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PREFACE

This 1984 annual report from Pacific Northwest Laboratory (PNL) to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during
fiscal year 1984, The report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of our 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 per-
formed for the Assistant Secretary for Policy, Safety, and Environment. 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 pro-
ject reports authored by scientists from several PNL research departments, reflecting
the multidisciplinary nature of the research effort.

The parts of the 1984 Annual Report are:

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

Part 2: Environmental Sciences
Program Manager - B. E. Vaughan B. E. Vaughan, Report Coordinator
C. M. Novich, Editor

Part 3: Atmospheric Sciences
Program Manager - C. E. Elderkin N.S. Laulainen, Report Coordinator
E. L. Owczarski, Editor

Part 4: Physical Sciences
Program Manager - |. M. Nielsen R. M. Garcia, Report Coordinator
J. E. Danko, Editor

Part 5: Overview and Assessment
Program Manager - W. A. Glass R. W. Baalman, Report Coordinator
and Editor

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 many scientists who performed the research and
wrote the individual project reports, to the program managers who directed the
research and coordinated the technical progresss reports, to the editors who edited
the individual project reports and assembled the five parts, and to Ray Baalman, edi-
tor in chief, who directed the total effort.

W. |. Bair, Manager

S. Marks, Associate Manager
Environment, Health and Safety
Research Program
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FOREWORD

The goals of atmospheric research at Pacific Northwest Laboratory (PNL) are to assess,
describe, and predict the nature and fate of atmospheric contaminants and to study
the impacts of contaminants on local, regional, and global climates. The contaminants
being investigated are those resulting from the development and use of conventional
resources {coal, gas, oil, and nuclear power) as well as alternative energy resources.

The description of atmospheric research at PNL is organized in terms of the following
studies:

¢ Atmospheric Studies in Complex Terrain {ASCOT)

® Boundary Layer Meteorology

® Dispersion, Deposition and Resuspension of Atmospheric Contaminants.

Atmospheric Studies in Complex Terrain (ASCOT)

The ASCOT program represents a multilaboratory effort to coordinate research activi-
ties in the areas of boundary layer meteorology, transport and dispersion of contami-
nated air parcels, and the transformation, scavenging, and dry deposition of
atmospheric contaminants in mountainous terrain settings. This coordination attempts
to integrate theoretical analysis, mode! development, and the results of carefully
designed field experiments, The improved understanding of transport and diffusion
in complex terrain gained through this collaborative approach will allow the devel-
opment of assessment models that can be applied with greatly improved reliability to
the siting of energy-producing facilities in the western United States.

Boundary Layer Meteorology in Complex Terrain

Air pollution in mountainous regions is a particularly difficult problem because of the
compiexity of meteorological conditions over spatial scales ranging from individual
valleys to systems of many valleys and ridges of a region, and the diurnal coupling/-
decoupling phenomena between individual valleys and the regional convective
boundary layer. In order to ensure acceptable siting of energy development facilities
in uneven terrain, models and field measurements of complex airflow and dispersion
conditions in this complex setting must be developed and undertaken.

Disperson, Deposition and Resuspension of Atmospheric Contaminants

Dispersion, deposition, and resuspension process are linked intimately with the
dynamics of the boundary layer. The former two processes act to reduce air concen-
trations of gaseous and particulate material while the latter process acts to increase air
concentrations of particulate material, particularly in the large particle size classes. In
many energy development areas of the West, ail three processes will play an impor-
tant role in determining the effective residence times of potentially hazardous parti-
cles in the atmosphere. The current program is aimed at gathering necessary field
data and developing models for the prediction of the dispersion, deposition and
resuspension of atmospheric contaminants.



