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ABSTRACT

Katabatic flow from Coal Creek Canyon often
affects the region that includes the Rocky Flats Plant near
Denver, Colorado. The flow from the canyon enters a wide,
gently sloping plain approximately 5 km upwind of the
plant. Measurements of this flow are combined with a
theoretical analysis that describes the dimensions and
strength of the flow across the plains as a function of
downwind distance from Coal Creek.

INTRODUCTION

The Atmospheric Studies in COmplcx Terrain
(ASCOT) program has been actively studying katabatic
flow in valleys, primarily in the western United States, for
more than a decade. In the autumn of 1990, ASCOT
established a network of seven towers near the Rocky Flats
Plant (RFP), located northwest of Denver, Colorado, at the
eastern edge of the foothills of the Rocky Mountains. The
objective of the network is to characterize the katabatic flow
emanating principally from Coal Creek Canyon, located 5
km southwest of RFP, and the fate of the flow in the
adjacent plains. Of particular interest is the possible affect
on the Denver metropolitan area of air pollutan: emissions
from RFP in drainage conditions. In November 1990 we
augmented this network with a remote, continuously
operated minisodar (Coulter and Martin, 1986) located at
the mouth of Coal Creek Canyon. Later, a second
minisodar was placed east of RFP by Pacific Northwest
Laboratory (PNL).

The tower-minisodar'network provides continuous
wind, temperature, and net radiation data that are used as the
basis for model development and to provide a context
within which intensive experiments can operate. The
Argonne minisodar is located approximately 0.5 km inside
the mouth of Coal Creek Canyon, on the canyon's
centerline. The floor of the canyon is approximately 1 km
wide; its steep sidewalls rise 500 - 600 m. To the west the
canyon makes several turns as it proceeds toward its origin
near the Continental Divide. The plains to the east begin
abruptly at the canyon mouth. The minisodar antenna is
located in a pasture, approximately 200 m from the main
road. A network tower located within 50 m provides
supporting data on temperature, wind, wind direction, and
net radiation.

During February 1991, the network was augmented
with a lidar, tethersondes, and airsondes operated by others
(Los Alamos National Laboratory, PNL, the Wave
Propagation Laboratory, and the Atmospheric Turbulence
and Diffusion Division of the National Oceanic and
Atmospheric Administration); simultaneously, Argonne
used a portable minisodar to measure vertical wind profiles
at several locations throughout the area (Figure. 1) during
nighttime when katabatic flow was dominant. These
measurements provide the means for describing the flow
from Coal Creek Canyon and its evolution on the plains
immediately surrounding RFP.

Figure 1. Locations or towers (I) and stationary sodars (CC, BR) and
alternate locations of portable minisodar (R#) during intensive campaign
in February 1991. Lidar was located al R2. Additional towers arc
located off the map to the west. Stippled area is Coal Creek outflow
region.
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The prc(ioniin;mi feature of the flow within Coal
Creek Canyon is the wind speed maximum, or jet, that is
characteristic of the near-surface, katabatic flow in a valley
during nighttime. The frequency of significant katabatic
flow is shown in Figure 2. We note the preponderance of
"good" drainage conditions in August and September, when
clear skies allow rapid nocturnal surface cooling; however,
these conditions are frequent throughout the year. Figure 3
illustrates the distribution of the height and speed of the jet.
Coulter and Martin (in press) discuss the details of these
distributions, the apparent bimodality in the height of the
jet, and a seasonal bimodality in the strength of the jet that
is not apparent in the annual distribution.
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Figure 2. Annual distribution of "good" drainage nights in Coal Creek
Canyon. Distribution is derived solely from minisodar dala thai shows a
well defined velocity maximum below I20 m. Dala arc missing Tor 21
days of July and 16 days of October.

Figure 3. Distribution of height and maximum speed within the drainage
(low in Coal Creek Canyon derived from 15 months of data (1 hr
averages).

THE COAL CREEK "PLUME"

The flow emanating from Coal Creek Canyon
immediately to the southwest of RFP can be expected to
change its character significantly as it enters the plains. We
can develop functions that describe the morphology of the

katabatic flow over the plains (the "plume") from Con I
Creek Canyon, if we treat the flow as a continuous plume of
cool (dense) air whose dimensions vary as a function of
distance downwind of the canyon mouth. Consider the
plume to have a rectangular cross section of height z and
width y. The mass, M, in a unit length Ax is then

M = pyzAx, (1)

where r is the density of air. We will consider two simple
cases.

