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~wdy uf l'lutunhun, "r•lty~ic:ultrunaport mec:lumitlll! bl!c:umc slgulnc:unl 
wtum c:umpureLl with c:hemh:ultruns(IUrt mec:huul~nu'' (CoUilhtrt!y et ul., 
IIJK4, p. I :.n. Hence, the present rt!~eun:h CII1Jli11L!ltes IICDnlurphlc: (HOC:• 
esse!~ lnlt~ ht\'.:~lllluthln or the utoVcllll!nt uuLl staru11e of plututtlum In Ute 
Lu~ Alunttr.l Cuny on sy~t11111. 

IU:.'H::Aitt!ll QU~"i'I'IONS 

'1111! lllllll!ruii§JUt! ur Llclllttl\lllllli~ und t!:\plulnlug the IIIIIOIJIIL~ UIIU IOC:II• 
tlun or plutoUIUIII In the phy•lc:ul Cll\'ltotlllllllll or the: Lus Alumos Cunyuu 
~)'!lh!tll II!Utl!lto fuut l(li!Cillc ti.Ut!urch IJUI!!Itluu~ udtlrt!md In this llllpt!r: 
( I J \\'hut uri! the ptt!~t:/11 dl!trlbullunamd \•ohmu: of lh!dhnei!IJU'Y tlcposlts 
Itt Loll Alutnu!l Cun~on'! (2) W1ta1t I~ the prt!st!nl dhlributlon ol' plulonluut 
In the t)'Jtt!ttl'f (3 l Why aue lht! Mctlltn.:nb distributed In their present c:on• 
n"urntlott'f (•I) Why Uri! the a:ompnnents urtht! plutoiiiUIIIInwntory In Utelr 
ptt!~ent urrun~c:nu:nt~'! 

flrc:vlou~ wor~m lum c:~thnutet! ~et!lma:nt umljliUtunlumlnwnlurit!JIII 
the Lo~ Alun1u~ Cautyun ~y~l~m. butthl' 'tutly IK UIC! fl111to mup tUtd tllt!u• 
~Uri! SJ~C:lllc ltttllvl!luul dl!poKits, ·ntis study tC:Jita:twnt.. u flr-&1 upjlro~hstutlon 
tlf II ~eogrujlhhmlly UCI.!Untll! IIIUIOIIIUUIIII\'t:IIIUry, With II "t!OIIIOrt'hOJoglc 
C:\jllunullou. Wht:tl!ll, ~umc ltiYt!siiMutlon!l huv.: UMctl c:uttlutnlnunt! WllrJc• 
l!r~ tu ~th:r undcr.ttuntl ~a:otuorphh: fUocesSI!,, lhlR study ndUJIL• the OJlfll,. 
~~~~ uppruuch In which llrlnclplt:!t of l!,t!OIIlUtphulull)' 1!:\fliUirtlhc fUll! or Ult! 
cuntumlnunt~. '11u: slgnllh:auu:a: ur Ull!l wurl: I~ thutlf thl! tt!ll1lllll rur I Ita: uh
'1!1'\'t:u dl~ttlbuUurtN cutt be nulllru:d uttd 1!.\fJIJtlttr:d, pr~dll:tlmt ur the tteur· 
lim II l'uturt: ul' the huJ.urduu~ muh:rluls Will"-: cnhuttct:d, untl~:leunlljl l!fl'urt.• 
will bl: I liCit!! llkt:l)' tub\! !UCt:I!K~t'UJ, 'J1tl~ llllper CUIIIJll1!111t:ltl! but Lk.C! IIlli 
durlh:ulc prl!\'luu~ tC!ICittc:h ltltuthc gc:utnotjlhulu"y of lliUtuniUIIIIIIthl! ltlo 
Clru111h: (Cltur, l1111•llthroulth lt!Vt~ll~atllng the cunttt!t:llotl bt:tWt!r:tt the: 
~~•llt\:11 uf pollullun 1111d Uu.o trutln rivet h)' wuy oJ' Lu~ Alutllln Cunynn. 

·~ 
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DUrlllll the weUJXliii•COIIAtt\lctlon priX!m ut Lo• Allltnoa, cll!unlnu und~~ 
muc:hlnlttll uf JliUiollhttll ltlt!IJtl producc:d llutJJtduua wu~tr: muta:rlullnlltc.b 
runn ur plutoniUill di!KDIVr!d In uc:ld. Ut!t\Yt!t!ll 1945 IUid 1952, II Cl!llltlll~s 
Mt!WUI' Ayatetn eonLlucted tltlallc.111ld WWIIC! ftont bull!lln~&H un thu l1ujurlto,.j 
Plult!IIU, Ute allu 11f lite! lnsl:llluUon, to the! tllllt! ur Aa:ld Cwtyon tKIIIIllilt!~'.~~ 
1!1117), where h pourt!d untreuted frotnlhC! NI:!Wer JliJ)t!a duwntltu t:llll~un 
Hldt! 11/ld luto ullu~IUIII onlht! t:iiiiYOII noor o:lg~. ltJJI!l2), AI'IC!t I9S2,1hi.! ,, 
t!MIIIbllahnumt oru \VIllllt!•ltllllllllt!llt piWII ~lllllhllltt!U 1111! lttli.IU'UUU~ ti!ICILU!H::. 

. IIIlo Acid Cunyun (Stoker t!l ul., 1\JK I d'· 10-11 ), l.lurllllllhl! I%0M, ll·utk• 
l!tll fi!IIIO\'I!d CL1IIIIIIIIllllltt!d •oll1111d bullc.Jln~ IIIUtl!tfiiiH fru111 thc tl!il!ll~l! 
