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ABSTRACT

This research was initiated to analyze tracer concentra-
tions and fluxes in a diffusing puff released from an instan-
taneous ground level point source. The concentration data used
was made available by the Battelle Memorial Institute. Three
basic steps are performed. First, an estimate of the ensemble
averaged tracer fluxes is developed. Secondly, an estimate of
the ensemble averaged tracer concentration is obtained. Then
the estimates are used to determine concentrations and fluxes
which satisfy the diffusion equation and are as close to the
estimates as possible.

The tracer fluxes are estimated as the negative of the pro-
ducts of the appropriate diffusivities and concentration gradi-
ents. The diffusivities are derived using the fact that they
are proportional to a characteristic length and velocity scale.
This approach yields diffusivities which are the diffusion rates
for a Gaussian puff. The flux estimates are shown to satisfy
the diffusion equation for all puff diffusion rates when com-
bined with a Gaussian concentration model.

Since the available observations are too sparse to use
alone in obtaining a concentration analysis in space and time,
a concentration model is developed to provide data at grid
points where there are no observations. This model is a modi-
fication of the Gaussian one, taking into account surface scav-
enging and wind shear. A variational technique then incorpor-
ates the observations and model data into concentration analyses.
A variable observational weight forces the analyses towards the
observations, and time filtering in a Lagrangian coordinate sys-
tem allows the effect of an observation to be felt over several
analysis times. Spatial filtering spreads the effect of the
observations and helps eliminate short waves. The resulting
analyses conform to the observations and provide reasonable con-
centration distributions in both space and time.

A model to estimate the ensemble averaged concentration is,
developed based upon the above analyses. Due to the random na-
ture of turbulence, concentrations averaged over many trials
should be more nearly normally distributed in the horizontal
than the analyses are. Therefore, the model estimates are nor-
mally distributed in the horizontal, but the centroid of the
horizontal distribution at a given level is displaced downwind
relative to the centroid at the adjacent lower level. This type
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of distribution is in general agreement with the concentration
analyses described above. The ensemble averaged concentration
estimates are then made to conform to the analyses as closely as
possible using a least squares technigque. Concentration gradi-
ents are obtained from these estimates for use in computing the
estimated fluxes. '

The concentration and flux estimates are combined with the
diffusion equation in a variational functional. The Euler equa-
tions resulting from taking the first variation of the functional
may be solved so that concentrations and fluxes obtained satisfy
the diffusion equation and are as close to the estimates as the
observational weights allow. It is assumed that these quantities
are the ensemble averaged concentrations and fluxes.

The ensemble averaged concentrations are close to the anal-
yses obtained from the first variational technique in magnitude,
but the ensemble averaged horizontal distributions are more Gaus-
sian. Furthermore the ensemble averaged concentrations are in
very close agreement with the observed .concentrations. Since
they also satisfy the diffusion equation, the ensemble averaged
concentrations obtained are very reasonable. :

The ensemble averaged concentrations and horizontal fluxes
are very close to their estimates, but the vertical flux differs
significantly from its estimate. Due to the manner in which the
observational weights were chosen, this indicates that the con-
centration and horizontal fluxes may be modeled in the manner in
which the estimates are obtained, but some modification must be
made to correctly model the vertical flux. Since the horizontal
fluxes are close to their estimates, they are nearly proportional
to the concentration gradients. Therefore, in this case, the
diffusivity concept has a physical significance. Since the dif-
fusivities are the diffusion rates of the puff, they can be mea-
sured in the atmospheric surface layer.
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ABBREVIATIONS AND SYMBOLS

scavenging factor
amplitude of filtered analysis
amplitude of observations

constant of proportionality for downwind standard devia-
tion relation )

constant of proportionality for crosswind standard devi-
ation relation

constant of proportionality for vertical standard devia-
tion relation.