This report describes the progress in FY 1984 for each of these areas. A divider page
summarizes the goals of each area and lists, as bulleted items, project titles that sup-
port research in each area.
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ATMOSPHERIC STUDIES IN COMPLEX TERRAIN — 1984
ACTIVITIES

® Atmospheric Boundary Layer Studies
® Atmospheric Diffusion in Complex Terrain
¢ Coupling/Decoupling of Synoptic and Valley Circulations

A major focus of research activities at PNL is related to the multilaboratory
Atmospheric Studies in Complex Terrain (ASCOT) program. Initial experience
was gained at the Geysers geothermal site in northern California during 1979,
1980, and 1981. In 1982 the area of study shifted from the Geysers area to the
oil-shale region in western Colorado, where a series of scoping experiments
was performed. Evaluation of those experiments, as well as the experience
gained at the Geysers, led to the design of experiments conducted in Colo-
rado in 1984.

During the period of September 17 through Qctober 6, 1984, the ASCOT pro-
gram supported an extensive field study in the Brush Creek valley of western
Colorado. The major goals of this study were to measure the mass, momen-
tum, and thermal energy budgets of Brush Creek valley and to measure the
transport and diffusion of tracers during nocturnal drainage flow and during
the morning breakup of drainage flow.

This extensive measurement program was a cooperative effort by universities
and several Department of Energy (DOE) and National QOceanic and
Atmospheric Administration (NOAA) laboratories:

Pacific Northwest Laboratory (PNL)

Argonne National Laboratory (ANL)

Atmospheric Turbulence and Diffusion Laboratory (ATDL)
Lawrence Livermore National Laboratory (LLNL)

Los Alamos National Laboratory (LANL)

Wave Propagation Laboratory (WPL)

Colorado State University (CSU)

University of Washington {UW)

This section of the report begins with an article that gives a summary of PNL
participation in the ASCOT 84 experiments. This article is followed by detailed
descriptions of measurements and results obtained during the experiments.



The improved understanding of transport and diffusion in complex terrain
gained through the ASCOT study will allow the development of environ-
mental assessment models that can be applied with greatly improved reliability
to the siting of energy-producing facilities in the western United States.
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BOUNDARY LAYER METEOROLOGY IN COMPLEX TERRAIN

¢ Atmospheric Boundary Layer Studies
e Atmospheric Diffusion in Complex Terrain

e Coupling/Decoupling of Synoptic and Valley Circulation

Major reserves of fossil fuels are located in mountainous or other complex ter-
rain. As the use of these fuels as an energy source increases, the emission of air
contaminants, such as sulfur and nitrogen compounds, trace metals, and fugi-
tive dust produced by the combustion, conversion, and extraction of these
fuels, will increase also. The analysis of the fate of these pollutants is particu-
larly difficult in mountainous terrain settings, but is urgently needed to ensure
that the nation’s energy plan can proceed efficiently and yet be environmen-
tally sound.

The research activities at PNL in this study area are related primarily to the
multilaboratory Atmospheric Studies in Complex Terrain (ASCOT) program. A
wealth of data from the Geysers and Brush Valley areas are being analyzed and
tested against a variety of models accounting for the transport and dispersion
of air contaminants under nocturnal meteorological conditions.

Contributions during FY 1984 include the analysis of data from the 1982 Brush
Valley experiments to estimate the atmospheric budget for valley drainage
winds and further evaluation of winds measured by Doppler sodar. As a result
of collaboration initiated with the Meteorlogical Institute of the University of
Innsbruck, Austria, Whiteman and Dreiseitl produced the first widely available
english translations of four classical papers on alpine meteorology by Wagner,
Ekhart and Defant. These papers, plus a description of recent European expe-
rience in complex terrain field studies, are available as an ASCOT report and
should be of great value in future complex terrain field experiments.
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DISPERSION, DEPOSITION, AND RESUSPENSION OF
ATMOSPHERIC CONTAMINANTS

e Dry Deposition

® Oil Shale Fugitive Air Emissions

® Particle Resuspension and Translocation
¢ Theoretical Studies and Applications

® Processing of Emissions by Clouds and Precipitation

The concentration of contaminant species in air is governed by the rate of
input from sources, the rate of dilution or dispersion as a result of air turbu-
lence, and the rate of removal to the surface by wet and dry deposition pro-
cesses. Once on the surface, contaminants also may be resuspended,
depending on meteorological and surface conditions. An understanding of
these processes is necessary for accurate prediction of exposures of hazardous
or harmful contaminants to humans, animals, and crops.