(!Ultll on ll1a: 11ltllt!IIU, tL!I Wt!IIUJ ruck front lltu cunyutt Kldu unc.ltlll uttknuwn 
UIUOUIII of uliU~illlll f'IDIII UU! I!UIIyonf1our. 'nlllftl! COIIIIItllllllltt!d ~~~b~tiiiii:I!M 
Wl!tC! atorl!d lnl•ohlll!d burlul Allt!a, Mid CtUI)'Oll, lltt! Jlrllllut')' suurc.:l! ul' 
plutonium cunturnlnutlun, 1~ u arnulltrlbutury tL1 l,uehlo Cu11yon, u11J Dl1 

Cwtyon (u Mlllllll trlbutnry a( Uflj)t!t l..ua Alt11110~ Cuttyuu) nl~u Clll'l'lt!d lt'~~t!l' 
IU1!0UIIIJ or piUIOIIIUIII fro111 Willie lltUIUr\11!1, 

Wht!lllht! lltJUid p!UtuttiUIII Wlllllt! tt!UCltl!d the! u\IU\•IUIII Olllltl! CUII~'llll 
noor, Ute rl!ltlliVt!ly high pH cundltlott" (M,O or uhol'c) r:uuM~d the llllltuttiUIII 
IU Jllc.!CIJtltUit! onlu he!LIItlll!lltury jiJtrtlclt!a llllhc.! futttt or jlllltunlulll u~lllc.! 
((or U gettcmtl fl!\'lt-W ut' lltt! t'Utflc.~CIIIugy Utlt! ~t!OC:ht!llll~lt)' U( jliUIOIIlUIII, 
"1!1! Coughtrtt)' c.!t ul., IYMol), l1lutunhmtlttthiH futll\ IK tc.!lull\'1!1)' IIIHnhthlc.!, 
uttd II tt!llllllttM llrmly nd"ttthed ualloJlUrth:lt!M. A~ 11 t.:Kuh, >IJIJ'Jhul' the.! 11IU• 
tuntum In thl! l.uM AhiiiiOH t:tl\'ltuttlllllllt IH uuuclutc.:d with Ml!dltncllt 
(Sc:ltllltt1 IIJ77), ~IIIIIC.: doWIIWiltdtttn\'l!ltt!!lll ol' tht! llllltl!tllll OCCUI'fi!Ll Ill 
lhu ~urfucc lll!dllllt!ltl, butmo~tuf tht: plulullllllll ramtulucd ttuur the Hlllfuc.: 
whc.!tc.! 11u'lltlltltuc~:ueM t!ttltttlned 11. Uttcnn~ulldult!i.ltttulc.!tlul rruutthl! 
wuKt&:•LliMJlOKIII Mil.: utol'c.!tl uni.lllr nuturul ~ltuuua lltuccmK uutnr Add 
Cunyon, dnwtt Pul!blu Cutt)'nll, lllltllhtuugh lnwc.!r l.uH AlufttU~ Ctut)'UIIIu 
tltt! l~lu Otundl!, lnlh.:IUn Orumlc,thl! wuMtl! Jlltltunlunt jnlllc.!ll 11lutunlutu 
ftutttlllllll1~f1hl!th: fullulll und IJCCtlJIII! Jlllt1ut' lhc.! a:htllllll!lund lluud•jllnllt 
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~diUII:IItll of thl! t~ji(UIIIII tiVI!t 1)'•11!111, l'reVlO\Illln\'eHiltUIJ)UIIJ hlll't.! ~hoW II 
tlllltlnthl.\ NuMhl!tl\ \(lu Otul\111! ~)'~IIlli\ In the Yll!lllll)' nr t..a. AIIIII\U~, 
.. I U'lb ur lhl! plutunlUIIIII dlll!l!ll~· f'IUIIIWII AIJJJIIUM Cllll)'UII, hut In •omt! 
Medhtll!lltM dulllllllltl!d b)1 1!llllll'lhutiUIIN rmm ~- AhliiiON, It III!COUIIIH rur 
>IIU% !Orul', IIJ9al ), AI unit the mullt tlwr, the ~nlu:entnllllllllor ftlutonlum 
lit\! not hU1JJI\luu~. ltl\'1!11 oUI'Ill'l!~cnt undehtundhiU ll( h1!11hh ph~hlc~, but 
lhl! elclltl!lltl• tl(lf:ll!tttllllllll lu.:rmllll.l L!oncetllnlllt1n• In the hl!dlmt!lltll of 
Cochlllltu•ervulr -..Ill ktn dnwn•ti'I!Ulll J'tullll.o• AlumuM. 

'J1tl! \I'Utk lt!j)OI1t!d Ulllhl! fuiJuwlniJjlllj!I!M hu•lta hCll!lllllk 11'11'111 Ill M'\'• 
L!l'llljll'l!YIUUH IIII'L!~thiUIIliiiM Ul'lhl! lnUI! Lll' jiiUtuniUIII CUI\lllr·• . · .11111 
IIIU\'1!1111!111. 1Jut1111t lhll Cnld Wur, •ome dl~lllllt!lll• uutllnln~ 111· . • t' of 
lhU piUtUIIIUIII Wl!ll! ciUIISII\~Ih hliii'I!\'1!1'1 1\!M!I~ht!MI Dl J..ohAIUI111l~ l\oiiiUillll 
l..11l10rulut~• lllUdlud II IIIII)' uf thl! humun heulth n•JII!i!lll or 1h11 elt!rnenl, tutd 
thctt• Wl!llllllllll)'l!'-IIIIIIIIIIIILIIIK ur lhl! I.II!III!Mll behuVlur of JliUIIIlllUIIIlll lhl! 
IIUIUtllll!tl\'hUIIIIIt!lll, Ut.!»lnl\1111.1111 lhl! lull! 19?Ua, lh!! lubun!IO~' jlUbllahct.l 
IIIIIIUnl •UIIIIIltU11!ft 111' dUIIIII!JIOI1111~ Ull! CUtl~t!IIINIIIUIIK or jiiUtOIIIUIIl ruun11 
Ill Ml'l!f WII(I!I'M II lid ~t!dhnl!nllnlhl! \'h:lnll)l or~. Alilll1Uh,lhounh lht!l'l' 
WI!! I! IIOl!Jclt!lltiiYI! ltWIU'Ch JIIUjl!t:li In lllh~ll'l\!l OtlM IIIOIIIIOtiiiiJ,IIIIiJIUIIIIIUII. 
