





3 3679 00058 6331

Pacific Northwest Laboratory
Annual Report for 1985 to the
DOE Office of Energy Research

Part3 Atmospheric Sciences

C. E. Elderkin and Staff Members
of Pacific Northwest Laboratory

February 1986

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352

PNL-5750 PT 3

UC-11






PREFACE

This 1985 annual report from Pacific Northwest Laboratory (PNL) to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during fiscal
year 1985. 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 performed for the
Assistant Secretary for Environment, Safety and Health. In some instances, the volumes
report on research funded by other DOE components or by other governmental entities
under interagency agreements. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the multidisciplinary nature of the re-
search effort.

The parts of the 1985 Annual Report are:

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

Part 2: Environmental Sciences
Program Manager - R. E. Wildung E. Wildung, Report Coordinator

R.E.
C. M. Novich, Editor

Part 3: Atmospheric Sciences
Program Manager - C. E. Elderkin  C. E. Elderkin, Report Coordinator
E.

E.
L. Owczarski, Editor

Part 4: Physical Sciences
Program Manager - L. H. Toburen L. H. Toburen, Report Coordinator
J. E. Danko, Editor

Part 5: Overview and Assessment
Program Manager - L. G. Faust L. G. Faust, Report Coordinator
R. W. Baalman, 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.
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A highlight this past year was the appointment of a Scientific Advisory Committee.
Honoring us by accepting our invitation to serve on the committee are:

Dr. Franklin |. Badgley University of Washington
Dr. Leo K. Bustad Washington State University
Dr. Franklin Hutchinson Yale University

Dr. Albert W, Johnson San Diego State University
Dr. ). Newell Stannard University of Rochester

University of California, San Diego

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 describe and
predict the nature and fate of atmospheric contaminants and to develop an understanding
of the atmospheric processes contributing to their distribution on local, regional, and
continental scales. In 1985, this research has examined the transport and diffusion of atmo-
spheric contaminants in areas of complex terrain, summarized the field studies and analy-
ses of dry deposition and resuspension conducted in past years, and begun participation in
a farge, multilaboratory program to assess the precipitation scavenging processes important
to the transformation and wet deposition of chemicals composing “acid rain.”

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

¢ Atmospheric Studies in Complex Terrain

* Dispersion, Deposition, and Resuspension of Atmospheric Contaminants

* Processing of Emissions by Clouds and Precipitation (PRECP).

Atmospheric Studies in Complex Terrain

Air pollution in mountainous 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 air in individual valleys and the regional convective boundary layer.
This study area has coordinated research activities in the areas of boundary layer meteorol-
ogy, transport and dispersion of contaminated air parcels, and the transformation and
removal of atmospheric contaminants in mountainous terrain settings. This coordination
attempts to integrate theoretical analysis, model development, and the results of carefully
designed field experiments. The improved understanding of transport and diffusion in
complex terrain gained through this collaborative approach will allow the development of
assessment models that can be applied with greatly improved reliability in the siting of
energy-producing facilities in the western United States.

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 concentrations of
gaseous and particulate material while the latter process acts to increase air concentrations
of particulate material, particularly in the large particle size classes. In many energy develop-
ment areas, all three processes are important in determining the effective residence times of
potentially hazardous particles in the atmosphere. The activities in this study area in 1985
were focused on summarizing the results of past field studies and further development of
mathematical modeling of the phenomena involved.



Processing of Emissions by Clouds and Precipitation (PRECP)

The PRECP program was a new undertaking for DOE in 1985. PRECP is a muitilaboratory
effort to improve understanding of the phenomena that are important in acid rain. Ulti-
mately, understanding of these processes will contribute to the implementation of effective
control strategies. Personnel at PNL are primarily responsible for advances in understanding
of precipitation scavenging; activities in 1985 were principally in the conduct of two field
studies—APRIL and PRESTORM. Data obtained from these experiments are now being ana-
lyzed and will be used to increase the realism of regional-scale “acid rain”’ numerical
models being developed elsewhere as part of the National Acid Precipitation Assessment
Program,

This report describes the progress in FY 1985 in each of these 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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ATMOSPHERIC STUDIES IN COMPLEX TERRAIN

* Atmospheric Diffusion in Complex Terrain
¢ Coupling/Decoupling of Synoptic and Valley Circulations

¢ Atmospheric Boundary Layer Studies

Major reserves of fossil fuels are located in regions of 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, conver-
sion, and extraction of these fuels, will increase also. The analysis of the fate of these
pollutants is particularly difficult in mountainous terrain. However, the improved under-
standing of transport and diffusion in complex terrain gained through these studies will
allow the development of environmental assessment models that can be applied with
greatly improved reliability to the siting of energy- producing facilities in the western United
States.

The atmospheric diffusion research activities at PNL in FY 1985 are related primarily to the
multilaboratory Atmospheric Studies in Complex Terrain (ASCOT) program. Data from
ASCOT field programs in the Geysers geothermal area in California and in the Brush Creek
valley in western Colorado are being analyzed. The purpose of these analyses is to develop
models accounting for the transport and dispersion of air contaminants under nocturnal
meteorological conditions.










































TABLE 1. Downslope Development of Slape Flow,
dinXelins

Manins and Sawford

{1979} Rattlesrmake Mountain
X Neutral Stable Towers A and B
h 1 1.08 0.97{03t0 1.5
h’ T 1.08 1.17(0.6t0 1.9
U 1/3 0.25 0.11{0.1to 0.4}
D 143 -0.62 D49(0.2t0-1.03

for stable ambient stratification. For the
Rattlesnake Mountain observations, 330 m is a
minimum value for sy, while the slope dis-
tances for Towers A and B are 190 and 420 m,
respectively. Thus the growth to Tower A is
expected to be that for neutral stratifica-
tion, while that between Towers A and B is
predicted to depart from the simpie power
laws., If we make the assumption that Tower B
is Jocated at s = s,, Manins and Sawford's
model predicts the values found in Table 1
for stable ambient stratification. These
values are reasconably close to the observa-
tions, In particular, the predicted devia-
tions from the power laws for neutral ambient
stratification are of the same sign and mag-
nitude as observed, This agreement supportis
the basic assumption of Manins and Sawford's
model that slope flow wind and temperature
profiles are self-similar,

References

Doran, J. C., and T. W, Horst, 1983,
"Observations of Drainage Winds on a Simple
Slope.” In Proceedings of the Sixth AMS
Symposium on Turbulence and Diffusion,
American Meteorological Society, Boston,
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Ellison, T. H., and J. 5. Turner, 1959,
"Turbulent Entrainment in Stratified Flows.”
J. Fluid Mech, 5:423-348,

Horst, T. W., and J. C. Doran, 1982, Simple
Nocturnal Slope Fiow Data from the Rattle-
snake Mountain Site. PNL-4406/ASCOT-B2-5,
Pacific Northwest Laboratory, Richland,
Washington.