At PNL several research programs focus attention on these processes through a
combination of field, laboratory, and modeling studies. In the field, plume
dispersion and plume depletion by dry deposition are studied by the use of
tracers. A unique application of tracer technology at PNL is the simultaneous
release of depositing and nondepositing tracers. Dry deposition was investi-
gated for particles of both respiration and inhalation interest. Complementary
dry deposition studies of particles to rock canopies were conducted under
controlled conditions in a wind tunnel. Because of increasing concern about
hazardous, organic gases in the atmosphere some limited investigations of the
dry deposition of nitrobenzene to a lichen mat were conducted in a stirred
chamber.

Resuspension is also studied using tracers and contaminated surfaces and in
the wind tunnel. The objective of the resuspension studies is to develop and
verify models for predicting the airborne concentrations of contaminants over
areas with surface contamination, develop resuspension rate predictors for
downwind transport, and develop predictors for resuspension input to the
food chain. These models will be of particular relevance to the evaluation of
deposition and resuspension of both radionuclides and chemical
contaminants.



In FY 1984, initial plans for the new initiative program, Processing of Emissions
by Clouds and Precipitation (PRECP), as a part of the National Acid Precipita-
tion Assessment Plan (NAPAP) were developed. The program focuses on the
scavenging of energy contaminants, particularly those leading to the formation
of acids, through extensive field measurements. Near-term program plans are
summarized in this report.































































e Theoretical Studies and Applications

Objectives of this study are:

To develop mathematical models that realistically characterize and describe the fate of energy related-

air contaminants.

To translate theory and data into forms most useful for practical application in evaluating the conse-

quences of air contaminant releases.

THEORETICAL STUDIES AWD APPLICATIONS
W. G. N. STinn

The Theoretical Studies and Applications pro-
ject was concluded, after 10 years of study,
in FY-1984. The purposes of the project were
1} to develop theoretical models to charac-
terize and to describe the fate of energy-
related pollutants and 2} to translate the
theory {(and data from laboratory and field
studies} into forms most useful for practical
applications--evaluating consequences of air
pellution releases.

During this final year, a chapter on Precipi-
tation Scavenging, by W. G. N. S1inn, was
published in Atmospheric Science and Power
Production {Randerson 1984); this volume is
the sequel to Meteorology and Atomic Energy
{Slade 1968). This chapter jllustrates the
realization of the two goals of the project,
i.e., theoretical developments and practical
applications.

This article summarizes other accomplishments
of this project and indicates new initiatives
that have been derived, in part, from this
project.

Accomplishments

The publications Tisted in Table 1 have been
funded wholly or in part by this project.
A1l of these were written by W, G. N. Slinn,
with coauthors as noted. These publications
document knowledge gained in this study.

New Initiatives

During FY-1984, some support from this pro-
ject has been used to fund efforts on major
new research initiatives for 00F. Brief de-
scriptions of four of these new initiatives
are given in the following paragraphs. All
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of these initiatives are in the fields of
precipitation scavenging, dry deposition, and
resuspension., Omitted from below is a de-
scription of a major new project in precipi-
tation scavenging, entitled PRECP: PRocess-
ing of Emissions by Clouds and Precipitation,
The PRECF project is described in the next
article in the annual report.

