
Tracking plumes in the sunshine 

MAGINE watching puffs 
o( s moke as they sna ke 
away from a n indus trial 

<"himn<'Y· Our eyes te ll us 
tha t the ~mt)ke plunll' w id ens or1 tl 
disper::.e::. ::.oon ~fte r emt'rging, 
even tu a llv to d iS<J ppea r from \'iew. 

Bu t whNe has it gone? Up or 
down, to the left or right? Will it come 
to g ro und nea rb y, o r hund red::. of 
ki lometres away? How concentrated 
wi ll the pollutan t ~ bt.• wlwn this 
groundjn)\ occur::., a nd how long will 
they remain there? 

Gases and fi ne particles from 
power st.llions may travr;> l sornt> 
d i5tanct.• before the ir concentrations 
merge into the background. 
depending on the t}'l'e and strength of 
en,ission, the natura l fea tures over 
w hich the plume passes. and the 
prevail ing weather cond itinns. 

ln s l<tb le conditions, which ofkn 
occur at night, plumes spread Little in 
the vertica l because there is little 
turbulence in the a tmosphere. As a 
re~ult, pollutant~ are transported far 
from the ir sou rce of e mission a nd 
when there arc no hills around a rc 
unlike ly to conw to ground . But 
during daytime, he a Ling of the sun 
causes that a tmosphere to behave like 
a giant mix-master, mixing Lhe ai r in 
large cddi~s. 

If p lumes are caught in the g rip flf 
~trong, descending con vection 
current~. they m~y rc<1ch tht.• g round 
too soon, causing the plume to g round 
just a few kilometres from the 
chimney, before the emiss ions have 
mixed w ith the a tmosphe re . Local 
pollutant concentrations may the n 
e~cecd dr.>s ir,lblc levels, spMklng thri' 
need for cos tl y 'add on ' emission 
controls. VVhether or not this occurs at 
a pa rl icu la r ~ile depends o n loca I 
f,1c1ors. 

Con vec tive air rnoven1ent is 
comrnon in AuslraJia's \ Va rn1 cl irnates, 
ilnd can give rise to h ig h con­
centrat io ns of pollutants at grou nd 
lcvr;> l. We must unders lant.l this 
process, bccau::.e it affects the q uality 
of the air we brea the. 

With an unders ta nding of con­
vect ion a nd p lumt.• dispc r<ion under 
different cl imates and terr;~ ins, models 
can be produced that predict w ith 
greater accu racy the best site for new 
power sta tions or indush·ies. 

Scientists fro m CSIRO have for a 
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Top: In stable condllions, plumes spread very lltlle In the vertical because there is lillle 
turbulence in the atmosphere. As a result, pollutants are transported far from their source of 
emission and when there are no hi lls around are unlikely to come to ground. 

Above: In convective conditions, the atmosphere behaves l ike a giant mix-master, mixing the air 
In large eddies. With an appropriate understanding of convection and plume dispersion under 
different climates and terrains, models can be produced that predict the best site for new power 
stations or industries. 

number of year5 ass is ted power­
gcrwrating au lhorilies by car·rying uut 
research into the d i spe r~ion of 
chimney plumes, thei r fate nnd their 
environmenta l impact. 

John Carras .1nd David Will iams 
from the Division of Coal and Energy 
T"'ch nology al NMth Ryde in New 
Sou th Walcs use >opccia ll y-equippcd 
ai rcraft to nH?asu re p lun1c::. ovL'r 
distances of up lo 120 kilometres from 
power sta tions. 

Sulfu r dioxide, nitrogen o~ide$ 
a nd fi ne parlicu lales are measured 
and predictions rnack· .1s to the rates t'lf 
chemical tran,fo rmatiorb lh~ t might 
occur (such as nitric oxide to n:itrogcn 
d ioxide and su lftrr' dioxide to s ulfate). 
Concurren tl y, lime-lapse photngt·a phy 
records the horit.onlnl and vt•rtic.l l 
movement of the visible p lume. 

Carras. a physicist, and Will imns, 
an a tmospheric chemist. teamed up in 
the la te 1970s 10 study s ul fur dioxide 
oxidation and plume dispers ion from 

Mt lsa' s copper and lead ::.rnelters. 
Since then they have spent countless 
hours measur·ing and interpreting thC' 
bchuvk>ur of plume emissions. 

