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ODbjectives

1. Demonstrate the value of the naturally occurring
radioactive gas radon as a powerful tracer for use iIn:

I Studies of boundary layer mixing and exchange processes

I Evaluation & development of boundary layer schemes in a
range of models

2. Introduce an exciting new data set:
I Surface-based and airborne radon measurements
I Daytime convective boundary layers over land
I Clear and cloudy conditions




AReqU| rement s

Ideal tracer for vertical mixing

Naturally ubigquitous I

Uniformly distributed in T

time and space

Chemically inactive i

Simple and well known I

sources and sinks

Suitable vertical distribution I

(for quantifying mixing)

Conveniently measurable i

(AiRados-222 | | st o)

Produced by all soils/rocks

Constant on diurnal timescales:
varies very slowly geographically

Noble gas

One source (land surface) and
one sink (in-situ decay)

Concentrations drop by factors
of 10-1000 from the surface to
the free troposphere

SIight probl eme




Radon in the atmosphere

Typical radon concentrations

Ultra low | _

concentrations! Air mBg m -3 atoms per litre
Indoor 20,000 10,000

O(10%) atoms per litre, Continental 500 - 10,000 250 -

c.f. 0(10%%) molecules |Marine non-baseline 100 - 6,000 50 - 3000

total in a litre of air Marine baseline 10 - 100 50

AConcs too small to measure by
normal (chemical) methods

ABut radon radioactive (U-238 decay
Uranium -238 decay se|  chain; %-life 3.8 d: perfect for BL)

{ J o) AP r o g e-aemyjttingJparticles
alpha particle (He nucleus) ® | Pa-23

beta particle (electron)




Radon in the atmosphere

Ultra low |

concentrations! Alr
Indoor

O(10°) atoms per litre, Continental

c.f. O(10%%) molecules |Marine non-baseline

total in a litre of air

Marine baseline

inless steel mesh Scintillation material (ZnS)

Typical radon concentrations
mBg m -3 atoms per litre

20,000 10,000
500 - 10,000 250 -
100 - 6,000 50 - 3000

10 - 100 (5) 50

AConcs too small to measure by
normal (chemical) methods

ABut radon radioactive (U-238 decay
chain; %2-life 3.8 d: perfect for BL)
AP r o g e-enyittingJparticles

AScintillation techniques

+ ALong history of measuring radon

concentrations in air




Radon at the surface and on towers

Dzl flowe loop, twa fiker radon detector: principle of aperation
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Radon at the surface and on towers

Dzl flowe loop, twa fiker radon detector: principle of aperation
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Airborne radon sampling

Radon sampler in the pod of Airborne
Resear ch Anowrtghiderl i aos

AReal-time direct radon
measurements difficult from
airborne platforms

Aln situ radon sampling

rather than air sampling

(capture radon in charcoal)

Airborne sampling




Airborne radon sampling

Airborne sampling

ap_—

Laboratory extraction

BT

Computer
controlled
radon transfer

28 channel
counting unit
(counting time

Lower limit of detection:
Aequal or better than 10 mBg m-3
A5 atoms per litre!

at least 9 hours
per sample)




Convective boundary layers over rural NSW
)

Airborne and ground-based radon measurements:
A4 campaigns: May 06; Jan 07; May 07; May 08
A Supporting meteorological datasets

Terrain:

AFlat and homogeneous
ALow rainfall (dry)
AMainly used for grazing

Dataset:

A50 profiles in daytime
boundary layers

ARange of stability & cloud
conditions




Convectlve boundary layers over rural NSW

Cloudless 50 profiles, covering
a range of conditions

Non-precipitating cumulus

Stratocumulus



Convective boundary layers over rural NSW

Well above cloud tops

50 profiles, covering the
entire boundary layer

Mid cloud layer




Convective boundary layers over rural NSW

Surface measurements (4 campaigns): time series
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A Very simple budget equation: Can
separate these three contributions!
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- Case study: radon profiles over Goulburn
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hML

Vertical distribution [ cdz

Mixed layer integral fraction R

All radon in ML » 1.00 [ = : : : | R o0
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o
Half radon in ML ——— 0.50

Fraction drops steeply with
relative depth of upper layer

When upper layer is 2 X hy,,
fraction of total radon in ML

" can be as low as 30%
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wnce bonelaing all Australians




Vertical distribution

Mixed layer average
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Vertical profiles: Clear skies
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Vertical profiles: Top-down diffusion
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