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Application of an Advanced Atmospheric Mesoscale Model to
Dispersion in the Rocky Flats, Colorado Vicinity

/1l]S’1’l{A(”l’

‘1’ht’lltr]]osl)t](’li(” Slll(li(w ill (’01111)1(’X ‘I’(’I’I’il ill (:1S( !()’1’) ])~t)~l’illll S])f)ll

sor(wl il. fi(’1(1 (’xp(’riilm]t ill 111(’ wil]trr of 1!)!)1 11( ’ill’ 1{()(’1(~ l:lilt S, (’olo~d~lo.

1101}1 [l](’t(’or{)logi(-;il” ;111(1t l’il(’(’~ (Iisl)(’rsioll lll(’ilSll~(llll( ’lllS }!’(’1’(’ lilli(’[1. ‘1’11(’S(’

two (liilja sots pro\’i(l(wl all ()])p()rtllllit~’ to illv(wt igilt(} tll(’ i[lllll(’1]((’ i)l t,(’I’l”il ill-

~(’11(’f’ilt(’(1. ri\(li/l ti\’(’ly-(lr i\ ’(’11 floWs 011 11)(’ (Iisl)t’rsioli of tll(’ I l’il(’(’I’. ~~(’ Ils(’

II)(I I{rgimlal A![l]osl)l)(’ri( M()(lolillg Sysirlll (l{ I\hl S), ol’igilliill,k” (lt’Vf*lo])(*(l :11

(’0101’;1(10 SIilt(’ IItliv(’rsity, h) si]]lllldh’ 111( ’{{ ’ol’ologi(’ill (’ol](li( ior)s illl(l If ’d(’(’l’

(Iisl)(’txiotl t)II III(I (:IS(I iii~llf ()( ,Ifi lJ(’l)rllilr~ 1!)!)1. ‘1111(1siltlllldtiol)s (I(wtil) (’(1

I](w’ill ~(>V(’ill (’ollSi(l(’I’ill) l(” illli)l’llli~l ion ill)olll 11)(’ (’X( (’III 10 wl)i(ll t 1)(’ 1{()(’1<~

Molllltilill S illfllit’ti(’(’ (11(’ flt)W illoll~ (11(’ l“ll)llt l{illl~(’ , ( 11(’ ili)l)ol’lilll(’(” of (!ifTll-

S1011 Wll(’11 Sll Illllillill~ (11’ili[lil~(’ IIOWS illl(l 111(’ cotlll)ll(illg 11(’(’(1S ()( SilllllliltiollS

ill (“\)ltll)l(’x (( ’1’~ilil) t’f’~iolls.

1. Intjrodudlion

[11 Olilllllill’~/ l;(’l)~ll; ll’~, 1!)!)1 illl illh*t~~iv(* W’( (}I 111( ’ilSlll’f’l llf’lltS \\’ilS Iill{(’11 ill’1) 1111(1 1{(~(’li~

l“lill S 11(’ill’ 1)( ’II V(’I’, (’() 1111( 1( ’1’ 111(’ illlSl)i(’f’S 01 [11(’ I) f’l)ill’tlll (’111 01” l’1llf’1’~~’S jflltlosl)llt’ti(

Slll(li(v+ ill (’olIIl)l(*s ‘1’(*tli]iti (A S(’()’ I’) I)IOKI;IIII, ‘1’llis r~tgitltl {)1’ tllf’ (’ollllll’~, kll!)fvli ilS

(Ill’ 1“1’ollt l{illl~{’, is (’l)ill’;l(’fl’ liZ(’(1 !)~ ;I lri~lisilioll 11’1)111 tll(’ ~(’1111~’ slol)ill~ 1( ’f’l’ilill 01 (1)(’

(~1’(’ill l)l;lil~s t{) ,1)(I llip,lll~’ \)i\ti(*fl t~’irilil) ~)1’tll(’ 1{~)~’l\Y hl~)~llllllills ‘III(’ lll(~llll(:lill:+ ~ll’!$

t)ri(~llt(vl 1101111 sOII[ II i]ll(l ris(’ 11{)111 1!{()[] III iIl)()\’~1 t]l(’ilt) s(,iI l(I\’{~1 (hl Sl, ) t[~ ;I(i[I[) III hlSl, ill

( li(’ ( ‘olll ill(’l)till I)ivi(lf! (sf Y’ l“ij{llt~’ I ), ~litllf$t’oils (*:ISI }Y(’sl oti(’tll(’(1 \’illl(’~S l)(~itl ill III($

Illl}llllti) ills ;111(1 f’11(1 ilt 111!’ I)l; lills illt(’tfil((’, li’l(J\VS [“1’~)tll tlf’() 01” 111(’s(’ {’illl)’~)llS. sll((ili(illl~)

I’;III!)I’;I(I{) ;111(1( ‘~)ill( ‘I’(’(’1( ( ‘;111)’011s, \\”f’l’(’ SllSl)(’(’ff ’fl 01” illllll(’tllit]p, I 11[’1{()~’l{j’ I“lilts r(’y,i(llt

‘1’llis lli}~lll) t{)t)ll)l~’s 1(’lt;lill ill’ \’ill’i~Jlls }{’ill(’X Itlill\,’s 111(’ 1“1~~11[ I{illl}!,f’ i) (’llilll(’ll~,ill~~, r(!{i~lli

ill \vlli(ll to :.tllfl J’ l~itltlll{)lf’s, 011(” (~1’ 111(’ \vitl(lllt)\v:. J),l’llf ’l’illl’ll I)\’ 1111’iw’\’(’l’(’ l~~rr;]ill IIlill

is si)~llili{+illlt t~l till’ Illllllilll l)(~l}ttl;~ti(~ti itlt)ll~ (11(’ l“I’{} 111 I{illljl,{’ ;11’(’ tll(’ (11’ilillilf~~’ \vill(ls
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found during stagnant, willtcrtinw conditions. NCJI only (lo (Irain+y km’s occ[lr [Illril]g

weather ccm({itions mm(lllcivc to p(dllltanl acclll]]uldl io]]. I)IIL t IIq arc prilllari]y a s[lrfii(.(’

flow. illllucl](.illg wh(’r(’ 1)(’a.r-Sill’lil(’(’ IJolllltarll.s ar(’ tramportd. Sill(.(’ flrdil];lg(’ (x)il(liti(]lls

m-cllr [r(qucnt ly i-dollg III(* h’ro]lt I{irllg(*, AS(’C)’I’ is inv(’st.igd.ing IIOW 1 11(’s(’ (Iokvs illtvract

with larger-s(”itk Ilml]]liti]] a[](l syl]optic wil)(ls. ‘I’l) is, ir] tllrn, will illll)rov(” mlr id)ilily 10

1110(1(’1 {111(’(Iisp(v-si(m ()[ ])olllltillll~; [roli) 151’0111. l{ilt]~(’ (.il. i(’s il.11(1 ill(lllsl I“iill sib’s,

‘1’11(’ /1S(’()’1’ 1!)!)1 (Iala il](.lll(l(d Sllrfil(”(’ iill(l 111)1)(’rilir 111(’ilslll”(’fl)(’llts 011 al)l)roxi.

mah-ly ii 50 kl112 S(”ill(’. Sill]llltdll(*(Jllsly. iili ,S];fi l.l.a(’(’I’ r(~l(’;]s(’slll(ly \\’ilS I)(lil)g(ol)(lll(”t(’{1

aroli[ld II()(sky I“lilt S. a Illlcl(’iir IIlat(’rials l)ro(lll(lioll” ra(”ilil,ym ‘1’ilis Colll!)illillioll or II NI-

tcorological al)(l tra(.ty (“oll(”l’l]lr illioll” dalla I)rovi(k(l d Illlirl[w (Iill ii S(’I for (’ollll )ill”iS(Jll S

or fmwsralc an(l (Iisl)(wioll llmlvlil)g r(*slllts will) ol)S(’I’\’ilt iollS” illl(l rolt (’\’iillliltill# OIIr

(“~.l)~l)i!il~ 10 ])!’(’(Ii(”[ I)ol]lltiit]f (1’il!]!+llor~,

ollrappr(mrll ill Illilizi llglllis(lilla s(’1 islolw 111(’ 1{(’giollill ~jll]w)sl)l](’ri( Nlo(l(*lit)g

SJ’!-it(}lll( li/lhlS) l]](’sos(”i]l(’ll )(l(l(’l t()sill)lllill( `illlll()S])ll( `l"i("( "()ll(li{i ()llSilll(l III(* l,il~l’illl~iiill

l)irrti(.l(’ Ilisl)(vwiol] M(MI(sI (1,1’ IIXI). il. (wIll)OII(~IIl d III(I li,If A’lS sysltvII. 10 iIN)(l(Il I.INJ

(Iislmsiol] or I.II(s SII’, i. \l~(’llil V(’(”oll(’~’lllrill( ’(loll” 111(1 l-~ 1“(’l)l”ll;lr~ 1!1!)1 ov(’rlli~lll 1)( ’rio(l

itS 0111” (“ii S(’ S[ ll(lm~, illt lloll~ll Sl)lll(’ (Iis(”tissioll of 01.111’1” (“it S(’ Iligllls will 1)(’ Illd(l(’. ‘1’llis I]iglll

\\’il S (’l)ill”il(”l(’riZ (’(1 1)~ slrotlg (lrilillil~(’ flo\Vs I’roll] 1.11(’ llo(’~~ klolllllilill S 10 tll(’ \V(’sl or

1{()(”1(~ l“liltS, solitll(’rl~” \vill(ls ill il lil~(’riil)(!lll 1 lilll ill (1(’1)111ill)OV(”111(’(ll”ililliig(’ [I(JW’S

(111(%(’ sollltl(’rli(’s or(”dSiollilll j’” l~:olll(l H’il(’11111(1 Slll”lil(”(’), illl(l IIt)l”l ll\V(%l(S1’ly will(ls ill)ol’(t
{Ilil! lil;\’(’~f’~~(’ll(lill~ to 1])(’ (l’ol)ol)illlS (’.”

