UNIVERSITY OF WEST MACEDONIA

DEPARTMENT OF ENGINEERING AND MANAGEMENT OF ENERGY RESOURCES
Environmental Technology Laboratory

Modelling the Concentration Fluctuation
and Individual Exposure in Complex

Urban Environments

G. C. Efthymiou, J. G. Bartzis, S. Andronopoulos, T. Sfetsos

12th Conference on Harmonization within Atmospheric Dispersion Modeling
for Regulatory Purposes, Cavtat, Croatia, October 6th-9th, 2008




M otivation

U nderstanding and modelling dispersion

from point sources over urban areas for

practical purposes
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Problem one

® Theincreasing likelihood of accidental or deliberate
atmospheric releases of toxic substances in an urban area has

focused our attention to the understanding of the dispersion of

the gaseous m aterials in these com plex environments and the

ability to reliably predict the individual exposure during these

events.

® Thereis often a need to predict the expected dosage in a given

exposure time in order to assess if this dosage exceeds or not

certain health limits.
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Problem one continued

® Due to the stochastic nature of turbulence, the wind field at the time
of the release in the atmospheric boundary layer is practically
unknown.

® Therefore,is more realistic to talk not for actual dosage but for
maximum dosage with a given exposure time.

® Maximum Dosage over atime interval AT:

C(t)DdzH =C,. (Ar)DAT

max

D max
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Problem one continued

Gt (AT)is the maximum (peak )time averaged concentration within
this time interval AT.

CONCLUSION -

There is a fundamental need to estim ate/fpredict C_ AT)
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Problem two

2 A modeller likes to test his/her model results against experimental data

concerning a point source release in the atmosphere .

®A common approach isto compare the model mean concentrations with the

m easured mean concentrations at the various sensors positions dow nstream .

®The model usually predicts true mean (‘ensemble average’)concentrations. In
a stationary state theoretically we are talking for mean concentrations over
infinite time.

®The experiment provides mean concentrations that in reality are time averaged
concentrations over a ‘reasonable’ time interval: C (AT)

®Thistime interval cannot be too long since the ‘stationarity’ of the atmosphere

is difficultto be kept long.
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Problem two-—continued

® |s this comparison ‘fair’ ?

®Letusassume forthe moment ‘perfect’ stationarity, ‘perfect’

measurement C (AT)and a ‘perfect’ prediction C (© )

®If we repeat the experiment infinitetimes we will alw ays predict

a single C(© ) and we will measure an infinite number of C AT)

since AT <
® The maximum value of C (AT)wiII be the CmaX(AT)we m entioned
in Problem one.

® In other words the measured mean value represent the true mean
value with some uncertainty. The upper bound of the C (AT) is the

Cmax (AT)
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Problem two-—continued

°*c AT)= CmaX(AT)z C( ) when ATis sufficiently large

FACT

In real atmospheric experiments ATis never sufficiently large

CONCLUSION —Il = CONCLUSION —I

TEhiere ts:atitndam-entabneed forestimiateprediict G AT)
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The Purpose of this Study

FACT

Thereis afundamental need to estimate/predict C_ (AT)

QUESTION and POSSIBLE ANSWER

® Cana RANSCFD M odel do that ?

i yes, let ustestitin the M UST Field Experiment
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T he Approach

® Recently Bartzis et al., (2007 )have_inaugurated an approach relating

the param eter Cmax(ﬁtﬁ)tthurbulent fluctuating intensity |
and the AT/TL w here:

00

02 C? and TL:IR(r)dT

0

TL isthe integral time scale and R (T)the concentration
autocorrelation function.

It is obvious that the right model needs to provide at least reliable
predictions for the mean concentration, the concentration variance
and the integral time scale.
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The model ADREA

* M esoscale/local scale
* Stable/unstable ambient conditions
* Oneequation and two equation turbulence modeling

| nduced turbulence from moving objects (e.g. vehicles)
One (dense/buoyant) pollutant

3-D RANS finite volume, transient

* oneftwo phase release and dispersion

. instantaneous/continuous releases

. \ jets of arbitrary orientation (e.g. pipe exhaust, pipe/tank rupture
etc

N passive substances reactive or not
’ CBM - |V gas chemistry (up to 36 species)
. radioactivity

. moist atmosphere (dispersion on gas and water phasein the
atmosphere)




"ADREA :The presently utilized

Transport Equations

* Reynolds averaged M omentum E quations (u,v,w)

® Continuity E quation

°* Two Equation Turbulence (k - {) model
(Bartzis,2005) (C : wavenumber scale)

* Pollutant M ass C onservation (concentration) E quation
* Pollutant Concentration Variance E quation




——— : :\—R\%—Q:_ffi

REA: The Concentration V ariance Equation

& M odeling

® Transport equation for the concentration variance :

0(/)?) S 0 — i E—
0 0C+ 0 1C -pu;C'zﬁ-2pD0£a£

0x.

