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Tasks

e radiation protection
e safety In nuclear engineering
o transportation and safekeeping of nuclear fuel

 radioactive waste disposal
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BfS has responsability
for

nuclear power plants
In the
Federal Republic
of Germany

e reactor in operation

e reactor shut down or
shut down is decided
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BfS has responsability
for

supply and disposal of

nuclear material
In the
Federal Republic
of Germany

o facility-in operation

o facility shut down or
shut down is in progress
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Computational procedures for radiation
exposure after emission in the atmoasphere

measurement,
basic data

emission
meteorology
topography
orography

dispersion radioecology +

emergency preparedness

preprocessors

for determination
of

U. zo L« Z 4

Gaussian model
Gaussian puff
model,
Lagrangian
particel model,
Eulerian model

models for. radioecology
—| and
emergency preparedness

data and graphics
for statements to radioecology
and emergency preparedness;
assessment of the radiation exposure
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Computational procedures for radiation
exposure in Germany

legal procedutres

e AVV (Technical guideline for computation, of
radiation 'exposure during normal.operation)

e SBG (Technical guideline for’computation of
radiation exposure.during emergencies)

e expert systems (e.g. RODQS, ..))
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Gaussian model in German legal procedures

Gaussian dispersion of concentration
(total reflection from surface)

2 2 2
c(x,y,z) = Q% exp | — - =14 exp _(z—H2) + exp —(Z+H2)
27U, -0,0, 20, 20, 20,

c: concentation

Qo: source strength

Oy, Oy dispersion parameters (variance of Gaussian distribution), measured or derived from o, ,,

u, : medium transportation velocity

H: height of plume axis (effective emission height)

X,Y, Z: Cartesian coordinates of.emision point, with y and z orthogonal to wind direction
H. Walter, SW 3.2 @
Decision-Support Systems, Evaluation of Radiological Situation and Communication

BfS Sniensenie



Gaussian model

Gaussian dispersion

of concentration

Z
}
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real dispersion conditions

<

differ a lot from Gaussian model as& tions
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Gaussian model

generally not considered:

* windprofile

* height dependance of windvector(Ekmann-spiral)
* windshear

* |local / regional windsystems

* short term / explosive releases

* iInhomogeneous surface roughness

* [ow inversions

* inhomogeneous / instationary turbulence

* low wind speed (high pressure area)
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Possible alternative: Lagrangian model

particle model, consideration of (different).particle trajectories

S, =S, (X,Y,Z,1)

S; = S5 (Xy,zZ,1)
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Lagrangian model, basic procedures

— 4 ~
Xneg = X + At (T, + Uy + U,)

* mean wind velocity
advection (large scale processes)

* turbulent wind velocity
,directed” turbulence (~ Lagrangian:correlation time)
+ stochastic turbulence

e additional wind velocity
description of external processes (e.g. sedimentation,
Inhomogeneous turbulence)

H. Walter, SW 3.2
Decision-Support Systems, Evaluation of Radiological Situation and Communication

BfS Sniensenie



Lagrangian model

advantage / disadvantage

advantage

* several meteorological and physical
effects can be considered more intensively

disadvantage

* additional parameters necessary resp.-.available
(L., U, 24 d, T, turb. heat flux, turb. flux for momentum)

e air flow model necessary
e additional measurement data

‘ But -SODAR, diagn. / prognostic models
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eather serwce models U|Id|ng effects

Lagrangian model

results close to reality
EURATOM Guidelines 96/29 !
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Gaussian model <==) Lagrangian model
GM LPM

$

Comyparative considerations
(literature study)
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Comparative considerations (literature study)
[Glaab, 1986]

comparison of

German Clear Air
Regulation(TA Luft) with Lagrangian model

* flat terrain
* source distance up to 5000 m

* point sources in different heights
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source height 21 m

1280+

Comparative consideration ..
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[Glaab, 1986]
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figure 13a, : surface concentrations in pg/m3 (dispersion class |, Gaussian method)
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figure 13a, : surface concentrations in pg/ms (dispersion class |, particle model)
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- source height 21 m
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Comparative consideration
[Glaab, 1986]
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Comparative considerations
[Glaab, 1986]

general conclusions:
the Lagrangian model computes in

* stable case
position of high concentrations closer to source,
significant higher ground surface concentrations

e unstable case
lower concentrations close to source
higher values in greaterdistance

* greater differences when sources are close to surface
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Comparative considerations (literature study)
[Martens et al 1993]

short time dispersion coefficient.under the plume axis

Gaussian plume, close to SBG; u,, = 2 m/s; ug;= 3,3'm/s
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Comparative considerations (literature study)
[Martens et al 1993]

results:

* all models are practical to describe average conditions

* average parameters.of boundary layer ( like innGM") are not suited
for consideration of individual cases

* parameters of boundary layer (u., Lyz,,’ m,) like in LPM describe
better the situation of stability than categories of diffusion
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Comparative consideration Gaussian and Lagrangian model
[Janicke, 2001 a]j

comparison of

* GuidelineTA Luft (AUSTAL 86 based on GM) with

* advanced model system
Lagrangian particle model LASAT
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Comparative consideration
[Janicke, 2001 a]

results:

* it is possible to reproduce GFM results with LPM

* single situation:-don‘t use Gaussian model|

* longterm computations: Gaussian model is good
for plain terrain and lifted sources
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Comparative consideration
[Janicke, 2001 b]

Gaussian model (AUSTAL 86)-and
Lagrangian model (AUSTAL .2000)

basis:

statistic of stability class 1951 - 1969

source heights 100 m, (50 m) and 25 m
roughness lengths 1.5m,1.0mand 0.5 m

H. Walter, SW 3.2
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AUSTAL2000, zp = 1.5m
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Comparative consideration
[Janicke, 2001 b]

results:

e at source height 100-m: relative good similarity

e differences between GM and LPMincrease with smaller
source height

* single situations: partial considerable differences (z,!)
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Comparative consideration
[Thehos et al, 1994]

Gaussian model (TA Luft) and air,flow / Lagrangian model
FITNAH / LPDM

basis:

statistic 1944 single situations / 150 Cluster
source heights 75 m (computed with raised plume)
areas Biebesheim, Kassel (cities in Germany)
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Gaul-Krilger-Hochwaert

Comparative consideration [Thehos etal, 1994]
direct comparison homogeneous orography
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Comparative consideration [Thehos et al, 1994]

direct comparison structured orography

GauB-Kriiger-Rechtawert
Gaug-Krilger-Rachtawert
3640 3548

Gaud-Krilger-Rechiawert @auf-Kriiger-Rechtswert
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Comparative consideration [Thehos et al, 1994]

results:
® plain: height.of- maximum complies good,
position of maximum at LPM farther
* not plain: great differences
H. Walter, SW 3.2 @
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Summary of the literature study

* Gaussian models have partially severe constraints
that can not be solved generally

* Gaussian models show especially-deficits in situations with
- instationarity (windfield, source)
- orography
- sources with low-height

* |agrangian.models have greater significance because of
their stronger physical contents

* |Lagrangian models have been introduced in dispersion calculations
in Germany for conventional pollutants
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Summary

recommendation:

further examination of the

II- introduction of Lagrangian models
In regulation‘guidelines for radioactive pollutants

In Germany
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