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PREFACE

This 1983 annual report from Pacific Northwest Laboratory (PNL} to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during
fiscal year 1983. 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 Environmental Protection, Safety and Emergency
Preparedness. 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 1983 Annual Report are:

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

Part 2: Ecological 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
J. L. Downs-Berg, Editor

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

Part 5: Overview and Assessment
Program Managers - S. Marks R. W. Baalman, Report Coordinator
W. A. Glass 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 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.

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
energy 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 generic
studies:

¢ Contaminant Characterizations and Transformation

® Boundary Layer Meteorology

® Dispersion, Deposition and Resuspension of Atmospheric Contaminants

Contaminant Characterization and Transformation

As assessment of the nature and fate of atmospheric contaminants must begin with a
description of the chemical and physical nature of the materials being emitted from
the source. Because many atmospheric contaminants are changed to other physical
states and/or chemical forms, understanding these transformations is essential in any
assessment, Of particular concern are those atmospheric transformations that pro-
duce potentiaily environmentally harmful or hazardous substances, such as strong
acids, and mutagenic and carcinogenic compounds.

Boundary Layer Meteorology in Complex Terrain

Air pollution in mountaious regions is a particularly difficult problem because of the
complexity 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 insure acceptable siting of energy development facilities
in non-flat terrain, models and field measurements of the complex airflow and disper-
sion conditions in this complex setting must be developed and undertaken.

Dispersion, Deposition and Resuspension of Atmospheric Contaminants

Dispersion, deposition, and resuspension processes 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, particularty in the large particle size classes. In
many energy development areas of the West, all 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 1983 for each of these generic areas. A divider
page summarizes the goals of each area and lists, as bulleted items, project titles that
support research in each area.
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TRANSFORMATION OF ENERGY-RELATED CONTAMINANTS

Because of their complex chemical forms, the combustion and conversion of fossil
fuels gives rise to a host of polycyclic aromatic compounds (PACs) that can be emitted
into the atmosphere. A number of these PACs have been shown or are suspected to
be mutagenic or carcinogenic. Once they are in the ambient air, these PACs can react
with other contaminant species, such as ozone and nitrogen oxides, to form new
compounds. Some of these new compounds are less mutagenic or carcinogenic than
the unreacted species, while others become more so. It is thus vital that the amount
and composition of these substances be characterized with respect to their source
and that their subsequent transformations in the atmosphere be understood.

This year the emphasis in this project has been on measuring the effects of ozone,
hydroxyl radicals and sunlight on PACs found in stack-emission plumes. Of particular
interest was discovery of the inhibiting effect of nitro substituents on ozonation of
PACs. This effect prevents mutagenic nitro-derivatives from degrading as rapidly as
their parent compounds.






® Transformation of Energy-Related Contaminants

Objectives of this study are:

Measuring chemical transformation rates of polycyclic aromatic compounds emitted by fossil-fueled

power plants.

Correlating transformation rates of these compounds with distance from the source, ambient tempera-
ture, light intensity, and concentrations of other reactant species, such as nitrogen oxides and ozone.

Evaluating the results of laboratory studies on discrete reaction steps in the overall transfarmation

processes,

REACTION KINETICS 0OF POLYCYCLIC ARCMATIC
NITRO COMPOUNDS WITH QZONE

D. R. Kalkwarf

Polycyclic aromatic nitro compounds (PANCs)
have been predicted to form on fly-ash sur-
faces in the stack-emission plumes from
coal-fired power plants (Kalkwarf 1982),
Recently, two of these compounds, l-nitro-
pyrene and 6-nitrobenzo[a]pyrene, were re-
ported to be potent mutagens in human skin
fibroblasts {(Howard et al. 1983}, Ozone
reacts with many organic compounds and is
continually replenished in the atmosphere,
Reactions of ozone with PANCs may offer a
possible mechanism for detoxifying the
Tatter compounds provided that the rates of
reaction are sufficiently rapid and that
the final products are less toxic. The
purpose of this study was to measure the
reaction rates of representative, surface-
deposited PANCs with ozone in darkness and
in sunlight. The results were used to pre-
dict the half.times for ozonation of these
compounds on fly ash in a stack-emission
plume.

Reactions of ozone with l-nitropyrene

and with 6-nitrobenzofalpyrene were
investigated, The apparatus for exposing
these compounds to ozone and simulated
syntight is shown in Fiqure 1. First, a
monomoiecular layer of PANC wasg prepared on
the inside surface of a 500-cm™, round-
bottom flask by a method described pre-
viously {Cope and Kalkwarf 19333}, This
layer was then exposed for a selected time
period to a fixed concentration and flow
rate of ozone gas supplied by an ozone gen-
erator (Monitor,Labs, Model 8500). A flow
rate of 20NN cm /fwin was used throughout
this study, but the ozane concentration was
varied between runs to evaluate its effect
on the reaction rate. Reactions were cgon-
ducted both in the dark and in 1.4 kW/m of

tignt supplied by a solar simulator {0riel
Corp., Model 6720), This is the same light
intensity as the maximum light intensity
that reaches the earth's surface. The
reaction flask was continually rotated to
illuminate the contents uniformly. The
temperature of the flask was maintained at
23 + 1°C with a water bath., After expo-
sure, the residual PANC in the flask was
extracted into methanol and then assayed by
capiitary-cotumn gas chromatography using
electron-capture detection.

In the dark, the amounts of l-nitropyrene
and 6-nitrobenzo[alpyrene decreased expo-
nentially with exposure time. Also, the
pseudo first-order rate constants were pro-
portional to the concentrations of ozone,
These relationships suggest that the reac-
tion rate could be expressed by an equa-
tion analogous to those equations reported
garlier in this program for other heterp.
geneous reactions of the same type
{Kalkwarf 1982: Cope and Kalkwarf 1981),
namely:

-d (PANC) _
G APRNG) _wa (panc) [0y

where: (PANC) = amount of original PANC
remaining at any time t
{mo1}
k = rate constant for the
reaction {m/s)
A_ = malar surface area of

m mogomolecu]ar-1ayered PANC
{m” /mol)
03] = concengration of ozone
{mal/m")

Rate constants calculated from the data are
listed in Table 1 together with those re-
ported earlier for reactions of ozone with
the corresponding polycyclic aromatic
hydrocarbans (Cope and Kalkwarf 1983).
Comparison shows that the nitro group
deactivated the aromatic ring systems for
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FIGURE 1. Apparatus for Exposing Surface Films of Nitro Compounds to Simulated Sunlight and Ozone.

TABLE 1 Rate Constarits for Reactions of Ozone with
Monomolecular Layers of Compounds Supported on
Glass at 23°C in Total Darkness

Compounds K{m/s}
PANC - B-nitrobenzotaipyrene 2.1 x 10-6
PAC - benzola)pyrene &x 10-4
PANC - 1-nitropyrene 1.00x 70-%
PAC - pyrene 1.0 x 10-*

reaction with ozone, reducing the rate
constants by two orders of magnitude.

In the light, the amounts of l-nitropyrene
and 6-nitrobenzo[alpyrene also decreased
exponentially with time of exposure, but at
much faster rates. Plots of the pseudo
first-order rate constants for reactions

of ozone with pyrene in the dark and in the
light are compared in Figure 2. Both
l-nitropyrene and 6-nitrobenzolalpyrene de-
composed in simulated sunlight even in the
absence of ozone, but the dependencies of

the pseudo first-order rate constants, k. =
kAm [037, on ozane concentration were noE
tinear. The latter observation suggested
that oxygen atoms, produced by photolysis
of ozone, competed with ozone for reaction
with the PANC; however, the kinetics of
this potential parallel reaction have not
been delineated.

To determine how ozone would react with
PANCS in a stack-emission plume, their
reaction half-times were calculated with a
representativesplume oncentration of
ozone, 2 x 107 mol/m (50 ppbv). Half-
time, 1, for these reactions in the dark
were calcutated with the following
equation:

o = —1.693
kAm[03]

Half-times for these reactions in the light
were calculated from the pseudo firét-ordeg
rate constants evaluated at 2 x 10 mol/m
ozone, The results are listed in Table 2.
These results indicate that both 1l-nitro-
pyrene and 6-nitrobenzola]pyrene will be
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Constants for Reactions of Monomaolecular-Layered 1-
Nitropyrene with Ozone in Darkness and in Simulated
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TABLE 2. fstimated Half-Times for Reactions of Ozone
with Monomaolecular Layers of PANC in a Stack-Emission
Plume at 23°C

Am [©y] T idark)Tilight)*

_PANC Mi/mol mel/m* days hours

6-nitrobenzofajpyrene 5.8 x 105 2 x 10-% 3 0.3

1-nitropyrene 4.4 x 108 2% 10-F g 30

*Intensity = 1.4 kW./m’

transformed rapidly by reactions with ozone
in a stack-emission plume during daylight
hours, but will be transformed very slowly
at night,
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REACTIONS OF GASENUS HYDROXYL RADICALS WITH
POLYCYCLIC AROMATIC COMPOUNDS CDATED ON
GLASS

D. R. Kalkwarf and W, E., Keder

Hydroxyl radicals have been found in the
troppsphere,at copcentrations of up to 2 x
1077 mol/m” = 10 radicals/cm™ (Chameides
and Davis 1982), These radicals can act as
scavengers of organic pollutants and have
been postulated to form as a result of the
following reactions:

0, + hv (3 < 315 am) —=0(1D) + 0

3 2

o(lny » Hy0 ~—= 20H

Hydraxyl radicals have been shawn to react
rapidly with many organic compounds in the
gas phase {Atkinson et al, 1979); however,
no data have been reported on their
possible heterogenecus reactions with solid
surfaces of polycyclic aromatic compounds
{PACs).

