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U n d er st an d i n g  an d  m o d el l i n g  d i sp er si o n  
f r o m  p o i n t so u r c es o v er  u r b an  ar eas f o r  
p r ac t i c a l  p u r p o ses

M o t i v at i o n
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 T h e i n c r easi n g  l i k e l i h o o d  o f  ac c i d en t a l  o r  d el i b er at e 
atm o sp h er i c  r e l eases o f   to x i c  su b st an c es i n  an  u r b an  ar ea h as 
f o c u sed  o u r  at t en t i o n  to  th e u n d er st an d i n g  o f  t h e d i sp er si o n  o f  
t h e g aseo u s m ater i a l s i n  th ese c om p l ex  en v i r o n m en t s an d  th e 
ab i l i t y  to  r e l i ab l y  p r ed i c t th e i n d i v i d u al  ex p o su r e d u r i n g  th ese 
ev en t s. 

 T h er e i s o f t en  a n eed   to  p r ed i c t th e ex p ec ted  d o sag e  i n  a g i v en  
 ex p o su r e t i m e i n  o r d er  t o  assess i f  t h i s d o sag e ex c eed s o r  n o t 
c er t a i n  h eal t h  l i m i t s.

P r o b l em   o n e
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 D u e to  th e st o c h ast i c  n atu r e o f  t u r b u l en c e, th e  w i n d  f i e l d  at t h e t i m e 
o f  t h e r e l ease i n  th e atm o sp h er i c  b o u n d ar y  l ay er  i s p r ac t i c a l l y  
u n k n o w n .

 T h er ef o r e, i s m o r e r ea l i st i c  to  ta l k  n o t f o r  ac t u a l  d o sag e b u t f o r  
m ax i m um  d o sag e w i t h  a g i v en  ex p o su r e t i m e.

 M ax i m um  D o sag e o v er  a t i m e i n t er v a l  :Δτ

.

P r o b l em  o n e -c o n t i n u ed
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C m ax( )Δτ  i s th e m ax i m um  (p eak ) t i m e av er ag ed  c o n c en t r a t i o n  w i t h i n  
th i s t i m e i n t er v a l  Δτ.

C O N C L U S I O N  -I

T h er e i s a f u n d am en ta l  n eed  to  est i m ate/p r ed i c t C m ax( )Δτ  

P r o b l em  o n e -c o n t i n u ed
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 A   m o d el l er  l i k es  to   test h i s/h er  m o d el  r esu l t s ag a i n st  ex p er i m en ta l  d ata  
c o n c er n i n g  a p o i n t so u r c e r e l ease i n  th e atm o sp h er e . 

A  c om m o n  ap p r o ac h  i s to  c om p ar e th e m o d el  m ean  c o n c en t r a t i o n s w i t h  t h e 
m easu r ed  m ean  c o n c en t r a t i o n s  at th e v ar i o u s sen so r s p o si t i o n s d o w n st r eam .

T h e m o d el  u su a l l y  p r ed i c t s   t r u e m ean  (‘en sem b l e av er ag e’) c o n c en t r a t i o n s. I n  
a sta t i o n ar y  st at e th eo r e t i c a l l y  w e ar e ta l k i n g  f o r  m ean  c o n c en t r a t i o n s o v er  
i n f i n i t e t i m e. 

 T h e ex p er i m en t p r o v i d es m ean  c o n c en t r at i o n s th at i n  r ea l i t y  ar e t i m e av er ag ed  

c o n c en t r a t i o n s o v er  a ‘ r easo n ab l e’ t i m e i n ter v a l : C ( )Δτ  
T h i s t i m e i n ter v a l  c an n o t b e to o  l o n g  si n c e  th e ‘ sta t i o n ar i t y ’ o f  th e atm o sp h er e 
i s d i f f i c u l t t o  b e k ep t l o n g .

 

P r o b l em   tw o
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 I s t h i s c om p ar i so n  ‘ f a i r ’  ?

 L et u s assum e f o r  t h e m om en t  ‘p er f ec t ’ st a t i o n ar i t y ,  ‘p er f ec t ’  
m easu r em en t C ( )Δτ  an d  a  ‘p er f ec t ’ p r ed i c t i o n  C (∞ )

 I f  w e r ep eat t h e ex p er i m en t i n f i n i t e t i m es w e w i l l  a l w ay s p r ed i c t 
a  si n g l e  C (∞ )  an d  w e w i l l  m easu r e an  i n f i n i t e n um b er  o f  C ( )Δτ  
si n c e Δτ < ∞
 T h e m ax i m um  v al u e o f  C ( )Δτ  w i l l  b e th e C m ax( )Δτ  w e m en t i o n ed  

i n  P r o b l em  o n e. 

