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ABSTRACT

Small-scale, topographically forced wind systems often have a strong influence on flow over complex terrain.
A problem is that these systems are very difficult to measure, because of their limited spatial and temporal extent.
They can be important, however, in the atmospheric transport of hazardous materials. For example, a nocturnal
exit jet—a narrow stream of cold air— which flowed from Eldorado Canyon at the interface between the Rocky
Mountains and the Colorado plains near the Rocky Flats Plant (RFP), swept over RFP for about 3 h in the
middle of the night of 4-5 February 1991. It extended in depth from a few tens of meters to approximately 800
m above the ground. Because the jet was so narrow (2 km wide), it was poorly sampled by the meteorological
surface mesonet, but it did prove to have an effect on the dispersion of tracer material released from RFP,
producing a secondary peak in measured concentration to the southeast of RFP. The existence and behavior of
the jet was documented by Environmental Technology Laboratory’s Doppler lidar system, a scanning, active
remote-sensing system that provides fine-resolution wind measurements. The lidar was deployed as a part of a
wintertime study of flow and dispersion in the RFP vicinity during February 1993,

The MATHEW-ADPIC atmospheric dispersion model was run using the case study data from this night. It
consists of three major modules: an interpolation scheme; MATHEW, a diagnostic wind-flow algorithm that
calculates a mass-consistent interpolated flow; and ADPIC, a diffusion algorithm, The model did an adequate
job of representing the main lobe of the tracer transport, but the secondary lobe resulting from the Eldorado
Canyon exit jet was absent from the model result. Because the jet was not adequately represented in the input
data, it did not appear in the modeled wind field. Thus, the effects of the jet on the transport of tracer material

were not properly simulated by the diagnostic model.

1. Introduction

Those familiar with observations of 3D wind fields
over complex terrain are certainly aware that highly
localized, organized atmospheric features can strongly
affect the low-level flow. Because of the limited extent
of these features in time and space, however, few doc-
umented cases of their nature, structure, and behavior
exist. Such features obviously influence the transport
of atmospheric contaminants, but the nature and mag-
nitude of the effects is poorly understood. They also
affect one’s ability to model accurately this transport
over complex terrain.

Dispersion of atmospheric contaminants is computed
using models of varying complexity. It is often mod-
eled as a combination of advection of the contaminants
plus their diffusion. Advection is calculated using a
mean wind field that may be determined by a diagnostic
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model, for example, which interpolates (and extrapo-
lates) among wind observations. Diffusion is deter-
mined by a diffusion algorithm that may be as simple
as a Gaussian plume or puff, or as complex as a fully
stochastic representation, as, for example, a Markov
process.

Determining the fate of hazardous materials released
into the atmosphere is an important application for at-
mospheric modeling. It is crucial to understand how
well models perform, and especially under what con-
ditions they are apt to produce errors. In complex ter-
rain the accuracy of the dispersion calculation depends
critically on the accuracy of the modeled wind field.
As Mikkelson and Desiato (1993) and Hunt et al.
(1991) have pointed out, ‘‘over complex terrain, sim-
ulation of atmospheric diffusion is mainly limited by
the capabilities of the flow models.’” But the advecting
wind field produced by a diagnostic model is ‘‘no more
accurate than the observations used,”” and, “‘if signifi-
cant flow features, such as jets, occur between mea-
surement sites, the predicted transport could be seri-
ously in error’’ (Banta et al. 1993b). Unfortunately, in
complex terrain the advection field often is *‘seriously






