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PREFACE

This 1987 Annual Report from Pacific Northwest Laboratory (PNL} to the U.S. Department of Energy
(DOE) describes research in environment, safety and health conducted during fiscal year 1987. The
report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of the PNL program. Parts 1 to 4
report on research performed for the DOE Office of Health and Environmental Research in the Office
of Energy Research. Part 5 reports progress on all research performed for the Assistant Secretary for
Environment, Safety and Health. In some instances, the volumes report on research funded by other
DOE components or by other governmental entities under interagency agreements. Each part
consists of project reports authored by scientists from several PNL research departments, reflecting
the multidisciplinary nature of the research effort.

The parts of the 1987 Annual Report are:

Part 1: Biomedical Sciences
Program Manager:  1.F.Park D.L. Fetton, Report Coordinator and Editor

Part2: Environmental Sciences
Program Manager: R.E. Wildung G. Weiss, Report Coordinator

5G.
G.P_O’Connor, Editor

Part3: Atmospheric Sciences
Program Manager: C.E. Elderkin C.E. Elderkin, Report Coordinator
E.L. Owczarski, Editor

Part4: Physical Sciences
Program Manager: L.H. Toburen H. Toburen, Report Coordinator

L.
P.L. Gurwell, Editor

Part5: Environment, Safety, Health,
and Quality Assurance

Program Managers: L.G. Faust L.G. Faust and B.L. Steelman, Report Coordinators
B.L. Steelman S.K.Ennor, M.T. Upton, and J.M. Gephart, Editors
LM Selby

Activities of the scientists whose work is described in this annual report are broader in scope than the
articles indicate. PNL staff have responded to numerous requests from DOE during the year for
planning, for service on various task groups, and for special assistance.

Credit for this Annual Report goes to the many scientists who performed the research and wrote the
individual project reports, to the progam managers who directed the research and coordinated the
technical progress reports, to the editors who edited the individual project reports and assembled
the five parts, and to Ray Baalman, editor in chief, who directed the total effort.

Members of the Scientific Advisory Committee, established in 1985, are:

Dr. Franklin |. Badgliey University of Washington

Dr. Leo K. Bustad Washington 5tate University

Dr. Franklin Hutchinson Yale Umiversity

Dr. Albert W. Johnson San Diego State University

Dr. ). Newell Stannard University of Rochester; University of California, San Diego

W.J. Bair, Manager
Environment, Health and Safety
Research Program
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FOREWORD

The Atmospheric Sciences Program at the Pacific Northwest Laboratory (PNL)
centered its initial emphasis on short-range diffusion and worldwide fallout
studies for the Atomic Energy Commission (AEC). Early tracer developments
were used in dispersion experiments to produce an extensive data base defin-
ing instantaneous and continuous plumes diffusing over a limited, relatively flat
portion of the Hanford Site. Plume characteristics for a uniform surface in
steady-state conditions were evaluated as a function of meteorological parame-
ters. In fallout studies, very sensitive radiological detection methods permitted
detailed characterization of seasonal and year-to-year variations in air concen-
trations of radionuclides over western North America.

As the program evolved, early research also dealt with wet and dry scavenging
of nuclear contaminants. Much of the field experimentation on scavenging
processes involved simulation of nuclear particulates with tracers. Releases of
tracers at the surface investigated dry removal and below-cloud wet removal
processes and, later in our initial research aircraft operations, tracers were
released into clouds to study in-cloud scavenging processes. As energy devel-
opment was undertaken more broadly, our research extended beyond nuclear
concerns to include the transport, transformation, and wet removal of fossil
energy contaminants on a local to multi-state basis, preceding by several years
the recognition of acid rain as a national problem.

Currently, the broad goals of atmospheric research at PNL are to describe and
predict the nature and fate of atmospheric contaminants and to develop an
understanding of the atmospheric processes contributing to their distribution
on local, regional, and continental scales in the air, in clouds, and on the
surface. For several years, studies of transport and diffusion have been extended
to mesoscale areas of complex terrain. Atmospheric cleansing research has
expanded to a regional scale, multilaboratory investigation of precipitation
scavenging processes involving the transformation and wet deposition of
chemicals composing “acid rain.” In addition, the redistribution and long-
range transport of transformed contaminants passing through clouds is recog-
nized as a necessary extension of our research to even larger scales in the
future. A few long-range tracer experiments conducted in recent years and the
special opportunity for measuring the transport and removal of radioactivity
following the Chernobyl reactor accident of April 1986 offer important initial
data bases for studying atmospheric processes at these super-regional scales.