1

0t 0x,

® The modeling approach for the production term and the turbulent diffusion
term is the standard gradient-transfer approxim ation.

0x dx, 0x

t ,OLTF): -20uC’ ﬁpD
0x,

® Forthe dissipation term the common approximation has as follow :

S
D@C 0C : C
e 0

Tdc = Turbulent dissipation time scale
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ADREA :Concentration V ariance Equation

M odeling

® The mostcommon modeling approach for et

k
T;chE_

Turbulent kinetic energy

Turbulent energy dissipation

® In the present study the concentration variance predictions have been obtained by

utilizing two approaches for dissipation time scale:

I, =T,,= constant

ek
T;I = Cdck 2Z :

c
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ADREA: The Peak Time-A veraged

Concentration M odeling
® Bartzis et al (2007):

€ ir JAr O°
= L bl 5 S ()
C 01, [

| = Turbulent fluctuating intensity

00

= 0 ond TL:IR(r)dr

_2)
C 0

1

T, = Integral time scale

R (T)= Autocorrelation function

® |n the present study:
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The MUST Field Experiment

M ock Urban Setting Test M UST ):

N ear Ground point source release over simulated urban
environment.
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TheMUST field experiment

G eneral D escription
® M UST consists of 120 standard size
shipping containers that are setup

in a nearly regular array of 10 by

12 obstacles covering an area of

around 200 by 200 m.

The terrain of the field site is

characterized as ‘flat open terrain’,

an ideal horizontally homogeneous

roughness.
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The MUST field experiment

T he selected case key characteristics

The 25 September 2001 experiment. \

A pproach flow
N ear neutral conditions.

Release rate: 0.00375 [m?3s™].
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= =|]m =|]m =—]3
o & ] 8

Release duration 15 min .

Selected period for assessment : 5 -8.3 [min].
A verage wind speed at 4-m:V = 7.93 [m /1.

Wind direction at 4-m: A = -40.54°.

~

A mbient temperature: T ~ 31 [°C ]

mean
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(Y ee and Biltoft, 2003)
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TheMUST field experiment selected case

T he sensors Position

40 locations on 4 horizontal sam pling

lines (@atz = 1.6 m)

8 8 sensors on 32-m central tow er

@tz =1,2,4,6,8,10,12,16 m) D tower

' ©6 sensors on each of 6-m tow er at

A B.CoD atz=14:2 3. 4.5 59m)

D tower
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ADREA :TheDomain/rid

® 3D domain 170 x 99 x 32

® Non-uniform logarithmic grid

Ax =1.1983m, Ax__

= 2.4982 m, Ay

m ax

= 03175 m, Az

ax
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Grid description
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Results - |

® Statistical metrics for comparison of the concentration fluctuations with

the two models of the dissipation decay time Tdc

Model for Decay Time (7),.)

FB = Fractional Bias

Variable | Metrics

ik
T;z’c ) Tch T;lc = Cdck ZZ -~

NMSE = Normalised M ean Square Error

'0407 _0533 R = Correlation Coefficient
2.43 3.09
0.718 0.635
0.447 0.404 pivemataash
0.64 0.47

FAC2 = Fraction within a Factor of Two
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Results - 1|1

® M ean normalized concentration and norm alized standard deviation for

E=17

c c0

MEAN NORMALIZED CONCENTRATION C* NORMALIZED CONCENTRATION
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Results - 111

Peak time averaged concentrations for AT = 0.02 [s] time resolution for

m ost of the measurements)and FAC2 and FACS5 metrics.

NORMALIZED PEAK CONCENTRATION FAC2 AND FACS FOR NORMALIZED

C*max (At = 0.025) C*, 0z, C*max
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Results -1V

® Peak concentrations using for concentration means and variances the

experimental ones.

NORMALIZED PEAK CONCENTRATION
C*max At = 0.02s

+ C*max
ltol
lto2/2to1
lto5/5t01

g P - = ltol0/10tol
0.0001 N : : .

0.0001 0.001 0.01 0.1 1 10
OBSERVATIONS

® Figure supports further the validity of Bartzis et all (2007 )model to predict

peak concentrations within a factor of two.
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Conclusions

In thiswork aCFD RANS modelling approach incorporated to ADREA code has
been presented capable of predicting mean concentrations, concentration
variances and peak concentrations necessary to estim ate pollutant hazard and

individual exposure at any time interval.

Concerning plume turbulent time scale modelling, the average value approach
gave better results compared with the widely used approach of local scale

modelling.

The comparisons with the M UST field dispersion experiment are quite
encouraging, although there is still aroom for improvements especially in the

plume turbulent time scaling.

The present results support the validity of Bartzis et al. (2007 )em pirical model to

predict peak time concentrations.
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Thank you for your attention
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