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ABSTRACT

The results from simulations by 12 different dispersion models are
compared with observations from an extensive field experiment conducted by the
Nuclear Regulatory Commission at the Idaho National Engineering Laboratory in
July, 1981, Comparisons were made on the bases of hourly SI-'6 samples taken at
the surface, out to approximately 10 km from the 46 m release tower, both
during and following 7 different 8-hour releases. Comparisons are also made
for total integrated doses collected out to approximatley 40 km. Three
classes of models are used. Within the limited range appropriate for Class A
models this data comparison shows that neither the puff models or the
transport and diffusion models agree with the data any better than the simple
Gaussian plume models. The puff and traasport and diffusion models do show a
slight edge in performance in comparison with the total dose over the extended
ranke approximate for class B models, The best model results for the hourly
samples show approximately 40§ calculated within a factor of two when a 15°
uncertainty in plume position is permitted and it is assumed that higher data
samples may occur at stations between the actual sample sites. This is
increased to 60% for the 12 hour integrated dose and 70% for the total
integrated dose when the same performance measure is used. None of the models
reproduce the observed patchy dose patterns. This patchiness is consistent
with the discussion of the inherent uncertainty assocliated with time averaged
plume observations contained in our companion reports on the scientific
critique of available models,
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This report is one of a series of reports documenting the results of a
coordinated program established by the Office of Nuclear Regulatory Research
to assess available capabilities for estimating atmospheric dispersion. The
objective of this research effort is to provide an assessment of atmospheric
dispersion models that may be wused 1in the emergency preparedness
decision-making process. This program should provide some basis for selection
and design of computerized emergency response systems, along with estimates of
accuracies expected from such atmospheric dispersion models.

The conclusions expressed in this particular document are based on the
data from the (1981) INEL Field Experiment. They represent the findings of
the authors for this data set, and have been peer reviewed. However, the
Model Evaluation Project is ongoing, with results from the SEADEX Experiment
presently under study. Therefore, these results can be considered final for
the INEL study, but preliminar; for the Model Evaluation Program as a whole.
It is the opinion of the authors that the results of this study represent a
significant body of work, and are worthy of publication at this stage.
However, as these results are based solely on the INEL study, final model
performance rankings may change with the inclusion of information from
additional data collection efforts.
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Introduction

As a part of a general study to evaluate the ability of a number of
dispersion models to satisfy the Nuclear Regulatory Commission's requirement
for emergency response models, an extensive field experiment was carried out
at INEL in July 1981, Results from seven days' observations are compared with
the results of a number of these models in this report. The Nuclear
Regulatory Commission has established the requirement for two classes of
predictive capabiliti = reflecting the requirements for two emergency planning
zones., A class A model, designed to predict plume exposure within 10 miles of
t.e site, must be able to produce initial estimates of atmospheric dispersion
within 15 minutes of any incident. The class B model, designéd for the
prediction of relative concentrations and deposition within an ingestion zone
which extends out 50 miles from the nite, should provide estimates within 45
minutes.

An initial screening of candidate models based on a sclentific critique
of avallable dispersion models is made in a separate report (Lewellen
et al,, 1983). As & result of this analysis, three types of models were
chosen for detailed comparison with field observations. These three types
are: 1) gaussian plume with straight line trajectory: 2) gaussian puff with
spatially and temporally varying winds; and 3) more sophisticated transport
and diffusion models, The initial expectation is that the first type is a
candidate for class A models only and that the third type is a candidate for
class B only. The puff models are attractive candidates for both class A and
class B use.

Most past fileld tests of atmospheric dispersion have been designed
primarily as tests of diffusion with the mean wind fixed. Such tests leave
out the contribution of spatially and temporally varying transport winds to
dispersion, This effect is likely to be very important, probably even the
jominant effect, in predicting dispersion for emergency planning at real
sites, This test involves data from fleld experiment which was specifically
derigned to obtain data to evaluate models for the emergency response
application (Dickson, Start and Cate, 1981). A fine grid network close o &



release tower was combined with a coarse grid extending out approximately
100 km. The goal was to observe the complete surface concentration patterns
resulting from a few hours' release under various meteorological conditions.
Section II gives a brief description of the data available from this field
program with a more complete presentation of the data in Appendix A.

Section III prevides a review of the results of 12 model calculations for
this data .et. A large part of these model results are plotted in detail in
Appendix © for direct qualitative compariscn with the data in Appendix A,
Section IV provides the detailed results of intermodel comparisons using a
pattern test developed specifically for this emergency response application
(Lewellen, Sykes, and Oliver, 1981)., The pattern test provides for a
quantitative measure of how the discrepancies between model predicted surface
dose and observed dose is influenced by a given uncertainty in the predicted
plume position. Since discrepancies between observations and predictions may
be due either to incorrect predictions of the plume concentrations or to
Incorrect predictions of the plume location, the pattern test measures the
improvement in agreement between measured and predicted concentrations as the
plume is shifted through a given angle. Emergency planners do not need to
know the exact concentration distribution resulting from a given emission,
since they are not likely to know the emissions very accurately. They are
more interested in knowing with what level of confidence it 1s posaible to
specify the approximate position of the plume and {ts approximate
concentration. The pattern test is designed to give this answer. It will
provide the fraction of the experimental observations which are predicted
within a given factor for a given spatial uncertainty.

A5 a part of this evaluation exercise, real time tests were carried out
¢n the ARAC system. Lawrence Livermore Laboratory was notified of the time
aund conditions of the tracer release on these two days. Their model
predictions were transmitted to the NRC emergency response ocenter in
Washington, D.C. Evaluation of the accuracy of these predictions are included
in Section V,



All of the model performances were considerably poorer on this test than
on previous tests designed to measure diffusion under near ideal conditions.
The data do not show the impact of well defined plumes; but rather a more
broken patchy pattern supposedly due to the changing meteorological
conditions. None of the models reproduce this same patchy structure. The
more sophisticated models do not show a significant advantage over the simpler
models. More work is required to determine what part of this result 1is due to
an inherent variability in atmospheric dispersion and what part to model
deficiencies.

The importance of this variability to the estimates of concentrations of
material following an accident at an operating reactor is to imcrease the
areas of concern., If the codes to be usad in emergency response display the
variability shown in this study, then the accuracy, plus the variability of
the results, are both of interest to the decision maker. Studies conducted in
conjunction with these analyses, (Lewellen, et al, 1983), convincingly
indicate that the atmospheric motions responsible for the variabllity noted in
this study are beyond the capabilities of any presently-available code. This
finding will affect greatly the accuracy and useability of emergency-response
models,
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Review of the Dispersion Data

2.1. Available Data

Meteorological data of several types were avallable for
incorporation into the numerical model predictions, The three principal
Sources were the surface winc station network (MESONET), radar=tracked
pilot balloons (RABAL's), and high frequency turbulence measurements
from an instrumented tower close to the tracer release pof .v. In
addition to these data, radio-sonde ascents were made every 3 hours to
determine the mixing depth and temperature structure of the atmosphere;
tetroons were released at various heights giving estimates of air parcel
trajectories; and subjective estimates of stability based on visual
observation were also made.

The sr6 tracer gas was released from a six inch diameter pipe at a
height of 46m. Release rates for the first tests were about 2001bs/hrs,
but this was increased to 400lbs/hrs for later tests, An oil fog was
released through the same pipe as the SFgi this provided the flow
visualizations for photographic records, and also the tracer for the
ALPHA=1 lidar system,

Tracer data was obtained from two sources; fixed bag samplers on
the ground, and airborne lidar measurements of the plume.

