstrate 

advanced coal utilization 
technologies that are more 
energy-efficient and reliable 
and achieve substantial reduc- 
tions in emissions compared 
with existing coal technologies. 
The program takes the most 
promising technologies and 
moves them into the commer- 
cial marketplace through 
demonstration projects. 

Analyses prepared for a 
Programmatic Environmental 
Impact Statement for the CCT 

Program found that widespread 

implementation of clean coal 
technologies by the year 2010 
could lead to signifcant 
reductions in emissions of 
sulfur dioxide and oxides of 
nitrogen when compared to a 
no-action alternative, which 
assumed that conventional coal- 
fired technologies with conven- 
tional pollution controls would 
continue to be used. 

U.S. Department of Energy. 1989. Final Programmatic Environmental Impact Statement, Clean Coal 
Technology Program. DOWEIS-0146. Prepared by Oak Ridge National LQboratory, Oak-Ridge, Tenn. 
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Environmental Assessments of Advanced 
Coa I -Use Tech no I og i es 

What impacts are expect4 from 
large-scale conversion’of coal to 
gas, liquid, or other solid forms , ,  

for cleaner and more 
efficient use? 

- ,  

Historically, interest in convert- 
ing coal to other fuel forms has 
been marked by cyclical periods 
of activity and inactivity 
depending largely on oil and 
gas prices. Recent federally 
funded programs to promote 
commercial deployment of 
advanced coal use technologies 
include DOE’s Coal Conversion 
Demonstration Program, the 
U.S. Synthetic Fuels Corpora- 
tion, and currently, DOE’s . 
Clean Coal Technology 
program. 

Each program has conducted 
various typs  of environmental 
assessments. Because environ- 
mental acceptability is a major 
consideration in developing 
these technologies, it is not 

Technology - Description- 

Concentrations in 
Process Streams 

Toxic Materials 

Prioritization 
of Concerns 

Analysis of 
Multimedia Transport 

Health Effects 
Assessment Assessment 

LpZi-IJ Technology 

$. 
I 

This scheme is used for technology assessment 

surprising that these assess- 
ments generally found no, 
significant impacts. However, 
certain issues unique to coal 
conversion, such as the pres- 
ence of carcinogenic materials 

in coal-derived liquids, are 
deserving of particular attention 
in designing processes and 
mitigation measures. 

U.S. Department of Energy. 1981.-Final Environmental Impact Statement, Solvent Refined Coal-II 
Demonstration Project, Ft. Martin, West Virginia. DOEBIS-0069. Prepared by Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 
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Ec o I o g i ca I H aza r Cos of H =Go a I L i q u e fa c t i o n 

RECYCLE HYDROGEN . . -  

. .  - -  
. ,  ,FUELGAS- . . ' 

FUELGAS . 
LIGHT OILS 

RESIDUAL OIL 

HEAWOIL . 

- -. 
. *  . .  RECYCLESLURRYOIL . - , ., . -  

The H-coal process is a demonstration of a n& synfiel technology. 
_ r  

such as H-cOal 
liquefaction affect environ- 
mental resources? 

Researchers at Oak Ridge ' . . . 
National Laboratoy identified,. 
evaluated, and ranked the,, 

-Aromatic amines, phenols, . 
.and cadmium- were 

. determined to be probable , I  - . ' . ,  
potential ecological hazards 
posed by several synfuel 
technologies, including H-coal 
liquefaction. Research was 
based on (1) estimated 
quantities and compositions of 
aqueous, solid, and gaseous 
waste streams; (2) contaminant 

environmental concerns 
should full-scale develop- 
ment .of H-coal technology 
take,place; Polycyclic 
aromatic hydrocarbons 
(PAHs), mercury, arsenic, lead, 
nickel, copper, zinc,' &on, 
.i beryilium, , manganese, 

. . ,  

I ,  

. .  
concentrations cdculated for - 

air, water, and soil;-and . 
(3) comparison of.predicted' : were categorized as - . 

toxicological and environmental . 

benchmarks. 

chromium, chlorine, N O ,  ' 
SO,, &d suspended particulates 

-. .~ 
~. 

. exposure conceneations with possible concerns. 
, .  

Eddlemon, G. K. and L. L. Sigal. 1982. Potential ecological hazards of H-coal liquefaction. pp. 28-38. 
In Trace Substances in Environmental Health, xvi. D. D. Hemphill (ed.), University of Missouri, 
Columbia, Mo. 
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Environmental Assessments of Nuclear 
Power Generation 

What impacts are expected from 
the operation of large-scale 
nuclear power plants for 
extended periods of up to 
60 years? 

The United States now depends 
on nuclear power for about 20% 
of its electrical generating 
capacity. Most of the 100-plus 
reactors currently operating 
were built in the 1960s 
and 1970s and have now been 
operating for more than 20 
years. A number of issues were 
raised during the early environ- 
mental reviews required for 
construction permits and 
operating licenses for these 
plants. The dominant concern 
was.radiological impact. 
In general, with reasonable 
mitigation, impacts were found 
to be acceptable. 

Because original operating 
licenses were limited to 40 
years, utilities have expressed . 
an interest in extending the life 
of many of these plants for 
periods up to 20 years. New 
environmental and 

An environmental assessment shows the potentially meaningful 
exposure pathways to individualsfrom a nuclear power 
plant accident. 

safety issues related to 
relicensing have been raised and 
are being addressed by the 
Nuclear Regulatory Commis- 
sion in a generic environmental 
impact statement (GEIS). These 
issues include aging of the 

reactors, radioactive waste 
management, and institutional 
concerns. Some of these issues 
are being addressed in the GEIS 
itself but others are site-specific 
and will be addressed at the 
time of relicensing applications. 

U.S: Nuclear~Regulatory Co@ssion. 1991. Draft, Generic Environmental Impact Statement for 
License Renewal of Nuclear Plants. NUREG-1437. Prepared by Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 
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Biomass Energy 
Crop D isp lace men t of Fossi FFue Is 

Wood chips stacked outside the Burlington Electrical Department in Burlington, Vennont, 
illustrate the use of biomass energy crops in generating electricity. 

Is the potential for biomass 
energy crop displacement of 
fossil fuels large enough to 
significantly contribute to the 
mitigation of CO, buildup in 
the United States? 

I .  

Estimates of the land base . . ' ' 

available for bZom&s energy 
crops range greatlybepnding-. 
on asskptions about crop 

.types, genetic improvements, .' 

agricultural policy, and food .: 
production needs. , ,  

. .  

Even a low land availability : 
such as 35,million acres could 
result in mitigating'about 6% 
of the fossil carbon emitted 

' 

Generation of e1Cr;tricity from 
energy crops will mitigite more 
carbon than will productionof 
liquid fuels: 

- .  

in the United States. 

Graham, R L., L. L. Wright, and A. F. Turfiollow. 1W3:ShOk rotation w g y  crops~oppOrt~nitie~ to 
mitigate atmospheric carbon dioxide buildup. Climate Change 22223-238. . .. 
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Biomass Energy Development 
in Yunnan Province, China 

. -  

Can biomass energy plantations 
generate electricity to meet the 

needs of remote' areas of Asia? 

Sites with a biomass resource. 
potential Of 24,000 to 457000 

The planting of hundreds of thousands of acres of plantations in 
hilly headwater areas of Yunnan Province, China, m a y  serve a 

dry Mg/year were identified in 
the Central Yurinan province. 

dual purpose as a source of renewable energy in rural areas and 
as a provider of benefits to erodible soils, hydrology, and wildlqe. 

The level of feedstock produc- 
tion would be sufficient to fuel 
a 20-MW conversion plant 
operating with a margin of 
safety sufficient to cover all,but 
plantation catastrophic failures. 

. 

The cost of electricity genera- 

tion was estimated to be 
competitive with alternative 
generation sources. 

A plantation of Eucalyptus globulus in Yunnan Province, China, 
was recently thinned. 

Perlack, R. D., J. W. h e y ,  and M. Russell. 1991. Biomass energy development in Yunnan Province, 
China. OFUWI'M-11791. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Effects of Exploitation of Geothermal 
Energy Resources 

ory . The study included a detailed 
researchers reviewed environ- list of measures that can be 

Are geothermal energy mental assessment docvents implemented to prevent or 
reSOurceS exploi&ble without for more thah 30 geothermal , - . mitigate'the adverse! effects of 
the attendant environmental projects. The most likely -. '. geothermal developments. For 
impacts common to extraction adverse effects that were . ' ~ example, .in coasp~ areas of the 

identified would result from geopressured zone, spoil banks and use of other energy 
resources? geotherinal atmospheric . - cokdbe aligned parallel to 

emissions, planned &d acciden- . natural drainage; roads could be 
tal diichirges, surface and , . 

groundwater consumption, ., . ' 

disturbance or loss of wildlife-, 
habitat, ground subsideoce, longer needed. 
andnoise. . .. 

I _  

. routed p a d e l  to dune ridges; 
,and can& could be per- 
manently blocked when no 

' 

. ,  

Eddlemon, G. K. and J. W. Webb. 1984. Ecological criteria for siting of geothemdprojects. pp. xix-xli. 
In Proceedings of Facility Siting and Routing '84  Energy and Environment. Environment Canada, Ottawa, 
Canada. 
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Alternative Fuels Policy Research 

OPEC - Organiption of Petroleum 
.?&porting Countries 

USA (4.3%) 

ROW - Rest of World 

USA - United States of America 

USSR - Union of Soviet Socialist 
Republics 

Distribution of world's 3,935.9 trillion cubic feet of 
proven gas reserves, January 1, 1989. 

What costs and benefits will 
result from the use of alterna- 
tive transportation fuels such as 
ethanol, methanol, compressed 
natural gas, and electricity? 

The increased costs of all 
alternative fuels, their lesser 
energy densities, and the 
uncertainties about the perfor- 
mance of vehicles are likely to 
make consumers resistant to 
using those fuels in the near 
future. In the long run, however, 
fuels from natural gas and 
propane appear to be able to 
compete with petroleum fuels. 
Costs of infrastructure for 
distribution and refueling are 
relatively modest. 

Distribution of world's 990.6 billion barrels of 
proven oil reserves, January 1, 1989. 

Biofuels or increased electricity 
production by means of nuclear 
energy and photovoltaic energy 
is necessary for significant 
reductions in greenhouse gases 
to occur. 

Research in progress addresses 
the costs of making a transition 
to alternative fuels, as well as 
related policy issues. 

Greene, D. L. 1990. Policy directions: Technology and fuel efficiency. Forum for Applied Research and 
PubIic Policy 5(1):23-29. 
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Estimating the Externalities of Fuel. Cycles 

The US. Fuel Cycle Study team 
at Oak Ridge National 
Laboratory developed a 
methodological f rk to 
estimate environmental 
externalities associated with 
energy produced by coal. This 
methodology will be applied to 
nuclear, biomass, natural gas, 
oil, and hydro fuel cycles, 
as well. 

How are the externalities 
associated with fuel 
cycles estimated? 

Externalities are effects of 
electric power on the welfare of 
others. A fuel cycle consists of 
the stages in generating electric 
power such as mining, transpor- 
tation, and waste disposal. This 
study was conducted for the 
U.S. Department of Energy and 
the Commission of the Euro- 
pean Communities. It addressed 
the different fuel cycles of coal, 
biomass, nuclear technologies, 
hydropower, and natural gas. 

Major products of the study are 
a methodological framework 
and a set of analytical tools that 
can be used at each step of the 
methodology. The study 
emphasizes that externalities 
generally depend on the design 
of the power plant, its location, 
and the extant regulations that 
may have some of the damages 
already reflected in the price of 
electric power. Numerical 
examples in the study suggest 
that some of the more important 
externalities for different fuel 
cycles are: coal: health effects 
from particulate matter unless 
baseline concentrations are very 
low, morbidity from exposure 
to ozone in areas already high in 
ozone concentration, crop 
damage from ozone, road 
damage if trucks are used to 

transport fuel to the power 
plant, and injuries and fatalities 
from transportation accidents; 

biomass: health effects from 
particulate matter and ozone, 
and road damage and accidents 
from transporting biomass 
feedstock to the power plant; 
nuclear technologies: 
remediation costs from a severe 
accident (should one occur), 
expected effects to public health 
from releases of radioactive 
materials during transport; and 
occupational and public 
fatalities from exposure to 
radon from uranium mines; 
hydropower: minor extemali- 
ties, unless sensitive habitats or 
highly valued areas are dis- 
turbed or intruded upon; and 
natural gas: health effects from 
ozone and particulate matter. 

Lee. R., et al. 1995. External Costs and Benefits of Fuel Cycles, 7 Volumes. O m .  
McGraw-HilllUtility Data Institute, Washington, D.C. 
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Health Risk from Tritiu.m at Fusion 
Power Plants 

I 
I 
I 

ROUTINE 

/ 
/ .----- + R’ 

Cleanup systems are required to protect the environment from accidental and routine 
releases of tritium. 

COOLANT 
SYSTEMS 

What are the underlying factors 

that change tritium gas, ’&, to 
times more hazardous than in 
the gas form, evaluation of 

the development of validated 

rate equations, which spanned 
tritiated water, HTO? human health risks for a number‘ 

of situations around future 
more than seven orders of 
magnitude in tritium concentra- 

PLASMA SYSTEMS BLANKET SYSTEMS FUEL HANDLING SYSTEM 
(PROCESSING AND STORAGE) 

(TORUS, INJECTORS, (INCLUDING TRITIUM 
DIVERTORS) RECOVERY EQUIPMENT) 

fusion reactor plants depends on 
knowledge of how tritium 

tion. Health r isks from a wide 
variety of possible situations 

Tritium will be a fuel at future 
fusion reactors, but health risks 
for tritium differ between its 
form as T2 gas and its form as 
HTO. Because tritium in the 
water form is about 25,000 

converts from T2 to HTO. A 
series of experimental and 
theoretical studies were 
undertaken to measure needed 
parameters and to calculate 
others. This effort resulted in 

can now be calculated. These 
calculations provide input for 
future design and siting 
requirements for tritium-fueled 
fusion reactors. 

. 

i 

Jacobs, D. G., C. E. Easterly, and J. E. Phillips. Influence of the rate of conversion of HT to HTO on 
projected radiation doses fromrelease of molecular tritium, pp. 373-383. In Proceedings of the IAEA 
Symposium on the Behavior of Tritium in the Environment, October 1620,1978, 
San Francisco, Calif. 

Easterly, C. E. and M. R. Bennett. 1983. Radiation catalyzed conveGon of tritium gas to tritiated water, 
Nuclear .Technology/Fusion 4(2):116-120. 

Noguchi, H., C. E. Easterly, and M. R. Bennett. 1989. Conversion of low-concentration tritium water, 
Fusion Technology 16(2): 137-142. 

Easterly, C. E., G. S. Hill, and J. B. Cannon. 1989. Environmental effects of fusion power plants, 
Part IlZ Potential radiological impacts of environmental releases, Fusion Technology 16(2):125-136. 
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The Global Carbon Cycle 
plant 

fossil-fuel land use photosynthesis respiration decay of 
residues 

Research on the global carbon cycle has met more complexity than expected. 

How much progress has been 
made in understanding the 
global carbon cycle over the 
past 15 years? 

The most important recent 
developments are (1) informa- 
tion on the contribution of land 
clearing to atmospheric CO, 
levels, (2) long-term records of 
atmospheric CO, concentrations 
obtained from ice cores, and 
(3) much-improved estimates of 
how much carbon is stored in 
and exchanged among oceanic, 
atmospheric, and terrestrial 
reservoirs. 

Research has uncovepxl more 
complexity than w& previously 
appreciated. Researchers are 
unable to balance all the fluxes 
of the global carbon cycle over 
the period 1800 to the present, 
and different mathematical 
models give results that are 
difficult to reconcile. 

A new. global systems approach 
shows promise in solving 
current difficulties. 

Post, W. M., T.H. Peng, W. R. Emanuel, A. W. King, V. H. Dale, and P. L. DeAngelis. 1990. The global 
wbon cycle. American Scientist 78:310-26. 
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Climatic Feedback in the Global Carbon Cycle 

VEGETATIVE PRODUCTION - 
Will future C0,-induced 
changes in temperature and 
precipitation equal or exceed 
the changes that have occurred 
over the glacial cycles of the 
past 160,000 years and affect . 
the global carbon cycle? 

Colder or wetter climate will 
favor the uptake of more CO, 
from the atmosphere by the 
oceans, whereas warmer or 
dryer climate will decrease the 
uptake of CO, by the oceans. . 
The greatest uncertainty is how 
the gas exchange rate will vary 
with changes in surface winds 
under altered climate. 

Periodic climate events such as 
the El Nino / Southern Oscilla-' 
tion produce detectable changes 
in vegetation dynamics and 
atmospheric CO, concentration. 
The understanding of seasonal 
and interannual variation in 
global terrestrial vegetation 
dynamics is currently sketchy 
because of a lack of data to 
relate ecosystem processes to 
climate variation for most 
major biomes. 

tft 
GLOBAL CLIMATE 

PATTERN 
ATMOSPHERIC CO, I CONCENTRATION I 

L I I I  I I I  I , .  

RIVER WATER AND NUTRIENT DISCHARGE 
COASTAL PRODUCTION 
SEDIMENT FORMATION 

GAS EXCHANGE 
OCEAN CIRCULATION 

BIOLOGICAL PRODUCTION f 
CaCO, COMPENSATION 

Changes in global climate due to increased atmospheric CO, will 
alter carbon cycle processes in iand, continent margins, and 

concentration. Processes that may have effects large enough to 
alter future projections of atmospheric CO, are listed under their 
geographic region. . ' .  

, oceans, which will in turn affect the atmospheric CO, 

Field and laboratory experi- 
ments on tundra ecosystems that 
mimic the changes expected to 
occur as a result of climate 
changes reverse the direction of 
CO, flux from a net storage of 
150 g CO, rn-, season-' to a net 
release of 3001100 g CO, m-' 
season-'. Annual liberation of 
as little as 1 % per year of either 
the 300 Pg C stored in the top 
meter of soils above the 60" 
latitude band or the estimated 

500 Pg C in peat would double 
the current rate of increase in 
atmospheric CO,. 

Post, W. M., F. Chaves, P. J. Mulholland, J. Pastor, T. H. Peng, K. Prentice, and T. Webb IV. 1992. Climate 
feedbacks in the global carbon cycle. In D. A. DuMette and R. J. O'Brien (eds), The Science of Global 
Change. American Chemical Society, Washington, D.C. I 
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Effects off Climate Change 
on Environmental Resources 

How will environmental 
resources such as forests, water, 
and agriculture be affected by 
climate change, and what 
effects will these changes have 
on the human environment? 

State-of-the-art climate impact 
assessment has several serious 

ments have studied the response 
of individual resources to 
changing climate. For the most 
part, they have not assessed the 
role of important interactions 
between resources. These 
linkages may cause the effect of 
climate change on a resource to 
be seater or lesser than what 
might be expected from an 
analysis of the resource con- 
sidered in isolation. 

shortcomings. Most assess- 

A comprehensive database of 
the environmental resources in a 
region is essential to an 
integrated regional study, both 
to characterize the area's 
resources as they exist today 
and to serve as input for 
modeling the response of 
resources to climate change. 

co, . -  CLIMATE 

1 - -  . _  
A conceptualdiagrh shbwing -regional-environwntal resources 
from- the Enviroxbental,Consequences of CO,-Clima& 
Interactions: The Need for Ihtegated Resoure Analysis, - . 
OFWL&DIAC-28,, Oak Ridge National Laboratoiy, Oak Ridge,. 
Tennessee. 

. 
,- 

. .  
, ,  

* .  
I ,  

Cushman, R.M., J.C. Waterhouse, and M.P. Farrell. 1989. Environmental consequences of.CO,-climate 
interactions: The need for integrated resource analysis. ORNUCDIAC-28. Oak Ridge National 
Laboratory, Oak Ridge, TeM. 
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Carbon Dioxide-Climate Interactions: 
Challenges for Agriculture 

Will significant adjustments at 
the regional scale of agricultural 
production be required because 
of C0,driven climate change? 

Analyses of potential influences 
of climate change on 
agricultural ecosystems 
typically ignore regionally 
important specialty crops that 
may be especially sensitive to 
geographic shifts in climate: 

Impacts of climate change on 
agriculture will Vary from crop 
to  crop, location to location, and 
system to system. Adaptation 
may be constrained by factors 
other than climate and crop 
genetic capability, including 
availability of suitable soils and 
adequate supplies of water. 

Horticu+-al scientists tend plant breeding trials aimed at 
developing improved crop varieties. 

I 

Breeding programsfor major agricultural crop species are capable 
of meeting adaptation nee& associated with climate change. 

' Breeding programs for many regionally important, specialty, and/ 
or perennial crop species may face greater challenges. 

Shriner, D. S., and R. M. Cushman. 1989. Interactions between CO, and climate have unknown 
consequences for agriculture. pp. 127-28. In Environmental Sciences Division Annual Progress Report for 
Period Ending September 30,1988.0RNL.-6521. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

2.5 



Effects of Climatic Changes 
on Aquatic Food Web Structure 

WinterfSpring r-- Conditions 

Global climate change affects the structure of aquatic predator populations. 

what are the potential ecologi- 
cal consequences of global 
clipate change on the structure 
of aquatic predator populations? 

Annual variations in climatic 
conditions can regulate the . 
abundance and size structure of 
top predator populations by 
directly affecting the primary 
forage of the predator. 

