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Background 2

We developed the local-scale high-resolution atmospheric dispersion and
dose assessment system designed based on LES model for safety and
consequence assessment of nuclear facilities (Nakayama et al., 2022).

LES calculation conditions
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 Time variation patterns of the air dose rates were successfully
simulated in consideration of individual building effects.
* However, the LES computation time was approximately 1.5 times real-

time even using 1200 MPI processes on 50 computing nodes by a
JAEA supercomputer.



Real-time high-resolution atmospheric dispersion simulation 3
Coupling LES pre-calculations with an on-site meteorological observation

Mean wind: Upop | Doppler Sodar wind speed
UCx,y,2) = Uyps(x,,2) UDOP(X,y,href), for z < href U,gs | LES mean wind speed
ULES(x'y'href) href Reference height
U(x,y,z) = UDOP(x, Y, href), for z > hyqf t
Turbulence standard deviation: Doppler Sodar data Inertial sublayer
The Normal Turbulence Model (NTM) as a .‘

reference for fatigue load calculations for wind

t Reference height
turbines (IEC61400-1)

Roughness sublayer

g, | oneitudinal turbulence LES database| 7 F
o; = ref(aUhub + b) | Ires | Representative value of g, | --- "7 Canopv[ég/"e‘r -
a,b | Constant 1
W Adopted from Britter and Hanna (2003)
/ Quick calculation by Lagrangian particle dispersion model \
Particle position: x(t + At) = x(t) + uAt 40 || Uims S

U Mean wind scaled to the
Instantaneous velocity: u=U+w’ Doppler Sodar data

Turbulence standard deviation
Turbulence velocity: v’ (t + At) = aw’(t) + Bo,é estimated by the NTM

k & Normal random number /




However, the turbulence data estimated by the NTM is NOT classified
under different atmospheric thermal stability conditions.

Stability | Condition
class
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Wind tunnel experimental data of
vertical plume spreads in different
stability classes (Shirakata et al., 2002)

« Evaluate the turbulence standard deviation obtained by on-site remote
sensing meteorological observation at a nuclear facility

* Investigate the estimation method for the turbulence based on the
Improved NTM In consideration of different thermal stability conditions



The NTM estimation of the turbulence standard deviation

In IEC61400-1, the representative value of the turbulence standard
deviation is given by the 90% quantile for the hub height wind speed U;,,;,.

2.5

Turbulence intensity ¢,/U

Og01 = ref(0-75Uhub +5.6)

EAR R I /. . Expected value of the turbulence

—NTM_lref=0.16

Higher turbulence case 0.16
Medium turbulence case 0.14

Lower turbulence case 0.12

5 10 15
Mean wind speed [m/s]

To apply to atmospheric dispersion simulation, not the 90% quantile but
the averaged value of the turbulence standard deviation should be used.

Oqve |l = Iref(0-75Uhub + 375)

The L., highly depends on the meteorological conditions and terrain types.
f

< =

We estimate the I..r values at the nuclear facility site under each
atmospheric stability class by regression analysis.




The nuclear facility site 6

Obtained meteorological data

Target period 12t July — 2"d on January
2007

Wind direction and speed

b e Doppler sodar  Turbulence standard
3km | A

data at a 10- deviation

mmute time Measurement heights of

interval 50m, 75m, 150m, 250m,
and 300m

Wind velocities, solar
Surface . )
. radiation, air temperature,
meteorological

The Rokkasho Reprocessing Plant  gpservation and net radiation
=Thermal stability class

There are many buildings, structures, and tall trees with a height of up

to 30m around the site. -

Based on ESDU 85020, the terrain description is “wooded country
(many trees)” and the roughness length (z,) is expected to show 0.3m.

ESDU: The recommended data of comprehensive turbulence characteristics of
a neutrally-stratified atmospheric boundary layer



Previous evaluation studies on the Doppler Sodar

Main specifications

Observation method Triple monostatic

Pulse repetition interval 3-5 second (Obtained time
Interval: 10-20 second)

Sound beam width 10 deg (The beam diameter
Doppler Sodar AR-410N Is 52 m at 150 m height)

* lto et al, (1999)

MENArT . There is a tendency that the

S ok e l] S longitudinal turbulence intensity o, of

515 -8 g the Doppler Sodar is overestimated,

§°;L NN o 8 while the vertical turbulence intensity
NS S5 ay ; oy, IS reliable.

0 05 1 1.5 2 25 3 .
Ultrasonic anemometer[m/s] Ultrasonic anemometer [m/s]

- Mitsuta et al. (1989) Measurement accuracy of a,, is high especially
under higher convective condition because of the
problem of the obtained time interval.

Small-scale turbulence under stable conditions is not
captured well in principle.