Manins, P. C,, and B. L, Sawford. 1979, "A
Model of Katabatic Winds.” J. Atmos. Sci.
36:619-630,
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NUMERICAL FLOW SIMULATIONS FOR LAND-WATER-
LAND TRAJECTORIES(?

J. €. Doran

In the spring of 1984, a cooperative Nordic
mesoscale dispersion experiment was carried
out across the Presund, the sound between
Denmark and Sweden., An extensive network of
meteorological instrumentation was deployed
to determine ambient wind and temperature
fields, and SFg was used as a tracer for the
dispersion. The data from that experiment
are currently being processed and archived,
and are expected to be available to the
public sometime after the spring of 1986,
The emphasis of the experiment was to study
modifications of the wind and the diffusion
of material crossing a water surface between
two land masses of widely different roughness
Tengths. Tracer releases were carried out
during the day, so that the sea surface tem-
perature was generally colder than the land.

In the summer of 1985, the author yisited

the Risp Nationmal Laboratory at Roskilde,
Denmark. As part of a model development
praogram, one of the days of the @resund
experiment {Jure 5, 1984) was chosen for
study, and numerical simulations were made of
the wind and temperature fields for the time
of the tracer release, The model used was a
two-dimensional wversion of the Colerado State
University Hydrostatic Mesoscale Model,
developed by R, A, Pielke and his collabora-
tors {McNider and Pielke 1984}, The model
has been extensively described in Lhe litera-
ture; only slight modifications were required
for these studies, e.g., a variable roughness
length was assigned over Uenmark, ranging
from 80 cm over the Copenhagen region to

11 cm near Risg.

There have been several analytical studies of
the modification of wind fields over discon-
tinuities in roughness Jength, but these have
been limited to neutral conditions. More-
over, the sea breeze problem has been studied
extensively, and the thermal circulations
responsible for these winds are well known.

{a} This work is a cooperative effort of the
Boundary Layer, the Atmospheric Diffusion
in Complex Terrain, and the Coupling/
Decoupling of Synoptics and Yalley
Circulations programs.



However, in the June 5 case, the winds over
the @resund were relatively strong, and the
classical sea breeze circulations were not
observed because the thermal forcing was
insufficient to overcome the ambient winds.

The numerical simulations revealed several
interesting features. If the land surfaces
are not heated and an essentially neutral
temperature profile is maintained in the
first few hundred meters above the surface,
the results are consistent with expectations
about the effects on the wind of changes in
rougbness length. Specifically, the winds in
the first few hundred meters accelerate as
they pass from Sweden over the Presund, and
decelerate as they subseguently pass over
NDenmark. The winds over Denmark are stower
than those over Sweden because of larger sur-
face roughness.

If the land surfaces are heated after sun-
rise, the situation becomes more complicated.
An unstable layer now develops over the land,
while a shallow stable layer forms over the
water. Close to the surface, the winds pass-
ing over the water initially accelerate as
they encounter the smoother surface., How-
ever, farther from shore the stable layer
deepens and intensifies. The vertical trans-
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port of momentum from above is then insuffi-
cient to balance the frictiopal drag at the
surface, and the winds decelerate as they
continue over the Presund, Above the shallow
stable layer, this effect is much weaker and
the deceleration is not as pronounced.

Preliminary comparisons with data suggest
that this near-surface deceleration effect
is, in fact, observed. Measurements were not
made sufficiently close to the Swedish shore
to reveal the initial acceleration, so cor-
roborating evidence is not available for this
area, A more detailed discussion of the re-
sults of the numerical simulation with cobhser-
vations must await the release of the data
for general use. However, the utility of the
model in situations such as that simulated
was demanstrated, and additianal insight has
heen provided for a situation in which the
balance between two competing mechanisms,
frictional drag from below and turbulent
transport from above, varies with stabitity.

Reference

McNider, R. T,, and R. A, Pielke. 15984,
"Numerical Simulation of Siope and Mountain
Flows." J. Clim. and Appl. Meteor.
23(10}:1441-1453,
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DISPERSION, DEPOSITION, AND RESUSPENSION OF ATMOSPHERIC
CONTAMINANTS

® Dry Deposition and Resuspension

The concentration of contaminant species in air is governed by the rate of imput from
sources, the rate of dilution or dispersion as a result of atmospheric turbulence, and the
rate of removal by wet and dry deposition. 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 have focused attention on removal processes and resus-
pension for about 15 years. This year marked a time for summarizing the results of past
studies with the purpose of identifying areas where further analysis is needed and complet-
ing analysis of research from previous years.

In the field, plume dispersion and plume depletion by dry deposition have been studied
using tracers. A unique application of tracer technology at PNL has been the simultaneous
release of depositing and nondepositing tracers. Dry deposition has been investigated for
particles of both respirable and inhalable sizes. Resuspension has also been studied using
tracers and contaminated surfaces and in a wind tunnel. The objective of the resuspension
studies was to develop and verify models for predicting the airborne concentrations of
contaminants over areas with surface contamination, develop resuspension rate predictors
for downwind transport, and develop predictors for resuspension input to the food chain.
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* Dry Deposition and Resuspension

Obijectives of this study are:

To develop model predictors for dry deposition velocities as a function of pollutant and deposition surface
properties and atmospheric variables.