The description of ongoing atmospheric research at PNL is organized in terms
of the following study areas:

Atmospheric Studies in Complex Terrain
Large-Scale Atmospheric Transport and Processing of Emissions
* Measurement and Analysis Developments

Atmosphere-Surface Interactions.



Atmospheric Studies in Complex Terrain

Air pollution in regions of nonuniform terrain is a particularly difficult problem
because of the complexity of meteorological conditions over spatial scales
ranging from individual valley slopes to systems of many valleys and ridges of a
region, and the diurnal coupling/decoupling phenomena between air in indi-
vidual valleys and the regional convective boundary layer. This research has
coordinated activities in the areas of boundary layer meteorology, development
of valley circulations and their interactions with synoptic flow, and the trans-
port and dispersion of contaminated air parcels in mountainous terrain set-
tings. The coordinated program attempts to integrate theoretical analysis,
model development, and results from field experiments. Improved understand-
ing of transport and diffusion in complex terrain gained through this interactive
approach will allow the development of assessment models that can be applied
with improved reliability to the siting and emergency response concerns of
many energy facilities of DOE and U.S. industry.

Large-Scale Atmospheric Transport and Processing of Emissions

Understanding the large-scale transport of contaminants in the atmosphere
and their movement and chemical behavior within cloud systems is important
in developing methods to predict the deposition of such contaminants. A cur-
rent major effort is our participation in the Processing of Emissions by Clouds
and Precipitation (PRECP) program.

PRECP is a multilaboratory effort to improve understanding of the phenomena
that are important in acid rain. Ultimately, understanding of these processes
will contribute to the implementation of effective control strategies. Personnel
at PNL are primarily responsible for advances in understanding precipitation
scavenging; major activities involve the conduct of large-scale field studies.
Data obtained from these experiments are being analyzed and used to develop
and improve cloud chemistry and precipitation scavenging numerical models.
These, in turn, are combined with other elements of regional-scale acid rain
models as part of the larger National Acid Precipitation Assessment Program.

Measurement and Analysis Techniques

Since the early developments in tracer technologies and methods for detecting
fallout materials, the importance of continually advancing capabilities for mea-
suring and analyzing atmospheric constituents and properties has been recog-
nized by PNL. The long-standing operation of a precipitation chemistry
network and the evolution of its measurement and analysis technology has
steadily pushed forward the state-of-the-art in this area. The early establish-
ment of a research aircraft capability was followed by an annual re-evaluation of
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sensors and data systems for meteorological, cloud physics, atmospheric chem-
istry, aerosol, and other air pollution measurements. To obtain the levels of
sensitivity and accuracy needed in experiments, improvements have been con-
tinually made, including, by necessity, many instrumentation developments.
PNL, in its internal exploratory research, looks even further to the future for
new concepts in measurement and analysis to maintain a position in the fore-
front of this important aspect of research.

Atmosphere-Surface Interaction

Research on air-to-surface exchange processes had its beginnings in the nu-
clear area where deposition and resuspension of radionuclide particulates were
investigated. Transfers of energy-related contaminants between the atmo-
sphere and surfaces of various physical, chemical, and biotic composition re-
main aserious concern. ltis recognized that future research must deal in an
integrated manner with transfer processes for energy, moisture, and nutrients
involved in the maintenance of biological systems at the earth’s surface to-
gether with the contaminants introduced by humans that may impact these
systems. Indeed, international attention is currently being focussed on the
functioning of the earth’s environment as an integrated system and the changes
that we can anticipate, even on a global basis, due to human activities. The
International Geosphere-Biosphere Program (IGBP) will promote a broad, inter-
disciplinary research effort, including as a high priority the study of interactions
between the atmosphere and the earth’s biological and geological systems.

PNL is examining expanded research in this area for DOE, which would draw on
our experience to complement these international efforts.