  I n  o th er  w o r d s th e m easu r ed  m ean  v al u e  r ep r esen t t h e t r u e m ean  
v a l u e w i t h  som e u n c er t a i n t y . T h e u p p er  b o u n d  o f   th e C ( )Δτ   i s th e 
C m ax( )Δτ  
 

 

P r o b l em   tw o -c o n t i n u ed
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 C ( )Δτ   C≈ m ax( )Δτ     C (≈ ∞ )  w h en  Δτ i s su f f i c i en t l y  l ar g e

F A C T

I n  r ea l  atm o sp h er i c  ex p er i m en t s Δτ i s n ev er  su f f i c i en t l y  l ar g e

C O N C L U S I O N  – I I  =  C O N C L U S I O N  – I

T h er e i s a f u n d am en ta l  n eed  to  est i m ate/p r ed i c t C m ax( )Δτ  

 

P r o b l em   tw o -c o n t i n u ed
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F A C T

T h er e i s a f u n d am en ta l  n eed  to  est i m ate/p r ed i c t C m ax( )Δτ  

Q U E ST I O N  an d  PO SS I B L E  A N SW E R

 C an  a  R A N S C F D  M o d el  d o  th at ?

  I f  y es, l e t u s test i t i n  th e M U ST  F i e l d  E x p er i m en t 

T h e Pu r p o se o f  th i s S tu d y
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 R ec en t l y  B ar t z i s et a l ., (2007) h av e i n au g u r a t ed  an  ap p r o ac h  r e l a t i n g  
th e p ar am eter      to  th e tu r b u l en t f l u c t u a t i n g  i n t en si t y  I  
an d  th e /Δτ T L  w h er e:

 T L  i s th e i n t eg r a l  t i m e sc a l e an d  R ( ) τ t h e c o n c en t r a t i o n  
au to c o r r e l a t i o n  f u n c t i o n .

 I t  i s o b v i o u s th at t h e r i g h t m o d el  n eed s t o  p r o v i d e at l east r e l i ab l e 
p r ed i c t i o n s f o r  t h e m ean  c o n c en t r a t i o n , th e c o n c en t r a t i o n  v ar i an c e 
an d  th e i n t eg r a l  t i m e sc a l e.
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( )max /C Cτ∆

T h e A p p r o ac h



T h e  m o d e l A D R E A
 M esoscale/local scale
 Stable/unstable ambient conditions 
 One equation and two equation turbulence modeling
 Induced turbulence from moving objects (e.g. vehicles) 
  One (dense/buoyant) pollutant
 3-D RANS finite volume, transient

           one/two 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  –  IV gas chemistry (up to 36 species)
          radioactivity
          moist atmosphere (dispersion on gas and water phase in the 

atmosphere)



A D R E A  : T h e  p r e s e n t ly  u t i l iz e d  
T r a n s p o r t E q u a t io n s   
 Reynolds averaged M omentum Equations (u,v,w)
 Continuity Equation
 Two  Equation Turbulence (k –  ζ) model
           (Bartzis,2005) (ζ : wavenumber scale)

 Pollutant M ass Conservation (concentration) Equation
  Pollutant Concentration Variance Equation

  



 T r an sp o r t eq u at i o n  f o r  th e c o n c en t r a t i o n  v ar i an c e :

 T h e m o d el i n g  ap p r o ac h  f o r  t h e p r o d u c t i o n  t erm  an d  th e tu r b u l en t d i f f u si o n  
t erm  i s t h e stan d ar d  g r ad i en t-t r an sf e r  ap p r o x i m at i o n .