‘1’11(’ illllllt)t% \l$olll(l Iilit!lo III){(* IIlill lllis l)iIl)Isr r(’l]r(’s(’ills ill] (Ixl(’llsioll (roll] ux)rli

I)lll)lisll(vl I)r(’viollsly I)J’ tll(’illllllol’S, Sll(’(’ifi(’ill l)’ 1)0111OS” ;Ill(l 110SS(’1”[ (l!l!12il) illl(l 1)0111Os”

illl(l 110SS(’1’1 (1!)! )21)), Ill 111(’ (’0111’S(” of 0111” l’(lS(’ill”(’ll 1)1’()~1’(Y4S. S0111(” illll)ro\:(’Illl*llls nil V(’

1)(’(’11 lllJl(ll` l()!.ll('l )Hl"ti('l(`l ll()(lf`l( "()(l('illl(l Illol’(’i l])l)l”ol)riill(’” illil iill 111011(’1 (.oll(lili ollsll; l\’(’”

l)(vllI itlll)l(’ill(*lll(”(l. ‘1’ll(w’ ill]l)l’ovf”lllf’1)1.< illt(’1’ 111(’(“oll(lllsiolls” or lllos(I slll(li(’s Solll(’\Vllill,

Most t)rllwgf’tlf’rill [’oll(”llisiollsorlll(~sf’ I)ill)(’l?i ill’(’ Illlillr(’(’11’11 1)~ 111(’ Illo(lil i(oiili(]lls illlll
ill’(’ I’(’1l(’rill (’11 lll’1 ’(’,

2. ‘1’l]c MHNKnl(~ Mod(~l

I{ AYIS isil Iltr(v’ (lilll(”tlsiollitl .ilttllosl)ll(tl i(” l)l’illlit i\’(*(*(l lliltit)il, 111(’SOS(”;11(” )110(1(’1 IIlill

11s(’S l[,rr;lill Iollowitlq” ~’()()l’(lillill (’S ilS (I(w[rilj(’fl ill ‘1’r(’llll);l(’k (’l ;11. (l!)N(i), (’011011” (’l

ill. (l!HN) illl(l ‘1’r(vtl!m(k all~l \\T;tlltl) (1!1!11), II \VilS (’otll’ftiv(vl 11~’ 111~’ Illlili(hilliotl 1)1’ ;I

11{)11Ilyflroslillic (’1011(1 1111)111’1illl(l I\VI) IIJ’lll”[JSlillil’ 111( ’S(lS(’ill(~ lll(]{!{$l S ill (’ol(ll’il(lo” Sl;lll~

!’lli\’(’rsil~ ii] llItIcI;Irl~ 1!))+1’s, slllril(l(l( lll(ll~y Ilillilll(’l! is Illilill[;lill(vl f’i;l Il)lllllll;lliotlsl)l”

ra(li;lli\w. 111Ixf Is ((’11(’11 alIfl f’Idl I) II, I!lN:{il,l )), 11111’111 ;Ill(l sf’llsil)l(t Ilf ’111 Illlk(’s, illl(l sill)

SIII’f;I(’(. llt~:li (’(~IIfllli”l i(~ll 1“1’0111 ;Itl I I l(I\”(ll soil lI~tlllIt*t’;llllt’t, tlt{I[l IIl (’1’lx~lllll;lt”li ;III{I 1((’ssll’r.

l!ls~)), l{;\\ lSll:4(~.: litlilf* (lill'f`t[qtl((l!l,l'illl t'[lllli (lll('141vl1,~1'(~111fl,qli,151,; l('iiljl,:lll tltllf. tllltlll),,l

t)l II,rill sl)iltw’s is sll{’(.illc’(1 lI\ 1111’ II SI’r I{) (r(wl(t llIf I IIKJflfIl ll~nll;lill. \\ ’illl ill Illi:l ~lotll;lill,

il 1’(’;11111’{’1)1’ 1{,’\\lS illll)\f’S [1)(’ IIS(’I’ 1(; Sl)(’I’i f\” il(lllilil)llill gl’j(l+ (11’ Sll)illll’r ~1’ill ~])ill’ill~

(( ’illl(’(1 ‘11( ’:+ls’), 111( ’1’{ ’1))’ l’l)~lisill[l,{}ll 111(.i’(’pl,iollol’illlf ’l~t:.1” Ivi[ll Ilip,llltt I’!’!+l)llllitlll, \\”itl,,~J

f:lr~)ill~l, illlll( Ml)ll(’1’il’ 11111’11(1111(’n; l lI;I\II IIIYVI sIItitIs51”Illlj sllllli(ul Ii:.illll, Illis 11(.~il~li’l~~tlf’

,},,



ranging from tllrlmlmt d(!l, ,+ 10 sy]]opt. ic-sca.h’ \vraljlwr syshms alltl frotl] rl]itl-lal.ilu(lc

tmna(iocs loslll)l. ropica,l ltlllllfl(!rstorlt]s.

In this st.llfly iv[`r['l)(Jrl. (Jllsitlllllati(Jl] s('ol1ll)I('l(Jfl llsillgli:l\iS(Jv(lrll](~ Iiocky h’lats

rcgiml fc~r lJIIC ~lS(ioT 1991 rm’asllret]mlt Imjgra.111. l/mIil[s (rolll t Iw IlhMivl aro col]llmwl

I()()l)s[’l”k’ali[)tls ofwitld an(l Im][wrdjllr(’ st.rllclllrt’. \’k’(’illl(’111[)1 [()( ’ill) tlllY} III(’ (Il”ililiilgf’

floli’cllara(ml.(’rist.icsas wi’llas l.ll('ll l)l)('r ilir\vill(l (li`\-f'l(j])lll( *lllt)ll \’tIrysIII;lll s(dl(Isl )(’(.aIIs(~

f]r;~illagf’ flow’s arc Of’t(’11Slliillo\V, local fmdllrcs al]d Illv tcrriiil~ ill wllicll ii isg(vl(’rnt.(vl

is Iligllly-\?arial )lc, W’(’ 11S(’ I.\\’() Imsic iq)pll)ilf”ltt% 10 Sillllllilliflgo llr (“WC (l:lJ’s. ‘1’11(’ first

is 10 11s(” wro iniliil] wi[l(ls with 111[’l(vl]l)(’rat)llr(’ al](l IIloisljllr(” l)rofil (’s of 111(’ (’as(’ (la}”.

‘1’llis al)proacl] ill IOW’s 11s 10 sil]llllatc lllt’ Ihrrll]alty (lri\.rlt (Iraillagv flows Illat drvelol)

wit.l]mll (I1c (.oflll)ii(.fi.[.illg itl(llwlicr 0( iillll)imll flow. It] lII(ISWOII(I :Il)])roii(’11 wc illt.luflc

lllt’olwmwl ai]ll)i(’t]tl wil)(lsl)(wl an(l (Iir(vlioll. Ill Illis(’ils(’,( lrilillilg(’ IIOIV!+ IIliil (1(’\’(’iol)

ovmnigl]l, arr slll)joct 10 a(ldiliot]ai illhvmacliolls \’:illl lll)lN’r 1(’V(’I flow. 11( ’( ’illl S(’ wv ill’(’

Ilsillg 1.1](’ l{:~hlS CO(IV it] III(1 (iilly l~roglm[i( II KXI(’ Illit; w’(”ollfl ill)[)lll; l(”ll l)rovi(kw il

forwasl, t)fll]f’l(’t)rologi(-al” cm]diliolts illl(l dispwiollm

OIIr I)asicgri(l cotlfigllraliol] isdrl)itlmlitl I;igllrv I. ‘I’llf’ t]tll(~:l]lostgl .i{i,(~ri(l 1, llilS

(i kill gri(l Sl)il(”illg. ‘I’ll(’ lirsllll(”sl f’(lgl”i(l, (~ritl?, illl(l t.llf’stw)ll(l llt’slfl(l~:tifl,(~rifl:), llilY(’

1.3 Iinl an(l 500 Illgri(l si)ti(illgt ~sl)(’(.liv(’ly, (;rids 1.- ‘~ aII(l :] lt:Iv(I 2+X:10 ( l(iSx IS(I kill).

30SW (l~x:l!) kill) an(l 32x3S ( Ifixl!) kll]) gridl)[)ints in t 11[*msl -W(ISI at)(l lmrtl]-s(Mlt 1]

{Iirer[. iot]s ( l:igllrt’ I ) ll(]l”izi)tll;lll~’, rrslmmt ivdy. ‘1’1)(1Iilli’sl grid ((~ri~l 3) is rrlllero(t ov[v.

111(’(’illlj”ollS 10 {II(’ W’(’St of 1{()(’h~ lJlillS 10 il(”(’llrill (’1}’ I’[’SOIV(” 111(’ lllolll llilill-\’illlf ’~- I)lilills

I rallsilioll, of 30 gritll)oillls \’(’rli(mi~lly, Il]vrc arr Iivf* (5) W lllt~lt’r lfI\x*ls ill III(1 Iirsl 1[)()

IIWI(W or IIMI(*l dl Iilosl)ll(’r(” 10 rf’[)r(wwl lilt’ vf’rli(qal SI rll(’1 IIr(’ (J’ lo\vlfI\d (Irililiag(’ llo\w

wit 11 Iligll rm(dlllioll, AlmYII 100” III tl](~ grifl-sl)il[’il]g ~ril(l[iilll~ S(r{~t[’lltw 1[~ 1000 III iIIIIl

III{*II r(~l])i)il)s (’OIIsti IIII Illl(il rt’;li’llil~g tl](~ ttNNlt*l ([II) ;It 15, s kll].

3, The Dispersion Model

‘l’lIf’ lllt’1(’[~1’(]logi(”;ll I’;lt”iill)lt’st)llll)lll (1’[)111I{:IAIS ill’(’ 11s($(1 ilS itll)llt l{} 111(’IJI’I)XI wlli~ll

ilds 1)1’(’11 flfwril~tvl I)y I)if’llw ( 1!)S1) illl(l ilcNi~l(’r (’I al. ( 1!)SS). Ill 111(’ Iil’l)hl. il l)~)iitl

s(~lll’(1’ (’;1111)(’ I)l;lt’(’(1 ill ;111}’ Iol”illi(lll will lill 1111’ l{;\ll S 11)() (1(’1 flolllilill willl ;111}’ sl)fv”ilif’fl

1“(’1(’ilS(’ I“ill l’, l’ill’[ i(l(’s I’(’l(’iIS(’l I itll~) 111(’ 1110(1 {’1 (Iolllilill ill’(’ 111( ’11 il(l\’(’(”t (’11 f’roltl \villflli(d(ls

I)ll)gllos(’fl l))’ l{:~kls, /\ i)ill’illlll’l( ’l”iZ(’11 slll)~rill Sl”ill(’ 1 111’1)111(’111ff”lt)fit~’ (’olll])(~ll(”lll is iliS, I

il[)l)llf ’111(1 (’;1(’11 I)ill’li(”l(’ ;1S il is illl\’(’(’t (’(1. Ill Illis S111(1}’. il I)oiltt SIIIIH’(’ is illiliill (’(1 ill 2[1{1[1

14S’I’ hi I{{)[”k)’ 1“1;11sIt) lllill~’11 111(’ 1“(’11’ilS(’ ~)1’ tll~’ lril~’1’l’ (’Sil[’l l\’ ~lllrillg II:(’ (’~[)(”l”illl~’lllill

l]4v’illtl. oltf” lIiIrl i(l(’ is rf’1(’;lsfvi (It’fIr~’ 1(1sfv’t)il(ls ill 2 It I al)(n’(~ KI’01111(1 1(.\c(Il (,4( :1,) Illllil

()’7(1(] 1,S’1’ III(9 f’(Jlll~\vill~: ltt~u’tliil~:, ljIJtll ll;lrti(’1(~ 1[}(’illi~]lls ;Illfl {~)111’{’1111’;lti~}llsI’1’t)lll III(!