If winters should become less 
severe as a result of global 
warming, thegrowing season 
for many aquatic species will 
be extended, some species 

could extend their northern 
range, which would result in 
interferences within established 
food webs. 

Predicted extremes in tempera- 
ture fluctuations could result in 
range expansions of cold- 
sensitive species in warmer 
years followed by their drastic 
decline in colder years. 

Adams, S. M., and D. L. DeAngelis. 1987. Indirect effects of early bass-shad interactions on predator 
population structure and food web dynamics. pp. 103-17. In W. C. Kerfoot and A. Sih (eds). Predation in 
Aquatic Communities. University Press of New England. Hanover, N.H. 
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Potential Impacts 
of Climate Change on Water Resources 

GCM-Based Analogue 

_ _ _ _ - _ - - - - - - -  Hypothetical Other - - - - - 

- - - - - - - - - - - -  

- - - - - - - - -  

Hydrology Management Use 

Research Subject 

Number of case studies of effects of climate change on water resources are shown by 
research subject and by type of climate change scenario. 

How extensive is the literature 
about water resource impacts of 

climate change, and has the 
water resource research . 
community carried investiga- 
tions to the water planning, use, 
and management level? 

An online search of water 
resourcerelated publications 
for the period 1985-90, 
conducted in October 1990,. 
yielded 102 references related 
to climate change impacts. 

Hypothetical climate scenarios 
and scenarios based on general. 
circulation models are the 
dominant types of climate 

scenarios used in case studies. 
Other approaches, however, 
such as examinations of 
resource response under past 
anomalous cliinate conditions 
have been employed. 

Studies of how the basis of 
climate scenarios affect 
predictions of water-resource 
impacts are needed. 

Chang, L. H,, C. T. Hunsaker, ana J. D..Draves. 1992. Receniresearch on effects of climate change on water 
resources. Water Resources Bulletin 28(2): 1-14. I 
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Cont inenta I Scale Assessments of Climate 
. Change 

I 
I I I I I I I 

+3 +2 +'I ."O, -' -1 ' . . -2,. '3 ' -4 
. .. . . -  

Temperature'Anomaly'("C) I - ' . - 

I .  

Simulated response of plant productivity in five regional ecojistey.to 
hypothetical cliniatic change. - . ' 

~ 

. .  

.. : . 

, .  Imassessing the'impact ofa .  . increase linearly with tempera- ' 

supeponic transport fleet, I ture increase over the range 
predictkd climate;chhanges were . .test@, except in'extieme deserts Is it feasible to make broad, 
imposed on five models repre: where the effect is reversed. As , 
sehting the'major ecosystem . ; ~ ' kmperapre increases, wat& 

climate change? . -  types across thk cqntinent. . - , stress &o increases ana . . 
accounts for the decreased 

. ,  1 -  I 
.- 

continental scale assessments of 
_ .  

The simulation models predicted .: .desert, productivi&. , ,  

that primary production will - 

Cooper, C. E, T. J.-Blasing, H. C. Fritts, Oak kidge Systems ?kolo&.Group, F:M. Smith, W.'J:-Parton, ., 

G. F. Schreuder, P. Solhs, J. Zich, and W. Stoner. 1974.5hulation models ofthe effects of climatic ' 
change on natural-ecosystems. pp. 550-562. In Procee&gs of the Third Confefene.on &e Climatic 
Impact Assessment Program. U.S. Departpent of Tkspo,mtion, Ckbridge, Mass. : 
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Integrated Assessment of Global Climate 
Change 

How can an integrated assess- 
ment approach facilitate 
addressing questions related to 
global climate change? 

Global climate change is 
unprecedented in scope, scale, 
complexity, and potential 
severity of impacts. Intepted 
assessment has emerged as an 
approach to guide scientific 
research on global climate 
change and to help formulate 
new and more effective policies 
in response to global 
climate change. 

Integrated assessment requires 
the linking of information from 
different disciplines and 
assumes the integrated impact 
may not equal the sum of 
the parts. 

Policy Analysis 
and Action 

Integrated assessment can help formulate effective policies 
to deal-with global climate change. 

Integrated assessment provides 
a basis for comparing alterna- 
tive policy choices, allows 
policy issues to frame the 
direction of scientific research 
and development, involves 

existing scientific knowledge, 
accommodates new knowledge 
as it becomes available, and 
provides a bridge between 
science and policy. 

Dale, V. H., P. Leiby, A. Sanstad, D. Streets, R. S. Turner, and R. V. O'Neill. 1994. Characterizing the key 
policy issues in integrated,&sessment for global climate change. Environmental Management (submitted). I 
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I n t eo rated Assess men t .M o'd e I I ncorp ora t i ng 
Energy Sector 

- ,  

- 1. . -  . I ,  ' _.. . ~ I . _  I .  . . .  . . -  
~ -_ . , 

,. - 
. j . _ .  - - ,  . .  

Integrated assessment meets the challenge of managing global resources through 
- ,  -science, econbmics, and policy 'analysis. . . .. 

0 .  I . ,  a: 

- .progress and the economy, to . . ment ofnonfossd-&el tec&olo- 
' 

.~ 

What benefits can result from simulate rechnolOgy transfer gkS, the ability to adapt to 

expanding Nor&aus's  ami^ a two-region framework, and to 

(DICE) model to incorporate between human capital and 
the energy sector? technological advances. Nordhaus's DICE model has 

potential changes in climate, 

Chate-Economy investigate the relationship and economic productivity. 

The DICE Model ha$ been 
modified to incorporate the- 
energy sector within a constant 
elasticity of substitution (CES) 
production function that ' 

includes'energy inputs. In 
addition, the model is also being 
modified to characterize the 
linkages between technological 

~, 

. 1 -. '. - ais0 been expanded into a'&& 
-Technological change-was . region model, withone region 
explicitly incorporated info a.- , ~ being the developed countries 
model of the economy and y ' :  &id the'other region being the 
clirpate change; The sti~dy,. less-developed countries. ' -. 

focuses-on the rOle' of t&hno-- \ - , . .  
logical advances that- would . . - The stud? provides an example 
impact the level ofkncon.tiolled of assessments specifically ' - 

greenhouse-gis e.&ssions from showing the value of investment 
fossil fuels, the ability to - in different energy'technology - 
mitigate emissions, the develop- ' RgiD options. 

. .  - .  . ,  

\ , -  

I .  

. .  

., 

Lee, R. and S. Das. 1995. Modification of the DICE Model to Include the Energy Sector. 
Oak-Ridge National Laboratory, Oak Ridge, .Term. (in preparation);' . . 
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Integrated Assessment Works hop 

. .  
What aspects of integrated 
assessment make it able to - 
address key policy issues? 

A workshop on Integrated 
Assessment: Characterizing 
Key Policy Issues was held 
June 28-29,1994, in Washing- 
ton, D.C., with more than 90 
participants. Introductory 
presentations explained the 
importance of integrated 
assessment and presented a 
framework for characterizing 
key policy issues for global 
change. This framework is 
explained below. 

Process Counts. The most 
I 

I important aspect of assessment 

At a workshop in Washington, D.C., Mike Farrell, 
- the directorpf the Centerfor Global Environmental 
Studies at Oak Ridge National Laboratory, 
discusses the importance of integrated assessment 
to key policy issues. 

is the process of communica- 
tion, review, stakeholder 
involvement, broadening of 
perspectives, balancing of 
needs, bartering of support, 
discovery of common goals, 
gradual understanding, and 
evolutionary resolution that 
occurs. Assessment is not 
simply a report. 

Multiple Approaches Are 
Needed. An assessment must 
use a variety of approaches with 
fundamentally different 
assumptions, with a wide'range 
in focus, and with differing 
levels of analytical sophistica- 
tion (from back-of-the-envelope 
calculations to different kinds of 
end-to-end modeling). 

Effects Dominate. Perceived 
ecological, social, and 
economic consequences of 

global climate change will 
determine the most pressing 
needs for integrated assess- 
ment's support of policy 
decisions. 

Context Is Important. The 
assessment process and its 
results should be viewed in the 
context of the policy issues at 
hand, the broader social and 
environmental policy issues 
facing the United States, the 
availability of information, and 
the experience and background 
of the stakeholders and 
decision makers. 

Uncertainty Must Be Charac- 
terized.Uncertainty must be 
considered in a meaningful way 
and communicated to lay 
audiences in an understandable 
manner. 

"mer, R. S,, F, M. OHara, Jr. 1995. Integrated assessment: Characterizing key policy issues. Integrated 
Assessment Workshop, Washington, D.C., June 28-29,1994. Center fo; Global Environmental Studies, 
Oak Ridge National LaborzitOry, Oak Ridge, Tenn. I 
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Policy Options to Encourage 
Private Sector Responses to Climate Change 

Emphasis on implementation 
rather than on 

goals and technologies 

Regulation 

Fiscal 
incentives 

t.. . . .... 
Information '? 

Private sector activities 

I . .  

Utilities 

Manufacturing 

Transportation 
Fossil fuel combustion for 
the generation of process heat 

Encourage energy conservation 
through process redesign, 
improved energy management, 
and combustion efficiency 

Agriculture 

ktrrldentia" 
comrnsrclal ra 

Use a price-like fiscal measure... 

Government policy options can encourage participation of the private sector in sharing the 
responsibility of environmental problems. 

How can government policy 
options encourage participation 
of the private sector in sharing 
the responsibility of the 
environmental problems 
associated with industrial 
and consumer by-products 
such as CO,, chlorofluorocar- 
bons (CFCs), methane, and 
other greenhouse gases? 

Over 160 policy options were 
identified for consideration for 
inclusion in policy packages. 

Detailed analysis of each option 
is required before it is adopted 
into a national policy package. 

effect, demonstrability of 
effectiveness, linkage to other 
goals, implications for interna- 
tional trade and foreign policy, 
and information needs. 

Six considerations are recom- 
mended as particularly relevant: 
complementarity of instru- 
ments, balance of flexibility and 

Cantor, R., D. Jones, P. Leiby, and S. Rayner. 1989. Policies to encourage private sector responses to 
potential climate change. pp. 318-28. In A. B. Baker and H. G. Huntington (eds.), Energy Markets in the 
1990's and Beyond. International Association for Energy Economics, New York. 
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Evolutionary Algorithms for Technology 
Adoption and Diffusion 

Population Technology Mix 
After 100 Generations 

Technology Shares Across 
Generations (time) 

The emergence of a spatial pattern of technology selection is shown, with the increasing 
dominance of a single technology. The dominant technology is demonstrated through the 
solid blocks on the leji and the top line on the right. 

What can be learned from new 
individual-based evolutionary , 
algqrithms about the adoption 
and diffusion of new complex 
technological systems and 
networks? 

Complex technologies -(e.g., 
new computer systems or 
vehicle/motor-fuel systems) 
often involve a network of 
related or compatible technolo- 
gies and suppoi infrastructure. 

The patterns of new technology 
adoption are influenced by 
issues of technology compat- 

The above figure shows the 
emergence of a spatial pattern 
of technology selection (the 

ibiliwand infrastructural 
requirements. Evolutionary 
algorithms are well suited to 
modeling populations of 
representative economic agents 
or individuals. The representa- 
tive agents make independent 
'technology choices, but 
consider the compatibility of 
their choices with the choices of, 
other agents and with the 
installed base infrastructure. 

grouping of dark and patterned 
blocks), and the increasing 
dominance of a single technol- 
ogy (the technology share 
history lines on the right). 
Using alternative-fueled 
vehicles as an example, the 
approach is used to examine 
path dependence, the possibility 
of technology lock-in, and the 
opportunities for successful new 
technology introduction through 
niche dominance. 

Leiby, P. and D.'Huff. 1994. Simulation of adaptive learning and simple technology choice using an 
interactive genetic algorithm. Oak Ridge National Laboratory, OakRidge, Tenn. (draft). 
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ARM: 
The Atmospheric Radiation 

Measurement Program 

Beaufort Sea 

%?- 
Primary Locales 

I Supplementary Locales 

Primary and supplementary locales for the ARM Program 

How can massive amounts of 
atmospheric radiation data 
generated by the Department 
of Energy ARM program be 
managed, documented, quality- 
assured, and made easily 
accessible to the global climate 
change and the environmental 
scientific communities? 

Data rates on the order of 
10 terabytes per year will be 
generated by the 4 to 6 ARM 
field sites, saturating all of 
O m s  present data storage 
capabilities within the first few 
months of operation. 

New tools for dealing with this 
massive archive as well as 
producing usable data products 
are under development. 

Exploitation of new types of 
robotics and storage media will 
be necessary to handle these 
data rates. 

Department of Energy. 1990. Atmospheric radiation measurement program plan. DOEER-0441. 
Washington, D.C. 
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Carbon Dioxide Information 

6400 

4800 

3200 

1600 
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Analysis Center 

- 
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Year 
1950 

Global CO, emissions data available from CDIAC. 

What information support 
regarding global CO, emissions 
is available for integrated , 

assessment? 

The Carbon Dioxide Informa- 
tion Analysis Center (CDIAC) 
at Oak Ridge National 
Laboratory acquires or com- 
piles, quality assures, docu- 

ments, archives, and distributes 
data and other information 
concerning carbon dioxide, 
other greenhouse gases, and 
climate change. 

CDIAC provides technical 
support for the Department of 
Energy Global Change Re- 
search Program, gened  
research, policy-making, 
education, and corporate 
communities, and the public. 

CDIAC produces numeric data 
and computer model packages, 
the series Trends: A Compen- 
dium of Data on Global 
Change, the series DOE 
Research Summary, the 
newsletter CDIAC Communica- 
tiom, the CD-ROM CDLAC'S 

Numeric Data Package Collec- 
tion, and catalogs of its data and 
information products. 

Boden, T. A, E M. O'Hara, Jr., and F. W. Stoss. 1993. CDIAC Catalog of Numeric Data Packages and 
Computer Model Packages. ORNUCDIAC-62. Oak Ridge National Laboratoxy, Oak Ridge, Tenn. 

Boden, T. A., D. P. Kaiser, R. J. Sepanski, and F. W. Stoss (eds.). 1994. Trends '93: A Compendium of Data 
on Global Change. ORNUCDIAC-65. Oak Ridge National Laboratory, Oak Ridge, TeM. 

Cushman, R. M., and F. W. Stoss. 1993. Institutions: Carbon Dioxidehformation Analysis Center. 
Environment 35(3):5,45. 
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Land-Use Management for 
Carborn Sequestration ' 

Industrial 
Reforestation Options 

Cllrrent . -. . - I Land-Use 
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Deforestation 
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Agroforestry 
Options 
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Mean annual carbon emissions from alternative land-use management options (1991-2001), 
Notes: For reduction of deforestation rates, recovery is the restoration to carbon levels of 
undegraded forest. Agroforestry options involve the conversion of 2 or 4% of agricultural 
land each year sequestering 20% of the carbon of a mature plantation. Industrial 
reforestation options involve the planting of 0.1 % of all land capable of sequestering at least 
4 tonnes of carbon each year or the offset of all current industrial wood removals. 

What is the magnitude of 
carbon emissions and the 
potential for sequestering 
carbon from alternative land- 
use management options in 
SubSah-aran Africa? 

Current land-based emissions of 
carbon are of the order of 152 
million tonnes each year. 

Reducing deforestation by half 
could lower emissions to 21 
million tonnes. Agroforestry, if 
adopted at a rate of 2 to 4% 
annually, could reduce annual 
carbon emissions by about 38 to 
66 million tonnes. Offsetting 
industrial roundwood remov'als 
or converting one-tenth of high 
and medium productivity land 
back to forest each year could 

result in the sequestration of 
about 11 to 18 million 
tonnes annually. 

The direct costs of carbon 
sequestration are low and are 
estimated at $3 to. $22 per 
tonne depending on the specific 
land-use policy. 

Perlack, R. D., R. L. Graham, and A. M. h a d .  1992-93. Land use management and carbon sequestering in 
SubSaharan Africa. Journal of Environmental Systems 22(3): 199-210. 

Graham, R. L., R. D. Perlack, A. M. h a d ,  J. W. Ranney, and D. B. Waddle. 1990. Greenhouse Gas 
Emissions in SubSaharan Africa. ORNL-6640. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

2.16 



Identification of Coastlines at Risk 
to Sea-Level Rise 

How are areas at risk to Low Risk 

inundation and increased 
erosion hazards associated with 
sea-level rise‘identified? 

Four databases have been 
developed to help identify 
coastal areas at risk to inunda- 
tion and increased erosion 
hazards in the United States. 
One contains climatic data on 
the intensity and frequencies of 
storms that may affect the 

coastal zone. The others contain 
Different levels of risk for hazardr associated with sea-level rise 
are identifed along the South Carolina Coast. 

data on more than 22 land and 
marine variables for the U.S. 
East, Gulf, and West coasts. 

These databases have been used 
to study and assess both the 
erosion and permanent or 
episodic inundation potential of 
storm-induced or climate 
change increases in sea level. 
These assessments were 
designed to be used by regional 
planners for the identification of 
high-risk areas for more 
detailed study. Areas at risk 

were identified using a “coastal 
vulnerability index,” which 
weighted 7 to 13 variables 
according to the perceived 
importance of each in determin- 
ing the relative vulnerability of 
an area to sea-Ievel rise. 

Completed analyses for the U.S. 
East and Gulf coasts identified 
the U.S. Southeast as one of the 
most vulnerable regions. The 

Southeast, which extends from 
the Virginia and South Carolina 
border to the Texas and 
Mexican border, contains 85% 
of the U.S. coastal wetlands and 
50% of the barrier islands. Of 
the region’s 34,000 km of 
coastline, more than 40% has 
been identified as being at high 
risk to episodic and permanent 
increases in sea level. 

God@. V. M. and T. W. White. 1994. A Coastal Hazards Data Base for the US. West Coast. 
NDP-043C. Oak Ridge National Laboratory, Oak Ridge, Tenn. (in press). 

Gornitz, V. M. and T. W. White. 1994. A Coastal Hazards Data Base for the U.S. Gulf Coast. 
OWCDIAC-60, NDP-043B. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Gornitz, V. M. and T. W. White. 1992. A Coastal Hazards Data Base for the U.S. East Coast. 
ORNUCDIAC-45, NDP-043A. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

I 
Daniels, R. C. and K. R. Birdwell. 1991. A storm climatology database with applications in regional 
and global change studies. Bulletin of the American Meteorological Society 721005-1007. 
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Impacts of Increased Sea Levels 
on Coastlines 

Low-risk coastline or ,,, areas with no habitat for 
the given species. 

High-risk coastline or 
4# areas with habitat for the 

given species 

VulpembiMy Index 

How will high-risk coastlines 
respond to increases in sea 
level? How does the loss of land 
impact coastal development and 
species habitats? 

Areas at risk to increased 
erosion rates and inundation 

from sea-level rise in the U.S. 
Southeast were identified using 
a coastal hazards database. 
Approximately 66% of the 
coastline in the U.S. Southeast 
is developed, with the remain- 
der being located in or near 
state and national parks, 
refuges, and seashores. 

Based on the climate change 
scenarios of the Intergovern- 
mental Panel on Climate 
Change (1990), nine case 
studies have been performed for 
high-risk sections of the 
coastline. In general these 
studies found that developed 
portions of the coast are located 
on sandy barrier islands or on 
sandy mainland coasts. These 
areas will primarily experience 
increased beach erosion rates 
because of sea-level rise that 
will place billions of dollars 
worth of resort and recreational 
facilities at risk. 

Undeveloped areas tend to 
consist of coastal wetlands, with 

Impact of increased 
sea levels on coastlines 
and species habitats in 
the US. Southeast. 

most of the undeveloped sandy 
coasts and barrier islands being 
protected by federal or state 
law. The primary threat to 
coastal wetlands is from 
inundation. Reduction in the 
extent of these wetland habitats 
may have a significant impact 
on the continued existence of 
several endangered and threat- 
ened species. For example, in 
South Carolina a rate of sea- 
level rise of as little as 
4.5 d y e a r  (the current 
regional rate is 2 to 3 d y e a r )  
would place more than 50% of 
the bald eagle, Bachman’s 
warbler, red-cockaded wood- 
pecker, and brown pelican 
habitat at risk to destruction. 

Daniels, R. C., T. W. White, and K. K. Chapman. 1993. Sea-level rise: Destruction of threatened and 
endangered species habitat in South Carolina. Environmental Management 17(3):373-385. 

Daniels, R. C., V. M. Gornitz, A. J. Mehta, S.-C. Lee, and R. M. Cushman. 1992. Adapting to Sea-Level 
Rise in the U.S. Southeast: The Influence of Built Infrastructure and Biophysical Factors on the Inundation 
of Coastal Areas. ORNUCDIAC-54. Oak Ridge National Laboratoxy, Oak Ridge, Tenn. 
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Effects 
on Threatened 

of Sea Level Rise 
and Endangered Species 

How will the sea level rise 
impact the habitats of threatened 
and endangered species that live 
in the coastal zones of the U.S. 
Southeast, specifically South 
Carolina and the Cape Romain 
National Wildlife Refuge? 

Of the 70 endangered or 
threatened species that occur ,- 

within the U.S. Southeast, 
27.5% have habitats that are 
within 3 m of mean sea level. 

In South Carolina the American 
alligator, Bachman's warbler, 
bald eagle, brown pelican, 
loggerhead sea turtle, piping 
plover, red-cockaded wood- 
pecker, shortnose sturgeon, and 
wood stork have significant 
F o u n t s  of their habitats in the 

coastal zone. These species will 
be adversely affected by an 
increase in sea level. The 
Bachman's warbler and red- 
cockaded woodpecker, for 
instance, will have more than 
50% of their habitat in danger 
from sea level rise by the year 
2100. 