To investigate dry deposition velocities in field and wind tunnel experiments using tracers (including multiple
tracers) to obtain area-averaged dry deposition removal rates.

To develop model predictors for resuspension rates (and resulting airborne concentrations) of radionuclides
and long-lived toxic chemical contaminants as a function of time, atmospheric and mechanical stresses,
contaminant properties, and contaminated surface variables,

To investigate resuspension processes in field experiments using tracers and contaminated surfaces, including
the investigation of long-time (weathering) effects on resuspension by evaluating airborne concentrations from
aped radionuclide sources.

To investigate detailed resuspension processes by evaluating airborne concentrations in wind tunnel experi-
ments,

DEPOSITION VELOCITIES OF URANINE PARTICLES tracers were zinc sulfide (ZnS) and non-

TO THE HANFORD DIFFUSION GRID depositing sulfur hexafiuoride (SF6} gas; in
the other, sponsored by the UOE, the par-

G, A. Sehmel ticulate tracers uranine (NaZCZOHIOOB) and
1ithium carbonate (Li2C03) were used, The

Ory and wet deposition, processes that are abjective of the study was to investigate dry

active in the transport and removal of air deposition for tracer particles of nearly

pollutants, operate over different time and menodisperse diameters from tracer particie/

space scales. Although wet deposition can gas ratios.

rapidly remove pollution, wet removal is

intermittent in both space and time. Dry Experimental Conditions and Procedures

deposition may 2e of equal or greater impor-

tance for cleansing the atmosphere since dry Experimental conditions described here are

deposition is continuous in both time and the vegetative canopy and tracer particle

space; also, the fact that dry deposition sizes; procedures for tracer release, tracer

reduces concentrations at respiration height sampling, and sample analysis are also de-

is of great importance in estimating health scribed, Meteorological data collected and

effects., However, our ability to predict dry analyzed by Doran and Horst (1985} were used

deposition is limited. Although dry deposi- in calculating deposition velocities.

tion has been evaluated in many experiments,

results have not been generalized for area- Canapy

dverage deposition.
The depositiaon fetch was 3.2 km in lengtn

This article presents further development of between the tracer release locations and the
results of dry deposition experiments con- last sampling arc at 3200 m. The terrain was
ducted in 1984, The experiments were con- generally flat with a vegetative canopy
ducted at night using the Hanford diffusion consisting of desert grasses and 1- to 2-m
grid for measuring area-averaged removal high sagebrush.

rates during moderately stable to near-

neutral conditions. Twa Simultaneous experi- Tracer S$izes

ments took place: 1in one, sponsored by the -

Environmental Protection Agency (EPA), and The emphasis in the DOE experiments was to
conducted by Doran and Horst {19853), the determine effects of tracer particle diameter
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on area-average dry deposition velocities.
Since dry deposition velocities are a func-
tion of particle diameter, an essential
constraint on tracer particle generation was
that tracer particle diameter be reasonably
monodisperse in particle size. The ideal
geometric standard deviation for the mono-
dispersed particles would be less than about
1.2. The further constraint of producing
large guantities of tracer required consid-
erable develapment in tracer generation
technology.

The uranine and Li,C04 tracer particles were
released from water-alcohol solutions using
two spinning disc generators. These genera-
tors were modified paint sprayers {Sehmel and
Hodgson 1984) that were operated at rotation
speeds of 17,500 and 38,000 rpm respectively
for uranine and Li,00, tracers. After drop-
let generation, droplet size distributions
were truncated by design in order to obtain
more monodispersed size particles; that is,
in generating the Li,CO4 particles, large
droplets were removed by impaction onto a
cylinder concentric with the particle gen-
erator, and in generating the uranine par-
ticles, small droplets were removed by using
sateliite removal air.

To determine the tracer size characteristics,
tracers were generated in the inlet of a wind
tunnel and were pulled slaowly through the
wind tunnel to allow time for evaporation
before sampling, Size distributions for
tracer particle diameters were evaluated with
an optical particle counter that had fine
discrimination as a function of particle
diameter, Mass-median diameters and geo-
metric standard deviations are estimated at
the 50% cutoff diameter of the particle size
distributions, It is emphasized that these
are estimates since the size distributions
were not log-normal, Also, mass-average par-
ticle diameters werg calculated from mass
concentration {mg/m”) and the number concen-
tration {m™~),

Size characteristics for all three tracer
particles are summarized in Table 1. As
planned, the smallest tracer particles were
L12C03, with a mass median diameter of 1.5 to

1.7 um. The uranine tracer particles were
larger, with a mass median diameter of 4.4 to
5.1 um. The InS tracer particles were the

largest, with a mass median diameter from
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TABLE 1. Tracer Particle Size Characteristics for Assumed
Log-Normal Mass Distributions

Mass Mass
Average Median Ceometric
Diameter, Diameter, Standard
_Tracer gm gm Deviation_
LipCOy 0810 71.0 15t01.7 1910 2.2
Uranine 1.4t02.6 4.4t0 5.1 1.7
Zns 4.81t08.0 TBto2.4

4.8 to B.0 um {Doran and Korst 1985}, Al-
though none of the tracer particles are monc-
dispersed in size, there are significant dif-
ferences in the size and geometric standard
deviation of each tracer.

Tracer Release

Quantities of tracers released are shown in
Table 2. The average quantities of particle
tracer released were 0.11 g for lithium, 18 g
for uranine, and 830 g for ZnS. Larger quan-
tities are desirable for uranine and lithium
tracers in order to reduce signal-to-noise
ratios caused by uncertainties in backgrounds
for filters.