I,l)l)hl \vf’rf’ ;Ill;ll)’zf’(1 ilt Ill)llrl)” itll(v\c;lls f~jl’ (’ill’11of” 111(sl{,JllS sillllll:lli~)ll,~. i~ (Iiilgll(u; lil’

l~;lrlifl(l sillllll;llit)il {If’ l~[litll sljlll’!’t’l~ \villliil l:,lll(~l’ilfll) illlll (’oill (’I’f ’f ’Ii (’illl)’l)llS silllilill’ 1~1

111(’;lllll\’(’ 111(’tllifttl(’(1 I{(lf’ii)” l;l;l(S I’l’ll’;I+XSill Iilllt’ illlti 1’;11(’\Vils illSl) (’01111 )1( ’1( ’(1,

Itt \Vorliill~ \vi[ll III(I I,l)l)hl IIMIII, [II(’ illll Il{)l”S 11(111’11Illill 1111(11’1’ Ill{’ \“4’1’)” Slill)l(’ Ill){



of Blackadar( 1979) in ralcula.tillg ~~~, (SW MciNit!rr (1[, al., I !)ss),

fornlulatim app(’a.rs as

,),W (Ii -
0:, = I .W[( Iic – /(; )///,.]

T1’

IIackadar’s ( 197!))

(1)

wtwrc cr~~,is t 110standartl (Icvial iol] ol’ {IIc slll)grid scalr I’(’rti(’ill vvlocitv. 1 is 1.11(’I]lixil]g

lcngt.11, ;lV/dz is l,tw wind shmr,
.

Iii is 111(’g;i(lit’111 I{ichar(lsw] Illlllltwl illl(l 1/,. is t,h(l

crili(-al I{i(-l]ar(lson nllll)l)(~rm ‘I’l)is (’(ll]al.iot] is only ill\.()k(*(l (illril)g slal)l(` c()ll(lili()ilsa ll(l

is lilllile(l h) vallws grca.1(’r tjllall or ml[lal to z(w). (hw call SW’, Imvvvcr, l.llnL wllcl]

Ri(’xc(wls If,. t,lleresllll, will 1)(’ ll(’galiw~m III tl]is illslallcv, IIow(’t’t’r. tlmh’1 CO(I(* S(JI,S

m~~,10 zero, itllplyillg lal]linar (wl](lit.ions. ‘1’llis rmlillg, ll)ollgll (ollowillg Illi-wkddar’s

tll(*(Jry,[ 'lil]lil lal.('st .ll(`\'(~l.l,i( alllllrl) lll(~lltt-(J ]l]l)()l](*tll (lllit,(J fr(`(ill(`tlllly il]stal)l(`a tl]l()sl)tl(1ri('

(w](lilions, (“r(wl,il)g IIllr(’al isticall.ystlmll v(vti(-fi] (lisl)(*rsioll. In f;l(”l. illollrs il]llllaljio]lof

(Iraillagc flows, t.lw I{i(’lmr(ls(m 11111)11)(’rnmst, dlW’il~S (’X(”(l(’(l(’(l H, wilich is lypicall,y(J.2.5.

(Jivml otxwrvalimw of rol]sidmdl)lr vrrticd] t.rallslmrl of Ilw I{ocky Flats [)IIIIIW (Illril]g

ll](’f’x])(”l.illl(’ll(j, Wesl!slm’!.(’(1 Illis Iill]itatli(m il]ll)os(vi I)y 111(’ Illil(’kd(l;lr fortl)ulaliol]” to 1)~’

too” s(l\’(*r(* I’or r(’alily. I“llrtll(’r il]v(wtjiga~ioll (d’ tjl]is l)r(~l)l(vll I(vI IM 10 I.li(: illl.%l~lhfo%ioqo[r(l(.t

1’o1”t[lrl)lll(m(x’ in 1,11(’atlrllo:l)lwr(” \vlI(vI its’ cxist(’tl(w’ is l)as(~(l 111)011l{i(-lliir(lsoll Illlllll)(*r

(slllll,l!)!) 1):

“’i’11(’or(’tit’dl ;111[1lill)ol’il~ory” r(w;lrcl] sllgg(’sl l{lal Iillllilldl” flow 1)(1( ’OI]K’S

1111St.iil)l(’ h) 1~(’lviltll(’lillllollz Willr(’ fol’llliltioll” Wtl(’11 I{i is Slllilll(’r Illilll 1.11(’

(’l’l’/i(’(l/ /fit/l(ldson Ilrllllkl’, //,., /1110111(’1” Villll(’ //1, ill~li(’ah’s 111(’ I.(’l”lllillillioll

oflllrl )llll’111’(’. ‘I’1l(’ (lyll;lllli(” still )ilily (“ril(’ria (“;11) 1)(’sl;ll( ’11 ilS Iollo\\’s:”

Ijillllill;ll” llo\f” 1)(’(’oll)(’st llrl)lll(’llt W’ll(ql Iii <. //,.,

‘1’llrl)lll(’111 II(NV 1)(’(’olll(’sl ;llllillill”\ vll,!ll I{i <. //1.

~f!lllt)llgl) tll(’r(’ is sl ill solli(I( I(.l);il(Io II” tll(~(’orr(v”t \caliI(s.., //II “- 1.() fvorl(s

I’airly \Y(Ill,””

Sillt(’ [JIIr silllllldli(]lls ;Ir[I lJiIs(I(l otI a lrilllsilioll l’r(JI II 111(* lIIrl IIIl(IIIl [’oll(liliol]s” (JI

111(’ (Iil,l’lilll(’ III 11)(’ 1)1’()~t’(’ssi\(’1} 11101”(” Slill)l(’ [x)ll(lilit}ils ~n’[’rlliglll. If/’ S(’(’lllf ’(1 il 1)101’(”

ill)l)r(q)ri; ll(’ (“ill )(li(lill(’ ill ( I ) tllilll It,, (lIIr Illollili(illil)ll lo(l) IIIISII. is:

II
1,21: [(//,

,,,,” JI ‘
mIt, lfi)/ /f/’; “ ~:- ,

I



Sinw OIIr illix’sl igaliml 0[ O:, folitl(l a Illillilllllli) or 0.0.7 [or u., M’(} ill S() 11S(’(1 tl)is ilS d

low(Ir 1)0111)(1 irl t II(* l,l)l.)\l (.iil(”lllal iwl of f7~ atid 17:. ‘1’llv US(I d’ IJIN*S(’ for[llllldt ioils

inll)rove(l tlw vmliral a.l]d liilmal (Iisl)(wion willlin llw I.l)llkl, l)rovi(li]lg a. (-los(*r I]lalx”ll

10 ol)sf’r\’;)l.it)f)s.

4. Zero Initial Wind Simulations

II] II)(I mro initial win(l Sillllllilliolls III(I I1lO(IPI is illi(’grill(vl for l!) ll~)Ilrs ( 1.500”10 100(1

1.S’1’) frot]l initiiil llorimll ally Ilolllt)g(’11(’oils” coll(iiliolls.” lms(’~1Ilpoll olw[lrw’(1 1( ’1111)( ’rilt Iir(’

au(l Ilmist urc sou[l(lings. I]y hsillg I*IW zero iui[iill wiil(l mllfigllral iml, ollly ri\(liillli V(’l~-

(Irivel) ((lrainagc) flows won” g(vlcratd. Sillllllaliml 1 11s(’s lollOgrill)ll}” (Irrivml frolll a

tlfl-sm”otl(l tvrrain (Iat.a sf’t , slllot)l II(*[1 wit 11a sillwllt’1 Ic ilV(*riigill~ s(”ll(’1]1(’ t l]al l)r(’s(’rv(’s

r(’alist i(. l,ol)()~riil)ll~ 1](’i~llt S. Sil)llllillioll 2 (’lil]lilldl(’s 111(’ g+’1111(’slol)f” (Jf III(* (:r(w[ I)l;li!]s

1)~ r(’])lil(”illg 111(’ Slol)(” wit II ;1 2000 ill hlS1. I)laill \vill] Ijhf’ l)l]rl)ost” 01” il]v(’s[igatillg III(I

l{(N.kY hlolltltain ~l~i~i]l~g(~ il]llll(v)(x~ illoll(’. Sil]llllal io] 3 (J!it]lilliil)t’s llw Ifwky NoIllI-

Iaills. I)llt rrlilills rmlist ir ( ~r(’ill l’lilillS lol)ogra])l)~’” to ol)vial(” 111(’ (;r(’ilt I’lail)s (Irililli+g(’

(“0111 ril)lll ion. ‘1”11(1 1110(1 (’1 (Iollliiill ill (’ii(”ll Sillllllill iwl. (’XU’1)1 for Sillllllill iotl :{ wllicl) only

r(’(lllircs tjll(’ gri(l of 1.5 kill gri(l Sl)il(’illg (111(’ 10 ils - silill)l(~ {,ol)()~l’ill )llj’, \Vil S fl(w”ril)~vl ill

%.1 ion 2.

