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Abstract 

The three-dimensional diagnostic wind field model (MATHEW) and the particle-in-
cell atmospheric transport and diffusion model (ADPIC) are used by the Atmospheric 
Release Advisory Capability to estimate the environmental consequences of accidental 
releases of radioactivity into the atmosphere. These models have undergone extensive 
evaluations against field experiments conducted in a variety of environmental settings 
ranging from relatively flat to very complex terrain areas. Simulations of tracer exper
iments conducted in a complex mountain valley setting revealed that 35-50% of the 
comparisons between calculated and measured tracer concentrations were within a fac
tor of 5. This :iay be compared with a factor of 2 for 50% of the comparisons for 
relatively flat terrain. This degradation of results in complex terrain is due to a variety 
of factors such as the limited representativeness of measurements in complex terrain, 
the limited spatial resolution afforded by the models, and the turbulence parameteriza
tion based on ag measurements to evaluate the eddy diffusivities. Measurements of ag 
in complex terrain exceed those measured over flat terrain by a factor of 2-3 leading 
to eddy diffusivities that are unrealiatically high. The results of model evaluations are 
very sensitive to the quality and the representativeness of the meteorological data. This 
is particularly true for measurements near the source. The capability of the models 
to simulate the dispersion/ of an instantaneously produced cloud of particulates was 
illustrated to be generally within a factor of 2 over flat terrain. 
*Work performed under auspices of USDOE by LLNL under contract #W-7405-Eng-48 
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Introduction 

The Atmospheric Release Advisory Capability (ARAC) is a real-time emergency 
response service available to federal and state agencies for providing estimates of the 
environmental consequences of potential or actual releases of radioactive materials into 
the atmosphere. [1] This includes the assessments of radiation doses to nearby population 
centers and the extent of surface contamination. These assessments are performed with 
the three-dimen' ional MATHEW/ADPIC atmospheric transport and diffusion models. 
These models have undergone a series of performance evaluations to ascertain their 
capability to simulate pollutant transport and diffusion characteristics of the atmosphere 
during a wide variety of meteorological situations. The initial evaluations were based 
on meteorological and tracer data acquired by field experiments conducted at the Idaho 
National Engineering Laboratory (INEL) in Idaho and at the Savannah River Plant 
(SRP) in South Carolina during daytime conditions over relatively flat terrain.[2,3] It 
was against this background of modeling experience that permitted ARAC to respond 
to the Three-Mile-Island nuclear power plant accident in 1979. [4] 

More recently, two additional meteorological and tracer databases have become 
available for model evaluation studies. First, our participation in the Department of 
Energy sponsored Atmospheric Studies in Complex Terrain (ASCOT) program has 
resulted in model improvements and evaluations using data from nocturnal drainage 
flow field experiments conducted in complex mountain valley settings. [5] Secondly, the 
models have been evaluated using a series of daytime tracer experiments conducted 
during 1983 as part of the Mesoscale Atmospheric Transport Studies (MATS) at the 
SRP.[6] In addition, since ARAC supports the Department of Defense by assessing the 
consequences of potential nuclear weapons accidents involving accidental detonation of 
the high explosive component's without a nuclear yield, the updated versions of the 
models have recently been evaluated on the basis of data that were generated by one 
of the Roller Coaster experiments conducted at the Nevada Test Range in 1963. This 
report provides a brief description of the MATHEW/ADPIC models and a summary of 
the results of these recent model evaluation studies. 

Model Descriptions 

The MATHEW/ADPIC models are coupled. MATHEW is a diagnostic model which 
interpolates surface and upper air wind observations to produce a three-dimensional 
gridded wind field that is made mass conservative by a variational technique based 
on a least squares adjustment of the winds in the presence of terrain.[2] Thus, the 
mass conservative wind field generated by MATHEW is based on time averaged wind 
observations, the complexity of the underlying terrain and the atmospheric stability. 