the vélue of & on the ordinate

time power for downwind standard deviation relation
time pdwer for crosswind standard deviation relation
time power for vertical standard deviation relation
correlation between u'(tf - r) and u'(tf)
dimensionless time dependent parameter

time dependent proportionality parameter
correlation between Ly and u'

ratio cf C, to C,
over relaxation factor
flux in the x direction
flux in the y direction
flux in the z direction

estimated flux in the x direction
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estimated flux in the y direction
estimated flux in the z direction
constant determined by interval-halving
diffusivity in the x di;ection
diffusivity in the y direction
diffusivity in the z direction

wave number

wavelength, downwind direction

transverse wavelength
characteristic length scale

distance that a tracer particle is displaced from the
puff centroid in the x direction

Actual source strength
virtual source strength

response function

~residual of the Euler equation at the vy-th iteration

detector count rate

Lagrangian integral scale

period of the wave

travel time from the source

lower limit of the time integration
observation time

time interval

mean wind velocity

turbuleﬁt wind fluctuation in the x direction

effective transport wind speed
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turbulent wind fluctuation in the y direction
variance of the residual of the diffusion equation
turbulent wind fluctuation in the z direction
distance of the puff centroid from the source

distance that a tracer particle is carried in the
x direction by turbulent wind fluctuations

crosswind distance from the puff centroid

distance that a tracer particle is carried in the
y direction by turbulent wind fluctuations

downwind grid interval
crosswind grid interval
vertical distance from the puff centroid

distance that a tracer particle is carried in the
z direction by turbulent wind fluctuations

vertical grid interval
height at which U, is determined

observational weight

filtering weights

-dlna/dt

observational weights
spectral scale of the vertical component of motion

rate of dissipation of turbulent kinetic energy per unit
mass of air

concentration standard deviation in the x direction -
concentration standard deviation in the y direction

concentration standard deviation in the z direction

- ¢
tf =
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x> X B

Xl X

(%)

azimuthal angle to puff centroid
ensemble averaged puff concentration
krypton-85 concentration

analyzed concentration

model concentration or, if available, krypton-85
concentration

ensemble averaged concentration estimates
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SECTION 1

INTRODUCTION

This paper describes an analysis technique which has been
developed to analyze ensemble averaged concentrations and fluxes
for tracer puffs diffusing in the surface layer. It is not pos-
sible to achieve this goal using available observations directly,
because it is impossible to measure the ensemble averaged pro-
perties of the puffs. The ensemble average is an average taken
over a large number of individual events which occur under iden-
tical ambient conditions.

It is sometimes possible to estimate ensemble averages from
time averages. As shown by Wyngaard (1973), the turbulent pro-
perties of a stationary flow may be derived from time averages,
if the averaging period is sufficiently long. However, a tracer
puff residing in stationary flow is continuously changing, due
to the diffusion process. The puff, unlike a tracer plume, can
never achieve a steady state. Therefore, long time averages are
not representative of the ensemble averaged properties of the
puff and other means of obtaining the concentrations and fluxes
must be developed.

Fluxes are derived which satisfy the diffusion equation for
a Gaussian puff spreading out at an arbitrary rate. These fluxes
are then used as estimates of the ensemble averaged fluxes for a
puff diffusing in the surrface layer.

Concentration estimates may be based upon observed data;
however, this information is usually too sparce to use alone in
analyzing concentrations. Therefore, analyses are obtained by
combining the data with a concentration model using a variational
technique. The model is a modification of the Gaussian distri-
bution which accounts for wind shear and surface scavenging. The
ensemble averaged concentration is more nearly normally distri-
buted than is the concentration in an individual puff, so the
ensemble averaged concentration estimates are produced by the
model such that they are normally distributed in the horizontal
and as close to the analyses as possible.

In the next step the flux and concentration estimates are
combined to produce ensemble averages which satisfy the diffusion
equation. This is accomplished through the use of a variational
formalism, which forces satisfaction of the diffusion equation
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