Analysis approach 8

Stepl: Analyze the vertical turbulence standard deviation g,

Step2: Estimate the longitudinal one g; from the ratio of g; /g, under
the assumption of uniform shear turbulence

Assumption
. %/ ~ (0.5 Spectral analysis of turbulent velocity fluctuations (Mann, 1998)
oy Tuning of the ratio ¢,,/0; to enhance a correlation with the

ol 0.74 longitudinal one og; of ultrasonic anemometer (Ito et al., 1996)

w Longitudinal turbulence
£ s standard deviation ag;

‘ =1.
LcE k=133
S 1 IR Although it is the simplified method,
T X .-j‘ * the reasonable data of the g; could be
gns X :-3;- : easily obtained from the ¢, measured
e .f‘ts (o etal, 1996) | DYy the Doppler Sodar.

0
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Measured vertical turbulence intensity g,,/U at 150m height
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At class D, the g, /U is largely scattered.
The g, /U increases with decrease of the mean wind speed at each class.
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Estimated longitudinal turbulence intensity o;/U at 150m height 10
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At class D, the g;/U is largely scattered because of the largely scattered o, /U.
The NTM with I.. generally approximates the scatter of g; /U at each class.



The expected value of turbulence intensity I,..¢

0.24 0.17 0.17 0.12 0.09 0.09 0.12

50m
75m 0.19 0.12 0.16 0.12 0.08 0.09 0.11

150m g 15 0.11 0.15 0.10 0.07 0.11 0.10

(stack height)

250m 0.15 0.12 0.13 0.09 0.07 0.08 0.09

300m 0.16 0.15 0.13 0.09 0.08 0.07 0.10

* At each stability class, the expected value of turbulence intensity L..r

generally increases with height.
* At each height, the I, decreases from unstable to stable conditions.

* The variation patterns of the .. values with stability class and height
are qualitatively reasonable.



Vertical profiles of the vertical turbulence intensity ¢,,(z) /U(2)

ClassA

Height [m]

ClassD

Height [m]

400

350

300

250

200

150

100

50 |

0

400

350 |

300

250 |

200

150 |

100 |

50 |

oWind tunnel(Shirakata,2002) On ClaSSB 400
® Measurement data 350
o

] 300
o
o = 250
0 £ 200
o _%
T
& 150
o]
o} 100
o]
)
% ] 50
o]
1 1 1 0
0 0.1 0.2 0.3 04
o.(z)/U(z)
-O0—— O Wind tunnel(Shirakata,2002) 400
A Wind tunnel(Sada,2002 4
© . |—ESDU@z0=0.3m) ClassE 350
o) ® Measurement data
300
o
__ 250
E
£ 200
(o)]
‘©
I 150
100
50
. 0
. 0.3 04
o, (2)U(z)

Fay

OWind tunnel(Shirakata,2002)
AWind tunnel(Ohya,2004)

®Measurement data

0.1

0.2 0.3
o,(z)/U(z)

0.4

OWind tunnel(Shirakata,2002)
AWind tunnel(Ogawa, 1985)
oWind tunnel(Ohya, 2004)
XWind tunnel(Arya,1975)
®Measurement data

0.1

0.2 0.3
o (2)/U(z)

0.4

Class®®

Height [m]

350

300

250

200

150

100

50

0

400

ClassFE

Height [m]

350

300

250

200

150

100

50

12

[

>4

o]
o

o

>
L ]

$ 80

P $ o oF

OWind tunnel(Shirakata,2002)
A Wind tunnel(Ohba,2009)

0 Wind tunnel(Ohya,2004)

® Measurement data

%

A

A
LY
2

>

0.1

0.2 0.3
o, (2)U(z)

0.4

m@djnolleé)QD 8 0o

OWind tunnel(Shirakata,2002)
oWind tunnel(Ohya,2004)
@ Measurement data

0.1

0.2 0.3
o, (2)U(z)

0.4

 Classes C and D are similar in magnitude to the experimental data.
 Class F is highly overestimated in comparison to the experimental data.



Vertical profiles of the longitudinal turbulence intensity o;(z) /U(z)3
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 Classes C, D, and E are similar in magnitude to the experimental data.
» Classes B and F are overestimated in comparison to the experimental data.



Evaluation of the turbulence data obtained by the Doppler Sodari14

Stability class

A Although the turbulence data can be intrinsically estimated
by the Doppler Sodar, there is a large difference from the

B experimental data. It is necessary to compare with more
experimental data and continuously evaluate them.

C The turbulence data is comparable to the experimental

D data and/or the ESDU recommended data.

Although the vertical turbulence data is overestimated a
E little, the longitudinal one is similar in magnitude to the
experimental data.

The turbulence data is highly overestimated because
small-scale turbulence cannot be captured well in principle.

o e

It is expected that the turbulence data at C, D, and E classes are reliable
from the viewpoint of using input data for atmospheric dispersion model.



Conclusion

When using the turbulence data measured by the Doppler
Sodar for atmospheric dispersion model as input condition,

o e

* The longitudinal turbulence data og; should be estimated
from the ratio of g,,/0; under the assumption of uniform
shear turbulence.

* For unstable conditions, the turbulence data at class C
should be used because that at classes A and B need to
be continuously evaluated.

* For a neutral condition of class D, the turbulence data iIs
reliable and usable.

* For stable conditions, the turbulence data at class E
should be used because that at class F is highly
overestimated.
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