This report describes the progress in FY 1987 in each of these areas. A divider
page summarizes the goals of each area and lists project titles that support
research activities.
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ATMOSPHERIC STUDIES IN COMPLEX TERRAIN

The ASCOT program investigates atmospheric boundary layer circulations and contaminant transport and
dispersion in areas where surface features strongly influence or controf these processes. Three projects

at PNL investigate related aspects of the ASCOT research and are clusely coordinated with ASCOT projects at
other DOE laboratories.

The prirnary transfers of energy and momentum that drive and retard all atmospheric circulations 1ake place
at the earth’s surface and in the adjacent atmospheric boundary layer. In areas of complex terrain these
transfers can first be reflected in local and mesoscale circulations before being passed onto the general
atmosphere. Relatively isolated circulations can develop within the constraints of significant terrain features
during streng diurnal energy loss from the near-surface air; these are later reversed and coupled once again
to the general atmospheric gradient flow as diurnal gains in energy reconfigure airflow over slopes and
within valleys. Contaminants released within these boundary-layer circulations can be trapped in valleys and
basins, “fumigated”and impinged on valley floor and wall surfaces, and eventuaily vented from valleys as
energy exchanges evolve. Fven in rather idealized complex terrain these flows and 1he associated contami-
nant transport and dispersion are not easily described or predicted. Consequently, ASCOT research is aimed
at understanding the role of energy exchange, terrain configuration, and scale interactions for coupled flows
{e.g., slope, valley, and gradient) in developing and destroying boundary-layer circulations and in dispersing
contained contaminants. Experiments are conducted at mountainous sites where prominent lerrain features
are thoroughly characterized and the strong diurnal variations in energy fluxes are well documented.
Resultant temperature, wind, and turbulence fields in the thermally generated mesoscale circulations are
measured with in situ and remote sensing instrumentation. The general flow features over the region to
which the terrain-induced circulations and contaminant plumes are periodically linked are characterized
with soundings and tracers.

Closely coordinated investigations in the three ASCOT projects are systematically developing a generalized
understanding of the relevant processes, expressed in increasingly reliable theoretical/analytical descriptions
and models. Such models hold the promise of translating descriptive and forecasting capabilities to the large
number of other locations where boundary layer flow and contaminant dispersion and transport are influ-
enced by terrain features and surface energy exchange processes but to a lesser extent than for the highly
organized, decoupled mesoscale flows studied in ASCOT,

The three projects that compose the ASCOT research program at PNL are:

* Atmospheric Boundary Layer Studies
* Atmospheric Diffusion in Complex Terrain

= Coupling/Decoupling of Synopticand Valley Circulations.
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LARGE-SCALE ATMOSPHERIC TRANSPORT AND PROCESSING OF EMISSIONS

Current research on large-scale atmospheric transport and processing of emissions through storms is a
natural outgrowth of the long-term emphasis in atmospheric sciences research at PNL on atmosphetic
cleansing processes. This research has expanded from its initial focus on localized precipitation scavenging
of nuclear materials to the removal of widespread fossil and other energy effluents as responsibilities have
evolved for DOE. When national attention focused on acid rain, PNL, together with other DOE laboratories,
joined in planning and conducting the interagency efforts within the National Acid

Precipitation Assessment Program {(NAPAP). DOE's program within NAPAP, Processing of Emissions

by Clouds and Precipitation (PRECP), examines the source-receptor relationships of the regional-scale

acid rain impacts issue.

PRECP's scientific domain addresses the physical and chemical processes within the cloud and precipitation
systems; cloud dynamics defining inflow and outflow characteristics, microphysics and in-cloud scavenging
properties, aqueous phase chemistry, regional wet deposition patterns, and storm chemistry climatology
receive direct attention. A major effort in PRECP has been to conduct large-scale experiments involving
surface-based measurements and aircraft probing frontal and convective storm systems. These activities are
a combined effort of Argonne and Brookhaven National Laboratories (ANL and BNL) and PNL. The magni-
tude of the field experiments has also prompted cooperative efforts with other agency scientists who are
concenfraling on other aspects of the storm systemms. Modeling research, which orgaoizes field research
results inlo a descriptive and predictive framework, has emphasized cloud and precipitation chemistry and
microphysics. These modeling efforts have also benefitted from strong interfaces with subcontracted univer-
sity researchers and other scientists on related research topics such as photochemistry, synoptic- and re-
gional-scale circulations, and cloud dynamics. This close cooperation is permittiog us to integrate a
comprehensive modeling descriptien of the combined processes leading to acid deposition. In future PRECP
research, model experiments will simulate storm processing of pollutants interactively with analysis of field
experiments to improve understanding and contribute input modules to assessment codes that agencies will
ultimately use for policy and regulatory considerations.