PERCENT 

Refuge currently has 109.2 ha 

80 

CURRENT VERYLOW LOW MODERATE HIGH 

SCENARIOS 

-2050 n p l o o  

Percentage of Cape Roniaine refuge lost to different sea level 
rise scenarios. 

Cape Romaine National 
Wildlife Refuge, South Caro- 
lina, serves as feeding and 

nesting grounds for several 
endangered or threatened 
species. The most prominent of 
these are the American alliga- 
tor, loggerhead sea turtle, brown 
pelican, and wood stork. If the 
current rate of relative sea level 
rise increases to 5 mm/year or 
'greater by the year 2100 

(the current rate is 
3.3 mmlyear), then the refuge's 
marshlands and barrier islands 

could be reduced in size by as 
much as 58%. Destruction of 
this amount of habitat may 
make the area unsuitable for 
those species that are currently 
inhabiting the refuge. 

Daniels, R. C., T. W. White, arid K. K. Chapman. 1993. Sea level rise: Destruction of threatened and 
endangeredspecies habitat in South Carolina. Environmentd Management 17(3):373-385. I 2.19 





I n t e g ra t ed Envi ro n m e n t a I I m pact Assessment 
for Policies 

I - (Regional or Basinwide Action) I EIS or EA 
(Site-Specific Action) 

Tiering of environmental documents shows the impact of national programs andpoZicies. 
Ejramples of documents are p r o g r a m t i c  environmental impact statements (PEISs), 
environmental impact statements (EZSs), and environmental assessments (EAs). 

How should the principles of 
integrated assessment be 
applied to governmental 
decisions on policies, plans, 
and programs? 

In Europe, the principles of 
integrated environmental 
assessment are currently 
applied to single projects and 
occasionally to programs. A 
United Nations Task Force for 
the European Community, 
headed by the United States, 
considered whether and how 
assessment principles could be 
applied to governmental 
policies, plans, and programs. 

The task force concluded that 
many assessment principles can 
and should be applied early in 
the process of policy formula- 
tion. However, there were 

concerns about public participa- 
tion and review procedures, 

or military questions. The task 
force suggested measures that 
can be taken tQ address 
these concerns. 

particularly in lightof security 

The work of the task force 
supports European CommUnity 
directives +king  with use of 
envirorimental assessment in 
member nation decision 
making. 

Application of environmental impact assessment principles to policies, plans, and programmes. 1992. 
Economic Commission for Europe Environmental Series, No. 5. ECEENVWN27. 
United Nations, New York 
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Energy Strategies for Developing r Countries 

1 .  ANNUAL CO . EMISSIONS 
. ,. 2. I - 

, . ,  
' +  

.I ' . 

- ,  'Energy eficien& improveent can probably reduce global, CO, emissions. 

% - '  Eczstem Europe, Giobal Energy Eficiency Initiative, Wbhington; D:C.) 
(From &vine, M., et al. 1991: Energy eficienb, developing countries, and. 

. .  - .  . .  
I , .  

- .  - .  , .  
Energy efficiency improvement - -  Biomass for energy is the most 

-' . ,  , is the most promising option ; 
D *  I 

neglected of the renewable , .  
How can U.S. policy that is ', for developing countries -and ' 1 energysupply options in most 

. -. .- ~developmg coulitries. . . 
. .  ~. 

' related to energy strategies Eastern Europe. 
I, - 

' . improvethedevelopment . 

' ' ' income countries in'ways that -sources such as,naturd gas 
prospectsof low- and middle- . -  ' Low-impact fossilenergy -. . . 

contribute to more effective ' 
environment& proieiticjn? 

, _  . .  
.and biomass energy systems 
I will play .important roles. - 

. .  

. .  
. .  

. .  

Wilbank.$,%. J,, et @. 199l.-Ener& &d electricity supply and demand*hnplications for the~global 
environment, pp..7-160. In Electricity and *e Environment, Senior Expert Sjmposium;Helsinki 
<DOC424). Vienna, International Atomic Energy Agency; I _  

, ,  
. .  
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Environmental Management 
in Developing Countries 

Predicted carbon dioxide emissions through 2020 are based on environmental 
management in developing countries. 

How can U.S. policy contribute 
to the improvement of environ- 
mental management in develop- 
ing countries and Eastern 
Europe without adversely 
affecting their economic and 
social development? 

The United States and other 
industrialized countries should- 
set an example in energy and 
environmental technology use. 

Because a developing country’s 
ability to contribute to global 
environmental management is 
related to its level of economic 
development, support for concerning environmental 
development is a key part of 
response strategy. 

Strenaening the capabilities 
of nongovernment organizations 
in developing countries is key 
to the international dialogue 

management strategies. 

The improvement of energy 
efficiency will significantly 
contribute to better management 
of the global environment. 

Wilbanks. T. J., C. Petrich, et al. 1990. Global climate change and the pro’grams of the U.S. Agency for 
International Development. Report to A.I.D. Washington, D.C. 

Wilbanks, T. J. 1990. Implementing environmentally sound power*sector strategies in developing countries. 
Annual Review of Energy (15):255-76. 
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Institutional Performance Improvement3 
in Developing Countries 

71 % 
generation 

- losses 

- I I  d I 
fuel burned togenerate , plant and line 
electricity . inefficiencies + * 1 

t 
lOW(7X) 

I 

end - u s e J 
efficiencies -1 

high@) 

Lowering plant.and line. ineficiencies can increase end-use eficiency. 

A fundamental requirement is 
human resource development 
through training programs. 

Self-sustaining performance 
improvement depends on 
structural conditions that will 

Instijitiond performance 
How caq instit&ond capabh- . .improvement-is fostered by 

, . ties be improved in ways that - - - linkages between instigtions 
will be self-suspining and ' with, similar objectives in 
sensitive to region$; social, - different countries, both Nort€i 
and culturaldifferences? to South and South to South. , 

~ ' 

! 
~. i 

ensuie continuing motivation 
and'rewards. * 

Wilbanks, T. J. 1991. Institutional issues in capacity-building for energy technology assessment. pp. 13-26. 
In Energy Systems, Environment and Development. U.N. Center for Science and TeChno~ogy 
for Development. 

Wilbanks, T, J. 1990. Implementing environmentally sound power sector strategies in developing countries. 
Annual Review of Energy 15:255-76. 
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Environmental Assessment of the 
U.S. AnUarctic Program- 

0" 

ATLANTIC OCEAN 

QUEEN MAUD LAND 
INDIAN OCEAN 

SHACKLETON RANGE 

AMUNDSEN-SCOT 

BEUINGSHAUSEN 
ANTARCTICA 

AMUNDSEN SEA 
ROSS SEA 

PACIFIC OCEAN 

1 a00 

Major features and location of USAP stations on the Antarctic continent. 

How can the National Science 
Foundation implement environ- 
mental protection measures for 
U.S. Antarctic Program (USAP) 
facilities and operations? 

A programmatic environmental 
impact statement was prepared 
that evaluated four alternatives 
for implementing environmental 
protection measures for the 
USAP. These measures ranged 
from continuing USAP activi- 

ties at the 1989-90 level of 
environmental protection to 
making environmentalprotec- 
tion and the heath and safety of 
personnel the overriding 
considerations for all USAP 
activities. 

The assessment found that the 
alternative of compIeting 
ongoing safety, environment, 
and health initiatives and 
streamlining the USAP by 
reducing the number of support 

personnel would accomplish the 
objectives of reducing the 
amounts of materials brought to 
Antarctica and the wastes 
generated at USAP facilities. 
This alternative would result in 
less impact on land and water 
resources. Long-term reductions 
in station personnel would also 
reduce the impacts of air 
emissions and wastewater 
discharges in comparison to 
other alternatives considered. 

National Science Foundation. 1991. Final Supplemental Environmental Impact Statement for the 
United States Antarctic Program. Office of Polar Programs, Washington, D.C. 
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Energy in Latin Anierisa and the Caribbean 

" 
Population Per Capita Urbanization Industrialization Total 

Growth Income Growth 

Possible increases in national energy consumption by major Latin American countries over 
I985 levels by the year 2000 are shown. The lines extendingporn the bars indicate the upper 
and lower ranges of the projection. 

What will the energy needs of 
Latin America and the Carib- 
bean be for the remaining 
years of the century? 
Can enhanced hemispheric 
cooperation meet the region's 
energy challenges and improve 
its development prospects? 

Modest economic growth will 
raise the consumption of energy 
services -40 to 100% over 1985 
levels by 2000. 

Most countries will be unable to 
sustain enough economic 
growth to reduce their current 
debt burdens. 

The region's development 
prospects can be improved by 
utility management, assistance 
with energy price reform, and 
environmental safeguards. 
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Reducing Greenhouse Gas-Emissions in China 
- .  -. . , 

1.1 
'I Total Carbon 

Year 

Primary energy output and carbon emissions for China. 

emissicins are fiom the proiuc- 

on Wting the use of coal 
directly benefit China in terms 

1 ;1 

1 

0.1 

0 

next century.. There are simply 
'no other choices given its 
desire to expand its economy, 

, >  

its need;to get power projects 
' online, a d  its comparative 
advantage in coal production. 
China's participation in an 
internationd global w s n g  
treity will only come if the 
' ipdustrialized countiies take 
responsibility for the problem 
&d demonstrate a desire to 
share the economic burdens of 
industrial .and energy sector 
reductions equitably through 
resource.transfers. 

Per1ack.R. D., M. Russell, and Z. Shen. 1993. Reducing greenhouse gayemissions in China: 
Institutional, legal,' and culhkal constraints and opportunities. Glob& Environmental Change 3(1):78 100. 

Perlack, R. D. and M. Russell; 1991. Energy and environmental policy in China. pp. 205-223. 
In h u a l  Review of Energy. J. M. Hollander et al. (eds.), Annual Review Inc., Pho Alto, Calif. 
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Causes and Consequences .of .Deforestation 
in the Brazilian Amazon 

Brazilian Amazon? 

k si-. .!: 

A model simulates how feed- 
back from socioeconomic and 
ecological aspects of land-use 
change can increase the rate of 
land degradation. 

Land-use changes can be used 
to estimate changes in 
biodiversity, land degradation, 
and atmospheric CO, and the 
effects of tropical deforestation. 

In Rondhia, Brazil, the tropicalforest was cut and then burned 
so that agricultural crops could be planted. 

Southworth, F., V. H. Dale, and R. V. O’Neill. 1991. Contrasting patterns of land-use change in RondBnia, 
Brazil: Simulating the effects on carbon release. International Social Science Journal 130681-98. 

Dale, V. H. and Pedlowski, M. A. 1992. Fanning the forests. Forum for Applied Research and Public 
Policy 7(4):20-21. 

Dale, V. H., R. V. O’Neill, and F. Southworth. 1993. .Causes F d  effects of land-use change in central 
RondBnia, Brazil. Photogrammetric Engineering & Remote Sensing 59:997-1005. 

Dale, V. H.. R. V. O’Neill, F. Southworth, and M. A. Pedlowski. 1994. Modeling effects of land-use change 
in central Rondtinia, Brazil. Conservation Biology 8:196-206. 
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Third-World Debt and Tropical 

. .  

-. MACROECONOMIC- 

population growth, 
' - ,credit markets.' 

. .  :, CONDITIONS- ' 

,Deforestation 
. 

~- . .  
What 'economic factors have- 
contfibuted to the recent , .  rapid 
deforestation in kopical ._ 

countries? H ~ S  the' increase-in : 
extemal debt led to-increased 
deforestation in these countries?' 

~. 

I .  . - ,, 

. The deforestation and degrada- 
tion of tropical forqsh are . . . 
taking place at Ai extremely , .  I ' 

rapidpace. According to the 1 ' : 
Food.and A&c.Ul&e Organi'za- 
tion (FAO), the estimated, ' . 

- ,  

, .  

annual rate of &opic+d defores- 
, .  , .  

tation during the 1981-1985 
period was: 113,846 squaie 
kilometers'or 0.6% offhe 1981 
-total foresteh .area! The . .  implica-. 
tions bf the ldss of these forests 
Aareskiggering. 

~ r o p i ~ ~ a l  forests &e extremely '. 
rich ecosystems'&at support - r  a 
disproportionate large share.of; 
the world's,plant andanimal .: 

- s p i e s .  Forests piay a,tGcial 
- role in both nutrient &d 
. ,  hydrological cycling and. may . ' 

provide sustainable-economic 
'benefits through managed ' .  

harvesting of timber and the 

. ,  

_ I  

collection of non-timber 
products such as fruits, nuts, 
and rubber. Also, deforestation 
is a si@cant source of global 
warming through its effects on 
the global carbon cycle. 

This study focuses on the 
relationship between debt and 
deforestation, examining 
conceptual and empirical 
arguments that debt is a source 
of deforestation pressure. It was 
shown that debt is significantly 
correlated with deforestation 
under a wide variety ofassump- 
tions and specifications. 

Kahn, J. R. and J. A. McDonald. 1994. Third World debt and tropical deforestation. Ecological Economics 
(submitted). 
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Democratization and World Petroleum Trade 

World petroleum trade pattern are shown through the export and import figures above. Units are in 
million barrels per day. 

Will there be any changes to the 
world petroleum trade patterns 
in the year 2000 as a result of 
the democratization in the 
Former Soviet Union (FSU) and 
Eastern Europe @E)? 

The Middle East will continue 
to be the dominant supplier in 
the world oil market. A 
significant poiiion of FSU . 
exports will come to North . 
America, and EE will import 
50% of its crude oil from the . 
Middle East. 

Much uncertainty remains.about 
the level of future~FSU cnide oil 
production. Any major FSU 

crude oil production loss will be 
compensated by higher 
production in the Middle East, 
Latin America, Africa, and the 
Far East. A big worldwide 
market exists for the FSU 
petroleum; however, many non- 
geological factors will deter- 
mine whether the FSU will play 
a major role as an oil exporter 
in the future. 

Das, S. 1994. Democratization and world petroleum trade in the year 2009. Energy-The International 
Journal 19(7):783-93. 
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I ID teg ra ted Assessm e n t-Reg i o na I Sca I e Mod e I 
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Locations of new energy facilities in western Kentucky with their associated probability of 
exceeding two or more 3-hour levels of 210 pg/m3 of sulfirr dioxide during the growing season. 

Can integrated assessment be 
applied at regional scales? 

Air transport and ecological 
models were combined to 
evaluate the integrated impacts 
of eight new energy facilities in 
western Kentucky. 

The regional approach produced 
quite different results from a 
site-by-site analysis and 
identified wetland ecosystems 
as subject to unexpectedly high, 
risk of sulfur dioxide damage. 

Krummel, J. R., C. C. Gilmore, and R. V. O'Neill. 1984. Locating vegetation "at-risk" to air pollution: 
An exploration of a regional approach. J. Environmental Management 18:279-290. I 
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Integrated Databases for- Integrated 
Assessment 

. -  
. .  . I  * .  

Abrupt environmental .discontinuities along political boundaries oflen indicate dzrerences in 
data reporting; these'must be reconciled to construct regio-vl databases used in integrated 
assessmint. Thefigure above illustrates the collection ofdata about wheat production in a ~ 

