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griven turbulence influences the diffusion

. pates (Fosberg 198la, Guidiksen et al, 7984), The
use of simple dispersion modele in drainage
flows 1= not satisfactory because of complex
yind patterns and altered diffusion rates,

This paper describes the use of two
simulation models to study dispersal processes,
s three-dimensional wind model to identify
wind patterns in drainage flows, and a
three-dimensional dispersion model to predict
trajectories and diffusion.

pData used to test the two models were
from the U,8, Department of Energy Atmospherie
studies in Complex Terrain (ASCOT) study at

the Geyser's Geothermal Area of northern California

(rig. 1) and in particular, the wind and tracer
gas data from Experiment Y4 (Hosker 1983).

WIND MODEL

The wind model is an objective analysis
model in which mass, energy, and momentum
conservation are imposed on the spatial variations
of the interpolated data (Fosberg 1984b).
Success with objective analysis wind models
in complex terrain (Sherman 1978, Davis st
al. 1984) encouraged us to try such a model.

One drawback of such models, however, was

that momentum was not included in the solution.
As a result, we chose to introduce momentum

into the ATMOS-1 (Davis et al. 1984) model

by using a mountain wave, momentum transport
solution developed by Crapper (1059) and adapted
to numerical metheds by Onishi (1969). This
particular approach introduced vertiecal motien
explicitly into the calculation. The vertical
motion from the Onishi (1969) solution contains
the momentum information, The adjustment

of the interpolated horizontal winds and the
calculated vertical motion was to ensure that
the solution was mass conserving. Terrain
following coordinates were used in the solution,
Also, compressibility was introduced,

The first unadjusted interpolation used
a distance squared weighting procedure (Goodin
et al, 1979, 1980). Interpolation of upper
alr data to individual gridpoints was accomplished
by first caleulating the vertical derivatives
of wind and temperature, interpolating the
derivatives, and then integrating from the
surface to the top of the model. Vertieal
variations of wind and temperature are much
larger than horizontal variations. This procedure
Preserved that variation in the data field.

For these calculations, a 500-m grid spacing
was used in both the east-west direction and
in the north-south direction. The horizontal
array size was 15 points north-south and 22 pointa
east-west. These solutions were for a 72-level
model with grid spacing in the vertieal of
100 m,

Results obtained by using the wind model
were compared to both data (Clements et al. 1983)
and a primitive equation model (Yamada 1981,
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1983). Clements et al. (1983) used wind
profilea obtained by tethersondes in the
Anderson Creek drainage (fig., 1) to caleulate
a two-dimensional stream function from the
observed wind sheer, Yamada's (1981) model

is a fully three-dimensional hydrostatie,
primitive equation solution with a second
moment closure of the turbulent kinetic energy
equations, These two models represent the
generdiec class of highly simplified solutions
and of the most complicated modeling approaches,
These comparisons were made to determine

if the model results reproduce the observations
with some degree of fidelity, and to determine
the significance of the physical relationships
simulated in the model (Pielke 1084).
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FIGURE 1.--Anderson and Putah Creeks
are located in the Geysers area, in northern
California. Location of s0lid dots show
surface stations, open cirecles show tethersonde
locations, and X shows the Thorne 7 and Unit
19 sites. A-A and B-B refer to the vertical
cross sections in other figures.

Results from this comparison were depicted
in vertical cross-section format, Two vertical
cross sections were used: the first was
along the transect A=A (fig, 1) and follows
the Anderson Creek drainage; and the second
was along transect B-B (fig. 1), and roughly
follows the Putah Creek drainage. Differences
in the terrain features along the cross sections
are a result of the numerical smoothing uszed
in the models.

The modeled winds for Anderson Creek
(fig. 2) showed strong westerly winds across
Mayacmas ridge and down canyon for a short
distance. The model also showed that the
flow in Anderson Creek rose up and over Putah
Creek. Clements' and Barr's (Clements et al.
1983) two-dimensional calculation of the
stream function from tethersonde data (fig. 3)
showed an area of shallow upslope recirculation,
within a few kilometers of the ridge, A
region of upward motion was calculated in
the simple solution above Unit 19 and
Thorne 7 and downward motions over Harbin
Springs. Except for the recirculation area,



the two figures correspond to each other.