This wind field is used to drive the A.DPIC model, which is a three-dimensional particle-
in-cell transport and diffusion model that calculates the time-dependent dispersion of 
inert or radioactive pollutants under complex conditions.[3,7] It utilizes thousands of 
Lagrangian "mass" particles to represent the pollutant. These are transported inside a 
fixed Eulerian grid. The model solves the three-dimensional advection-diffusion equation 
in flux conservative form, 

^ + V • (XUP) = 0 (1) 

where x is the pollutant concentration and Up is a pseudo velocity which is defined as 
the sum of the mean wind UA and a diffusive velocity UD 

UP = UA + UD;UD = - K ^ (2) 

and K is the diffusivity in the z, y, and z directions. UA is supplied by the MATHEW 
model. ADP1C computes a horizontal and a vertical diffusivity Kf, and KI. The K/, is 
based on the following relationship 

J y it KH = °y^ (3) 

where ay is the horizontal standard deviation of the plume. For plumes, ay is based on 
the semi-empirical expression 

a, = o9Utf(t/r)- f(t/r) = (1 + t / r ) " 1 / 2 (4) 

where ug is the horizontal standard deviation of the fluctuation of the wind direction, U 
is the local mean wind speed, t is the time, and f(t/r) is a correlation function, similar 
to Draxler's, with an empirical time constant r.[8] For puffs, <rtf is based on Walton's 
scale-dependent expression [9] 

a t f = ( a 0

2 / 3 + 2/3C l t

1 /3 f ) 3/2 ( 5 ) 

where OQ is the original standard deviation of the puff distribution, Cx is a constant 
of the order of unity, and t is the energy dissipation rate in the atmosphere. When 
this relationship is substituted in the expression for the similarity theory diffusivity 
parameter 

Kh = CfWa*'3^) (6) 

where C 2 is an empirical constant of order unity, we obtain Kh as a function of e and 
time 

KH = C2el/3(<rl/3 + 2 /3C, f 1 / 3 ( ) 2 (7) 
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The value of e is acquired from the following expression provided by Priestly [10] 

0.03 / t f \ 3 

e = — 
z 

For the surface layer Kt is based on the Monin-Obukhov similarity theory, [ll] In 
the outer atmospheric boundary layer K, is of the form [12] 

kU.z \ V / u . i t / h . i 
' *[*/L)e W 

where k is the Von Karman constant, U. is the friction velocity, z is the height, <i>(z/L) 
is an atmospheric stability function based on z and Monin-Obukhov scale length L, Vg 

is the geostrophic wind and h is the height of the mixing layer. 

The ASCOT Experiments 

The Atmospheric Studies in Complex Terrain (ASCOT) program conducted meteo
rological field experiments in the Anderson and Big Sulphur Creek valleys in The Geysers 
geothermal area in northern California and within the Brush Creek valley in the oil shale 
region of western Colorado. The objective of these experiments was to acquire the data 
needed to improve our understanding of the physics of nocturnal drainage flows and 
to use this knowledge to develop improved modeling techniques that can simulate pol
lutant transport and diffusion characteristics associated with nocturnal drainage flows 
in mountain valleys. These experiments consisted of (1) extensive meteorological mea
surements designed to provide detailed characterization of the wind, temperature, and 
turbulence structure of the nocturnal drainage flows and the overlying transition layer, 
and (2) a series of tracer studies to evaluate the transport and diffusion characteristics 
associated with pollutants entrained in the drainage flows. The data generated by these 
experiments have been used to evaluate the performance of the MATHEW/ADPIC 
models. 