Uy lhu I \lllOft,l'l!lu'-llliUII ot' Kl!c:Urlty l'elltllc!llon• 111111 11~\\' lll\1!11!111 In l:ll\'1• 
runn!cntul4uullt)' Mlllmhucd 1111 e"tcn~IVI! unclllkKII\ed l't!\'lt!W ol'thl! t'l!li!tllll! 
or f'lulonlum hllnthe l.n• A lurnu• •)'•11!111 I Stok~r t!l uJ,, 19H I), nnJ dutn 
•llllllllltlit!a ~cell Ill! JJeiU!NtiiY Ul'ullublt! (l~t1)•tnunel ul,. I !JH1, I!I!Xl) 

'J11e ulwluualmJlOI11111CI! ol' ~lll!JllllliiOCm~•lnentrttlnlnu. IIWI'In»,und 
•Wrlnu curr111111111ulcu Kt!ultl\1!111 (t!.ll•• CutJ)(!IIII!t, 192·1: Wolrct~dl!n und 
Lewin, 11J171llllhull'1!l ul,, IYHUt Orur, 19\l(l) led lu ltkl!lltch lnln lhl! h)'• 
\Jrulouy ofll1c t:un~·un•~MI!Illlllru tl!ll!l~aMII1!111.1 ut'lhl! 1\111111111)' ol'lhe cun• 
lllltllruucd mnll!t·lule (l.UIIL' etuJ,, 19K5t Ml!l.ln, 1 !192), '!11~ U)'IIIUIII~• nr 
fllutunlumlnthe IIUjll:t llul'lul H)'ilelll uf!llt! NuJ1hl!hll~lo Orunll1• IWt'l! th~ 
~uhjecl of 11111!'-ll!IINI\'1! ltl\'l!Hilllullunllllllfllul'lut!41 n tenlunul cunh!XI rur· 
III'OI!mt!a lll!llr l.o• Alumu• <Otut', 199~). 'lhl\entugl!ther·, the•c •Hn.ll~~ 
Mhuwed Uuu ulthuuuh 1111\!UIIlJIIIII!I!IIKc• huve 111UIHJIOtWd hOIIII! Jllulunhun 
llldll)' kllllllll!II'I!M !'tom I hi! ntiu!null'l!lett~l! j)OIIIllll Acid Cunyun, 1110~1 or 
the CUIIIUIIIIIIUt(UIIII!IIIIIIII• llllh~ l.oll A hill lOll Cllll)'tlll IJY~II!Il\, 1\'hl!lf 1!011• 
CI!JJirtJIJun" Jllld IIJIIUUIIIllllJI! U~ IIIUclt lli M!\'l!ntJ utul!l'll U/'IIIUIIIIIIUUCI hljlhcr 
thu11l11 uthur l~ltllun•, Allhuullh thl! lnquiHI!~ Jltoduced hlljliUWd utulct• 
Ntlllldht» of lliUtUII(UJillllthl! tt!IJIUII (~UIIIIIIIIIi/.£!0 b~ l'lli1)'Jillllll!llll,1 19H7, 

1-'IIIUI'\! ~. Vlt!W nr l'uebln Cull~'tlll lonklnu 
IIUI'1h"'l.'lil frolllllll' hiiUlh II'UII of llw Cllll~~lll 
llt!llr lh11 l'lutl Jllllt! urI"''~ Alnntn~ Nulhlllnl 
l.ul,.lMIIOI')', "11h llll' Jt•11w7. Mnuntnln~ lntht• 
lllltklli'OUIId. 'rht• Utllldt•UL'r 'nliT rorm~ lhL' 
Vt!rtlenl "1'11"' rw, r .. Gntrllhutofll,tflh 1:1·~· 
1\UflUlil I !XIol) 

1990), tJ1e re•eruch lt'f)()/1c:d berc I~ llllltllempt ro Ill I ~lltlllllcunt ,:11p~ in I he 
unLIC!J'IIIandlng 11b1lU\ how much fllutnnlum I~ In rhc cnn~·un h~'hh.'tn, \l'hrrll 
ltlh locnrtd, and "'h)' It hn~ lt•pm~trnl diMrihutlon. 

CiHOI.OGJC ANI> li\'IJUOJ,OGIC Slt'I,'ING 

tilud,\' A,,.,, 
J •• n~ Ahunoh !11 ~llunll!d un I hi! ~UI111Ct ol' the Jlajm·uo l,l111euu, the di~· 

hl.!~ll.!d t11111k of the 11111111!1\~t! culdl!l'll fut·n\lllll lhe Jeme7. Mnul\lnillh of 
nu11hwcMcrts NL'\1' Mt'>.lcu rsmnh 1!1111,, IIJ?C)), 1111: c11n~··)n~ '""' ~L'o1r the 
mfucc lll'the Jllult!ltll drnln enkiWnt\llrnm lhL! hl~h rnounulln hllt1itm to 
thl! lUn Orunde, the lllllhll!t l'llllinnnl ~u-rum. 111e CIIII)'OII•, mnn)' >201un 
llliiJl• hR\'1.! lll!llt))1 \'L'I11CIII hldeh lhlll CUIIIII!('Ithl!lllto lhc IIL'IIIl)• hlll\llllll 
plllt~nu Hut1'11cl!~ lthm•e. '11te clmyon noon. nrc \'uriuble In width und lllntll• 
cnl. Sornu all!t!f) 1cnche• 1111! choked whh ltUlll! hmtld~l'!l flum 1\lCk fAIIh nr 
dthrlll Jlllii'HI Olht!r ll!ll~hl!h \\'lib rclutl\•1!1)' hhllllU\11 jltlldl!!lllh UC:C:OilUIIO!hllt! 
broud de!J)I)~Itlon 7.l111~~ for On~ hel.llmtnl•, 11te l..tl~ Alwnn~ Cnii)'OII h)'h• 
1e111 hiiM IWU mujut· Uf'lhll't'lllll brunc:he~. upJ>et·l..oh Alumoh Cun)•nn and 
l'ucblo Cull)'lllh which Julnto ronn lower l..tlh Ahtmoh Cnn)•un. 