(t, ,$’il)l Iilfllioll 1: I{f (Iii.+lt( li)j)r)qIYlpiI~j

;\ fl(’1’ illil iill stiil’t -Ill) ill Il=d)[) 1,S’1’, al)l)r(milllatf’ly Iwo 110111’s(J[ sitllllliil(~(l riltliali\”(’

\f’f’ilk l~illt(’rl il]l(” I)(*ill it)~ ()( ’(’111’ 1)( ’for(” sllll(lI)\Vll, ])ro(lll(’itl~ il ~(’11(’l”iil 111) S11)1)(’ llo\V ot’(’1” I 11(’

r(’gioll (111)1 slI()\v II), ‘1’llis lI~J\V ill)l)f’ill’S h) 1)(’ S1 I’ollglj” 1( ’1’rilil] it]llllfvl(x’tl \villl 1II(’ lli~llt’st

Illagllilllflt’s ill s[(v’1)f’1’ l(Jl){)~l”ill)ll\” rvgiolls. /\ IS(), Sl)lilll S(’;11(’ 1( ’1’l”il ill \“i\l’iillil)ll S 10 111(’ (’ii St

()[ 1{()(’li,J’ I:lilt S (’11’ illf ’ il fx)ll\”f’r~(vl(.t’ illl’il 011 1Ill’ I)t’llf ’11111)011\vllif”ll I{[)(”k,l’ l;lill S sits. ‘1’11(’

~illllllil[(’fl Ir;ltlsil,ioll fll)lll Ill) l{) (lo\l’ll Slo I)(’” (11’ilillilg(’ IIOU” ()(”(”III”S ill ill)] )l’OXilllill(’l\” 17:11)

14S’1’ (l;i~llr, 2), olW(rVilliollS” slltnwvl Illis Irilllsilit)i] t,) (Jtx.l,r ,“l(w(,r 10 I(i:lo 1,S’1’. ‘[’1)(

I lmilllsili(~ll l{) (Irilillilgf ’ IION” (f’[)1111)1(’lf’ rvv~’rsal) ()~’(’111’~l)\’i’l’ ;ll)l)l”()~illlill(’1~ 1,7 Itlitllll[w,

I]y 20(10” 14S’1’ ;1 ~’tlilsisl(’tll. h’1’l’ilill ill(lll(’{’fl, (11’ilillil,g(” flo\V llilS (’s1 al)lisll(’(1 ilstil(l Ilr(lllgll

0111 I Ilr fl~~lllaill wl]if’11 c{)lllitlll(w llIr(JIIgl I llIf I Itlortliilg lI(Nirs (1’’ilgllrt~ 3, (11(1[) 1,S”1’). ‘1’llt’

Ill;lgllilllfl[’ {II’ (11(’ hillllll;lli’(1 lll”ilillil~(’ llI)\vs ;Ir(’ 1{.[1 10 7,(1 IIIS 1 {’(Jllsisl(lill \rilll ol)S1’1’\’il

tif)lls (l~igllr~’ l) iIl Illis Iiill(’, ;111(1Ill(’J’ r(’itl;litt ;ll)l)rl )\illlillf ’l\” SI) tl:l’{)ll~ll( 1111 111(’ (ll”;lillil~(’

1)(’rio(l, ‘1’11(’ Sillllllill (’41 \vill~l V(’(”101’S illl Ilill’(’ ;1 (Iolllillillll \V(’,+lf ’l’l\” (“(11111 )011( ’111. Illill(’llillg

[ii\’{)1’illll~’ l{) I 11(’ olM’1’\’f’fI 1} ill(ls, ( ‘illl~(JllS \vil II Iill”J{(’1’ fll”ilillil,~l’ ;ll’(’ilS (i.tm. l{il ISll)ll ( ‘I’f’t’Ii

;Il)(l I:,lflol”illlo”( ‘illl~(lllS) (’olllilill S1 l’oll~i’1” (Irilillilg(’ llo\J’S Ill; lll Sill; llll’1” (’ill l~(lll!i (i .(’, (’();11

( ‘1’(’(.li ( ‘;II I) ’1)11). ‘1”11(’S(’ llll\VS ill)lll’ill’ 10 ‘sl)ill” (Jilt 0111(J III(’ !)lilill S,

l’”iy,llrf~ ~) !ill{)\V$ 1!1(’ \villll \’(’I’l I)l”S {Ill ( ;ri(l ~1 :1( ,-)1)Ill ;~(~lj ill 11111[1I,s’1’. !$(~l(’ ll{~\v

1’”’”illl 111(’1’(’;l.$(’ Ill 1“(’S[1Ill loll ;lll~ ( Is 11’l”l”illll fli’t)i~hli~ltl (1’t)lllllill”(’ I“ij!lllx’ ~) l{) l“i~llrfl :1), :\s ill

l“i~llrf’ :1 Ill(s \villfl:4 I’rt)tll lllf’ C; IIIJII)IIS illllllt’llft’ ll~nv!; [MI III(I l~l;litls. ‘I’ll ifi illllllrjlltxl ;III”(IIIs



Vertical cross wvt,ions paralkl to I.lM* canyon aws ( h’igurr 6. ( ‘oal ( !rwk ( ‘wym.

Figure 7, Eldormlo (:anyoll ) and parfilkl to t Iw Ilmltlt.airls (Figure N) show dd.ailml

vrrtical structure=. Tlw cor(” of riulial.ivcly driww drnilmgr ollt. of ( ‘oal (’m+ (’allyoll is

approximatdy 100-200 n] drtq) olIrr it has dwd(qw(l [ I;igllr{’ (iii ). Notv in IJigllw (it) lIInv

tlw potmtinl Ilm]pmatllrr W rld IIN* corrwl)lnl(ls to t II(’ downslfnw Ilow d rlwt Ilrcm ‘1’IIc

higtwst (lrairlitg[* willdspmls drr foIIIId irl t 1)1* Iow(’st 50 m At; ].. t lw liIosl Ht id)l(’ I)orl ioil

d’ I ho wrt ical profil(’. ‘1’11(’ wild A rlulllro Itirivs ronsidwiildy frorll 2300 to 0700 14S’1’

rwrching a nlaximurl] spwl of 1,() IIIS- 1 I)y 0100” [4S’1’. ‘1’his rllil Xillllllll is 1(’SS tllilll tll(’

ol)scmml Inaxin]lin] 0[ 7.0 Ills-’ rnwrsurd 1).v Iifliir irI t II(* rlmllt II O( ( ‘oil! ( ‘rwk (( ‘olll[m

atl(l Xlartin. 1!)!11).

‘h wrt ichl stnlclurv of Itl(lora(lo (!anyon (lrHillilg(’ is (Iwlmr (2(10-300” rll. sw Figllr(.

i) i~rl(l of gr(*i\lm Immlt II ( I:igllrr S) t.hall ( ‘ml ( ‘rcvk ( ‘allym. Alqmrmtly t.lw grwlw

(Irililliig(’ I)asil) ar(’il of l{l(l(Wilflt) ( ‘illl~oll mrllptirwl 1(1 ( ‘(XII ( ‘rd ( ‘illl~oll Hlw) (-ollt ril)lit (w

to a grmt(’r Ilmxirl]lllll sirlllll;il(”(l flrilillagt’ vdocity d S,() rlw-i, 111I:igllr(’71J w’ (’ilrl S(Y*

l.lw (Iwtx’r aml lllfm’ collsi~l(vlt sltilh Iaym ill I{l(l[)ril(lt) (’ilrlyorl. i\l t Ilt’ l[Mmilt iml ()( ( ;ross

l{(w{mwi~ (hl~pll)xilllat dy -21 .() 10 -X! Kill). wlwr(~ I 11(’ I(”rril ill ilSl)4’(’t. (’tlilrlgf% 11’lill if-f’ t ()

III(’ (“itll~oll (Irililliig(” (Iirm”t iml. il (Inl!+itll’rill)l(’ WI(I IXN)I (I(WX’I[)IW, ‘I-his colfl II(JO1 rrglllirrl}-

I)llilfls III) ilrl(l %pills” mvr this hvwin brtllrv mwmiglll.

Ii



lntmwtingly, t,hc sill]lllatd [Iraillagc flows al)lx’ar to cxcilc t r;~llsit’]lt Vi’rl ically l)rol)-

agaling gra~”ily waves ill Il]is zf’1”()-all]l)it’]]t Ilolv (illil ially) tvlvirolll]wnt . \\-f I sllsl)(’ct I IIilt

gravity waves O(-cur in nmt mmplrw 1(*rraill draitl;lgc (x]ll~lil ions lNI1, lllrir mod is st*l-

(10111 mrasur(d (111(’ 10 (Ial]]pil)g layers aloft or 111(’ (Iol]lilliill(x” of iillll)i(’111 flmvs. III all

cxccllm]t. rmiow 0[ inlmv]nl gravily waves atl(l I IlrljIIltInc(’ \loral] ( 1!1!)2)explains t lIiit

stratliflmi flows i]] coil)])]cx t (*rrail] arc a frc(ll[c]]l. i]lil ial im] 111(’cllailis[ll for grdl”il v wdl’(Is;

on a .sn]a!br sra.]c, lhm, stalj]y st.rat, i(iml draillagc [hnvs t“olll(i cx(’itc gra.vil.}’ wa.vcs u’IN’1)

flowing mwr Iocai Iwrai 11 f(’ilt urw. IJavis md I+lti(’r ( I !)76) sIIgg(Ist local sll(’ar ill 51al)h~

flo\v (mn(lii. ims mllld also (’x(”il(’ gravity \vav(*sm 11 il])[)(’al”h tlli-it Illor(” illv(’sligaliol] i]]to

(lrdi Y)ag(’ [Iow-iil(lllc(’(1 gravity wa~o(’ Ilw(.l)dtlisllls is (“(’rlilil]ly wtirral]l (’(1.

‘1’]I(wI 1110(1(11WSIII(s all(] roll]])al.is,)lls 10 ol)scr\ilt ions sllgg(%l sl rollgly t.llat [or l.]1(’

ov(’rlligtll I)mio(l (d’ .1-5 l;(!l)rllar} 1!)!)1 low-l(~vd llo\v wit Ilil] 2 kill ()[ t 1)(’ I]mlllll.ail]s was, ill

I)ilrt , col]trollo (l” 1)~ k;!lill)dli(” will(ls crw+hd 1)~ 111(’g(’11(’[’ill slolx” of t 11(’ I{()(”k}’ llol[lllaills.

but III{* sll)iill-s(”al(t viirialiolls ill (Irail]i]g(’ illdll(wl 1)}0 II1(s (arlyolls did not, ;lfr(~(.t [I)(J
l)lilillS (11’ili!lag(’ si~llifi(’il llll}’. ‘1’llal is. 11](’ (1( ’lilil S of (Iriiillilg(’ llo\v (Iir(xl iol) illl(l sl)mv]

frolll Slllilll-S(”iil(’ 1(’rriiill [(’ill Ilr(’s (s11(”11 iis (“O II,V(JIIS) ill’1’ II IOSI I)’ Iill(l(’t (’(’l ill)ll’ ill Ilo(’ii}”

l“li!t S \vl)i(l) is ;l])l)r{~xil]l;~tf~ly (} 1{11](rOlll 1II(’ ll)olll ll/lill-l)]; lillS illl(’rfa(”f’. III I II(S (.:Is(~ ()(

lill’~(’r (“i-l ll~ollS ( i.(~. l;l(l(;l’:l (10 ;111(1 l{alslol) (’l’(’(’k (’;lll~oll S) (Ir;lit]agc itlllll(y)(f’ (“illl. ill,

Iilll(’s, r(w(”ll ilS far m 1.7 kill 01)10 1]1(’ I)lai]ls. If ;I (Il”;lill;lg(’ fll)lll I;l(lora(l[] ( ‘;lllyol] !v(~r,~

[() IJ[’ ({i\”f’l”t (’(l S(Jlll(’\Vllil{ lo\Vdl’(l S 1 !1(’ S0111 tl, it (X)lll(i illll)il(”t 1{()(’k~ ]“!iil S l)ilS(’(i 011 ollr

SillllllilliollS. [II ~(’11(’l’ill, llo\V(’\”(’1”. I 11(’ [lo\VS ill 1{()(”1(}’ l;lilt S ill)l)(’ill” 1.() 1)(’ lo(”illl~ (11’~V(’11

011 Il)is (’ii S(’ Iliglll, will] ()(”(”il Si()ll ill il]flllt’1)(’(’ fl’olll l~lflorilflo” (’ill l}”oll, ‘1’11(1 Iall(’r I)ol”l ion

or 1 I]is Still(’lll(llll ilg’11’(’s wil II 1 11{’ l)l)S(’l”\”i! iiollS of IIillllil ( 1!1!)2), \~’(’ inv(’st igill:’ ill(%t

corlt.illsiol]s fllrl IIrr I)y siilllll: ‘Ilg 111(’ (Iisl)(’rsi(}ll of I II(J l{()(”k~ I“lill!+ S]:l; I I’il(”(’l’ 1’(’1(3ii S(1 rol.

