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PREFACE

In 1969 the North Atlantic Treaty Organization established the
Committee on the Challenges of Modern Society. Air Pollution was
from the start one of the priority problems under study within the
framework of the pilot studies undertaken by this Committee. The
organization of a yearly symposium dealing with air pollution
modeling and its application is one of the main activities within
the pilot study in relation to air pollution.

After being organized for five years by the United States and
for five years by the Federal Republic of Germany, Belgium, repre-—
sented by the Prime Minister's Office for Science Policy Programming,
became responsible in 1980 for the organization of this symposium.

This volume contains the papers presented at the 12th Interna-
tional Technical Meeting on Air Pollution Modeling and its Appli-
cation held at SRI International, Menlo Park, California in the USA
from 25th to 28th August 1981. The meeting was jointly organized
by the Prime Minister's Office for Science Policy Programming,
Belgium and SRI International, USA. The conference was attended
by 109 participants and 51 papers have been presented. The members
of the selection committee of the 12th I.T.M. were A. Berger (Chair-
man, Belgium), W. Klug (Federal Republic of Germany), L.E. Niemeyer
(United States of America), L. Santomauro (Italy), J. Tikvart
(United States of America), M.L. Williams (United Kingdom),

H. Van Dop (The Netherlands), C. De Wispelaere (Coordinator, Belgium).

The main topic of this 12th I.T.M. was Physical-chemical reac-
tions in plumes. On this topic two review papers were presented :
one paper dealing with "Chemical transformation in plumes'" by
C.S. Burton, M.K. Liu, P.M. Roth, C. Seigneur and G.Z. Whitten,
Systems Applications, Inc.,U.S.A. and another one "A comparison
between chemically reacting plume models and windtunnel experiments
by P.J.H. Builtjes, T.N.O., The Netherlands.
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Other topics of the conference were: air trajectory models for
air pollution transport, advanced mathematical techniques in air
pollution modeling, evaluation of model performance in practical
appliecations and finally particular studies in the field of air
pollution modeling.

On behalf of the selection committee and as organizer and editor

I should like to record my gratitude to all participants who made
the meeting so stimulating and the book possible. Among them T
particulary mention the chairmen and rapporteurs of the different
sessions. Thanks also to the local organizing committee, especially
Dr. W.B. Johnson and Miss Valerie Ramsay who was the Conference
Secretary. Finally it is a pleasure to record my thanks to Miss

A. Vandeputte for preparing the papers, and' Misses C. Bonnewijn,
" M.L. Koekelbergh and L. Mongaré for typing the papers.

C. De Wispelaere
Operational Director
of the National R-D
‘Program on Environment
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CHEMICAL TRANSFORMATION IN PLUMES

C. Shepherd Burton, Mei-Kao Liu, Philip M. Roth,
Christian Seigneur, and Gary Z. Whitten

Systems Applications Inc.
101 Lucas Valley Road
San Rafael, Califormnia 94903

INTRODUCTION

It is now recognized that a variety of chemical transformations
occurs in plumes. The types of transformations, their rdtes of oc-
currence, and the magnitudes of the resultant pollutant concentra-
tions depend on the chemical composition of a plume and gf the am-
bient air entrained in a plume, the elevation and temperature of
a plume, and the meteorological conditions (including sofar intensi-
ty) experienced by a plume. It is postulated that these :transfor-
mations contribute to atmospheric haziness and discoloration, at-
mospheric acidity, and extended sulfate and ozone concentrations
in rural areas. In additiom, it is postulated that transformations
in plumes contribute to brief, elevated ground-level congentrations
of nitrogen dioxide.

The topic of chemical trensformations in plumes, taken literal-
ly, is broadly encompassing; we cannot hope to cover all aspects of
it--not even all the principal aspects. Thus,we have adopted some
guidelines as to the areas that we will cover.

> Attention is primarily given to a review of chemistry and chemical
transformations. The physical processes, such as transport and
dispersion, are discussed only in terms of their influence on the
,chemistry. Deposition and scavenging processes are not conside-
red.

