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APPLIGxTION OF A M.EWSC.ALE MODEL WITH 4DDA X) THE COMPLEX%6 . .
TERRAIN NEARlw’wLEuTiI-I . .

Kedcy R. Cos@gmt=, Dawn G. Flicker. ad J. T. -

k AlanMx National Laboramy
Los Abmos. New Mexico

i. INTRODUC’ITON

_lheTmx4e/inny Depot South #ueaiskcaedinthe
h@Lbroadmshvdkyof NrthGmduta!l l-k

valley is ~xl~m~=k~~
mu@ly20kmacnxafmmE= m*d45hloW3
fran NaT!Lto Smith Isis smounddonthrec sidesby
mounminranges wIththe OqttidIMounuins toti
~the WnsbutyandOnaqui MountainstotheW est.
alx’the sheep Rockand EasLTmk Mountains tothe
SaLth (Figute 1). Tke mountain - -*
~franabcauMKlmto33Wm= Asmnewhat
shomxbamicx (2(lX)m Sottth Moumain)exis60nthe
Nmhendoftivalley mlthelowest PasaesanzaIfhe
nathandeastsides. Further tothe North lies Tck
valley and the Great saltLake. 4Ltork Signiibnt lake
is in b sdjacc.ntvalley to the east cf Rush Valley aud
tk small Rush Lake is at the Nonh eml or-Rush Valley.
~ canbinmion Ofk tOpO$@l~ and the bkes ieads

to IIMCJEISUng local LLHXKO1OEE- a.fktid by siope and
wdky eOws and w breeza 6t0ne et al. i989;
Yanda et al.. 19S91

The South kva of Tooe!e kny Depot is one of &
U.S. -y’s s[orage fxfli~s for its stockpde O! chemi-
cal weapon agents. Congress has directrd the Il?part-
ment of Defense LOeliminate the aging stockpiks.
whkh have existed sime the end of World Wr IL and
tlE u. S. -y is beginning to destroy rhese lethal
cbnical miuniticms. Although IIM d~er is slight.

accuram predieuons of the *-ind fields m the valky are
necessary for dispersion calculations in the e%entof an
accident involving toxic cMxnicals at the depot. here
are several small comtnuniues in Phh ad Tooele val-
leys and Salt Lake City is located 65 km to the North-
east of Tooele hny Depot South Area. at 1300 m MSL
awl beyond the Oquirrh Mtnmtains.

This paper describes how Newtonian Nudging LS
apphed to HOTMAC [Higher Order T-wbuience Model

= ~ormspgmii.l~ adhw midre u Keeiey R COStIgtn.
EES-5Madstcp D@l. Los Munos Nauona! Laboratory.
Los Ahunus. !W 87545 EmaIl lcrc@w~a mni gov

f~ Atm06pkk Gtctdtiticittaj for ~aonal w in this
mea lllenudging scheme takes adWntageofanexten-
sive mwark d lad obaematicms in L&vdky. At the
dqmtthtxeatesevemsurfa ccobaes%gstmians anda
30mtower. whichcdkctwind. ~. ~
_~attdTti_bLu=&~
aneswmkdalxntt25 additiuulsurfx stathms

-Med~v*sdmmed*

2. THE MODEL

HCYllbfACisathtccd. . - 4. ntumxkd model
thathaslxen applkdtoanumber dmeaoamkstudies.
tiuding pmvicats dispemicm studies at T- (Yamada
et al.. 1989). k basic quatkns f- pmdkting the
meanwird pomuial tanpmtttre. arAwatervaptxare
mpmted by Mma& and Bunker [1989] and Munada
[19&<]. W model assumes hydros~tic equilibrium and
uses * Boussineq approximawn TiK equations are
rhen inuqp-atedusing M Aiterna@ Direcuon Itnpiicit
method. A wagged grid and a terrain follcmiq coor-
dinate system are employed. Grid nesting in the hori-
zcsmd is availabk. depending on the application. wnh a
swetchd grid in the wticsl. The Mellor and Yamada
(1982) kvel 2-5 model is used to predict tk turbulent
mmspm-td monmuum. emxgy. and watet vapor
through use Ofquaticlm hat inclu& ti Nbuknt
kimic energy and& mrbuknt kngth scak Previ-
ously. the model incuporated the ability to nudge the
ptuhctions toward steady. geoatrophic winds at upper
levels For this currentwork. we have changed the
nudging procdure to also usc infotmatitm fram time-
varying. surfwx observations and upper air scnmdings