'nil! I.Oh AIIIIIION CIIII)'OI\ ")'hl~lll OWI!h llh IIIOJ11hlliOJt)' pnr11)' In \he t'.CO• 
luyh: rnutl!rlnlh 111111 "'hlc:h It I~ e.l.ctwnh.•tJ. Bc:c:IIUM! nf llh Jlll~ltion on I hi! 
nunli ur the \lnllu~ III\LI1uledu CUIII1!111h of I hi! Jeml!r. MnUIIIIIlllho lhe llttlllh 
underlnln b)• \'Ltlcnnlc 111111 •~dlmcnllu')' rod;~ or '1"1!111111)' und l11ter llflL!h 
(OtiiJIIH unJ Htm, I\ICI4: Smith ctul., 19?0), ,,,1! )lrlncllllll furmnllon• In• 
elude tlw Snnllll:c,l1nll•uder·tt, nnll 'I'I!WII OmUJ1~.1111' IIIOhlltnfiUMIIIII n.en· 
lu(lll! unh fur the flll!tol!lll h!Ud)• ih lhl! 1.'1111)' l1ll!lh\ll(ellt' Unnddicr 1\a!f, 1111 
HO•I OO•III•lhlck Clljl of t!NJliiUIIjiiOOUCih lllllhl! l'lljiUito 111nti!!IU, It IIJlJ~ll'lo 
lllllh\' jllllll'IIU hUtfliC'C Utili Ctlii)'OII WUJih llh tnllllhl\'C! JIUIIIIcCOUh IUlf brc:c:clu 
nnd 1\111\Wt!lded 11111' dct1wd 11\llll uhh lluwM und llhh fullh. n1efie rnntenulh 
lUI! \'Uiiuble llllltllmll)' nnd l~rmwhllll)'• dcJ~IldliiiJIII I'"" nnlhclt· deJUW 
of' wrldlrlllollltd lht)' ~lcld ll'l!lllh~rini!Jll'odUC:tll, •nil~. unll hlrrnrn hedl· 
men111 thullln! unmln111~d b~· hlllld•hl7.ed punh:le~ (N)•hun et 111, 197H). 

Sfl'l!llltl h~dhll~llllllllhUIIII! (nltn thf~o ten·ufn I)'Jllcull)' hn\·~ <S'X- of thelt· 
weltlhlliii11U11\:Ie klr.ek ~muller tlmn hnnd, Chtumcltdlu\•lum dcJ)()hll.\ In lhe 
~OUI\:t! IUL'll~ of the JIIUIOII)lltn I'IOJlUIJan hll\'l' 10(),5% oflhelr bulle h)' Wl'ijllll 

Oenluglclll Socll!l)' or Atnetlcu Uullt!tln, Octol~t I VIJCl 



J, 
I'Llfi'ONIUM·CON'I'Ar.IINA'rUI:l SUOIMI!N'I'S, LOS ALAMOS CAN VON, NI!W MI!XICO ~:t 

'·' 
In the: ~111 ut1tl cluy l'ructlon. Dutu frum :\1! KUI1111Il!R tlruwn frnmlh~ surru~c: 
of chunnl!l bc.'d., thtuu~hmJithc: Los Alutuo~. l1u~blo, Acld,und 01' Cunyon 
H)'~tem~ contuln 3,!1% Kilt unLI clu~· (Stukl!r l!tul., I \181, ,,, 126, 131J, und 
J JJ: l.utu.! rt ul .. I \JKS, ,,, 3~: Orur, IC.JtJ~.p. 237), Mujur ltlbotury cunyun1 
tu lower LuK /\lumu~ Cunyon huve nlmllurcoum! ~edlnt~nL•ht Jltlllrstroum 
chunnl!ls. Uuyu Cunyon Mellhnc:lltM contuln 2.3% Kill untl cluy, und thoKt! In 
Ouujl! Cunyon co1Uuln7.!1% IIIII!~ (Ull1U 1!1 ul,, 1\JKS),I~IIM Ol:CUJIYlllll Ubllll• 
uonellchulmL!I~ huve -.2!1% Ollt.!M, whei'I!WJ lltxxJ.jlluin ll!tlltn~lllll cnnlultt 
S''lb (Oruf, I'JIJ-I,p. :!37), 

'l11a eneti!)' tlrlYIIIll tl1c: fluvlul ~ystc:muf Los Alumo~ C:unyun contl!M frout 
the Jltt:tlpltutlun cllumtulugy or the rllgion, 1'olll! Jll'l!clplwt!un ntiiHI.!~ ftutn 
>SO c1nlyr In the nl!urby Jemc::t Mnunwlns to -4~ ctn utl.us AluiiiOM unu 
<JU cmln thu klo OnuuJC~ Vu!Jry (Uow.:n, 1990, p, S), 'l'hu mu.diiiUIII 
lllOillhly rulnl'nllwcu~ In AU[lUHI u.~ the tl!~Uit or MIIIIIIIIL!r lhunll.:~toti1111C• 
tJ\·IIy, whcrt:IL~ hl~:hl>• vurlublc: Juowfull hu.~ u DC~ccmbl!r mtuilnum. 'J'he 
~~r~um!llnthu Lu' /\lumu~ Cunyun K)'8IC!IIIIli1! lnttmnlltenl, ux~:cJil for tlttJ 
ruuch lmmc:LIIulc:ly lluwn.•ltt:llfll fromu wu.~ti!Wtllt:t·U~IIIllll!lll phuu.t:luvlti! 