' four-state area. 

~~~~ 

How av$lable&e.the 
multisectoral, regiondiscale 
databases that ,are needed to: --. 

e- 

differences (often undocu- 
&ented) in measwementor . . 
r e p o a g  techniques, units, Gr, ' 

sirhple confusion between data 
, .  indicating "zero" versus."no 
data" can be difficult, time- . 

' COnsUhg, and expensive to 
. ,  corr&t.-In * m&y iises, agencies 

, . data mmagement practices, ; 

conduct integrated assessments?. 

. &cies..are often seen:as - I . sets &e unable to &wer 

-, . ~ .  discontiiujtiks in knvir+meital- I .  

htegratkd assessment often ~. variables along political , 
requires analysis across.lkge . . ' boundaries. More troublesome, 
spatial and temporal, scales. . I because&ey arelessobvious,. ~ 

h o m & q  or discrepaiciei . .& changes in report& - I . It is-important that compilation, 

?often appear when in~graI&i ' techniques; units, or data , ' quality ,assurance, and dFu-  
databases are behig-constrkted. . management practices over :time ._ ?%&tion of integrated data-. 
to support these ~ a ? y s e s .  n;,se - that may mask,, or give false. 
discrepancies may result ,from.' ', indications of, change. Even the 

FOJ exbple ,  obvious discrep- providing the &&vidual data 

.~ I I  
. questions concerning relevant 
-I data gatheiing mimanagement 

, -  

, .  Practices. 
. .  . -  

bases be given a high priority in 
$tefP$asSessment activities. 

. .  - ,  

I Allison, L. J., C. T. Hunsaker, R. M. Cushman,.T. W. White, and J. D.'wves..1990: Environmental atlas of 
the Iowa-Kansas-Mssouri-Nebras@ chate-chapge study region. ORIWCDIAC-33. Oak Ridge National 

Scok'M. J., N. J. Rosenberg,.J. A. W o n & ,  R. M. Cushman; R. E'Danvin, G. W.'Yohe, A. M.'Liebetrau, 
C. T. Hunsaker?,D.,A. Bruns, D. L. DeAngelis, and J.'M. Hales. 1990. Consequenc& of climatic change for 
the h u b  environment. Cl&p Research 1:63-79. . - 
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Critical Loads Assessment 
Framework 

SOIL SUBREGIONS 
(4 IT------ 

What is the feasibility of an 
effects-based (critical loads) 
approach to atmospheric 
pollutant regulation and 
abatement? 

A critical load is the amount of 
pollutant that sensitive ecosys- 
tems can be exposed to on a 
sustained basis without experi- 
encing measurable degradation. 

Researchers proposed a six-step 
approach for setting critical 
loads: (1) selection of ecosys- 
tem components, indicators, and 
characterization of the resource; 
(2) definition of functional 
subregions; (3) characterization 
of deposition within each of the 
subregions; (4) definition of an 
assessment endpoint; 
(5) selection and application 
of models; and (6) mapping of 

DEPOSITION LOAD (kg/ha/yr) 

Two approaches for presenting resources at risk to policymkers. 
(a) Map showing relationship.between deposition, grids and 
subregions. (b) Table of critical loads and number of lakes by 
subregion. (c) Pollutant dose and ecosystem response curve. 

projected ecosystem responses. 
This approach has much in 
common with ecological risk 
assessment. Variability in. 
ecosystem characteristics and 
data and model uncertainty 

were recognized as integral 
parts of the assessment process. 
The need for intercomparison 
activities among data and model 
options was stressed. 

Hunsaker, C. T., R. Graham, R. S. Turner, P. L. Ringold, G. R. Holdren, and T. C. Strickland. 1993. 
A national critical loads framework for atmospheric deposition effects assessment: II. Defining assessment - 
end points, indicators, and functional subregions. Environmental Management 17(3):335-341. 

Holdren, G. R., T. C. Strickland, B. J. Cosby, D. Marmorek, D. Bernard, R. Santore, C. T. Driscoll, L. Pardo, 
C. Hunsaker, and R S. Turner. 1993. A national critical loads framework for atmospheric deposition 
effects assessment: IV. Model selection, applications, and critical loads mapping. Environmental 
Management 17(3):255-363. 

Hunsaker, C. T., and R. L. Graham. 1991. Regional ecological assessment for air pollution. pp. 313-334. 
In S. K. Majumdar, E. W. Miller, and J. Cahir (A). Air Pollution: Environmental Issues and Hdth  
Effects. The Pennsylvania Academy of Science, Easton, Pa. 
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Monitoring and Assessing Ecological 
Conditions with a Landscape Pattern 

Which pattern metrics . .  indland' 
cover data, resolution-&d-: ~ 

I extent are useful for: m6nitqring 
at the national and . ' .,: . 

regionalscales? .- ~ . - .  

. b .  

. - ,  
, ,  

, I  I , -  , .  

. .  s - ,  
- .  

Landscape pattern indicators 
calculated onxemotely sensed 

. -  L I -  data of hd 'cover  have been , . .: 

I proposed' for monitoring biotic 
diversity, . ,  watershed integrity;-.. . 
and redency of ecosystems. 

uncertainty, and sampling %e 
being addressed. Researchers 

metrics that effectively charac- 1 

I 
! Issues related to data type; ~, 

',  , 'are se&ng to'identify a 

terize landscape heterqg 
at regional scales for the 
Effective ways to visual 

being studied. 
pattern and change &e also ' . I .  I .  

, Land cover p a n e h  are shown for. the Appalachian mountains near 
Harrisburg. (above) and-fhe southeastern coastal plain near 

. Savannah- (below); ?'heseparation of these landscapes is also 
shown in three-dimensional space by- three pattern metrics. 

' 

. 
- 

. ,  
' 

- Hunsaker, C. T., R.,V. O'Neill, B. L. Jackson, S. P. Timmins,-D: A. Levine, and D. J- Norton:1994. 
Sampling to character& landscape pattern. Landscape ECology 9(3):207-226. I ' 

O'Neill, R. V., K. B. Jones, K. H. Ritters, J. D; Wickham, I. A.-.Goodm~m. 1994.- Landscape moNtoring and 
assessment research plan. EPA/620/R-94/009. U.S. Enviidnmental - .  Protection.Agency, . L& Vegas, Nev. 

-Hunsaker, C. T,, D. A. @vine, S. P. T i A n s ,  B. L. Jackson, and.Ri V. O'Neill. i992,Landscape character- 
ization for assessing jegionalwakr qualip. pp. 997-1006. In ?.'a. McKenzie, D. E. Hyatt, and 
V. J. McDonald (eds). ~ological Indicators; VOI 2. Elsevier.Applied Science, N.Y. . -  

Assessing ecological riskon a regiorid scale. Environmental Management 14(3)i 325-332. 

_ ,  
. .  , , - -  

, .  

. 

, Huns&er, C. T.,, R; L. Graham, G..W. Suter, R. V. O'Neill, L. W. Barnthouse, and R; H. Gardner. 1990. 
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Sensitivity of Aquatic Systems to, Acidic 

How sensitive are eastern U.S. 
lakes and streams and brook 
trout populations to alternative 
rates of continuing 
acidic deposition? 

A weight-of-evidence approach 
was used by Oak Ridge 
National Laboratory researchers 
in collaboration with other 
scientists in the National Acid 
Precipitation Assessment 
Program to assess the sensitivity 
of the chemistry and biology of 
lakes and streams to hypoth- 
esized changes in sulfate 
deposition over the next 50 
years. The analyses focused on 
the projected effects of the 
magnitude and timing of 
changes in sulfate deposition in 
the northeastern United States, 
the Mid-Appalachian High- 
lands, and the Southern Blue 
Ridge Province. 

The sensitivity‘of water 
chemistry and brook trout 
resources to the hypothesized 
changes in deposition was 
found to be greatest in the 
Adirondacks of New York and 

Deposition 
.- 

Adirondacks (14%) 
=? (a) 
0- 

%, 30- 
0 
V Mid-Atlantic Highland 

f .- 
5 

New England (0.5%) 
a /. / Mid-Atlantic Highland 

Lakes (4%) 

“V 

(4 
Mid-Atlantic Highland 

Q, 40- Streams (8%) 
3 
((I c .- 

30- 
Adirondacks (13%) 

Mid-Atlantic Highland 
Lakes (7%) 

New England (0.2%) 

Median Change in Sulfur Deposition (kg/ha/yr) 
a 

E 
3 
4.. s 20- 
2 
n Q, 

10 - 

0 
-1 2 -8 -4 0 ’ 4  

(a) Percent of modeled target population in each subregion with 
ANC c 0 pq 1iter”afer 50 years, based on MAGIC projections. 

(b) Percent of waters potentially supporting brook trout projected 
to become unsuitable for brook trout becausgof changes. in acid- 

- .  

? 

base chemistry versus median change in sulfur deposition for each 
deposition scenario (-50, -30, -20,0,‘ i-20, +30%) and subregion. 
Values in parentheses after the region name indicate the simulated 
conditions at the start of the 50-year projection. 

the Mid-Appalachian High- 
lands. Several chemical and 
biological models, field 
observations, and 
paleolimnological findings were 
used to evaluate uncertainty in 
the projections. 

The findings of these studies 
were used as input by the 
administration and by Congress 
in the formulation of the 1990 
Clean Air Act Amendments. 

Turner, R. S., P. F. Ryan, D. R. Marmorek, IC. W. Thornton, T. J. Sullivan, J. P. Baker, S. W. Christensen, 
and M. 3. Sale. 1992. Sensitivity to change for low-ANC eastem.U.S. lakes and streams and brook trout 
populations under alternative sulfate deposition scenarios. Environmental Pollution 77:269-277. I 
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Comparison of the ILWAS, MAGIC, and ETD 
' Watershed Acidification Models 

1 1 1 1 1 1 1 1 1 1 1  .'.I 1.' ' 100 
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80-  
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~> .. .;. .+ .. 
#p*- . 

- 9 -  
-20 

0 - ,  I ,d, I , ,  , , ;, , , , ,- . 
-311 

, , , , , ) , , 1 1 , 1  I I , ,  , , I  

ILWAS . .' .-. . . A:-. . 
%- * *  -0,. - . .  . . s.0. 
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" " " " ' 1 " 1 " " "  

In this study, investigator bias 
was eliminated and Monte 
Carlo uncertainty analysis 
applied to three commonly used 
watershed acidification models: 
the Integrated Lake-Watershed 
Acidification Study QWAS), 
the Model of Acidification of 
Groundwater in Catchment 
(IkAGIC), and the Enhanced 
Trickle-Down (ETD), Model 
forecasts of the acid-neutraliz- 
ing capacity (ANC) of lakes 
under increased acidification 
scenarios were similar when 
predictions were viewed on a 
relative scale (e.g., changes in 
ANC), but differed when 
viewed on a absolute scale 
(e,g., number of lakes with 
ANC less than some value). 

(a) Small watershed with thin soil. (b) Large watershed 
with thick-soil. , . ,  

Confidence levels in model 
forecasts can be improved by 
.comparing predictions from 

multiple models. If the models 
are based on sufficiently 
different hypotheses but single model. 

' predictions agree, then there 

may be a higher confidence 
than in predictions from any 

Rose, K. A., R. B. Cook, A:L. Brenkert, R. H. GMneriand J.-P..Hettelingh: 1991. Systekatic 
comparison of ILWAS, MAGIC, a n d m  watershed acidification models; 1. Mapping among model 
inputs and detekninistic results. Water Resources Research:27;2577-2603. 

comparison 

Cook, R;-B., K. A;Rose, A. L; Brenkert, and P. F. Ry&:l992, Systematiccomparison of ILWAS, 
MAGIC, and ETD ,watershed acidification models: 3. ANC maks balance budgets. Environmental 
Pollution 77~235-242. ' 

4.7 



Addressing Policy Concerns Related to 
Acid Deposition 

StatutelCase 

Clean Air Act secondary 
SO2 standards 

Clean Water Act water 
quality standards 

NEPNHanley v. Kleindienst, 
471 E 2 d  823 (1972) 

CERCLA Hazard 
Ranking System 

Context for Assessment 
of Ecological Effects 

Effects on vegetation 

Impacts to designated uses . 

“Significanr environmental and 
ecological impacts 

Threshold score represent[ng 
the source, likelihood of release, 
waste characteristics, 
and targets 

“adverse ecological effects. ’’ 

What precedents exist in 
environmental laws and 
regulations for determining that 
an adverse ecological effect has 
occurred? 

To meet assessment mandates 
of the Clean Air Act Amend- 
ments, the National Acid 
Precipitation Assessment 
Program (NApAp) draws upon 

~~ 

. Factors for Assessment 
of Ecological Effects 

Physiological and biochemical , 
changes; foliar injury; reduced 
growth and yield; changes in 
species diversity 

Overallhealth effects on 
plankton, fish, shellfish, wildlife; 
concentration and dispersal of, 
pollutants as they affect 
biological community diversity, 
productivity, and stabi l i i  

Comparison of effeits of 
proposed action with existing 
conditions; impacts to 
endangered species and 
significant scientific resources 

Toxicity, persistence, and 
bioaccumulation potential of 
released substance; sensitive 
environments rating; presence 
of wetland 

more than a decade of research 
on the potential terrestrial and 
aquatic effects of acid deposi- 
tion. One mandate is to assess 
and report to Congress on the 
relationship between reductions 
in acid deposition i d  the 
prevention of adverse ecologi- 
cal effects. 

Effective reporting of NAPAP’s 
findings will depend on a clear 
explanation and definition of 

“adverse ecological effects.” 
Several interpretations of the 
term were found in existing 
environmental case law, 
legislation, and regulatory 
programs. Each interpretation 
provides a context and factors 
for assessment. Consideration 
of these contexts and factors is a 
starting point for NAPAP’s 
interagency communications 
and reporting on the adverse 
ecological effects question. 

Ramsey, W. H., P. M. OConnell, and C. F. Baes, III. 1994. The interpretation of adverse ecologicd effects 
under various environmental statutes. Journal of Environmental Regulation. John Wiley & Sons, Inc. 
Vol. 4, NO. 2,87-98. 

Ramsey, W. H., P. M. OConnell, J. S. Fackenthal, C. G. Heckman, and C. F. Baes, III. 1993. Regulatoj’za f 

-j legal interpretations of adverse ecological effects. Prepared by Oak Ridge National Laboratory for fie - __ 
National Acid Precipitation Assessment Program. 
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Policy Relevance in the‘Acid Deposition 
Tracking and Analysis Framework 

Integration 

Key Issue 
Criteria Outreach Protocol 

The TAF can be used as a tool to aid decision makers’ analyses. . 

How can the Tracking and 
Analysis Framework (TAF) ’ 

meet decision makers’ needs? 

TAF is a tool to aid decision 
makers’ analyses of the dynam- 
ics, effects, and social and 

. economic consequences of acid 
deposition. Integrated assess- 
ment using TAP is therefore 
driven by environmental policy 
issues, concerns, and decisions 

that“span a wide range of 
organizationd and individual 
stakeholders. 

To ensure that TAF supports 
priority policy concerns that are 
timely and appropriately 
addressed by a rduced-form 
model, “integrating” mecha- 
xiisms are proposed. 

. .  

These mechanisms include the 
identification of stakeholders 
and their priority issues; 
consideration of TAF’s capabili- 
ties as compared to h e  context, 
scope, and timing of the 
stakeholder issue; and a 
m e w o r k  for dialogue 
between decision makers and 
the modeling community. 

Turner, R. S., W; H. h e y ,  and P. F. Ryan. 1995. Integrated assessment: Lessons learned from the 
National Acid Precipitation Assessment Program. First International Conference on Multiple Objective 
Decision Support Systems for Land, Water, and Environmental Management: Concepts, Approaches, 

Honolulu, July 23-29,1995 (submitted). 
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Open Systems for the Tracking and Analysis 
Framework 

.. , 

. .  . .  
Answersto - ’ . 

Infomation - I - 

. .  

Net-ElA 
. TAF . .  

Estimates, 
Forecasts . .  Knowledge, 

Advice,’Opinions 
Quantitative 

Models 

Human 
Resources 

Access to National Infomtion Infrastructure resources should benefit the TAF. 

I -  I 

Can a Network-Based Environ- 
mental Integrated Analysis 
(Net-EIA) system be used to 

structure problems within the 
Tracking and Analysis Frame- 

TAF was developed specifically 
for the National Acid Precipita- 
tion AssessmentProgram 
(Nmw. I using databases and models 

potential utility of the proposed ’ 

Net-EIA tool. It is anticipated 
that the ability of accessing and 

allow policy analysts to 

: . throughcomputernetwork , ’ 

The objective of this &k is to. , communkation will, effectively. 
design and.develop a small- benefit the TAI?. ~ 

sc$e, proof-of-concept ~, . 

prototype to demonstrate the. 

. ,  work (TAFi)?-How can the . I  

resources available over the , . -  

National Information Mastruc- 
ture be utilized to enhance 
the TAF? 

‘ . .  . 

. .  

TOM, B., H.-L. Hwangi and R. Goeltz. 1995:Andysis~ofNNAPAp open-system-hework. OaIfrjidge . 
National Laboratory, Oak Ridge, Tenn. (in preparation). 

. ,  I I \  
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Environmental Assessment of Hydroelectric 
Development in the Upper Ohio River Basin 

I '4 WQ Standard t 
No Hydro 

0 2 4 6 8 1 0 1 2  
River 

- WQ Standard 

t Proiects A and B I 
0 2 4 6 8 1 0 1 2  

Mile 
1-11 Original DO Profile - Predicted DO Profile Impact Zone 

Example of cumulative impacts of dissolved oxygen caused by hydroelectric 
development, reduced spillages, and reduced aeration at dams. 

What are the cumulative 
environmental impacts associ- 
ated with developing hydro- 
power projects at19 existing 
dams in the upper Ohio 
River basin? 

An environmental impact 
statement was prepared that 

analyzed both the site-specific 
and cumulative impacts of 
hydropower projects that would 
occur to critical environmental 
resources along a 500--dle 
reach of the upper Ohio River 
-basin. Alternatives included a 
rapge of power production and 
environmental protection 
measures. 

Dissolved oxygen concentra- 
~ tions were modeled along the 
entire reach of the river as a 
basis for evaluating impacts to 
fisheries and related recre- 
ational resources. A trade-off 
analysis found that, with 
mitigation, 78% of the proposed 
power could be generated with 
only minor environmental 
impacts occurring. 

Federal Enerm Remlatory Commission. 1988. Hydroelectric development in the Ohio River Basin. 
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Environmental Assessment of Constructing 
a Scenic Parkway 

Field studies were conducted to detennine w@t environmental resources were at risk in 
completing a segment of the Foothills Parkway in Tennessee. 

What are the environmental 
resources at risk in constructing 
and operating a scenic 
parkway? 

. > ,  

Field studies of geology, soils, . . The assessment found that. 
ecological &sources, soiio-. 

. _ .  
'- . pott+i$l$ Hignificant jmiacts 

economics, aesthetics, air and 
water quality, and traffic were 
conducted along a 1OOO-ft . 
comdor to determine the 
environmental consequences of 
completing a 10-mile segxient 
of the Foothills Parkway in the 
Great Smo$ Mountains 
National Park in Tennessee. 

'result from slope @stability -and I 
, . ha$itat loss for a variety of . 

.aquatic ind terfestrial species. 
1 Mitigation meaiures wire 

- : recomkended-to k i m i z e  such 
impacts: The National Ppk. . 

, Sehiceised this envgonmental 
report is a basis for its environ- 
.mental-  pact statement on the 
proposed project. ' - 

. . 

. .  

Oak Ridge National Laboratory. 1992. Environmental report, proposed construction and operation of 
segment 8D of the Foothills Parkway. Oak Ridge National Laboratory, Oak Ridge, Tern. I 
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Environmental vs Socioeconomic Trade-offs 
in Water Resources Development 

Annualized Cost ' (millions of dollars) 
40 . 20 

California Department 
of Fish and Game 

, .  

East Bay Municipal 
Utility District 

US. Fish and Wildlife Service 

Oak Ridge National Lab0 

' 0  100 200 
Integrated Fish Habitat Score 

0 Migration UI Spawning 0 Rearing H'Aggregate 

Oak Ridge National Laboratory analysis ident@es a minimum flow regime that yields 
high habitat availability forfish in a California stream a ta  low cost to water suppliers. 

Can the needs of the anadro- 
mous salmon population that 
uses the Mokelumne River for 
spawning and rearing be met if 
the water demand of the many 
human users of this river is 
sustained? 

A hydrologic assessment of the 
Mokelumne River, an economic 
assessment of human demands, 
and a biological assessment of 
the fishery to determine 
minimum instream flow 
requirements at a federally 
licensed hydropower dam were 
combined. The analysis 
identified minimum flow 
requirements from the dam that 

would minimize water supply 
impacts and maximize the 
habitat available for the salmon. 
The Oak Ridge National 
Laboratory alternative compares 
well with alternatives developed 
by the U.S. Fish and Wildlife 
Service, the California Depart- 
ment of Fish and Game, and the 
East Bay Municipal Utility 
District. 

Federal Energy-Regulatory Commission (FERC). 1993. Final environmental impact statement, proposed 
modifications to the lower Mokelumne River Project, California. FERC Project No. 2916-004. Division 
of Project Compliance and Ad~nistration, Federal Energy Regulatory Commission, Washington, D.C. 
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Relationships between Landscape Structure 
and Water Quality 

Landscape patterns can be'calculated from land-use data such as this image from the . 
Appalachian Mountains. 

How does landscape structure- 
influence ecosystem function? 

An understanding of the. 
influence of landscape shchke  
is critical for effective land-use . ~ &proved the researchers' 
management and environmental - -  abilityito analyze iandscape 
policy development. I .  ., pattems- for -large.geo@aphic 

' - areas And contributed to'a ,-, 
Land use is a good indcator of- customized geographic idorria- 
risk to water quality from. , tion system available'on. the , 

surface nmo,ff-the proportion . , Internet. ,. 
of landscape in a land-use type; 

-and the.dominance @d contigu- 
-ityoof bat type. Thi's reseakh 

. .  . .  

. ,  ._ , 
~ I -  

- .  , - .  . ,  

. .  
Hunsaker, C. T., D. A. Levine, S. P. Ti&s,B. L. Jackson, and R. V.-ONeiil. ,1992. Landscape 
characterization for assessing regional water quality. hD.  McKenzie, E. Hyatt.&dJ.'McDonald (eds), 
Ecological Indicators. Elsevier Applied Science Publishers, N.Y. - 
Hunsaker, C. T. and D. A. Levine. 1995. Hierarchical approaches to theatudy of water'quality inrivers. 
Bioscience 45(3): 193-203. 

, . 
' 
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Assessing Impacts to Forests 

I 
TIME 

. Models at different levels of biological organization can be used to assess the impacts 
of climate change on forests. . 

What models can address the 
impacts ofclimate chyge on 
forests? 

Models for addressing the 
impacts of climate changes in 
forests exist at different levels 
of biological organization: 
global, regional, landscape, 
community, and individual tree. 
No one model can address all 
impacts, but landscape transi- 
tion models and regional 

vegetation and land-use models 
have been used to consider more 
impacts than the other-models. 

The development of landscape 
vegetation dynamics models of 
functional groups is suggested 
as a means to integrate the 
theory of both landscape . 

ecology and individual tree 
responses to climate change. 
Risk assessment methodologies 
can be adapted to deal with the 
impacts of climate change at 

various spatial and temporal 
scales. 

Four areas of research needing 
additional effort are identified: 
(1) linking socioeconomic and 
ecologic models, (2) interfacing 
forest models at different scales, 
(3) obtaining data on suscepti- 
bility of trees and forest to 
changes in climate and 
disturbance regimes, and 
(4) relating information from 
different scales. 

Dale, V. H. and H. M. Rauscher. 1994. Assessing impacts of climate change on forests: The state of 
biological modeling. Climatic Change (in press). ' I  
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Regional Impacts of Forest Growth Decline 

What are thelong-term and 
large-scale effects of observed 
changes in tree growth? 

Model projections of 60 yean 
of unmanaged and managed 
forest growth for Vermont show 
few differences in total volume 
attributable to individual 
species' growth rate changes. 
However, shifts in size and age 
structure of species did occur, 
with the sugar maple being 
particularly susceptible. Thus, 
the economic analysis of effects 
of tree growth changes must 
include species-specific 
differences. 

a 

South-& 

./ of Vemjont 

This map of V e h n t  shows-the 'jnujorforest 0pes.and the three 
climactic divisions: ( B e e i o n  Kingsley; N. P. 1977.. The forest ' 
resources of V e m n t .  U.S..;Depa$aizent of Agriculture Forest 
Service Bulletin,NE-46. Northeast Forest Experimental Station, 
Upper Darby,*Penii) 

. .  

. .  

~- 
Dale, V. H. an R. H. Gardner. 1 87,Assessing re&ond impacts oegrowth declines using a forest 
succession model. Journal of Environmental Management 24:83-93. 

Dale, V. H., H. I. Jager, R. H. Gardner, and A. E. Rosen. 1988. Ushg SensitiviG and uncemhty analysis to'. 
improve predictions of broad-scale forest.development: Ecological Modelirig 42165-178. 

, . ' 

. I .  

, - 

, ,  
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of Mercury in a Forest 
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The atmosphere/sui$ace exchange of mercury (Hg). 

How does dry deposition 
contribute to the atmosphere/ 
surface exchange of mercury in 
a forest, and could it be signifi- 
cant in the global metal cycle? 

Wet deposition alone cannot 
account for all the mercury 
apparently accumulating in 
lakes in forested watersheds. 

The atmospheric concentration 
of mercury vapor is strongly 
related to air temperature, 

suggesting the importance of 
surface soil emissions. A 
similar relationship exists 
between the dry deposition of 
mercury and air temperature; 
modeled dry deposition 
velocities increase with tem- 
perature because of the strong 

physiological control over the 
mesophyll pathway for uptake 
of mercury. 

Dry deposition may be the 
dominant input process in a 
forest during the summer. 

A general increase in global 
temperature would have 
profound implications for the 
global biogeochemical cycle of 
mercury, possibly resulting in 
increased rates of transfer of 
mercury from the geosphere to 
the biosphere. 

Lindberg, S. E., T. P. Meyers, G. E. Taylor, R. R. Turner, and W. H. Schroeder. 1992. Atmosphedsurface 
exchange of mercury in a forest: Results of modeling and gradient approaches. Journal of Geophysics 
Research 97:2519-28. 
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Effects of Balloon Operations in Antarctica 
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Approximate landing sites of 91 rawinsondes launched from McMurdo Station between 
February 1 and October 29,1991 filled circles); and known landing sites of 12 high-value 
ozonesondes launched during August, September, and October 1992 (+). 

Does the fate of research 
balloons in Antarctica constitute 
a significant impact on the 
environment? 

Scientists at Oak Ridge 
National Laboratory evaluated 
potential effects of balloon 
operations by the U.S. Antarctic 
Program. They found that in 
one important respect there may 
be a real environmental concern 
regarding the use of balloons 
in Antarctica. 

The cumulative annual releases 
of balloons from all stations in 
the Antarctic probably number 
in the thousands. Because many 
of the world’s great whales, all 
of which are endangered, 
frequent Antarctic waters, they 
are susceptible to the ingestion 
of plastic and other synthetic 
materials that are present. A 
simple model was developed to 
predict the frequency of 
encounters with balloons on 
individual and population bases. 

Although the inadequacy of 
currently available data dictated 
the use of several conservative 
assumptions, the resulting 
whalehalloon encounter 
frequencies were so high (in the 
thousands per year in some 
scenarios), that application of 
even very low fatality-to- 
encounter ratios resulted in 
predictions of losses of these 
endangered animals. 

McCold, L. N., G. K. Eddlemon, and T. J. Bluing. 1994. Environmental effects of the U.S. Antarctic 
Program’s use of balloons in Antarctica. Oak Ridge National Laboratory, Oak Ridge, TeM. (in preparation). I 
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Potential Vulnerability.of Renewable Energy 
Systems to Climate Change 

In what ways might climate 
change affect renewable energy 
systems? Do any of these types 
of changes look important 
enough to warrant additional 
analysis? 

Climate change can affect the 
renewable energy resource 
itself, the equipment used to 
capture it, or the value that 
society places on energy yields 
relative to other uses of renew- 
able resources. A review of 
technology descriptions &d 
operating experience revealed 
that climate change could re- 
duce or in some cases increase 
energy yields from equipment 
installed before the change. 
Estimating the magnitude and 
type of change for each renew- 
able energy system would 
require examining specific 
climate change scenarios. 

Climate. change could potentially affect the wgnitude of the 
resource available (increased cloudiness could affect the use of 
solar collectors such as this one in Amman, Jordan) as well as the 
feasibility of using the resource (changes in predominant wind 
directions could affect these wind energy systems in Southpoint, 
Hawaii, because of theirfied orientation). 

Hillsman, E. L. and C. H. Petrich. 1995. Potential yulnerability of renewable energy systems to climate 
change. ORNL-6802. Prepared for U.S. Department of Energy Officeof Environmental Analysis. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. (in revislon). I 
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Ap p I i ca t i ons. of Renewa b I e Energy 0 p t i ons 
in Developing Countries 

~~~ ~~~ 

Institutional form 

Jlultilateral governmental 
cooperation: 

- Existing 

- New 

3i1atkra1 governmental 
cooperation 

Jongovernmental cooperation: 

.- Private sector, including 
parastatals 

-Technical 

- Other nongovernmental 
organizations 

Main advantanes ~ 

Convenience 
Credibility 

Focus 

Control 
Focus 

Avoidance of formalities 
Focus on main actors 
Network development- ’ 

Avoidance of formalities 
Flexibility 
Quickness of response 
Network development 

Avoidance of formalities 
Network development 

Main disadvantages 

Lack of control 
Lack of flexibility 
Formalities of official action 

Proliferation of organizations 
Complicated process for 
creation 

Lack of hemispheric reach 
Lack of broader multilateral 

Formalities of official action 
context 

May be policy-insensitive 
Questions about motives 
Limited control 

Only direct control 
May have less policy content 

May be policy-insensitive 
Limited control 

Different institutional structures have different advantages and disadvantages. 