2.1.1. Surface wind network, MESONET

INEL has established an extensive network of surface wind
stations throughout the Snake River plain shown iIn Figure 2.1, The
network contains some 30 anemometers at heights generally between 15 m
and 30 m above the ground, which telemeter their measured wind at
6 minute intervals into a central station where they are recorded on
Sagnetic tape. For the model predictions, 22 stations were used to
determine the wind fleld; the remaining stations were too far from the
region of interest,



A major problem in this and any study dealing with data comparisons
is the choice of the techniques used to replace missing data values.
For those codes capable of incorporating data from a number of stations,
the interpolation schemes of the codes were assumed to adequately
replace the missing data points. For the single-point codes, the choice
of replacement data is of greater importance. In this study, any hour
where data from the release point was unavailable, data from the nearest
operational station were wused. This replacement ‘s assumed to be
representative of the techniques that would be employed by an operator
at a reactor faced with a similar dilema. In periods of interesting
meteorology, such as the development or decay of an up-valley flow, the
choice of replacement data could be critical, but the nearest
operational statisn, regardless of location with respect to the wind
shift line, was chosen for consistency.

2.1.,2. Radar-tracked pilot balloons, RABAL'S

During the INEL fileld experiment, several tracking radars were
employed at different sites to obtain vertical profiles of mean wind,
For these preliminary comparisons, results from three positions were
available; one radar was located at the tracer release point, a second
roughly 30 km to the Northeast, and the third about 20 km to the
Southeast, Pilot balloons were released every 30 minutes at the radar
sites, and provide a reasonably accurate measurement of the vertical
wind structure. It should be noted that the measurement is a very short
time average (it takes about ! minute for the balloon to rise through
200 m); thus the profile has a resolution of 200 m in the vertical, and
is subject to variation when large-scale turbulent eddlies are present,

2.1.3, Meteorclogical tower surements

Detalled measurements of turbulence structure were made using
fast response anemometry at heights of 15 m and 45 m on the instrumented
tower at the source release point, Mean wind, mean temperature, and



turbulent FReynolds stresses were recorded, although the system was not
working for a large portion of test 5. None of the models is capabdble of
utilizing such detailed turbulent information, but the measurements were
used to help decide the atmospheric stability, and also to provide
horizontal velocity fluctuation information which was used to calculate
horizontal spread rates in some of the models.

2.1.4, Supplementary meteorological data

At intervals of about 3 hours, radio-sondes were releasec by PNL
to obtain the vertical temperature structure of the atmosphere. The
radio=sondes were released from three locations, namely the Fire Station
3 km north of the release point, at Howe 25 km north, and at the
Diversion Dam 10 km southwest of the release point., The temperature
profiles were used to determine the mixed layer depth in conjunction
with visual observations.

Tatroons were alsc released from the source point throughout the
tracer release period., The tetroons were set to follow the wind at the
mid=level of the estimated mixing layer. These neutrally buoyant
balloons can be tracked by radar out to distances on the order of
100 km, and are useful in giving trajectory information. However, it
should be noted that the level of the tetroon must be preset according
to some estimate of the average tracer plume height., In a deep,
well*mixed boundary layer the exact height will not be crucial, but In a
stable layer with strong wind shears it is difficult to ensure that the
tetroon 1s at the same level as the plume,

2.1.5. Surface SFs measurements

The principal data on tracer dispersion came from two networks
of bag samplers, as described by Dickson et al.(1981). The first
network is on & small scale, and sampler locations are shown in Figure
2.2. Bach sampler contained twelve ' liter bags with an inlet manifold
whioh was switched each hour, 80 that a ' hour sample was collected iIn



each bag consecutively. The second network is also shown in Figure 2.2,
and consiste of single 20 liter bags over a larger region. These
samplers collected air over a period of 24-36 hours from the start of
each release, and therefore provide a total dose measure for each test.
The smallest detectable concentration of SFe in the bags is around 2
Ppt., S0 that the minimum measurable dose depends linearly on the sample
time,

2.1.6. ALPHA-' LIDAR data

In addition to surface concentration data, the airborne ALPHA-1
lidar system (Uthe et al.,, 1980) was used to obtain cross sections of
the plume. The data is limited in that multiple passes are necessary at
each cross section to obtain a meaningful time-average of the plume.
However, the lidar data is our only quantitative information on the
vertical structure of the plume, and can provide measures of the
horizontal and vertical spread.

2.2, Test Cases

Tests were run on nine different days in July, 1981, Data from
the last seven tests are presented in some detall in Appendix A, The
first two tests have been treated as shakedown teats. A brief narrative
of tests three thru nine 18 included,

A cursory inspection of the observed surface patterns show them to
generally exhibit a rather high degree of patchiness, It is relatively
clear that any model will have difficulty in reproducing such patterns
48 those shown In Figs. A6 and A7, However, such highly scattered
results are quite consistent with our discussion of inherent plume
variablility contained In Section 3 of Lewellen, et.al, (1983). A small
source emitting into & thick turbulent boundary layer should produce a
highly variable plume unless the observations are averaged over a time
much longer than the turbulent time scale.



July 1981 INEL Field Experiment
Surface Wind Tower and RABAL Locations
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July 1981 INEL Field Experiment
Sampler Locations
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I11. Individual Model Results

3.1, Gaussian Plume Models

We rirst look at the results of the simplest type models. As
described in our report critiquing the available dispersion models, the
input requiremeints to drive these models are minimal., For the two
specific models considered, ISC and TEM, all that is required is a wind
Speed, wind direction, stability class, mixing Jlayer height and
emissions rate. We have added a third model, whizh we call GP, to see
if there is any advantage evident from this data of using specific
measurements of horizontal wind variance in predicting the horizontal
plume dispersion. Codes selected for study were chosen to 'r;oprucm. the
types of models currently available and used by the vtilities. Although
the codes do not incorporate all options that might be used on some
other codes, they do span the range of models likel/ to be utilized by
utilities for emergency response, and should be a representative sample
of the currently-available codes.

The models have all been run on two different grid systems, a fine
$rid with 1 km spacing over a domain of 40 x 40 km, and a coarse grid
with 2.5 km spacing over a domain of 100 x 100 km. The fine grid
results will be used primarily to compare with the hourly tracer samples
while the coarse grid is used to compare with the total integrated
samples, It 1is also interesting to look at the difference in the
predicted patterns due only to the resolution of the grid used with the
model,

In order not to inundate the reader with plots, only four of the
hourly predictions are shown here for each model. These hours have been
chosen to exemplify fouwr quite different meteorclogical conditions,
Results of all the hourly comparisons are included in the results of
Section 1V. The total of the 12 hourly predictions and the total
integrated dose for each of seven tests for each model are included in

Appendix B,




As should be expected, these Gaussian plume models yield well
defined surface plumes for the hourly results exhibited in Figs. 3.1 to
3.4, Nature is not near so well organized, as exhibited in Fig. A.3.
Even after averaging over 12 {ndividual hourly distributions this
difference is clearly in evidence when comparing the corresponding
figures for 12 hour doses in Appendices A and B. This class of models
may be expected to perform more poorly in comparison with the total
integrated dose which extends much further from the release point. This
is certainly borne out in a qualitative comparison of the corresponding
total dose figures in Appendices A and B. However, as notec¢ in Appendix
A part of this poor comparison may be due to a relatively large
uncertainty in the validity of the total dose data for all but the last
three cases, The tetroon puff model (MT) results have been included on
Figures 3.1 to save space; these results will be discussed with the
other puff models.

3.1.1. IS¢ (18)

Figure 3.1 shows the predicted surface concentration for the fourth
hour of test three (0300-0400, July 19, 1981). There is no apparent
correlation between ISC's predicted plume for this hour and the
observations shown iIn Figure A.4, The observations show the plume
impacting at several points all around the source point, while ISC
predicts a narrow plume off to the northeast., The varied pattern
appears to be cue to the combination of sharp vertical gradients in the
wind, light and variable winds at the surface, and the remnants from the
previous three hours of the plume,

Figure 3.2 shows the predicted surface concentration for the
third hour of test five, i.e., 07000800, July 23, 198', The wind at
the source was from the North at this time, 80 we have & plume extending
Out of the domain to the south., There 18 not much agreement with the
observed data, shown in Figure A,15 which indicates a strong Iimpact to
the West., There is observational evidence of material being transported
L0 the south, but only for about 10 km, This is because the winds are

i



light (roughly 1=2 ns-1), while the GCaussian model makes the
steady-state assumption that material has travellec out infinitely far
along the wind vector.