A1l four tracers were released within a dis-
tance of 11 m with some lateral separation
between release sites along a line orfented
from north to south, The Li,C004 tracer par-
ticles were released from the most northern
release site, The separation between the
LisC0y and uranine release sites was 2 m,
The SFg tracer gas was released 8 m south of
the uranine release site, The separation
between the SF¢ and ZnS release sites was
less than 1 m. The tracer release height was
2 m for InS and SFS releases., The uranine
and L12C03 tracer particles were released at
a height of 2.3 m the first night and 2.1 m
the remaining experimental nights,

The visual appearances of the tracer plumes
were different, and these differences af-
fected the initial conditions for downwind
transport and diffusion; that is, immediately
after release, plume dispersion was con-
trolled by the operating characteristics of
tracer generators, rather than by meteor-
ology. The maximum abserved plume width for
uranine tracer particles was about 0.3 to

0,6 m, and the plume could be seen for about



TABLE 2. Summary of Tracer Quantities Released

Quantity of Tracer Released, g

Release Li,C0;
_Date Duration, min _Tracer
May 18 30 0.104
May 26 30 0.132
june 5 30 0.137
June 12 30 0.112
June 24 22 0.069
June 27 30 0.128

Uranine Zns SF,
Tracer Tracer Tracer
17.16 1062 1633
17.25 842 1043
17.37 792 1293
17.30 B840 1134
14.6 634 930
24.15 822 1087

&6 m, The maximurn observed plume width for
L12C03 tracer particles appeared wider, about
I tn 1.3 m, and the plume could be seen for
about 3 m.

Tracer Sampling

Tracer gas was sampled with sampling bags,
and tracer particles were sampled with fil-
ters, Tracer particles were collected using
open~faced membrane filters, 4.1 cm in diam-
eter, exposed to the air. Anisckinetic sam-
pling errors for these filters can be esti-
mated {Sehmel 1957). The true concentrations
are expected to be within 10% of the measured
concentrations.

Tracers were collected downwind at a height
of 1.5 m along five sampling arcs of approxi-
mately 90° sectors each. The arcs were at
100, 200, 800, 1600, and 3200 m downwind of
the tracer release location., The sampling
density for particles was much greater than
1t was for the SFg gas. The spacings between
sanple bags for Skg tracer gas were 8°, 47,
4°, 2°, and 3°, respectively. The spacings
between filter samples for particle tracers
were 2° for the first three arcs, and 1° for
the 1600- and 3200-m arcs,

In addition to these surface samples, tracers
were sampled as a function of height at two
locations., Samplers were mounted on towers
at heights from 0,2 to 24.8 m at the 106° and
122° azimuths of the 1600 m arc.

Sample Analysis

Chemical analyses for uranine and L12603
tracer particles were done after ZnS analyses
were completed. Since both of these tracers
are water soluble, they were removed from the
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filters by extraction with water: 7 ml of
water were added to a vial containing a fil-
ter and the vial was vibrated for 1 hour,
Most of the InS particles were removed by
subsequent settling and decanting about 5 ml
of the supernatant liquid into a centrifuge
tube, centrifuging faor 20 min, and using a
syringe to withdraw about 4 ml of the clear
liquid. Any ZnS particles remaining in sus-
pension were removed by forcing the 1iquid
in the syringe through a 5-um glass-fiber
prefilter and a 0,05-um membrane filter,
This liguid was analyzed fluorimetrically
for uranine and by graphite-furnace atomic
absorptian for L12C03.

Dry Deposition Velocity Calculations

Deposition velocities were calculated using
the surface depletion approach., Descriptions
of the surface depletion approach, assump-
tions to describe the plumes before the first
sampling arc, and exposure calculatians
follow.

Surface Depletion

The theoretical basis for calculating dry
deposition velocities from surface depletion
of an airborne plume of depositing and non-
depositing tracers has heen descrihed by
Horst (1977) and Doran and Horst (1985},
deposition velocities are calculated from
crosswind integrated concentrations near
ground level. The area-average dry deposi-
tion velocity is

Ory

{QdeO)h th’zd’h) - q{X,Zd,h)

v =
d %
[ fﬁ(x'.zd,h) (1/Q.) Eﬁ(X-x',zd,hil) dx’

. (1)



Equation 1 was tested with smaller downwind
increments, until the deposition velocity was
independent of smaller increments. Crosswind-
integrated exposures {CWIE), rather than
crosswind-integrated concentrations, are
experimentally determined and used in Equa-
tion 1; CWIEs are required since sampling
pumps were working before, during, and after
the tracer plume passed a sampling site.
Airborne exposures, E, are evaluated for both
particle and SFg tracers; i.e.,

t
E i/r ¢ dt .
o

To evaluate the area-average dry deposition
velocity, v,, from Equation 1, CWIEs are
measured and estimated between sampling arcs
as a function of downwind distance x. The
CWIEs between arcs were represented by loga-
rithmic interpolation between each sampling
arc.

(2}

Assumptions Before First Arc

Several assumptions are made to describe the
piumes for the 100-m distance between the
release and the first sampling arc. Assump-
tions are the same as those used by Doran and
Horst {1985). A Gaussian plume was assumed.

The significance of these assumptions depends
on the magnitude of the deposition velocity
and on how rapidly plume characteristics near
the source are controlled by meteoroiogical
dispersion. Near the source, plume charac-
teristics are controlled initially by the
operating characteristics of the tracer
release systems for each tracer, That is,
tracer release systems can result in narrow
or wide plumes hefore plume dispersion s
controlled by meteorological dispersion.

This initial dispersion is not described in
the analysis; rather, meteorology-controlled
dispersion is assumed for a point source at
the release location.

Exposure Calculations

The CWIEs were calculated using linear
interpolation between exposures at each
azimuth, Conceptually, interpolation pro-
cedures are simple, but in practice assump-
tions are needed since some sampling pumps
malfunctioned and filter backgrounds are
yariable, Some variability is caused hy
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meandering of the tracer plume since the
direction of the nocturnal drainage winds
was not constant on some nights.

Source-strength ngrmalized exposures, E/Q,
have units of s/m”. After a background of
14 ppt/v is subtracted for SFg, the source-
normalized exposure is calculated from the
average SF6 gas concentration in each sam-
pling bag:

E/Qy = T (¢, - ty)/0, (3)
where C is the measured concentration in a
sampling bag and t, - ty is the sampling time
for filling the bag. For particles the expo-
sure is calculated from the mass of tracer,
M, on the filter:

t
M :J/’ e CFdt,
(]

where e is5 the isokinetic correction factor
for nonisokinetic sampling and F is the
sampling flow rate. After background is
subtracted for particles, the source-
normalized exposure is

(4)

E;Qd = M/(e F Q) .
Results

Area-average dry deposition velocities for
uranine tracer particles are 1isted in

Table 3 as a function of experiment date

and sampling arc. The notation S/N means
that uranine signal-to-noise from background
filter samples may be too small for accu-
rately calculating CWIEs.