How can the use of renewable 
energy resources and technolo- 
gies be promoted in developing 
countries without creating more 
development process costs? 

Renewable energy options 
should be selected and imple- 
mented in ways that make 
sense in terms of a country’s 
local market conditions and 
institutional structures. 

on an integrated approach to 
their development and use. 
Biomass is the renewable 
energy option that indicates 
the largest gap between 
potential usage and current 
levels of attention. 

The feasibility of renewable 
energy options often depends 

Jones, H. M., et al. 1988. Energy Efficient Stoves in Africa: An Assessment of the Kenya Ceramic Jiko 
(Stove) Program. 

Perlack, R. D., J. Ranney, and M. Russell. 1991. Biomass energy development in Y U M ~  Province, China: 
Preliminary evaluation. Ow-11791. Oak Ridge National Laboratoly, Oak Ridge, Tenn. 
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Environmental Effects of Whole-Tree 
Timber Harvesting 
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Net hydrologic losses for 
nitrogen, potassium, and 
calcium are shown forfive 
years after whole-tree 
harvesting (WTH) and saw- 
log-only harvesting (SAW). 

rainwater leaching through the 
soil. Most of these nutrients 

can be replaced by weathering 

What are the effects of different 
intensities of forest harvest on 
nutrients and regrowing forests? 

from soil minerals and from 
rainwater. In 11 forest stands 
throughout the United States, 
regardless of the intensity of 
forest harvest, the quantity of 

Timber harvest removes 
nutrients from forests in wood 

nutrients lost from the site by 
soil erosion or rainwater 
leaching was small compared to 

amounts removed in harvested 
wood. Nutrients removed in 
harvested wood were poten- 
tially large enough to reduce 
subsequent forest growth at 
some sites. 

Mann, L. K., D. W. Johnson, D. C. West, D. W. Cole, J. W. Hombeck, C. W. Martin, H. Riekerk, 
C. T. Smith, W. T. Swank, L. M. Tritton, and D. H. Van Lear. 1988. Effects of whole-tree and stem- 
only clear-cutting on postharvest hydrologic losses, nutrient capital, and site productivity. 
Forest Science 34(2):412428. I 
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Potential Supply and Cost of Biomass from 
Energy Crops in the TVA Region 
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' TVA region-wide supply curves for SRWC wood feedstock in units of energy 
(MBtu) and assuming current yield and 25% increased yield. 

Is the Tennessee Valley 
Authority (TVA) land base 
capable of supplying sufficient 
biomass from energy crops? 
Would the price of this biomass 
be sufficient to provide a viable 
alternative to coal at existing 
TVA coal-fired power plants? 

The study included a 276- 
county region that included all 
the TVA service region. The 
model of energy crop price and 

supply used in this analysis is 
based on the assumption that 
farmer-producers would convert 
their agricultural land to 
biomass production when the 

profit received from producing Results showed that current 
biomass would meet or exceed , land use patterns, soil quality 
their current profit -margins 
received from producing 
conventional agricultural crops 
or using their land for pasture. 

From this break-even analysis, 
two biomass supply curves for 
switchgrass (an herbaceous 
energy crop) and short-rotation 
woody crops (SRWC) were 
produced. These curves showed 
the price that farmers would 
need to receive for different 
levels of produced energy 
crops. County-level maps 
showed the spatial distribution 
of quantities of potential energy 
crops and their prices. 

differences, agricultural and 
energy crop production costs, 
and soil-specific yields strongly 
influenced potential energy crop 
production.distribution, 
quantities, and prices in this 
area. Agricultural land in the 
TVA region could potentially 
supply 18 gigawatts if wood 
was the sole fuel and 30 
gigawatts if switchgrass was the 
sole fuel. A farmgate price of 
$40 to $50 per ton of wood or 
$35 to $45 per ton for switch- 

grass would be needed to ensure 
landowners of profits commen- 
surate with current land use. 

, Downing, M. and R. L. Gm@n.-1993. Evaluating a biomass resource: The TVA region-wide biomass 
resource assessment model. pp. 54-66. In Proceedings of the First Biomass Conferenceof the Americas, 
Vol. I. National Renewable Energy Laboratory, Golden, Co. I 
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Renewable Biomass Energy: Understanding 
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Relative shifts in evapotranspiration, erosion, nitrate in runofi and phosphorous fertilizer 
applications are shown with increasing acreage in switchgrass production. Each line 
represents a single subregion. 

What are the environmental 
implications of converting 
millions of acres of farmland to 
production of biomass energy? 
What kinds of models will be 
most useful in predicting 
environmental changes induced 
by energy crop production? 

Probable environmental effects 
of growing energy crops are 
examined at a regional scale. 

The approach takes into account 
both economic and environmen- 
tal factors. The approach is to 
analyze, at a county level, the 
probable impact of switchgrass 
production on erosion, evapo- 
transpiration, nitrate in runoff, 
and phosphorous fertilizer in 
two multi-county subregions 
within the Tennessee Valley 
Authority (TVA) service region. 

Results show that the adoption 
of switchgrass production will 
have different impacts in each 
subregion as a result of differ- 
ence in the initial land use and 

soil conditions in the subre- 
gions. Erosion, evapotranspira- 
tion, and nitrate in runoff are 
projected to decrease in both 
subregions as switchgrass 
displaces the current crops. 
Phosphorous fertilizer applica- 
tions are likely to increase in 
one subregion and decrease in 
the other because of initial 
differences in the types of 
conventional crops grown in 
each subregion. Overall, these 
changes portend an improve- 
ment in water quality in the 
subregions with the increasing 
adoption of switchgrass. 

Graham, R. and M. Downing. 1993. Renewable biomass energy: Understanding regional scale 
environmental impacts. pp. 1566-1581. In Proceedings of the First Biomass Conference of the Americas. 
Vol. II. National Renewable Energy Laboratory, Golden, Co. 
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Supply of Short Rotation Woody Crop Biomass 
to the Watts Bar Power Facility 

What might be a good case 1 

study model to evaluate the 
potential of short rotation 
woody crops as a fuel source in 
the Watts Bar facility location 
in eastern Tennessee? What are 
restrictions on resources 
surrounding the plant as defined 
in terms of supply, price, 
transportation costs, and land 
availability? Are there impor- 
tant environmental impacts 

because of land conversion in 
this area? 

-Current Production Technology With Commodity Programs 
- Current Production Technology Without Commodity Programs 
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Watts Bar cost supply curves show the efect of 
commodity programs. 

A regional linear programming 
model was developed for this 
study that includes the variables 
in the questions above. The 
model incorporates current 
agricultural possibilities in the 
region along with the proposed 
short rotation woody crop 
production. Environmental 
issues including erosion, 
chemical usage, and potential 
leaching are also incorporated 
within the modeling framework. 

Output from the model provides 
information on where h d  what 
types of land should move from 
current agricultural land use to - 

biomass production. 

Further analysis was conducted 
by comparing scenarios with a 
300,000-ton per year biomass 
constraint production require- 
ment. The analysis demon- 
strates a methodology that has 
the potential of addressing 

regional or local concerns with 
respect to biomass supply. It 
demonstrates the potential in 
supplying power conversion 
facilities of alternative sizes. 
"he methodology can provide 
environmental impacts of the 
changes likely to occur to the 
landscape surrounding the 
facility. 

Alexander, R., B. English, M. Bhat, and R. Graham. 1993. Evaluating the economics of biomass energy 
production in the Watts Bar region. pp. 272-277. In  Proceedings of the First Biomass Conference of the 
Americas, Vol. I. National Renewable Energy Laboratory, Golden, Co. 

Graham, R. L., B. C. English, R. R. Alexander, and M. G. Bhat. 1992. Biomass fuel costs predicted for 
east Tennessee power plant. Biologue 10(1):23-26. I 5.7 



Integrated Biomass Energy Systems 
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An integrated biomass energy system shows the complex evaluation and implementation issues. 

What are the evaluation and 
implementation issues associ- 
ated with integrated biomass 
production and conversion 
systems as a greenhouse gas 
mitigationoption? 

Biomass power systems are a 
potentially important option not 
only for satisfying power needs 
in both industrialized and 
developing countries, but also 
for their global and local 
environmental benefits. 

Biomass power syitems can 
reduce the rate of CO, buildup 
in the atmosphere by sequester- 
ing carbon and by substituting 
for fossil fuels. When feed- 
stocks are grown renewably, 
biomass contributes no net 
buildup of atmospheric carbon. 
Locally, biomass plantations 
can reduce demands on existing 
forests, lessen soil erosion, 
provide a means to restore 
degraded lands, and when 
combusted offset emissions and 
local impacts from fossil-fired 
power generation (e.g., SO, 
and NOx). 

The evaluation and implementa- 
tion of integrated biomass 
systems are exceedingly 
complex. Many of the outputs 
require the use of specialized 
valuation procedures. However, 
the procedures for quantifying 
and valuing plantation benefits 
are at best difficult, and data are 
usually lacking. Oak Ridge 
National Laboratory is currently 
involved in a project in South- 
west China to value nonpower 
benefits and to aid in the imple- 
mentation of actual projects. 

Perlack, R. D. and J. W. Ranney. 1993. Integrated biomass energy systems in developing countries: 
Yunnan, China. In Proceedings of the First Biomass Conference of the Americas. National Renewable 
Energy Laboratory, Golden, Co. 

Perlack, R. D., J. W. Ranney, and M. Russell. 1991. Biomass energy development in Yunnan Province, 
China: Preliminary evaluation. O m - 1  1791. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Legislative. Benefits at New Dams 
and Diversions 

Undeveloped hydroelectric projects at undeveloped new dams and diversions 
potentially affected by the Electric Consumers Protection Act of I986 (ECPA). 

How should legislative man- 
dates for economic incentives 
and environmental constraints 
be integrated to optimize energy 
production while adequately 
protecting environmental 

' resources? 

The effects of legislative ' 

mandates for economic 
incentives and environmentd 

constraints on potential hydro- 
power energy projects requiring 
new dams or diversions were 
evaluated. Available regional 
information on fish, wildlife, 
and recreation was used to 
screen effects under several . 
alternative scenarios. 

Economic analysis showed that 
legislative benefits would 
indeed provide economic 

incentives that would increase 

-. 

the amount of development. 
Environmental analysis 
suggested that providing full 
benefits without environmental 
constraints could permit 
potentially severe impacts to 
important and limited resources 
to occur. Providing benefits 
while maintaining legislated 
environmental constraints 
would allow moderate develop- 
ment and avoid the most serious 

environmental effects. 

Federal Energy Regulatory Commission. 1988. Final staff report, evaluating environmental and 
economic effects. Docket No. EL87-9. Prepared by Oak Ridge National Laboratory. Office of 
Hydropower Licensing, Washington, D.C. 
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Envi ron m e 81 t a I Assessment of Mu It i p I e Sma I I 
Hydropower D eve I op m en t 

What are the basin-wide 
environmental impacts associ- 
ated with multiple hydropower 
project developments in 
an area where water resources 
are already highly developed 
and stressed? 

An environmental impact 
statement was prepared to 
evaluate the impacts of the 
proposed development of seven 
hydropower projects in the 
Owens River Basin, California. 

The assessment of cumulative 
impacts focused on resident 

trout, riparian vegetation, 
aesthetics, recreation, and the 
local economy. The impacts to 
these resources were quantified 
to the extent possible, and each 
project was ranked in terms of 
severity of impacts. 

Location of the Owens River Basin and Bishop, California 

The study found that develop- 
ment of the seven projects 
would result in significant 
cumulative environmental levels of environmental 
impacts and recommended that, impacts. 

with appropriate mitigation, ~ 

only four of the projects could 
be developed with acceptable 

Federal Energy Regulatory Commission. 1986. Final environmental impact statement, Owens River 
Basin, seven hydroelectric projects, California. FERC/EIS-OMl. Office of Hydropower Licensing, 
Washington, D.C. I 



Actual vs Predicted Effects 

i 

of Fuel Ethanol Projects 

How well do integrated 
environmental assessments 
identify and evaluate the effects, 
of proposed projects on the 
human environment? 

Few follow-up studies have 
been conducted on National. 
Environmental Policy Act 
(NEPA) assessments to 
determine if predictions of 
impacts and effectiveness of 
mitigation were adequate. Oak 
Ridge National Laboratory 
researchers conducted a 
retrospective examination of the 
predicted and actual environ- 
mental effeck of three ethanol 
fuel projects for the U.S. 
Department of Energy (DOE). 

Using reviews and analyses 
of existing data, interviews with 
project and government 
personnel, and inspections of 
completed projects and their 
environs, the study largely 
found that impact analyses 
adequately addressed 'theissues 
of importance. 
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A few adverse effects, however, 
were either not identified at all 
(e.g., odor problems) or were 
not accurately assessed 
(e.g., adverse effects of waste- 
waters on a municipal treatment 
plant). Generally, these defi- 
ciencies can be attributed to 

(1) significant differences 
between project design and the 
project as constructed, 
(2) inaccurate source terms; 
(3) faiIure to implement planned 
mitigation; and (4) unexpected 
external environmental changes 
independent of the project. 

Eddlemon, G. K.. J. W. Webb, D. B. Hunsaker, Jr., and R. L. Miller. 1993. Actual versus predicted 
impacts of three ethanol plants on aquatic and terrestrial resources. In Current and Future Priorities for 
Environmental Management. fioceedings of the National Association of Environmental Professionals 
18th Annual Conference, Raleigh, N.C., May 2626,1993. 

Hunsaker, D. B. Jr., G. K.,Eddlemon, R. L. Miller, J. W. Webb. 1989. A NEPA follow-up study of DOE 
loan guarantee fuel ethanol plants. ORNLKF-89/81. Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 
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Theory of Ecological Risk Assessment 

4 . HAZARD DEFINITION :-----I F h - 4  DESCRIBE 14-4, OBTAIN 11 
! ENDPOINTS ---- ENVIRONMENT ----- SOURCE TERMS 

I 
I 
I 
I 
I 
I *--------------- 
I ASSESSMENT ASSESSMENT 
I I 

Paradigm for ecological risk assessment 

What is an appropriate theory of 
ecological risk assessment and 
how should ecological risk 
assessments be performed in 
practice? 

Ecological risk assessment is a 
new field that arose in the 
1980s. Regulators needed 
something equivalent to human 
health risk assessments for use 
in making environmental 
decisions. The staff of the 
Environmental Sciences 
Division of Oak Ridge National 
Laboratory worked through the 
1980s to develop an appropriate 
theory of ecological risk. 

The ecological risk paradigm 
developed is based on the 
paradigm for human health risk 
assessment but incorporates the 

greater complexiv of ecological 
systems. In particular it recog- 
nizes that ecological risk 
assessments must identify 
endpoints from among the array 
of properties of various 
populations, communities, and 
ecosystems. It recognizes that 
the scale and structure of the 
receiving environment are 
critical to assessment of 
ecological risks. It also recog- 
nizes the ecological risks are 
likely to involve indirect effects 
and changes in habitats as well 
as the direct toxic effects. 

Suter, G. W. 1993. Ecologicd Risk Assessment. Lewis Publishers, Boca Raton, Ha. I 
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Environmental Risk Analysis-Integrated 
Assessments 

of Toxicant 

Frequency Distribution' 
of Effects 

A schematic illustration shows the flow of information leadingporn laboratory data to 
an estimation of risk expressed as a frequency distribution of effects. 

Can environmental risk analysis 
be made a routine part of 
integrated assessments? 

I I  

Codes exist to integrate 
laboratory toxicological data 
with ah aquatic ecosystem 
model, the Standard Water 
Column Model (SWACOM), 
and calculate risk to biota. 
The approach is being routinely 
applied to environmental 
problems. 

O'Neill, R. V.;R. H. Gardner, L. W. Barnthouse, G. W. Suter, S. G. Hildebrand, and C. W. Gehrs. 
1982. Ecosystem risk &lysis: A new methodology. Journal of Environmental Toxicology and 
Chemistry 1:167-177. 

Bartell, S; M., R. H. Gardner, iind R. V. O'Neill. 1992. Ecological Risk Estimation. Lewis 
Publishers, Ann Arbor, Mich. 
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Integrated Assessment-Model in a Risk 
Framework 
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Monte-Carlo-generatedfrequency distribution of the dose-equivalent to the 
thyroid gland of infants (redyr) from ingestion of radioiodine-131-contaminated 
milk Values were predicted from an atmospheric dispersion, food chain, and 
glandular dose model (Table 1 in reference) with statistical properties of the 
parameters described in Table 2 (see reference). Dose calculations are based on 
a f i e d  arbitrary release of 1 CUyr and constant wind direction. 

How can integrated assessment 
models be placed into a risk 
framework? 

A regional scale model for 
atmosphere and foodchain 
transport of radioiodine was 
integrated with Monte Carlo 
simulations to transform the 
deterministic solution into 
estimates of risk for higher 

radiological doses to 
human infants. 

O'Neill, R. V., R. H. Gardner, F. 0. Hoffman, and G. Schwan. 1981. Parameter uncertainty and 
estimated radiological dose to man from atmospheric 13'1 releases: A Monte Carlo approach. 
Health Physics 40:760-764. 
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Risk. Estimation and Managemen-t for Globally 
Distributed Environmental Contaminants 

Health risks posed by 
radioactive fallout, Chernobyl. 

\ 

Health and ecological risks 
due to coastal zone pollution 
by pesticides and industrial 
chemicals. 

Risks posed by mercury, PCBs, 
and other toxic chemicals in 
regions remote from known point 
sources. 

The science of global risk analysis is under development. 

How can the science of global 
risk analysis be developed? 

The continued production and 
widespread use of agro- 
industrial and energy technol- 
ogy chemicals such as DDT, 
mercury, and cesium-137 place 
increasing numbers of exposed 
humans and nonhumans at risk. 

of global contaminant transport, 
models of human health and 
ecological effects, and geo- 
graphic information systems 
to address global-scale pollution 
and to create a decision 
support system. 

ORNL will be pioneering the 
integration of expert systems, 
artificial intelligence, models 
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CFC RepUacement Project 

I I 
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minimization 

Ozone depletion impacts (ODZs) and global warming impacts (GWIs) for each 
alternative. A CFC-I I equivalent is the number of kilograms of CFC-I I that 
would induce an effect equivalent to that of another gas (e.g., CFC-114, CJ8). 
This is done to provide an equivalent basis of comparison. 

An integrated assessment of 
atmospheric, ecological health, 
economic, and socioeconomic 
impacts addressed four alterna- 

from ozone depletion and global 

What global impacts are 
expected from replacing 

With Pefl~orocarbons (PFcS) in 
the Gaseous Diffusion Plant 
cooling systems during a three- 

year interim period? 

chlorofluorocarbons (CFCs) tives and focused on impacts 

The assessment found that 
minimizing leaks of CFC-114 
was environmentally preferred 
over adding PFCs into the 
cooling systems. Considering 

economics to a limited extent, 
the preferred alternative was to 
take no action regarding coolant 
replacement in the interim 
period while continuing to 
investigate more environmen- 
tally friendly substitutes. Only 
one alternative for introducing 
PFCs into the system was 
determined to cause significant 
global impacts. 