trun~port of ~l!dlml!ut IH dlr~ctly rulul~llto sprlll!l KIIUW111c:lt uud Nlll11111er 
nu~h Jluolls (While uruJ W!!ll~. I97KJ, Unucr thc:se cuudlllun", rru111u 
I~:! kru2 !5K.7 mi2Jllrutnugl! nrcu,th~ llXJ yr llelll[ln Mlorrn woulll JULX!Uct! ul 
the tnuuth uf Ln~ Ahunu" Cuuyun u Jll!ul; 11uw of 52mJIN (I K4S ft·11H) uud u 
ruttofl' \'olumc uf 1.2 x 111'1111 ! I 0 I 0 ucre•fll (t-.h:Lin, I tiQ:!otJ, :!~), 

V~l.ll!lllllUI11li~11111JlU1!111:l!K lift! 0UYIUJ prot:eKKt!5 lnlhl! liUU)' lltl!ll.11t~ 
IIIULJnluln "IUJII!~ lhlll !U~pl>' IIIllCh o)' the runoff fur till! CW!)'OII 1Yl!U111 Ull! 
Cl11'ttl.!d by fUI~~l~ 111' jlUIIdl!tU~IIIIIIIC! llfiUi.)oUI.IIU!J Jlr, Whlc:h pruiL'CI !IlOilo' 
puck~ fro111 rupld Kprilll!lnl!ll (\\'hili! und Well~. !978), A fllti)'Oil pine 1111~ 
lllli!•SCl!LI junl~tClllllllllll\11)' dulllhlllte~ lhi! YI!II~UiliOII or dtc: Pujurilo PJutl.!UU 
!U.S. OcpltrtUtcut ofl!uergy, I97!J, I'· JI3S·J/4 J l UroW/1 C:IIIJ., l\JHU>. 'l11L! 
cunyunllour.~ huw JllllldctU!IIl furr~l~ lhut cov~r ~ollie llocxlJ!IulnK,I!HJ)l!Ciully 
lu Ufl/:te.'t Lo~ Aluwo~, Upf)t!r f'ut!blo, Acld,rutd bP Ctlii)'OIIK, Rlpmlun ~l!!li:• 
lUI tun lhtolltthout lhi.! CIIII)'UII ti)'SI~III lnCIUdt:ft jlrU.~~ t:OYI.'f'!l 011 tl~nJ plllill" 
UtiLI wJJiuw, Ullllutl~k. lllld COltUIII\'cxxJ In lilt: lm~~Kl tl!llllh~ll ul' thl! S~18ll.!lllo 
IJroviJhlllSII(nlllcunt hyLimullc ruu~hne~~ unllcx~·plulnllurfucl!s. 

Fuuclluuut l~t:ut:hl•!lur lhl' C:uu~·ou S~!llt:tn 

'1111! Lo~ /\lumu~ C:llllYUil ~ynlt!ltll~ 110111 hlltlpll! KC=t or Cttitl!Uits fur WU• 
tl!t nml ~!!llllllt!llt 11·lth !~luwly chunl(lntt conditions In thl! IJoWit§ltl!tltll dl· 
r~ctlun. ltuthur, Ill~ rru~mentcLilntn KI.'Vl!tul MJ)l!CIOc und Llennnble KC!I!· 
llllllll, With lntc:mull)' I:UII~I~llllll prtx:I!!I!IC~ UIIU fnrllllllhUllltU dllfetl!lll l'ru111 

t;~· 

. thuAc: of ttc:l"hbudnll•t:~llll!lltN, deuluutphlc l!ruJll!l1il!fl (~lldtn!t chtlllll~l·f 
JlUitl!MI ulld dllll!!ll~hiiiM) Jlrti\'IUl! U ~011\'l!l\lt!lll bu~IH fur Ut!llllllly II ~L!Iil!~ Ul'~ 
functlnnnl•~"lllt!lllfl In thl! NYlllt!lll l'l'ubll! I), '11tl!tl! uti! Hc!\'l!tUIJitU11culul~1 
fl!nlliii!M lnlht! MYMh!ll1 tlmt un·ect thl! ln111AJXJI1 Llllli fllnrll"l! nl' Nl!Liti!IL!IIIun~~ 
lt5 pluloiiiU111. Jlor 1!.\UII!JIIe, lnmh.Jdl~ l,ul!blu C:uii)'UII, •~111111!111 :11~ 11; 
bouldl!r-c:hoki!U tl!lLCh Whl!te unl)•ll111ited llUtUIIt! ul' Ml!dhllt:lll UIIU J1IUto:1 
11111111 Is like! I}' bl!cuUKI! therl! I• nu fiJIUce rur su~:h Nturnuu uuthl! L:IHI}'nll~ 
lloor, 1\ •hurt dialiUICl! du\\'ll~lti!UI11, hull'l!YI!r, ntl! Ml!~UIIl!llla S unu lt, liJitU1 
ur I'Ut!blo Cuuyon wlth u wide t1(XIt IIIIU Mhulluw Jllllllhmllhttl dell Ill.'~ u Ul'~~ 
omuttlhlc condition cul!ducll•t! lu dl!puflillnn. 'l'he chunnl!lln Ml!~lltl!IIIK 5J 
nuLl li 1ft Hrtlllll, htL~ c.~olenftl\'1! Otxxl pi ulliN, uud btlmJCIUII.'LI wllh Hl!UIIllllll• 
tury ti!!JXJKIL~ thul bury fi!Celllllrtlfu~:ta (l:llls. 3,•1, unu ~). 'l1tiR dt!po~ltlunlll 
1.0ILI! !!IIlii Juthe tlo"'11Aitl!llfll tlltecllnuutu kulckrx,lnl M.<\'l!tullll~ll~~ ltl11h 
tlmt hl•luwly llllgtullll" ltt!udwuru, l{t!I!CIIh!ll nL!IU ubMI!"'IIllUIIM ~1111.!1! IIJ1!7 
UIIU hlsiutlc nrtlnl phoiUI:Itllph)' ~Ulllli!Ml II tllll! L11' ti!CI!R~Iun l11' II few UIClrt.!~ 
IX!t >'l!Ul' Ull UYI!nl~tJ, tltnugh ttlllHI \!fiJ~IUIIIlC\:Ut~ i!pl~!ldl..:ntly tllltllll:l lluo'.l 
11\'tHillllhnt tlC..:ur tlllly on..:l! 1!\'l!t!l' 5 yr. UL!CIIU!Il! ul' liM IIM~LJC!utlutl with 1\i.!ltl 
Cunyunnnu IIH exteu~ll'l! ~l.'dlllu!lll stuttiUL' nhws, Jlucblu Cu11~·un1K lhL' 
fllll~lllnputtlllll UI!Ultntphh: I:UI11JXllllllll nr tltl! plututtiUII\ I11VI!IIIUI')'. 

