
believed to have occurred during the 
sampling period. Only three experiments 
were analyzed in detail: two involved 
measurements within the Milwaukee urban 
plume as it moved eastward across the 
lake; the third used an urban air mass 
that passed through Muskegon, Michigan and 
moved inland in a northeasterly direction. 

The SOz oxidation rates in the urban 
plumes were found to be different during 
these experiments despite similar ozone 
levels (ranging from 70 to 115 ppb). The 
maximum rate was 4 to 6%/hr, and it appeared 
to occur around noon. Using the measured 
NMHC levels of 0.12 to 0.32 ppmc and 
conservative estimates for the rates of 
S02 reactions with free radicals, the 
kinetic simulation of the events predicted 
maximum rates of 4 to 5%/hr. According to 
the modeling results, OH and ROz radicals 
were each responsible for about 40% of the 
oxidation during midday, while HO z contrib
uted about 10%. 

During one of the experiments in which 
the Milwaukee plume moved over the lake, 
the S02 oxidation rate in the afternoon was 
moderate (2%/hr), but the 03 concentration 
was quite high (about 100 ppb). The lower
than-maximum oxidation rate accompanied by 

high ozone has been interpreted as charac
teristic of a plume's age. Based on these 
modeling results, when an urban air mass is 
well aged, the more reactive hydrocarbons 
seem to be spent, the NOx levels to be 
reduced, and most of the S02 oxidation to 
proceed via the peroxy radical (H02, R02). 
Howeve~ if an influx of primary pollutants, 
such as NO, occurs, the potential exists 
for regeneration of OH and for the oxidation 
rates of hydrocarbons and S02 eventually to 
increase. This explanation accounts for 
both the increase rate of S02 oxidation 
and the "ozone bulge" that were observed in 
the path of a power-plant plume within 
Milwaukee's urban plume. 

Using a chemical kinetics code, the 
model predicted that for S02 released at 
sunup, the conversion to sulfate throughout 
the day would amount to 25%, assuming zero 
loss of S02 by deposition. 

Given the results discussed above, other 
mechanisms of S02 removal seem to be impor
tant in limiting the lifetime of S02' even 
in polluted air. Estimates using models 
are only crude; for better estimates of the 
factors controlling S02 oxidation, the 
concentration of free radicals directly 
responsible for the conversion must be 
monitored. 

PNL AIRCRAFT MEASUREMENTS IN THE AMBIENS STUDY 

J. M. Hales, R. N. Lee and A. J. Alkezweeny 

This report presents a brief description of the Atmospheric ~'1ass Balance Industrial 
Emitted and National Sulfur (AMBIENS) field study, which was performed in central Indiana 

during October of 1977. Special emphasis is placed on a description of the Pacific Northwest 
Laboratory (PNL) aircraft operations. 

The M1BIENS field study was a joint 
laboratory effort conducted under sponsor
ship of the Multi-State Atmospheric Power 
Production Pollutant Study (MAP3S). 
Performed in central Indiana during 
October of 1977, this project was based 
conceptually upon a material balance over 
an area comparable in size to a grid 
element of typical Eulerian regional 
pollution models (roughly 100 by 100 km). 
The various participating groups and their 
primary functions were as follows: Argonne 
National Laboratory was responsible for 
boundary-layer and windfield analysis, dry 
deposition, and project coordination; Brook
haven National Laboratory for aircraft 
operations, tracer release and analysis; 
Pacific Northwest Laboratory for aircraft 
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operations and dry deposition; Stanford 
Research Institute for lidar operations; 
and Environmental Measurements, Inc., for 
correlation spectroscopy (S02). 

The overall objective of the study was 
to perform a detailed analysis of atmo
spheric transport and deposition phenomena 
to provide the modeling community with 
information for developing subqrid param
eterization techniques. Of particular 
intp.rest was the subgrid temporal and 
spatial variability of pollutant concen
tration. The central Indiana location was 
chosen for this study because of its flat 
terrain and absence of local pollution 
sources, which provided the simplest 
possible grid element for initial analysis. 