During FY-1984, W. G. M. Slinn wrote first
drafts of two major proposals in dry deposi-
tion. The titles of the initiatives are now
ASDEP {Atmospheric-Surface Dry Exchange Pro-
cesses) and TDEP {Tracer-Simulated Dry Depo-
sition of Environmental Pollutants}, Both
proposals have been submitted to the DOE-
Office of Health and Environmental Research
(OHER} and funding is anticipated to start in
FY-1986. The portion of the original ASDEP
proposal that has been recommended for fund-
ing by Task Force D of the Interagency Task
Force on Acid Precipitation will be led by
Argonne National Laboratory; this portion
proposes to measure area-averaged dry deposi-
tion by means of eddy-flux measurements from
aircraft. The partion of the original ASDEP
proposal that is now TDEP has received favor-
abie review by the Office of Management and
Budget; this portion proposes to use tracer
and other methods to determine dry deposition
of acidic and other pollutants. A scientific
peer review of research plans for both
approaches s planned for the near future.

Preliminary work on a third new initiative to
DOE-OHER has also been conducted. The pro-
posed research is to use radiocactive tracers
at Department of Energy sites to study
exchange processes between the atmosphere and
terrestrial surfaces, especially the resus-
pension of particles. The program was out-
Tined by W. G. N. S1inn at a resuspension
workshop hosted by the Lawrence Livermore
Mational Laboratory (LLNL) during the summer



TABLE 1. Publications from the Theoretical Applications Task, 1974 through 1984

“The redistribution of a gas plume caused by reversible washout,” Atmos. Environ., 8:233, 1974,
“Rate limiting aspects of in-cloud scavenging,” J. Atmos, Sci., 31:1172, 1974,
"“Atmospheric aerosols in surface-leve! air,”” Atmos. Environ., 9:763, 1975,

" An analytical search for the stachastic dominating process in the drift depaosition problem,” Coofing Tower Environment. 5. K.
Hana and }. Pell {eds.}, ERDA CONF-740302, 1975. Available from National Technical Service, Springfield, Virginia.

“Precipitation scavenging of aerosol particles,” Geophys Res. Letters, 3:21, 1976.
“Buocyant plumes: closure problems and dissipative processes,” Atmos, Environ., 10:665, 1976.
“Formulation and a solution of the diffusion-deposition-resuspension prablem,” Atmos. Environ,, 10:763, 1976.

“Dry deposition and resuspension aof aerasol particles—a new look atsome old problems,” Air-Surface Exchange of Particulate
and Gaseous Pollutants. R. |. Engelmann and G. A. Sebmel {coords.), ERDA CONF-740921, 1976. Available from National
Technical Information Service, Springfield, Virginia.

“Theary of diffusive deposition of particles in a sphere and in a cylinder at small Fourier numbers,”” Atmos, Environ., 10:789,
1976.

“Some approximations for the wet and dry removal of particles and gases from the atmosphere,” J. Water, Air, and 5ot
Pollution, 7:513, 1977,

“Precipitation Scavenging: same problems, approximate solutions, and suggestions for future research,” Precipitation
Scavenging. R. G. $emonin and R. W. Beadle {coords.), ERDA CONF-741003, 1977. Available from National Technical
Information Service, Springfield, Virginia,

“Wetand Dry Removal Processes,” W. G. N. Slinn et al., invited chapter in The Tropaspheric Transport of Pollutants and Other
Substances to the Ocean. |, M. Prospero {ed.), U.5. National Academy of Sc.ences, Washington, D. C., 1978,

“Some comments on parameterization for resuspension and for wet and dry deposition of particles and gases for use n
radiation-dose caiculations,” Nuclear Safety, 19:205, 1978.

“Same aspects of the transfer of atmospheric trace canstituents past the air-sea interface—areview,” with L. Hasse, B. B. Hicks,
A. W. Hogan, D. Lala, P. 5. Liss, K. O. Munnich, G. A. Sehmel, and Q. Vittori, Atmos. Environ., 12:2055, 1978.

“The use of conversion factors in air pollution studies,” with |. P. Hennessey, Atmos, Environ., 13:565, 1979.
“Predictions for particle deposition on natural waters,” with 5. A. Slinn, Atmos. Environ., 14:1013, 1960,

“Relationships between removal processes and residence times for atmospheric poilutants,”” A.1.Ch.E. Symp. Serfes 76, 185,
1980.