l1ueblu Cttii)'UIIIa llootl!ll h~· HultJCI!Ill! ulluvlul Lll!flltM!ilL 1111111111)' kt!~· 
llunH, but MUC:h Jcl)(lKIIJiutl! all!tlll, ~o~:ulll!tl!LI, nmllllullt!LI lnnutniJCr In UJlJll!l 
LaM AIUII\U~ CUII)'OII canyg, lli1U H1!t11, I liM, l'hlll.l IJ, The chtUUU.'! 111 Ufl• 
pl!r LtlY /\hLI111lN Cunyonls cunl1nell h)' culluvlunt uttJ IH unltt!nchcu 111 
101111! llft!U!J, Only Itt lite loWC:IIII'CII(!hC!!I or I hi! CIIII)'UII UOCHII fljl)lelllf ~~~ 1111 
UIIC:UIIIlllt!U •ttt!UI11t hlll C!VI.'IIllll.!fl.! It IIICkM 1!;((1!11~11'1! I101Jd Jlhlhl~ Ul'lli'Cf'• 
hunk urc:u8 unuc:rluln by lledlm~tl11!1liCIIW lu thl! I"L!~~ul rugltnc nr thl! 
Yltt!UIII, Scdltl11!11llllld 111UlU1111111\ KIOtUIII! I~ th~tl!flll'l! IIIUCh IIILit~' lllllll~d Ill 
Upj)l!t Lo~ A!utnoJ C11nyon thnn l!IMcWhL!n.! 1111111! K}'~ll!lll, 

OnulnrQer scnll! In luwer Lu~ t\hunu~ Cu11yun, 11 nun-uw J!ll~l! wllh u 
rulutll't!l)' 8li!I!Jlllrlldl~!IIIIIIIU!~UIII!IIIIJ ti!HitJCL~ lh!! JXlNKihlllt)' fur Klllrll~l! ui' 
KellhiH!III Ullli pllllllllllllll, '11tl! JlUtllllo L!tlldcLI hila Q11Ul1!111llt'Y blt~tdluJ' I hi! 
S11111e Jle Oroul'• undA tL~ tht: Nttc:UIIIIMNIII:H ll1ll1lllt!l't11111 Llunllnutcd by lllutl! 
1!111111)' t:rudrd ~I!Ultm•ntury ruckk, nnlllhll broudt!lllllll t:h1U111t!l hn~ 11 hhul· 
luwer l(ruLIIent with 1110tl! lmrl'l.onlul NJIUI!L! fur Ui!JiuHitH. '!'hi! tlluchl!ll 
formeLIU)' lhl! luWI!Ht ~ kill ur Lu5/\I11JIIUH Cllll)'UIIIII't.! 11U.Ih:ull)' ullfch!lll 
from the reuchuA uhuYl!, IJU)'ll CunynnjniiiK lht.! MYAllllll'"'l kmul~ttl'l! Otnwl 
lthl! tcrmlnutlon uf' LoK /\lumoM Cunyon ut the l{lu Orunllc), uml Ouujc 
Cunyon join~ the K~'Nll!111 •:! kin uhtWt: OtuwL 1111!KI! tributurleK Cllllltlhull.! 

.flllllll! Wllll!t, IUUJ thC)' IIJIJ!ellt IU ltLIJ Ill )I!UHI UN IIIIlCh Hl!dlltll!lllll.~ IH Ill! hi)! 
brought !lnwn LoM /\huno~ C:tlti)'Uit, uK lndlcutcd hy m:ll\'1.! UI!JIIIsll~ Itt ttntl 

TAOLE I. REACHGS OF IJUEilLO A~iO 1.08 Al.AI.\08 CAN'I'ONS . 
So(ltnunl Huact1 1111mo Oown•uuurn Moun Moun Muun t.. ... ,n Uud lolul lolul 
nutnblll GnU UUICtlpllon dlelnnco lu grntJiunl UCII\111 IICU\111 chunnol llldllllUill IJitllonlurn tJIUI onlurn 

IOWUIUIIIJ (Ill/In) CIUIIIMUI clmnnnl IOUOIIIIOII biiVcluy (11101111) illllnUIIIU 
\1111 wldlh tJupth lMtlllllhll)'& by WIIIQIII liCVUI dO'IliiiiOil) 

(Ill) ''"! "! !'!'.! (IICVU) 
Sou teo Acid Canyon 10101 3tl40 
I Uppet Los Alllll\01 Canyon Dl 0.0101 1.0 1.1 0.1~0 O.ll Ill 10 
:! Upj:lllt rnltldlu f'UII~ Cunvon B~ll 0.0:130 LU 1.1 0.0110 2.U N,IJ, N,O, 
:l l.liddlu nllddlu fluublo Canyon 1200 0.0320 1.2 l.ll 0.0110 :z.o N,O, N.D. 