Socolof, M. L., R. E. Saylor, and L. N. McCold. 1994. Replacement of chloroflourocarbons (CFCs) at the 
DOE gaseous diffusion plants: An assessment of global impacts. In Proceedings of the 19th Annual 
Conference and Exposition, Global Strategies for Environmental Issues, New Orleans, June 12-15,1994. 
National Association of Environmental Professionals. I 6.6 



Petitions for Alternate Concentration Limits 

I - - -  - 
Petition for 

Concentration Pump and Investigation 

Alternate concentration limits can be justified. 

Can alternate approaches be 
successfully when deter- Extensive site testing, computer 

modeling, and effective use of mining cleanup &Mhds under 
the Resource Conservation and 
Recovery Act (RCRA) for 
Department of Energy 
(DOE) sites? 

' innovative tephnologies at 
' DOE'S Kansas City Plant has 

shown that alternate concentra- 
tion limits can be justified. The 
conclusion is based on two 
factors: the effect of building 
drains and utility leaks on 
groundwater flow and dilution 
by the nearby surface waters. 

An alternate concentration limit 
petition requesting cessation of 
groundwater pump-and-treat 
operations is undergoing final 
sponsor and DOE review before 
presentation to the Environmen- 
tal Protection Agency Region 
W and the State of Missouri. 

U,S, Department of Energy. 1994. Alternate concentration limit demonstration for the Northeast 
ked001 Outfall, TCE Still Area, and Underground Tank Farm Area. Kansas City Plant, Kansas 
City, Mo. (draft) 
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Biological Indicators for Assessing Aquatic 
Ecosystem Health 

Can bioindicators be used to 
successfully evaluate the effects 
of environmental stressors such 
as contaminants on aquatic 
ecosystem health? 

Bioindicators have been applied 
in a variety of aquatic systems 
(streams, reservoirs, rivers, 
estuaries) in the eastern United 
States to assess the nature and 
extent of environmental 
degradation. Applications of 
bioindicators in some systems 
have proven to be not only 
reliable indicators of ecosystem 
health but also potential 
sentinels of human health. 

Bioindicators have also been 
successfully used to evaluate 
the effectiveness of remedial 
actions and to determine if 
industry is complying with 
environmental regulations. . 
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Concept of the Biological Indicator approach for assessing 
aquatic ecosystem health. Responses offish to environmental 
stressors fall along gradients of response time and 
ecological relevance. 

Adams, S. M. 1990. Status and use of biological indicators for evaluating the effects of stress on fish. 
Amer. Fish. Sym. 8:l-8. 

Adams, S. M. and M. G. Ryon. 1994. A comparison of health assessment approaches for evaluating the 
effects of contaminant-related stress on fish populations. J. Aquat. Ecosystem Health 3: 15-25. 
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Ep i de m i o I og i ca I Assessment of an 
Endangered Species 

' I  

Conceptual model of the exposure of the Sun Joaquin kit fox to contaminants. 

Is exposure to toxic chemicals 
responsible for the observed 
decline in San Joaquin kit fox 
abundance on the Elk Hills 

Navel Petroleum Reserve? 

The fur of kit foxes, native soil, 
and contaminated materials 
were analyzed. Metals in the 
fox fur were, in general, not 
elevated relative to reference 
sites. Some metals that-were 

associated with oil development 
wastes (arsenic, barium, and 
vanadium) were elevated in the 
kit fox fur on the oil field but 
not reference sites. 

Concentrations of these and 
other elements were not 
correlated with native soil 
concentrations. Only arsenic 
achieved levels that were 
associated with toxicity in 
studies of laboratow test 
specles. However, these 
elevated concentrations 

occurred in only 1/200 foxes, 
too few to account for the 
precipitous decline. 

Demographic analysis indicated 
that the decline was associated 
with the poor survival of foxes 
in their first year. The hypoth- 
esis that the population decline 
was because of a drought- 
related decline in habitat quality 
rather than toxicity has been 
supported by a recent rebound 
in the population following 
wet years. 

Suter, G. W., A. E, Rosen, J. J. Beauchamp, and T. T. Kato. 1992. Results of analyses of fur samples from 
the San Joaquin kit fox, and associated soil and water samples from the Navel Petroleum Reserve No. 1, 
Tupman, California. ORNyIhI-12244. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Ecotoxicological Benchmark Development 

The photographs above show wild turkey eggs and endangered plants. Toxicological benchmarks 
are used for screening potential contaminants of concern for effects on wildlife and plants. 

What concentrations of con- 
taminants in water, sediment, 
soil, and food constitute 
thresholds for potentially 
significant risks to ecological 
receptors? 

Ecotoxicological benchmarks 

are estimates of exposure 
They also allow prioritization of 
contaminated sites. 

concentrations that, because 
they pose minimal risks, are 
not of regulatory concern and 
do not require further assess- 
ment. They are used to refine 
the list of contaminants of 
concern, exposure pathways, 
and ecological receptors that are 
evaluated in the assessment. 

All of these benchmarks have 
been compiled into one compre- 
hensive database. As new 
information becomes available, 
these benchmark values are 
revised and publications 
are updated. 

Blaylock, B. G., M. L. Frank and B. R. O'Neal. 1993. Methodology-for estimating radiation dose rates to 
freshwater biota exposed to radionuclides in the environment. ESEEUI'M-78. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

Hull R. N. and G. W. Suter, II. 1994. Toxicological bencharks for screening contaminants of potential 
concern for effects on sediment-associated biota: 1994 revision. ES/EIURvl-95/Rl. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 
I 

Opresko, D. M., B. E. Sample, and G. W. Suter, II. 1994. Toxicological benchmarks for wildlife. ESEEU 
TM-86. Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Suter, G. W., 11, and J. B. Mabrey. 1994. Toxicological benchmarks for screening potential contaminants of 
concern for effects on aquatic biota: 1994 revision. ESIEEUI'M-96Rl. Oak Ridge National Laboratoj, 
Oak Ridge, Tenn. 

Will, M. E. and G. W. Suter, II. 1994. Toxicological benchmarks for screening potential contaminants of 
concern for effects on terrestrial plants: 1994 revision. ESERIIhl-85Rl. Oak Ridge National Laboratory, 
Oak Ridge, Tenn. 
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Ecological Risk Assessment and 
Reservation-wide Monitoring 

How do you assess ecological 
risk for the variety of plants and 
animals that reside on the 
Oak Ridge Reservation? 

. 

A strategy for ecological risk 
assessment has been developed 
for theoak Ridge Reservation. . 
This strategy outlines &&Spatial 
areas that should be considered 

and specific data requirements. . Cn%-Krh 2 ' ' 0 ~  

- ,  . .  
SWlC - KImtors L C I J  

. .  . 

Oak Ridge Reservation-wide 
Ecological Monitoring and 
Assessment Program was areas. 
developed to evaluate effects to 
wide-ranging species and to 
integrate data from source areas 
to evaluate risk at larger ' 

spatial scales. 

Data porn source areas is being used to, evaluate risk at large 
spatial scales for the 0ak.Ridge.Reservation and surrounding 

Suter et al. 1994. Approach and strategy for performing ecological risk assessments for the U.S. Department 
of Energy's Oak Ridge Reservation: 1994 revision. ES/ER/TM-33/R1. Oak kidge National Laboratory, Oak 
Ridge, Tenn. 

Ashwood et al. 1994. Workplan for the Oak Ridge Reservation ecological monitoring and . 
assessment program. DOEIOR/Ol-l298&Dl. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Ecological Risks in the DOE Environmental 
Restoration Project 

What are the comparative 
ecological risks of remedial 
action alternatives at Depart- 
ment of Energy (DOE) 
facilities? 

DOE operates dozens of 
research and weapons produc- 
tion facilities. Some of these 
facilities occupy several 
hundred square miles and have 
been largely protected from 
human disturbance for the last 
50 years. Many have vegetation 
types and species that have 
become rare in surrounding 
areas. 

The ecological benefits of 
actions taken to remediate past 
contamination must be balanced 
against the ecological costs of 
the land disturbance caused by 
the remediation. Relative 
ecological risks and benefits of 
environmental restoration were 
assessed at six of these 
facilities. 

Description of 
Existing Environment 

I I c 

Source Term Distribution 

Exposure Assessment 
for Resource 1 

1 
Cumulative Impact 

Assessment 
for Resource 1 

Assessments can evaluate the comparative ecological risks 
of remedial action alternatives. 

The assessment showed 
that potentially significant 
levels of contamination were 
present at all sites. However, 
only a small fraction of the total 
area of most facilities was 

affected. Facility managers 
should perform site-specific 
assessments of the ecological 
value of areas proposed for 
remedial action. 

Barnthouse, L. W., G. K. Eddlemon. L. K. Mann, L. L. Sigal, D. Mohrbacher, B. Ulsh, and J. Johnston. 
1994. Ecological risks of DOE'S programmatic environmental restoration alternatives. O W A S I  Report 
to METAIBerger, Inc. Oak Ridge National Laboratory, Oak Ridge, Tenn. (draft). 
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Safety Analysis Upgrade 

I 
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Flood.assessment of the Scioto River. 

I 

1 0 4  

I .  I I- 
operation, or the containment of. materials from flooding of 

What willbe the consequences hazardous at the the site. 

of a 10,000-year recurrence 
interval flood to the safety of 
operations at the Gaseous 
Diffusion Plants? 

Paducah or Portsmouth Gaseous 
Diffusion P h t s .  Flooding as a heme  local storms with a 
result of locally intense storms recurrence interval of 10,000 
having a recurrence interval of years would result in excessive 
10,000 years will result in ponding on the roofs of the 
ponding over the Paducah and main diffusion plant buildings. 
Portsmouth Gaseous Diffusion The ponding would lead to roof 

Regional flooding of the Ohio Plant sites. Improved emer- collapse unless the roof 
River in Kentucky and the gency preparedness procedures drainage system can be assured 
Scioto River in Ohio having at would be sufficient to ensure to be fully functional during the 
least a 10,000-year recurrence protection of occupant safety, storm, Building modifications 
interval will not jeopardize continued operation, and the will be required if such assur- 
occupant safety, continued containment of hazardous ances cannot be demonstrated. 

Johnson, R. O., J. C. Wang, and D. W. Lee. 1992. Regional flood assessment of the Paducah and Portsmouth 
Gaseous Diffusion Plants. In Proceedings of the ThirdDOE Natural Phenomena Hazards Mitigation 
Conference, St. Lpuis. Conducted by Lawrence Livermore National Laboratory, Livermore, Calif. 

Johnson, R. O., J. C. Wang, and D. W. Lee. 1994. Local drainage analysis of the Paducah and Portsmouth 
Gaseous Diffusion Plants during an extreme storm. In Proceedings of the Fourth DOE Natural Phenomena 
Hazards Mitigation Conference, Atlanta. Conducted by Lawrence Livexmore NationaI Laboratory, 
Livermore, Calif. 

6.13 



Integrated Qose Modeling for Chemical 
Weapons Accidents 

Protective Action Dose Reduction Estimator 

i i 

PADRE simulation model logo. 

How can accurate predictions of 
exposure to accidental releases 
of chemicals be made in view of 
alternative protective action 
guides, emergency technolo- 
gies, and human behavior? 

PADRE, or the Protective 
Action Dose Reduction 
Estimator, has been developed 
at Oak Ridge National Labora- 
tory by integrating physical, 
health, and social science 
knowledge related to dose 

estimation. 

The model is designed to 
iteratively present the user with 
dialog screens to set accident 
parameters, to specify the 

emergency response, and 
designate the protective actions 
employed. The results are 
portrayed as the accumulation 
of the outside exposure to a 
chemical agent over time for 
someone taking no protective 
action and for the accumulated 
exposure given the chosen 
emergency system and protec- 
tive action. 

Planners can see when the 
plume arrives, when it departs, 
the expected dose reduction 
from the protective action 
scenario, and how much more 
dose savings can be achieved by 
reducing response time. 
PADRE allows the user to 
change scenarios and analyze 
the change in exposure to 
chemical agents. 

The interface allows the user to 
quickly change the accident 
scenario and meteorological 
conditions, and it specifies an 
air exchange rate for a structure 
and evaluation time. In addition, 
PADRE takes into account how 
long officials take to issue a 
warning; the type of warning 
system in place to alert the 
public, including sirens, tone 
alert radios and others; and the 
speed of public response. 
PADRE simulates the effective- 
ness of respiratory protection. 
This simulation is useful for 
situations in which occupational 
safety or worker protection is of 
interest. The model is being 
developed with support from 
the Federal Emergency Man- 
agement Agency as part of the 
Chemical Stockpile Emergency 
Preparedness Program. 

Sorensen, J., G. Rogers, and M. Meador. 1992. Modelling protective action decisions for chemical 
weapons accidents. pp. 30-34. In J. Sullivan and B. Clymer (eds.), Managing Risk with Computer 
Simulation. Society for Computer Simulation, San Diego. 

Rogers, G., A. Watson, J. Sorensen, R. Sharp, and S. Cames. 1990. Evaluating protection actions for I chemical agent emergencies. ORNL-6615. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Computerized Rapid Screening of Hazard 

Is there a more rapid method for 
identifying the seriously 
hazardous chemicals out of the 
tens of thousands of industrial 
chemicals than the current 
expert-committee process? 

I Findings  I 
In 1983, Oak Ridge National 
Laboratory, in support of the 

DOE synthetic fuels develop- 
ment program, was charged to 
‘‘justify the need to monitor 
specific unregulated substances 
and to provide threshold values 
above which these substances 
must be monitored.” In re- 
sponse, the Rapid Screening of 
Hazard (RASH) method was 
developed as a chemical scoring 
system to be used by either the 
expert or the nonexpert in the 
absence of compound-specific 
guidance from regulatory 
agencies. 

The method was based on the 
hypothesis @at toxicity-induced 

compensatory cell proliferation 

- 
Hazardous chemicals: Finding the right neighborhood. 

can serve as a practical upper- 
limit index of carcinogenic 
promotion. This model has 
proven to be more accurate than 
predictions based on structure- 
activity relationships, individual 
screening bioassays, or combi- 

nations of bioassays and current 

artificial intelligence programs 
and only slightly less accurate 
than the individual time 
intensive predictions by two of 
the most respected experts in 
carcinogenic testing. The 
RASH method is currently 
being computerized. 

Jones, T. D., P. J. Walsh, and E. A. Zeighami. 1985. Permissible concentrations of chemicals in air and 
water derived from RTECS entries: A RASH chemical scoring system.’J. Toxicol. Ind. Hlth. 
1 (4):2 13-234. 

Glass, L. R., T. D. Jones, C. E. Easterly, and P. J. Walsh. 1991. Use of short-term test systems for the 
prediction of the hazard represented by potential chemical carcinogens. Environmental Auditor 
3(2): 103-169. 

Jones, T. D. and C. E. Easterly. 1991. On the rodent bioassays currently being conducted on 44 chemicals: 
A RASH analysis to predict test results from the National Toxicology Program. Mutagenesis 6(6):507-514. 

Easterly, C. E., T. D.. Jones, L. R. Glass, B. A. Owen, and P. J. Walsh. 1993. Biotesting waste water for 
hazard evaluation. Water Research 27(7):1145-1152. 
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The Environmental Assessment Process 

What is environmental 
assessment? 

Environmental impact assess- 
ment @IA) is a process for 
evaluating the environmental 
and social consequences of 
proposed activities. The goals 
of EIA are the prediction of 

impacts, better decision making, 
and the minimization of adverse 
impacts to the environment. 

Staff at the Oak Ridge National 
Laboratory prepared a source- 
book on the EIA process for the 
US. Environmental Protection 
Agency. The major activities 
that are required for successful 
EIA include: initiation, scoping, 
assessment, decision making, 
and post-decision analysis. 
Each of these activities is 
described in terms of needs, 
tools, issues, linkages, 
and references. 

I SCREENING DETAILED EA 

DRAFT EIA FROM EA? 

I 
None or 

Yes minor mitigation 

I I L  I 

I t  Realm of public 
I participation 
I 
I 

-1 FINALEIA 

I 
I 
I 
I 
I 
I 
I 
I '---,----,----,-------- 

A flowchart of the environmental assessment process is shown above. 

The source book is designed for 
reviewers and preparers of 
environmental documents and 
as a training guide for 

government agencies and 
nongovernmental organizations 
in both developed and 
developing countries. 

L. L. Sigal. 1993. Sourcebook for the Environmental Assessment Process. EPA 300-B-93-007. 
U.S. Environmental Protection Agency. Washington, D.C. 
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Aleut Indian Culture: 
Integration of Anthropological Study with 

Ecosystem Model 
- Atmosphere 2.42 x 107 rn Xl 2.5 x 107 

4 , 6.25 x lo6 

A 

- 

1 . 7 5 ~ 1 0 ~  

339 
8.75 x lo6 I * 

Land Plants Human 381 Phytoplankton 107 
x5 

1.12 x io8 1 02 1 . 2 5 ~  lo6 Surface Water 
x4 

5 x lo6 ' 8  
1 . 2 5 ~ 1 0 ~  

I- , , t T lo7 

Dead Organic Zooplankton 
Matter 46.7 + Animals 

1.75 x lo8 8.75 x lo6 . x6 
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Dead Organic ~ 

Mger  ~ ~ 1 0 ~ 1  
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This diagram represents the carbon model for the Aleutian ecosystem. The values in each 
compartment represent metric tons (W) of carbon at steady state. The numbers on the arrows 
represent the flux of carbon (metric tons year-') between compartments. . 

interdisciplinary models needed 
in integrated assessment? . ' . 

An anthropological study of 
Aleut Indian culture was 
integrated with an ecosystem 
model to assess impacts on the 
marine versus upland - 
ecosystems. 

The study analyzed the relative 
sensitivity of the Aleut culture 
to the marine and terrestrial 

. environments and found four 
orders of magnitude greater 
sensitivity to changes in the 
marinesystem. This depen- 
dence on the marine system is 
justified by the relative stability 
of the ocean ecosystem and its 
insensitivity to environmental 
changes. 

Hett, J. M., and R..V. O'Neill. 1974. Systems analysis of the Aleut ecosystem. 
Arctic AnthropologyXk31-4O. 
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Sensitivity of Soils to Effects of Acidic 

What is the sensitivity of soils 
of the United States to change 
caused by acidic deposition? 

I Gindings I 
Soil chemistry changes includ- 
ing leaching of nutrients, 
mobilization of toxic elements 

such as aluminum, and fertiliza- 
tion have been postulated and in 
some places demonstrated to 
occur in response to acidic 
deposition. The extent, magni- 
tude, and implications of such 
changes have been measured, 
mapped, modeled, and debated 
by Oak Ridge National Labora- 
tory scientists. Conclusions 
from these analyses were used 
for the National Acid Precipita- 
tion Assessment Program and 
for an evaluation of critical 
loads of atmospheric sulfate and 
nitrate deposition. An effort is 
under way to model soil and 
related terrestrial and aquatic 
effects as part of an end-to-end 
assessment including emissions, 
transport and deposition, effects 
on natural and human systems, 
and social and economic 
valuation. 

Deposition 

This map shows the percentage of area in natural regions of the 
eastern United States having forested soils that may experience a 
delayed or future response to acidic deposition. (Prepared by 
Geographic Data Systems in Cooperation with Environmental 
Sciences Division, Oak Ridge National Luboratoly.) 

The findings will be used as 
input by the administration and 
by Congress in evaluation~of the 
effectiveness of the 1990 Clean 
Air Act Amendments. 

Turner, R. S., R. J. Olson, and C.C. Brant. 1986. Areas having soil characteristics that may indicate 
sensitivity to acidic deposition under alternative forest damage hypotheses. ORNIfTM-9917. 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Conceptual Framework for a Nonmonetary 
Va I ua t i o n Mod u I e 

[ Transport )-[ Effects J [ E m i c  J + [ N ~ ~ ~ ~ t  J 

[Deposition b[ Effects przi:''taJ weights Benefit J 

This chart shows jhe conceptual structure of the Tracking and Analysis Framework 
(TAF) developed for the National Acid Precipitation Assessment Program (NAPAP). 

Can a-conceptual framework for 
a nonmonetary valuation 
module be developed? 

Currently, no framework exists 
for organizing and analyzing 
data on noneconomic social and 

The project is under way. Its 
outcomes are expected to 
include the following: 

institutional perspectives (1) identification of-potential 
relevant to NAPAP. However, 

I I  
future data sources; (2) charac- 

The goal of this project is to 
develop a conceptual frame- 
work for a nonmonetary 
valuation for the computerized 
Tracking and Analysis Frame- 
work (TAF). This framework 
was developed specifically for 
the National Acid Precipitation 
Assessment Program (NAPAP), 
but is applicable to other 
integrated assessment venues. 

~ 

the framework is necessary 
because social and institutional 
perspectives are critical ele- 
ments in determining both 
categories of policy-relevant 
consequences and net societal 
benefits resulting from imple- 
mentation of the 1990 Clean Air 
Act Amendments. 

terization of data needs, in part 
to influence the direction of 
future research; and (3) a frame- 
work that can accommodate 
diverse sets of information 
(currently based on extant data) 
and that will help satisfy the 
NAPAP mandate. 