>,Emphasis is given to the review and synthesis of topics. Reporting
of specific research studies is minimized.



4 C.S.BURTONET AL.

> Topical areas are segmented as follows

- Knowledge gained through observational (field) programs--sec-
tion 2.

- Knowledge of atmospheric chemical reactions--section 3.

- The encoding of known chemical and physical processes in plume
models--section 4.

- Research and development needs—-section 5.

> The examination of atmospheric chemistry is otganized according
to the following groupings :

- Atmospheric 502 oxidation.
- The chemistry of nitrogen oxides in plumes.

> The focus, in terms of air quality impacts and thus reaction
products, includes

- Ozone, NOZ’ and photochemical oxidation products.

- Species potentially involved in visibility reduction.

\

- Precursors to the formation of acid precipitation.

Following the list of references at the end of the paper we
have included a list of recommended readings that, taken together,
constitute a comprehensive discussion of the topics treated in the
paper. -

OBSERVATIONAL PROGRAMS

This section presents an overview of observational programs that
have as their focus the study of chemical transformations in plumes
and the enviroamental effects of pollutants found in plumes. The
section does not present. an exhaustive review of plume field pro-
grams. Rather, it summarizes the findings of some of the primary
programs that have provided the observational bases for improving
the knowledge of plume chemistry and for developing and evaluating
mathematical models. Table 1 lists some of these programs. Each
program and the corresponding findings are briefly described in the
remainder of this section.
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Projeét MISTT (Midwest Interstate Sulfur Transformation and Transport)

The main objective of Project MISTT was to study the transfor-
mation of SO, to sulfate in plumes emitted from a power plant--the
Labadie powe¥ plant, from refineries--the Wood River complex, and
from an urban area--the St. Louis area. This study, sponsored by
the U.S. Environmental Protection Agency (EPA), involved a large
number of participants 1nc1ud1ng academic institutions, private
firms, and government agencies. The program took place during July
and August of 1973 and 1974, February, July, and August, 1975, and

~July and August, 1976. It involved the use of two instrumented air-
craft, an instrumented van, and three mobile, single*theodolite pi-
lot balloon units.

. The main results of Project MISTT can be summarized as follows:

1.Secondary pollutants, such as sulfates and pzonme formed in plﬁmes,
"pay be transported over distances of 50 to 200 kilometers.
2.Ground-level concentrations of S0, emitted from tall stacks are
less than those emitted from short stacks. However, SO emissxons
from tall stacks lead to higher sulfate formation than 30 So.
. emissions from short stacks because of diminished SO dep051g10n
“om the ground.

3.Visibiiity impairment is mainly due to secondary aerosol formation.

4. Bécause of adverse weather conditions that occurred during field
“studies, the processes involved in heterogeneous SO, oxidation
‘could not be quantitatively assessed. However, homogeneous 802

:oiidation processes could be studied with satisfactory accuracy.

Prbject CARB (California Air Resources Board)

In a study sponsored by the State of California Air Resources
_Board ground-level measurements of plume concentrations of nitro-
. gen oxides, ozone, sulfur dioxide,sulfates, nitrates, and SF, tra-
-“¢er were conducted within 19 km downwind of the Haynes stedm plant
“and the Alamitos generating station. This field study differs from
" most of the others described here, in that it is cohcerned with
~.power plant plumes in an urban environment. The principal conclu-
sions of the study are :

1.The photostationary-state relationship among NO, NO2 and O3 was
in agreement with the measurements.

