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Two methods of dust-flux measurements are discussed which have been 
utilized to estimate aerosol plutonium deposition and resuspension. 
In previous studies the methods were found to be sufficiently detailed 
to permit parameterization of dust-flux to the erodibility of the soil, 
and a seventh-power dependency of dust-flux (or plutonium flux) to 
wind speed was observed in worst case conditions. 
The ed^y-correlation method is technically more difficult, requires 
high-speed data acquisition, and requires an instrument response 
time better than one second, but the eddy-correlation method has 
been shown feasible with new fast-response sensors, and it is more 
useful in limited areas because it can be used as a probe. The 
flux-gradient method is limited by critical assumptions and is more 
bulky, but the method is more commonly used and accepted. The best 
approach is to use both methods simultaneously. 
It is suggested that several questions should be investigated by the 
methods, such as saltation stimulation ol "fust-flux, simultaneous 
suspension and deposition, foliar deposition and trapping, erodibility 
of crusted surfaces, and horizontal^ heterogeneous erodibility. 

INTRODUCTION 

One of the key issues facing us in assessment of the health hazards 
due to plutonium aerosols is the manner in which particle deposition 
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and resuspension 1s rate limited by the underlying surface. We have 
made progress in the past by measuring the ambient Pu concentrations 
and by utilizing resuspension factors, but these methods lack detail 
in both the time and space resolutions possible with the present state 
of the art. For example, we are not yet able to determine vertical 
and horizontal Pu aerosol concentration over a Pu-contaminated site 
with sufficient detail to determine the resuspension rate at low wind 
speeds. 
If It is known, however, what the Pu host-particle characteristics 
are both 1n terms of number-size distribution in the total suspended 
aerosol, and in terms of total aerosol activity, it turns out in many 
cases to be better to study the host-particles rather than the Pu 
activity directly. If we assume the host-particles are dust, origina
ting from the contaminated soil below, we find that the dust-flux 
method gives considerable degree of detail and allows a more intimate 
study of the processes of transport and the rate limiting factors at 
the ground surface. The purpose of this presentation is to review two 
approaches to measurement of dust-flux, to describe experiments in 
which the methods have been applied, to show tMe limitations and 
assumptions of the methods, and to summarize some new questions about 
Pu transport which have been revealed by our experiences in applying 
the methods. 

THEORY OF ATMOSPHERIC DUST-FLUX AT THE SURFACE 

Oust concentration is a scaler quantity which obeys laws of classical 
micrometeorology near the ground. These laws are explained in several 
standard texts and apply to arises which are exchanged with the sur
face.1 • z « 3 Dust particle: behave like gases unless they exceed about 
20 urn diameter, above which t'.ieir gravitational settling-velocity becomes 
increasingly important in determing their rate of deposition or sus
pension; let us confine our discussion to the respirable range of 
sizes below i.0 urn. Given an "ideal" detector during a high mass-
loading observation period in the at-iosphere, we find that dust 
concentrations (and tnerefore Pu concentrations) will have the same 
apparent random variations as does a sensitive wind speed detector; 
see Fig. 1. The vertical flux of dust (F) is the mass passing through 
a given horizontal area per unit time and can be ("efined by an eddy-
correlatior,: 

F = - x' w (D 
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where x' is the instantaneous deviation in dust concentration from 
stationary mean (e.g., ten minute mean on Fig. 1), w' is the instan
taneous vertical wind velocity component, and the overbar denotes a 
time average of the covariance product. The negative sign indicates 
a loss froii the ground surface (either suspension or re-suspension). 
By analogy to molecular transport processes the flux-gradient equation 
is: 

r - - K % (2) 

where K is a diffusion coefficient and dx/dZ is the vertical gradient 
of dust concentration. It is generally accepted that we can estimate 
K from boundary layer theory, in an analogy to momentum-fVJY: 

K = u»tc'Z (3) 

where u* is the friction velocity proportional to horizontal wind speed, 
k' is (Carman's constant adjusted for atmospheric stability, and I is 
the vertical height ordinate. 
The assumptions for equations (1) and (2) other than those already 
expressed are that (a) steady-state conditions exist for time-averaged 
quantities, (b) horizontal gradients arc insignificant so that all 
fluxes arc vertical, and (c) the equations arc applied in a zone known 
as the constant flux layer beneath the surface boundary layer, which 
grows nearly linearly with distance downwind from a surface property 
discontinuity. 