“Modeling Air Pollution Fluxes to Natural Waters,” with 5. A. Slinn, Chapter 2 of Atmospheric Input of Pollutants to Natural
Waters, 5. ). Eisenreich (ed.), Ann Arbor Science Publishers, Ann Arbor, Michigan, T981.

“Predictions for particle depasition to vegetation,” Atmos. Environ., 16:1785, 1982.
“Estimates for the long-range transport of air poliution,” J. Water, Air, and S0if Pollution, 18:45, 1982,

“Some Influences of the Atmospheric Water Cycles on the Removal of Atmnspheric Trace Constituents,” invited chapter in
Atmospheric Chemistry, E. D. Goldberg {ed.}, Springer-Verlag, Berlin, 1982,

A potpourri of deposition and resuspension questions,” in Precipitation Scavenging, Dry Deposition, and Resuspension, H. R,
Pruppacher, R. G. Semonin, and W, G. N. 5linn {coords.), Yol. 2, Elsevier, New York, 1983.

“Air-to-Sea Transfer of Particles,” Chapter 6 of Air-Sea Exchange of Gases and Particles, P. 5. Liss and W. G. N. Slinn {eds.),
Reidel, Boston, 1983.

“Sources and surface-area distributions of atmaspheric particles,” Atmas. Environ., 17:2363, 1983.
“Estimates for poliution profiles above finite-area sources,” with T. W, Horst, Atmos. Environ., 18:1339, 1984.

“Precipitation Scavenging,” Chapter 11 of Atmospheric Science and Power Production, D. Randerson (ed.), DOE/TIC-27601,
1984. Available fram National Technical Infarmation Service, Springfield, Virginia.
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of 1984, Participating laboratories are
proposed to be LLNL, Los Alamos National
Laboratory, Dak Ridge Mational Laboratory,
Savannah River Laboratory, and PNL. A first
draft of the proposed research has been sub-
mitted to DOE-OHER.

The fourth applications topic, to which this
project contributed during FY-1984, dealt
with the “nuclear-winter issue.” W. G. N.
S1inn was invited to attend a workshop on the
influence of precipitation scavenging on pre-
dictions of nuclear winter. The workshop was
sponsored by the International Council of
Scientific Unions, Scientific Committee on
Probiems of the Enviromment {ICSU-SCOPE) and
was held in conjunction with the Ninth Inter-
national Cloud Physics Conference, Tallinn,
Estonia, USSR. Publication of the results of
the investigation of this application of pre-
cipitation scavenging by W. G. N. 31inn is
expected in the near future. A summary
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statement is that it appears that the dura-
tion of any “nuclear winter" has been over-
estimated because of inadequate modeling of
precipitation scavenging; however, the se-
verity of consequences of nuclear war may
have been underestimated.

Acknowledgments

Productivity during the ten years of this
project wouid have been substantially Tess
had it not been for the application of
competent administrative skills by R. W.
Beadle, D. S. Ballantine, and C. E. Elderkin.

Reference

Slade, D. H., ed. 1968. Meteorology and

Atomic Energy. TID-24190, U.S. Atomic Energy
Commission, Division of Technical Informa-

tion, Oak Ridge, Tennessee,







e Processing of Emission by Clouds and Precipitation

The objective of this study is:

To define and reduce current uncertainties in wet processing rates, ratios, and efficiencies so that
resulting uncertainties in “acid-rain” source/receptor models are known and acceptable.