‘1-5 IJ(’1) l!)!) I .

h. ,Yil)l Itl(iliol) I: I{ f)rk!{ Is’1(11.sIli,sprsion

‘1’11(’ !, I’I)N Was illl(’grill(vl lo]” I 11(’ (’111ir(’ S1”(; r(’1(’d!i(’ I)(’l’i(J(l. 20[)()-()~[)() ], S’[’, ‘1’11(1

il(”l 11;11 I I’il(”(’r l’(”l(’il S(’ r;il(’ 01” 12. If; li~ 111”- 1 W’as lllill(’11(’(1 (ISa(olly ill 111(’ 111()(1(11. l~i~ilr(’ !)

l)ro~’i(l(~s illl (’Xilllll)l(’ 01”Ilo\l” I 11(’ 11’il(’(’l’ l’(’1(’il S(’ olN+’l” VillioliS” ((1011 (’(1 li[)(~, [1’01]1 !+Il(’ilr(,l”.

1!)!)2) (Ooll)l)ilr(vl to tlll(’ silllilliil(vl (Iisl)(’rsiol) (si)li(l (’olltollrs)” of S1:,; ill IW’{)tlilf(’rt’lll Iitllfw.

‘1’11(’ illll(’r illl(l 0111( ’1” ar(s 011 l:i~ilr(l !1 ill”(’ (“ollll)()!i[!( I of Silllll)lill~ sit(’s ill H lill] ill](l I(;

liIIl ra(lills frolll t INI r(d(vIs(I Ix)illt , l’(”sl)(’(lif’(’1~”, Ill t 111’2:100”()()()(1 ;l\’(’l’;l~(’ ( 11’i~iir(’ !Iil) I 11(’

IJIIIIII(’ (Iisl)(’rsioll (’ollll)i]l’isoll” is (“10s(” \villl r(’sl)(’(”1 I(I (“(111 (”(’1111’illi(Jll, 1)111 [11(. (Iii’(”(’[ioll (J1’

11’;111S1)01’1 is I“olill (’(1 ;ll)l)l’OSi lll{ll(’1~ 15 11(’gl’(’(’s. ‘1’11(’ l\V() 1110S[ ()])\’i()llS (1(11( ’1’ illil(”(’lll”il( ’i(’s

;II”(* Illill 1) tll~t il(’l,llill 11111111(. ‘ ‘ill IIIIS 11111~’ nil S lllo\ ’(’l I [“,11”lll( ’1” [Ililll 111(’ Illo(l (’1 1)111111(’. illl(l

2) I 11!’ 111(111 (’1 1)111111(’ (10(% Ilot 11( ’11(1 to 111(’ 110,’111,

‘1’11(1(lU()[i (1:10(1 1,S’1’ ((111(’(”1111’;llioll il\’(’ril~(’ (1’’igllrt’!ll)) l)l)S(’l”\”(’11 11111111(’Slll)\VS il S111’(;1(’(’

S11’11(’1111’(’ 111:11 Sl)il’; 1(1 S ~(l”illlllilll,l’ l’il Sl\Vill’~1 ~111(1 111)1’llll”il Sl\Yill”ll wiltl il Sl)lllll(’1”1~’ 101)(’. ‘1’11(’

I)rilll;lr}’ ~lillf’rl’tl(x’ ill 1111. ;I(. II I;II 1)111111(1 4’~)IIIl)i Ir(I(l III 1111’ IIlo(i(’1 sillllllalioll is III(I ~sst(IIIt

()( t Ilis SOIII 11( ’rl\” 11)1)(1, ‘1’111’I!’ is sOII]I* it](li(’;lliotl (II’ ;I 101)(” l’ortllitl~( [I) 111(’ SIJIII II (Jl III(I

(’(’tll(’rlill(’ill 11111 1111){1(11 l)lllt IIf I. 1)111 il is fill 1(’:+s (lxl(*llsi\(’ Illilll itl 111(’l)l)S{’I’\illi l,ll::, I“or 11111

,,.



IIlost ])art siillulatcd l)lll]llr transport follol$’s (Irai’)agc rout w tow’ar ‘ 1Ilc S0111h I)lilt l{’

River iJal!ey to the Ilortl)cast 0[ Rocky h’lats as did tllv observed ,IIIIII(J. l!~c sIIspcct

tl]at t t)c reason ollr IIIodcl plu IIK’ difr(’rs fron) tl]e ohsmve(l plIIIIIC is t }IC zero al]lhi(’lli

flow initial col}dit ion used irl tll(’ Illo(lel, wlli(ll (Jlilllir]atcs tile polclllial il)illl(vlw of llorl-

radiativcly driven flows 011 1)11111](1strllct~lrc an(l tral]sp)rl. ‘I”lI;it t!)o lI){)(ltJl(’(1 j)lIlrI)(’ is

qllitc col])l)aral)lr irl sl)ir])c aIId Im]gti) to ol)ser\ratiolls tl]rollghollt t.11(’ sil))ulatio]l. (Iesl)it(’

this I)cil]g a ])\lrely radiatively (Irivcll sil]l~llatio]l. is st rol\g (’vi(lenw t I)at Ii3Yg(’r-S(’i\l(’ (io\vs

wcr(~ ]Iot Lllc l)ri]t]arj” ll)(~challisll] of I)llllllt’ lrallsl)ort for t t)is (’ii S(’ stll(ly. ‘1’tlis fllrt ll(~r

irllplim t hat ill t II(’ l{ock~ l;lat. s vicit)it~r I’llllt i-scalr Itl(’t(’orol{)gi($al” illterilct ions wwc 1101

st rorlgly occllrril]g 01) t I]is tligl)t.

c. ,$’in) fll(]t ion 1: ( ‘(l llJ/oI) I)i.si)f ).sif)t)

‘1’0 SIIC(I fllr!ll(’r liglit {)11 1lIc ill(lllr[lw of (Iraillilg(’ [It)u’s 011 (Iisl)ersioit ill t II(I I{ocky

I:ldts area a 1.1’1)!’1 sirl]lllati~)ll \vas coltl~)!(’t(d with a {mint so(lrcc ill Ipjl(l(ll’a(lo ilIl(l (’oal

(’r(’(’k (~illlj’ollS. Sill]iliir t () t II(’ t I’a(”(’r sill)llli+t i(>l] l)ii I’t iclcs worr I’(’1(’asm] (Ivory 10 h(x’oll(ls

arl(l for t II(’ salll(’ 1 I ll~)llr p’riofl (20(10-0700 1,S’1’, 1-.5 l:(’l)rlliil”~ l!l!~l ). IJigllr( 10 slI()\vs

t II(’ x-j’ l)art i(lc l)osit io[ls for 1 l~is (“asr at 0:100” l. S’ll. W’lli](’ it is (Iilliclllt for 111(1r(~a(l(’r to

111)( 1( ’1’St iltl(l t ]](’ 1 ill}(’ S(’(111(’llt’(’ ()( t l“all~])ol’t fl’olll tl)is I$igllr(’, 01)(” (’;!11 s(’(’ 111(’ t\vo (Iislill(’i

])111111(’S I’illll(’1” \V(’li. 1’11(’ l’; l(l(Jl’il(lo (’ill l~oll 1)111111(’ I)q+itls }vitll li!tl(’ lilt(’1’ill (li:sp(’rsiolt (1(’(’1)

}vil Ilit) 111(’ (’ill lJ’OTl (Irairlilg(’, Ill tit)]e t 11(’1’(’ is tl t(’ll(lf’fl(’~ fol” I)ill’t icl(’s t () 1)(’ 1l“illlSl)OI’t (’(l to

(11(’ \V(’St-Sollt llW’(%t tolf’ill’(1 1{()(’k~ l:liltS ill a (’oll(’l’(’llt filSllioll. ‘1’llis (’0111(1 1)(’ il (’111(’ ttldl

I\l(lol’ilflo” t’tlllJ’oll’S (Il”ilillilg(> is I)(tl(dralillg tll(’ I)lii ills (lrailla~( I at 1( ’;ist 1 liIIl, 011((* ill tl)(’

\’i(’it]itJ’ of 1{()(’li~ l;liltS, l)ilI’ti(l(w 1“1’0111 I’:l(lol’il(lo” ( ‘illl)”oll lll(J\’(’ olf lo t11(’llo~t11(’ils[(’/lllg’llt

ill t 1}{’ g(’11(’r;ll Sollt II l)lilt t (’ l{i\x Jr (l~i]illil~(’. !11 (’olltll’ilSt , t 11(’ I)al’t i(l(’s 1“(’1(’ilS(’(~ frol]] ( ‘oil]

( ‘1’(’(’1< (’illl\’oll 1:11((’ il (list ill~t t l’illlSl)()~t 1“0111(” t ol$’ill’(1 1)( ’1l\’(’1’. III Illis s(ItIs(~ tllf’r], tll(’

flo\Ys I’1’olll (’il(’11 (’ill l~oll t(’llfl I() ~ilk(’ l’ollt(’S ill”ollll(l tll(’ I{()(’l()” I;lilth 1)(’11(’11 (lol)()~l’ill )lli(’ill

f(”al III”(I), ( ~iv(~[l ttlis t(’1((1(’11(~, it \V()(ll(l ill)l)(’ill’ I’1”4)111 t Ilis sill] lllilt ion t Ili\l l)i\I’ti(’ 1(% l’(’1(’i\Sl’(1

11’o111 1{()~’liJ’ l“liltS (’0111(1 I’OIIOW” (’ill l(’r til(’ Solltll l)l;llt(’ I{iftsr 10 tllf’ Ilol’tl: illlfl (’iiSt 01”

I l’il\”f ’l lo\ f’ill’fl lh’1l\’(’1’ 10 t 11(’ S011111 illl(l (’ii St ({(’1)(’tl(lillg 011 slight iilflll(,llc(w [() t 11(’ 1101”1}1

or s(JII1 II fret II rrgiorlal or 111)1)(~1 l(I\(’1 \Yif](ls.