The importance of large-scale transport is becoming increasiogly evident as PRECP results demonstrate

that a significant fraction of energy contaminants can be vented through cloud systems, redistributed
throughout the troposphere, and carried 10 large distaoces. A multi-agency field study of large convective
storms in the midwestern United States is being organized by ANL, BNL, and PNL, which will comprehen-
sively measure with several aircraft and multiple Doppler radar the dynamical, microphysical, and chemical
processes respansible for convective cloud development, contaminant and oxidant ingestion, transforma-
tions, and wet depaosition or redistribution throughout the troposphere of resultant chemical species. The
experiment will extend our model descriptioos of these pracesses, particularly the venting process determin-
ing the fraction of pollutants passing through the storm to be made available for long-range transport. Later,
a series of even larger scale experiments of contaminant scavenging and redistribution by irontal passages
through the eastern United States and Canada will be planned with Canadian scientists.

A valuable source of data for continental- to hemispheric-scale transport was the Chernobyl event. The
Soviet nuclear accident permitted measurement of primary nuclear contaminants folfowing transport, dis-
persion, and wet and dry removal over kurope, Asia, and North America. Studies of the processes involved in
producing their distributions in air, clouds, and on the surface are continuing as the large number of
contributors to the measurements, who were rapidly brought together in a cullaborative

effort, make progress in processing data and sharing results.

Undoubtedly, there will be an important role for tracers in future long-range transport studies where ex-
change of contaminants between multiple [ayers through the atmosphere, having differing wind, mixing, and
moisture conditions, must be characterized. Recent{ong-range tracer experiments in ANATEX,

approaching continental scales, required extremely sensitive tracer detection for transport and dispersion
studics at these distances, even in clear-air conditions. Tracers thal can also be used in storm conditions,
with known scavenging characteristics and even greater detectability, will be necessary for the future,
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The interpretation of transport, dispersion, and removal processes on very large scales must afso extend
beyond the dynamical description of individual case studies. The statistics and theory for considering
muitiple processing of events, widespread and repeated releases, and the ultimate fate and balance of
source-to-sink cycling of contaminants on a continental or global basis must be firmly established before
meaningful conclusions can be drawn.

The projects whose progress is reported in the following articles are:

« PRECP
+ Soviet Accident Fallout Measurements
*  ANATEX.
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Large-Scale Atmospheric Transport and Processing of Emissions

PRECP: STATUS AND FUTURE DIRECTIOQNS

M. Terry Dana and A. C. D. Leslie

PRECP's primary objective--to provide essential
information for the quantitative description of
wet deposition as a function of air-pollution
loadings, geographical location, and atmos-
pheric processing--has been implemented through
research in several areas: definition and
reduction of inadequacies in models of atmos-
pheric processing of pollutants by clouds and
precipitation through field, laboratory, and
theoretical studies; contribution to under-
standing of pollutant processing through field
observations and resultant data bases; and
reexamination of acidic deposition data bases
for indications of nonlinearities. The major
thrust of this effort has been directed

toward field studies, of which five have been
conducted:

e PRECP-1 (April-May 1985):
outflow, scavenging ratios

storm inflow and

e PRECP-II {June 1985): convective storm
processing, pollutant redistribution (with
the PRESTORM experiment managed by NSF/NOAA)

o PRECP-III (January-February 1986): winter
storm processing, oxidant profiles, deposi-
tion by snowfall

e PRECP-1V (January-March 1986): low-latitude
winter stoerm inflow and outflow, rain band
chemistry, model evaluation data base (with
the GALE study managed by NOAA/NSF)

e PRECP-¥ (June 1987): convective storm pro-
cessing, oxidant profiles, pollutant
redistribution,

Analyses of the results of these studies are
continuing (see the articles in this section),
and planning fer the final PRECP field effort
under NAPAP, 3CPO (PRECP-VI} (see the article
by Leslie and Dana in this section) is under
way at the time of this writing.

