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Problem definition and objedive

| Twin experiment

» Concept and formali sm for the have been introduced in meteo- )
rology (Berliner et a. (1999). The methodis very successul but the gainislimited due to
an overwhelming flux of synoptica observations.

» Inthefield of acadental dispersion monitoring, it is now posshbleto deploy gammadase
instruments by heli copter.

» How shoud ore optimally deploy stations, with aview to improve inverse modelling o
the sourceterm or data assmil ation for the plume forecast ?

Acddental release from the Bugey power plant

/» Fictitious radionuclide acddental release studied within a radius of 50 kil ometres frorm
the nuclea power plant of Bugey, France. Current monitoring network aroundthe plant:

Set-up of the twin experiment

» Fast core meltdown hypdhesis withou major hull bread. Dispersion o iodine-131

» MM5 fields generated in two configurations: strongand week wind fields.

» Transport simulated by the CTM POLAIR3D.

» The network is assumed to measure *!| adivity concentrations , althoughit is acualy
measuring gamma dose.

» Log-normal perturbations of synthetic observations: ;™" ~ exp (A(0,0.5)) ™™,

» 21 static observations are assmil ated every two hous. 10 mohil e stations are deployed
Qn atwo-hou window yielding 10adaptive observations every two hous. )

Source inverse modelling and plume data assimilation

fSource—receptor relationship u=Ho +¢ )

Control variables to be determined: release rates from the plant o € R (At = 30 mins)
Dired computation o the Jacbian H € R**" (column by column)

Prior err ors Gaussan relative R = dlag()(] X2, -+ 5 Xa), With /X = 0.54;.
Normal equations & = (HTR’lH) H'R'u, and P} = (H R,HH)
Plume data asgmilation

1

» Activity concentration measurementsin [t,,
mentsuptot, : w,.

» Extension o the Jacobian matrix H,, computing al elementary solutions from ¢ to ¢,,.
The sourceterm estimation @, is then computed.

» An estimation d the aror onthe source Py, or onthe plume Py;, can be computed.

— Aty, t,,] are clleded. Vedor of measure-

» Forecat from ¢, tot, 1, thankstoaCTM.
» Forced by source estimation upto ¢, then by amodel from ¢, to ¢,,,;, generally persis-

tence hypahesis.
\> A source @ror estimation Py or aplume aror estimation Py | can be obtained. )
Targeting scheme
~

(> Source analysis on [ty, 1] using static observations o, ~ N G, P
» Forecated source o}, on [ty, t-]: equalsto &,- on [t.,tl] andis deflned on [ty t] using
the persistence assumption: o4,(t) = & (t1).

» Plumeforecast from ¢, to ¢,, and computations of forecasted fixed observationsin [t t,].
o -1 =1l

» Forecasted source mvariance matrix error at to: Py = (H t’g (R,*Z) H tz)

» Forecasted targeted okservationsfollow p;, = ho, + &, Withe ~ NV(0, 7).

» At dedsiontimet,, the forecasted updite of o at time ¢, followsaf‘ ~N (cr,‘ Py )
Standard Bayesian analysis leals to
1 B
Py - ((P;j) T (r) lh) = Py — PR (ri, + hPRT)  hPY,

;. = o, + PRT (vl + hPIRT) (i — hat) .
» A-designcriterion T (Pi7) = Tr (Py7) — Tv ((rg + PR B (P) BT, leas

to the targeting criterion J(h) = Tr <(7“*Q + hPﬁth) “h (Pfj)g hT>.

\” Optimisation o .J(h) relies on simulated anneding. )
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First column: reference simulation (truth) knowing thetrue source. Second column: forecast of plume usng
daa assgmilation of fixed observations Third column: forecast of plume usng data assmil ation of fixed and
adaptive observations Fourth column: contrast fador between the second and third column.

Statistical indicators
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Information gain from adaptive observa-
tions versus gatic observations
» Gainindicator:

T (Py) - T (P
T (Py) - T (P ) |

» Targetingisvery beneficial i n this context,
in particular in strongwind condtions.

QF =

Meteorological model error test

The meteorologicd fields are shifted by 15 minutes,
which simulates ome kind o model error. |s target-
ing still beneficial to data essmilation ? Yes!
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