In particular, the strong flow across Mayacmas
ridge and the downstream wave structure are
present in both results. The recirculation

in Clements' results does not show in the

surface data. The winds from the two tethersondes
in the recirculations, namely Unit 19 and

Thorne T, show very light winds, suggesting

that this may be an area of calm winds, rather
than recirculation.
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FIGURE 2.--Vertical cross section of the
modeled winds above Anderson Creek at 2300 PST,
September 19, 1980. The cross section is
designated by A-A in fig. 1.
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FIGURE 3.-~Two-dimensional stream functions
caleculated from tethersonde data for approximately
the same cross section as in fig. 2 (Clements
et al. 1983).

A comparison of the results with those
obtained by Yamada (1983) show that the models
produced much the same pattern. His results
(fig. 4) place the region of upward motion
to the east of Putah Creek and do not show
the return flow over Harbin Springs. Otherwise,
the two solutions are remarkably similar.
Comparison of the cross sections along Putah
Creek also show such similarity. The cross
section for this model (fig. 5) showed strong
downslope wind past Larry's Cabin, downslope
flow from Bear Canyon, and ascending air over
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FIGURE }.--Vertical cross section of
the model winds above Anderson Creek (Yamada
1983).
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FIGURE 5.--Vertical cross section of
the model winds above Putah Creek at 2300
PST, September 19, 1980. 'This cross section
is designated B-B in fig. 1.

Anderson Creek. A comparison of these results
with those of Yamada (fig. 6), showed that

the differences are in the location of the
circulation center over Putah Creek. The

wind model placed the center 400 m above
ground over the small ridge, while Yamada's
solution placed the center 200 m above ground
over Anderson Creek.

TRAJECTORY AND PUFF DISPERSION MODEL

To sort out the significance of the wind
model results, I used the mass consistent
wind field to ealculate trajectories of airflow.
A trajectory calculation integrates the wind
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FIGURE 6.-~Vertical cross section for
the Yamada (1983) model corresponding to 5.

along a path. Significant deviations of transport
time and trajectory between models and actual
data are cumulative, and as a result, model
departure from reality shows accumulated error.
If the modeled trajectorlies show departure

from measured trajectories, then the wind
model would lack credibility. If, on the

other hand, the model produces a high degree
of correspondence with both data and results
from more complex models, the trajectory model
could be accepted as useful and reliable.

The trajectory calculation is based on
moving a marked particle through the
three-dimensional wind field. The vectors
describing the path of the particle are defimed
by:

% 2
f dp = I v dt (1)
P t

in which the veloecity vector 12 V = ui + vj

+ wk, and where u is positive in flow moving
toward the east, v is positive in flow moving
toward the north, and w is positive moving
upward.

In this solution, the wind model was used
to define the three~dimensional wind field
at nodal points. As a result, the solution
of Eg. (1) was transformed to

Jrn +0x =X o, +0X it (2a)
Ror & &
T, + Sy =Y v VY t (2b)
Z +%2 =% + W2 6t (2e)
n n=1 n

in which, U, ¥, and & are the wind components

in the x, v, and z directions at the point P.
They are obtained from linear interpolation

of the wind components at the surrounding

grid points. To provide a smooth path, the
numerical value of §t was determined by dividing
the minimum spatial separationsz of grid points,
in this case 100 m, by the maximum value

of the windspeed. The ot was then divided

by 100 to provide a smooth trajectory.

Diffusion about the trajectory was calculated
with a reflective boundary Gaussian puff

2 2 2
QT x' +y' «z!
K= m———————————— BYP[=1/2f == — 3)
3/2 :Ixz o 2 Uz2 )
L (2m) Ux?yﬁz y

in whieh x', ¥', and z' are the distances

from the centerline of the plume, The dispersion
coefficients, 9, Oy, and 9 are from Turner
(1970), 1In this soiubion, Oy and Oy are

equal. The emission rate Q i1s corrected

for upwind lateral depletion by the transport
time T and the integrated path length L.