Major findings of the completed field efforts--
supported by the laboratory, modeling, and
theoretical studies--include:

e Boundary layer air and a significant frac-
tion of its associated pollutants are ver-
tically redistributed to the upper tropo-
sphere, where they are no longer available
for local scavenging, and may be transported
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very long distances to affect the atmos-
pheric chemistry in other regions, coun-
tries, or continents.

e The delivery of pollutants to the surface
can be controlled as much by oxidant (e.g.,
hydrogen peroxide) levels as by concentra-
tions of primary polliutants; the potential
nonlinearities are of concern to emission
control strategies.

The first of these findings provides a major
thrust for extension of the PRECP project be-
yond NAPAP, which is scheduled for conclusion
at the end of FY 1989. There is increasing
cancern about the interactions of anthropogenic
and natural atmospheric chemicals, which can
affect atmospheric quality at great distances
from their sources or may lead to global
climatic changes and biosphere disruptions.
Examples include (0, and global warming, sul-
fate and climate cooling, methane and strato-
spheric clouds, chlorofluorocarbons (CFC) and
the ozone layer, and climatic effects of
elemental carbon, sulfate, and other species
in the Arctic and Antarctic regions. PRECP
intends to extend its consideration of cloud
and precipitation processing of pollutants to
this larger scale; understanding of the con-
tributions of these processes to the global
atmosphere will require a carefully planned
program of field and laboratory measurement
and theoretical and modeling studies, directed
toward long-range-planned, cooperative field
experiments in 1989 and beyond. Interagency
and international cooperation is necessary if
an understanding of meteorclogical systems

and pollutant budgets on the international
scale is to be obtained. A logical progression
of "Global PRECP" field efforts could include:

e Northeastern U.S./Southeastern Canada
Scavenging Experiment (Fall 1989). Jointly
with the Atmospheric Environment Service,
characterizing inflow into storms moving
over eastern North America, and outflow to
the Attantic and toward the Arctic; a sig-
nificant spatial expansion would include
the use of existing Canadian sampling
networks.

e Pollution of the Arctic (Fall 1992). Inter-
agency study with long-range sampling air-
craft, examining transport of North American
pollution to the Arctic, its involvement
with and effect on ¢loud processes, albedo,
and surface ecology.



e Stratospheric Ozone and Pollution. Inter-
agency study to understand the effects of
wet processes on CFC and ozone chemistry.

o Flux of Atmospheric Trace Chemicals to
Europe, International study, combining
techniques and objectives of the previous
studies to understand transatlantic pol-
lutant budgets and the extent of North
American pollutant effects on Eurcpe.

During the balance of the NAPAP-retated phase
of PRECP, continued analyses of the data bases
created during the six field projects will
provide additional understanding of the mecha-
nisms invoived with the two major findings
above, will provide data for model evaluation,
and possibly will lead to additional insights
related to acidic deposition phenomena. In
addition, model simulations will be completed
for convective and frontal storm cases experi-
enced during the field projects, offering
tests of the postulated controlling mechanisms
in support of NAPAP's goal of providing reli-
able prediction for regulatory decision-
making.

SCAVENGING RATIOS FOR SOp, SO;, AND NO;
CALCULATED FROM RELEVANT AIRCRAFT AND
SURFACE MEASUREMENTS

W. E. Davis, J. M, Thorp, R. N. Lee, and
M. Terry Dana

One of the major problems facing acid precipi-
tation researchers is the modeling of wet
deposition. To better understand and predict
the effects of wet deposition, various chem-
istry and wet removal computer models are
being developed that will represent the chemi-
cal transformations and precipitation removal
of pollutants from the atmosphere. A param-
eter that, in applicaticns of such models,

can serve as a relatively reliable indication
of precipitation scavenging is the scavenging
ratio: the ratio of the concentration of a
chemical in precipitation to its concentra-
tion in air.