MEASUREMENT PRINCIPLES 

Relatively new developments in instrumentation have increased the 
feasibility of making dust-flux measurements by either (1) the eddy-
corrctation method or (2) the flux-gradient method. The first I s * 
technically more difficult. Both methods were simultaneously 
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demonstrated, perhaps for the first time, by Shinn et al. Gillette * 
and co-workers have used the second method oxtensiveTyTor several years. 
The eddy-correlation method requires high-speed data acquisition and/or 
processing and 1s at present still in the prototype phase because of 
the requirement for a speed of response better than one second. The 
Integrating nephelometer used by Shinn (loc cit) is unsuitable at low , 
nass loadings and is marginal at high windT. Recently Husar and Kaclas 
developed a diffusion charging, fast-response aerosol detector which has 
been feasibility demonstrated for particle flux using the eddy correlation 
method at Argonne National Laboratory.8 With these new developments 
perhaps resources will be applied to meet our needs, which Is to have 
•n adequate tool for examining processes that rate limit Pu transport. 
The flux-gradient method contains more critical assumptions than the 
first method and is more bulky and less useful as a probe for con
taminated areas of limited extent. It is, however, more adaptable 
to long term monitoring. Measurements of the gradient have to be 
performed in a relatively shallow zone beneath the surface boundary 
layer. The concentration gradient of dust being rapidly suspended 
(upward dust f'ijx) has been found to conform to a power-law (Fig. 2). 
That is 

Z P A.P constants (4) 

so that dx , D i (5) &' p 

4 in strong wind speed cases it was estimated that the power P* -0.25, but much more data should be examined. .In measurements of concentration gradients more than two detector? are required (preferably more than three) and the detectors must be matched in response and calibration. Optical particle detectors are best; gravimetric methods arc least satisfactory. 
In summary, both of the approaches to measure dust-flux have drawbacks, 
they are about equal in cost, and perhaps it is more satisfactory to 
operate both simultaneously. 
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PROBLEMS OF Pu TRANSPORT REVEALED IN APPLICATIONS OF THE METHODS 

Dust-flux measurements at the Nevada Test Site and elsewhere have 
shown that even under nearly ideal conditions, there are major dif- _ 
ficulties in relating a measured dust-flux to the underlying surface 
properties. It may be possible to determine the physical factors 
causing particles to initiate motion, but in order to be practical, 
these factors should also be parameterized to measurable variables in 
some general way. 
Shinn et al_ found that upward dust-flux (suspension) apparently 
could Be parameterized to "soil erodibility-index" using an empirical 
expression as follows: 

F - - F 0 ( 0 . / U 0 ) Y + I (6) 

where U 0 is a constant, and F 0 and Y are hypothesized to depend on soil erodibility index, perhaps as shown in Fig. 3. Even though this 
hypothesis is not adequately verified it is important to note that 
(1) the soil erodibility factors will strongly control the suspension 
rate of Pu host particles, and (2) the rate of Pu suspension is pro
portional to wind speed raised to a power of y + 1, which has been 
observed to exceed a value of 6. This fantastically sensitive response 
to wind speed is verified in experimental data of Gillette and co
workers.6 Without the sensitivity of fast response, dust-flux 
measurements these observations could not have been made-, and their 
implications for Pu-transport would have gone unnoticed. 
The Nevada Test Site is unique in that the natural suspension rate 
due to convective winds is very low compared to more erodibile sites 
1n weste-n U.S. After several seasons of dust-flux investigations, 
we have concluded that the natural desert shrublands and dry lakes 
are not subject to wind erosion unless they are physically disturbed 
such as by foot or vehicular traffic. The desert shrublands are 
covered by a "desert pavement" consisting of small pebbles weakly 
bound together by a surface crust. Likewise, the dry lakebeds are 
covered by a crust following each rainstorm. Our investigations are 
Inconclusive about long-term dust-flux at the Nevada Test Site because 
the magnitude of the flux is so low as to require newer instrumentation 
than we presently have. 
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There have arisen, however, several definite questions at the Nevada 
Test Site which require further research. These are as follows: 

(1) What is the role of saltation flux (horizontal transport 
of larger soil particles, bouncing along the surface) on 
the overall net loss of Pu by vertical dust-flux? 

(2) What are the magnitudes of the rate of deposition and the 
rate of suspension occurring simultaneously during wind 
events to produce a net Pu transport? 

(3) What are the rates of foliar deposition of Pu on a short 
term basis and of what importance is the accumulation of 
drifted soil around shrubs? 

(4) What parameters of soil erodibility can be utilized for 
assessment of long-term Pu flux, especially under conditions 
of a desert pavement? 

(5) Are the dust-fluxes heterogeneously distributed because of 
local variations in erodibility and if so, are there con
ditions where non-steady meteorological approaches can be 
used? 

All of the above questions are possible to attack using either one 
or both of the dust-flux methods discussed here. Our future partici
pation we hope will address some of these questions. 
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CAPTIONS 

Fig. 1. Detailed information of wind-speed and dust which can be 
observed in the atmosphere when sensors are appropriately 
sensitive. 

Fig. 2. Typical dust gradients with height during strong suspension 
events. Solid line is a power law with exponent -0.25; 
dashed line is power law with exponent -0.35. 

Fig. 3. Relationship of the power Y and the reference flux F 0, to the erodibility of soil surfaces in Texas and Nevada. 
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