(1. ,$/ t)) f//(/lio lj ,-?: Ir’f (Iii.slil 1)1f) II 1)1(1 it)~< ,/1(// ~)lflil)s

()!lS(’I’\ illi{)llS ov(~rl)iglll 011 I ~) 1“(’1) 1!)!)1 \vit II il Ilol’iZolltill” s(atlltillg Ii(lill’ ( Iliilllil, l!)!)’.!)

itl(li(”al(vl Illilt 111(’ I’;l(ioi’il(lo” (’ill l\ ’\)ll {Iraitl;igfl \Volll{l t)lt(’1) sllilt (() 111(’ Ilt)i’tll ~)1’ M)lllll

I’1’olll :1 g(’11(’l’illl~ (’il!it(’l’1)” (lir(vti(~tl, <)(’(”ilSioll.’lll\” [)ilssillfl OV(’l° 111(’ I{()(’l(J’ 14’1iltS I)l;llll , ‘1’t}is

(0111(1 lli I\ ’(’ (’illl(~r 1)(’(’11 (111(, 10 1)(’rio(li( illllll(’11((~ fl’olll attll)i(tlt \vitl(ls illoll, il rf’glllilt’

l’(’~ioll ill I)l; litls {11’ilillil~(’ itll(’1’il(’lioll 01” S0111(, I’(jl’ 111of Illolll(’lltlllll 1)111 Silt ion fl’olll ll’il)lll ill’)’

(lr;lill;l~((, 01” 01 11( ’1’ t(’1”l’il ill irillilf’11{’(’ ill I’;lllol’il(lo” ( ‘Jlllj’oil, ol)iioll$sl),” otllj ili( S(V(JIIII iIII~l

ll~irll 111( ’( ’tlillli Sill S {{Illlfl IJ(I sillllllilltvl ill lliis Z(’ro \\fill(l itlilializati~)l] ill\”f%l igitti{~ll,

l“i~’,lltf~ I I slII)\\s III($ II (( III II)(JII(IIII \IlllI(I \vili(l oiI (irifl :? I’10111 III( II;II I)l;lillssillllll;lfioll,

IIJ’ IIlis 11111(’, 01{)[) 1,S’1 , fll”illllil~,f ’ IIOIV (1111 01( ’I’(’I’J” Illiljol” (’ill l\’oll {’11( ’llllll)ilh5(’11 I)J’ (jrifl 2

is ol~\i~)lls, Sot(” ll(J\V(’’,’(’l’ t Ilill fl)lllt);llillif(’1~’ !illlil 11( ’1’ ( ‘(Jill (’1”(’f ’li ( ‘illl)’{ )11 {l[)t’S Ilt)t ill)l)(’;ll’

10 sllo\v si[!,llili(ill)t IIr;lifliifl(’. of(’oilr w’,” \vI’ lillo\V tllill (JII (;ri(l :{ ~s(’( l“i~’,111( (;) \V!li(ll II; III

s



500 rm grid-spacing, (bal Crmk di(i drain sigllificanlly. ‘1’l]is illllstrratos 11](’ inllmrtallr(’

of molut ion wllwl sill] ulatling co]llplm Lerraill rcgimls, arid l!w (I~oct of avcragil]g 500

m grid spacing (Grid 3) in formirlim [II) to a 1500 Ill grid spacil]g ((lrid 2) plol. St ill.

insufflcicnt, r(w)lution nm~- explain why t 1](’ sil]lulat.d (’odl ( ‘rwk (Irainag(t is 1(’ss 1lIall

the ohscrvatiolw (f’olllt(v af)(l hart in, 1991 ) d’ drainag(’ winds III) Lo 7.0 IIIS-l itI (’ml

(’ink (’atlyw].

Figur{~ 11 (lot’s sl)ow sigl)i[iciinl i]lfllmlc(’ frolll I;l(lorado” ( ‘al]}’otl 01]10 III(* I)ldit]s ho\v-

cww. l:rorn the canyon ilmltll. (ii~~l~roxil]lali’ly X point 17.5 kIII) [low [IWIII I’:l(loraflo

( :anyoll cxt(’n(is d)ollt 1s kill 1.0 I !1(’ Glsl. ‘1’llc ext(’llt is It%s 11( ’ilt’ it](’surface I IIilll at 50

m and also hssms alm’c lllis Icvel. II tillw s(*(lII(*II(.(’ 01 j(’1 Iwllal’ior r(’W’ill+ oIIIJ’ snlal]

pmturhat ions 10 t hr norl h an(l swlt 1) froth 1111(1 raslcrly ~lirt’ct. ion. Sillcc o(lr sitnillat im]

I]t*rc ml]laills II](’ illflllt’t]cc or 5(M Ill twain fmlllrcs. IV(I I]lllst aSSIIIIIO t lIal I lI(S llorll]- to-

sollt II Irarial iol] 0[ t I]() (Irail]ag(’ flow 011( 01’ ljldorado ( ‘arlyoll l~il!+ callsw] IJJ’. 1) lcrrdill

fral Ilrcs not rcsolwd I)v ,500 n] gri(l-s[)arillg. 2) l]]ult i-scale [Iwt mrologicid il]l[’ract.iol]s

(i.{’, flow aldl ) or 3) illaccllracics ill t lir l]lodrl forllllllalionm ‘1’1)(’ smwll(l calwo al)p(wrs

h IN’ Imsl prol)a.blr Ix’calls[’ the i II fl Ilcrlcf’ d Iargr-sralr Wr;lill (ml ~lrm rcsolvt’(1 hy tllr

.500 m grid-spacing (it’. tlli’ Ilor{ I]lv(’sl-solltl](’ilst lrihut ary [0 I{ldora(lo ( ‘all~oll) do not

apprw 10 IIaw a. Iargy inlllmlco OII f!raii]ag(’ dird ion ollw i( mits t 11(*ciIIIyoI1. OIIC

wol Ild expwl Ll]al cvm sl]mllcr fwl IIIW I]avr m-m 1(sssinlluel]cr. olw can sw ill I“igl]w

I I, hmwwr, Ijl]al t.crraitl f(’ill ([m 011 I 11(”plail]s wl)icl] int tract will] 1h’ drail]dgr aJ7fr

(wiling tllr Illair] catl~-oll (10 ill[llwtlm’ il.s (Iirm”ljio[]. ‘1’his is ol)vious ill III(1 case of I{alslml

( !rd (“’allym] wlm-(~ jusl Iq”otl(l l.lw canym Ilmllt 11 lit’s I!]c I{alslc:l 111111(’,wllirll ddhls

lllr I{alstml (Iraillagc (0 1Ilc Sollt 11,

W’(’ ccmclll(lc froth Sillllllilt ion 2 Ihat. fill l:ollgl) (Iraillagc flows (Iwl]illat(’(1 t I]r willdllow

rrgit]l(~ ovcrlligllt 01] I-.5 Fvl) 1!)!)1, i]lt.mart.ims wit II ul)pm air Ilows wt’rc (Illil)r lildy 10

h prrsfv]t. ‘1’llis nlllltr-scalv il]lrracliol] (x) Ill(l rxplaitl tlw I]ortll-llo-solllll variiiliml ill t.l]c

ol)s(’rw(l Ijl(lol’il(lo” ( ‘all~oll (Iririlld.g(’. Sp(’(. ifically, tll(’ I)ossil)ilitv (’xists 1Ililt il]l.(’ril(’tiolls

wit II flo\V illofl illll)ilrl (’(1 s(~lll llW’illll Illolll(’llt 11111to t 11(’ lll(lorii(lo” floW forcil]g ii I(J ill]lmrl

III(’ 1{()(’k~ l“lillS I)lilllt. ilS [)l)S(’r\”(’(1. ‘1’llis (l~r(l(i wll(l II(A 1% ltm(i(+vl ill tJIIfI z(w) iniliiil

Will(l sii]llllalit)lls Imwmw.

t. ,Sillt uldion ;j: I{wlisli(n plains, no n)r)tlntrrin.~

If t 11(’l{ot”k~ Mollntilitl or (’;lll~oll (11’;lillilg(’ .llo\V II;](I Iit.ll(j il)llll(tl)(-(’ 011 tll(’ 1{()(’ky I:lals

1I“il(”(’1”(lis[)(*rsioll 011 ll]is Iligllt t 11(’11 111(’ (11’;lillilg(’ ~(’1l(’ril[ (’(1 l(l(”illl~ (ilrollll(l I{()(”l(j’ lJlill S)

slIINIlrl I)c slllli(’i(vlt [() r(q)ro(lII(x I lllr l]]iljoril~. or III(I 1)111111(1 flisl)c’rsi{~ll r(lill II I”(IS foIIII(l III

Sillllll;liioll 1. Sillllllillioll :1 \vill atso l)ro\.i(l(* iilrortllil[iOll ilS to llo\v si~liili(alil, (IV(III ill

S[il~llilllt (’ot](lit.totls, ” 111(’ 1{()(’I(J’ KlolllllilillS ill’(’ 10 Iloli” S1l’11(”1111’(’ illoft .

I;igllr(’ 12 Sllt)lVS I 11(’ (11’ilillil~{’ floW I Ilill llilS (l(’l’(slol)(’(l l)Y (HM)() 5 I“(’l) 1!1!)1 ill I Ilis

sili)lll;itioi]. ‘1’llis 11’illls(’(”1 (’1’OSS(’S tlll”oll~l) l{()”li,V lJlill S ill ;lj)!)l’OXilllill( ’lJ” IS(N) Ill NISI,,

INOI(” l.llil[ sigllilioill)l (il’ilillil~(” II(lW’S Ill) 1.() 1.() 111S 1 ll;l\’(’ (1(’\”(’i(Jl)(’(1. “1’llis (’(lllll)illl%

fil\’(~r;ll)l~’ to Sill~llla[it)tl I wllit’11 itl(lll[lfvl (11~~I{otk) Nlolll){il.i]ls t(J III(I \v(’st. ‘1’llis r{ ISIIII

Sll~g(’SIS I Ililt sllllif’i(’tll 1()(’ill (11’ilillil~(’ (“;111 (1( ’\ ’( ’lol) 1(1( ’illl~ I(J I{()(’l(J’ l:lil[S 1[) ll”illl Sl)ol”l



pollutants to tile rast. 01 hcr plots of wind vwt ors alltl potmtial t (’[11[)(’ral ur(v+ ill(licat (!

support for this vimv as wT1l.