Dry deposition velocities are reasonably
consistent with distance for all arcs {i.e.,
differences by factors of unity, not orders
of magnitude). This is important for check-
ing the validity of assumptions. The assump-
tions reguired for calculating deposition
velocities for the first 100 m are also
utilized for calculating deposition veloci-
ties for the last 100 m.

Deposition velocities are calculated from
airborne exposures. For a point source re-
lease, one expects CWIEs to be maximum for
the SFy tracer gas. This is true for bath
the uranine and Zn5 tracer particles, but not



























To expand the science describing resuspension
of surface contaminants, research was di-
rected toward evaluating resuspension rates,
wind speed dependencies, and weathering half-
lives. Resuspension rates caused by winds,
vehicles, and pedestrians were investigated
in field experimenis so that average resus-
pension rates could be determined over source
and surface nonuniformities. The objectives

of these tracer experiments were to determine:

1. wind-caused resuspension rates for
respirahle- and nonrespirable-sized
particies

[ah]
.

variation of resuspension rates between
sites

3. tracer attachment as a function of aero-
dynamic particle diameter of the airbarne
host-soil particles upon which tracer is
transported

4. weathering half-1ife changes with time
over several years.

Wind Resuspension

Tracer sources were deposited on the ground
at two study sites from a water suspension of
calcium molybdate {CaMoO). Tracer sources
were uniform in a circular area around a
centrally located air sampling tower. Tracer
areas were large: radii of each circular
area were 22.9 m and 29,9 m. Airborne tracer
was collected as a function of height on the
towers. Samples were collected as a function
of wind speed in cascade particle-impactor
cowl systems,

Resuspension rates were measured with control
of source strength, However, the source
strength could rot, and still cannot, be de-
termined as a function of particle size after
the surface was contaminated or treated. The
source strengths and hence resuspension rates
were assumed independent of tracer particle
size,

Wind-caused resuspension rates for particles
range from a lower limit of about 10713 ¢o an
upper limit of about 107 fraction resus-
pended per second. The magnitude of these
resuspension rates implies that contamination
source-strengths on the ground do npt change
rapidly. Since there are 3,15 x 107 s/fyr,
only 3 x 10°% o the source would resuspend
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during an entire year at the lower resuspen-
sion rate limit, In contrast, the source
would be depleted during & year for the upper
resuspension rate limit., However, resuspen-
sion rates on the order of 10-° fraction
resuspended per second correspond only to
high wind speeds; yearly average wind speeds
and resuspension rates are much lower.

Resuspension Rates as a Function

of Wind Speed

Experiments investigated resuspension rate
dependencies for wind speed ranges and resus-
pension rate changes as a function of time.
In general for the range of wind speeds in-
vestigated, resuspension rates increase as a
power function of wind speed, x{U - Up)",
where the exponent n is greater than 3.
However, the threshold wind speed (UT) was
not identified. The coefficient x and ex-
ponent n are dependent on particle size, and
confidence limits for both are needed,

At the first study site, resuspension rates
were determined for s 4-year time periodT
Resuspension rates ranged from about 107

to 107° fraction resuspended per second. In
general, resuspension rates increase with
tncreasing wind speed,

Resuspension rates appear higher during the
autumn than in the spring and summer, I[n
general, resuspension rates for each wind
speed range remained constant over a 3-year
time pertod except for seasonal variations.
However, the seasonal variation was not
explicitly investigated since experimental
time periods were determined in part by

the frequency of hiyh wind speeds without
precipitation.

Surface contamination resuspends while
attached to all airborne host-particle sizes.
Dependencies of resuspension rates on par-
ticle size were investigated for 4 years,
Tracer particles continued to resuspend as
functfons of particle size throughout the
duration of the experiments.

For the second test sife, resuspension rates
ranged from abgut 10717 to 1077 fraction
resuspended per second, For all airborne
particle diamefers, resuspension rates
increased as power functions of wind speed,
U", where the exponent n was greater than

3. Also, resuspension rates decreased with



time during 2 years. However, this time
duration may have been too limited to show
any seasonal variation as was shown for the
first test site.

Different exponents can be obtained when
examining rasuspension rates as a function of
either large or small wind speed increments,
Resuspension rates increased with the 1.0 to
4.8 power of wind speed. Most of the data
were obtained using the smaller wind speed
increments. In this case, wind-caused re-
suspension rates increased with wind speed

to about the 5th power.

Resuspension rates for nonrespirable par-
ticles are less than resuspension rates for
respirable-size particles, MNonrespirable
particle resuspension rates were nearly
independent of time and were of the order
of 10711 fraction resuspended per second.

Conclusions for Wind-Caused Resuspension
Rates

Resuspension rates were comparabie for the
sites investigated. Wind~caused resuspension
rates increase, in general, with increasing
wind speed. 1If a power function dependency
is assumed {xU"}, resuspension rates increase
with greater than the third power of wind
speed., The exponent is greater than for soil
erpsion, an expanent of 3, This increase in
the exponent above 3 reflects that respirable
size particles resuspend more readily than
Yarger soil particles. For respirable size
particles an average exponent is about 5.

Seasonal variations in resuspension rates
might have been caused in part by resuspen-
sion mechanisms which might include precipi-
tation effects. Resuspension rates were
maximum during the fall. This is the time
period during which most rain occurs, Rain
impact could loosen contaminant from the s0i)
and splash contaminant onto vegetation. This
process could cause the contaminant to be
more available for resuspension during winds
after vegetation surfaces have dried.