Work ln the Hunter V:~ ll ey and 
Centra I Coast region (>f New South 
Wales, a major power-gcner~ting site, 
has s hown how plumes from power 
stations merge and behave as a single 
p lume, ilnd how co,1sta l wea ther 
cond itions e<rn signi fi c~ntly affect 
plume behaviour. 

Carras says the a tmosphere b 'il 

complex animal'. A description of one 
of thei r field s tudies to track plume 
dispcr·~ion ind ica tes just how difficult 
thb 'animal' can bt" to characterise. 

At the coalface 
CaJTas and Williams joined ~ci.,ntists 
from the CSIRO D iv i ~ i o r1 of 
Atmos pheric Researd1 a nd Ccnb·t· for 
En vironme n ta l lVIecha nics, the 
QucCn$la nd Electricity Commission 
and Fl indcrs Universi ty to colk'<'l a ~d 



~·f d.tt.t on plume disper~wn under 
con\'cCtl\e condttioth at Qucen~land'~ 
Taroni\ l'o\\'er Station. 

A wide range of me•''" ring 
t••chn•<]ucs was employed during the 
two·weck field exp<'riment. The fie ld 
me.l,lll"l'rnent~ were m.tdt• d ur ing the 
'pring of 1989, a period l'\IWCto?d to 
h.we cl<.•ar-~ky condilton~ wtth !>trong 
conn-<:lton. 

Dr l:ki.m Sawford .md h" ll•i!m from 
thl' Division of Atmospheric Re,eMch 
,,.t up their equipment and car.wan 
labur,,t,>ry un ,, h ill about 3.7 km cast­
north l'.>o t of the powc1· ~ ta lion . Their 
ln'k w.1s to scan the early d i.;pt•"ion of 
tlw plunw wi th an ins trument ~.1llcd 
L1d.1r (Light Detection and Ranging) 

The Udar system fir~..., ,, 'hort pulse 
nf ltght which is scattered and il~lrb<"tl 
h\ .ur mnlecules and particlco in the 
atm<"plwr.,. A ,mall fr.1ctinn of the la~er 
beam ,catters back I n thP Lidar. The 
ctu\Ct•nlralion of par lidt·~ in lhe 
alrnu•pht•re c.> n be calculated from I he 
intctbily of the backscallt'rcd ' '!\"al. 

The l arong plume w,,., 'l'.lltned 
rt•pe.lh.>d l) throughout the expertment 
.11 .1 number of different heillhl' and 
di~l.lllll'' from the chimne\, with the 
uperilllon of LIDAR, fmm .>iming .>nd 
f1rtng the lal>er to :-.tonng tlw <li~ital 
d.lt,, , con i roiiPd by a person~ I computer. 

C.>rruo .1nd Wiltiamq tuoh. charge of 
th,• cros~-wind plum~· mt.'aMirl'llll'nls. 
Tlwv must ha\'e felt like rally dnvt·~ a~ 
th<'\ tr.l\ Nsed at right angle' to the 
plum<' d1~'<.tion in a which~ cquippt.>d to 
dell'Cl t.•mt"ton:-. :such .h ,ulfur dio,ide 
.1nd nttrogen o>Jdes. 

i\ comp • .-~ and dist.mcc nw.hurin~ 
device' were u~ed In rt•cord their 
location in re lation to the pow<.'l' ~ta li on. 
(The Glob,> l Positioning Sy,tl'm b 11ow 
tN'll fnr thb task.} Their choice of roa<b 
had In b..• c.1refully planned bdorchand 
In m.>kc 'urt• the) didn't come upon a 
'd<'•>d-cnd' at a \·ita I mom,•nt. 

fill'...._' ground measurcn1-.:"nh Wf.."n.• 
t.--.kcn to ht•lp plot the loc.>ltnn and size 
ol tlw plume 'fot.>tprin l' Th.1t i!., the 
kind of impressitm the pltlmt.• would 
l,•,l\1•' on the ground if it were tht• 
muddv foot or a gian l. 