3. THE DAIA ASSIMWUION APPROACH

In order to optimally mike the klcal meteorological
observations. we have modi6ed HOTMAC to incorpo-
rate Newtonian relaxation in a manner similar to the
%bs-- nudging technique employed by Stauffer and Sea-
man t 1990 In this method. the model s[aw is conunu-
ousi~ nudged toward@ obsem-ec!mte by atidq
adchtmnal terms to IIE prognosuc ~u~ti~s imed on



Figure 1 Repriwmatwt cfIhe tqwyaphy near Twe[e. L~T Darker shading mdmtes higkr t-am

the di.i%.rexe “Wwieenthe tw-ostates. The “-ohs--tmdg-
mg approdl nudfps directly toward indivdual observa-
uom Jmrhited non-umfcxmly in space and tune

To tWXXllpbShthiS relaxation in HOTMAC. an addl-
uorud mm IS added :0 tk iiekk of wnd. tcMpCram.

and .momue at each gnd point m the domam. Wth
every timescep of the large grid. each field vatmble o is
modified at e=h grtdpour by adding the term

FN -1

where the subscript 1denotes ttK i-th obaervatmn. G is
b nudgiq facmr that determmes b relau%emagm-
tude of the nudging. md At is the hqe grid tunestep.
The four-dunensmnal weiglmng factor W“,K detenmned
by the spaclal and temporal separahon m-exh of the N
otw.mattons from the gnd pmnt a[ the nu(tgmg ume
The mm ie -0.1, is the dfi-erence temeen the
!,ccall:-obsemed ~alite oi the *anable 0., and the mum.kl

predicted value merpdased to the observation laaticm
@E.

The obsemed vertical soundings are iirst interpo-
Iad to themodel grid kveis. Specify- W“,= mX- W,
(after Stauffer and seaman. 1990. the hcxizontal can-
ponem of the we@ing futxuon is @n by

J

R= - D2
DsR

t%-=~ =

1

R2 + D2”

o. D>R

wkc R is a htizontal rd.ius of influence and D is the

distance of the i-th obwatmn from the grid point. Sur-
face and upper level valuea of R are set by the user. witi
R Iitmrly interpolated at hei@ts in between When
ustng surf-data in complex terrain. we have modified
Din a mannersimilar to Sutuffer and Seamm (19941 so
that D= D=. R C-i 1:.,-:-1 where C is a constant.:=
is the he@t of she obsematmn and:~ ISthe model grid
point heqh[. D“ is the hcmzonml dismnce between the
ebwtwahon and the grid pmm ~us the eifecn%e dis-
tance is increased and 11,. reduced when the hel~h[ dif-



fa’ence hetween theobselwluions andtheglidpoimsis
hrge. rminimkht b irdlumce of valley oo=maticms
atkmod&Wdsov eranearbypeak.

~-~tof~weiimwf--ri~%is
_mbe~ml.Od@*=~Nti-a
preset time window. cenuxed a-bcwtthe obsemation
rime. Furtbex in time from the observation. it decre-s
limxrly fkan 1.0 to a value of C.Oamide tk time win-
dow. The tiw widow is specified to he largerfor
obsemakms at higher kveis than those takenat fhe sur-
face.

Tk model. with this dau asstilation merhxi will
runopexaticmallyat Tmeie. The data assitmirttia
approdI described here W-IIIbe med to provide a bemr
initializatkm to HOTM4C by incorporating b previ-
ously fmecasted fields at the start time and nudging the
model pedicted iields fm a qxdied time period. for
which the &Srvations are a%ailabie. (he the model
simulation reaches dK end of fhe assimilation period
f.thettie or the last recorded data]. it continues the sim-
titian in a purely progmmc mcde.

This wmk is supported by k U. S Army Nuckar
and Chemical Agency ‘undercontract nv +x
LTQWCA93RO1C!1O-==uhJames Waltc ~as program
manager. W also thank Jiiii} Wmercamp far her assis-
tance w-iththe topography dam and figures. and. Ray
Rigen of Tooele .%-m) Depot. Don Hamnan of Tooele
County. and Rich Keliner rmiiAppiied Compuung Sys-
tems for providing the o!?semammal da[a.
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