An important result from these experiments
with controlled~source characteristics is
that resuspension rates might not decrease
with time, At the first study site, resus-
pension rates were nearly constant (except
for seasonal variations) for over 3 years,
These results stand in contrast to the often-
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reported results that airborne concentra-
tions, after the Plumbbob nuclear test,
decreased with a weathering half-life of

35 to 40 days. Further evidence that re-
suspension rates are nearly independent of
time is the fact that airborne plutonium
concentrations currently at nuclear iocations
are usually near fallout concentrations., If
the 35- to 40-day half-life were valid, back
calculation from current concentrations would
predict relatively high airborne plutonium
concentrations in earlier years, At least ta
the author's knowledge, such high concentra-
tions were not measured in earlier years,

Although resuspension rates were expected tc
decrease in time, decreases were not consis-
tently measured during the time scale of
these tracer experiments. Since these are
the only long~term controlled resuspension-
source experiments, the author concludes
from the existing data base that there is

no experimental foundation for assuming a
decreasing availability of surface contami-
nation for resuspension.

Mechantical Resuspension

Mechanical resuspension was examined in a
field study for vehicular traffic and for a
walking pedestrian. Resuspension rates are
reported as the fraction of particles resus-
pended each time a vehicle is driven along,
or a pedestrian walks along, a contaminated
lane {fraction resuspended per pass).

Vehicular Resuspension

Resuspensiun caused by traffic on one lane of
an asphalt road can be siagnificant. When a
car is driven along a contaminated {tracer)
lane at speeds up to 30 mph, resuspension
rates increased from about 1077 top 107% frac-
tion resuspended per pass. The dependency of
the square of car speed means that resuspen-
sion is proportional te car-generated tur-
bulence, When the car is driven on the
adjacent lane, resuspension rates were lower
for each vehicle speed, and increased with
vehicle speed from about 10°% to 1073 frac-
tion resuspended per pass.

When a 3/4-ton truck was driven along the
contaminated (tracer) lane at speeds up to
30 mph, rgsuspenséon rates increased from
ahout 1077 to 107° fraction resuspended per
pass. Since resuspension rates were greater



than for car traffic, truck-generated tur-
bulence appears to have been much greater
than car-generated turbulence. For vehicle
speeds above 20 mph, resuspension rates

for car and truck passage are comparable,
This similarity might be caused by tire
surface-stress turbylence rather than by
air turbulence,

Yehicle-caused resuspension from an asphalt
road decreased with time, In this case, the
contaminant {tracer) had been on the road for
four days. VYehicle-generated resuspension
rates increased from about 1077 to about 10'3
fraction resuspended per pass as vehicle
speed increased from 5 to 50 mph, Resus-
pension was greater when the vehicle was
driven through the contaminated lane than
when driven on the lane adjacent to the
contaminated lane.

Resuspension by vehicular traffic from a
vegetated area was also investigated, The
fraction of particles resuspended from a_raad
per vehicle pass ranged from 1077 to 1072,
Resuspensign from the vegetated surface was
less than from tve asphalt road. The de-
creased resuspension from the cheat grass
road is attributed to the protective action
of cheat grass In hindering vehicle-generated
turbulence from reaching the ground and
resuspending contaminant,

Pedestrian-Caused Resuspension

Resuspension occurs when a person walks in a
contaminated arsa. A 3-m-wide contaminated
lane of an asphalt road was used, With wind
speeds of 3 to 4 w/s, pedestrian-caused re-
suspension rates were from 1 x 1077 to 7 x
1077 fraction resuspended per pass alony the
contaminated lane, During these experiments
wing resuspensior was low, being only 5 x
1077 to 6 x 107%/s for average wind speeds
from 2 ta 9 mph,

Time DNependency of Source Strengths

Water sotubility of contaminants is an impor-
tant parameter affecting resuspension source-
cencentration changes with time, Source-
strength changes for a contaminant of low
water solubility were investigated using
CaMaly as a tracer,

Resuspension rates calculated fram low-
snlubility contaminant source-strength

33

changes in b-1/4 years show agreement with
resuspension rates calculated from sampies of
airborne contaminant, The total source had
depleted 39% in 5-1/4 years. This 39% deple-
tion corresponds Lo an average resuspension
rate of 3.7 x 10'9 fraction resuspended per
sacond. This average resuspension rate is
within the_range of resuspension rates from
about 1073 £6 107° fraction resuspended per
second calculated from air samples.

Resuspension Research Needs

Resuspension experiments should include four
scales: the laboratory bench, wind tunnels
in a laboratory, wind tunnels in the field,
and field experiments. Emphasis should be on
experimental evaluation of parameters known
or suspected of controlling resuspension and
on gathering basic data to develop sub-models
and to guide theoretical modeling., Although
continued field research is important to
develop models for aged sources and area
sources, a balance is needed between field,
wind tunnel, and laboratory experiments.

Field experiments should continue to use the
experimental techniques developed in this
program. Resuspension rates are evaluated
using a sampling tower centrally located in a
circular contamination-source of tracer.
Airborne concentrations of contaminants and
tracers should be investiyated as a function
of wind speed and aerodynamic particle
diameter,
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PROCESSING OF EMISSIONS BY CLOUDS AND PRECIPITATION
(PRECP)

* PRECP/Nonlinearity/Scavenging Studies

The objectives of the PRECP program are to define and reduce current inaccuracies in the
mathematical modeling of the processing of emissions by clouds and precipitation. PRECP
is a multilaboratory effort, organized by the National Laboratory Consortium (NLC) and
DOE, and is coordinated with other projects in the National Acid Precipitation Assessment
Program (NAPAP) by the Interagency Task Force on Acid Precipitation, through Task Group
C, Atmospheric Processes.

The prime contributors to PRECP are scientists at three national laboratories: Argonne
National Laboratory {ANL), Brookhaven National Laboratory (BNL) and Pacific Northwest
Laboratory {(PNL). Important contributions have also been made in 1985 by scientists at
Colorado State University, the University of Denver, the University of Maryland, the State
University of New York at Albany (SUNYA), the National Center for Atmospheric Research
(NCAR) and the National Oceanic and Atmospheric Administration (NOAA) through sub-
contracts with PNL.