One objective of PRECP has been to form a
data base, through field studies of wet depo-
sition episodes and analyses of the field
results, to aid in model development and
testing. The first of these field studies,
PRECP-I, was conducted during April and the
first part of May 1985, [In PRECP-I, atmos-
pheric chemistry measurements were made on
the ground and by aircraft in the inflow air
aloft (as well as in clouds and precipitation)
to provide data for making computations of
"improved" scavenging ratios; i.e., based on
storm inflow rather than surface-level air
concentrations,
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Scavenging ratios, even improved ratjos, fall
far short of explaining the processes that
take place within the storm. Because the
ratio is formed by integrating a number of
effects over time, the amount of information
that is lost is significant. For example,

the chemical reactivities are not considered;
in-cloud processes involving particle and

drop size spectra, collision efficiencies, and
thermophoretic and diffusiophoretic effects
are also not treated individually. To move
from an integrated measurement to measuring
the specific effects, however, increases the
number of measurements and the degree of diffi-
culty by at least an order of magnitude. The
scavenging ratio, despite its shortcomings,
allows the model developer an end-point com-
parison with results from his scavenging model
and, for application purposes, may provide a
relatively stable or reliable parameterization
of the many complex processes involved. 1In a
sense, the scavenging ratio represents a "black
box" description of the scavenging process.
One measures the air concentrations entering
the box and the precipitation concentrations
that come out of the box, but within the box
the processes are integrated, Subsequent
field studies {PRECP-II and PRECP-VI) have
been designed to provide some insight in under-
standing the processes taking place within

the box.

Scavenging ratios for various species have

been made by a number of authors (Engelmann
1971, Barrie 1985, Barrie and Neustadter 1983,
Gatz 1974, Krey and Toonke! 1974, Misra et al.
1985, Niemann 1983, and Westhuizen 1969).
Previous calculations of scavenging ratios

have been based on the concentrations of spe-
cies in surface air measurements. These ratios
varied by orders of magnitude. At Jleast two
problems in previous scavenging ratio calcu-
lations may explain the large variations in

the ratios: the locations of the air concen-
tration measurements and precipitation measure-
ments. In previous work the air concentrations
measured at the surface have been assumed to

be the same concentrations feeding the storm.
The relationship should be formed instead

from the air concentration feeding into the
storm, processed in the storm, and then
deposited in the precipitation. That is, the
concentration in the precipitation is the
result of integral processing of the inflow

air by the storm. The second problem is caused
by the precipitaticn sampling. The concentra-
tion in the precipitation should be related

to the concentration of the inflow air to the
storm; thus, if there are different sources

of inflow air during the sampling period, the
precipitation sampling must be conducted
sequentially in order to separate periods of
precipitation that are related to different
phases of the storm. For example, in a typical
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MEASUREMENT AND ANALYSIS TECHNIQUES

The development and deployment of new measurement and analysis systems for both surface-based and
airborne operations are continually being addressed by PNL in the Multi-State Air Pollution and Power
Production Study/Precipitation Chemistry Network (MAP3S/PCN) and the Research Aircraft Operations pro-
ject. PNL’s internally funded exploratory rescarch also contributes to these advancements. Measurements in
air, clouds, and precipitation began more than a decade ago on a multi-state basis to identify and characterize
energy-related pollutants, chemical species resulting from their transformation, and other involved atmo-
spheric constituents through the MAP35 network and our instrumented DC-3 aircraft. As new understand-
ing of important processes and reactions has progressed, measurement and amalytical capabilities have been
advanced to ensure that regional air and surface chemistry distributions and their changes can be character-
ized sufficiently to anticipate new and growing threats to the environment. Qur close association through
the MAP35/PCN network with scientists at universities and other federal laboratories and our detailed
analysis of precipitation samples from their measurement sites have created a valuable data base serving a
host of related investigations on atmospheric chemistry and environmental cycling at their sites and across
the network.