Figure 3.3 shows the precicted surface concentration for the fourth
hour of test six (2000-2100, July 25, 1981). 1In this case there is
recognizable agreement between the prediction and¢ the observations (Fig.
A.21'). The maxima occur close to the same positions and are almost
within a factor of two of each other. The tail of the observed plume
bends to the south but this ce tainly provides better agreement between
the model predictions and observations than cither of the preceeding two
cases,

Figure 3.4 shows the second hour from ‘test seven,
i.e., 1400-1500, July 27, 1981, In this case we have a wider plume, due
to the greater instability, directed towards the Northe-Northeast. The
observations, Figure A.27 are actually in reasonably good agreement.
There is & maximum close to the source, with the ! ppm.=sec, contour
covering a similar region in the two figures. The 0.3 ppm.=sec. in the
dats meanders & little to the Northeast and off the edge of the
measurement grid, but has a similar width to the predicted plume. The
error in direction is about 3o°. There is an isolated maximum of
0.1 ppm.=sec. situated 10 km east of the source, but this is not
predicted by the simple Caussian plume.

The 12 hour integrated doses for cases three thru nine on the
fine (1 km) grid¢ are shown in Appendix B, Figures B.' thru B.21. Note
that the Caussian plume calculation is complete after & hours, since
there i8 no predicted surface concentration after the release has
stopped. Thus, the 8 hour dose is the total dose for these models, The
total dose can be seen to be made up of individual plumes with the wind
passing thru marked shifts in direction for many of the cases., For
example, Figure B.7 for case five should be compared with the
observations in Figure A.'8 which is the 12 hour dose in the small-bag
samplers,

12



Statistical comparisons between the model results and observations
will be discussed in Section IV.

3.1.2. TEM (TE)

The TEM results are similar to the ISC results since they both
use the same winds. However, the spread of the plume is significantly
larger in TEM, and the surface doses are correspondingly lower than ISC.
Thi~ wider spread does at least go in the right direction to make TEM
agree a little more with the data than does 1SC.

In this model, the horizontal spread rate is based on the
measured o,, 1.e., the r.m.s. fluctuation in wind direction. This
yields a somewhat larger spread rate for Figure 3.1 but a spread midway
between ISC and TEM for the other three hours. The largest difference
shown for the four hours of Figures 3.! to 3.4 is the fact that an
opposite wind direction is used for GP for the hour shown of test three.
This is possible because the U6 meter wind from the met tower was used
for GP while the network wind closest to the release point was used for
1SC and TEM.

This model generally produces a more diffuse plume than the
standard two models due to its dependence cn measured LPY It will be
seen in Section IV that this model proved somewhat more accurate than
the other two Gaussian plume models. Part of this advantage may be
traceable to its use of somewhat different winds., The Ubm winds were
likely to be more representative than the MESONET winds since they are
actually at the release point, and were not missing as often during the
test periods as the MESONET data.
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3.2. Puff Models

In general, the results from the puff models for the same four
hours shown in Figures 3.5-3.8 provide more realistic looking plumes
than the GCaussian plume results, since they are able to take some
account of the changes in wind speed and direction. As we showed in the
previous section, the plume models are forced to predict a plume which
stretches infinitely far in the direction of the wind for each hour.
This is clearly in error when the wind is very light and duves not
persist for very long. The puff model results below can be contrastec
with the plume results, and demonstrate the limited transport
particularly for the early stages of test 5. In spite of these
potential advantages the qualitative hour comparisons shown here do not
indicate a clear realization of these performance advantages.

The other major feature which should provide more accurate results
is the ability to keep track of the pollutant after the release has
onbcd. The plume models switch off when the release ends, and therefore
miss any wind shifts after the release. The puff models are able to
account for this in the total dose calculation.

3.2.1. MESOT (MT)

This nonstandard wodel which takes the observed tetroon
trajectories and applies the MESOI diffusion algorithms was added to
help diagnose the test results, Results for the four hours considered
here are included in Figures 3.1 to 3.4, The results are quite
different from the previous steady state plume results but in general
are not any closer to the data observations. In fact, except for the
test five hour shown, the tetroon puff model tends to yleld results

inferior to the steady state plume results, The limited number of
tetroon trajectories available is unable to provide a clear indication
of plume position on this limited fine mesh grid. This is particularly
noticeable for the hour chosen from test six. During this particular
hour, there 18 no tetroon anywhere on the fine mesh. For purposes of




obtaining the 12 hour total dose, emissions during such a period are
added to the closest time. Comparison of the integrated doses predicted
by MT in Appendix B with the observations of Appendix A show that it
does provide for more qualitative agreement than is evident for the
Caussian plume results.

3.2.2. MESOI (M)

Only the last two of these four hours shown tend to display any
Qualitative agreement between the data and the model predictions. Even
in these relatively well behaved cases MESOl tends to overpredict the
maximum surface impact. This tendency to overpredict, as a result of
placing the emission at the surface rather than its true value of L6
meters, is particularly noticeable in Figures 3.5 and 3.6. The same
effect is also quite evideat in the 12 hour integrated doses of Appendix
B, but is not so evident in the total dose on the larger grid.

3.2.3. MESODIF (MD)

The main differences between the MESOl and MESODIF models are in
the horizontal diffusion calculation, and the winds used to transport
the puffs, MESODIF uses the 6é-minute averaged winds while MESOl uses
hourly averaged winds with linear interpclation between hours., About
the only difference this produces for the hour shown in Figure 3.5 is a
reduction in the peak value

However, for the next two hours shown in Figures 3.6 and 3.7
Mesodif actually records a higher peak value than MESOI. The second
hour of test 7, Figure 3.8, 1is very similar to the MESO! result, anc
both are in qualitative agreement with the observations for this hour
shown In Figure A.27. However, neither are as accurate as the GCaussian
plume model results of Figure 3.4,

3.2.4, ARL=Puff (AL)

This model shows much more diffuse patterns for Figures 3.5 and 3.6
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but much narrower plumes for Figures 3.7 and 3.8. This is a direct
result of the use of a constant horizontal spread rate of Im/sec. In
the first two light wind cases the puff sits on the grid and continues
to expand while for the last two relatively strong wind cases the puff
is swept off the grid before it has much chance to expand. In spite of
this very crude parameterization of the horizontal diffusion, this model
produces pefak surface concentration which are closer to the observations
than the previous puff models in every case but the test six hour where
MESOl is somesvhat closer. The relatively high diffusion for the light
wind cases also tends to make the integrated doses appear in better
Qualitative agreement with the observations as may be observed Dby
comparing the corresponding figures in Appendix A anc E.

3.2.5. MESOJ (MJ)

MESOJ 1is a modified version of MESOl which accounts for an
elevated source an¢ wuses the 6-minute winds like MESODIF. These
differences are sufficient to make the results from MESOJ and MESOI
quite different, For the first hour shown in Figure 3.5 the vertical
diffusion for this nocturnal hour is sc small that the maximum value is
now significantly underpredicted. The overprediction remains for the
hour from test five shown in Figure 3.6. The improvements in the
pattern test results are extremely marginal. MESOJ performs best for
the test six hour and shows little difference from MESOI in the unstable
case seven hour.