Scientists at PNL are primarily responsible for field studies of precipitation scavenging. In
1985, the principal focus of activity was conducting and participating in two field experi-
ments: PRECP-| (APRIL} and PRECP-1I (PRECP in PRESTORM). Theoretical and numerical
studies were also conducted. Articles in this section describe the scientific goals of the
PRECP studies and document the field experiments and analyses conducted in 1985.
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* PRECP/Nonlinearity/Scavenging Studies

Objectives of this study are:

To define and reduce current inaccuracies in the mathematical modeling of the processing of emissions by
clouds and precipitation through field, laboratory, theoretical, and statistical investigations.

To contribute, through ohservations, to understanding the processing of pollutants by clouds and precipita-

fion.

To re-examine a significant portion of the substantial environmental data bases that related to acidic deposi-

tion for indications of nonlinearities.

To perform laboratory studies that measure rates and extents of dissolution/attachment of gaseous reactants
and oxidants into/on aqueous droplets and ice particles and of acid production in laboratory-simulated clouds

and precipitation,

To test hypotheses and identify ““signatures” that should be sought after in field studies.

THE PRECP PROGRAM--Pacific Northwest Labora-
tory's Contribution to the Department of
Energy's Muitilaboratory Study of the
Processing of Emissions by Clouds and
Precipitation

W. G. N, Stinn, K, M, Busness, D. S, Daly,

M. T. Dana, W, E. Davis, R. £. Easter,

R. K, Hadlock, R. N. Lee, D, J. Luecken,

A, C, N, Leslie, C, G, Lindsey, D. C. Powell,
and J. M. Thorp

® If sulfur dioxide (502) emissions in the
northeastern United States were reduced by
50% during the next decade, what would be
the resulting change in deposition of sul-
fate (S0,7) to surfaces in the same area?
How would the change be monitored? What
would be the resulting change in the pH of
rain (i.e., in the hydregen ion concentra-
tion [HY] in precipitation)?

® Instead, for the more targeted goal of
decreasing H' deposition in selected
watersheds (e.g., so that rain in the
Adirondacks would only rarely have a pH
less than 4.5), what would be the least
expensive policy of emission controls?
For example, should nearby sources be
controlled more than distant sources?
What mix of controls is appropriate? Is
the reliability of estimates good enough
to support a specific proposal?

e What controls should be imposed on local
versus distant sources of nitrogen oxides
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(NO and NO, = NO,}, in part because of
their influence on precipitation's
acidity, but especially if nitrogen com-
pounds {e.g., nitric acid, HN03) and ozone
(03) are found to contribute directly to
significant forest damage?

o If NO_ and reactive-hydrocarbon emissions
are reduced, would the S0, deposition-
pattern change? Then there would be less
competition for hydroxyl radicals, which
contribute to the gas-phase oxidation of
802, and less production of 03, which is
important in the agueous-phase oxidation
of 50,.

These questions are just some of those that
NAPAP must address and expects PRECP to help
answer., Table 1 identifies NAPAP goals and
indicates those for which PRECP is involved.

The PRECP program is conducted by approxi-
mately 40 scientists, technicians, and sup-
port staff; a substantial portion of the
funding {(approximately 10%) is used for
needed services, especially research-aircraft
flight time, This report will give an over-
view of resylts from a research effort of
approximately 12 person-years at PNL, plus
contributions from PNL subcontractors, cover-
ing work done by universitfes and research
flight time on NCAR and NOAA aircraft. How-
ever, it is emphasized that FY-85 was only
the first year of the approved 5-year pro-
gram; much effort during FY-85 was expended
in defining the full S5-year program, and many



TABLE 1. Goals of NAPAP in Which PRECP is Involved

The NAPAP Goal

“To develop...an objective and comprehensive infor-
mation base on the causes and effects of acid deposi-
tion and jts effective management”

Major NAPAP Research QQuestions

7 » What are the potential consequences of acid
depositian?

What is the extent and location of the resources at
risk?

How much damage has occurred and at what rate?

= What is the dose-response function for sensitive
resources?

What are the temporal and spatial patterns of acid
deposition?

» What are the sources of chemical species and
amounts?

T » How must emissions be changed to obtain a specific

change in depaosition at sensitive receptors?
What are the emission control options?
* What are the receptor mitigation options?

what are the costs, beneiits, and impacts of acid
deposition management strategies?

T Logo identifies NAPAP goal in which PRECP is involved.

of the results from this year's studies will
not be available until later in the program.

Figure 1 shows the organizational structure
of PRECP., As can be Seen in Figure 1, there
are three major components of PRECP:

1, Precipitation Scavenging Studies
2. Wet Chemical Processes
3. Synthesis of Results for Applications.

At PNL, PRECP personnel are primarily re-
sponsible for progress in precipitation
scavenging studies.

During FY-85, by far the largest effort of
the Precipitation Scavenging Studies compo-
nent of PRECP has been in field experiments
(approximately a 9 person-year effort at
PNL). There has also been approximately a
1 person-year effort in theoretical and
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numerical studies, a 1 person-year effort in
analysis of previous data, and a relatively
large effort in administration (approximately
1 persaon-year}, in part to administer the
subcontracts, The purpose of this introduc-
tory article is to give an overview of FY-85
goals and progress in PRECP at PNL; following
articles present more details about field
experiments and analyses.

Precipitation Scavenging Parameters

for applications, knowledge about precipita-
tion scavenging is coded in terms of three
interrelated quantities: rates, ratios, and
efficiencies,

Rates

Rates are the most fundamental of the three
quantities, though they in turn can depend on
such variables as collection efficiencies,
hydrometer size-distributions, and concen-
trations of catalysts, The pumber of rates
potentially important in precipitation scav-
enging calculations is surprisingly large, as
can be appreciated by starting the count with
hundreds of chemical reaction rates.

Ratios

There are also a great number of ratios of
interest: the ratio of the concentration of
a pollutant in precipitation to its concen-
tration in air entering a storm, the ratio of
a pollutant’s concentrations in cloud-water
to cloud-interstitial air, concentrations in
the outflow air to the inflow air, and so on,
Ratigs are attractive, both theoretically and
experimentally, for a number of reasons. Two
examples are illustrative.

1, If one rate is known ({such as the precipi-
tation rate), other rates can be inferred
from appropriate ratios (e.g., using the
ratio of the concentrations of NO4™ in the
inflow air and in the precipitation}.