4 Lo¥tul lltldtJtu Puoblo Cunvon :J71Sil 0.0203 1.8 l'l U.O:l!l 3.0 N.D. N.O. '" 5 Uppm I<Mur Pueblo C11t1yon ll:I!ID 0.01011 :!.1 0.11 0.0:10 :J.O tlltlll 11!03 
0 Mlddlu lowor Puublo Canyon 0!100 O.UI!il D. I O.D 0.020 11.0 :!10 1~1 
1 Lowclllowur Pueblo Conyon 1021<1 0.0~00 13.1! l.tl 0.020 :u N.O. 1~.0. 
0 Juncllon eaomonl ol 1'110~0 Cunyon I 17110 0.01110 IU.3 2.:1 o.o~u 3.0 Ulli 1!70 u Nurrowa IIIIJtlll!hl ot Lot Alulnot Cnnyon 13007 U.020tl •1.1 \!,tl 0.000 :1.0 llll! lOll 
10 TCIIIIYI •oornont ol Lol Alatnoa CUilVOf\ 170tl3 0.0115 I!U.:J CJ.IJ 0.030 :I.U 1117 IDO 
II Olowleuomont ot Lot Alarnoe Cal¥"' 19702 0.0000 117.0 1.1 0.0:10 4.:! lit! 10.1 

No11111: ~1.0.-not dalurmlnlid. Sea FI(IUID \lOr rnup v.llh colllllll0Md111f, togrnorll r~n1111111. Mann gtudmnlitllto OYtJrutl ducruuau In ulmullon dtvldllll Itt lhu rtklnu• 
channel dlltunca lut encn IIOIJtnanl. Munn chaMol width anu dt•pth uru 101n alltntJiaM al 10 1uch tna111Ut11mun11 allltu ucii\U chlllt11ullur uncll lunch, Hyuruullc 
tuugllnu"l' u compasllo of 10 fluid ua11nmtua br tho uctlvu ch111111u11n ouch runcll. 91Kllrttolll unlll 1110 lram Slokut u( ul,, IIlii 1, p, 120, 130, I 331 
Lnnu 01111., 1116~, p, :l!h lind Oral, IIIIJol, p, 237, PIUioniUtll rlnlll RID CDI\l:Ufllrnllolllllot nctl\111 bcttJ.Ioud IOdl111UIIII hl:liM UIU~llllllonlluiiiiU tltld MUI'flllliiiiiCU IUjXItla 
publllhod b'f LO'I Alut~NUIIOMI LAbollll!?!l:, • 

O~nlogh:ul Stll!l~ty ul' /\tn~tlcu Uulletlu, Octnber IIJIIu 



W.~OHAI' 

111!111 their chnnncll, 'nte luwl!•l teucheM or lower l.oK AllliiiOI Cllll)'Oil, with 
th~lt wldt!, btuldct! chuunelw lllld extl!nllh'l! nood lllnln•, 111'1! tl!lntl\•el~ litr 
l'rol1111lUlunlumiiOurte• und ure nut ua h11J)OMIUHlnthe plutunlumln\'1!11• 
tot)' lllll1ue\!lo Cllll)'on, 

Mt~'I'IIOilS 

OUI!Klltlliii.!UIII:I!nlhlll the lll•lt'ibullun or licdllllt!n\11 """' 111Utonlum Dl'l! 
ernplrlt.:uiJ!lnblernH, tl!tJUirlny 11 rnethodnloll)' thut reNIN on dlrecll)' ob· 
hen•ed evidence. '11te UllJ'liUUch U~l!d In Utili work Willi to IIII!II•Ure Ute \lUI• 
ume aJ' lll!dhncntlnlhc \'tuioua, ~egment11 tulll thentLl culculutl! the 111\tount 
or 11lutunlum h)' mullllll)'lny the volume• b)' contumlrtlllll cunccntrutlonh, 

F1!ZUI"I! 3. "'""'or I!Xpo~od C:f'OI'.\ M'ctlon or 
Oood•JJhaln 11cdlntl'I1L\ In mlddiL' Pueblo 
Clln)oon •ho"illlll.he ~tn.IJnCJ&tlun arnuttl'rl• 
lllll, Thl! dl'pollltlonnl l1l11to~• or the ~Ill' l11 
purtJ)' l"e\'clliL'Ci h)' llw 11\'CII&Ild their root 
C'Olli\J'Ii. 'nte l'OUIIIMI4od tM on \h11 riW\Itildr of 
lhc Ylew httlllll root collnr burll'CII~nl'nlh 
1.2111 ofNl'dhuent nl.'ur the le\'lll or lhe pn!• 
~Ill c:hunru!lln the rol't'Jll'llUnd, The! pon• 
dL'rolllllrunk In thl' C:l'tllcr or the \'ll'W Mill 
1tundM In u Mhnllur butll!llrt r~IXIhC.'d nmann~ 
ment. Se\'I!MII yuunt~er, much lilllllller ll't'\!li 
hn\'1! rooted on Ull' ~urrucr or tho nood plnln 
Ill thf len. RlnN rounLii ortJte tl'l~C~Und puck• 
11#1111' IIIIC!r IILINUI!~t lhnl !he expowd lied I• 
mentJ ure po•t•I93U, (W, l.., Grnr photo• 
IU11Ph 121•]6,,\UJlU~\l~) 

Fl~ture 4, VIew or tlw thiii\IIC!lln UllJ'I!r 
middle Pueblo Cun~·on adto"·ln~tu uruli~· 
00\'l!l'\od point h11r Plld nooclojl\11111 depo,ltlo 
the rl~&ht or lht' uoth•r ch11nt1el. Note drln• 
wood r;tnmdl'CI durlnN lll'l'C'Cnl nooct I'Uillnn 
on the boundllr)' hetwL-cn lhl! nood Jlluln 
11nd the c:oiiU\'Iul 1lope ul the rl11h1. cw. 1~. 