3.3. Transport and Diffusion Models

The models in this section use more detailed information about the
wind field. Most of the models use a three-dimensional wind fleld to
move the tracer, and can therefore account for winds in different
directions at different heights., This is the major advantage over the
simple puff models which only use the surface winds to transport the
tracer. Some of the models also attempt to take some account of terrain
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features and steer the flow around large hills. However, their ability
to account for terrain effects cannot be assessed from the present data
since none of the samplers were located in the regions of high terrain.

These mocels should not be expected to show large performance
advantage on the short-range fine mesh used in Figures 3.9-3.12 and they
do not. They should have their best relative advantage on the extended
grid used for the total dose calculation.

3.3.1. PATRIC (PA)

PATRIC results continue the overprediction of the surface impact
for the first hour common to all the models except MESOJ. In fact,
PATRIC seriously overpredicts the peak surface impact for all four hours
shown. Of course, part of this problem may be due to the difficulty of
actually registering the maximum surface impact within a fixed network
of surface samplers. The models will be given the benefit of this doubt
in one of the statistical comparisons shown in the next chapter.

3.3.2. MATHEW/ADPIC (AD)

The results for MATHEW/ADPIC shown for these four hours are quite
similar to the PATRIC results. The inclusion of terrain is probably
responsible for the slightly higher surface impact for Figures 3.9 and
3.10. The biggest difference for the two model results should occur on
the larger grid used for the total dose calculations. Appendix B shows
the major difference between the two results are higher peak values
predicted for MATHEW/ADPIC. Only test eight, Figure B.38 produces a
result in the opposite direction.

3.3.3. IMPACT (IM)

IMPACT also shows results similar to PATRIC., It shows somewhat
better performance in Figure 3.11 and perhaps somewhat poorer in Figure
3.12 but qualitatively at least there is little basis to chose one over
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the other. This similarity extends to the total dose patterns shown in
Appendix B. Probably the largest qualitative differences are for cases
three and seven shown in Figures B.24 and B.35. In case three PATRIC,
shows more plume impact in the southwest while for case seven, it is
IMPACT which shows some of the plume in the southwest.

3.3.4, SPLITPUFF (SP)

The SPLITPUFF model differs from the previous puff models in
that puffs are allowed to split and move at different rates in response
to the vertical wind structure. The results presented in this section
were obtained with three layers within the "mixed-layer", and an outer
region above the boundary layer. The winds in each of the four levels
were obtained from the velocity profile measurements. On the assumption
that the transport and diffusion models should outperform the puff
models of the last section, then this model is included to sec how much
of this performance difference can be made up by a puff model which can
correctly handle the effects of wind shear.

Since the other transport and diffusion models show no obvious
advantage over the simpler puff models, SPLITPUFF is not expected to
either,
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July 1981 INEL Field Experiment Test 5
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July 1981 INEL Field Experiment
Model Predictions : Surface Dose for 1400 - 1500
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July 1981 INEL Field Experiment : Test 6
Model Predictions : Surface Dose for 2000 - 2100
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July 1981 INEL Field Experiment : Test 7
Model Predictions : Surface Dose for 1400 - 1500
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July 1881 INEL Field Experiment
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July 1981 INEL Field Experiment
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July 1881 INEL Field Experiment
Model Predictions : Surface Dose for 2000 - 2100
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July 1981 INEL Field Experiment :
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Iv.

Intermodel Comparisons

The model results are compared with the data in a relatively large
number of ways in order to provide as clear a picture as possible of the
relative accuracy of the different measures., Our basic comparison is the
pattern test described by Lewellen, Sykes and Oliver, (1980). This
provides a consistent means of seeing how much the comparison between
observations and model 1is influenced by shifts in model pattern
positions. The measures of accuracy chosen for intermodel comparisons
here are % within a factor of two, %3 within a specified absolute
increment, root mean square error, and the correlation coefficient. The
first two are chosen because they provide easy interpretation, while the
last two are preferred by statisticians. The model shift in position is
compared in two ways. For comparisons labelled as "data value" the
comparison is between any specific cata value and the model prediction
which is closest to that data value within the area designated by the
angular increment. For comparisons labelled as "max data valve" the
comparison is centered about any specific sampler site but the comparison
is between the maximum observation and the maximum model result within
the area designated by the angular increment., Both measures are the same
at 48=0°, The first approach gives the model the greatest possible
benefit of any uncertainty in predicted position, while the second
approaches the standard paired-in-time-only result at large values of A6.
The greatest discrepancy between the two measures will occur when the
model predicts results significantly greater than any observations. If
one believes that the data network has correctly captured the maximum
surface impact then this second measure provides a truer measure of the

model accuracy.

4,1 12 Hour Total Dose on the Fine Mesh

Figure 4.1 shows that the models correctly predict only about 20% of
the data within a factor of two and no significant improvement is seen
for the more complex models., Considerably more favorably comparisons are
obtained as the uncertainty in the model prediction position is allowed
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to increase. Roughly 70% of the data points are predicted within a
factor of two by some model value within an area surrounding the data
point defined by the 30° increment. The reader should perhaps be
reminded that the area around the data point extends a distance *rié in
the radial direction, where r is the distance between the source and the
sampling point, as well as the same distance in the angular direction.

The performance measure is somewhat influenced by the treatment of
the background noise. A background value of mo'z ppm-sec has been
added to both the data and the model precdiction for the comparison of
Figure 4,1, Alternatively, if all of the comparisons which have both
data and model result below the noise level are excluded then the §
within a factor of two appears as in Figure 4.2. The biggest difference
is seen for the precise zero degrees comparison. The average 20% is
reduced to more like 15%5. We have chosen to use the the former measure
which depends upon the addition of the background value for the rest of
our comparisons,

Figure 4,3 shows the percent of the model predictions that are
within an absolute dimensional value of ! ppm=sec of the observed cata.
It is seen that roughly half of the data values are within this value
which is 25 times the background noise level., It should perhaps be notec
that the highest 12 hour dose observed was 95 ppm-sec for test six.
Again there is relatively little model-to-model performance variation,
The greatest difference between models shows up in the statistical
measures of Figures 4.4 and 4.5. Both the correlation coefficient anc
the root mean square errors are much worse for Mesodif and MESOI than for
the other models. What is perhaps most surprising 1is that the steacy
state plume models actually out perform the more sophisticated models.
This is particularly true for the new GP model.

The three comparisons made in Figures 4.1, 4.4 and 4.5 are repeated
in Figures 4.6 to 4.0 but with the comparisons based on the maximum data
value and the maximum model predictions within the compared areas.
Remember that this ylelds the same comparison for the zero degrees, but
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penalizes the model more for over predictions in the larger area
comparisons. The relative performance is often degraded by allowing the
wider area comparison under this condition of only comparing the maximum
values, The relative rankings of the individual models is not
significantly changed from that of the earlier comparisons.

We can make several conclusions from the test. First, within this
limited range of approximately 10 km, and for time averages as long as 12

hours, the Gaussian plume models perform as well or better than any of

the other models. Second, among the Gaussian plume models, the new GP
model demonstrates a definite edge over the two standard models, This is
probably because the measured o, generally ylelded a more diffuse plume
than indicated for the stability class algorithms, However, it may also
have been partly the result of the choice of winds mcire nearly identified
with the source emissions, Third, Mesodif and MESOl suffer from an
overprediction of dosage close to the source probably due to their
simulation of the emissions as a surface release,.