In this study, attempts were made to
produce hydroxyl radicals by the photolysis
of water vapor using Tight from a low
pressure mercury lamp {Ultra Violet
Products Inc., type PCQOG-1)}. finly the
185-nm line from this lamp was considered
energetic enough to split the water
molecule (Calvert and Pitts 1966).

Nitrogen gas saturated with water vapor at
N°C was passed around the lamp in the pho-
tolysis compartment of the flow system
shown in Figure 1. The photolysis products
ware then conducted through reaction tubes
coated with a monomolecular layer of pyrene
or chrysene as described previously (Cope
and Kalkwarf 19833,
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Photolysis of water is thought to occur by
the reaction:

H,0 + h {x ¢ 242 nm) H + OH

2
Thus, hydrogen atoms are probable contami-
nants in the gas stream from the photolysis
compartment, However, because the hydrogen
atoms have a higher velocity, they should
recombine at the walls of the flow system
four times more rapidly than hydroxyl rad-
icals. Thus, the monomolecular layer of
PAC should have heen exposed predominantly
to hydroxy! radicals.

Attempts were made to evaluate the concen-
tration of hydroxyl radicals emitted from
the photolysis compartment by measuring the
oxidizing ability of the gas stream, This
stream was bupbled through 100-mi porticns
of 2.00 x 107 M penitrosadimethylaniline,
a sensitive colorimetric indicator of
hydroxy! radicals (Kraljic and Trumbore
1966} : however, no reaction-induced
bleaching of this solution was observed,

Possible reactions of PAC with hydroxyl
radicals were investigated by connecting a
series of coated tubes to the photolysis
compartment for a measured period of time
at a measured flow rate, The tubes were
connected together with ground-glass
joints, and the PAC was protected from
Tight during the experiment by covering the
downstream end of the lamp with aluminum
foil and covering the reaction tubes with
black cloth, The reaction products were
removed from the tubes by washing their
surfaces with methanol, compositing these
washings, and evaporating them to 10-ml
volumes, These solutions were then analy-
zed by capillary-column gas chromatography
using an electron-capture detector.
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FIGURE 2. Transformation of Manomolecular-Layered

Pyrene in a 1.5 mm/s Stream of Water-Photolysis Products

Suspended in Nitrogen Gas.

The transformation of pyrene in the tube
closest to the lamp is depicted in Fig-
ure 2. The rate was first order in the
amount of pyrene, suqgesting that the
hydroxyl radical concentration remained
relatively constant during the reaction.
Some loss of pyrene was observed with the
light off, and this was attributed to sub-
limation of pyrene into the gas stream,
The rate of pyrene loss detreased progres-
sively with increasing distance of the



coated tube from the light., This indicates
that the concentration of the hydroxyl
radicals in the gas stream alsc decreased
with distance from the light. Unfartun-
ately, the concentration of hydroxyl
radicals was not known, $0 absolute reac-
tion-rate constants could not be evaluated.
In addition to residual pyrene, three other
compounds were detected by gas chromato-
graphy in extracts from the reaction tubes.
These products gave much higher signals per
unit weight than pyrene when the electron-
capture detector was used., They also had
longer retention times than pyrenme on the
silicone-coated chromatographic column {J &
D Co., Durabond 0B-5). Both of these obser-
vations suggested that the products were
oxygenated derivatives of pyrene, but none
were specifically identified,

Monomolecular layers of chrysene were also
prepared and treated with hydroxyl radicals
from the photolysis compartment, However,
no decrease in the amount of chrysene was
observed and no products were detected by
gas chromatography even after 1000 minutes.
The relative inertness of chrysene to NO,
and 0); was observed earlier (Kalkwarf 1982;
Cope and Kalkwarf 1983}, 1t was concluded
that the hydroxyl radicals can also be a
very selective reagent in transforming
PACS.
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EFFECT OF SUNLIGHT ON REACTION RATES OF
OZONE WITH PYRENE AND PYRENE QUINONES

¥, H. Cope and D. R. Kalkwarf

Past results suggest that certain poly-
tyclic aromatic hydrocarbons (PAHS) are
chemically transformed at significant rates
by reactions with ozone, even in total
darkness {Cope and Kalkwarf 1983)., This
report describes experiments to measure the
effect of simulated sunlight on the reac-
tion rates of ozone with a representative
PAH, pyrene, and with & mixture of its
major ozonation products, pyrene-1, 6-
quinone and pyrene-l, B-quinone. The
purpose was to estimate the transformation
half-times of these substances in stack-
effluent plumes exposed to both intense
sunlight and ambient ozone.

Monomolecular layers of pyrene and the
pyrene quinones Were prepared on the inside
surfaces of 500-cm™ round-bottom flasks by
a method des¢ribed previously {Cope and
Kalkwarf 1983}, The layers were exposed to
ozone and simulated sunlight with the appa-
ratus described previously (p., 1}. The )
light intensity was adjusted to 1.4 kW/m",
which is the maximum intensity of light
striking the earth's surface, After expo-
sure for selected time periods to a fixed
concentration and flow rate of czone, the
layers were dissalved in methanol and
analyzed by high-performance ligquid
chromatography.

The amount of pyrene and the amount of each
guinone decreased exponentially with expo-
sure time. The rate of decrease was pro-
portional to the concentration of ozone.
The molar ratios of the quinones remained
constant indicating that both isomers
reacted at the same rate, The loss of
pyrene by reaction was corrected for the
small loss due to sublimation, In each
case, the transformation rate of the com-
pound could be represented by the equation:



. 91%%5l = kA (PAC) [05]

where: (PAC) = amount of original
polycyclic aromatic
compound remaining at any
time t {(mol)
k = rate constant for the

reaction (m/s)

A = molar surface area of
mopomalecular-layered PAC
{m”/mol).

Rate constants evaluated for reactions in
simulated sunlight and in darkness are
listed in Table 1. Comparison shows that
simulated sunlight had only a slight effect
on the rate constant for ozone and pyrene,
but it enhanced the rate constant for
reactions between with the pyrene guinones
15-fold,

TABLE 1. Rate Constants for Reactions of Ozone with
Monolayers of Compounds Supported on Glass at 23°C
in Darkness or in Simulated Sunlight at an Intensity of 1.4
kw/m?

kihd/s) k{m/s)
Compound in Darkness in Sunlight
pyrene 1.0 x 10-4 1.3 x 102
pyrene-1,6-quinone 2.0 % 10-5 3.0 x 10
pyrene-1,8-quinone 2.0x10-5 30x10-¢

The transformation half-times, t, of these
compounds in a stack-emission plume were
estimated from the following equation:

0,693
v- kAm[h3]

uSTEg a tyglca1 ozone concentration of 2 x
107" mol/m~ {50 ppbv). The results are
shown in Table 2,

TABLE 2. Estimated Half-Times for Reactions of Ozone
with Monomolecular Layers of PAC in a Stack-Emission
Plume at 23°C

A [0 Tidark) T {light)
PAC M¥/mol  mel/m*  hours  hours
pyrene 44 %105 2x710-% 2 2
pyrene-1,6-guinone 4.4 x 105 2 x 10-% 1 0.7
pyrene-1.8-quinone  4.4x 105 2 x 10-% " 0.7

It was concluded that exposure to sunlight
would have very little effect on the rate
af transformation of pyrene on airborne fly
ash in stack-emission plumes, but the
product gquinones would be rapidly
transformed to other products whose
identities are yet unknown.
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BOUNDARY LAYER METEOROLOGY IN COMPLEX TERRAIN

o Atmospheric Diffusion in Complex Terrain

® Atmospheric Boundary Layer Studies

Major reserves of fossil fuels are located in mountainous or other complex terrain. 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 fugitive dust produced by
the combustion, conversion, and extraction of these fuels, will increase also. The
analysis of the fate of these pollutants is particularly difficult in mountainous terrain
settings, but is urgently needed to insure that the nation’s energy plan can proceed
efficiently and yet be environmentally sound.

The research activities at PNL are related to the interlaboratory Atmospheric Studies
in Complex Terrain (ASCOT) program. A wealth of data from the Geysers area is
being analyzed and tested against a variety of models accounting for the transport
and dispersion of air contaminants under nocturnal meteorological conditions. Con-
tributions were made to an interlaboratory report summarizing ASCOT progress on
the analysis and modeling of data collected during the first three years of the pro-
gram. During FY 1983, the area of study focus shifted from the Geysers Geothermal
Site in California to the oil shale region in western Colorado. An effort is being made
to determine how much of the experience gained at the Geysers can be extended 1o
the oit shale regions of Colorado.

The field activities in the ASCOT program include the micrometeorological descrip-
tion of drainage winds from data obtained at Hanford (Rattlesnake Mountain), the
Geysers (Anderson Creek, Big Sulfur Creek}, and Colorado {Brush Creek). Other tasks
include analyzing energy and mass budgets and evaluating transport and diffusion of
contaminants by using tracer experiments. In preparation for the 1984 ASCOT field
program in Colorado, new measurement systems are being developed including
remote wind sensing with Doppler sodar and high frequency turbulence measure-
ment with sonic anemometers,


















selected, The user is then prompted for
the profile number to be integrated, the
maximum height of the integral, and the
height increment of integration. A 1ist of
integrand variables is displayed, and the
program asks the user to select up to two
variables, Integral scalar multiplters or
divisors may also be selected. An output
plot file, a listing file of input
variables, and integral values are created
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by the program., After each integral is
completed, the program loops back to the
beginning and asks the user whether another
integral is to be calculated.

