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Summary 
Very buoyant plumes generally experience good dispersion but can, in some 

circumstances, affect aviation safety. Large in-plume vertical velocities can occur in 
calm conditions with minimal wind shear. Recent civil aviation guidelines seek to 
restrict the horizontal or vertical extent where average in-plume vertical velocities 
exceed a threshold that can threaten aircraft performance or structural stability. Key 
plume calculation procedures require adequate predictions or measurements of 
vertical profiles of wind and turbulence parameters. The TAPM scheme proves 
useful but requires additional features for complex source geometry. A hybrid 
approach overcomes most of these limitations, whilst treating the initial plume 
development in more detail. Design issues for typical stack configurations are 
discussed. 
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1. Introduction 
Over the past 25 years, considerable laboratory, field 
and theoretical work has been undertaken on the 
dispersion of very buoyant plumes from industrial 
sources. Such sources have traditionally included 
single or multi-flue stacks for major power stations, 
cooling towers and gas turbine generating plants where 
large volume flows, together with high exit 
temperatures, produce some of the highest buoyancy 
fluxes for normal power station configurations. With 
the increasing emphasis on gas and similar alternatives 
for power generation and the recent consideration of 
stack-in-tower configurations for locations where dry 
cooling is preferred, highly buoyant plumes are 
becoming the rule. In addition, industrial flares or 
unintended releases from pressurised pipelines can 
yield plumes with large momentum and/or buoyancy 
fluxes and may have structures approximating line or 
area sources. Recent dispersion analyses (Weil et al 
2001) have shown that very buoyant plumes can 
readily interact with the overlying inversion and have 
plume spread dominated by buoyancy for most of the 
near-field. Plume rise and spread descriptions may 
need to be revisited. 

High buoyancy plumes can, however, give rise to 
other problems that may require addressing in 
environmental impact assessments. High buoyancy 
plumes rise quickly and have significant in-plume 
vertical velocities. Should the facility be close to local 
airfields or aviation transport routes, any aircraft 
encountering the buoyant plumes may experience 
sufficient vertical uplift and turbulence to cause some 

temporary disruption to the manoeuvrability of aircraft, 
especially light commercial (rather than jet) aircraft. 

There are no publicly-available field studies that 
document the decline of in-plume velocities with 
plume travel time for a variety of conditions necessary 
to produce validated modelling schemes. Various 
experimental and theoretical work was conducted 
around open-cycle and combined-cycle gas turbines at 
Kuala Lumpur, with field measurements taken for 
stack-top windspeeds in the range 2-8 m/s (but not for 
calm conditions). The Cessna aircraft used (Flinders 
Institute for Atmospheric and Marine Sciences) was 
fitted out to measure turbulence and air quality 
parameters as well as aircraft variables. The 
unpublished results showed a strong decrease of in-
plume vertical velocities with windspeed and height, 
core vertical velocities a factor of approximately 2 
greater than plume-averaged values and significant 
influences on aircraft handling for near-instantaneous 
(~ 1 sec) exposures to strong plume velocities, 
especially if encountered by surprise. 

The importance of vertical motion in causing 
aviation problems is better documented by the number 
of light aircraft incidents reported during strong 
convection in Australia (Spillane and Hess 1988). 
During extreme events, naturally-occurring vertical 
velocities can reach 8 m/s. 

The current studies were conducted for an 
environmental impact assessment of a 700 MW open 
cycle gas-fired turbine near an army aviation centre at 
Oakey in southern Queensland. Previous studies by 
Spillane (1980) on moist plumes were adapted to treat 
buoyant plumes from closely located sources in calm 
and low windspeed neutral conditions (Katestone 
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