Bul plum<'~ d•>n't lt•.H' <' muddy 
footpnnts. Rather, tht•\ .llll'r th" 
C<ll"llluPnto; and chemi~tn of the 
atmll~plwre To delPCI th«N.• chan)\t'l> at 
ground Jc,·el, 10 st,lltOil.lr} monitor~ 
l.'ach d.1y were placed on .m arc .1bout 'i-7 
km from the power sta tion .>nd ,tbout 
05 km fmm c~ch olht>r. Fortunately, the 
'fnolpront ' was e>-pected to come to 
ground in c.l rural arl'.1. Th,• rug~ed, 
r<•rt.>hlt• mnntloring unit.. attr.ltlt.'<.i ltttll' 
inter<.-.t I rum pa. ... ,ing cattle 

Above: A comprehensive set of data 
on plume dispersion under convective 
conditions was gathered during a two­
week field experiment downwind of 
Queensland's Tarong Power Station. 

Upper right: Ground measurements 
were laken lo plot the location and size 
of the plume 'foolprinf. Ten stationary 
monitors were placed In an arc about 
5· 7 km lrom the power station. The 
conc,entrallons of various emissions 
(as a lunclion of lime) were recorded 
every 10 seconds by an Inbuilt dala 
logger. 

lower right: Cross-wind plume 
measurements were taken from a four· 
wheel-drive vehicle travelling at right 
angles to the plume direction. The 
concentrallons of emissions such as 
sullur dioxide and nitrogen oxides 
were recorded. 

I he monitor~ wt•n• m.l<it• h\ tlw 
Dn '"on of Co~l and Energ' lech 
nology and ninders univcr-.tv ilnd 
wer.• powen•d b~ motor cycl<' b.1tterie~. 
Th<-) r.1n for four to fj, e hour- .1 d.H 
and were c,,Hbr.,tcd (dwckt•d fn• 
accur~cy) at lcnst twice daily .>nd 
reciMrgl•d ,.,,eh n•ght. 

The conccnlrationt. u( \ ;lriOU:o, 

cmbsion' (,,.. ,, function of tinw) '"'rt· 
record,><!"' erv 10 seconds bv an m built 
d.1ta logg<.•r \t lh<• end of th,• d,l\ the 
d,,,,, 'tnn•tl 111 e.1Ch logger ""' du" n 
loaded into,, personal ct>rnpult•r fnr 
lo1lt•r .1n.1ly~b. 

Time-exposu re photograph~ of tht• 
plume w..:r..: 1,1kPn from t>le1 ated points 
on ,1 l11w .11 nght angles to, and about 20 
km away lrom. the plume. The,._. 
phnl<>gr.>plh M<' then processed u'ing 

contra~t-enhilncing techniques to pro­
v•de a nlf •. 1,ur, ... of tht.' vertical :,tructur\? 
of the plumt• 

What about the weather? 

Tracking th,> Tam11g plume would have 
been poin llc~' withou t the simultaneous 
record1ng of lo,·,ll wt•athl!r condi tions. 
B~ cnmp.lr111)1 hnth 'eb of dat.t , tlw 
scientist~ c.1n 'el' how pollut.llll 
dispero;inn '' ,lfft.'Cit>d by local wind and 
tcmperaturt• flu<luations. 

CSI RO'~ Ct•ntre ft>r Em·ironm<.•nt.tl 
Mechanics made the meteorologic<ll 
measu t•ement<o. A 60 m lattice tower was 
l'rec led <>n .1 dd~e eas t or the power 
;,t<ltion. n,;, IVoh l'quJppt'd With profile 
and turbulcnt·c ""lnJtnt"nls and 'on1c 
anemomete" to me.1;,ure "ind f1 uc­
tuation and mnml'nlum and heat nu""' 
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Considering the log istics of the 
Con vective Atmosphl•ric Dis pers ion 
Study, it's no surprise tha t scientis ts 
have developed laboratory ~echniques 
fur s imulati ng p lume dispersion. But 
rea l measurements w ill r~lways be 
needed to valida te labo1·atory ex­
periments and computer models. 

With knowledg" g leaned f1·om all 
these tcchniqu<'S, Carras and Williams 
have developed a modd for predicting 
p lume dis pers ion that accounts for the 
influence of con vec t ive conditions. 
The model is empirica l in that it uses 
the field meas ure ments of p lume rise 
a11d s pre<1ding r<ltes to predict ground 
level concentra tions to be expected for 
a given emission s trength. 

The Tarong ;. tud y has provided a 
lorg<' set of data w hich is :stil l being 
ana lysed and interpreted. No doubt it 
wi 11 .Jdd s ig nificanlly to l"Hll" unde r­
sland ing of, and dbility to predict, the 
beh~viour o f chimney p lumes in 
convecHvc conditions. 
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