The BUDPLT program is currently being
checked for errors and will undergo evalu-
ation tests in the near future. The first
application of the program will be for the
Brush Creek area of Colorado,






e Atmospheric Boundary Layer Studies

Objectives of these studies are:

Investigating the meteorological characteristics of the planetary boundary layer that pertain to contam-

inant transport and dry removal.

Analyzing the transport and diffusion of contaminants in complex terrain, particularly in the Geysers
Geothermal Area of California and the western slope of the Rocky Mountains in Colorado.

Constructing simple models for the prediction of the depth, speed, and direction of gravity-controlled
drainage flows and of turbulence and contaminant dispersion within these flows.

TURBULENCE STRUCTURE OF DRAINAGE WINDS OVER
A SIMPLE SLOPE

J. C. Doran and T, W, Horst

Under stable conditions, turbulent kinetic
energy is generated solely by mechanical
shear because there is no buoyant produc-
tion. Since the mean wind profiles found
tn drainage winds are significantly differ-
ent from those found over flat terrain, the
turbulent enerqy profiles are likely to
also be affected, This could, in turn,
have important ramifications for the dis-
persion of pollutants released into such an
environment,

We made a preliminary investigation of this
effect by analyzing the data from observa-
tions of drainage winds during two nights
on Rattlesnake Mt, The first night was
July 1 to 2, 1980; during the peripd of
interest the ambient winds were generally
downslope. Ambient winds combined with
katabatically induced winds to produce a
well-defined jet in the downslope wind com-
ponent with the peak wind speed occurring
at a height of approximately 2?2 m. Imme-
diately above and below this height, the
wind shears were relatively large, but at
greater heights the wind speed changed more
slowly,

In contrast to this case, on the night of
July 2 to 3, 1981 ambient winds were up-
slope and cross slope. The resultant wind
speed profile showed a weak jet in the
downslope component with a peak slightly
below 2 m, and considerable shear in both
speed and direction above this height,

The substantially different shears in these
two cases suggest that the turbulent
kinetic energy profiles shouid also differ,
Power spectra of the downslope component of
the wind were computed to examine this pos-
sibility. For both cases, the spectra
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could be divided into two regions. Below a
frequency of approximately 0.02 Hz, the
spectra are more suggestive of wave motion;
above this value, the spectra order in a
manner consistent with the assumed genera-
tion of turbulence by wind shear, Figure 1
shows spectra for the 1981 case, There is
a monotonic increase of the turbulent
kinetic energy with height; a condition
that is prectsely the reverse of that
expected in stable conditions over flat
terrain. For the 1980 case, the spectra do
not order so neatly, reflecting the more
complicated shear profile. The observed
behavior on both nights is consistent with
the results obtained from numerical simu-
lations with a 1-dimensional model devel-
oped earlier in this program {Doran and
Horst 1983},

The combination of sioping terrain, stable
conditions, and varying ambient wind direc-
tion apparently can substantially compli-
cate the turbulent structure of the atmo-
sphere., Such effects may have to he
explicitly taken into account to properly
describe the trangport and diffusion of
atmospheric pollutants, and the coupling of
near-surface winds to winds aloft.

COMPARISON OF WINDS MEASURED BY DOPPLER
SODAR AND HMS 120 METER TDWER

G. F. Athey and T, W, Horst

A Radian Echosonde III doppler acoustic
sounder has been acquired for use in field
studies in complex terrain, The system
consists of three monostatic antennas with
two of them tilted at 18 degrees from ver-
tical to cobtain the horizontal winds. The
sodar measures the three wind components to
a nominal height of 600 m and returns echo
intensities to a nominal height of 1000 m,
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RGURE 1.

A comparison of the winds measured by
doppler sodar and by the Hanford Meteor-
ological Station tower was made during
early 1983. Hourly data were collected
over a 17 day period from February 18
through March 1. The primary purpose of
the comparison was to evaluate the opera-
tion of the doppler sodar,

Measurements were made at four levels:
30.5, 61,0, 91.5, and 121.9 meters. The
tower measures winds by using cup and vane
anemometers located at the selected levels
and displays the analog signals on strip-
charts, The hourly values of speed and
direction are derived from visual inspec-
tion of the analog signal. The forecaster
records an estimate of the hourly wind
speed to the nearest mph and the prevailing
direction to the nearest 10 degrees., The
doppler sodar sends out an acoustic beam in
preset configurations. Wind components
paralle!l to the beam are determined by
measuring the doppler shift of the
scattered sound. The measured winds dur-
ing the test were based on doppler gates
15.2 meters wide centered on the 4 levels,
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Spectra of 1981 Data

Hourly averages are based on continual sam-
pling over the hour and are reported to the
nearest tenth in meters per second and
degrees.

Table 1 shows a comparison of the wind
speeds measured by the tower and the sodar.
The table shows good agreement between the
measurements with the exception of measure-
ments taken at the 30,5 meter level. The
similarity of the standard deviations sug-
gests that the instruments are seeing the
same processes, The results indicate that
the sodar is doing a reasonable job of
measuring the wind speed above about

45 meters.

Table 2 gives a summary of the differences
between the measured wind speeds and direc-
tions, FEach hourly tower measurement was
subtracted from the doppier measurement and
the differences analyzed. Positive direc-
tion differences represent clock-wise rota-
tion; negative differences are counter
clock-wise,



TABLE 1. Mean Wind Speeds and Standard Deviations in
m/s for Sodar and Tower
Sodar Tower
Mean SD Mean 5D
30.5 2.32 1.34 3.92 1.83
61.0 4,30 2.32 4.42 2.24
91.5 4.70 2.58 4.59% 2.49
121.9 4.59 2.61 4.63 253
TABLE 2, Wind Speed and Directicn Differences {(Sodar -
Tower)
Speed [m/s) Directian
Mean _SD_ Men D
30.5 -1.61 1.71 -11.43 65.85
61.0 -0 0.70 11.15 28.36
915 0.12 0.67 415 22,50
121.9 -0.04 0.74 6.05 18.71

Again, with the exception of the lowest
level, the results suggest that the sodar
is accurately measuring the winds, The
problem at the low level may be due to a
"ringing" problem associated with the ver-
tical transducer., The sodar vertical
velocities for that level were often too
tigh., The vertical component is subtracted
from the winds measured by the tilted
antenna to obtain the horizontal compo-
nents. Thus, when the vertical leg has
high values, the computed horizontal winds
will be low.

Because we cannot digitally record data
from the tower at this time, it is not
reasonable to conduct further analysis,
Alsa, there are inherent differences in the
way in which the winds are measured, The
anemometers measure flow at a fixed point,
The sodar measures a volume average and has
a minimum height resolution.

Future plans for improving and testing the
operation of the doppler sodar include:

1. eliminating transducer ringing
problems

2. a more precise alignment of antennas
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3. digital recording of tower winds and
further comparison tests against the
tower, and

4, a comparison test against the time-of-
flight laser anemometer {TFLA) being
developed at FNL.

ASCOT PROGRESS ON DRAINAGE FLOW OVER SIMPLE
SLOPES

T. W. Horst and J. C. Daran

In 1981 the DOE interlaboratory ASCOT
{Atmospheric Studies in Complex Terrain)
program completed three years of field
studies in the Geysers Geothermal Resource
Area of northern California. These mea-
surement programs and concurrent ASCOT
model development have focused on under-
standing the dynamics of nocturnal drainage
flows and the transport and dispersion of
pollutants within these flows. Analysis of
the Geysers data and modeling of the atmo-
spheric flows in the Geysers study areas
have progressed sufficiently to warrant a
progress report on this first phase of the
ASCOT program, This report was written by
the participating laboratories during the
past year and covers three areas: Physical
Concepts, Measurement Programs, and Model-
ing Studies,

One focus of ASCOT research at PNL has been
drainage flow on simple slopes. Under-
standing this initial phase of drainage
flow is essential to a realistic prediction
of the scales and occurrence of drainage
winds. Accordingly, the present authors
were selected to write Section 3,2 of the
ASCOT Progress Report, Nocturnal Drainage
Flow on Simple Slopes (PNL-SA-11245). The
conclusions of this chapter are summarized
below.

Measurements of nocturnal drainage fiow
have been made at & large number of sites
during the ASCOT program, but only a few of
these are suitable for study of drainage
flow on simple slopes. This report is
based largely on data from Geysers Unit 19
and Rattlesnake Mountain because detailed,
continuous profiles of wind and temperature
were measured at these sites with tower-
mounted instruments. At the Rattlesnake
Mountain site, measurements were made at
several distances from the top of a simple,
grassy slope; at the Geysers Unit 19 site,
a single tower was located in a more com-
plex, tree-covered basin,



Nocturnal drainage flow on a simple slope
is driven by a surface inversion with a
depth of about N.05 of the vertical drop
from the top of the slope. At the Geysers
Unit 19 site, 670 m below the summit of
fobb Mountain, the inversion depth averaged
45 m, its strength was typically 10°C, and
the corresponding layer-integrated kata-
batic acceleration was 0.5 m?/s2, Tower B
at the Rattlesnake Mountain site is only
150 m below the ridge top and hence the
scales of the slope flow were smaller: an
inversion depth of 4 to 8 m, a typical
inversion strength of 3°C, and a katabatic
acceleration of 0.05 m2/s2,

At the Geysers site, the wind direction
within the cooled inversion layer was
essentially downslope and a low-level
maximum wind speed of 1 to 2 m/s occurred
at a height that was 0.4 to 0,5 times the
inversion depth. The wind direction
shifted from downslope at a height of 0,8
to 0.9 times the inversion depth. At the
Rattlesnake Mountain site, the ambient
winds had a strong influence near the
surface and thus the low-level winds were
seldom downslope. However, the downslope
component of the wind exhibited a low-Tevel
maximum at a height that was 0.4 times the
inversion depth, and when the ambient winds
were light, with a typica) magnitude of 1
to 2 m/s.

