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Introduction |

Source Reconstruction

® Concentration measured/predicted 1s a function of
source characteristics.

n(x,t)= F(o).

S — Source and R- Receptor

vt () ®
() @) ®

< Inverse @
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Introduction |

Why Low-wind Stable conditions?

® Pollutant dispersion 1s subjected to the {frequent
meandering and large wind variability

® The diffusion of pollutant 1s irregular and indefinite.

® Observed concentration distribution i1s multi-peaked and
non-Gaussian.

®» Pollutants do not travel far from source.
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Introduction |

Why elevated release?

In stable conditions, concentration measurements are
sensitive to...

» Height of release.
» Height of receptors.

This affects the model representativity and retrieval
accuracy.
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| Methodology |

Parametric Estimation Problem

®» Four unknown parameters:
® Location(Xx,, vy, Z,)

®» Emission Rate (q)
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| Methodology |

Renormalization Inversion Technique

® The correspondence between emission function
s(x,y,z) and measurement y; 1s,

U (x,y,z,, ) = j‘s(x,y,z)ai (x,y,z)dx dydz = (S, al-)
>

s(x,y,z) = q5(x—x0 )5()/ - Y )5(2 —ZO)
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| Methodology |

Derivation of Retro-plumes

® The forward transport equation for a continuous
release of a non-reactive tracer 1s

uVy= lV(,OK.V;()+ o
yo,

® The backward transport equation

1S —u.Vz, = lV(,oK.Vrl.)+ T,
Jo,

,Uz':(Z»”i):(L(O')a”i):(O'aL*(”i)):(O'»’”i)
U = Lp;{ﬂidxdydz = J.zparl.dxdydz

a,(x,,2) = r;(x,,2)
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| Methodology |

Classical Identification Theory

H=[(a;,a;)] and A= H'p

Tyy-1
Distributed Emissions T H a

Associated with singularities in case of point measurements
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| Methodology |

Renormalization Theory

e Renormalize
a. 20,0 ight
(5., )qo - ,[ ° ;(odx - _[ S a(ﬂifpf.’lx frlifion
S hich a ()< @X) N
in which aw.(x): ( ) = Renormalize adjoint

P function

Optimality Criterion

gp(x,y,z) >0

jz ga(x, v, z)dxdydzzn

Sl (X) - uTH;law (X)

where H (aw,a )¢

a,(x,y,2) H,'a,(x,y,2) =1
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| Methodology |

Point Source Retrieval

H; = qai(XO)z Q¢(Xo )a(pi(xo)
The source estimate is,
S\I(p (X) — q(D(XO )SO (X) where, So (X): aqo(XO )TH;)Ia(p(X)

Using cauchy-schwarz inequality, ‘SO (X)‘ <1

Maximum of the s, coincides with the point source location.

Slp (Xo )
(0("0 )
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Now, intensity can be computed as, |q =




| Data |

IDAHO Diffusion Experiment

Source lies at grid

£ point (250, 250, 31).
| Effective Release Height = 3m
0’ v Sampling Height = 0.76m
.. s ® “61
e ’ A Each mesh is a box of
{E\iﬂf‘ . : o :" 3 . (] 2mxX2mx0.1m.
> 98m . '.T1 me‘..-' : : 98m
. 200Me,, o ® In run# 4, the release was
400r® o ceiae® o’ 32000pug/sec
® — Samplers
s T Meteorological
@ " tower (61 m)
» @—»F’oint Source
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| Results |

Computation

® Analytical Dispersion Model: Sharan et
al.(1996)

® Dispersion parameterization:

® In horizontal direction : Luhar (2011)
® In vertical direction : Briggs (1973)

® Plume 1s segmented 1n to 30 sub-intervals
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| Results |

Evaluation

® Synthetic data

®» Real data
Release Parameters Siip @ at (x 10
(Xp Yo 29) h q Real Est. Real | Est.
Experimental (250, 250, 31) 3 32000 - - - -
Reconstruction with | (250, 250, 31) 3 32000 1.02 1.02 |31.9 31.9
Synthetic data
Reconstruction with | (253, 254, 31) 3 39156 1.36 1.42 [319 36.3
Real data
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| Results |

i 02 04 06 08 1
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| Results |
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| Conclusion

Conclusions

® Propose a new method of source retrieval.

®» Free from any prior information regarding release or its
background state.

® Singularities due to point measurements can be dealt in a natural
manner.

®» Utilize the information from geometry of the monitoring network.

®» With Idaho data, the Release 1s 1dentified within a distance of 10m
with 22% over-estimation of emission rate.
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