4.2 Hourly Dose on the Fine Mesh

Figures 4.9 to 4,16 may be expected to show considerably less
agreement between models and surface data when hour=by=hour comparisons
are made rather than the 12 hour totals of the last section. This is not
evident in the percent within a factor of two shown in Figure 4.9 which
shows in excess of 40% as compared to the 20% of Figure 4.1, However,
Figure U4.10 shows that a large fraction of these points are at or below
the noise level, When these are eliminated and Figure 4.10 is comparec
with Figure 4.2 then the hourly dose shows somewhat fewer points agreeing
within the factor of two particularly at the larger angles of
comparisons, The percent within 0.! ppm=sec shown in Figure 4,11 1is
higher than the comparable percent within | ppm=sec shown in Figure &.3
due to the larger number of samplers recording data within an order of
msagnitude of the background value in the case of the hourly data. The
fortuituous nature of the apparent better performance of many of the
hourly comparisons is demonstrated in Figure 4.12 where for zero degrees
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we see the correlstion coefficient averages about 0.1, showing that on
the basis of a point-by-point comparison there is almost no correlation
between model results and data. When the mocdels are given the benefit of
shifts in position the correlation improves but still generally remains
below the values for Figure 4.4, The average root-mean square error
given in Figure 4.13 is also less than that in Figure 4.5 but not enough
to preclude an increase in the relative error. Even the comparisons
using only the maximum values in each test areas continues that trenc of
anomalcusly better performance on all the measures except the correlation

coefficient in Figure 4.15,

The measures which show the biggest intermodel difference is the
root mean square error which again show the effect of the overprediction
of Mesodif and MESOI.

4,3 Total Intg;ggted Dose on the Coarse Mesh

Numerous problems were encountered in obtaining reliable samples
from the total integrated bag samples (Dickson et.al. 1983). After
detailed comparisons between the 12 hour total and the total dose samples
in their region of overlap it was decided that total dose results for
tests three thru six were much less reliable than that for the last three
tests. Thus the comparisons used here for intermodel comparisons are
confined to these last three tests. The actual patterns given by the
data and calculated by the models are presented for all seven cases in
Aopendices A and B for qualitative comparisons. But, we believe that it
is more appropriate to limit the detailed quantitative comparisons to
those few cases where more confidence can be placed in the data. The
Quantitative comparisons were made based on all seven tests and it is, at
least, reassuring that the models performed on average better in
comparison with the more reliable data showr here than with the total
data set.
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The mocel expected to show the best performance over this extended
range is MESOT (MT), since it has the advantage of using the input of the
actual observed tetroon tracks to determine the puff trajectories. This
does not show up in the comparisons. There is a slight advantage
indicated in Figure 4.17 and Figure 4.23, but it is surprising that (it
doesn't show a bigger advantage over the other puff models. We conclude
that the precise knowledge of a few tetroon tracks still does not provide
sufficiently accurate trajectories of the ensemble of puffs released
during the test.

The poorer performance of Mesodif and MESOI seen on the fine mesh
has largely disappeared in these comparisons at the extended range. The
most apparent remnant of this overprediction near the source is the
larger r.m.s. errors in the max value comparisons of Figure 4.23.
Although Mesodif shares the erroneous use of a surface release its use of
six minute wind data apparently allows it to diffuse these high values
faster and Mesodif shows no i1l effect on this extended range.

The one curve where the more sophisticated models show a decided
edge over the GCaussian plume models is Figure 4,22 for the correlation
coefficient for the comparisons of the max values. This advantage is not
apparent at the point-by-point comparisons of zero degress but is
apparent for the areas defined by 15° or more. The transport and
diffusion models do not show an advantage over the puff models for any of

the test measures.

4.4 Lidar Plume Cross Sections

As part of our attempt to determine the reasons for the
less-than-desirable agreement between model results and observations
demonstrated in the last sections, we compared plume diffusion with data
taken with the SRI Alpha-l lidar system (Johnson et.al 1983). Table 1
provides the estimates of plume spread for a few specific hours during
the test series as supplied to us by Dr. Johnson. These are compared
with the corresponding model determined o's in Figures 4.24 and 4.25.
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TABLE 1

LIDAR OBSERVATIONS OF oy and 17,

DATA
DAY HOUR RADIUS U SICGMA INVERSION STABILITY 0y

(M) (m/sec) 8° (m) CLASS M) g_;_{

', 7-15 18-19 5900 5.6 1. 3000 c 752 892
3. 7-23 07-08 4400 2.7 1. 300 D 22 344
. 7-23 12-13 3100 5.8 42, 2500 A U2 5N
5. 7-25 23-00 5500 9.1 6.5 200 E 28 388
6. 7-26 00~-01 4900 7.6 9.9 100 E 19 306
7. 7-27 14-15 3100 3.1 30. 3000 ~ AR 485
8. 47 15-16 3600 U N 17. 3000 ~ 536 847
9. 7-27 20-21 2600 7.7 3.6 800 c 73 127
10. 7-29 07-08 12400 2.3 19. 500 D 18 566
1. 7-29 07-08 5500 2.3 19. 500 D 20 304

Symbol Key for Figures 4.24 and 4.2

GP = Closed Square

1SC = Closed Inverted Triangle
TEM - Closed Triangle

MESODIF =~ Closed Circle

ADPIC - Open Star

ARL = Open Diamond

IMPACT - Open Triangle
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The comparison indicates that the model values are scattered within a
factor of 3 above and below the indicated value, The best performance on
this limited test is made by Mesodif and the descendant models which
share its diffusion algorithms. This is perhaps attributable to the fact
that these algorithms were derived from data obtained at this same site.

As seen from the surface data comparisons, any possible advantage
gained by Mesodif and MESOI by their diffusion algorithms is lost by
their use of a surface release, Thus if Figures 4.24 and 4.25 are a true
reflection of the vrelative accuracy of the diffusive algorithms
throughout the tests then MESOJ and MESOT should show more advantage in
their performance on Figures 4.1 to 4.23 than is in fact evidenced.
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V. Real time tests of the ARAC System

The ARAC system was tested in real time on two of the cases, five and
seven which form the basis of this report. In consultation with ARAC
personnel, arrangements were made for the transfer of meteorclogical data from
the INEL site to Lawrence Livermore National Laboratory as quickly as was
possible under the experimental conditions. A report of LLNL'S experiences
during this exercise is given by Rosen (1982).

The MESONET wind system is accessible by telephone for interrogation, and
the ARAC computer was linked into the MESONET ccmputer to continuously monitor
the surface winds during the test.

Estimates of mixed layer depth and stability category were passed to ARAC
by telephone every hour,.

Wind profiles from the RABAL site next to the source were sent Dby
telecopier to ARAC approximately once per hour, These profiles were generally
30-40 minutes old since the data had to be process 4 before sending.

Temperature profiles from the radio sonde were telecopied every 3 hours,
and one sounding was made 3 hours prior to the start of the release, 8o that a
sounding was available with the initial notification of the release.

Finally, ARAC requested 24 hours notice of the release time, in order to
arrange personnel scheduling efficiently. It is difficult to make a realistic
assessment of response time under emergency conditions, since the system was
ready and waiting for the release. However, the time taken to produce the
first predictions of surface dose using the MATMEW/ADPIC codes was about 1
hour in both tests., This compares with a time of 3-4 minutes for a Caussian
plume model, and about 15 minutes for MESODIF (these timings obviously depend
on the speed of the computer to some extent).

The general method of operation of the ARAC system was to update the
prediction each hour using a 2-hour persistence forecast. Thus, ARAC
predictions were generally about ' hour ahead of real time, since the
calculations took about an hour to set up and run., The profiles used for the
runs were also slightly out of date, since it took 30-40 minutes to transfer
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the data to ARAC., The persistence forecast was replaced with measured data
when it was available, and the forecast then moved on in time., The results

included in the comparisons here are the final ARAC calculations, i.e., using
the measured data without any forecast.

The ARAC calculations were made on the large domain, i.e., with a 2.5 km
grid length in the horizontal, However, to facilitate comparison with the
observations and other model results, the calculated doses are plotted in the
small domain where appropriate.

Figure 5.1 shows the ARAC prediction for test five. The pattern for the
third how shows some extension toward the West, and some toward the South.
The values to the West are significantly lower than the observations in Figure
A15, and the highest predicted values are up to five times the highest
observation., As in the other models, the lack of horizontal spread produces
overestimates of the surface dose. The two total dose results are also shown
in the figure. These should be compared with the observations in Figure A18.