The surface inversion depth, the height of
a wind direction shift from downslope, and
the height above the jet of a wind speed
minimum are all measures of the depth of
the layer that is influenced by katabatic
flow, Some evidence suggests that these
depths may be similar for a simple slope,
but it is also apparent that the measures
based on the wind profile above the jet are
dependent on the ambient wind speed and
direction,

Two additional depth scales, the momentum
depth and the temperature deficit depth,
are defined by vertical integrals of the
wind and temperature profiles, These have
the advantage that they do not depend on
identifying the height of occurrence of a
particular feature of the profiles. How-
ever, their definition is ambiguous if the
wind speed or temperature deficit do not go
to zero above the katabatic flow, The
momentum depth is roughly equal to the
depth of the surface inversion, and the
temperature deficit depth is about one-
fourth of the inversion depth. The tem-
perature deficit depth is easier to deter-
mine, hecause the temperature deficit isg
more 1ikely than the wind to approach zero
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at the top of the katabatic layer and it
appears to be less sensitive to ambient
wind and stratification.

The strength and vertical scale of slape
flow increase with downslope distance due
to cooling at the surface and entrainment
of ambient air at the top of the flow, The
inversion becomes deeper and stronger, and
the maximum downslope wind speed, the
height of the wind maximum, and the total
depth of downslope flow increase. The
vertical scales of the flow increase
linearly with distance down a constant
stope, and the strength of the inversion
and the downslope wind speed increase at a
lesser rate,

Predictions of the momentum depth as a
function of slope angle and downslope dis-
tance using Ellison and Turner's {1959}
laboratory-measured entrainment rates agree
well with observations of the approximately
equivalent inversion depth. Ffor moderate
slopes these entrainment rates are roughly
proportional to the sine of the slope
angle, and hence the growth of the vertical
scales is roughly proportional to the
vertical drop from the top of the slope,
e.9,, the inversion depth is about 0,05
times the vertical drop,

The vertical distribution of turbulence is
quite different in slope flow than in
stable conditions over flat, homogeneous
terrain, This is a consequence of the
shear distribution associated with the low-
level wind maximum. Local shear production
of turbulent energy decreases with height,
reaches a local minimum at the height of
the jet, and then increases once more,
Above the jet, the profiles of shear and
turbulent energy depend on the magnitude
and direction of the ambient wind. Ambient
winds that are upslope or cross-slope
produce more shear above the jet, and
consequently more turbulence, than down-
slope ambient winds.

Several of the features of nocturnal slope
flow are useful indicators of its occur-
rence, These are the surface-based inver-
sion, the low-level wind maximum and the
downslope wind direction, The surface
inversion is necessary for slope flow, but
the wind maximum and the downslope direc-
tion may be obscured by ambient winds, par-
ticutarly at an exposed site, A downslope
wind direction and small values of 5. were
found to be goond indicators of stope flow
in the sheltered Anderson/Gunning Creek
Basin; however, at the Rattlesnake Mountain
site it was necessary to look for a low-



level maximum in the downslope wind compo-
nent because ambient winds strongly influ-
enced the wind profile at the surface,

The best siope flows occur an calm nights
with clear skies that allow the development
of a strong surface inversion, Good slope
flows at the Geysers Unit 19 site required
ridge-top wind speeds of less than 6 m/s
and a surface inversion strength above 5 m
of at least 5°C, The ridge-top wind speed,
the strength of the inversion and the
inversion depth can be combined to form a
slope Richardson number (Ri) that corre-
Tates well with the occurrence of slope
flow, Most of the good slope flow at the
Unit 19 site occurred when Ri > N,7; good
slope flow never occurred when Ri < 0.2 and
no drainage occurred when Ri < 0.15.

The onset, maintenance, and breakup of
slope flow is similarly dependent on the
estahblishment, maintenance and destruction
of the surface inversion, Although the
soil and the near-surface air begin to cool
well before local sunset, strong downslope
flow begins only after the ambient wind is
weak enough to permit formation of an
inversion adequate to drive the flow, Even
after good slope fliow has been established,
however, it can easily be disrupted by
increased winds that weaken the inversion
and reduce the katabatic force by turbulent
mixing., The slope flow is also terminated
rapidly at Jocal sunrise by the heating of
the surface and the subsequent destruction
of the surface inversion.
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The dependence of slope flow structure on
ambient conditions varies from site to
site, The Rattlesnake Mountain site was
very exposed and hence the wind profile was
strongly influenced hy the ambient winds,
Only the depth of the surface inversion and
the height of the downslope wind maximum
were relatively insensitive to ambient
conditions, The Geysers Unit 19 site was
more protected and both the wind and tem-
perature profiles were less sensitive to
ambient conditions. However, a decrease
with time of the speed and depth of the
downslope flow at this site appears to be
correlated with an increase in ambient
stratification, It is postulated that the
increasing stratification of the air above
the slope isolates the katabatic layer from
the flow aloft and produces a weaker near-
surface flow driven only by katabatic
forces,

References

Eilison, T. H., and J. S. Turner. 1959,
“Turbulent Entrainment in Stratified
Flows." J. Fluid Mech. 6:423-448,

Horst, T, W,, and J. C. Doran. 1983, HNoc-
turnal Drainage Flow on Simple Slopes - An

ASCOT Progress Report, PNL-S5A-11245,

Pacific Northwest Laboratory, Richland,
Washington,






P Dispersion, Deposition
and Resuspension of
b Atmospheric Contaminants






DISPERSION, DEPOSITION AND RESUSPENSION OF
ATMOSPHERIC CONTAMINANTS

Atmospheric Diffusion in Complex Terrain

Atmospheric Boundary Layer Studies

¢ Dry Deposition

Particle Resuspension and Translocation

Theoretical Studies and Application

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 turbulence, and the rate of
removal to the surface by wet and dry deposition processes. 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 com-
bination 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 appli-
cation of tracer technology at PNL is the simultaneous release of depositing and non-
depositing tracers. Dry deposition was investigated for particles of both respiration
and inhalation interest. Studies are being conducted to evaluate simple plume deple-
tion models and resuspension-diffusion-deposition models have been applied to
estimate pesticide concentrations above treated fields. Resuspension is also studied
using tracers and contaminated surfaces. The objective of the resuspension studies is
to develop and verify models for predicting the airborne concentrations of contami-
nants over areas with surface contamination, development of resuspension rate pre-
dictors for downwind transport, and development of predictors for resuspendion
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.

Transport of tracers and contaminants from the Geysers Geothermal Site is being
evaluated using surface and aircraft sampling data. The ventilation of tracing a SF¢
tracer from Brush Creek Valley during sunrise is being evaluated by surface and air-
craft sampling data.






® Atmospheric Diffusion in Complex Terrain

Obijectives of this study are:

Defining and developing a long-range technical plan for studying the transport and diffusion of con-

taminant particles and gases over complex landforms.

Assisting a multilaboratory program studying diffusion in complex terrain by providing methodologies
and techniques for analyses of transport and diffusion over a variety of complex landforms.

Evaluating and developing various transport and dispersion models for complex terrain.

THE TRANSPORT OF TRACERS AND POLLUTANTS
FROM THE GEYSERS GEOTHERMAL RESOURCE AREA

M. M. Orgill, R. M. Lee and R, I, Schreck

The emission, transport, and dispersion of
pollutants from energy production areas in
complex landforms is a subject of continu-
ing concern because emitted contaminants
may cause a significant impact on the gen-
eral public and environment through the
mechanisms of chemical reaction, impaction,
dry deposition and acid pracipitation.

& limited surface and aircraft sampling
study was conducted in the Geysers-
falistoga Geothermal Resource Area [GGRA)
to collect initial data on the short-range
{5 to 20 km)} transport of contaminant mate-
rials and the short-range transport of a
sulfur hexafluoride {SFg) tracer from the
geothermal electrical power generation
area.

Pacific Northwest Laboratory (PNL)
conducted the sampling study during the
Nepartment of Enerqy's (NNEY Atmospheric
Studies in Complex Terrain {ASCOT) cooling
tower fieid program as part of the daytime
lTimited-mixing experiments {Gudiksen
1982}, 0On August 23 and 24, the ASCOT
group conducted extensive meteorological
and tracer experiments during the daytime
and evening hours, An SFg tracer was
released from a power plant's cooling tower
during the afternoon of each day. The SFg
tracer was sampled by a surface network of
samplers and by PNL and Meteorology
Research, Inc, {MRI) aircraft, The PNL
aircraft flew a flight track between 5 to
20 km upwind and downwind of the Geysers
while the MRI aircraft flew closer to the
source over the Mayacmas Ridge., In addi-
tion to these two days, the PNL aircraft
also sampled for gaseous sulfur {H¥,S) and
airborne aerpsols on August 20 and 21,
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The goals of the PNL study were fourfold:
1) to define the types and quantities of
airborne materials {e.g., HsS, B, As, Cd,
Pk, Cr,and Hg} that are emitted from the
geothermal operations, 2) collect data on
the location, height, and concentration of
the airborne materials and SFg tracer,

3) examine the role of vertical wind shear
in the transport of the H,S and SF; tracer
plymes, and 4) if possible, estimate the
flux of pollutant material being trans-
ported from the Geysers.