The primary objective of the PNL aircraft 
operation at AMBIENS was to document spatial 
and temporal characteristics of pollution 
as it entered and left the grid area. 
Flights were coordinated clo~eJy with the 
primary Brookhaven aircraft,(a) which flew 
interlocking patterns with PNL at grid-area 
boundaries. 

Typically, the AMBIENS Control-Center 
personnel, who performed area forecasts and 
defined the position of the study element 
for a given meteorological situation, 
initiated an experiment. The aircraft 
performed initial soundings and then flew 
constant-altitude tracks across the inflow 
region at various altitudes, which were 
selected to maximize coverage within the 

constraints of time and measurement capabil
ity. Aircraft measurements included S02' 
03 , NO/NOx aerosol light-scattering and 
size parameters, sulfate and trace elements. 

On the basis of wind-transport calcula
tions, the Control Center would determine a 
time when aircraft would be directed to the 
outflow area of the grid element and cross
sectional sampling performed. An experiment 
ended, depending on transport calculations 
and fuel resources of the aircraft. 

A total of four significant budget 
analyses were performed during the AMBIENS 
study. Data from these flights are cur
rently being processed for publication. 

SUMMARY OF THE PNL AIRCRAFT FLIGHTS DURING 

THE r~AP3S-SURE COOPERATIVE PROGRAM FOR SUMMER 1978 

A. J. Alkezweeny, D. R. Arbuthnot, 

K. M. Busness, R. C. Easter, and R. N. Lee 

A summary of the Pacific Northwest Laboratory (PNL) aircraft flights, which were part of 

the Sulfur Regional (SURE) Intensive Experiment, conducted during the summer of 1978, is 
presented, and some preliminary measurement results are reported. The PNL DC-3 and Cessna 

411 research aircraft were used on two consecutive days during the experiment to measure 

regional-scale pollutant problems over the Ohio Valley. 

Pacific Northwest Laboratory's (PNL) 
regional flights during the SURE Intensive 
Experiment (July 19-20, 1978), which is 
part of the Multi-State Atmospheric Power 
Production Pollutant Studies (MAP3S)-SURE 
cooperative program, were directed at pollu
tant transport in the Ohio Valley, when 
mixing-layer winds under the influence of an 
anticyclone were channeled between a north
east-to-southwest-oriented cold front and 
the Appalachian Mountain Range. Two air
craft were used in this study: the PNL DC-3 
and the Cessna 411. The equipment carried 
aboard the DC-3 and Cessna 411 and the 
parameters for which the equipment was used 
are given in Tables 1.1 and 1.2 respec
tively. The data from the real-time instru
mentation were digitized onboard the air
craft and written onto magnetic tapes. 

Figures 1.2 and 1.3 illustrate the two 
aircraft routes on July 19 and 20, respec
tively. Each figure includes the time of 

arrival at each location and the sites of 
the aircraft spirals. Both aircraft main
tained a constant height within the mixing 
layer during the sampling flights except to 
accomodate changes in topography. Vertical 
profiles were obtained at several places 
along the flight routes by spiraling the 
aircraft through the boundary layer. 

Processing of the magnetic tapes and 
chemical analysis of the exposed filters 
from both aircraft are currently underway, 
and the results of the flights will be 
reported in detail at a later date. Strip
chart records have been analyzed and have 
yielded the preliminary observations noted 
in the following paragraphs. 

Early on July 19, the tops of the mixing 
layers over Fort Wayne, Indiana, and Duncan 
Falls, Ohio, were about 3500 ft; however, 
a second spiral over Duncan Falls, taken 
about 1-1/2 hr later, indicated that the 
top of the mixing layer had risen to about 

(a) A second aircraft was operated by Brookhaven for tracer analysis. 
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