PRECP: OVERVIEW OF NEAR-TERM PROGRAM PLANS

W. G. N. 5linn

PRECP {PRocessing of Emissions by Clouds and
Precipitation) is one of the projects under
Task Group C (Atmospheric Processes) of the
Mational Acid Precipitation Assessment Pro-
gram {NAPAP). The PRECP program is being
conducted by staff at three member labora-
tories of the Mational Laboratory Consortium
(NLC): Argonne National Laboratory {ANL}),
Brookhaven Mational Laboratory (BNL), and the
Pacific Northwest Laboratory (PNL), and by
staff from university and private-industry
subcontractors. The purpose of this article
is to provide an overview of objectives and
near-term plans for the PRECP program.

Dbjectives and Applications

The objectives of the PRECP program is to
improve understanding of the chemical and
physical processing of emissions by clouds
and precipitation. This understanding will
be sought through analysis of appropriate
data, through model development and testing,
and through laboratory and field studies.
When translated into mathematical models,
this understanding will be used for the defi-
nition of relationships between pollutant
releases and subsequent deposition of acids.

To accomplish this "applications-objective,"
communication channels have been opened to
transfer the understanding developed in PRECP
to user communities. Four important examples
of these communication links are:

- A major acidic-deposition assessment tool
used by the DOE is a Lagrangian numerical
medel under continuous development at ANL;
PRECP results will be imcorporated into
this ANL Lagrangian model.

- Related field studies are being conducted
by BHL for both EPA and the Electric Power

63

Research Institute; these studies will
benefit from interactions with PRECP {and
vice versa}.

- Under EPA sponsorship, the Pacific Morth-
west Laboratory is responsible for supply-
ing the "Precipitation Scavenging Madule"
for the Regienal Acid Depasition Model
(RADM} being developed at the National
Center for Atmospheric Research {NCAR),
and through individual staff member in-
volvement in both proiects, PNL will apply
PRECP results directly to this EPA "Scav-
enging-Module" development.

- To ensure that PRECP data and results are
communicated promptly to potential users,
the Scientific Coordinator of PRECP
(P. Michael, BNL} maintains frequent con-
tacts with the RADM staff at NCAR, with
Task Group C (the Coordinator is the NLC's
representative on Task Group C), and with
the MAPAP acid deposition assessment
staff.

ABctivity Categories

Activities supporting the accomplishment of
PRECP goals are:

program quidance

field studies

- analysis of previous data

- instrumentation implementation and auality
assurance

- laboratory studies
- theoretical and interpretative medeling.
Brief descriptions of proposed near-term

activities in these categories are given
below.



Program Guidance

Surmaries of current knowledge and needed
research are being written to guide PRECP.
Three summaries, expected to be completed in
the near future, deal with:

1. cloud chemistry,
2. storm processing of pollutants, and
3. applications to regionai-scale models.

Lead authors for these summaries are
L. Newman, W. G, N. Slinn, and P, Michael,
respectively,

Field Studies

The overall aobjective of the field studies
component of PRECP is to contribute to under-
standing the processing of pollutants by
clouds and precipitation through observa-
tions. Specific objectives include testing
specific hypotheses and questions, and pro-
viding a data base for testing applicable
numerical models.

A saries of preliminary field measurements is
planned starting in the spring of 1985 and
extending through the winter of 1986. These
measurements will be conducted during three
or four separate field expeditions, each of
approximately cne-month duration, during the
first year. This schedule will allow devel-
opment and testing of flight and sampling
protocols under a variety of meteorological
conditions characteristic of these seasons
and will also provide documentary information
regarding the seasonal and meteorological
dependence of the concentrations of acid pre-
cursors and oxidants.

The first in this series of measurements will
start in April 1985. In this study, emphasis
will be placed on developing techniques to
study stratus and orographic systems and on
sampling frontal storms. Close coordination
is planned with the concurrent EPA program
concerning urban effects on precipitation
compasition. The intensive network of pre-
cipitation samplers deployed in the EPA pro-
gram will allow assessment and comparison of
precipitation samples collected on the ground
and by aircraft and will also allow study of
the chemical and meteorological processes
causing the "signatures" observed in
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precipitation composition downwind of
Philadelphia. Study of the tatter may reveal
processes important in determining the rela-
tionship between emissions and deposition on
a larger scale.