The instrumentation, sampling procedures,
weather conditions, and preliminary analy-
sis of the data have bean reported in
PNL=4797 (Orgill, Lee and Schreck 1983),
This repcrt briefly discusses the results
to date and outlines the future tasks
necessary to compiete the work, The final
analysis and conclusions will be reported
as an ASCOT report,

SFg Tracer Transport from the Geysers

On August 23 and 24, 1981, an SFg tracer
was released from the cooling towers of
Units 9 and 10, &t a rate of 3 gm/s from
1300 PST to 1900 PST. Units 9 and 10 are
located on a ridge southwest of Cobb Moun-
tain at an altitude of 968 m azbove mean sea
level, Because the analysis is not com-
plete, only preliminary results from
August 24 will be discussed, Table 1 out-
lines some of the variables considered
important in the transport of the cooling
tower plume and SFg on August 24, The
meteorological conditions were complex and
not easily understood, but were typical of
many situations involving wind shear and
time-varying wind conditions.

The wind and stability conditions were such
that a portion of the cooling tower plume
impacted at downwind surface locations,
Figure 1 shows that a portion of the plume
was observed at the surfzce throughout the



TABLE 1. Important Variables Affecting the Transport
and Diffusion of SF; from Units 9 and 10, August 24, 1981

Variable Comments

Average maximum plume rise
around 1100 m or 2060 m m s 1,
{tUthe 1982}

Plume rise

SFe detected on the surface
downwind from Units 9 and 10

Stability

Average wind speeds in a
350-m layer 3to 5 m/s

Low-level wind speeds

winds were backing and
increasing in speed with height

Harizontal and vertical
wind shear

winds in lower elevations
changed direction from west-
southwoest to west-northwest

Diurnal winds

Possible gravity waves at higher
elevations

Terrain influences

Anderson-Putah Creek area and Boggs Moun-
tain, The plume impaction occurred toward
the northeast in the early afternoon and
then shifted toward the southeast later in
the afternoon, This change in direction of
the surface impaction matches some wind
observations that showed wind direction
changing to more northwesterly directions
after 1700 PST,

The principal plume axis at the three
different aircraft sampling altitudes was
ariented in generally the same direction

as shown near the surface (i.e,, toward the
east and northeast). Maximum concentra-
tions in the elevated plumes were above

200 parts per trillion {ppt). An increase
in altitude shows a more diffuse plume with
secondary maxima toward Middletown and east
to northeast of Mt, Hannah (Figure 2).

The apparent maximum concentration near

Wt. Hannah at around 1600 m is of interest
because of the high plume rise and upper
vertical wind shear present during the
sampling period, Another interesting fea-
ture was revealed by the SRI International
airborne lidar, These measurements showed
wavy undulations in the aerosol boundary
layer at sampling altitudes (Dthe 1982).
The presence of gravity waves may possibly
account for the secondary SFg maximum Jjust
east of Mt. Hannah, However, these mea-
surements and data from other aircraft
passes will have to be investigated in more
detail to determine if this provides a con-
sistent description of the observed
dispersion behavior,
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Gaseous Sulfur (H»S) Transport from The
Geysers

One of the primary contaminants from the
Geysers is gaseous sulfur in the form of
HoS, although other chemical forms can be
present {e.,g., S0»). Surface and aircraft
filter samples of particulates generalty
indicated sulfur (sulfate) enrichment above
background levels in the collected aerosol.
On the two days of SFg release from Units §
and 10 {August 23 and 24), a minor amount
of gaseous sulfur was contributed to the
Geysers sulfur plume by SF;. A low-
concentration gaseous sulfur plume was
detected on all four days in the eastern
quadrants from the Geysers, because the
winds were generally from socuthwesterly ta
westerly directions. The first estimates
of HpS concentrations as reported in
Orgill, Lee and Schreck {1983) are sus-
pected of being high by about 30%. A ten-
tative correction was applied to the HyS
concentration data for PNL-4797, but these
data will have to be further assessed in

FY 84 to obtain the final concentrations
and associated error limits.

Composition, Enrichment, and Transport of
Geysers Aerosoals

The four days of sampling resulted in

41 filters, Twenty-three filters {16
surface, 7 aircraft) were initially
selected for x-ray fluorescence (XRF) and
neutron activation analysis (NAA) {23 by
XRF, 8 by NAA)}, Concentrations were
obtained for 56 trace materials. In
general, most of the trace materials had
concentrations in the ng/m® range with the
exception of iron (Fe) and sulfur (S},
which were in the pg/m3 range,

A crustal enrichment factor was computed
for all 55 elements associated with the 23
filters, The crustal enrichment factor

EF. = rcx”cFe]aeroso

1/(cx;c ] (1)

Fe ' crust
expresses the relative enrichment of an
element as compared to its abundance in the
earth's crust. An EF. less than 1 indi-
cates depleticn of an element, whereas a
value greater than 1 indicates enrichment
of a given element relative to its crustal
abundance. Generally, an enrichment factor
of 10 or more is considered significant
with respect to anthropogenic input to the
atmosphere,

Trace elements of particular interest
because of their potential toxicity hazard
and environmental contamination are
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EVALUATION OF THE MODIFIED SOURCE-DEPLETION
MODEL

T. W. Horst

The airborne contamination resulting from a
point source release is most commonly esti-
mated with the Gaussian plume dispersion
mode!, Because estimates of the plume
dimensiogns are empirical, model predictions
can be fairly realistic in many situations,
Ideally, these plume dimensions are mea-
sured with passive, nonreacting, nondep-
ositing tracers so that they only reflect
the dispersion process. Hence, application
of the Gaussian model for a depositing paol-
lutant requires that it be modified to
account for the reduced airborne concen-
trations and to estimate the resulting sur-
face contamination, Recause it does not
explicitiy treat the vertical transport
process, the diffusion model is difficult
to modify in a way that is physically
realistic,

Horst {1977) showed that the common source-
depletion technique used to account for the
loss of material from a Gaussian plume,
overgstimates the near-surface airborne
concentration and the dry deposition
because the model distributes the loss
resulting from dry deposition throughout
the vertical extent of the plume and
retains the Gaussian vertical concentra-
tion profile., Horst {1980) proposed a
correction to the source-depletion mode)
that accounts for the change in the ver-
tical concentration prefile caused hy
deposition, This correction to the ver-
tical distribution is & function of the
resistance of the atmosphere to vertical
turbulent transport and is derived using
gqradient-~transport theory, Quring the
past year, the theoretical foundation of
this correction has been developed further
and additional comparisons have been made
with the surface-depletion model (Horst
1983},
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Without deposition, the Gaussian plume
medel predicts the airborne pollutant
concentration Co to be

(1)

where Qo is the rate of pollutant emission
and D{x,y,z} is the Gaussian diffusion
function for a point source located at
{x=D,y=0,z=h). The corrected source-
depletion model,

Co{x,y,z) = Qo D{x,y,z,h)

Cdi{x,z) = 0{x} D{x,y,z,h) Pix,z} (2)
makes two modifications to the Bausstan
plume model. The source strength Q{x)} is
reduced with downwind distance to account
for the loss of material from the plume by
dry deposition, and the Gaussian distri.
bution D is modified by the profile func-
tion, P(x,z), to account for the change in
the vertical distribution caused by removal
of material at the surface, Conservation
of mass reguires that

w X
0{x) = Qo exp -/ [ v, D{x',y',2.h)
- O {3)
P(x",z,) dx' dy’

where z, is the height at which the deposi-
tion ve?ocity v, is defined. «ith pP=1,
Equations {2) and {3) reduce to the usual
source-depletion model,

With a minimum of assumpticns, the near-
surface profile function, P(x,z), can be
related to the atmospheri¢ resistance to
vertical transport (Horst 1980, 1983).
However, the atmospheric resistance,
R{z,z,), is a function of the eddy dif-
fusivity, which depends on height, while
the vertical spread of a Gaussian plume is
expressed in terms of a diffusion coeffi-
c¢ient, o_, which depends on downwind
distance, Unfortunately, as a consequence,
the appropriate atmespheric resistance for
a Gaussian plume is determined only by a
nonrigorous, heuristic argument relating
the diffusion coefficient to the eddy dif-
fusivity, The validity of this argument
must be judged by the quality of the
resulting predictions.

The corrected source-depletion model can be
tested by comparing its predictions either
with observations or with the predictions
of a more riqorous model, Few observations
of plume depletion are available, byt the
surface-depletion model {Horst 1977} is an
exact modification of the Gaussian plume
model to account for deposition. It is



ideal for evaluating the corrected source-
depletion model because the two models
differ only in their description of plume
depletion, They have the same input and
the same assumptions about the diffusion
Process.,

The two models agree well for predictions
of suspension ratios and for predictions of
depleted airborne concentrations near the
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surface {Horst 1980, 1983), These two
gquantities have a high practical signifi.
cance, but they are indirect functions of
the atmospheric resistance, A more direct
test of the predicted atmospheric resis-
tance is a comparison of the vertical air-
borne pollutant concentration profiles
predicted by the two models. Such a com-
parison is shown in Figure 1 for a situa-
tion with relatively high deposition: a
source height of 10 m and stable atmo-
spheric conditions, Since aP/az = P{x,z.)
vy AR/Az, the excellent agreement of the
two models below z=o_ validates the expres-
sion for the atmosphéric resistance as a
function of the Gaussian vertical diffusion
coefficient, The relatively poorer agree-
ment gbove Z=o, is expected because the
profile function is only valid in a layer
near the syrface where, without deposition,
the airborne concentration is independent
of height,
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e Dry Deposition

Objectives of this study are:

Developing an experimental basis for models predicting removal of airborne particles and gases by dry

deposition onto outdoor surfaces.

Developing predictive models accounting for the influence of particle size, gas characteristics, wind
velocity, deposition surface, and other variables on deposition rates.

Determining deposition rates using dual tracer techniques in the field and in a wind tunnelin the

laboratory.