 F o r  t h e d i ssi p a t i o n  t erm  th e  c om m o n  ap p r o x i m at i o n  h as as f o l l o w :

T d c =  T u r b u l en t d i ssi p a t i o n  t i m e sc a l e

A D R E A : T h e C o n c en t r a t i o n  V ar i an c e E q u at i o n  
&  M o d el i n g
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 T h e m o st c o m m o n  m o d el i n g  ap p r o ac h  f o r  T d c:

k  =  T u r b u l en t k i n et i c  en er g y
 =  ε T u r b u l en t en er g y  d i ssi p a t i o n

 I n  th e p r esen t stu d y  th e c o n c en t r a t i o n  v ar i an c e p r ed i c t i o n s h av e b een  o b ta i n ed  b y  
u t i l i z i n g  tw o  ap p r o ac h es f o r  d i ssi p at i o n  t i m e sc a l e:
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dc
kT
ε

∝

1
12

dc dcT c k ζ
− −= 0dc dcT T constant= =

A D R E A : C o n c en t r a t i o n  V ar i an c e E q u at i o n  
M o d el i n g



 B ar t z i s et a l  (2007) :

I  =  T u r b u l en t f l u c t u at i n g  i n t en si t y

T L  =  I n t eg r a l  t i m e sc a l e

R ( ) =  τ A u t o c o r r e l a t i o n  f u n c t i o n

 I n  th e p r esen t stu d y :
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∞
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A D R E A : T h e  Peak  T i m e-A v er ag ed  

C o n c en t r a t i o n  M o d el i n g

( )max 1 1.5 0.3      
n

L

C
b I b n

TC
τ τ

−∆  ∆= + ⋅ ⋅ = = 
 

0L dcT T≈



T h e M U ST  F i e l d  E x p er i m en t

M o c k  U r b an  Set t i n g  T est (M U ST ) : 

 N ear  G r o u n d  p o i n t so u r c e r e l ease o v er  si m u l a t ed  u r b an  
en v i r o n m en t .
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 M U ST  c o n si st s o f  1 20 stan d ar d  si z e 

sh i p p i n g  c o n ta i n er s th at ar e set u p

i n  a n ear l y  r eg u l ar  ar r ay  o f  1 0 b y  

1 2 o b st ac l es c o v er i n g  an  ar ea o f  

ar o u n d  200 b y  200 m .

 T h e ter r a i n  o f  t h e f i e l d  si t e i s 

c h ar ac t er i z ed  as ‘ f l a t o p en  ter r a i n ’ , 

an  i d ea l  h o r i z o n t a l l y  h om o g en eo u s 

r o u g h n ess.
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T h e M U ST  f i e l d  ex p er i m en t
G en er a l  D esc r i p t i o n

X

Y



 T h e 25 S ep tem b er  2001  ex p er i m en t . 

 N ear n eu t r a l  c o n d i t i o n s. 

 R el ease r at e:  0.00375 [m 3 s-1 ].

 R el ease d u r at i o n  1 5 m i n  .

 Sel ec ted  p er i o d  f o r  assessm en t : 5 - 8.3 [m i n ].

 A v er ag e w i n d  sp eed  at  4-m : V h =  7.93 [m /s].

 W i n d  d i r ec t i o n  at 4-m : A d i r =  -40.54
o .

 A m b i en t tem p er at u r e: T m ean  31  [≈ oC ]

 R el at i v e h um i d i t y : H m ean  1 3 [% ]≈
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T h e M U ST  f i e l d  ex p er i m en t
T h e sel ec t ed  c ase k ey  c h ar ac ter i st i c s

A p p r o ach  f l o w

(Y ee an d  B i l t o f t , 2003)



T h e M U ST  f i e l d  ex p er i m en t se l ec ted  c ase
T h e sen so r s Po si t i o n

40 l o c at i o n s o n  4 h o r i z o n t a l  sam p l i n g  

l i n es (at z =  1 .6 m )

8 sen so r s o n  32-m  c en t r a l  t o w er

(at z =  1 , 2, 4, 6, 8, 1 0, 1 2, 1 6 m )  

6 sen so r s o n  eac h  o f  6-m  to w er  at

A , B , C , D  (at z =  1 , 2, 3, 4, 5, 5.9 m )

(Y ee an d  B i l t o f t , 2003)
12th Conference on Harmonization within Atmospheric Dispersion Modeling 

for Regulatory Purposes, Cavtat, Croatia, October 6th-9th, 2008 

A tower

C tower

D tower

B tower Central 
tower



A D R E A  :T h e D om ai n /G r i d

 3D  d om ai n  1 70 x  99 x  32

 