Field measurements being planned for both the
spring and summer of 1985 will concentrate on
developing techniques to study convective
clouds and storms, and to document summertime
concentrations of oxidants, acids, and acid
precursors, {f particular interest is devel-
opment of the capability to measure the
chemical composition of the outflow air of
cumulonimbus clouds, {(e.g., in conjunction
with the Kational Qceanic and Atmaspheric
Administration (NOAA)} PRE-STORM study}. By
comparison of the chemical composition of the
inflow and outflow air in cumulonimbus clouds
and mesoscale convective systems, assessmert
can be made of the extent to which these
clouds have incorporated materials present in
the pre-cloud air and, thus, whether these
systems are linear or nonlinear. Considera-
tion is also being given to collaboration
with NOAA on a proposed experiment in which
S0, would be released into a cloud from a
mountain-top location,

During the winter of 1986, in addition to
documenting the concentrations of pertinent
chemical species under winter conditions,
efforts will be expended on developing tech-
niques for the afrborpe collection of super-
cooled cloudwater and snow, and on developing
and testing experimental protocols for pro-
cesses expected to be important in winter
storms, e.9., below-cloud scavenging of HNO,.
1f feasible, these experiments will be done
in conjunction with the GALE project. 1If
such collaboration proves possible, a larger
scale study, designed to take advantage of
the detailed meteorological measurements fromn
GALE, will be executed.

Analyses of Previous Data

Data on the physical and chemical precipita-
tion climatology of North America are being
organized to aid PRECP field studies. Near-
term goals fnclude:

1. Define expected chemical conditicns for
PRE-STORM {midwestern U.S,) by January
1985 and GALE {mid-Atlantic U.S.) by July
1985,



2. From available surveys and Kational
Weather Service/National Climatic Center
data, define a first-cut storm/precipita-
tion categorization scheme for the north-
eastern U.S. by October 1985,

3. Review previous field study campaign
data {e.g., APEX, METROMEX, OSCAR,
Philadelphia), with regard to PRECP
field study plans and goals, and report
as results become available,

4. Characterize precipitation chemistry n
the northeastern U.S. and southeastern
Canada according to air mass and storm
type (complementary to item 2).

Defining the relationships between precursor
emissions and wet deposition is an overall
goal of PRECP, and studying existing data for
this purpose can provide direct evidence on a
macroscale, which complements the process-
oriented studies in other areas. Relation-
ships can be defined in two ways:

- through use of temporal variations in
emission and deposition. Long-term rec-
ords are generally needed for this pur-
pose, to deal with stochastic variability
and to provide a sufficient range of vari-
ability in precursor emissions.

- Through short-term spatial variability in
deposition as related to trajectories and
meteorological conditions. Contemporary
{event) network data and recent field-
campaign data are used for these studies.

in both cases, statistical reliability may be
improved by drawing on corresponding ancil-
lary environmental data, such as air guality,
atmospheric turbidity or extinction, or sur-
face water quality {long-term trends).

Instrumentation Implementation and Quality
Assurance Activities

The objectives and strategy of this activity
are:

- to implement instrumentation technologies
for unambiguous sampling of gases, aero-
sols, clouds, and rainwater from ground
and airborne platforms, and for measure-
ment of critical chemical species and
meteoralogical parameters above background
with reasonable time resolution. Existing
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technologies (or modest extensions there-
from) will be used, with emphasis on rig-
orous documentation of applicability under
conditions expected in the field studies.

- to develop quality assurance (QA) proced-
ures for PRECP activities such that the
chemical and meteorological data sets
acquired through ground and airborne mea-
surements have established and quantified
error limits, and that error contributions
from sampling and analysis are separable
from fluctuations in source strengths and
the natural variability of deposition
processes.