In the future, atmospheric chemistry measurements by surface networks will capitalize on recent studies of
trace mretals in precipitation. The relationship oi chemnical inputs at the sampling site environments to
outputs from specific source areas may be identified by various combinations of trace metals. Apportion-
ment of other associated potlutants from these source areas will be studied acrass the precipitation chem-
istry network, Trace metal exchange and accumulation at remote sampling locations will also be
investigated. Advanced measurement and analytical capabilities will permit more detailed characterization
of organic species in air and precipitation as well. Increased emphasis will be placed on their rale in
conlaminant processing and as biogenic inputs to the atmosphere,

Aircraft measurement efforts will focus on the production and distribution of axidants throughaut the
atmosphere and their crucial role in cloud processing and removal of anthropogenic sulfur. Where insuffi-
cient oxidants are present, the high aftitude venting from clouds and subsequent long-range

transport of contaminants will be characterized. A Gulfstream-1turboprop aircraft, recently acquired by
Battelle for the more demanding requirements of future aircraft operations, will be equipped 1o probe the
outflow as wel! as inflow regions of clouds and measure more diverse and complex chemical processes aver
expanded spacial scales of interest. Cancurrent aircraft measurements, remote and in situ, of cloud physics
and radiative transfer processes will characterize the response of energy budgets to pollutian-

induced changes in acrosol and cloud properties. The studies described in the following articles were
supported by:

* MAPIS/PCN
* Research Aircraft Operations

+ Exploratory Research

69




































" Air-Surface
' Interaction



AIR-SURFACE INTERACTION

PNL has contributed over the years to research in air-surface exchaoge processes through dry deposition and
resuspension studies. Evidence of this foundation is given through two international conferences co-chaired
and contributed to strongly by PNL scientists. In 1983, the state-of-the-science for air-surface exchange of
contaminants was represcnted by the results of these conferences in the book, Air-Sea Exchange of Gases
and Particles, edited by P. S. Liss (UK.} and W, G. N. Slinn, and the twovolume proceedings Precipitation
Scavenging, Dry Deposition, and Resuspension, coordinated by

H. R. Pruppacher {UCLA), R. G. Semonin {I5W$), and W. G.N. 5linn.

The importance of understanding multi-media and interactive environmental exchange processes in the
integrated geosphere-biosphere system has received growing international recognition in recent years. At
the 1985 meeting of the Internativnal Councii of Scientific Unions (1ICSU), endorsement was given to a 2-year
study to draw up plans for an International Geosphere-Biosphere program (IGBP), which would encompass
studies of the global climate, the biosphere, and biogeochemical cycling af a host of natural and man-made
chemicals. The goal of the IGBP is to understand how the Earth’s envircoment functions as an integrated
whoie. As of July 1987, 25 nations [including the Peoples Republic of China (PRC) and the USSR] have
committed themselves (o involvement in the [GBP,

The IGBP is described by Science (226:33-35) as *‘the largest cooperative endeavor in the history of science.”
At the July 16-19, 1987, Paris meeting of the |CSU Special Committee for the 1GBP, four research areas were
chasen for initial emphasis in the IGBP:

Terrestrial Biosphere-Atmmospheric Chemistry Interactions
Marine Biosphere-Atmasphere Inferactions

Biospheric Aspects of the Hydrological Cycle

BowoN

. Effects of Climate Change on Terrestrial Ecosystems.

The specific interests of PNL in air-surface exchange processes and the needs of DOL in understanding
contaminant transter are clearly aligned with these four areas of emphasis.

More fundamental approaches to air-surface exchange research are active at PNL, replacing the prior dry
deposition and resuspension research projects. New directions in atmospheric cleansing processes being
defined within the PRECP program as its emphasis is reoriented from the specific needs of NAPAP. A gradual
transition from studies attemipting to solve regional-scale acidic deposition problems to studies of more
general geosphere-biosphere problems, at spatiaf scales fram regional to global, is aoticipated. The goal of
this transition is 1o prepare for significant DOE contributions to the U5, Giobal Change Program, which is
the prapased U.5. companent of the IGBP.

Exploratory research at PNL consists of small projects of a creative and exploratory character having potential
Tor stimulating new directions of research consistent with the Laboratory's Institutional Plan.

lhis internal program also includes new research efforts related to global change and geonsphere-biosphere
concerns. Fulure annual reports will provide specific scientific findings from these efforts, as in the case of
the two contributions included here, as well as state-of-the-science surnmaries for various elernents of the
scientific framework being defined for PNL's future geosphere-binsphere rescarch.
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