
The ups and downs of chimney plumes 
Fortunately, a parcel of material issuing from a chimney 
tends to disperse rather than hanging together. In this 
way, pollutants can become so diluted in the atmosphere 
that they become essentially harmless. 

Industrial chimneys should be de
signed to be high enough so that the 
emerging plume, spreading out in a cone, 
disperses sufficiently by the time it con
tacts the ground. The phenomenon of dis
persal is a complex one, depending on a 
number of meteorological factors such as 
wind speed, turbulence, inversion-layer 
height, and so on. Physical properties of 
the plume itself, in particular its buoy
ancy (related to its temperature), affect the 
dispersal also. 

And so the question of what is the ap
propriate height for a particular chimney 
is not easily answered. We want to specify 
that the concentration of a pollutant (such 
as sulfur dioxide) should not exceed a cer
tain concentration at given points from 
the chimney. We need a good model of 
plume dispersal to be able to predict the 
necessary chimney height. 

Scientists overseas have used a number 
of models that seem to work out relatively 
well in practice But there is pood reason 

to believe these models do not always 
work very well in Australia. Indeed, last 
year the Queensland. Electricity Gener
ating Board ( Q E G B ) sought help from 
C S I R O because it felt apprehensive in ap
plying conventional techniques to the 
problem of estimating pollutant dispersal 
from its power stations. 

The Board was planning a new 700-
M W power station at Callide in central 
Queensland. This Gallide'B' station, to 
cost about $500 million, would be situ
ated about a kilometre from the existing 
120-MW Callide'A'. 

It was well known that the plume from 
Callide 'A' behaved very differently from 
the ideal of an expanding cone: on some 
days it would l o o p downwards and 
'ground' only 150 m from the 75-m-high 



c h i m n e y . L u c k i l y , the station is situated 
i n a r u r a l v a l l e y , far f r o m h u m a n 
sett lement. 

But the carryings-on o f Cal l ide ' A ' are 
disturbing. S imi lar behaviour cou ldn ' t b e 
tolerated in the n e w p o w e r station, s ix 
t imes larger, and certainly no t in p o w e r 
stations p lanned to be buil t near p o p u l o u s 
areas, s u c h as at G lads tone . 

T h e p r o b l e m is that, at l o w latitudes, 
and part icular ly in win te r in nor thern 
Aus t ra l i a , a t m o s p h e r i c c o n d i t i o n s are 
domina t ed by l o w w i n d speeds and h i g h 
solar input th rough clear skies. C o n v e c -
t ive t u r b u l e n c e b e c o m e s very s t rong , 
l e a d i n g to c o r r e s p o n d i n g l y l a rge u p -
d r a u g h t s a n d , m o r e t r o u b l e s o m e l y , 
downdraugh t s . 

Updraughts make this count ry o n e o f 
the best for g l id ing enthusiasts, but the 
downdraugh t s , m u c h less frequently en
c o u n t e r e d at h i g h e r l a t i tudes , are re
spons ib le for early g r o u n d i n g o f s m o k e 
p l u m e s . In nor the rn Aus t ra l i a , s m o k e 
p l u m e s are frequently seen to l o o p up and 
d o w n as they encoun te r updraughts and 
downdraugh ts . H o w then can this p e c 
uliar behaviour be predicted, and h o w h igh 
mus t a c h i m n e y be? T w o CSIRO D i v i s i o n s 
were able to br ing their expert ise to bear 
o n the p r o b l e m . 

D r Chr is C o u l m a n and his co l l e ague s 
at the D i v i s i o n o f C l o u d Physics agreed to 
fly CSIRO'S ins t rumented Fokker F-27 
aircraft over the Cal l ide area to study the 
structure o f c o n v e c t i v e turbulence. 

M r D a v i d W i l l i a m s o f the D i v i s i o n o f 
P rocess T e c h n o l o g y had been involved in 
a s imilar p r o b l e m at M t Isa for a number 
o f years. T h e empir ica l m o d e l he had de 
v e l o p e d wi th D r John Carras to fit the be 
haviour o f p l u m e s f rom the M t Isa stacks 
s h o u l d w o r k for Ca l l ide as we l l . 