The prediction for test seven is shown in Figure 5.2. The hourly dose
for hour two shows reasonable agreement with the observations in Figure A27,
but the magnitudes are too high. The general shape of the fields is iIn line
with the other models, and the statistical measures are also similar,

The ARAC results are different from our own MATHEW/ADPIC results for
these same two cases for several reasons. ARAC used a slightly different grid
system, 80 that the source does not lie exactly on a grid node, and they also
used the real-time data which was both limited in extent and delayed in time,
There was also one code modification which was made at ARAP with a view to
fmproving the prediction close to the source; surface concentrations for
sub-grid particles were calculated using the sub-grid Caussian shape
assumption, rather than averaging over a 2.5 km wide grid-box.

Figures 5.3-5.14 show the data comparison test results for the ARAC
real-time prediction. We also show the Gaussian plume model results from TEM
and ISC, and the puff model MESOJ. These last three models could have been
run in real time since they only use the surface network winds which were
directly avallable to ARAC. A cursory examination of the figures reveals that
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the ARAC results yleld performance measures which are very similar to the
other models, and do not show any advantage over the Caussian plume results,
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July 1981 INEL Field Experiment : Test 7
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ARAC Real Time
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ARAC Real Time

Correlation Coefficient
Correlation Coefficient

'S

A NN W W—— N el l—

15 20 25 30 36 40 45 5 10 15 20 25 30 k- . 40 45
Delts Thets (Degrees) Delta Theta (Degrees)

TEM MESOJ

Correlation Coefficient
Correlation Coefficient

¥ W 4 4 ' I VI W WS-
10 15 20 25 30 k .} 40 45
Delts Theta Delts Theta (Degress)

Total Dose : Correlation Coefficient : (Max Data Value)

Figure 5.14




vi. Concludingzﬁemarks

Within the limited range appropriate for class A models this data shows
the Gaussian plume models to perform as well as either the puff models or the
transport and diffusion models. Among these steady state plume models the new
GP model shows a slight improvement over the standard ISC and TEM models.
This i{s most noticeable in Figures 4.5 and 4.7, and 4.15,

The puff and transport and diffusion class models do sho+ a slight edge
in performance in comparison with the total dose over the extended range
appropriate for B models. This advantage is demonstrated in Figure 4.22. It
is surprising that this expected result does not show up stronger in the other
performance measures. This may be a mesult of the unfortunate necessity to
disregard the total dose comparisons on cases three thru six becaufe of data
difficuities., Of the three remaining cases, both seven and nine are cases
where the winds remain relatively steady during the period required to flush
the emissions from the domain. On such cases the Gaussian plume models can
perform as well as the unsteady models even at the extended range. The
transport and diffusion class models show no performance advantage over the

simpler puff models.

Absolute measures of model accuracy are more difficult to quote because
they are highly dependent on the particular comparison mode. If it is assumed
that higher data values may occur at stations between the actual sampler sites
then the best results for the hourly samples show approximately 40% calculated
within a factor of two when a 15° uncertainty in plume position is permitted
and data values at the noise level are omitted. This is increased to 60%
calculated within a factor of two when a 1S° position uncertainty is permitted
for the 12 hour integrated dose. In comparisons on the extended range the
best models show approximately 70% for the same performance measure. If it is
assumed that the data has correctly captured the maximum surface values
calculated within a factor of two within the area defined by a 15° uncertainty
is reduced to 25%, 35%, and 45% for the hourly, 12 hour, and total dose
respectively.
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Disagreements between model calculations and data shown here may be
divided into four classes: 1) those due to model structure; 2) those due to
a poor selection of model input quantities; 3) those due to data errors; &)
those due to an inherent unpredictability of individual turbulent =2ddies.
Only errors of the first type are distinguished by the intermcdel comparisons
of Chapter 4., The strong similarity of the performance of quite different
model patterns suggests that many of the disagreements must fall in one of the
last two classes. The discussion in Section 3 of Lewellen, et. al., (1983)
suggests that at least half the test periods were conducted under conditions
which would lead to high plume variability, {.e. a small source dispersed
within a deep turbulent layer. The patchiness of the observed patterns tends
to confirm this., Further analysis will be required to determine the extent to
which this variability can explain the differences between model results and
data.

The results of this limited comparison between model calculations and
field observations are consistent with the results of the scientific critique
of available models which supported puff models as the most viable candidates
for both class A and class B models. The best puffs model scored as high as
any of the more sophisticated models in either the class A or class B test,
Since they can be run sufficiently fast to qualify as a class A model, it
appears to satisfy both requirements.

Five puff models were considered in this test. The tests suggest that
standard puff models such as MESODIF and MESOI can be improved as demonstrated
by our MESOJ code. By allowing for an elevated release, MESOI can be improved
slightly. These models also appear to need to allow for more influence of
wind shear. The simplest way of accomplishing this is to increase horizontal
dispersion to simulate the increased spreading due to wind shear. This is
believed to be the reason the ARL-Puff model performed slightly better than
MESOJ. We expected the best puff model performance to be obtained by allowing
the puffs to be rearranged as wind shear acts on the plume. However, the
SPLITPUFF model gave disappointing results. The reason for this is not clear
at the present writing.
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Appendix A

Review of Datz Used for the Model Tests

Details of the data used in the model tests are given in this appendix.

More details of the field test program are available in a report by Dickson,
Start, et.al. (1983). A brief narrative of each of the tests is provided
with the data. We begin with test 3 because no data from the first 2 tests

were used for the model comparisons in this report. The SFg release rate is

given in 1bs/hr for each test.

Test 3: 2300:7/18 = 0700:7/19: 200 1bs/hr.

This first test was a nocturnal release, commencing one hour before

midnight. The period of the actual release was characterized by light winds
and a stable temperature gradient. The hourly average surface winds (Figure
A.1) at 0100-0200 MDT show a general flow from the Northwest of 1=2ms '; this
flow has reversec by O400-0500 but the speed is roughly the same. Topographic
contours at an interval of 200m are also shown on the figures. .round 0800,
the stable layer is eroded by the solar heating and a convective layer begins
to develop; the layer grows to a depth of 2-3 km by noon. The surface winds
remain out of the southwest throughout the morning, but increase in speed up
to about Sms“1 by noon; this development 1is evident in the winds at

0900-1000.

The tetroon trajectories are shown in Figure A.1; the earliest tetroon
travels southwest initially, then reverses direction later. All the other

tetroons, released after 0300, move towards the northeast.

Vertical winds profiles at four times are shown in Figure A.2. The early
times, 2330 and 0200, both show northeasterly winds belecw 100Cm, and a strong
Jet flow at 500m; this speed is considerably reduced in the stable layer near
the surface. The flow above 1000m is from the west and is controlled by the
synoptic gradients. By 0500, the direction profile 1s unchanged but the jet
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has subsided below 1000, and the surface winds actually show a direction
reversal by this time. The final profile at 0930 illustrates the increasing
flow from the southwest in the developing convective layer.

The hourly averaged surface concentration patterns shown in Figures A.3-5
are extremely erratic. The doses are generally small, consistent with an
elevated release into a stable layer; however the complete lack of
directionality in the fields is somewhat unsettling. In the early hours, the
winds are certainly light and variable, but later there is a consistent
southwesterly wind. There seems to be some indication that the tracer moves
initially toward the southwest, in accord with the early tetroon, at least in
the dose patterns for 0100-0300, but following this pericc there are
significant doses in virtually every quadrant in each hour.

The integrated dose over the 12 hours is shown in Figure A.6. The
maximum occurs in the southwest, but there is also a region of relatively high
dose toward the north<est. The dose pattern from the large bags also is shown

in Figure A.6 and indicates Maxima in the south and the northeast.

Test 4: 2300:7/20 = 0700:7/21: 320 1bs/hr.