IMPROVED PREDICTINNS OF DRY-DEPOSITION
VELOCITY OF PARTICLES

G. A. Sehmel

A correlation was developed by Sehmel and
Wodgson {1980} for predicting particle dry-
deposition velocities. Deposition velocity
is defined as the deposition flux {units of
amount deposited per unit ground-surface
area per unit time) divided by the airborne
concentration at a selected height above
the ground {amount per unit volume}, and is
usually reported in units of com/s, The
correlation was based upon deposition
velocities evaluated in wind tunnel experi-
ments for non-living surfaces of different
aerodynamic surface roughness, A weighted
least-squares technique was used to corre-
jate the lopgarithm of mass-transfer resis-
tances in terms of the Togarithms of dimen-
sionless groups and particle diameter, The
dimensioniess groups are the Schmidt number
{v/D), the particle relaxation time (r*), a
ratio of Brownian to eddy diffusivity
{D/z,u,), and 2 length ratio (d/z }. The
multiple correlation coefficient was 01,92
and all coefficients were statistically
significant at the 99% level,

Subsequently, deposition velocities were
predicted as a function of particle dia-
meter from .03 to over 50 um. However,
the correlation was inadequate for predic-
tions below 0.03 ym diameter. That is,
rather than increasing, predicted deposi-
tion velocities started to decrease as
particle diameter was decreased below

.03 B,

The correlation was used to predict
particle dry deposition velocities for 2
height of 1 m. This height is often used
for a houndary condition over surfaces
without large vegetative canopies in
meteornlogical transport and diffusion
models, The modeling approach was to
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combine mass-transfer resistances in the

1 cm adjacent to the surface determined by
the correlation, with aerodynamic mass
transfer resistances from 1 cm to 1 m
determined by the diffusivity eguations of
Businger et al. {1971). The correlation
was further developed to predict the sur-
face mass-transfer resistance [reciprocal
deposition velocity) in the lower 1 cm
adjacent to uniform deposition surfaces
without deep vegetative cancpies. In this
case, the objective was to develop a mass
transfer resistance predictor that could be
used as a boundary condition for meteoro-
logical transport and diffusion models in
which aerodynamic resistances were des-
cribed for heights closer than 1 m to the
deposition surface.

When the correlation was developed, par-
ticle diffusivities were assumed equal to
air-momentum diffusivities, However, the
validity of this assumption is dependent on
the relative mass transfer resistances at
and above the deposition surface. Cur-
rently, the equality to heat diffusivity is
often considered more appropriate. Never-
theless, the diffusivity selection may be a
second order effect. 1In practice, the use
of either momentum or heat diffusivity is
only of secondary importance for predicting
deposition velocities for particie
diameters ranging from about 0.1 to 1 pm,
For these diameters, deposition velocities
are controlied by surface resistances in
the 1 cm adjacent to surfaces of low
relief. In addition, selecting the proper
diffusivity may be of minor importance
compared to the uncertainties in predicting
integrated surface resistances as a
function of height and spatial varfatien in
vegetative canopies.

Dry-deposition velocities are compiex func-
tions of the parameters determined, The
correlation predicts dry deposition veloc-
ities as a function of particle diameter,



friction velocity and aerodynamic surface
roughness, Also, since the e;perimental
particle density was 1.5 gfcm , the influ-
ence of particle density is predicted by
including particle settling velocities in
the prediction equations.

Recause predictions are complex functions
of these variables, researchers have
approximated predicted deposition velocity
curves, However, these simplifications may
he compounding prediction uncertainties,
because uncertainties exist in the original
correjation,

Hence, particle dry-deposition velocities
evaluated with monodispersed.diameter par-
ticles itn wind tunnel experiments were
re-examined using least squares techniques
to develop an improved predictive
correlation,

Correlation

least-squares technigues were used to
carrelate either the deposition velocity,
ar integral resistances, as used in the
original correlation, as a function of both
particle diameter and dimensionless group-
ings, Logarithmic transformations were
used in the least squares analyses. Many
correlations were examined for the highest
multiple correlation coefficient, This
examination included the evaluations of the
statistical significance of the first
through third powers of each dimensianless
group examined, and interactions between
groups, Third pawers were statistically
insignificant, The final correlation pre-
dicts deposition velocities, Ki_cp with an
airborne concentration at 1 cm {which has
the highest multiple correlation, and is
without variables that are highly carre-
lated with other predictor variables),
multiple correlation coefficient is 0,95
{versus 0,92 in the 1980 correlation) and
all coefficients are statistically sig-
nificant at the 99% level, The final
correlation relates the logarithm of depo-
sition velacity as a function of the
Togarithms of dimensianless groups and
particle diameter, Particle diameter is
expressed in centimeters, The dimension-
less groups are the Schmidt number {(vw/n}),
the particle relaxation time {t*}, a ratio
of Brownian to eddy diffusivity (D/zou*),
and a length ratio {d!zo). The carrélation
of deposition veloncities as an expanential
function of the logarithms of dimensionless
groups and particle diameter fallows:

The

3R

= {
Klucm = exp I?.108 + [In{sc) 1n(dfzo)]

[0.2529 - 0.00273 Tn{d/z_}] + [In (x')]

0.03239 In(<') - 0.09177 In(d/z,)]

- 0.14919 [in{d)]%
- 4,180 1n (d/zo)z i (1)
where
a = particle radius, cm
d = particle diameter, cm
D = Brownian diffusion coefficient

sg. cm/sec {see Equation 2)

k = Boltzmann's constant, 1,38 x
10716 erg/{molecule °K)
p = pressure, cm of mercury {76.0 cm used)
S¢ = Schmidt number, w/D
T = temperature, °K {296°K used)
u, = friction velocity, cm/sec
Z, = aerodynamic surface roughness, cm
n o= air viscostty, g/{cmesec)
{1.78 x 1074 g/{cmssec} used]
v = kinematic viscosity, u/p
p = air density, g/cc, (1.2 x 1073 g/cc
used)
1+ = dimensionless relaxation time,

The Brownian diffusiyity was calculated
from (Davies 1966):

L

_ kT 10°
D =g |1+ 57 [6.32 + 2.01

exp(-2190pa) i (2}
Ratios of predicted/experimental deposition
velocities were evaluated as indices for
agreement bhetween predicted and experimen-
tal results. The average ratio is 1.46,
the maximum ratio is 19,3, the minimum
ratio is 0.87, and the standard deviation
is 1,78,

Alsa, ratios of predicted deposition veloc-
ities between the correlation developed in
1980 and Equation 1 were evaluated to show
agreement between the two correlations for
the experimental conditions investigated
(i.e., the ratio Kiggn/Kises). In this
case, the average ratio is 1,13, the maxi-
mum ratio is 3.88, the minimum ratio is
.44, and the standard deviation is 0,68,



Predictions for Constant Friction ¥elocity

Predicted deposition velocities for a l-cm
concentration reference height, Ky-cm, from
the 1980 and 1983 correlations are compared
in Figure 1 as & function of aercdynamic
surface roughness for a constant friction
velocity,of 30 cm/s and particle density of
1.5 g/cm™ . Also shown are gravitational
settling velocities for spherical par-
ticles. The following features are
emphasized.

» Predictions from the 1983 correlation
{as opposed to predictions from the
1980 correlation which have a lower
particle diameter limit of 0,03 um)
show trends expected for particle
diameters as small as 1072 ym {i.e.,
deposition velocities continue to
increase as particle diameter
decreases below the particle diameter
for mintmum dry-deposition velocity).

~ Minimum deposition velocities are
functions of the aerodynamic surface
roughness,
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FIGURE 1. Particle Size Distributions for Uranine and
Lithium Carbanate Tracers.
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& [Dry-deposition velocities are greater
than gravitational settling
velocities.

» Aerodynamic resistances from ! cm to
1 m are increasingly important for
large particles, Predicted deposition
velocities for a 1-m concentration
reference height would be similar to
gravitational settling velocities, In
comparison, because aerodynamic resis-
tance is not included, deposition
velocities for a l-cm concentration
reference height can be significantly
greater than gravitational settling
velocities for particle diameters as
Targe as 50 um,

Conctusions

An improved correlation was developed for
predicting particle dry-deposition veloc-
ities, Improvements included an extension
in the range of applicabi%ity to particle
diameters as small as 107" um, and an
increased multiple correlation coefficient
to 0.95. Nevertheless, needed predictive
improvements include methods to predict
effects of deeper canopies, vegetative
canopies, nonuniform canopies, non-
spherical particles, and simultaneous
resuspension for particles of 0 to 20 um
diameter,
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NDRY DEPOSITION EXPERIMENTS USING MULTIPLE
TRACERS ON THE HANFORD DIFFUSION GRID

G. A. Sehmel
Experiments to measure dry deposition of

particles were conducted for the Department
of Energy (DOE) simultaneously with similar



experiments sponsored by the Environmental
Protection Agency {EPA}. In the EPA
experiments, zinc sulfide particies and SFg
tracer gas were released. |In the DOL
experiments, two different tracers were
released to determine dry deposition as a
function of particle diameter, The tracers
used were uranine and Li,C0y,

Particle dry deposition will be calculated
from tracer particle/gas concentration
ratios, The objective here was to investi-
gate dry deposition for two nearly monodis-
perse tracer particles:

1. the diameter of Li,C0; particles was
about 1 um {a diameter at which dry
deposition velocities are minimum and
nearly independent of particle
diameter)

2, the diameter of uranine particles was
significantly larger than 1 um
diameter,

Experimental Procedures

Particle size was strictly controlled in
the experiments. Both tracers were gen-
grated in the field by using modified
commercial paint sprayers. 0One paint
sprayer was used for each tracer, The
paint sprayer had the same general features
as a spinning-disc aerosol genmerator used
in the laboratory to generate monodispersed
aerosol particles. The feed sclution and
operating parameters were different for
each tracer,

Particle diameters were evaluated using
guartz-crystal micro-balance cascade impac-
tors. The mass median particle diameters
were 17 um for the uranine particles and
1.6 um for the Li,C0y particles (Figure 1},
Nensities of _the tracer particles were 1,5
and 2.1 gfem” for uranine and LizC0y,
respectively,

Tracers were released during drainage flows
at the diffusion grid on the Hanford Site
for several nights, The tracer release
height each night was either 2,1 or 2,3 m
above the ground. The average time that
the tracer was released was 30 minutes,

The average amounts of tracer dissolved in
ethanol-water released were 17 g of uranine
and 0,1 g of lithium as LiyClq,

After release, particulate tracers and
tracer gas were collected as a function of

an

o gg-_ T I []l'l'l']' T T T 'I IIIII T )

E . _-Q-_o.--ﬂ
— D = Liz COas PARTICLES P =1
5 90— Tom T 4 URANINE ]
og " 4/ PARTICLES
wAa - o, t 18 fo—_———
ZA sof— }[ 17 pm ]
> W - ot 24 -

- g

o - 4 / -

> b, 20k R 7

Pt o =

wI L .