I'Z.Secgndaiy sulfate formation was negligible during the first 90
minutes of plume transport.
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. Sulfuric acid formed in the plume probably displaced the ammonia/
nitric acid/ammonjum nitrate equilibrium, since lower ammonium
nitrate copcentrations were observed in the plume than in the
background .%

Pyoject EPRI (Electric Power Research Institute)

The Electric Power Research Institute contracted with
Meteoralogy Research, Inc. (MRI), Systems Applicationps, Inc. (SAI),
and the University of Washington Cloud and Aerosol Research Group
to study (from 1975 to 1977), by means of airborne measurements,
the chemical transformations that occur in coal- and gas-fired
power plants. The power plants studied were the Four Corners near
Farmington, New Mexico; Cunningham, at Hobbs, New Mexico; Wilkes
near Lor view, Texas; Centralia in Washington; and a power plant
near Jeiierson, Texgs.

The conclusions drawn from the results of these field studies
are discussed in the references given in table 1. They are
summarized here :

> Net formation of ozone in power plant plumes 1s not common. The
entrainment of ambient ozone and ozone precursors into the plume
accounts for the observed plume ozone levels.

> The photostationary-state relationship among NO, NO, and O, was
verified within the degree of uncertainty of the measurements.

> Conversion of SO, to aerosol sulfate was on the order of a few
tenths of one percent for the Centralia power plant and a few
percent for the Four Corners power plant. No conclusions were
drawn as to the mechanisms that govern gas—to-particle conversion.

Project TREATS (Tennessee Regional Atmospheric Transport Study)

Project TREATS was sponsored by the EPA as part of the Federal
Interagency Energy/Environmental Research and Development program
and was initiated by the Tennessee Valley Authority. The main
objectives of this project were to study the phenomena that affec:
regional pollutant levels and interregional transport of sulfur
dioxide and sulfates. The first studies were conducted during the

spring of 1976 and the summer of 1977. Seven coal-fired power plant«

are located in the region studied, i.e., the Tennessee valley
region.

x Sulfuric acid formed in the plume reacts with the gas-phase
ammonia to form ammonium sulfate. Then, the product of the HNO,
and N3 partial pressures is less than the saturation value, and
particulate ammonium nitrate decomposces.
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Several conclusions regarding the long-range transport of sulfur
compounds were drawn from these field programs. The principal
findings can be summarized as follows

l.Measurements of SO, concentrations generally showed lower values
in the afternoon t%an in the morning. No such trend was observed
for sulfate, nitrate, or ammonium ions.

2.The emissions from power plants located in the Tennessee valley
region did not account for the total sulfur budget. Evidence
strongly suggests that upwind anthropogenic sources and, possibly,
biogenic sources contribute to the sulfur concentrations measured.

3.Sulfur dioxide, sulfate, nitrate and ammonium concentrations
depend on mean direction of wind flow, time of day, and
atmospheric stability.

Project STATE (Sulfur Transport And Transformation in the
Environment)

The goal of the EPA-sponsored Project STATE was to investigate
the effect on air quality of pollutants released far upwind and to
relate the emissions of sulfur dioxides to the observed ambiernt
levels of sulfates. Field measurements conducted during the program
included sulfur dioxide, sulfates, ammonia, ammonium ion, total
acidity, hydrocarbon species, nitrogen oxides, ozone, primary
aerosols, and meteorological parameters. The first phase of the
program--the Tennessee Plume Study (TPS)--which took place in
August 1978, was designed to study the air quality impact of the
Cumberland steam plant located at Cumberland City, Tennessee.

Data analysis has not yet been completed. Plume transport,
dispersion, transformation and removal processes will be analyzed
and the data will be used for air quality model evaluation.

The second phase of the STATE program was concerned with the
analysis of a Prolonged Elevated Pollution Episode (PEPE) caused
by the stagnation of a high-pressure center over the northeastern
United States. Although it was mainly a regional field study
program, it involved the study of urban and large point source
plumes for one to two days of transport.

Project VISTTA (Visibility Impairment due to Sulfur Transport and
Transformation in the Atmosphere)

The EPA-sponsored VISTTA field programs were designed to study
the relative contributions of natural and anthopogenic sources to
visibility impairment and to provide a detailed data base that could
be used for the evaluation of visibility models. The June-July and
December 1979, field programs were conducted in the vicinity of a
coal-fired power plant-—the Navajo Generating Station near Page,