Case 1: (dM/dt i = 0. This is a limiting case in which the
cross section of the plume (A = yz) does not change, i. e., no
entrainment of ambient air occurs, then

1 dM dz dy n

= v— + z— =0;
pAx dt ' dt dt

dz_

' dt dt z0
(2)

where zo and yo are the defined height of the drainage flow
and the width of the canyon mouth. This is an almost trivial
result, predicting that as the plume spreads horizontally, its
depth must decrease. In reality, the high-speed air exiting
Coal Creek Canyon will entrain ambient air as it moves
across the plain. We therefore examine a second case.

Case 2: (dM/dt > OV Here the mass in the plume grows
because of entrainment as the plume velocity decreases. We
assume that (dp/dt) can be -neglected as entrainment of
lower density ambient air is roughly balanced by adiabatic
compression. Let v represent ithe speed of the plume in the
outflow, x, direction. Then,

\dM
p dt

dv

A dz . dv
= yAx— + zAx—

dt dt

dz dv
i— + z—
dt dt

\dz _ \dy dv
z dt y dt dx

Let — = V2 - V] = - a , i. e., the velocity decreases
dx

(3)

as x increases. Then

, — = 2ke» (4)

Now let us further assume that the loss of momentum, p.
from surface friction is balanced by the gain of momentum
from the increasing mass. Our simplified plume system
thus conserves momentum, p, which can be written as



Idp _ d(yz(Ai)v) _ -

p dt dt

= yz(Ax)— + yv(Ax)^+zv(Ax)^, (5)
dt dt. dt

d(ln v) + d(ln z) + d(ln y) = 0
and

(6)

But,

The plume speed must decrease as ambient aiv with
zero initial velocity is mixed with the plume. We will
assume an exponential decay of the plume speed with
distance:

plume jet speed, assumed to be representative of average
plume speed, on distance downwind, from which values for
k could be estimated; these values were then used in (12) to
predict plume depth.
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Figure 4. Variation or jet speed as a function of distance from Coal
Creek. Points arc measurements; iines'arc Equation (9) with different
values of k.

Figure 5 compares the predicted plume dimensions with the
measurements.

dx 1 kx .
— = —e**dx
V Vj

(10)

Thus

v0

I (11)
and

In this case the downstream relationship between the height
and width of the plume depends on the distance downwind;
the height of the plume falls off less rapidly with distance
than in the initial case .because of the exponential term in
equation (12).

Measurements suitable for testing this relationship
were made on the nights of February 4-5 and February 6-7,
1991. Minisodar measurements at locations R6 and R7
(Figure 1) were combined with tower measurements at RS
and at RFP to estimate z, which was defined as the height of
the wind speed maximum. Values for the width of the
plume were estimated from observations that the plume did
not appear to impact both RFP and RS simultaneously,
although it did affect R6 and cither R5 or RFP
simultaneously. Thus, a value of y = 4 km at a distance of 4
km downwind from Coal Creek was linearly interpolated to
yo at the mouth. Figure 4 illustrates the dependence of
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Figure S. Predicted (lines) and measured values (from February 4-5 and
6-7, 1991) of drainage flow depth in the outflow region of Coal Creek .

The values at distances of 4.2 km and 5 km correspond to
site R5 and RFP, respectively, which are probably at the
edge of the plume, and appear to be well under the predicted
value. However, the model developed above assumed a
constant depth of the plume with cross-wind distance; in
reality the depth should decrease toward the edges.

CONCLUSION

Equations 9-12 are useful tools for comparison of
data from this field study. Further terms need to be included
to estimate loss of mass and/or momentum from the plume
due to surface friction and entrainmem at the edges. Values
for the horizontal spread will be estimated from the
minisodar estimates of variance of the cross-wind
component at the mouth of Coal Creek and at sites R7 and
R6. Continued analysis of the network data, particularly
tower data from RS and RFP, will be particularly useful in
determining the horizontal diffusion component.
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