Results of this simple dispersion model
were compared to actual data—the SFg tracer
gas release from Larry's Cabin in Putah Creek
(fig. 1)--and to the results from Lange's
study (1983) by using the MATHEW/ADPIC models.
Comparison of the modeled trajectory and
resultant ground level concentration of SFg
released from Larry's Cabin (fig. 7) placed
the trajectory somewhat closer to the Boggs
Mountaln side of Putah Creesk than was observed
(Guidiksen et al. 1984) in the data, The
modeled concentrations of SFg in PPT showed
near centerline ground level concentration
consistently within a factor of 2 of those
observed, a ratio generally considered to
represent an acceptable solution (Fox 1981).
In the particular example illustrated (fig. 7).,
the results were within 30 percent of those
observed. The modeled plume showed ground
level concentrations to be higher on the
Bogga Mountain side of the plume than on
the west side (Anderson Creek side), reflecting
the fact that the trajectory placed the plume
closer to the slope on the Boggs Mountain
side. This pattern is evident in the profile
of concentrations along the cross-section
A-A (fig. 8), and is consistent with the
pattern of Larry's Cabin tetroon releases
(Fosberg 1984a),

Comparison of the MATHEW/ADPIC model
results (fig. 9) (Lange 1978, 1983) with
these results (fig. 8) show marked similarity.
In both cases, the Anderson Creek plume rose
up and went over the top of the Putah Creek
plume. In this solution, the Putah Creek
plume is in PPT of SFg and the Anderson Creek
plume is expressed in arbitrary units with
a near source concentration of 1000 units m-3,
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Use of a normalized concentration in Anderson
Creek was chosen in order to compare these
results with those given in Guldiksen et al.

(1984).

SIMULATION OF PRESCRIBED FIRE SMOKE PLUME

These models were usad to simulate a smoke
plume from a prescribed fire on Ford Flats, an
area covered by a pine forest with trees about
20 m tall, and ecrown closure of at least
- 50 percent. For this simulation, the postharvest
| fuel loading was assumed to be U4 tonnes hectare~l,
| the fire size, 5 hectare for an emission rate
| of 200 gm sec~! of particulate matter. TIn

this simulation, only particulate matter was
considered. This simulation covered only

the flaming stage of combustion. The emission
figures are an average from the study by Sandberg
et al. (1978) and do not represent a specific
fire,

The horizontal path of the smoke plume
paralleled that of the SFg plume from Larry's
Cabin, but had a much different path vertically
(fig. 7). In particular, the smoke plume
rose up over the Putah Creek plume and took
a vertieal path similar to that of the Anderson
Creek plume (figs. 9, 10). Vertiecal
distribution of particulates along the plume
centerline (fig. 10) showed that little material
reached the ground.
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FIGURE T.--Simulated trajectories from
Larry's Cabin (dotted line) and Ford Flats

(dashed line). Tic marks indicate position
at 10-mimute intervals., Light contours are
aimulated SFg concentrations.

CONCLUSIONS

A comparison of the wind model with both
data and Yamada's model showed similarity
of results in the large scale features.
model reproduced the recirculation region
in Anderson Creek, The wind model properly

Neither
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FIGURE B.--Vertical cross section of
modeled concentrations from SFg release (solid
lines) and normalized perfloricarbon release
(dashed lines). The cross section is designated
A=A in fig. 1.
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FIGURE 9,-~Vertical cross section of Anderson
and Putah Creek plumes from Lange (1983),

depicted the flow above Anderson Creek rising
up and over the flow down the Putah Creek
drainage. The model results differ somewhat
from Yamada's solution in that they placed
the region of upward motion further west.
Both models showed that strong down canyon
flows were produced near Larry's Cabin in
Putah Creek, but they differed in the location
of the eirculation center. Our solution
placed the center higher above ground and
further upstream.

Results using the dispersion model were
compared with those of a study using tracer
gas in the Putah Creek drainage and with
those from application of Lange's model.
Correspondence with the tracer gas data and
with Lange's model was good, producing not
only the same pattern, but also numerieal
results that were within a factor of 2.
These results suggest that the trajectory
calculation ia the most significant factor
in plume modeling in complex terrain, and
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FIGURE 10.-~Vertical profile along the
trajectory of particulate concentrations
( gmm~) from the simulated fire at Ford
Flats.

that turbulent diffusion can be parameterized
with a Gausian puff. This conclusion is clearly
demonstrated by the fact that the Anderson

and Ford Flat's plumes rose up and over the
Putah Creek plume.

ACKNOWLEDGMENT,-=I thank Dras, Barr, Yamada,
and Lange for permission to use their figures
in this paper. This research was supported
in part by U.S. Department of Energy Contract
DE-AP-03-80-DF-11331.