Since the rate of horizontal diffusion predicted by the MATHEW/ADPIC models is 
based on the values of og hi accordance with equations 3 and 4, it is necessary to closely 
examine the <7j values measured in complex terrain situations before proceeding with 
the model evaluation studies. Sigma theta measurements were made by instrumentation 
mounted on a series of 6-10 m towers that were operated at well exposed sites within 
all three valleys over extended periods of time ranging from several months to several 
years. The instrumentation included lightweight cup and vane anemometers that fed 
their signals to a microprocessor data logger prior to processing at LLNL.[13] 

Previous studies have ;revealed that values of og in complex terrain are generally 
enhanced over those predicted by similarity theory over flat terrain. [14,15] This en
hancement is most likely due to mechanical turbulence produced by flow over local 
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terrain heterogeneities. This was verified by the results obtained in this study. An 
initial review of the hourly-averaged values acquired during periods of strong drainage 
flows within the three valleys revealed high variability between individual measurements 
at each site. Figure 1 shows a box plot representation of the distribution of values ob
served at each measurement site within the three valleys in order of height above the 
floor of the respective valley. The distributions show the maximum, the minimum, the 
median and the upper and lower quartiles of each set of measurements acquired dur
ing strong drainage flow periods. One notes that these hourly-averaged values range 
over roughly two orders of magnitude; from a few degrees to a little over one hundred 
degrees. The medians span a range from about 15 to 40. Thus, the values typically 
exceed those reported over flat terrain for stable conditions by a factor of 2 to 3. In 
general, the stations situated on the valley floor and along the lower slopes display the 
highest median values; while the ridge stations exhibit, the lowest median values. In 
view of Hanna's [15] suggested inverse correlation with wind speed, this ordering may 
be due to the generally lower average wind speeds within the valleys relative to those 
measured along the ridges. This hypothesis seems to be borne out by comparing the 
corresponding wind speed distributions, shown in Fig. 2, with the ag values in Fig. 1. 
Thus, if one compares the median values with the corresponding median wind speed, as 
illustrated in Fig. 3, one notes a reasonably well behaved relationship. The data may 
reasonably be fitted with the relationship ag u=0.7 m/s where u is the wind speed and 
ag is in radians. This is based on the relationship og = <7„/u, where ov is the standard 
deviation of the horizontal wind speed fluctuations, assumed to be constant. 

Using these large values of og for calculating the rate of diffusion presented diffi
culties when evaluating the capability of the MATHEW/ADPIC models to predict the 
measured distributions of tracers released into the nocturnal drainage flows. The initial 
calculations revealed a much too large a rate of diffusion due to over estimation of the 
eddy diffusivity because ag is used to determine not only o-y,but also its time derivative 
in accordance with equations 3 and 4. This may be due to these relationships being 
based on simple empirical theories with some rather restrictive assumptions, such as 
the small angle approximation in equation 4 as well as the homogeneity and flat terrain 
constraints. Also the empirical constants which are part of these expressions may not 
apply in complex terrain. Thus, it was necessary to tune the horizontal eddy diffusivity 
to optimize the results by applying a constant in equation 4 that effectively reduced the 
og values by a factor of 2 on a universal basis for all the experiments. 

The performance of th£ MATHEW/ADPIC models was evaluated using the data 
generated by the September 1980 experiments in the Anderson Creek valley. [16] This 
valley has the characteristics of a basin. Its topographic features and the layout of the 
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tracer release sites are shown in Fig. 4. The valley is bounded by Cobb Mountain on 
the north, by a ridge on the west and south, and by Boggs Mountain on the north
east. The Anderson, Gunning and Putah Creeks, which form the principal drainage 
areas, merge near Anderson Springs with outflow toward the southeast. These exper
iments included the simultaneous one-hour releases of two perfluorocarbon and two 
heavy methane gaseous tracers that were measured extensively on the surface using 
conventional sampling techniques as well as at selected levels above the surface by 
balloon-supported vertical profile sampling systems.[17] The supporting meteorologi
cal measurements consisted of approximately 50 surface stations and eight upper air 
observation sites. 