& 10k 7~ —
770 _’,P ]
m L = e e -
R P 1|||||| i lllllllI i

107 1 10 30

AERQDYNAMIC PARTICLE DIAMETER, um

FIGURE 1. Particle Size Distributions for Uranine and
Lithium Carbonate Tracers

crosswind direction along arcs at distances
of 100, 200, 800, 1600, and 3200 m from the
release site for the sector of the arc from
68° to 160° {0° = north). Spacing between
samplers was 2° for the 100 and 200 m arcs,
and 1° for the outer three arcs., Samples
were collected ‘at a height of 1.5 m,

Particulate tracers were collected on
fitters that are being analyzed for uranine
and 1ithium content, To prepare the sam-
ples for analysis, tracers were leached
from collection filters using 7 ml of
water, Mash solutions have been analyzed
fluorimetrically for uranine content, and
subsequently, selected samples will be
analyzed for lithium content,

Conclusions

Samples are heing analyzed for tracer par-
ticle content for six nights. Results to
date show that tracer plumes passed through
the collection grid. However, plume char-
acteristics varied from a well-captured
plume within the sampling grid, to a plume
with a bimodal crosswind distribution.
Expected results will include dry deposi-
tion velocities for all six experiments for
the uranine tracer particles, Although
concentrations for the Li,C0; particles
were often lower than detection limits for
ICP {induction coupled plasma) analyses,
expected results include dry deposition
velocities for Li,C04 particles for dis-
tances between 100 and 2N0 m,



GENERATION OF NEARLY MONODISPERSED
PARTICLES FOR DRY DEPOSITION FIELD
EXPERIMENTS

G. A. Sehmel and W. H. Hodgson

Improved experimental technigues are needed
to evaluate dry deposition of contaminants
in the field. One needed improvement is a
technique for generating large quantities
of monodispersed tracer particles. A tech-
nique for generating tracer particles that
was developed by Sehmel and Hodgson in 1980
was further developed. This technique will
be used in field experiments to determine
removal rates of particles by dry deposi-
tion as a function of diameter., The tech-
nigue is based upon using a modified com-
mercial paint sprayer that has the same
general features of a spinning disc aerosol
generator used in the laboratory to gen-
erate monodispersed diameter particles,
Liquid droplets are formed along the edge
of a rotating bell,

The objective was to establish the opera-
ting parameters for the particle generator
that could be used during dry deposition
field experiments beginning in May 1983.
Nesign conditions included the follawing.

1. The two tracers should have different
chemical compositions but be rela-
tively inexpensive to analyze,

2. Tracer particles would approach a

monodisperse size distribution,

Particle generation rates would be
maximized,

The diameter of one tracer would be
about 1 ym, a diameter at which dry
deposition velocities are minimum and
nearly independent of particle
diameter,

The diameter of the second tracer
would simulate diameters of fugitive
emissions with the constraint that the
particle size would be representative
of particles that could be inhaled,

Experimental Procedures

(perating parameters for the field tracer-
particle generator* were determined in the
laboratory by evaluating particle diameter
characteristics with a quartz-crystal
microgbalance (QCM)** particle cascade
impactor, For each of the ten impactor
stages, the manufacturers stated that 50%

4]

stage-collection efficiencies are 0.05,
nD.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 12.5,
and 25 um,

To evaluate tracer diameters as a function
of operating parameters, tracers were
generated within a wind tunnel, allowed to
evaporate, and then were sampled with the
OCHM. After each evaluation, the wind
tunnel was flushed with clean air before
tracers were agafn introduced into the
tunnel.

Operating parameters included bell rotation
speed, liquid flow rates for constant
liquid composition, and uranine solutfon
concentration, Rotation speeds ranged from
5,000 to 38,000 revolutions per min (rpm),
liquid flow rates ranged from 0.25 mg/min
to 1.2 ¢/min, and uranine concentration
ranged from 0,25 to 140 g/2,

Tracers in ethanol-water solutions were
introduced at constant flow rates into the
particle generator. The ethanol was used
to increase evaporation rates. The
particle diameter generated with each
tracer was selected based upon uranine and
Li;C0; solubilities. Uranine was used for
the larger particles because uranine
solubility is over 140 g/¢, and lithium
carbonate {Li,C03) was used for the smaller
particles because its solubility is much
lower, Lithium carbgonate solubitity was
estimated by dissolving Li,C0g into
different volume percentages (v/o) of
ethanel and water. Results indicate LigCOy
splubility is less than one gram per liter
of 50 v/o ethanol, and greater than one
gram per liter in 40 v/o ethanol.
Consequently, Tithium-traced particies were
generated from a solution of 1 g/e LiaCOq
in 40 v/o ethanol, Uranine particles were
generated from a 20 g/¢ solution of 80 v/o
ethanol,

After determining what the operating param-
eters were, operating conditions selected
for field tests are summarized in Table 1.
Aeradynamic particle size distributions for
both tracers are shown in Figure 1. Both
size distributions approximate lYog-normal
distributions, except that the distribu-
tions were truncated by preferentially
removing either the smallest or largest
diameter particles

* Model RAB-500, Rotary Atomizer, The
DeVilbtss Company, Toledo, Ohio 43692,

** Model PC-2 OCM Cascade Impactor, Cali-
fornia Measurements Incorporated, Sierra
Madre, California.



TABLE 1 Particle Generator Operating Conditions Used
for Field Experiments
Partictes

QOperating Conditions Uranine _ Li,CO,

Ethamol-waler solution

v/o ethanol &0 40

Tracer concentration, g/t 20 1

Tracer flaw rate. mé/min 1 23

Bell rotation speed, rpm 17,500 38,000

Satellite particle removal

air flow rate, cfm 7.3 0

Particle removal impaction Not used 28-cm dia.

cylinder around rotating for this cylinder,

bell particle extending 30

size cm in front

and 15 ¢min
back of bell

during particle generation, For the log-

normal portion of the size distribution,
the mass median particle diameters are
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1.6 ym for Li,C05 and 17 um for uranine,
and the qeometric standard deviations (a_)
are approximately 1.8 and 2.4,
respectively.

Canclusions

Operating conditions were determined for
genarating tracer particles of two
different diameters. Better conditions may
exist, but these results were satisfactory
considering the time constraints imposed
for initiating field experiments,
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¢ Particle Resuspension and Translocation

Obijectives of this study are:

investigating particle resuspension rates and air concentrations as functions of atmospheric stresses,
local soil-working stresses, particle variables, surface variables, and deposit age.

Developing an experimental resuspension data base to aid in establishing surface contamination limits
to assure adequate public protection from hazardous materials.

Factoring time-varying resuspension rates into models describing delivery of surface contaminants to

man.

SPREAD OF TRACER FROM A RESHUSPENSION SDURCE
AREA DVER TIME

G. A. Sehmel

Contamination on the ground surface can be
resuspendad and become a hazard to man and
to the environment, Resuspended contami-
nants can be deposited on edible portions
of plants and introduced into the food
chain, Models to evaluate resuspension and
deposition rates to the plant surface are
needed to determine these potential
hazards,

Resuspensions of surface contamination by
wind has been simulated using inert tracer
sources on the ground {Sehmel 1983a),
Through subsequent investigations, resus-
pension rates were found to increase with
increasing wind speed, and resuspension
rates were found to be nearly independent
of time for several years,

In these experiments to determine resuspen-
sion rates, the airborne tracey was sampled
as a function of height above the tracer
source area, The resuspension rates were
then calculated from a mass balance using
integrated concentrations (airborne versus
source concentrations). 1In these calcula-
tions, the concentration of tracer source
famount per unit ground area) was assumed
not to be depleted significantly, This is
& reasonable assumption because the source
concentration is insignificantly altered by
resuspension, [i.e., resuspension rates.are
usually small compared to the 3,2 x 10~
seconds in a year). Because f?suspensaon
rates are on the order of 107 to 107
fraction resuspended per second, the
concentration of the source is nearly
indepeadent of time,
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To confirm these low resuspension rates,
tracer source concentrations were deter-
mined at a 29,9-m circular resuspension
site near Horn Rapids Dam in the Hanford
area {Sehmel 1983b). Although resuspension
rates indicate that the CaMol, source was
depleted very little, source concentrations
{amount per unit surface area) showed sig-
nificant variations from the uniform source
concentration originally deposited in the
tracer-source area, Also, the source area
had increased in size because resuspended
tracer had redeposited [mainly tracer that
was transported by surface creep and salta-
tion mechanisms),

The objective of this investigation was to
evaluate the variations in the concentra-
tion of source within the original tracer-
source area, and to determine the rate of
increase in the size of the source area at a
second source site of tracer.

