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In emergency phase uncertainty in
source term can easily have error
factor of 10 and more even if
causes of emergency are known
(US NRC NUREG-1150)



Objective of the studyObjective of the study

To develop numerically efficient and
accurate method of source term estimation
with assimilation of gamma dose
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with assimilation of gamma dose
measurements suitable for application with
Lagrangian stochastic model DIPCOT in
emergency phase of nuclear accident



Description of the Description of the DIPCOTDIPCOT
((AnrdonopoulosAnrdonopoulos, , et.alet.al., 2009)., 2009)

Two versions were used: stochastic (Two versions were used: stochastic (LagrangianLagrangian puff) and puff) and 
deterministic (Gaussian puff)deterministic (Gaussian puff)

PParticles are assumed to follow the articles are assumed to follow the mean and fluctuating (only in mean and fluctuating (only in 
stochastic version) wind flowstochastic version) wind flow

TTurbulenturbulent velocity fluctuations velocity fluctuations are are based on the assumption that based on the assumption that 
turbulent diffusion can be modelled as a Markov processturbulent diffusion can be modelled as a Markov process, using , using 
LangevinLangevin equationequation
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LangevinLangevin equationequation

Concentration calculations: GaussianConcentration calculations: Gaussian--shaped density kernel in both shaped density kernel in both 
stochastic and deterministic modes (Yamada and stochastic and deterministic modes (Yamada and Bunker 1988)Bunker 1988)
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Gamma dose calculations in DIPCOTGamma dose calculations in DIPCOT

FluenceFluence raterate

(general formula is too time consuming)(general formula is too time consuming)

AnotherAnother calcultioncalcultion methodmethod isis usedused whichwhich isis basedbased onon thethe workwork ofof
GorshkovGorshkov ,, ((19941994)) asas adaptedadapted forfor thethe useuse inin DIPCOTDIPCOT inin
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GorshkovGorshkov ,, ((19941994)) asas adaptedadapted forfor thethe useuse inin DIPCOTDIPCOT inin
AndronopoulosAndronopoulos andand BartzisBartzis,, ((20102010)).. NewNew coordinatecoordinate systemsystem isis
introducedintroduced whichwhich originorigin coincidescoincides withwith puff’spuff’s centercenter andand zz--axisaxis intersectsintersects
sensorsensor pointpoint.. AfterAfter certaincertain integralintegral transformationstransformations 33DD integralintegral isis reducedreduced
toto 11DD
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Statement of data assimilation problemStatement of data assimilation problem

VariationalVariational formulationformulation

Cost function to be minimizedCost function to be minimized
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Subject toSubject to

Calculation of elements of the matrix GCalculation of elements of the matrix G
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Control vector reductionControl vector reduction

Assume that during time interval ∆t  source function is constant

In operational practice: 3 4~ 10 10t s∆ ÷ s1001.0~ ÷τ / 1t τ∆ = Π >>

Puffs  are joined in P=Np/Π groups (later reffered also as CVR parameter)

Minimizing with respect to the reduced control vector       of the size P is performed. q~

Problems that arise in straightforward implementation of DA
1. Poor convergence with very large number of puffs
2. In stochastic model elements of G-matrix are random variables
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Minimizing with respect to the reduced control vector       of the size P is performed. 

Elements of       represent source rate for each group of puffs. 

Elements of the reduce G-matrix         are calculated by formula:

q~
q~

rG

From Central Limit Theorem and following the condition Π>>1 elements          of 

the reduced G-matrix converge to statistically stable values

r
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Experiment on Experiment on 4141Ar dispersion in Mol, BelgiumAr dispersion in Mol, Belgium
DrewsDrews, , et.alet.al., (2002)., (2002)

•Was carried out at the BR1 research reactor of the Belgium Nuclear Research Centre 
(SCK-CEN) in Mol
•Two experiments were simulated, Wednesday, 3d Oct. 2001, Thursday, 4th Oct. 2001
Available measurements
•measured  41Ar emission rate from the stack (average value was  1.5×1011 Bq/h)
•meteorological data by a weather mast (10 minute averages);
•monitoring of the gamma radiation field (fluence rate)
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•monitoring of the gamma radiation field (fluence rate)
Basic setup of DIPCOT
•The meteorological data were preprocessed by MPP FILMAKER to prepare input 
meteorological fields for DIPCOT
•Time interval between puffs releases τ≈3 s
•First guess source function was by the factor of 10 greater than the true;
•Tests with both stochastic and deterministic versions of DIPCOT
•Tests with different value of CVR parameter P
•Special Note: results published in extended abstract don’t agree with the results presented here 
because they were calculated with significantly larger τ≈12 s