T h e arrangement was for D r C o u l m a n 

Updraughts and downdraughts were 
measured from the Fokker F-27. One 
updraught registered at 7 metres per 
s e c o n d . 

and his team to make measurements o f 
c o n v e c t i v e turbulence in the Cal l ide area 
to de termine whether s o m e sites were bet
ter, or wor se , than others for c h i m n e y 
p l a c e m e n t . M r W i l l i a m s and his team 
w o u l d make bo th airborne and ground-
based measu remen t s o f the d i spe r s ion 
f rom the exis t ing c h i m n e y s at Cal l ide in 
order to see whether their m o d e l c o u l d be 
appl ied to the si tuation, and, if so , to re
fine it wi th addit ional observat ions . 

U p in the air 

D r C o u l m a n took to the air o n 7 days 
dur ing July last year, a pe r iod w h e n c o n 
vect ive turbulence s h o u l d be at its worst . 
Indeed , the aircraft's r ide was very bumpy , 
and at t imes it struck updraughts meas
ured at 7 m per s e c o n d . D o w n d r a u g h t s , 
g e n e r a l l y w e a k e r t h a n u p d r a u g h t s , 
reached a m a x i m u m 5 m per s e c o n d . 

T h e F o k k e r , w i t h its i n s t r u m e n t s 
measur ing convec t ive ve loc i t i e s and sur
face temperature, c r i s s -c rossed an area 
15 k m by 10 k m at var ious altitudes. 

Ter ra in certainly had an inf luence o n 
c o n v e c t i v e tu rbu lence . Cal l ide l ies in a 
val ley, wi th hil ls o n three s ides . W i n d s 
created turbulence over the hi l ls , and also 
gave rise to waves if they were b l o w i n g 
f rom an easterly d i rec t ion . T h i s turbu
l e n c e was in addi t ion to the convec t ive 
kind, w h i c h the researchers found f luc
tuated a lot , s eeming ly at r andom. F ly ing 

How high must a chimney 
be? 

over the same track, they found that strong 
updraughts or downdraugh t s recorded at 
a particular po in t o n o n e o c c a s i o n w o u l d 
quite l ikely have disappeared from that 
po in t o n a success ive fly-over. 

H o w e v e r , they did f ind that updraughts 
tended to p redomina te o n warm, north-
fac ing hi l l s ides , wh i l e ove r L a k e Cal l ide 
the c o o l water resulted in downdraughts . 

Never the less , apart f rom the lake, n o 
area had updraugh t s or d o w n d r a u g h t s 
s t rong e n o u g h or persistent e n o u g h to 
r e c o m m e n d or rule out (respect ively) the 
sit ing o f a c h i m n e y there. 

A l t h o u g h siting near the lake appears to 
be unwise , further study is needed to see 
whether anywhere else o u g h t to be ruled 
ou t for other m e t e o r o l o g i c a l reasons. In 
particular, study o f w i n d - i n d u c e d waves 
in the air is warranted, to ensure that wave 
' t roughs ' f rom prevai l ing w i n d s don ' t co r 
r e spond wi th the site o f a c h i m n e y . 

M r W i l l i a m s and his team also carried 
out a series o f flights dur ing September o f 
last year. T h e i r aircraft, a Beechcraft T w i n 
Bonanza , is fitted ou t wi th sensitive de
tec t ing instruments that can measure very 
smal l amoun t s o f p l u m e material. 

By f lying across the p l u m e , they meas
ured its wid th at var ious dis tances d o w n 
w i n d o f the c h i m n e y . T h e s e measure
ments , c o m b i n e d with ground-based time-
lapse pho tography (yet to be undertaken), 
w i l l be used to de termine whe ther the dis
pe r s ion characterist ics at Ca l l ide are the 
same as those prev ious ly measured at M t 
Isa. 

Over Lake Callide the cool 
water resulted in 
downdraughts. 