National Acid Precipitation Assessment Program. 1993. Draft National Acid Precipitation Assessment 
Program Operating Plan. Washington, D.C. 
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Compensatory Fish Mechanisms in Fish 
Populations 

Yellow Perch 
and Walleye 

'e BayAnchovy 

a 
Smallmouth Base 01 

/ 

/ 
Relative positions of nine North American fish within three-dimensional, life-history 
space illustrate substantial differences between species in length at maturation, 
fecundiv, and parental investment per progeny. 

How can the self-regulating 
capabilities of fish populations 
be more effectively incorpo- 
rated in assessments of the 
impacts of energy technologies 
on aquatic ecosystems? 

Individual-based simulation 
modeling is a powerful tool for 
mechanistically exploring the 

potential for a fish population to 
compensate for environmental 
disturbances that increase 
mortality risk, decrease growth, 
and/or decrease reproduction. 

As an example, life-history 
theory and results from indi- 
vidual-based models support the 
hypothesis that Age 0 small- 
mouth bass are likely to 

demonstrate a greater compen- 
satory change in growth and 
mortality than Age 0 striped 
bass in response to environmen- 
tal disturbances. 

Some of the models from these 
studies have been used in 
regulatory proceedings to 
demonstrate that additional fish- 
protection measures may not be 
needed at specific power plants. 

Van Winkle, W., K. A. Rose, and R. C. Chambers. 1993. Individual-based approach to fish population 
dynamics: An overview. Transactions of the American Fisheries Society 122:397-403. 
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Individual-Based Fish Population Model 
Applied to Management Issues 

PROCESSES 
INPUTS - AND STAGES 

ADULT POPULATION -------- + SPAWNING 
-4 I 

LOSSES 

PREDATION OF YOUNG 
FISHING OF GUARDING MALE EGGS AND 

LARVAE ON NEST 
- - - - - - - - - - * 

" ""'* - , 

' /' 
* '  

TEMPERATURE :; 
-2, -- -. 7 -. 

SWIM-UP -4 

PREDATION AND STARVATION OF YOUNG 
FISHING OF GUARDING MALE . 

DISPERSAL FROM NEST 

PREDATION AND STARVATION OFYOUNG * 

PREY SIZE 
DISTRIBUTION 

This schematic diagram shows the inputs influencing the processes and life stages 
represented in the inhividual-based model for young smallmouth bass and the 
source of lossesfrom each of these lye stages due to natural causes and3shing. 

How can models be developed 
to enhance decision making in 
fish population management? 

The individual-based population 
model for smallmouth bass is 
part of Oak Ridge National 
Laboratory's Program on 
Compensato& Mechanisms in 
Fish Populations. . 

The model, tested on 10 lakes in 
Ontario, Canada,-showed that 
by varying the opening date of 
the fishing season, it is possible 
to explore the results of 

, 

increasing and decreasing the 
degree of overlap between the 
spawning and nest-guarding 
period and the exploitation of 
guarding male smallmouth bass 
by fishing. 

The degree of overlap will 
influence the survival and 
subsequent growth of guarding 
males a id  the young-of-year, 
possibly in a density-dependent 
or compensatory manner. 

DeAngelis, D. L., B. J. Shuter, M. S. Ridgeway, P. Blanchfield, T. Fxiesen, and G. E. Morgan. 1991. 
Modeling v l y  life-@istory stages of smallmouth bass in Ontario lakes. Transaction of the American 
Fisheries Society, September 9-1 1,1991. 
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Automation in Emergency Management 

A representative sketch of the main menu is shown here of an early prototype of EMIS. 

How is the vast amount of data 
potentially relevant in an 
emergency maintained 
and relevant portions quickly 
retrieved when needed? 

EMIS, or the Emergency 
Management Information 
System, is a prototype of a 
user-friendly client-server 
information system designed to 
support emergency decision 
making and response to a 
chemical weapons accident. 

At the core of the system is an 
Oracle database running on a 
Sun SPARCserver. Client 

workstations such as Apple 
Macintosh Quadras are con- 
nected to the server via 
Ethernet. The system supports 
many planning and response 
functions, including data 
acquisition from instruments 
such as met towers, team 
assignment, monitoring of 
workers in protective clothing, 
as well as generation of 
notifications and media releases 
from pre-stored editable 
boilerplate components. EMIS 
features integrated electronic 
mail and an interface to high 
speed fax modems. 

Geographical information needs 
are supported by a customized 

version of MicroGIS running 
under Microstation. A version 
of the Army’s D2 atmospheric 
dispersion model also is 
integrated. Much of the user 
friendly front end of EMIS was 
developed in Oracle Card. 

Although EMIS is currently a 
prototype for chemical weapons 
accidents, it was designed for 
portability and adaptability to 
other types of hazards manage- 
ment and response. Major 
design goals were: ease of use, 
high responsiveness, low 
potential for operator error, 
forgivingness, minimal training 
requirements, and low life-cycle 
maintenance costs. 

Reed, J., G. Rogers, and 1. Sorensen. 1991. Establishing functional requirements for 
emergency management information systems. In J. Sullivan and B. Clymer (eds), Simulation in 
Emergency Management and Engineering. Society for Computer Simulation, San Diego. 
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Valuation and the Consequences of Multiple 
Sources of Environmental Deterioration 

Montauk charter 

Tot+ losses from Chesapeake deterioration and Hudson contamination based 
on proportionate extrapolation (1 985$) 

General Deterioration PCB contamination and ban 

Lower-bound Upper-bound Lower-bound Upper-bound 
-estimate estimate estimate estimate 

433,000 1,052,000 118,000 509,000 

559,000 Commercial 
fishing- . 

-2,944,000 Total recreational 1 7,153,000 I 802,000 1 3,461,000 ’ I fishing 

559,000 273,000 273,000 

I 3,503,000 I 7,712,000 I 1,075,000 1 3,734,000 1 I Total fishery 
losses 

This table shows the economic losses associated with sources of environmental 
degradation in Chesapeake Bay and the Hudson River. 

How can one measure the 
economic losses associated-with 
sources of environmental 
degradation, when the degrada- 
tion is caused by multiple 
sources? What are the policy 
implications of multiple sources 

of degradation? 

’ 
tion of striped bass from the 
Hudson River. Both places are 
primary spawning grounds for 
striped bass in New Yo& 
waters. 

The results of the study show 
that the two fisheries (Hudson 

and Chesapeake) cannot be 
managed independently.’ For 

nation problem would not 
recover the full amount. A 
continued consumption ban 
would prevent the realization of 
these benefits. 

The study also shows that the 
losses associated with the 

Hudson contamination and 
associated ban would total 

example, the study shows that 
the loss in value associated with 

$0.745M to $3.7M. However, 
cleaning up the Hudson River 

This study examines two , the general deterioration of the would not guarantee the 
sources of environmental Chesapeake-based striped bass 
degradation in the New York population was $ 2 . 3 ~  to 
striped bass fishery. The first is $7.7M. However, a manage- 
the decline in environmental merit policy that augmented 
quality in Chesapeake Bay. The Chesapeake populations without 

realization of these benefits, as 
depressed Chesapeake popula- 
tions may necessitate manage- 
ment actions that restrict catch 
through quantity and size limits. 

second is the PCB contamina- addressing the Hudson con&- 

Kahn, J. and R. D. Buerger. 1994. Valuation and consequences of multiple sources of environmental 
deterioration: The c&e of the New York striped bass fishery. Journal of Environmental Management 
40~257-273. 
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Testing the Feasibility of Recreation Benefit 

Transferable 

Questionable 

Nontransferable 

IFu n c t i on Tr a nsf e r a b i I i ty 

From 1987 to 1988 

Within Across 
Bay Bay 

37 43 

50 39 

13 18 

. ,  

Percentage of Cases the Contingent Valuation Function was Transferable, 
Across Time Within and Across Bays 

Within 1 
Bay 

75 

25 

0 

Across 
, Bay . 

61 

-32 

7 

What are the conditions under 
which the transfer of recre- 
ational benefits may be tenable? 
Considering the information 

that exists about nonmarket 
resource valuation, is the issue 
of benefits transfer a viable 
topic? How can statistically 
sound methods be established 
by which feasibility may be 
determined? 

This research presents an 
experiment designed to test the 
reliability of the benefit 
function transfer approach using 
contingent valuation methods. 
Benefit transfer in this case 
refers to the process by which a 

From 1987 to 1989 

benefit estimated for,a particu- 
lar study site for which data 
exist is iansferred, to a policy 
site for which no data exist. At 
issue in-the functions transfir. 

approach is the presence of 
statistically similar contingent 
valuation functions that may 
yield similar welfare measures. 

The procedure of utilizing the 
benefit function transfer 
approach to determine terms of 
appropriated compensation'to 
harmed individuals at a policy 
site is unreliable. This is so 
because many of the benefit 
functions that were transferable 
did not yield statistically 
familiar benefit estimates. Thus, 
benefits that are transferred 
from a study site to a policy site 

This table shows the results 
of a study testing the 

.reliability ofthe bene$? 
' function transfer approach. 

using the benefit function 
transfer approach could be 
misleading .or inaccurate. 

The dverdl conclusion, at least' 

for the data at haid, is that the 
.benefit function transfer 
approach is not a reliable 
approach _. I for the transfer of 
benefik It is suspected that the 
nonl&eariG of the-logic model, 
used to estimate tlie benefit 
functions and the nonhnedty 
of thebenefits estimates . 
themselves greatly conbjbute to 
this result. The nonlinear$ies 
introduce possible asymmetries, 
which lead to the divergence 
between statistically similar 
benefit f;nctions and their ~ 

respective benefit estimates. 

. 

Downing, M. and T. Ozuna, Jr. 1992. Testing the feasibility of intertemporal benefits transfer within and 
across geographic regions. TA-30619. Texas Agricultural Experiment Station, College Station, Tex. 

Downing, M. and T. Ozuna,-Jr. 1992. Testing the feasibility of intergeographic benefit function 
transferability. TA-30660. Texas Agricultural Experiment Station, College Station, Tex. 

- 
. 
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Estimating Visitor Use-Value of the University 
of Tennessee Arb ore t u m 

The estimated demand curve is shown for group visits to the University of Tennessee Arboretum. 

Many studies have estimated 
demand for visits to recreation 
sites. Can an estimate 
of visitor use-value be obtained 
from interface surveys at 
arboreta? How might consumer 
use-value be estimated? What 
might &he consumer use-value 
be for this nonmarket resource 
service? Does this value derived 
represent the entire value of the 
arboretum? 

The data was collected from 
interface surveys of visitors at 
the University of Tennessee 
Research Arboretum. A 
recreation demand curve was 

estimated using truncated 
regression. The estimated 
demand curve represented 
annual.visits to the arboretum 
per goup. 

It shows the predicted number 
of visits per group when total 
travel cost is allowed to vary, 
holding income constant at its 
means. The price elasticity of 
demand for visits per group is 
estimated to be -0.35, which is 
equal to the estimated coeffi- 
cient parameter for. total travel 
costs when the functional form 
estimated is log-linear. Per 
group consumer surplus was 
‘estimated to be $352.47. This 

amount was divided by the 
mean number of group visits 
per year (6.9) to estimate 
average consumer surplus per 
group visit of $51.08. 

From the survey, average group 
size was 2.5 persons, yielding a 
consumer surplus estimate of 
$20.43 per visit. An estimate of 
total visitor use-value for the 
arboretum of $355,433 per year 
was obtained. 

Downing, M. and R. K. Roberts, 1991. Estimating visitor use-value of arboreta: The case of the University 
, of Tennessee Arboretum. Journal of Environmental Horticulture 9(4):207-210. 
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Radioactive Waste Management 

.Do the low-level radioactive 
waste disposal practices at Oak - 

Ridge National Laboratory 
(ORNL) meet the performance 
objectives mandated by the 
Department of Energy for 
protection of the public, 
inadvertent intruders, and 
groundwater? 

Protection of the public from 
the disposal of low-level 
radioactive waste at ORNL was 
demonstrated with reasonable 
assurance during active disposal 
operations and for the indefinite 
future. 

Closure concepts for current 
waste disposal operations and 
the waste acceptance criteria 
used in current operations do 
not provide sufficient protection 
to an inadvertent intruder for 
times greater than 300 years 
after the closure of the facility. 

SOLID WASTE 
STORAGE AREA 6 

regulations have not yet been 
promulgated. Protection criteria 
that are likely to be promul- performance objectives. . 
gated would not be met with the 
current disposal practices. 

operations and site closure plans 
are warranted to satisfy existing 

. 

The location of Solid Waste Storage Area 6 is shown in proximity 
to local suface waters, Highway 95, and White Oak Dam. 

Groundwater protection Revisions to existing waste 

Oak Ridge National Laboratory. 1994. Performance assessment for continuing and future operations at 
Solid Waste Storage Area 6.ORNL.-6783. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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DOE On-Site Waste Management Projects 