A dispersion si]~lulat iOII was also (wnpld(~(l I(I sIIppmI I Ilis (-()[)clllsi()l]. t’mlll)arc

l’igurr 13 to Figure !)1). wllicll ar(’ frm] Sillllllalicm :1 alltl Sitlllllalioll I. rcIs]wct iircty.

at 0200-0300 1.S’1’ .5 I;rl) 1!)!1I. IIcsl)itc Ilot }Iaf’illg llw l~otk~. \lol]lllaills It) (}fr(l(”t ils

dispmsim, Sinlulalioll 3 dot’s a silllilar joh 10 Simllat ioli I ill iml h I)IIIIIw Ivi(ll II, (Iircrt iotl

anA lcn.gth. This illdicatw t Ilat dllliollg!l t II(’ Rocky \lollIlldills arc Iilwly to llilV(’ sollIr

dfd cm LI1(* dispcrsim of polllll anls from Rocky 1<’la.tsill stal~l(’ coll~lit ions, 011 I-5 I;(’I)

1991 Iocallv gmmate(l drainage flows. nd A’w4-!J .Ifounlflin d7win(/qf jh)ws. w(w thr IIIajor

in fllwncc on dispersion of S17(;.

S. Simulation 4: Realistic topography and winds

Aftm mmplcting our Illrorrl ical i]lwsligai iol] wit h zwo will(ls initially w(* procwl(’(1

to conlpare l}ww simulations to onc t IIal inrlu(lwl 1II(’ adllal will(ls for t hc case Iligllt.

[!]lfort.unatcly, [IO rawinscmk w(w flo\vn [)rior to 111(’t.rawr r(lws(’ in t ho Parly m’(’l]illg d’

4 Fd) 19!)1. ‘1’his Iilnilwl lls to i[]itializillg tlw nmlcl will! ii solln(litlg lalwn all 2000, ,1 I:cl)
1991, witllill the Rocky l“lats col]lpound. ‘1’hus w(’ arc ml ahlc I o col]]parc illforlnatioll

almut t hr t ransiticm prriod or early rv(vling. .Anothcr drawlmck to initializing with Il]is

single soll[lding (horizontally holmgmwous) is t.llat 111(*Iow’es[, 100 nl of IIw sollll(ling di(l

not rcprcsmlt thf’ grlmal conflit ions ovm tllc’ dolllain basal 01] sllrroundillg ol~smviit.ions

hy 1(’tl](’rs(~]]tl(’s, towrrs all(i sl]rfac(’ stat iolis. \Vc clloso not. to sul)jrcl.iw’ly illl(’1’ tIIis

(iata dlld il]stcad allowwl tllr ];ml(’1 to progm)sc cllmqy’s ill t.lw flow. 11(*( .i-iIIs(* tll(’ 1110(1(11

grl]mdly II(s(’(Is i-I fmv hmlrs to ‘s])il]-111)’, (wlllparisotts tire l]ot lik(~l~” I () I)(B goo(l” (’i~rl~ ill

t II(* sil]l[llat cd prriod. particlllarly in t 11(’lower Icvels.

(I. ,Yil))ulntiou J: ,1 !(I ro)doqi(wl j“(sulls

I’igllr(’ II it](liratf’s t Ilr slirfdcc will(l rwtors d () 100 1.S’1’ .3 I;PI) 1!)!)1. III collllmriso]]

to IUgllrc :{. wtlich is t II(’ !$illll(’ I)lot I)llt for t Iw zt’ro-witl~l itlit ializillioll, sotlw d)violls

(Iifr(wllm’s dpp(wr. l“irsl olw IIotvs I Ilal tllc Iimxillllllll Will(lslm’fl I’(’olor is (“Ollsi(lC~ill)l.V

Iarg[’r rOr lIIC rf’al will(l silllllldt ion (SilllllliltiOll .1) iil 12 lIls-i \“(*rslis ‘7.8 llls-l for Silllll-

Iill iwl I. ‘1’llis (Iifr(mm (’till 1)(’ {’xplailw(l I)y oilr illit iillizdt ion wllir]l I]fifl [Id llwvst(’rl}-

wii](ls of 2JI IllS-i jllsl ill)()~(’ t1)(’1)(’i)ks ()[ 111(’l{()(”li~ llollllt ilillS. (iiv(’il III(J lli~ll rl’{l(lll(tl](-~l

or tlowt)slolx’ winds d t II(’ !+Ill”fil(.(’ jlisl to t11(’1(’(’ of tllv Iwaks, it is Iilwly t.llfil. sOI]KI 111o-

IINsIIIIIIII doll tlas 1)(’(’11 tl’illlS[(’l’r(’(1 10 111(’ Iligllcr (’1(’~iitioll S ill I:igllr(’ Ii. Sell’. tll(’

(Iir(v”( iol] [)f l.1](’ vf’ctors jll St. h) I 11(’ (’il!it ()( 1{()(.li,l” Irl;lt.s ilr(’ (Wllsi~l(’rill)ly 11101’(”1101”1IIcrly

ill t IKI Silt]llliiliotl 4 (1’’igllrt’ 11) jxwlls Sitillll:lt ion I (I:igllrt’ :)). ‘!’his (lilr~mqt(.1’ is II()( ilS

(wsily (’Xl) lil.ill(vl. It is possilh’ I Ilill iill illt(’1’il(”t ioi] \vil II f!(JW’ ill(lfl llilS I“’(’ill( ’(l t Ilis (“llilll~(’

ill (Iir(’(; ioi]. ilor(” silrl)risill~ tllilll 1 II(’ (Iilr(’r(’11(”(’s ll(I\\(’r(’r. iir(’ t 1](’ Silll!lill’ili(’s 1)( ’l\V(’(’11

111(1 Iwo fi~lir(’s, ‘1’11(’ Illo(l(’1. silllililr t () 111(’ f’ilS(’ Iliglll I-5 1:(’1) I!)!)l . 11:1~ Iol”lll(’(1 !itill)l~’

ilil. 11(’ill_ 111(’Nlll’fil(.(’ wl]ilc (’llilllgf’ill)lf’ ;Illll)if’llt wil]~ls dl”(’ (wfllrrillg illof ’t . If (X)lll])dl’is(Jll

of t 11(1 () 100” 1,S’]’ i~(’tllill l’il\Vill S(Jll (]!’ fI”OIII I{()(k, v ]:li)is \Vit II il 11( ’fir(’st,- ~rifll)oilll II I(J(I(’I

(’xl I.ill Ilf ’(l ,sollll(lill~ (Ilot SIIOIVII) ill~li(”ill (’s tllilt 111(’ II I(NI(’I Ilils ~loll(” ~lllilt’ W’11.

I ()



u-colllpor]en(. lvinfls IIear t Ilr sllrfacr (Ipigllr(’ 1.5). Ill I Ilis case, (.olllf~llrs al”(} fro]l) 2.()

llls- ‘ 10 10 ll)s-l in 2.0 llls–l illrrcllw]lls. “I-his Iva.s doll{” 10 cllll’llasix(~ I II(’ (Irailldgc [Imvs

from 1 II(’ ca])~Ons. (’an~()]] il]flll(’lic(’ sllOWs II]) (Illit(’ wrl] frolll Ilort II 10 sOIII,II, ]Iolll(l(’r.

l%lorado, Ralston (’m+, arid ( ‘Icar (!rm+ ( ‘al)yom. Ilissing is a colllril)llt ion frolll ( ‘ml

( !rwk ( ‘anyon. as Ivas 111(’ilSllr(Yl t)y Collllcr at](l Xlarl ill ( 1!)!12). ITigllr(’ !5. I]ow(’v(’r.

col]ll)arm very well to Iidar plols of [he lHdorado/( ‘ml ( ‘m+ ( ‘allyoll (Irdillagr 01110 I I)(’

p]ai]ls in ]Ianta ( 1!)92], dllfl t] ‘“ wmllllim of t Ilat drai[lqy ill t i]llt’. IIallta”s( 1!.)!)2) Ii flar

was 110[ al)lc to Ilwca-+urr a sigtlificalll (’ml (!rcrk (’allyoll (ll”iiill;lg(’ 011 I.II(s plail]s. si]llilar

to r(’sllll,s sllowll in Figllrr 1.5.

h. S’i)t)ulation 4: Rocky 11’I(IIS di.si)(rsion

‘1’lw dispcrsio]l silllulaliwl for Sillllllalion .1 is lx’rfor[md (Ixa(”tly lllr smw as Sinm-

latioll 1. oxccpt for olw challgc; III(’ input Ilwtmrologica] vifrial)l(’s. III IIlis llispcrsion

simllla.t,ion we Ilsr tl]c Silllllli]li Oll 1 I)roglloscd lirlds as i]ll)[ll.