One of the perfluorocarbon tracers (PMCH) was released into the nocturnal drainage 
flows from an open, but very sheltered area in Anderson Creek; while the other perflu
orocarbon tracer (PDCH) was released within a thick forest canopy in Gunning Creek. 
These sites are roughly halfway up the slopes. The downwind concentrations of the 
tracers were sampled with automatic sequential samplers at an array of more than 50 
sites located throughout the experimental area. The heavy methane tracers, methane-20 
and methane-21, were released within the upper reaches of the Anderson Creek drainage 
area. The methane-21 was released at the surface directly into the drainage flows; while 
methane-20 was released simultaneously into the transition layer flows at a height of 
60-75 m above the surface. A network of 33 surface samplers was operated within the 
Anderson Creek drainage area to define the spatial distribution of these two tracers. 
Most of the samplers integrated the air concentrations over an 8-hr period that started 
at the beginning of the tracer releases. A few samplers provided time histories of trac
ers by collecting 30 minute samples. The two balloon-supported sampling systems were 
situated within the valley basin and outflow region to define the temporal variations in 
the vertical distributions of the tracers. 

Using the hourly meteorological observations from this extensive measurements ar
ray, the MATHEW model generated three-dimensional wind fields over the terrain for 
each hour of tracer measurement; usually six to eight hours for each experiment. These 
wind fields were then used by ADPIC in conjunction with the reduced e$ values and 
the tracer release parameters to calculate the spatial and temporal variations in the 
tracer distributions. A typical comparison between the calculated and the measured 
tracer distributions for the PDCH perfluorocarbon tracer is shown in Fig. 5. Note the 
similarity in the patterns as well as the concentration levels. The main difference is the 
somewhat wider pattern predicted by ADPIC within the first kilometer of the release 
point. This is due to the inadequate spatial resolucion of the plume by the 250 m grid 
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cell size used by the model. A statistical analysis of the model performance was ac
quired by deriving the factor R, which is the ratio of the calculated to measured PDCH 
and PMCH concentrations at each sampler location for four separate experiments. The 
results, depicted in Fig. 6, shows the percent of the samples that are within any given 
factor R for over 800 comparisons. Thus, 50% of the sample comparisons were within 
a factor of 5 for these comparisons that extended out to a distance of 10 km. This may 
be compared with the results, also shown in Fig. 6, acquired during previous evalua
tion studies at the INEL and the SRP conducted in near neutral daytime conditions 
over rolling terrain. These results reveal agreement within a factor of 2 for 50% of the 
samples collected out to a distance of 80 km. 

A similar comparison for the two heavy methane tracers is shown in Fig. 7. These 
results are based on only two experiments involving approximately 150 comparisons. 
Note that the capability of the models to simulate the distributions of these tracers 
is somewhat less than for the perfluorocarbons since only 36% of the comparisons are 
within a factor of 5. The dhTerence is due to the tracers being released higher up on 
the slopes where the interactions of the regional scale flows with the drainage flows are 
considerable. This is especially true during one of the experiments when the transition 
layer flows were counter to the drainage flows. In this case it is likely that a major 
fraction of the methane-20 tracer released into the transition layer was transported 
out of the valley in a direction where no samplers were located. Since it is clear that 
the mean transport fields and the turbulence structure in this region are still poorly 
understood, it is reasonable that the model simulations are less accurate. 

The MATS Studies 

A series of 14 sulfur hexafluoride tracer experiments were conducted in the vicinity 
of the Savannah River Plant in South Carolina during 1983 as part of the Mesoscale 
Atmospheric Transport Studies (MATS). The purpose of these studies was to develop 
an improved understanding of the boundary layer flow dynamics in that region and to 
evaluate the capability of current modeling techniques to simulate pollutant transport 
and diffusion processes associated with these flows. These experiments involved the 
release of varying amounts of SFg over 15 minute periods and sampling the tracer at 
fixed locations along an are situated roughly 30 km from the source. Each sampler 
collected 10 samples, over varying time periods, during the period of plume passage. 
A typical layout for the experiments is shown in Fig. 8. The associated meteorological 
instrumentation included eight 62 m towers (some are situated outside the domain in 
Fig. 8) and one 304 m tower that provided measurements of wind velocity, standard 
deviation of the horizontal wind direction fluctuations, and temperature. The eight 
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towers were instrumented at one level while the 304 m tower was instrumented at seven 
levels. All of the meteorological measurements were averaged over 15 minute periods. 