Experiments

The second tracer source is an annular area
near the Hanford Meteorological Station
tower that is vegetated principally with
cheat grass {Bromus tectorum). The annular
sector was oriented to maximize measured
airborne concentrations during high wind
speeds, The tracers deposited were calcium
molyhdate {nearly insoluble) and lithium
carbonate {very soluble). On October 3,
1980, the tracers were depgsited at con-
centpations of 19.6 g Mo/m  and 0.46 g

Li/m . Calcium molybdate had been depos-
ited at the site previously {Dctgber, 1975)
at a concentration of 9,4 g Mo/m=. Hence,
if the spurce-strength concentration is
undepleted from the two tracer deposits,



the total molybdenum concentgation on the
ground should be 29,0 g Mo/m .

Soils were sampled during November 1982,
two years after both tracers were depos-
ited. Samples were collected at locetions
shown in Figure 1. To identify the sam-
pling sites the four corners of the annular
sector are labelled A, B, C, and D. Edges
A-B and C-D are straight, corresponding to
wind directions of 190° and 260°, respec-
tively. In contrast, edges B-C and DN-A are
arcs centered on location 0, In addition,
the edge distance between corners B and C
is approximated by a single arc from B to
C, centered at location 0. Samples were
collected 0.3 m inside the original tracer
source area, and at distances of 0.8, 3,
and 9 m outside the original tracer source
area, Samples were collected from a Rd-cm
surface area, and at an average soil depth
of 1 cm, After soil collection, soil
samples were dried, weighed, and leached
with 2 M citric acid for dissolving and
chelating molybdenum, Leach solutions were
analyzed with an induction-coupled argon
plasma atomic emission spectrometer (ICP),
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Results

Molybdenum and lithium concentrations are
shown in Figures 2 and 3, respectively, as
a function of distance along the edge of
the annular sector., Distances are refer-
enced successively from each corner {i.e.,
corners A, B, C, and D). For both tracers,
daverage concentrations of source within the
original tracer-source area are all less
than the total concentration source when
originally deposited, and concentrations of
source decrease rapidly with distance
beyond the original area, Decreases in
source concentrations are assumed to
reflect background concentrations at 9 m,

Conclusions

Water solubility is an important parameter
affecting resuspension source-concentration
changes with time, As expected, signifi-
cant differences in source-concentration
were measured for the water soluble and
insoluble tracers. For the water soluble
tracer {Li,C03), maximum source concentra-
tions in the original tracer area were two
orders of magnitude 1955 than,when depos-
ited {i.e., 1.5 x 107 g Li/m after two
years weathering from ag original source-
strength of N.,46 g Li/m ). For the water
insoluble tracer [CaMof, ), the maximum
source-strength concentrations in the
original tracer area was the,same as when
deposited (i.e., 35.3 g Mg/m  as compared
to average of 29.0 g Mo/m” deposited).
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Theoretical Studies and Application

Objectives of this study are:

Developing mathematical models to realistically characterize and describe the fate of energy-related
air contaminants,

Translating theory and data into forms most useful for practical application in evaluating the conse-
quences of air contaminant releases.

THEDRETICAL STUDIES AND APPLICATION

W. G. N. Slinn

This brief report summarizes progress on

this project during FY 1983.

Some publi-

cations resulting from the efforts on this
project this year were:

1.

The

The book "Air-Sea Exchange of Gases
and Particles," P, S. Liss (U.K.} and
W. G. N, Slinn {eds,), Reidel,
Holland.

The two-volume conference proceedings
"Precipitation Scavenging, DOry Depo-
sition, and Resuspension," H. R.
Pruppacher {DCLAY, R, G, Semonin
{1S¥sSY, and Y. G. N, Stinn (coords.),
Elsevier, New York.

The two papers “A Potpourri of Deposi-
tion and Resuspension Questions,” by
W, G, N, Slinn and "Inland Transport,
Mixing, and Dry Neposition of Sea-Salt
Particles," by P, C, Katen {0DSU},

L. F. Radke (U of W), and W, G. M.
Slinn, which were presented at the
"Chamberlain Conference" and contained
in the Proceedings.

A paper, coauthored with T. W, Horst,
concerned with airborne-pesticide pro-
files above treated fields and with
the development of some general theory
about resuspension and vertical
mixing, A summary of this paper is
given elsewhere in this annual report,

"Chamberlain Conference"

FY 1983 saw the culmination of substan-
tial effort by the principal investigator
{P.1.), in cochairing the Fourth Interna
tignal Cnnference on Precipitation Scaveng-
ing, Pry Deposition, in Santa Monica, Cali-
fornia during November 29 through Decem-

ber 3, 1982,

The hongrary chairman of

the meeting was NDr. A. C. Chamberlain,
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AERE Harwell; the other cachairmen were

H. R. Pruppacher and R. G. Semonin; members
of the Steering Committee were P, Buat-
Menard, J. A, Garland, D. F, Gatz,

H, W, Georgii, D. A. Gillette, B, B. Hicks,
H. Rodhe, G. A. Sehmel, P, W, Summers, and
0. Vittori. Approximately 250 people
attended, and approximately 125 papers were
presented. The Proceedings have already
been published as the two-volume hard-cover
set "Precipitation Scavenging, Dry
Neposition, and Resuspension" by

Elsevier, Vvia this conference, the quality
of science in these fields was improved.

Some Scientific Contributions

In the reports listed in the Introduction
more complete descriptions are given of the
following scientific advances made by the
P.1.

» VYia reqular perturbation methods, it
was shown that for Stokes number
smaller than the critical value, par-
ticle inertia can decrease intercep-
tion's contribution to the collision
efficiency between an aeroscl particle
and an obstacle,

n pAdditional analyses were presented,
demonstrating that with present
instrument capabilities, it is essen-
tially impossible {(because of time
variations and inhomogenieties) to use
eddy-flux or gradient methods to per-
form atmospheric measurements of the
air/surface exchange of substances if
their net exchange rate is less than
about 0.1 cm/sec.

n By extending the P.I.'s published
models for precipitation scavenging
and dry deposition, new predictions
were made for the contribution of
spray to the "dry" deposition of
particles to lakes and other water
hodies.



By comparing the magnitudes of the
fluxes, theoretical justification was
develaped for the use of Henry's law
in nonequilibrium conditions.

A simple derivation of the Rayleigh
instability criterion was developed,
based on thoe prapasal that convection
is inhibited if heat transfer by con-
duction s faster than by convection,
and applied to the problem of inter-
facial mass transfer for conditions of
convectiye instabilities.

A new model was developed for the
aerodynamic roughness of water

bodies., This mode! relies on the
assumption that at Teast part of the
roughness is propartignal to the
height of induced capillary waves.
Consequently, the resulting roughness
contains the influence of surface ten-
sion {in contrast to the Charnock
relation).

It was demonstrated that previous
studies, reportedly of the
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particle-size independence of the dry
deposition of sea-salt particles, were
likely misinterpretations caused

by ignoring the influence of changing
meteorological conditions.

a A theoretical basis was developed for
the integral-equation approach to
describing air-surface exchange plus
atmospheric diffusion; this result is
outlined elsewhere in this report.

Other Activities

Three other activities also absorbed sub-
stantial time during this year, The book
{published this year) entitled "Air-Sea
Exchange of Gases and Particles" was edited
and the report by the National Academy of
Sciences dealing with acidic deposition in
eastern North America was reviewed, The
P.I. also helped in designing new DOE
infttatives in precipiation scavenging, in
dry deposition, and in modeling the long-
range transport of air pollution,
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Horst, T. W. and . C, Doran. 19B3. '"Noc-
turnal trainage Flow on Simple Slopes: An
ASCOT Progress Report.”  PHL-SA-11245,
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Exchange of Gases and Particles, University
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Nog. 108, N. Reidel Publishing Cao.,
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In Proceadings of the Fourth Internaticnal
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Science Publishing Co., Inc., New York/
Amsterdam/Oxford.

Sehmel, G, A, 1983, "A Relationship
Between Plutonium Activity Densities on
Airborne and Surface Soils." PNL-SA-9563,
Health Physics J. In press.
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Sea Exchange of Gases and Particles, eds.
P, 5. U1ss and W. G N. STinn, D, Reidel
Pubiishing Co., Boston.

Slinn, W. G, N, 1983d. “Precipitation
Scavenging.” Chapter 11 of Atmospheric
Sciences and Power Production, ed,

0. Randerson., Available from the U.S.
Department of Energy Technical Information
Center, Oak Ridge, Tennessee,

52

Slinn, W, G, M., L. F, Radke and P, [,
Katen. 1983, "Inland Transport, Mixing,
and Dry Deposition of Sea-Salt Particles,”
In Precipitation Scavenging, Dry Deposi-
tion, and Resuspension, eds. H, R,

Pruppacher, R." G, Semonin, and W. G. N.
Sltinn. Elsevier Science Publishing Co.,
New York, pp. 1037-1046. ’



PRESENTATIONS

Doran, 4. C. and T. W. Horst. 1983,
"Observations of NDrainage Winds on a Simple
Slope." Paper presented at the Sixth AMS
Symposium on Turbulence and Diffusion,
Boston, Massachusetts. Published by the
American Meteornlogical Society, Boston,
Massachusetts.

Horst, T, M. 1082, “A Correction to the
GGaussian Source Depletion Model.," Paper
presented at the Fourth Conference on Pre-
cipitation Scavenging, Dry feposition and
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Published by Elseyier Science Publishing
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¥alwarf, D, R, 1983, "Ozonation Kinetics
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