Legend 
- - - - - - #  Ephemeral Streams -.--* Permanent Streams - PavedRoads 

1 Above-Ground Class IlVlV 
Solid Low-Level Waste Storage Facility 

2 Below Grade Class IlUlV Solid Lov+Level 
Waste Storage Facility 

3 Contact-Handled (CH) Transuranic (TRU) 
Waste Storage Building . 

4 Nuclear Fuel Service (NFS) CH TRU 
Waste Storage Building 

@ Bulk Contaminated Soils Storage Building 

6 Uquid Lov/-Level Waste Solidification 
Project Interim Cask Storage Pad 

7 Melton Valley Liquid Low-Level Waste 
Collection and Transfer System 

8 Remote-Handled TRU Waste Storage 
Facility 

9 Melton Valley Storage Tank Capacity 0 Increase Project 
10 Mixed Waste Storage Facilities at the 

11 Waste Characleriaior, and Certification 

@ Waste Staging Facility 

Hazardous Waste Management Area Facility 

Facility 

~~~ 

Preliminary site locations are shown for Oak Ridge National Laboratory’s proposed 
waste management projects for Melton Valley. 

Integrated assessments for 
various waste storage activities 
at ORNL evaluated the 

What impacts are expected .from 
the transport and storage of 
radioactive and hazardous waste 
generated and stored at Oak 
Ridge National Laboratory 
(ORNL)? 

impacts of transport q d  storage 
on the following: environment 
(air, water, ecology), Eealth, 
safety, archaeology/cultural 
resources, and socioeconomics. 

Depending on the site location 
and waste form, each resource 

may be affected to a different 
degree. In general, the 
integrated assessments found 
the greatest impacts to be 
related to occupational expo- 
sures to radiation. However, 
impacts on human health from 
exposures occurring during 
normal operations 
(e.g., transport of waste) or 
accident situations were not 
deemed significant. 

Oak Ridge National Laboratory. 1994. Draft environmental assessment-class III/IV solid low-level 
waste storage at Solid Waste Storage Area 7 at the Oak Ridge National Laboratory. Oak Ridge National 
Laboratory, Oak Ridge, Tenn. 

- Department of Energy. 1994. Environmental assessment-construction and operation of retrievable 
transuranic and transuranic mixed waste storage facilities at Oak Ridge National Laboratory in Oak Ridge, 
Tennessee. DOEIEA-0349. Prepared by Oak Ridge National Laboratory, Oak Ridge, Tenn. 
I 

Oak Ridge National Laboratory. 1994. Draft environmental assessment-Melton Valley storage tank 
capacity increase project. Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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Environmental Assessments of Waste 
Management Alternatives at DOE Facilities 

ORNL 

w 
0 5 

MILES 

\ TENNESSEE 

u 

Proposed truck routes for transport of Nuclear Fuel Services, Inc., waste 
and mixed-oxide fuel (MOX) waste to Oak Ridge National Laboratory. 

What environmental impacts 
are expected from proposed and 
alternative plans for environ- 
mental restoration and waste 
management at Department of 
Energy facilities? 

Over the past decade, DOE 
operations have resulted in the 
generation of numerous 
radiological, hazardous, and 
mixed (containing both hazard- 
ous and radioactive compo- 
nents) waste streams. DOE'S 
waste management operations 
include the treatment, storage, 
transportation, and disposal of 
waste. 

At each DOE site, a number of 
alternative strategies for 
conducting remediations must 
be considered to (1) comply 
with regulations; (2) ensure the 
protection of human health and 
the environment; and 
(3) evaluate potential configura- 
tions for waste management 
capabilities. For example, at 
DOES plutonium-processing 
Rocky Flats Plant in Colorado, 
environmental assessments of 
alternative waste management ~ 

strategies are under way. The 
strategies include removing 
plutonium-containing residues 

to an off-site storage facility or 
retaining them on-site. In 
another study, ORNL deter- 
mined the impacts of transport- 
ing plutonium containing 
transuranic (TRU) waste from 
Erwin, Tennessee, to a tempo- 
rary storage location at ORNL, 

In general, the environmental 
impacts of various alternative 
transport and storage strategies 
do not appear to be significant. 
Decisions will likely be driven 
more by other factors such as 
regulations (state and federal) 
and cost. 

U.S. Department of Energy. 1992. Receipt and storage at Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, of transuranic waste, mixed transuranic waste, and mixed oxide waste from Nuclear Fuel 
Services, Inc.. DOEEA-0617. Prepared by Oak Ridge National Laboratory, Oak Ridge, Tenn. I 
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Social  and Economic Aspects of Remediat ion 
Levels for*DOE Land Released to the Public 

SAMPLE 
SUBOBJECTIVES 

CONSISTENT WITH REGIONAL 
AND LOCAL LAND 
USE DEVELOPMENT AND PlpNS 

CONSISTENT WITH 
COMPREHENSIVE LONG-RANGE 
PLANS FOR DOE LAND 
(RESERVATION) 

FUTURE LAND USE 
OBJECTIVES - 

FUTURE LAND USE 
ALTERNATIVES 

OPTIMIZE NATURAL LAND USE I- SUlTABlLRY 

CONFORM TO REGIONAL LAND 
USE PATERNS AND TRENDS 

MINIMIZE IMPACTS AND RISKS 

ENVIRONMENT 

OPTIMIZECOSTANDTIME - 
WITH DECISION-MAKING 

REGULATIONS, AGREEMENTS, 
EVALUATION OFTRUST 
IN EFFECTIVENESS OF 
REMEDIATION REQUIREMENTS 

EVALUATION OF FAIRNESS 
OF DlSTRlEUTlON OF COSTS, 
UABIMES, RISK, BENEFITS, 

MINIMIZE ADVERSE IMPACTS 
OF CLEANUP (RELATIVE TO 
PRE-CLEANUP CONDITIONS)' 

I i 

MINIMIZE ADVERSE SOCIAL 
AND ECONOMIC IMPACTS 

MINIMIZE ADVERSE IMPACTS 
OF NEW LAND USE (RELATIVE 
TO PRE-CLEANUP CONDITIONS\ 

EVALUATE, SOURCE, AND 
RANK FUTURE LAND USE 
ALTERNATIVES 

RESIDENTIAL 
0 COMMERClAVlNDUSTRlAL 

AGRICULTURAL - RECREATIONAL 

I I 

MINIMIZE ADVERSE IMPACTS 
TO PROPERTY VALUES OF 

An overview of sample subobjectives, future land use objectives, andfuture 
land use alternatives. 

How should the Department of 
Energy (DOE) make decisions 
about the levelto which 
contaminated parcels of land 
should be cleaned up? More 
specifically, what social and 
economic elements should be 
integrated into a quantitative 
decision-support tool that helps 
DOE make those decisions? 

The goals of such a decision 
support tool must be made 
explicit (e.g., select the optimal 
land use, the most cost-effective 
combination of land use and 
remediation, or narrow the 
range of possible options to 
those that may be viable). 

Achieving public acceptance of 
the decision process and its 
outcomes should be an over- 
arching goal. Public and stake- 
holder preferences for different 
decision processes, components, 
and outcomes should be 
components of the decision 
support t0,ol. 

Games, S. A.? B. L. Shumpert, I. E. Trietler, L. D. Trettin, D. P. Vogt, and A. K. Wolfe. 1993. Social and 
economic components of a decision support methodology for selecting remediation levels for parcels of 
U.S. Department of Energy property to be released to the public. Prepared by Oak Ridge National Labora- 
tory for the Hazardous Waste Remedial Actions Program, Oak Ridge, Tenn. (preliminary draft). I 8.5 



Waste-%o-Energy in the United States: 
A Social and Economic Assessment 

W E  initiatives are shown by county size. (Source: ORNL Regional Studies Program.) 

Why have numerous projects to 
build municipal waste incinera- 
tors in the United States been 
cancelled in recent years? To 
what extent have social and 
economic conditions played a 
role in these cancellations? 
What, if anything, do these 
cancellations have to do with 
the future viability of waste-to- 
energy (WTE) in the United 
States? 

The study included (1) a 
detailed socioeconomic analysis 
of all WTE projects during the 
1982 to 1990 time frame and 

(2) four comprehensive case 
studies-two at sites where a 

predominant reason for WTE 
project cancellations, and those 
barriers are not likely to be 
highly problematic in the 

project was cancelled and two 
at sites where facilities were 
completed. coming decade. 

On the basis of the aggregate 
socioeconomic analysis, there 
are marked differences between 
communities that initiated a 
WTE project and those commu- 
nities that have not yet 
considered WTE. Socioeco- 
nomic differences, however, do 
not correlate with decisions 
either to proceed with or cancel 
a WTE project. In addition, the 
study concluded that financial 
barriers were not the 

The case study portion of the 
study identified numerous 
complexities that community 
leaders and decision makers 
must address when considering 
WTE. After a WTE project-has 
b&n initiated, the decision to 
proceed with or abandon the 
project appears to depend 
largely on the dynamics of the 
decision-making process and 
the interactions among 
concerned parties. 

Curlee, T. R., S. M. Schexnayder, D. P; Vogt, A. K. Wolfe, M. P. Kelsay, and D. L. Feldman. 1994. 
Waste-to-Energy in the United States: A Social and Economic Assessment. Quorum Books, 
Westport, Conn. 
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Plastics Recycling: 
Economic, Social, and Institutional Issues 
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A projection ofpost-consumer plastic waste is shown for different sectors in the year 2000. 

The United States currently 
recycles about 2% of its post- 
consumer plastic waste. 
To what extent can this percent- 
age be increased by overcoming 
selected technical, economic, 
social, and institutional ob- 
stacles? What is the economic 
viability of plastics recycling as 
compared to other forms of 
waste management? 

, .  

Oak Ridge National Laboratory 
has completed numerous studies 
in the area of plastics recycling 

during the past decade. Study 
results suggest that as much as 
14% of all post-consumer 
plastics could be recycled if 
efforts are targeted at overcom- 
ing obstacles to recycling clean, 
single-resin waste streams. As 
much as 55% could be recycled 
if economically viable methods 
can be developed to collect and 
process waste streams that 
contain at least 50% thermo- 
plastic materials. 

Given current technology, 
social, and institutional con- 

straints, the economic viability 
of recycling plastic waste is 
questionable. In many areas of 
the country, recycling can cost 
as much as $200 per ton as 
compared to about $40 per ton 
for landfill or incineration. 
Some have argued for addi- 
tional recycling on the basis of 
reducing environmental 
externalities. It is not clear, 
however, that the externalities 
associated with recycling are 
significantly less th'an with 
other approaches to waste 
management. 

Curlee,-T. R., S. Das, and U.S. EPA. 1991. Plastic Wastes: Management, Control, Recycling, and 
Disposal. Noyes Publishing, Park Ridge, N.J. 

Curlee, T. R., 1986. The Economic Feasibility of Recycling: A Case Study of Plastic Wastes. 
Praeger Publishing, New York. 
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Recent Trends in Automob-ile Recycling: 
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Recycling 

Life cycle energy impacts of various recycling scenarios for the model year 2000 vehicle. 

To what extent will (1) current 
trends toward the greater use of 
nonmetallic materials in 
automobiles and (2) the 
development of new recycle 
technologies impact the 
economic viability of automo- 
bile recycling in the 
United States? 

The study (1) examined 
automobile recycling in Europe 
and Japan to document 
social and economic “lessons 
learned,” (2) estimated the 

energy systems impacts of the 
recycling status quo and 
probable energy impacts of 
alternative technical and 
institutional approaches to 
recycling, and (3) identified 
major policy issues that will be 
key to the future economic 
viability of automobile shredder 
facilities in the United States. 

The study estimated that during 
the coming decade the quantity 
of energy used in the manufac- 
ture of automobiles will increase 
(because of the increased use of 
plastics and aluminum); the 
energy consumed during the life 

of the automobile will decrease 
(in response to new technolo- 
gies and lightweight materials); 
and, somewhat surprisingly, the 
energy savings from the 
recycling of automobiles will 
increase (primarily because of 
the increased recycling of 
aluminum). 

The adoption of new recycling 
technologies and approaches 
(e.g., thermoplastic recycling 
and incineration of automobile 
shredder residue) will have little 
impact on energy savings at the 
recycle step. 

Curlee, T. R., S. Das, C. G. Rizy, and S. M. Schexnayder. 1994. Recent trends in automobile recycling: 
An energy and economic assessment. ORNLTM-12628. Oak Ridge National LaboratoIy, Oak Ridge, Tenn. 
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The U.S. Chemical Weapons Disposal 
Program: Consideration of Impacts 
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The risk associated with 
destroying the U.S. chemical 
weapons stockpile is relatively 
low in comparison to the risk 
of continuing to store the 
weapons. 

- 
BEGIN DISPOSAL TIME (YEARS) 
OPERATIONS 

DISPOSAL COMPLETE 

Consistent with a Congressional and barge) and alternate 
Given an aging U. S .  stockpile destruction technologies (e.g., 
of lethal chemical weapons incineration and cryofracture). 
located at storage depots in 
eight separate states, what is the It was concluded that the U.S. 
“best” disposal strategy from chemical weapons stockpile 
the perspective of the nation as could be destroyed in a safe, 
a whole? @) transportation of the site- environmentally acceptable 

directive, the principal focus of 
the WEIS was an integrated 
interdisciplinary analysis and 
comparison of several alterna- 
tives: (a) on-site disposal at the 
present storage locations, 

specific inventories by rail to 
two regional disposal centers, 

manner and that the risk of 
catastrophic accidents would be 

Oak Ridge National Laboratory 
provided technical support to 
the U.S. Army by preparing a 
Final Programmatic Environ- 
mental Impact Statement 
(FPEIS) that assessed the 
potential environmental impacts 
of alternate approaches to 
destroying the U.S. inventory of 

chemical weapons. 

(c) transportation of the 
inventories by rail to a single 
national disposal center, and 
(d) a “no- action” alternative 
(i.e., continuing to store the 
stockpile). Other alternatives 
that were subjected to analyses 
included other modes of 
transportation (e.& air, truck, 

relatively low for all program- 
matic disposal alternatives. On- 
site disposal was found to pose 
less risk to the public and to the 
environment than alternatives 
involving transportation of the 
stockpile and was therefore 
selected as the best choice for 
the destruction of the U.S. 
stockpile of chemical weapons. 

US. Department of the Anny. 1988. Chemical Stockpile Disposal Program Final Programmatic 
Environmental Impact Statement (Vols. 1,2, and 3). Program Executive Officer--Program Manager 
for Chemical Demilitarization. Aberdeen Proving Ground, Md. I 
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Developing Soil Cleanup Guidelines Based 
on Historical Sampling Data 

Can historical data, not col- 
lected specifically for determi- 
nation of background concen- 
trations, be used to develop soil 
cleanup guidelines? 

Historical data from the 
Department of Energy’s Kansas 
City Plant were evaluated with 
log-probability plots to deter- 
mine background concentra- 
tions of naturally-occurring 
metals that were also site 
contaminants. The background 
values determined by this 
method were consistent with 
those reported in the literature 
for the region. Moreover, it was 
also possible to clearly separate 
the contaminant population 
from the background 
population. 

This approach was accepted by 
the State of Missouri and the 
Environmental Protection 
Agency, Region VII. It has been 
used in numerous documents 
supporting site cleanup efforts. 

Low I 

Soil 

Uncontaminated 
Soil 

Hypothetical sampling transect through a spill site. 

Fleischauer, H. L. and N. Korte. 1990. Formulation of cleanup standards for trace elements with probability 
plots. Environmental Management 14( 1):95-105. 
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Amoebae-Associated Bacteria in 
Biodegradation and Bioremediation 

' c . t;, -.-._r---:-- ~ 

An electron micrograph of amoebae. Amoebae can protect bacteria from 
environmental pollutants. 

Are there novel sources of 
microbes useful in the 
bioremediation of explosives 
and other toxic wastes? 

Arms reduction relative to the 
cessation of the Cold War 
refocuses priorities from 
arms production to weapons 
destruction. The four major 
wars as well as the Cold War in 
this century resulted in arms 
production in many disparate 
sites in this country and abroad. 
Disposal or destruction of these 
contaminants requires innova- 
tive procedures as alternatives 

to incineration, which is too 
costly or no longer permitted. 
The manufacture of special and 
conventional weapons systems 
within the Department of 
Energy complexes produce a 
variety of chemical products 
(TNT, RDX, HMX, etcl, as well 
as their metabolites) that require 
special treatment for disposal. 
Application of biodegradation 
and bioremediation techniques 
may potentially provide the 
only viable solution. 

The exploration of this rela- 
tively unexamined microbial 
niche has resulted in bacterial 
degradation patents. These 
bacteria have shown unusual 
desorbing and degradative 

capabilities upon interaction 
with a variety of environmental 
contaminants, including the 
destruction of TCE,and desorp- 
tion of mercury from soil. 
Recently studies have shown 

that these microbes 
also can transform or degrade 
TNT from contaminated soil. 
Preliminary studies undertaken 
in conjunction with Explosive 
Ordinance Disposal Technolo- 
gies, Inc., (EODT), likewise 
indicates the degradation of 
napalm by the microbes. These 
results indicate the amoebic/ 
bacterial consortium can 
degrade a variety of recalcitrant 
contaminants and may be 
particularly useful in degrading 
explosives. 

Tyndall, R. L., K. S. Ironside, C. D. Little, D. S. Katz and J. R. Kennedy. 1991. Free-living amoebae used 
to isolate consortia capable of degrading trichloroethylene. Appl; Biochem.Biotechno. 28/29:917-925. 

Vass, A. A., C. Ho, R. L. Tyndall. 1995. Application of amoebae associated bacteria in the 
degradation of explosives. In Proceedings of the American Society of Microbiology, 4-7 (in press). I, 8.11 



Reconnaissance Radiological Characterization 

Are radioisotopes associated 
with past Department of 
Defense @OD) operations at 
the White Point Nike Missile 
Site in San Pedro, California, 
present within accepted 
background levels? 

White Point is located in the 
city of Los Angeles and was 
used in the 1950s as a Nike 
missile (uranium-tipped 
warheads) battery. The Nike Air 
Defense Program was discon- 
tinued in the early 1970s, and 
the 71-hectare site was declared 
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' excess. The city of LoS Angeles 
intended to make the site a park, 
and it was therefore necessary 
to determine the levels of 

- - - PROPERTYBOUNDRY 

61x61 METER GRID 

radioactivity on the site. There 
was no evidence or any reason 
to believe that any man-made 
radioactivity was present, 
however. 

A study was conducted to 
determine the radioactive 
contaminant levels. This was 

This grid was used in radiation surveys at White Point Nike Missile 
Site, San Pedro, California 

random soil sampling. Alpha 
and beta-gamma radiation 
measurements and soil samples 
were taken at the same coordi- 
nates. USRADS was used for 
field surveys, which included 

The reconnaissance survey 
showed no indications of 
elevated anthropogenic radia- 
tion concentrations to DOD 
operations at the site. This study 
provided valuable information 

accomplished by performing 
radiation surveys using the 
Ultrasonic Ranging and Data 
Systems (USRADS) for field 
surveys, survey of the interior 
of abandoned facilities, and 

roadways and building access 
areas. Indoor surveys and 
smears were conducted inside 
abandoned buildings. Back- 
ground samples were taken 
upwind of the site. 

on collecting negative data with 
USRADS and other survey 
methodologies to show that 
contamination is not present. 

Espegren, M. E., M. K. Jensen, S. M. Smith, and G. A. Pierce. 1992. Reconnaissance radiological 
characterization for the White Point Nike Missile site, San Pedro, California. ORNLJIW-12265, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 

Berven, B. A., C. A. Little, and M. S. Blair. 1991. A method to automate radiological surveys: 
The ultrasonic ranging and data system. Health Physics 60(3):367-373. 
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Risk Assessment for Pre- and Post- 
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Remediation of Uranium Mill Tailings 

>500mredyear I* 
Pre-Remedial Action 

-1- Post-Remedial Action - DOE A U R A  Recommendation 

20 30 40 50 60 70 ao 90 100 
Number of Properties 

A comparison of dose rates per property is shown forpre- and post-remedial 
action in Monticello, Utah. 

Does remediation of uranium 
mill tailings contaminated- 
properties reduce the risk to 
residents' of those properties? 

Pre-and post-remedial action 
dose rates were calculated for 
101 Monticello, Utah, proper- 
ties included in the Monticello 
Vicinity Remedial Action 
Project. Dose rates were 
calculated using the RESRAD 
computer code. This calculation 

indicated that 98% of the 
effective dose equivalent was 
contributed by external gamma 
and radon emanation. Radium 
concentrations were averaged 
for pre- and post-remedial 
action measurements. The 
volume of the deposit was also 
used in the dose calculations. 
In all cases the dose was re- 
duced below 1 mSv y1 
(100 mrem yl). At 77% of the 
properties it was reduced below 
the Department of Energy's 

ALARA recommendation 
(I 0.30 mSv y*). 

Pre- and post-remedial dose 
rates were compared with a 
paired t-test, which showed a 
significant difference (reduc- 
tion) (p e 0.05) in dose rates. 
The average cost of remedial 
action, number of persons per 
household, number of properties 
remediated, and the reduction of 
cancer mortality risk through 
remediation resulted in a cost of 
$5 million per life saved. 

Bengtsson. G., and L. Moberg. 1993. What is a reasonable cost for protection against radiation and other 
risks? Health Physics 64(6):661-666. 

Eger, K. J. 1994. What is the value of human life? Health Physics Newsletter 22(9):8. 

Espegren, M. L., G. A. Pierce, and D. K. Halford. 1994. Comparison of risk for pre- and post remediation 
of uranium mill tailings from vicinity properties in Monticello, Utab. Health Physics (in press). 
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Oak Ridge National Laboratory 

The mission of Oak Ridge National Laboratory (ORNL) is to advance the frontiers of 
science and technology in three.broad arenas: energy, the environment, and economic 
competitiveness. 

ORNL staff are seeking better ways of producing, distributing, and conserving energy. 
They work to reduce the environmental and health effects of energy technologies and to 
increase understanding of environmental processes. Scientists, engineers, and policy 
experts at ORNL are working to shape energy options and policies that are sensible, 
comprehensive, and visionary. 

ORNL's environmental expertise has its roots in pioneering studies of the ecological 
effects of radioactive fallout. In the 1960s, experiments used radioisotopes to "tag" forest 
nutrients, shedding light on key chemical reactions in the nutrient cycle and revealing the 

to examine the effects of radioactive and chemical contamination of the food chain: the 
ecological effects of releasing heated water from power plants into rivers: and the 
environmental impacts of new power plants, hydroelectric dams, and other energy-related 
projects. In addition, ORNL's expertise in instrumentation, detection, and ecosystem 
modeling-likewise rooted in nuclear studies-is now being harnessed to develop 
sophisticated new methods for pollutant detection and environmental monitoring. 

role played by bacteria and insects in breaking down organic matter. ORNL has gone on 

ORNL is committed to helping maintain the U.S. lead in science and technology. 
ORNL's expert staff, specialized facilities, and innovative knowledge-sharing programs 
make it one of the nations's leaders in restoring Americas's competitive edge. 
Collaborations linking ORNL with U.S. industries and universities bridge long-standing 
gaps between pure research and manufacturing technology. Flexible arrangements and an 
open environment make it possible for thousands of outside experimenters to benefit 
from ORNL's capabilities each year. And ongoing partnerships with The University of 
Tennessee and the Tennessee Valley Authority leverage ORNL's resources in both 
research and the energy industry. ORNL also strongly supports and promotes math and 
science education to inspire a new generation of scientists and engineers. 

In pursuit of its mission, ORNL conducts b&ic and applied research in these key areas of 
strength: 

0 materials sciences and engineering; 
physical, chemical, and engineering sciences; 

0 biological and life sciences; 
0 computational sciences; and 
0 manufacturing sciences and technologies. 

ORNL melds a unique blend of excellent researchers with a large array of world-class 
facilities to conduct broad, interdisciplinary research. The interface between the life and 
social sciences with energy technology development and the ability to integrate basic 
research, applied research, technology development, information dissemination, .and 
technology transfer is unsurpassed among research institutions. 

----. 
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Center for Global Environmental Studies 

The Center for Global Environmental Studies provides a unique, interdisciplinary base 
for exploring global environmental issues that are complex, interwoven, and global in 
scale. The center has threi main goals: 

0 improving the understanding of the global-scale workings of the environments in air, 
on land, and in water; 

actions have on the biosphere; and 
developing capabilities to anticipate the long-term, large-scale effects that human 

identifying appropriate options for technological and societal responses. 

The center's work is based on several assumptions that set it apart from the laboratory's 
traditional approach to research and analyses: 

0 The scope of the processes and problems explored is far greater-both in scale and in 

0 Collaboration-both among traditionally competitive institutions and across 
time-than traditionai research projects are equipped to deal with. 

disciplinary boundary lines-is absolutely essential if any meaningful understandings 
are to emerge. 

drives of global environmental research. 
0 Policyeconomically and politically practical policy-must be one of the prime 

The central and unifying framework for the center's work is global systems analysis. 
This analysis includes the development of increasingly sophisticated models that reflect 
the dynamic interactions of numerous subsystems global vegetation; human cultures and 
behaviors; and E@ systems such as atmospheric chemistry, ocean composition and 
circulation, and the links between air, land, and sea. Long-term goals are the development 
of models that will reflect the interpiay of demographics, land-use patterns, economics, 
ecological relationships, and other factors that influence the globe's environment. 

The Center for Global Environmental Studies brings together anthropologists, 
economists, political scientists, sociologists, planners, geogfaphers, climatologists, and 
ecologists to examine the decision processes involved in the global management of risks 
and resources. The center is developing the theoretical underpinnings of a practical 
approach to the problems of decision making involving many players and complex 
technical 'issues. 
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The Energy Division's mission is to provide innovative solutions to energy and related 
f;ri y issues of national and global importance through interdisciplinary research-and 

development. The division is committed to: 

understanding the mechanisms by which societies make choices in energy use; 
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0 developing and transferring energy-efficient technologies; 
0 improving transportation policy and planning; 

enhancing basic knowledge in the social sciences as related to energy and 

0 , providing a unique climate that allows engineers and physical, environmental, and 

implications of technological change; . u 

associated issues; and 

social scientistk to.address major societal problems and to develop professionally in 
their respective disciplines. 

Disciplines represented in the division include engineering, social sciences, physical and 
life sciences, and computer sciences and data systems. 

The division's programmatic activities cover three main areas: (1) analysis and 
assessment, (2) energy conservation technologies, and (3) transportation systems. 
Analysis and assessment activities involve energy and resource analysis, preparation of 
environmental assessments and impact statements, research and emergency preparedness, 
transportation analysis, and analysis of energy and environmental needs in 
developing countries. 

Energy use and delivery of technologies focus on electric power systems, building 
equipment, building envelopes (walls, foundations, roofs, attics and materials), and 
methods to improve'energy efficiency in existing buildings. Transportation systems 
research is conducted both to improve the quality of civilian transportation and for 
sponsors within the U.S. military to improve the efficiency of deployment, scheduling, 
and transportation coordination. 
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Environmental Sciences Division 
Oak Ridge National Laboratory’s Environmental Sciences Division (ESD) conducts 
environmental research and systems analyses to evaluate the effects that energy 
generation technologies have on the environment and to understand complex 
environmental relationships. Assessing and predicting the effects of environmental 
changes are essential to reducing environmental r isks  and impacts and to managing 
natural resources wisely. 

ESD is a national resource committed to leadership and excellence in interdisciplinary 
environmental research and ecosystems analysis. A major goal of the research conducted 
in ESD is to preserve and improve the quality of the environment for future generations. 

ESD is involved in basic and applied research, environmental assessments, environmental 
engineering, and demonstrations of advanced technology. In addition, the division 
provides technical guidance for regulatory compliance and program management for the 
U.S. Department of Energy, other federal and state governments, colleges and 
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universities, and businesses, both large and small. ru- “-3 

Research currently under way addresses major environmental issues of public and 
scientific concern, including: 

0 global environmental changes, 
0 ecological risks and responses to contaminants, 
0 implications of disturbances to forests and water resources, 
0 safe management of chemical and radioactive wastes, 
0 environmental remediation, and 
0 development of renewable biomass energy systems. 

ESD’s success as a research facility is enhanced by its ability to conduct 
interdisciplinary studies. 
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Health Sciences Research Division 
The Health Sciences Research Division (HSRD) of Oak Ridge National 
Laboratory conducts a broad range of basic and applied research in the general 
area of life sciences. Cause-effect mechanisms of action are studied at several 
levels of biological structure that include subatomic, atomic, molecular, cellular, 
tissue, organ, and organism toxicological perspectives. 

HSRD has developed an almost unique capacity for analytical study that includes 
source evaluation, environment transport, field characterization, biomonitoring, 
and dose-response analysis. The integrated processes span from the conceptual 
interface-where biological and chemical processes merge into physical 
interactions-to various toxicological endpoints in cells, laboratory animals, 
and humans. 

In addition, basic radiological, chemical, and biological processes are used to 
predict potential dsks to humans from exposures to hazardous agents for which 
(1) no directly relevant databases are available, (2) available data are ambiguous 
as demonstrated by electdmagnetic fields and low concentrations of established 
hazardous chemicals, or (3) exposures may illicit an untoward response only 
when combined with joint exposures to other insults. 

Research areas include basic, applied, and project-specific studies for the 
Department of Energy, other federal agencies, and industry in support of: 

environmental decontamination and device decommissioning; 
0 energy, material, and process-development technologies; 

environmental, regulatory, and technological policy; and 
0 nuclear medicine. 

More than 200 regular staff members are organized into areas’of assessment 
technology, biological and radiation physics, biological and information analysis, 
chemical physics, environmental technology, and risk analysis. These sections are 
supported by about 250 subcontractors, guests, fellows, and students and enable 
HSRD to maintain strong international leadership in many areas. 
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