The primary interest in this study was to evaluate the capability of the MATHEW/ 
ADPIC models to estimate the average exposure along the sampling arc, rather than 
the exact time of plume arrival at the individual sampling locations. Therefore, the 
average concentrations of the 10 samples, collected at each sampling location, were 
summed for model comparison purposes. Consequently, the results provide a comparison 
of measurements and calculations of tracer concentrations in space, but not in time. 
Figure 9 illustrates this comparison technique by presenting the results of the MATS 
7 experiment, which are reasonably representative of the results acquired in the other 
experiments. The figure depicts the sum of the average concentrations, both measured 
and calculated, for each sampling location. Note that the concentration distributions 
are similarly shaped, but are unaligned. In this case, alignment requires a rotational 
shift of 7.7 degrees between the calculated and measured distributions. The rotational 
shift needed for greatest overlap ranged from 0-11.7 degrees with a median value of 
4.5 degrees. Figure 10 summarizes the overall performance of the MATHEW/ADPIC 
models to predict the concentration distributions along the sampling arc before and 
after applying a rotational shift in the calculated pattern for optimum alignment with 
the measured distribution. Again, the results are expressed in the percentage of points 
within a factor of R. Note that only 50% of the comparisons are within a factor of 10 
prior to alignment. After alignment, 50% of the comparisons are within a factor of 
2. The cause of the errors in plume trajectories is not clear at this time. However, 
if one notes, from Fig. 8, the proximity of tower H to the tracer release point it is 
clear that the winds measured by this tower had a very strong influence on the initial 
plume trajectories. Inspection of the wind direction measurements revealed that those 
measured at tower H were oft»n more southerly than those measured on the other 
towers. Thus, there is the possibility that this tower provided measurements of more 
localized flows that may not have been representative over the regions for which these 
winds were used for interpolation by the MATHEW model. 

The Rc'kT Coaster Experiments 

The Roller Coaster field experiments were conducted during 1963 at the Tonopah 
Test Range in Nevada.[18] The purpose of these experiments was to acquire the data 
needed to develop the predictive capabilities required to assess the environmental con
sequences of a credible nuclear weapon accident involving an explosive release of pluto-
nium to the atmosphere due to an inadvertent detonation of the weapon's high explosive 
component without a nuclear yield. The experiments provided detailed information on 
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the spatial and temporal distribution of the plutonium as a function of particle size 
in the cloud produced by the high explosive detonation as well as the distribution of 
the plutonium on the surface downwind from the event site. The experimental designs 
included (1) an extensive surface baser! air and deposition sampling network situated 
along a series of arcs that extended in a cone out to a distance of about 10 km from the 
event site, and (2) a balloon-borne air sampling system that contained a large number of 
air samplers to define the vertical distribution of the plutonium bearing particles in the 
cloud. In addition, a comprehensive meteorological measurements program supported 
the experiments to define the surface and upper air wind flow patterns and the turbu
lence characteristics of the atmosphere during the events. This included three upper air 
sounding stations, four 10 /J in and two 4 0 / i m meteorological towers situated in the 
immediate vicinity of the event site. 