‘1’11(’dispersion rcslllts frwll Silllllldtion .1 (Irigllrc l(i) can INI (wtlll)ar(xl willl l’igllr(’

9 as an in(lical ion ol’ how’ Jv(.11tllc real wind il]itiiilizdtioll ]x’rforl:](d. ‘1’l]v II]od(”lwl

1)111]~l(’c(’llt(”rlitlc sf~l’l]ls (slll)jf’(mliv(’l].) to I)(’ towar(l lllr southw+sl Iltwr tll(’ rcl(’as(’ point

whereas I:igllrc !):1 illdicati’s ii first ciistward 1,110]1I]orlllwar(l pllllll(~ a(llx’cljioll. Altllollgtl

thr simlllatd l)lIIIllr for Sillluli](. ion I (l(MIS rontai]l a wxwi(.rriy (wl])lx)tl(~llt, it aplwars to

have Iwc]l (Ionli]iatc(l hy tllc i;litialiml low-lmrl solllll(’rty col]l[mlmlt. Ilow early ill t,lw

sim[llalioll which Illovt’sa Iarg(” (Soll(.(’lltratioil” of tra.f.cr to tll(’ Ilorltl I)rforv I;][(}r a(lt’(’(’l. il]g

itcaslwar(l. ‘I’llis clilr(’rf’t](”( ’i.al]. ill lmrt,, 1)(’(?xl)lai ll(’(l l)!” 111(’ 1{()(.li~” Irliitssolill(lillg. whi(”ll

in(]i(.ak(l ])r(”cloll]illarltly solltll(’rly llo\v il) thr lo\v(’r 150 Ill .4(.;1, l)(*l\v(I(Iil 2000 all(l 2200

LS’1’. llow(w’r.l)olll” 1)111111(’ol)s(’I’vati oils” all(l sllrro[ll](ling rl)(’asllr,’ltl(’ills ill(li(’al(’ \vill(ls

I)wolllil)g solllll~f’(’st(’rly 1)}” ~loo” ],S’]’ all(] w(\stf~rlV I)\” 2’200” I, S’I’. Ill tlli S ill Still l(”(’q 111(’. .
In(”asllr(’llm]t of solltll(’rli(’s Il(wr tll(’ Slll”fil(”(’ ilt I{()(mky l~lats il])l)(’il~S [() 1)(’ all ()[llli(’r

frm]l Ihc rt’st. o(tl]c (Iatii. (’olls(’(111(’lltly. il (“all 1)(1 (’OII(”III(I(XI tllilt III(MI(II illiliiilizdlioll

[111(1(’r st.agllalll u)llfliliolls sIIOIII(I inclll(lc III(’ iilflll(’tl(x’ of sllrrolll](lillg St;ltioll S. (’ill](~r

(Iir(wlly or ill(iir(’ct Iy ds all a\”(’rag(*. Ilirwt il](”lllsiol)o l’a(l(liti onal” (Iata illtotlw liA\l S

il]itializalioll will Iw atlm]ll)t(’(1 ill llIr II(WI” flllurrm

‘1’11(’ h’llfl(’llr~ of t.t]f’ sill]lllatml 1)111111(’to Il;l\’(’ d Ilortlllv(w{(’rly (XJIII]X)II($III It(*ilr tll(’

rdmsr Imil)t (credt. itlg ii 1)111]11($wlli(”ll go(Is solltll(wsl) (x;ill,illll(w tl)rol@lolll. ” 11](’ Iligllt

m+ il]{li(’alf’(1 in IJigllrf’ I(il) f~)r III(J 0200-0300 I.S’I’ (-oll(”[’lltl’hlioi:” avmagt}. ‘1’llt’ [)lIIllK~

wiflil] llo\v(4w, a])l)(’;ll”S l“(’ilSoliill}l(” (“olll])ill”(’fl willl ol)s(’rv;lt,iolls” ilS (lo(’s 111(’ (Iistd]lw

tll(’ 1)111111(’lIilS t,rav(dc(l it{ (’il(”l) lil]l(’, :ll)l)ill”(’lltl~, tl’illlSl)orl Iirll(* illlfl (Iifrllsiv(’11(’ss iir(’

d(l(-(lllill (’l\’ iilclll(l(’(1 I)y 111(’ (’ill (’lllill.f’(1 111(’1(’ol’ologi(”ill vfiritil)l(’s ;111(1Il)()(lifi(wl (Iis[)(’rsioll

I)aralll(’l( *rizatioll al)()\’(’.

7. CONCLUDING REMARKS

Ill !]liS Sfllfl~. }f’(’ llil\’(’ f~)(”llsf’{1lll)oil sittllllil[illg t!l(’ (’01111)1(’S (Il”ilillilg(’ [IIJKS tllilt (“iIll

(1(’\’(’lol) ill 1 11(1 lllo!ll ]t,ilill-l)l; lil)S illt.f ’rf;l(”(’ of t 11(’ lio(’k~ hlolllll,ilill S, ITsillg 111(’ (’ii S(’ Slll(l\”

(lily ,1.5 1“(’l)l”llill”~ I!)!)l ilS illl (’Sdllll)lf’, il \V;lS I_ollllll lII;I1 i{ilhl S is f’ill)ill)l(’ of Sill] lllillillg

r(wli stir (11’ilillilg(’ flo\VS ill f“l)ll)l)l(’x 1(’1’l”il ill r(’giolls. ‘1’11(’ l“f%lllt S Silo\\’(’(1 Illill tll’ilillilg’(’ II”(JIII

Ii



nearby cimyons and the Iarger-sciilc Rocky MoLInt ain slope drainqy can Iw a factor in tl][’

dispersion of the polllltallts released fronl tlorky Flats. W’hik’ the primary Iow-lmd ( <100
m) in flumce on plurm transport around Rocky Flats was the locally drvclopd drail]a.g(’

from t.hr rather gentle dopr aIId tmrain variations in the near vicinity of Nocky Flats.

the real wind sillmlat ions rcvcalcrl that, significant (Ira.inage mmnont.un~ can periodically

in flumcr conditiol~s at Iicrky I$lats. In ollr simulat ions, this in flumcc was lit]lit(vl to t Im

Iargc out flow from Elfforado ( ‘allyoll.

Also, for this case st l:dy, nmlti-sralc nuttmrologica] illt.rract ions wmr shown to IM*

less significant than (Irainagr Iwar Rocky Flatsm I’l]is wm sllmvlI. ill part, lMY-aIISrlhfl
!$F(; (Iislwrsion ww+ wcl] (!(*l)i(-t (*(I t)y flows prodlld I)y a si]]llllat ion forw(l (’x(-l Ilsiwly

I)y radial i\”(’ Coo]illg of t I](s t (“rraill. ‘l’lIf’ Co[lp]illg of tllc Ilwsmralr lllmlrl to dll :l(s(’llrat(*

flislwrsioll I:m(l(’1 app(wrs to I)(* a I)w[nisil]g [)](4 Ilo(lology for I)r(*(li(-l ing 1)]1111)(1tralls])orl ,

In t I]is (’ilS(’. all iirtuat t riiccr r(’lease was well sitlllllalf’(1 I)y olir I]mlditlg (’ollll)illatit)ll.

‘1’lw polollt iiil for applical iol) of I Ilis cm]ll)illal ion to ~v]]t’rgv[]cy rrspons(’ l)rol)hv]u+ ill

ot 11(’rcollll~lcx Icrraill rrgimls is ol)vi[)lw,

‘1’his (’x]millwllt also illlo\V(Yl collsi(lf’raljl(’ Imtillg It) fil](l all optiil]llll] 1110(1(’1 col]fig-

llrat ion for t IIC I]]oll])t sill-(.il]l~ol]-l~laills st rllct Ilrr of [ I)c Ilocky l~lats r(~gitm. (;ra(lllall~”

illm’asillg 1IN’ Im)d~l’s r(w)lllt iw frm] (i kHI to I .c7)k l]) to ,100 tl] allowwl gr(’al(’r ail(l
gr(,alcr t~~rraill (lq~ict ion. \\”i’ Iullll(l IM’I 1(’r r(~slllls Ivllc:] t(’rraill r{w)lllt i(]l] Ivas lllaxi-

l~iizd. ill this CASI! at ,-)()() III. ,\tlflilional (’xpcrii]v’l~!s at (If”(vi Iligl)(’r r(’sollll iol], ]m-lliil)s
zoo” III lloyi~oll[?ll]y” ;lllfl 10 II] vt~rlit”:+lly, sllo[llfl I)(s mllsi(lmwl 10 furllm r(dilw tll(’S(’

cf)tlrlllsiolls.

.’1 A’lloudf ()() 111( Ills. ‘1’11(’ alit lI(Irs rfw)glliz(~ !I]f ’ ll)illl~ il!+(’()’i’ I)ilrti(”i]mllls for Il]t’ir

colll ril)llliolls 10 Il]is work. 111I)ilrt i(”llla~. .J.’l’. 14P(’ illl(l I)oll Iloiir(l of 1,OS lllilllloS Niiliolldl

IJal)(wfit(wy. firr t Ilallkwi for 1Ilt’ir (“oll]lllil Ilwllt of Iillw ;III(I lI(I!l)fiIl sIiggfIsl ions. ‘1’llis

r(%(’ill”(”ll \KaS (“0111])l(’1( ’(1 wit hill 111(’ ;IS(’()’I’ l)r(~grfit]l il!i fllllfi(’(1 IJ)’ tllc 1)( ’I)ilrllll(’111 of

I{llw’q”.
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Figure 1. The RAMS model domain used
over the Rocky Flats, Colorado region on
Grid 1. Contour intervals of terrain and
lat-]on lines are 100m and 0.2”, rcspectivcly,
The two nested grids are also depicted by
rectangles to scale.
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Figure 2. Simulation 11 Grid 2 surface
wind vectors at 1730 LST 4 Fcb 1991, dur-

ing the transition from modeled daytime
upslope to nighttime drainage wincls. The
maximum vector is 2.36 ms-’, The interval
of terrain contours is 200 m.

///

7
//////

If

0



1,

.04-

1,4-

●

1,

L

J

,4

Figure /5, Simulation 1, Grid 3 wind vcc-
tore for 50m AGL at 0400 LST, 5 Fcb 19!31.
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Figure 0. Simulation 1, Grid 3 wmt-mqt

vertical cross section of [a) U wind colupo-
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Figure 7. Sinlulatim 1, Grid 3 west-cnst
wrl, ica.1 (:Mw8 Sndion of (a) U wind corrlpo-

ncnt M(I (b) pot(!tltid tmnpmattlrc, along

111](*axis of Eldorado Canyon at 0200 U 1411)
]{):)] , ‘1’hr contour interval i8 1,0 tI]H-” ii)

(m) w(l 0.7 K itl (1)),
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Figure 8. Simulation 1, Grid 3 w)ilt,li-
north crosfl Bcctiorl of U wind conlpotlrnt

approximddy 500m c%st of thu lhrw IIII\-
jor cn,nyon’fl umuths for (0) 2000 MI(I (1))
0200 1,S’1’5 l;’~b I!)!)1, ‘1’11~(’ollt(~llr illl,(’l\’ill
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Figure 12. Simulation 3, Grid 1 west-east
crossection of U-component winds for 0200

5 Fkb 1991. The contour interval is 1,0
ins--’,
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Figure 13. Simulation 3surfacc SF,: con-
centration for averaging period 020~-0300
LST 5 Feb 1991. The solid contour int,er-
valsfrom the outermost are 1,9, 17, 25arld
33 pgm-s, respect,ively,
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l’igure 14. SiIllulmtiol14, (iritl 2Hllrfiw I“iguro 15, $ittltllflt,iot) d,(~li(l 21)liLII vi(*w

witid vcclort4 At 0400” 1,S’1’ 5 )JPI)
ll\RXilHUlll W(’h iN Iti. ()(j !IIN’ 1,

vid t)f trrr{~iu cout~JllrH ill 200” till
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