This tes: was made exactly two days after test 3, and the metecrological
conditions were similar. The flow was stable near the surface until about
0700, but the surface winds in Figure A.7 show a much stronger westerly
component in the early hours. This flow extends too far across the plain to
be attributable to drainage flow from the western valleys, and must be
controlled by larger scale forces. The southwesterly flow 1is again
estadblished throughout most of the area by 1000.

The tetroon trajectories show a stronger and more persistent flow to the
south an¢ east in the early hours, and again the flow reversal is evident. At
2300, the tetroon moves away to the southeast, while those released at 0100
and 0300 move southward for about 50 km before turning toward the northeast.
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The wind profiles in Figure A.8 show northwesterly winds in the early
hours, swinging round through north or northeast at 0600 to southerly in the
layer by 1000.

The hourly surface SFg dose patterns (Figures A.9-11) show more
consistency than in test 3. The doses are higher, due presumably to the 50%
increase in release rate, but there is also a clear movement of the tracer
towards the east in the first five hours, swinging northeast later. After the
end of the release at 0700, the tracer is swept out of the area and the doses

are extremely small.

The total integrated dose for 12 hours, Figure A.12, show a clear plume
extending eastward, and some significant doses toward the north. However, the
large bag samples over the larger area show maximum doses in the southwest in
contradiction to the small bags.

Test 5: 0500-1300 MDT=7/23/81:380 1bs/hr.

Test 5 was a morning release, beginning after dawn but before an
unstable mixed layer had developed. The winds are very light and variable in
the region of the source at 0600-0700 (Figure A.13), with a general flow from
the North. There appears to be surface drainage flow out of the deep valleys
in the Northwest of the domain at this time. Three hours later, Figure A.13
indicates continuing light northerly winds around the source, but now the wind
is being drawn into the valleys in response to the surface heating. By
1300-1400 the winds are about 10 ms '
plain. The light nocturnal drainage wind pattern is replaced by the strong
southwesterly flow at about 1100, and this flow continues throughout the
afternoon; the latter winds are driven both by the synoptic pressure
gradient, and by the large scale heating of the Snake River valley.

from the Southwest over most of the

Figure A.13 also shows tetrcon trajectories for the test; only six of
the total of ten tetroons are shown since they illustrate the significant
features of the flow. The early tetroons were set to fly fairly low since the
mixing layer was shallow and the source height was 46 m. They generally

A-10



Haight (m )

Height (m)

10u0

g

July 1981 INEL Field Experiment
Vertical wind profiles at the tracer release site

Test 4

3000
b
2000 +
N
b L
L \
1000 + G\e\\
r
L é
180 270 880 450
Direction
I}
b
.i
270 360 450
Direction

Figure A8

A-11



. Test 4

July 1981 INEL Field Experiment
Hourly Surface Dose : 2300 - 0000 WDT Hourly Surface Dose : 0000 - 0100 MOT
4040. 1 s g T T T P— PR
Maxisus Dose Maxisum Dose
" 11.5 o L 13.8 &
8.1 - — :" D!
{ 4620, 1 o~y
g F’ ! -4 — ""
4848.1 - - -
- -4 = -
4808, { i 1 L 1 s, 1 1 1 - 1 1
828.5 888.5 5438.5 9.5 983.5 328.5 888.5 843.5 385.8 8683.5
UT™ Easting UTH Easting
Hourly Surface Dose : 0400 - 0200 MOT Hourly Surface Dose : 0200 - 0300 MDT
4848. 1 T [, e T gy T T B 3 T T T
Maximsum Dose Maximum Dose
4898 .1 -
- -
z..s N
4©18.1 : ! —
— -
4808 1 1 g 1 i 1 1 1 1 Y 1 1 1
328.5 838.5 848.5 383.5 385.5 838.5 888.9 848.5 885.8
UTH Eesting UTN Easting
( PPM-Sec )

8 Contours :
0.03 0.0 0.30 1.00 3.00 10.0
The dashed contour is 0.03

Figure A9

A-12



July 1981 INEL Field Experiment : Test 4

Hourly Surface Dose : 0300 - 0400 MOT

Hourly Surface Dose : 0400 - 0500 MOT

4848 1 r T . 8 I 1 L
Maxisum Dose
- b 4.03 r
4888.1 - .
- B
i 482y ¢
e | .
48181 -
- .
808, 1 L 1 X 3 1 1 L e 1 x 1 i 1
828.5 388.5 348.5 368.5 385 38.5 888.5 543.5 9063.5 868.5
UTN Easting UTH Easting
Hourly Surface Oose : 0500 - 0800 MOT Hourly Surface Dose : 0800 - 0700 MDT
4848 1 T A T | = T T ¥ | T | »- 1 4
Maxisum Dose
S 8.15

P -
- o
] i | ¥ X 1 n
323.5 8%5.5 545.5 588.5 868.5 328.9 888.8 848.5 355.8
UT™ Easting UTN Easting
8 Contours : [ PPM-Sec )
0.08 0.0 0.30 4.00 38.00 1%0.0

The dashed contour is 0.03

Figure AlO

A-13



July 1981 INEL Field Experiment : Test 4
Hourly Surface Dose : 0700 - 0800 MDT Hourly Surface Dose : 0800 - 0800 MDT
40401 T T T I T T T ;i T T T T T
Maxisus Dose
- o 5.20 * ~4
-
.-‘ — —
- ~
!:IILI
£ {1 L
4818.1 — -
- B - i -
208, { 4 1 1 1 1 1 X 1 1 L L 1
228.5 338.8 84.5 868.5 805.5 8.0 388.5 848.5 503.5 883.8
UTH Ewsting UT™ Ensting
Mourly Surfece Dose : 0800 - 1000 MODT Hourly Surface Dose : 1000 - 1100 MOT
4848 1 T r T ‘ 3 ; o T T T | T T T
Moxisus Dose
- - -~ B
v N
-1 - S e ~ " -
'0’ '- posveen e
.o . “‘—b "a
u \ L} - . y
..t et p-'qb“". ..."'
f.ﬁ‘ A~A“;-, v C ]
‘1:70‘ o - ™ '.'
' r_ e ,.~.“ Py "' . ',n ¥
L c:"...-.:.‘.~.‘p-\-" ". e .o
.1 - ) :' ¢ . .
¥ *y . - -4
- 1 1 L 1 1 i A 1 n 1 J 1
8.5 888.5 848.5 o5 888.5 58.5 888.5 848.0 868.5 588.5
UTH Essting UT™ Easting
8 Contours : ( PPM-Sec )
0.08 0.10 0.30 1.00 3.00 0.0

The deshed contour is 0.08

Figure All

A-14



July 1981 INEL Field Experiment
Total dose : Smsll-bag semplers

Test 4

e 1 T T T ; T Y
Maxisum Dose
L 3.8 l
098 1 \
l'.‘
i
-, ’

-
s
4018.1 F g e
y 2
[
ad 4
~.‘ L L 1 L L L
a8.8 388.0 848.85 808,85 883.8
T,tal Dose : Large-bag Samplers
o1 rrrTT | L FY T 7™
~ Maxisus Dose .
- 82.8 -
- -4
N -
-1 -
- " L: :. e -
= ', t\ o
—- i B -
! - ses Cl\ R
4828 1
- \ -
E o .
- "' —~
- ‘n -
4808.1 1~ —
- —~
P B
- =
- —
.1 A i b o & 2 & Eah A b A b A
288 0 348.5 540 S60.8 588.5
UT Eesting
4 Contours : ( PPM-Sec )
0.30 4.00 85.00 40.0

The dashed contour is 0.30

Figure Al2

A-15



July 1981 INEL Field Experiment : Test 5

o Hourly Averaged Surface Winds : 0800 - 0700 Hourly Averaged Surface Winds : 0800 - 1090

g
o
e
—
\
-4
v
T
-
_~o o
gL E583
5 & 3
gugs
E
>
ey
& —



drifted toward the West with the first two tetroons apparently impacting on
the topography. The variability of the wind at the source point is evidenced
by the wide range of initial directions, even for tetroons released at almost
the same time. Tetroon number 3 moves to the Southeast, and is the first to
be caught in the southwesterly flow which is established around 1100. After
this time, all the tetroons move rapidly to the Northeast and out of the
domain., The last tetroon leaves the domain after covering the 70 km to the
boundary in 2-1/2 hours, i.e., at an average speed of 8 ms .