 N o n -u n i f o rm  l o g ar i t h m i c  g r i d   

 X  =  274.1  m        xΔ m i n  =  1 .1 983 m ,  xΔ m ax  =  6.48 m

 Y  =  298.9 m      yΔ m i n  =  2.4982 m ,  yΔ m ax  =  6.59 m

 Z  =  1 9.43 m       zΔ m i n  =  0.31 75 m ,  zΔ m ax  =  1 .0 m   
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I N F L O W

OUTFLOW

I N F L O W

OUTFLOW

T o ta l  n u m b er  o f  
C el l s: 538,560

G r i d  d esc r i p t i o n



 S tat i st i c a l  m et r i c s f o r  c o m p ar i so n  o f  th e c o n c en t r a t i o n  f l u c tu at i o n s w i t h  
th e tw o  m o d el s o f  th e d i ssi p at i o n      d ec ay  t i m e

R esu l t s - I
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Variable Metrics
Model for Decay Time (     )

FB -0.407 -0.533
NMSE 2.43 3.09

R 0.718 0.635
FAC2 0.447 0.404

HR 0.64 0.47

*
Cσ

1
12

dc dcT c k ζ
− −=0dc dcT T=

dcT

dcT

F B  =  F r ac t i o n a l  B i as

N M SE  =  N o rm a l i sed  M ean  Sq u ar e E r r o r

R  =  C o r r e l a t i o n  C o ef f i c i en t

F A C 2 =  F r ac t i o n  w i t h i n  a F ac t o r  o f  T w o

H R  =  H i t R at e



 M ean  n o rm al i z ed  c o n c en t r a t i o n  an d  n o rm al i z ed  stan d ar d  d ev i a t i o n  f o r  
      .

R esu l t s - I I
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0dc dcT T=



 Peak  t i m e av er ag ed  c o n c en t r a t i o n s f o r   =  0.02Δτ  [s] (t i m e r eso l u t i o n  f o r  
m o st o f  th e m easu r em en t s) an d  F A C 2 an d  F A C 5 m et r i c s.

R esu l t s - I I I
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 Peak  c o n c en t r a t i o n s u si n g  f o r  c o n c en t r a t i o n  m ean s an d  v ar i an c es th e 
ex p er i m en t a l  o n es.

 F i g u r e su p p o r t s f u r t h er  th e v al i d i t y  o f  B ar t z i s et al l  (2007) m o d el  to  p r ed i c t 
p eak  c o n c en t r a t i o n s w i t h i n  a f ac t o r  o f  tw o .

R esu l t s - I V
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 I n  th i s w o r k  a C F D  R A N S m o d el l i n g  ap p r o ac h  i n c o r p o r a ted  to  A D R E A  c o d e h as 
b een  p r esen ted  c ap ab l e o f  p r ed i c t i n g  m ean  c o n c en t r a t i o n s, c o n c en t r at i o n  
v ar i an c es an d  p eak  c o n c en t r a t i o n s n ec essar y  to  est i m ate p o l l u t an t h az ar d  an d  
i n d i v i d u a l  ex p o su r e at an y  t i m e i n ter v a l .

 C o n c er n i n g  p l u m e tu r b u l en t t i m e sc a l e m o d el l i n g , th e av er ag e v a l u e ap p r o ac h  
g av e b et t er  r esu l t s c o m p ar ed  w i t h  th e w i d e l y  u sed  ap p r o ac h  o f  l o c a l  sc a l e 
m o d el l i n g .

 T h e c o m p ar i so n s w i t h  th e M U ST  f i e l d  d i sp er si o n  ex p er i m en t  ar e q u i t e 
en c o u r ag i n g , a l t h o u g h  th er e i s st i l l  a r o o m  f o r  i m p r o v em en ts esp ec i a l l y  i n  th e 
p l u m e tu r b u l en t t i m e sc a l i n g .

 T h e p r esen t r esu l t s su p p o r t th e v a l i d i t y  o f  B ar t z i s et a l . (2007) em p i r i c a l  m o d el  t o  
p r ed i c t p eak  t i m e c o n c en t r at i o n s.

C o n c l u si o n s
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 T h e p r esen t w o r k  h as b een  p er f o rm ed  i n  th e f r am e o f   C O ST  
A c t i o n  732.

 

 T h an k s to   U  S D ef en c e T h r eat R ed u c t i o n  A g en c y  (D T R A )  f o r  
p r o v i d i n g  th e M U ST  d ata to  th e C O ST 732 c om m u n i t y .
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           Thank you for your attention
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