2. Some rates (e.g., the condensational
growth-rate of particles within clouds)
are so rapid that other rates are rate
1imiting, and therefore, it is only the
ratios that are needed in medeling
applicatians,
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FIGURE 1. Organizational Structure of PRECP.

Efficiancies

Finally, in some cases, efficiencies are the
mast desired and most interesting quantities.
Relevant questions include:

1. What mass fraction of the inflow aerosol
is incorporated into cloud water during
nucleation of the cloud droplets?

2. What fraction of the S0,  and NO™ enter-
ing a storm is deposited with the
precipitation?

3. What fraction of the SO, and NG, is simply
transported through a storm; i.e., what is
the precipitation inefficiency of a storm?

Theoretfcally, scavenging rates, ratios, and
efficiencies can be interrelated by taking
progressively more spatial and temparal aver-
ages of scavenging rates., This theoretical
resuit is presumed toc be clear gqualitatively.
However, obtaining the relationships quanti-
tatively is rather difficult {e.g., Slinn
1983},

Experimentally, in a meteorologfcal setting,
it is generally easier to obtain ratios than
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rates or efficiencies. In PRECP, chemical-
reaction rates are generally sought only in
laboratory studies; in field studies, the
“"noise® in measurements of rates of metearo-
logical processes is generally larger than
the "signal" from rates of chemical reac-
tions. It might seem that the measurement aof
some efficiencies would be relatively easy
(e.g., the efficiency of nucleation scav-
enging}, but many storms cannot be safely
penetrated with the research aircraft avail-
able to PRECP, and some efficiencies {e.q.,
the fraction of the total inflow pollution
that is scavenged by a storm} require a range
of temporal and spatial sampling that exceeds
PRECP's capabilities to cover. Ratios {and
relative rates), on the other hand, can be
pursued experimentally with a minimum af
meteorological support, and both point and
large-scale and long-time average values are
generally meaningful and therefore useful.

PRECP Field Studies

Consistent with the differences in metearo-
logical information needed to extract ratios,
on the one hand, and rates and efficiencies,
on the other, PRECP field studies can be



placed in two categories, In the first cate-
gory, illustrated by PRECP-I (APRIL)} and
PRECP-TIT (Snow Studies), ratiaos are empha-
sized, In the second category, illustrated
by PRECP-II (PRESTORM} and PRECP-1V (GALE]},
state-of-the-technology meteorological sup-
pert is available and attempts are made to
measure nat only ratios, but some rates and
efficiencies as well,

For the first half of PRECP, four major field
studies were planned. During FY-1985, two of
these field studies were conducted, and by
the time this report is published, the second
two will be under way. A comprehensive list
of scientific questions to be addressed by
these field studies is given in PRECP's
Summary Operational Plan {Michael 1984). In
a very much abbreviated form, the first four
PRECP field studies are described in the
following paragraphs,

PRECP-1

Acidic Precipitation Ratios with Inflow

Located (APRIL). The first PRECP field study

was conducted during April 1985, with base of
operations at Columbus, Ohio. As indicated
by its acronym, one of the prime goals of the
APRIL field studies was to obtain “improved"
scavenging ratics: the improvement over
available scavenging ratios was to base them
on concentrations of pollutants not in
surface-level (and usually pre-frontal) air,
but on capcentrations, measured by aircraft,
in the air flowing into storms. To accom-
plish this objective, a number of other ob-
jectives had to be met, including the ability
to sample precipitation from aircraft and to
travel to storm locations (which we dubbed
the MASS = Mobile Airborne and Surface
Sampling approach). As is described in the
article by Busness et al., the approach and
its execution were successful. In summary,
the pumber of "“improved" scavenging ratios,
available for use in regional-scale acidic
deposition models, will have been increased
substantially.

PRECP-11

PRECP in PRESTORM. It is expensive to can-
duct field studies that emphasize even just
the chemical component of the acid rain
phenomenon, but to define, alsoc, the meteoro-
logical aspects of acid rain requires more
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resources than PRECP alone can provide.
PRECP has therefore actively sought to join
forces with scientists involved in field
studies of meteorological phenomena, and so
for PRECP-II, we joined with NOAA's PRESTORM
{Preliminary Regional Experiment of STorm-
scale Operational and Research Meteorology}.
PRESTORM's goal was tp define and understand
large-scale convective storms (the so-called
Mesoscale Convective Complexes or MCC's);
PRECP's goal in PRESTORM was to use its
state~-of-the-technology definition of these
storms to help us understand the PRECP-meas-
ured chemical budgets of the storms. For
PRECP, a disadvantage of PRESTORM was its
location [in Kansas and Dklahoma, where there
are reported cases of basic rather than
acidic rain}), but there were more-than-
compensating advantages, as described in the
article by Daly et al, Although it will
require at least a year to use the PRESTORM-
defined meteorolagy in PRECP's models of
scavenging, we can already see that PRECP-II
has provided us with important results about
scavenging in relatively unpolluted environ-
ments. These results include likely the
best-available definition of lightning-
produced NO_ in storms, and (to our knowl-
edge) the first-ever definition of the flow
of surface-level air out through the top of
deep convective storms,

PRECP-111

PRECP Adirondack Mguntains Snow Scavenging

Studies (PAM3S). From the start of planning

for PRECP, the dearth of snow-scavenging data
was apparent. Meteorologists have been
criticized for performing field studies so
frequently in clear weather; scavenging field
studies have, at least, been conducted during
stormy weather, but almost always just far
rainstorms, In PRECP-II1, the emphasis will
be on scavenging by cold-frontal, orographic,
and lake-effect snowstorms, PRECP-III will
be conducted from January 7 to february 7,
1986, with base of aircraft operations at
Syracuse, New York {(where, with a wind-chill
factor, temperatures of -25°F are not unex-
pected}, Surface sampling of snow will be
performed by personnel from ANL, BNL, PNL,
and NOAA (and possibly from the Atmaspheric
Environment Service, L[anada, and the Warren
Springs Laboratory, United Kingdom); airborne
sampling will be performed by three compar-
ably equipped ajrcraft: BNL's Queen Air,
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