Laboratory Studies

Since in-cioud reactions for acid generation
are potential sources for chemical nonlinear-
fty, their reaction kinetics have to be fully
characterized. The overall reaction rates of
these gas-1iquid reactions are affected by
one or more of the following quantities:
reagent solubility, reaction kinetics and
stoichiometry, mass transfer limitations,
phase transition of the cloudwater, and
catalysis or inhibition of trace material
present in cloud and rainwater. The accurate
evaluation of the contribution of a partic-
ular reaction to acid generation, therefore,
depends on our knowledge on these gquantities.

For the near-term study, effort will be
focused on the chemical and physical pro-
cesses that are likely to affect all of the
gas-liquid reactions in a general way. These
include the rate of incorporation of gaseous
reagents into the liguid phase, the effects
of phase transition of cloudwater from liquid
to ice on the solutes and their reactions,
and the effects of trace organic and inor-
ganic material in rain and cloudwater on some
of the important S{IV] oxidation reactions.
Consequently, the objectives of the labora-
tory studies for the near term are:

- to measure rates and extents of dissolu-
tion/adsorption of gaseous reactants and
oxidants into/on aqueous droplets and ice
particles,

- o measure rates of acid production in the
agueous phase {liquid or solid), and



- to determine the effects of trace material
present in rain and cloudwater on certain
important in-cloud oxidation reactions.

Modeling Studies

Theoretical descriptions and model simula-
tions of the physical and chemical processes
leading to the deposition of acidic sub-
stances are reguired in order to test hy-
potheses, design and analyze experiments,
understand the relationships among many vari-
ables in a complicated system, and ultimately
to contribute to the description of the ef-
fects of nonlinearities upon the change of
deposition as a function of emission changes.

Several subobjectives have been identified:

- Determine consequences of laboratory-
derived kinetic data under representative
and actual cloud conditions.

- Seek interpretations of experimental data.

- Define detection limits, precision, and
accuracy required in experiments to ad-
dress specific hypotheses.

- Determine pollutant concentrations, pro-
files, etc. that can serve as readily
recognizable signatures of physical and
chemical processes.

- Predict concentrations of substances not
readily measured, for understanding the
subsequent in-cloud chemistry and for un-
derstanding site-to-site, storm-to-storm,
and season-to-season variability in mea-
sured concentrations.

- Provide theoretically consistent models of
acid production, starting with cloud in-
flow conditions and ending with precipi-
tation on the ground.

- Determine the extent of reprocessing of
pollutants from one stomm to another.

- Determine the climatological significance
of different storm types and episodic con-
ditions.

6

These cbjectives will be accomplished through
the use of different types of models denoted
in the program as "diagnostic”, "storm scaTs",
and "perspective“. The term “diadgnostic®
refers to models that emphasize detailed de-
scriptions of particular processes, "stomm
scale" refers to models that follow pollut-
ants from cloud inflow air to precipitation,
and “perspective" refers to models that de-
termine regional-scale implications of
single-cloud or storm findings.

The storm-scale models will be based upon an
advection/diffusion equation solver, driven
by wind and moisture fields obtained from
observations or from meteorological models,
and containing parameterized descriptions of
cloud microphysics and chemistry as derived
from the diagnostic models.

Hear-term activities are to

1

seek the participation of modelina groups
from outside the National Laboratories,

- continue simulations of cumulus clouds,

- develop storm-scale models by interfacirg
an advection/diffusion eouation solver
(PLUVIUS or STEM) with meteorological data
and with cloud microphysics and chemistry
descriptions,

- analyze the proposed plume-cloud interac-
tion experiment, and

- plan for the calculations reguired to
assess the regional-scale {implications of
single-cloud findings.

Support Activities

Explicit provision has been made to provide
for scientific coordination, subcontracting,
and related support activities. Important
qoals are to ensure that there is close
collaboration among the participants and with
researchars in other programs, to coordinate
the involvement of university and other
research groups fn PRECP, to proyide for an
efficient data exchange among the program
participants, and to archive the data for
future use,
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