T o M t Isa 

T h e coppe r and lead smelters at M t Isa 
have been the subject o f d i scuss ion in 
Ecos be fore . (See Ecos 3 and 19.) T h e 
smelters emi t a c o m b i n e d output o f about 
1500 tonnes o f sulfur d i o x i d e per day, 
a long wi th bo th dust and sulfuric ac id 
mist . A constant m o n i t o r i n g o f the air 
quali ty at M t Isa is mainta ined by M t Isa 
M i n e s Ltd , and if the p l u m e starts de
scend ing over the t o w n s h i p the smelters 
are c l o s e d d o w n — an expens ive under
taking. T h e c o m p a n y has therefore g o n e 
t o g r e a t l e n g t h s t o m i n i m i z e t h i s 
o c c u r r e n c e . 

A t 2 7 0 m , the stack o f the lead smelter 
is the h ighes t in the Sou the rn H e m i -

16 



Mr Williams measuring the dispersal of 
the plume from inside the Beechcraft 
Twin Bonanza. 

sphere. It used to be much lower (74 m), 
too low to prevent frequent shutdowns. 
T h e 153-m-high stack of the copper 
smelter emits two-thirds of the sulfur 
dioxide, and now it is the main reason for 
shutdowns. Doubling the height of this 
chimney has been proposed. Would that 
be worth while? This is where the studies 
of Mr Williams and his colleagues be
come particularly apt. 

During January-March of 1978 and 
1979, Mr Williams' team used time-lapse 
photography to study the behaviour of the 
plumes. They used two cameras — one 
located almost due north of the stacks, the 
other due east, and both about 6 km away 
— which together allowed them to record 
the plume's behaviour irrespective of the 
wind direction. 

Every 10 seconds an exposure was made, 
and this continued for a total of 40 days. 

Since the plume from the copper-
smelter stack is normally the only one vis
ible, most data were obtained on that stack. 
However, with the assistance of Mt Isa 
Mines Ltd, the plume from the 270-m 
stack was made visible for short periods by 

pumping fly-ash into it. Puffs of fly-ash 
could then be seen. 

The behaviour of the plume from the 
lower stack reflected the high convective 
turbulence at Mt Isa. It looped up and 
down according to whether it was en
trained in an updraught or a down-
draught, just like the plume at Callide. 

From the film frames, the scientists 
measured the vertical dimensions of the 
plume. They characterized this measure
ment against the two main determining 
variables: wind speed and time of day (ef
fectively, this latter quantity is a measure 
of the vertical temperature gradient, and 
hence turbulence, since the air heats up 
progressively during the day). Airborne 
and ground-based measurements, the lat
ter in an instrumented four-wheel-drive 
vehicle, were also carried out to deter
mine the amount of horizontal spread of 
the plume. 

From all these data, the scientists' major 
finding was that the plume, while it might 
snake about and appear to behave quite 
erratically, was always contained within 
an envelope of fairly constant shape. This 
behaviour is shown in the diagram, and 
the envelope can be regarded as the 'aver
age' plume. 

The average concentration of any pol
lutant is derived by taking its concentra
tion in the actual plume and calculating 
its dilution when it spreads to fill the en
velope. For example, at a wind speed of 2 
m per second and a distance of 300 m from 
the stack, the peak concentration at the 
ground could be 30 times the long-term 
average. Peak readings occur when the 
actual plume touches the ground. 

Dr Carras of the C S I R O team found a 
fairly simple empirical relation between 
peak and average concentrations, allow
ing a fairly accurate description (and pre

diction) of plume behaviour. Both the Mt 
Isa stack plumes displayed the same re
lation, suggesting that other plumes else
where can be described similarly. 

The new model has shown itself to be 
m u c h better than exist ing overseas 
models, as none of the latter are adequate 
to describe the highly convective condi
tions experienced at Mt Isa. They are 
prone to underestimate the strongest con
centration of pollutants on the ground, 
sometimes by factors of 15 or even 25. 
Similarly, they tend to put the location of 
that concentration at too remote a point 
from the stack — under some conditions, 
23 times too distant. In other words, under 
strongly convective conditions, stacks as 
tall as 270 m can still produce large 
ground-level concentrations at small dis
tances from the stack. 