Sensors locations in Mol experimentsSensors locations in Mol experiments

Data from 
sensors        
DK-NaI A-D –
were used in 
DA

Data from 
other sensors 
were used in 
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were used in 
validation

Detectors belonged to: Belgium Nuclear Research Centre  (SCK-CEN); 

Danish Emergency Management Agency (DK); Technical University of Denmark (DTU)



Source function estimation for Wednesday exp.Source function estimation for Wednesday exp.
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Source function estimation for Thursday exp.Source function estimation for Thursday exp.

1,0E+09

1,0E+10

re
le

as
e 

ra
te

, B
q/

s

q true

q first guess

P=1

13th International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
Paris, France, June 2010

1,0E+07

1,0E+08

0 5000 10000 15000 20000 25000 30000 35000

re
le

as
e 

ra
te

, B
q/

s

time, s

P=1

P=4

P=16



P Stoch/Deter MAE MB

f.g. S,D 9.0 9.0

P Stoch/Deter MAE MB

f.g. S,D 9.0 9.0

16 D 0.40 -0.36

Statistical indicators of errors in Statistical indicators of errors in s.fs.f. estimation. estimation

tta qqqMAE /−= tta qqqMB /−=

Wednesday Thursday
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27 D 0.51 -0.38

9 D 0.44 -0.38

1 D 0.50 -0.50

27 S 0.59 -0.28

9 S 0.45 -0.35

1 S 0.39 -0.39

16 D 0.40 -0.36

4 D 0.42 -0.38

1 D 0.62 -0.52

16 S 0.42 -0.37

4 S 0.44 -0.38

1 S 0.58 -0.46



Comparison of calculated Comparison of calculated vsvs measured measured fluencefluence rates rates 
for DTUfor DTU--HPGeHPGe sensor, Wednesdaysensor, Wednesday
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Comparison of calculated Comparison of calculated vsvs measured measured fluencefluence rates rates 
for SCKfor SCK--NaINaI sensors, Thursdaysensors, Thursday
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Results obtained with P=16 are shown



Case Stoch/Deter NMSE FB

f.g. D 8.94 0.83

True D 0.62 0.2

P=27 D 0.51 -0.17

Case Stoch/Deter MAE MB

f.g. D 13 0.8

True D 0.4 0.08

16 D 0.63 -0.059

Statistical indicators (NMSE and FB) of errors in calculated Statistical indicators (NMSE and FB) of errors in calculated fluencefluence
rates as compared to independent set of measurementsrates as compared to independent set of measurements

Wednesday Thursday
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P=27 D 0.51 -0.17

P=9 D 0.57 -0.19

P=1 D 0.48 -0.3

True S 0.05 0.03

27 S 0.58 -0.218

9 S 0.61 -0.26

1 S 0.23 -0.21

16 D 0.63 -0.059

4 D 0.85 -0.12

1 D 1.71 -0.33

True S 0.53 0.2

16 S 0.58 0.039

4 S 0.73 -0.013

1 S 0.94 -0.17



ConclusionsConclusions

1. An efficient algorithm was developed which allows for source function adjustment

with data assimilation of gamma dose measurements in Lagrangian atmospheric

dispersion model DIPCOT.

2. The proposed control vector reduction allows for substantial improvement in

numerical efficiency and accuracy of the data assimilation method and makes it

suitable for the use also with stochastic version of DIPCOT.

3. The developed method is validated against the measurements in field experiment

on atmospheric dispersion performed in Mol. In all cases of DA runs the statistical
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on atmospheric dispersion performed in Mol. In all cases of DA runs the statistical

indicators of errors of the estimated source function and fluence rates as compared

to measurements were significantly reduced.

4. The results of assimilation runs obtained with the stochastic version of DIPCOT

were generally better than the results obtained with the deterministic version. That

improvement was especially revealed in prediction of the maximum concentrations.

5. The presented results demonstrate suitability of the developed algorithm for

application in operational nuclear emergency response systems.
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