The Roller Coaster series consisted of four separate experiments. Only one of these 
will be used in this work to evaluate the capability of the MATHEW/ADPIC models 
to simulate the transport and diffusion of plutonium from such an event. This is the 
Clean Slate 1 experiment which took place at 0417 local time on May 25, 1963 over a 
relatively flat area of the test range. The terrain and an outline of the area containing 
the extensive sampling networks are shown in Fig. 11. The physical configuration of 
the she .irironment, which resembled that of an open weapon storage area or within 
an aircraft, consisted of nine devices situated in a close rectangular array on a 6 m 
square concrete pad. All of the units contained high explosives while only the cen
tral unit contained plutonium. The high explosives were detonated simultaneously to 
simulate a credible accident situation. The explosion produced a cloud of particulate 
material contaminated with plutonium. It rose quickly to a height in excess of 500 m 
due to its thermal buoyancy, and thereafter the fate of the plutonium was governed 
by gravitational settling, atmospheric transport and diffusion, and deposition on the 
surface. 

The MATHEW/ADPIC models utilized the measured size and spatial distributions 
of the plutonium bearing particles in the stabilized cloud to define the initial source term 
parameters. The vertical distribution of plutonium, integrated within horizontal slices, 
as measured by the balloon- supported sampling system situated 760 m downvindfrom 
the event site, is shown in Fig. 12. Note that a major fraction of the plutonium is in 
the upper part of the cloud with relatively little of it near the surface. Particle size 
measurements of the plutonium bearing particles indicated a significant variability of 
the size distribution as a function of height with the larger particles being associated 
with the lower part of the cloud. The most representative distribution for the entire 
cloud measured by the balloon-borne sampling system at the time the cloud was 760 m 
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downwind is shown if Fig. 13. The sizes have been converted to equivalent diameters 
of unit density spheres. Thus, the median diameter is about 40 um and approximately 
20% of the particles are respirable with diameters of less than 10 um. 

The upper level winds at the time of tha event were consistently from the north 
to northwest at 5 to 8 m/s with very little directional shear. Near the surface, how
ever, a northeasterly drainage flow was observed from the alluvial slopes to the east of 
the event array within the lowest 30 m of the surface. This drainage flow apparently 
produced little impact on the distribution of the plutonium since essentially all of the 
cioud was above the surface flow. The atmosphere was characterized as being relatively 
stable. On the basis of the wind and temperature measurements, the investigators re
ported Pasquill E-F stability. [19] These winds were utilized by MATHEW to generate 
three-dimensional wind fields over the terrain. Using these winds and a two-component 
Gaussian approximation to the measured distribution of plutonium in the cloud, shown 
in Fig. 12, as well as a log-normal approximation to the particle size distribution given 
in Fig. 13, ADPIC derived the time-varying three-dimensional spatial distribution of 
the plutonium in the cloud as it traveled over the downwind sampling arcs. The cal
culation was performed by generating 10,000 marker particles carrying a total of 1 kg 
of plutonium-239. These particles were acted on by gravitational settling in accordance 
with Stokes Law, a dry deposition velocity of 0.01 m / s , the mean winds derived by 
MATHEW, and by atmospheric diffusion. The rate of diffusion was derived from the 
relationships given by equatior-- 5-9. 

The normalized (based on a release of 1 kg of plutonium) calculated surface peak 
integrated air concentration is compared with the normalized peak concentrations mea
sured on the sampling arcs as a function of distance downwind in Fig. 14. Beyond a 
distance of 1 km, the calculated values appear to agrp<j generally within a factor of two 
of the measurements. Within a distance of 1 km, the models appear to underpredict the 
one available measurement by a about a factor of 5. This underprediction could be due 
to a variety of factors such as the heterogeneity or lumpiness of the cloud near the event 
site producing high localized concentrations, the variability of local scale winds that 
are not included in the model, and the possibility of a large particle, unaccounted for 
in the size distribution, entering the sampler. The calculated peak normalized surface 
deposition values may be compared with those measured in Fig. 15. On the whole, the 
calculated values appear slightly lower than the measurements, even though generally 
a factor of two agreement may be noted. The comparison between the calculated and 
measured areas within various surface deposition isopleths is shown in Fig. 16. Again, 
factor of two agreement may be noted with the calculated values being si;: Htly lower 
for the higher isopleth values. 
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Summary 

