
. .

1,,

UCRL-JC-125034

PREPRINT

A First Look at the New ARAC
Dispersion Model

J.M. Leone, Jr.
J.S. Nasstrom
D.M. Maddix

This paper was pqared for submittal to the

American Nuclear Socieo’s Sixth Topical Meeting
on Emergency Pre~edness and Response

San Francisco, CA
April 22-25,1997

November 19%

hka-tofa~~ti~h-kapdor~
\

Since changca maybe made before publication, this preprint is mada available IT
with LheUnkWad@ thatitwill not becited orreproducecl tith0utti
pumissionof the wtk.



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of
the United States Government.  Neither the United States Government nor the
University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or the University of California, and shall not be used for advertising
or product endorsement purposes.



. .

A FIRST LOOK AT THE NEW ARAC DISPERSION MODEL

Jolm M. Leone,Jr. John S. Nasstrom JJelllSCM. MilzXOIX

LawrenceLivermoreNationalLab. Lawrence Livennore National Lab. Lawrence Livermore National Lab.

P.O. Box 808 P.O. Box 808 P.O. BOX 808

LiveImolR CA 94550 Livermore, CA 94550 Livermore,CA 94550

(510) 422-6449 (510) 423-6738

SUMMARY

We descrii a new atmosphericdispersion model behg

developed for the emergency response system of the U.S.
Department of Energy’s Atmosphaic Release Advkory

Capabid.ity(ARAc).This model solves the turbuler% advection-
dtion equation via a Lagrangian particle, Monte-Carlo

rmthod. WMin a simdatiom particles representing the pollutant

are moved through the domain using a random displacement

method to model the turbulent Wfusbn and a Runge-Kutta

XW.hczdtomodeltheadvectm. ‘Ikbottomboundmy iIIthCH

model is a union of b- surfaces between gridded terrain

data rather than the discontinuous “stair step” repreaentadon of

terrain used previouslyin ARAC T%enew model accepts winds

ou (Z Y,G3 grids that can bCmn~y ad V~*Y *

and nested in the horizontal.

L INTRODUCTION

The Atmospheric Advisory Capability (ARK) at

Lawrence tiVCCIWIT$ I’%tiond bb’-y pmvids ~-

emrw=yl=w= Supportfor accidental radiological releases
to the mmoaphm for U.S. ~nt of Me= ~d theUs.

De@mentofEn=gY. ApofARAc’s*ortti ~ti
best service possible to its customers, it is designing and

implementing a complete new system called ARAC IJJ.‘his

paPPn*a-hk*tiARAC III atmospheric
-Ion model together with some earlyresults.

IL MODEL DESCRIPTION

ARAC has decided to continue the methodology for
dispemion faecastm. gin ARAclIIthathasbeen sosucc4ul

(510) 423-4236

in the pa% ie., a sepamteLagrangian particle dispersion model.

This new model will solve

‘=32!$;:$)+$’$) ‘1)
where Z is the mean air concentration of the species,

;,;, and~are themean windcornponentsti the~y, andz

-m-dytistiq dK=KYd Kzmhedy

diffusivities for the three coordinate dtitions.

However, rather than solve the above E&rian equation

directly, the model solves the stochastic differential equations

thatdescrii the sameprocess within a Lagrangian framework

The equations describing the particle displacement in the tluee

coordinate directions are

& = &ft + (2K,)m~Y (2)

dy = -d+ (2K#%fWr (3)

&= ia+~t+(2Kz)%iwz (4)

where dlV’ are three independent random variates with zero

meanand variance dt. (Ukkn~tititidek

homogeneous in the horizontal x and y, directions.)

InasimuMion, theapecies ofin_k_ntibYa

large number of marker particles (fluid elements> each with a

specified species mass. ‘he stochasdc differential equations
above are integmted in time to calculate an independent
tmjecrqofeachparticle. The ensemble-mean concentration at

~tit-ti&d* timtipficleltiom*

time t and the species mass associated with each pmticle.

The firststep in any simulation is to generate the initial

particle positions and ckactens “ tics. In order to do this, the





Figme 1.An x-z cmas section of the meteorological grid.

singIe meteorological grid with a Ax = Ay = 1 lam Figure 1

displaysa verdcal (x, z) .nas section of the mctcomlogical fyid

d~laying the gaded vertical resolution. The simulation is for

three beam fmm0800-llOU PDT using wind data sefaevery 15

minutes. The wind data was pmccaaed through the ARAC III

diagnostic wind mndding ayatcm~

Figure 2 shews aplsn view of the instantaneous ~sition of

the particles at 0900 PDT, em hour into the simulation. W

figure ah ahewa a 20 km x 20 km intarier region of the

~~@d@@m@mm~ 100 m. The freest
krimntd reaeludco cmthe concentration grid is Ax = Ay = 0.1

km at the source. me low level winds during the fimt hew of

the ainndaden are very fight and variable and this is refktcd in

the bunching of ths particles near tie amuce.

Figure 2. Plan view eftbe instantaneous particle @ens
at C900PDT. Also shown are h concentration grid and
the terrain centeura every 100 m.
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Figure 3. Plan view of the particle positions at 0930 PDT.

Figures3 and4 preamt the instantancou.sparticle positions

(plan view) at 0930 PDT, 1.5 hnura intn the simulation, and

1000 PDT, two hours into the simulation, rcapectively.

Bcgimdng at 0!N3 PDT, the low level wind d~tion steadied,

blowing southeastward along the coast with a cormapending

_ illSped. W k again rewakd in the panicle pesitiona
in the figures. ‘Rmparticles moving offshore have been mixed

up inte the prevailing north wind above 3113m AGL.

l@n’e 5 shows conteura of the sixmdated l-hour averaged

surfaceconcenh’ationafor 1000-1100 PDT (1700-1800 UK)

overlaid en the model terrain contours. Alan, plotted are

repmaentative sampler valuca. (Note all values MOW 50 are
suspect due tn fugitive emissions.) The simulated plume

matches the generaf pattern of the measured valusa quite well.

Wldle the mevement eftbe phnne offshere cannet be vdt%d,

it is quite reaaomble in fight ef the observed effabere

component of the wind abeve 300 meters AGL.
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Fwre 4. Plan view of the particle peaitions at I(JM PDT.
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IV. CONCLUSION

We have described so initial vexaiun uf the dispemion

mndel that tin becomepartof AIL4C’S emergency respuns-e

-* dICARAC JIIsYatcmbecomes up-ational. Befme
that time, we pbm tu add a number of features such as buoyant

and explnaive plume rise, wet depaitiou tbe abiity W=Pt

turbtdent diffuaivitka fmm the mesuacale mudd. And, tu

substantiate the quality uf ARAC fmecasta, we will be

conducting an extensive mudel vaMatiOn pmgmm.
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