LITERATURE CITED

CLEMENTS, W. E., S. BARR, P. GUIDIKSEN, T. HORST,
and C, NAPPO. 1983. Physical Concepts. P, B3-185
in Atmospheric Studies in Complex Terrain.

M. H, Dickerson and P, H, Guidiksen, eds,
University of California UCID-1985. Techniecal
Progress Report FY 1979 through FY 1983. 102 p.

CRAPPER, G. D. 1959. A three-dimensional solution
for waves in the lee of mountains. J. Fluid.
Mech, 6:51=76.

DAVIS, C. G., S. S. BUNKER, and J. T. MUTCHENER.
1984, Atmospheric transport model for complex
terrain. J, Clim, and Appl. Meteor. 23:235-238.

FOSBERG, M. A, 1984a, Transport and diffusion
in the transition and planetary boundary
layer for drainage flows in Anderson and
Putah Creeks, California, during ASCOT 1980.

J. Clim., and Appl, Meteor. 23:B12-822,

158

. 1984b, A diagnostic
three-dimensional mass and momentum conserving
wind model for complex terrain, P. 14-16
in Conf. Vol, Third Conference on Mountain
Meteor. American Meteor. Soc., Boston,

FOX, D. G. 1981. Judging air quality model
performance. Bull., Amer. Meteor. Soc.
62:599~609,

GOODIN, W, R,, G. J. MCRAE, and J. SEINFELD.
1979. A comparison of interpolation methods
for space data: application to wind and
concentration fields, J, Appl. Meteor.
18:761=TT71.

GOODIN, W, R,, G. J, MCRAE, and J. SEINFELD.
1980. An objective analyais technique for
constructing three-dimensional urban scale
wind fields. J. Appl. Meteor. 19:98-108.

GUIDIKSEN, P. H., G, J. FERBER, M. M, FOWLER,
W. L. EBERHARD, M. A, FOSBERG, and W. R. KNUTH.
1984, Field studies of transport and dispersion
of atmospheric tracers in nocturnal drainage
flows. Atmos. Environ, 18:713=731.

HOSKER, R. P. 1983, Physical measurements
in ASCOT, P. 7=81 in Atmospheric Studies
in Complex Terrain, M. H. Dickerson and
P. H. Guidiksen, eds. Univ, of Calif., Lawrence
Livermore National Laberatory UCID-1985.
Technical Progress Report FY 1979 through
FY 1983. T4 p.

LANGE, R. 7978. ADPIC - A three-dimensional
particle in cell model for the dispersal
of atmospheric pollutants and its comparison
to regional tracer studios. J. Appl. Meteor.
17:320-329.

LANGE, R. 1983, Three-dimensional mass
conservative transport and diffusion model.
P, 299-308 in Atmospheric Studies in Complex
Terrain, M. H. Dickerson and P. H. Gudiksen,
eds. Univ., of California UCID-1985. Technical
Progress Report FY 1979 through FY 1983. 9 p.

ONISHI, G. 1969. A numerical method for
three-dimensional mountain waves. J. Meteor,
Soc. of Japan. 47:352-359,

PIELKE, R. A. 1984, Mesoscale meteorological
modeling. 612 p. Academic Press, New York,

SANDBERG, D, V., J. M, PIEROVICH, D. G. FOX,
and E. W. ROSS. 1978. Effects of fire on
air. USDA Forest Service, Gen. Tech. Report
WO=9, 40 p.

SHERMAN, C. A, 1978. A mass consistent model
for wind fields over complex terrain. J. Appl.
Msteor. 17:312-319.

TURNER, D. B. 1970. Workbook of atmospheric
dispersion estimates. Office of Air Programs
Publication No. AP-46 US SPA, Government
Printing Office, Washington, D.C. 84 pp.

YAMADA, T. 1981. A numerical simulation of
nocturnal drainage flow. J. Meteor. Soec.
of Japan 59:108-122,

YAMADA, T. 1983. Three-dimensional second
moment turbulence closure model. P. 260-271
in Atmospheric Studies in Complex Terrain.

M. H. Dickerson and P. H. Guidiksen, eds.
University of California UCID-1985. Technical
Progress Report FY 1979 through FY 1983. 16 p.