The C S I R O model can accommodate 
this observation, and the scientists are 
hopeful it will work just as well in de-
scribing the Callide situation. Its use 
should provide predictions of the fre
quency of plume grounding for a given 
stack height. 

Mr Williams and Dr Carras intend to 
take extra ground-based measurements at 
Callide in the near future. These data 
should permit the model to be refined 
further. 

In a collaborative project organized by 
the State Pollution Control Commission, 
Mr Williams and Dr Carras have also in
vestigated the dispersion of the Liddell 
power station plume in the Hunter Valley 
of New South Wales. They found that 
their model gave a better description of 
the ground-level concentration of pollu
tants than the 'standard' overseas models. 

During July of last year they also car
ried out a program of measurements on 
the plume from the Western Mining nickel 
smelter at Kalgoorl ie , W.A. , and the 
analysis of those data is still in progress. 
If their results from Kalgoorlie and Cal
lide turn out to be similar to the Mt Isa 
and Hunter Valley data, then their model 
c o u l d be applied to ch imneys sited 
throughout most of Australia. 

Andrew Bell 

More about the topic 
'A Survey of Convective Structure in the 

Atmosphere Near Callide Power Sta
tion.' C. E. Coulman. ( C S I R O Divi
sion of Cloud Physics: Epping 1981.) 

Observations of near-field plume disper
sion under extremely convective con
ditions. J. N . Carras and D . J. Williams. 
Proceedings, Seventh International Clean Air 
Conference, Adelaide, August 1981. Although the Mt Isa plume loops up and down, for given wind speed and 

temperature it always stays within a definite envelope. 
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It looks like smoke, but it's not 

With a low sun behind the plume on a 
hazy winter's day, an ominous black 

—cloud results. 

Bifurcating plumes. Dr Spillane is 
making a separate study of what causes 
the plume to split in two. 

Irregular winds can cause cloud 'puffs'. 

The plume can look white or black, 
depending on whether it is in direct sun 
or shadow. 

1 8 



W h e n see ing a p l u m e b e l c h i n g f rom a 

power station c h i m n e y , the observer i m 

mediately thinks that the p l u m e is s m o k e . 

Perhaps c o m b u s t i o n in the boi lers is in

c o m p l e t e , or the electrostat ic precipita

tors are not w o r k i n g properly. 

Before the indignant observer r ings the 

loca l env i ronmen t p ro t ec t ion authori ty 

with a report o f the p o w e r utility po l lu t ing 

his envi ronment , he s h o u l d c o n s i d e r an

other possibility: the p l u m e c o u l d be water 

droplets. 

D r K e v i n Spi l lane o f the CSIRO D i v i 

sion o f A tmosphe r i c Phys i c s has m a d e a 

s t udy o f p l u m e s i s s u i n g f r o m M e l 

bourne 's N e w p o r t D p o w e r station. E v e n 

when the station seems to b e d i scharg ing 

a filthy b lack p l u m e that stretches for 

kilometres, the culpri t is o n l y water d rop

lets s een agains t the l i g h t (as w i t h a 

b rooding thunder c l o u d ) . 

Dr Spi l lane has found that N e w p o r t ' s 

p lume can present a remarkable diversity 

o f appearances, as can b e appreciated f rom 

the photographs r ep roduced here. Y e t the 

diversity is due virtually entirely to me te 

oro log ica l factors, c o u p l e d wi th the angle 

o f l ighting. T h e c o m p o s i t i o n and state o f 

the stack gases remain fairly constant . 

N e w p o r t D g e n e r a t e s 5 0 0 M W by 

natural-gas fir ing o f a s ing le boi ler , and it 

d i scharges the furnace gases th rough a 

s ing le 183-m-high c h i m n e y . T h e station 

has n o c o o l i n g t ower s ; sea-water f rom 

H o b s o n ' s Bay c o o l s the condense r s . 