The MATHEW/ADPIC models, which are used as part of the ARAC program for 
real-time assessments of the consequences of accidental releases of radioactivity into 
the atmosphere, have undergone extensive evaluation of their capability for simulating 
pollutant dispersion for a wide variety of meteorological and terrain situations. These 
evaluations are based on model simulations of field experiments that include extensive 
tracer and meteorological measurements. Simulations of tracer experiments associated 
with nocturnal drainage flows in complex mountain valley settings revealed that 50% 
of the comparisons of calculated to measured tracer concentrations were within a factor 
of 5; as compared with a factor of 2 in relatively flat terrain. For diagnostic models, 
which spatially interpolate the available wind observations, the results are very sensitive 
to the wind direction measurements. This is particularly true for measurements near 
the source as was demonstrated by the directional shift noted between the calculated 
concentration distributions and those measured during the MATS experiments. Thus, 
differences appear when the models interpolate measurements beyond the region for 
which they are represantative. The capability of the models to simulate the dispersion 
of an instantaneously produced cloud of plutonium-239 resulting from a non-nuclear 
weapons test was illustrated on the basis of data acquired during the Roller Coaster 
experiments. Generally, a factor of 2 agreement was noted between the calculated and 
measured integrated air concentration and surface deposition values. 
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Figure 1. A box plot presentation of hourly-averaged ffg values acquired from measurement 
sites within the Brush, the Anderson, and the Big Sulphur Creek valleys from 2200-
0600 local standard time during periods of strong drainage flows. The top and 
bottom bars illustrate the maximum and minimum values. Similarly, the box top, 
waist and bottom give the upper quartile, the median, and the lower quartile values. 
The notch surrounding the median is proportional to the standard deviation of the 
median. 
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Figure 2. A box plot presentation of the hourly-averaged wind speeds acquired from measure
ment sites within the Brush, Anderson, and the Big Sulphur Creek valleys. 
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Figure 3. A plot of the median og values versus the median wind speed during strong drainage 
flow periods. The solid line is based on the relationship og u= 0.7 m/s , where u is 
the wind speed. 
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Figure 4. The locations of the tracer release sites within the Anderson Creek valley. The 

vertical cell height is 50 m. 
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Figure 5. The observed and computed PDCH perfluorocarbon surface concentrations. 
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Figure 6. Percentage of computed samples within a factor R of measured PMCH and PDCH 
concentrations for four experiments (lower curve). The upper curve represents re
sults from the 1972 INEL and the 1974 SRP model evaluation studies. 
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Figure 7. Percentage of computed samples within a factor R of measured methane-20 and 
methane-21 surface concentrations for two experiments. 
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Figure 8. Locations of tracer release site, meteorological towers and sampling arc for MATS 

7 experiment. The vertical cell height is 25 m. 
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Figure 9. Distributions of measured and calculated SFg surface concentrations by sampler. 
The spacing between'samplers is roughly 1.3 km. 
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Figure 10. Ratios of measured to calculated S F 6 concentrations for all 14 MATS experiments 
(•) and after (o) rotation of model-predicted values to maximize correlation. 
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Figure 11. A depiction of the terrain surrounding the Clean Slate 1 measurements area. The 
vertical cell height is 50 m. 
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Figure 12. The relative distribution of plutonium activity as a function of height within the 
Clean Slate 1 cloud at a distance of 760 m from the event site. 
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Figure 13. The Clean Slate 1 size distribution of airborne plutonium bearing particles. 
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Figure 14. A comparison between the measured and calculated surface integrated air concen
trations of plutonium-239 for the Clean Slate 1 event. 
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Figure 15. A comparison between the measured and calculated surface deposition of plutonium-

239 for the Clean Slate 1 event. 
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Figure 16. A comparison between the measured and calculated areas contained within various 

surface deposition isopleths for the Clean Slate 1 event. 