Some impression of the vertical wind structure can be obtained from
Figure A.14 which shows profiles of speed and direction at four different
times at the tracer release point., The two early profiles show fairly light
winds below 1000 m, with a dlrec.t.lon shift from almost northeasterly at 150 m
through the North back to westerly at 1000 m. At the two later times, the
winds are very uniform over the 200C m profile with a directicn from the
Southwest, and speed increasing from 5 ms = at 1200 to 10 ms-'l at 14%00.

These profiles are also consistent with our assumed stability and mixing
depth development, which begins with a stable layer (stability F) with depth
200 m. The morning transition begins at 0700 when the layer becomes neutral
up to 300 m, then surface heating produces a deepening layer which reaches
2000 m with stability B at 1100, and 3000 m with stability A at 1300. The
stability falls back to C in the afternoon as the heating is reduced, in view
of the relatively high wind speeds.

The measurements of tracer concentration on the surface are shown in
Figures A.15-17. The hourly averages are clearly very patchy, even on the
small horizontal scale covered by the small-bag samplers. The early hours
show the largest surface impact to be west of the source; this 1s consistent
with the early tetroon trajectories, but does not correlate with any of the
Mesonet wind measurements. For later hours, the flow was from the Southwest,
and the surface concentrations are lower because of the greater mixing depth.
The patterns are still very patchy, and show that material has been mostly
swept out of the area by the twelfth hour
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Figure A.18 shows the total integrated dose in the small-bag samplers
over the first twelve hours. The pattern is much smoother than the individual
hours, and indicates the highest doses are to the West of the source. There
are significant surface measurements out to the Northeast, and in virtually
every direction except far to the Southwest.

The doses from the large bags which are spread over a larger area are
also showr in Figure A.18. These results are in general agreement with the
small-bag samples in the very limited region of overlap; they also give a
maximum dose to the Northwest of the source, and very small doses in the
southeastern regions.

Test 6: 1700:7/25 = 0100:7/26:400 1bs/hr.

In contrast to the previous tests, the meteorological situation for test
6 was very simple. For the eight hours of the test release the surface winds
decreased from about 10ms-‘ to Euns'1 but were constant in direction, being
from the northeast. This direction was maintained throughout the night
although the wind speeds continued to decrease. For most of the test,
therefore, conditions were neutral, becoming slightly stable after 2300. The
surface wind patterns in Figure A.19 demonstrate the consistency of the flow.
The tetroon trajectories also show an unambiguous flow direction.

The vertical wind profiles in Figure A20 show that the northeasterly flow
extends up to 1000m above the ground, with a reversal to westerly winds above
2000m. We therefore expect the entire plume to be transported southwest in
this 1000m layer.

The surface doses from the SF6 samplers, Figures A.21-23 confirm our
expectations from the meteorology. All 12 hours show a plume in the southwest
Quadrant, with doses dropping off after the end of the release. The 12 hour
integrated dose consequently shows a strong plume in this direction, Figure
A.24, and the large bag samples confirm it, although they alsc show some

tracer in the northeast,
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Test 6

July 1981 INEL Field Experiment

Vertical wind profiles at the tracer release site
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Test 7: 1300-2100 MDT 7/27/81 4001bs/hr.

In many respects, Test 7 is complementary to Test 5 in that this case
covers the afternoon flow and evening transition to nocturnal flow. Figure
A.25 shows surface wind vectors at three times during the test. The winds at
1300 show a general southerly to southwesterly wind of about 3 ms'1 throughout
the valley. This is the same general flow as in the afternoon period of Test
5, although somewhat reduced in speed. This surface flow pattern persists
until the evening, when nocturnal cooling begins to dominate the winds. The
wind vectors at 2200 show the flow beginning to change; in the upper or
northern part of the valley, winds are reversec as the cold surface begins to
drive a flow down the valley. At this time there is still southerly flow at
the source, but the speed has been reduced. By 0200, the winds have been

reversed throughout the domain, and the general flow is about 2-3 ms.1 from
the North or Northeast.

The tetroon trajectories shown in Figure A.25 alsc help to describe the
flow pattern throughout the test. The early tetroons, set to fly in the
middle of the mixed layer around 1500 m, are swept out of the domain to the
Northeast. Tetroon number 3, released at roughly 1700 MDT, alsc leaves the
domain on the northern boundary around 2200, but later returns with the
reversed flow which presumably builds upward from the surface as well as down
the valley from the North. Later tetroons move up the valley to the
North=Northwest of the release point and do not reverse direction. This is
rather surprising, but apparently indicates that the downsliope wind out of the
narrow valley is either less well-established or is shallower. The latter
seems likely, since the fetch for this flow is much shorter than the larger
scale Snake River valley circulation. Thus it may be that the tetroons [ly
above the downslope wind and continue up the valley.

The vertical structure of the atmosphere is describec by the mixing
depth and stability, and by the vertical wind profiles. The mixing depth is
taken to be 3000 m through the afternoon, collapsing after about 180C down to
400 m around midnight, and then to 200 m after midnight. The stability is A
from 1300 to 1600, going through neutral at 2000, to stability E at 2100.
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Vertical wind profiles are shown in Figure A.26 At 1300 a mixed layer of
2500 m is evident at the tracer release point, with a speec of about & “-1.
and direction changing from southerly at the surface to westerly or
northwesterly at the top of the mixed layer and above. By 1800 MDT, the speed
has increased to 6 ms"'I and the direction is more uniform through the mixed
layer, being southwesterly everywhere. At 2200 MDT, the speed is much higher,
10 ms~| in the lowest 1000 m, while the direction is still south to southwest.
At 020C, the wind below 400 m has reversed as indicated in the surface wind
vectors. The wind changes from 4 ms-’ from the Northeast at 200 m through an
almost stagnant layer at 400 m to 8 ms'1 from the Southwest at 600 m and
above. At this time, we therefore have two streams flowing in opposite
directions with a wind reversal at 400 m.

The deep mixing layer during the afternoon results in generaliy low
surface concentrations throughout Test 7. As in Test 5, the hourly fields
(shown in Figures A.27-29) are very patchy. For the first seven hours, there
is a maximum concentration close to the source, within 3 km say, and regions

o relative

of smaller doses spread throughout the region between 27C° and 120
to the release point. After hour 7, the maximum close to the source begins to
move outward, and disappears after hour 9 because the source is turnec off
after 8 hours. There are still regions of high concentration to the North of
the source up to hour 12, indicating that the tracer is not being swept out of
the domain. This is consistent with the wind measurements which show the wind

reversing arcund this time,

The integrated dose for the first 12 hours, Figure A,30 shows a wide
region of surface impact with a 180° spread about 030°. There is a maximum
close to the source with a peak of nearly 25 ppm.=-sec., an¢ another peak of
equal magnitude roughly 8 km to the North-Northwest.

On the larger domain, the large bag doses, Figure A.3C, show that the
tracer is brought back past the source and taken to the South over the longer
averaging time. The measurements show little variation across the entire
area, with values between 0.3 and 3 ppm.-sec. in almost every sampler.
However, it should be note¢ that the background noise level in the data is
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Vertical wind orofiles at the tracer release site
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July 1981 INEL Field Experiment : Test 8
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vertical wind profiles at the tracer release site
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