T h e c h i m n e y exhaust conta ins n o par

ticulates ( s m o k e ) so there are often n o v is 

i b l e e x t e r n a l s i g n s o f t h e s t a t i o n ' s 

operat ion — save for c l o u d droplets c o n 

densed in the p l u m e . S l ight variations in 

the temperature and water conten t o f the 

c h i m n e y gases o c c u r , depend ing o n o p 

erating c o n d i t i o n s . T h e gas-to-air ratio 

and f l o w rate o f the exhaust c a n cause the 

temperature at the c h i m n e y ' s out le t to 

vary f rom 120 to 150°C. T h e a m o u n t o f 

water vapour in the exhaust stays c l o s e to 

1 0 - 1 1 % by we igh t . 

I ronical ly , the m o r e efficient the opera

t ion o f the natural-gas boi ler , the m o r e 

frequently wi l l its p l u m e be visible. W h e n 

m a x i m u m energy is be ing extracted f rom 

the gas, the c h i m n e y temperature wi l l be 

at its l owes t and water conten t at its h igh 

est. T h i s is just the cond i t ion that max i 

mizes the oppor tuni ty for the p l u m e to 

b e c o m e vis ib le w h e n it interacts wi th the 

a tmosphere . 

T h e interact ion is obv ious ly affected by 

the temperature and humidi ty o f the air, 

and also by the strength and steadiness o f 

the w i n d . C a n w e predict its o u t c o m e ? W e 

w o u l d like to k n o w whether a p lume forms 

or not and, i f it d o e s , h o w l o n g and w i d e 

it w i l l be . 

Pr ior to the o p e n i n g o f N e w p o r t D , D r 

S p i l l a n e a n d h i s c o l l e a g u e M r C l i v e 

E l s u m deve loped a mathemat ica l m o d e l 

o f the p lume- fo rming p rocess . U s i n g the 

m o d e l , they predic ted the f requency o f o c 

cur rence o f vis ible p l u m e s , and their size. 

T h e a c c o m p a n y i n g bar chart shows the 

n u m b e r o f days per m o n t h w h e n a v i s ib le 

p l u m e shou ld o c c u r . T h e figures e x c l u d e 

m o r n i n g s o f f o g , or t imes w h e n the c l o u d 

base is b e l o w the c h i m n e y top . 

T h e chart shows that during a c o o l damp 

Vic to r i an winter , p l u m e s shou ld be vis

ible o n half the n u m b e r o f days. D u r i n g 

s u m m e r , howeve r , p l u m e s shou ld rarely 

be seen . 

D r Spi l lane c o n f i r m e d the validity o f 

h is pred ic t ions dur ing a p rog ram o f o b 

servations o f N e w p o r t D . H i s m o d e l has 

a lso p roved successful in desc r ib ing the 

effects o f c o o l i n g towers at Y a l l o u r n in 

the Lat robe Val ley . P l u m e formation from 

p r o p o s e d p o w e r stat ions c o u l d a lso be 

predic ted . 

A l t h o u g h s o m e o f the N e w p o r t p lumes 

are spectacular , D r Spi l lane predicts that 

those emanat ing f rom the h u g e L o y Y a n g 

p o w e r station, under cons t ruc t ion in the 

La t robe Va l ley , may o n o c c a s i o n s be such 

as to be tourist attractions. 

F o o t n o t e : a s t range p h e n o m e n o n , a 

split t ing o f the p l u m e in t w o , is s o m e 

t imes observed at N e w p o r t (one o f the 

pho tographs s h o w s it). T h i s bifurcation, 

w h i c h the m o d e l did not predict , forms 

t h e s u b j e c t o f a n o t h e r s t u d y b y D r 

Spi l lane . 

' C l o u d Ef fec t s E x p e c t e d i n C h i m n e y 

P l u m e s f rom N e w p o r t D P o w e r Sta

t i o n . ' S c i e n t i f i c R e p o r t 5 0 / 8 0 / 2 3 . 

K . T . Spi l lane and C . C . E l s u m . (State 

E lec t r i c i ty C o m m i s s i o n o f V i c t o r i a : 

M e l b o u r n e , in press.) 
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