Gtour,,hotoiCMIJlh t01·14.Au~tu~t 1993) 

I:Or thc dlbllibutlun or Ole ~edlrnent, tlll! hCRie or the canyon ~yMeml~ ~mnll 
enough to ~nnlt direct Oeld lnlll'l'lng or the lndl\•ldual hedhnental')' de· 
JXllllll nlonglhc entire length of Acid wtd l~cblo Clm)•on• (I~ km), 01' And 
up11er l.o~AiutnoM Cmt)•ona 16 km), nnd lo"•er l.o• Alruno• Cnn~·on (8 km), 
l=ield rnnpplniJ on the uround throughou• the entire clln)'on •>••tern pro· 
vh.Jed buhlc lnfonnntlon on Ute locullon, width, len~tth, nnd depth or eAch 
Llei>O~II. J:lchl tnen~urernenta with tiiJ)e nnd OJ>tlculmnnlnn devlm pro· 
\•lded dlhlllliCI! nnd horl7.ontnl dln1cn~ion•, wher~u~ tnpe rnwuremenl) or 
bunk et.flOhUre• und penetmtlon with 11 •oilJ,tol~e or hletl relnfortlnA bllt 
dliYen to bcdi\')Ck or llli'Jlc bouldel'li re\•enled the depthh of depo~lt•. Acli\•e 
bed loud on the channel Jloor, 1101Xl pluJn•, point hun., ntld~hunncl bnn., 
nttn~o:hmelltlllll'li, ru1d toluck•Wlller Oood llepo~olu; J'i'O\'Idr.d direct locntlon~ 
1111d dhnenJionK for ench Individual dei>O•It. 

lliO<Xll'hdnll, deflned ~ depo•ltlanlll tll'l:4111 for l\11e ~oedlmenu. ouu.lde the 
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II 
rrruutu s, t~rmJiuu Nnutl r•lulu luutldtlf~ 

l•u~hlu Cuu~·uth •hu"·lunthu h!tttuhUIIJttluu·~ 
Uf jlr\!YIUUlll)' lllltl!d Hl!tiiiiUllllll ~I!)IU~Itl'il . 
durluu Uw 191/J!IIIIId J9HUN tL•ImiiCJtltlflll~' 
IHtl'lud 1111ckuuluu llllu~ (W, L, dt·ur 11hutu• 

. lll'lljlh lllM·311, AU ~til~ I jiJ9M. 

bunks or the: c:hunucl, but ucliV~Iy r~.:e!IYIII!l~etlhlle!lll dutlnll hiWh now!l Ill · !rrotn•l!!!l ~llltlllle!~ tukulll'tolll II M!l ul' IIUIIII!II! tdli!M lhtllUJihL1UIIhL! Lu~ 
lhc preset\\ f\!lllll\1! or the! lltllllll\; IXt:Ur Ill lll~oiiiiiiUUU• fi!UIUttt~ ulun11 the! ·

1
AiulnOI Cul\ytm My•tl!ll\ tllutlnborttiUt)' )k!tliUIUIL!)IUI\'1! lllllllj11L!ll11111UIIIIl• 

t.:ltunuc!l. 11ti!Y ortl!n occupy f1Ut1t or thl! cuuyun OL~r tluuutl! wldl!r thau ·· 1uuul btL~Ia rur I~ yr CJt tttotu,'l111! unit ur lllc!WIUI'L! Utt.!tlln tltl! l..u~ Alnutu~ 
tu:urby llti!IL•• UC!r:uU!«! oftludr flllllli!tl feiiJIIIII tdOI1~ lltl! 1!h1111111!l lllllflht!lt. ltudlutht!lllhlry UIIIU rur CUIIt:I!Uitlllluu U( lliUIUIIIIUIIIII KI!UIIIt~IIIH l1lht! 

. lllseontlnuou~ nuture. their ronu~ Dnt tk!sl Ut'St:rlbe~ ll\ poc:ke!l ncxxJ f'luln•, I:Utl~ (Cil. C!liUllllo'th~ lllllllbct ur c.liiiiiiii!YrtiiiUII~ l•37 )( JOV) l~t 11\!Ciltld . 
Which lltC a mull tlepo•lllonul fl!utU~II, lli!Xt to the uc:ll\'1! ehllllll!!l, IIIII I nu lllll!lUIIItl!t! rrot11 Ill ur I1Utl! NidiUitla Clli\C:I!IIltlllluu• CIJIIII11UIIIy C!IICOUIIIL!tt!LI 
~etnlcln:ul~tt seullop• cuclnlu I he otherwise lnuc:IIY~ eolluYlllllllllll!rlula · Ill •I!L'III\1!111 lllllnple!lllh! tnuc:h ~mullur lhun I Ch lht!!Y 11~ Ualltlll)' tm!llallt\!u' 
ulonf! lhc bunk.· · • . : !Ill f'ltot:Utll!~ (fiCI,ur IO•I1CI) ur rt!mlucutlttll HC!I, ur IO·I~Cih 1~11! t.:ur• 

Fur soui~ tl!llt:he!l htth~ UpJll!r.ctuiYtm'•yatcllt. tlt!jlllYIII WIHI!. <.!i 111~ 111 I tt!luliVI! Ultlllu tht! llllt!rtlllliLllllll SyRit!utiH Uti! bl!cquutt!l (Uq},l!lfllnltu llltL! 
!IUtfuc:t! llti!Ul\IIU Wllnt thusloo 11111111 to 111111' lndiYIUUIIII)•; For the110 tlllll!hl!l, ! u1Nittlegtllllo11llt!t lt!t.:UIItl, 
10 sumplc cro~s st!t:llona provided U\'I!NIIIt! vuiUill or hell• lou~ uull o\'l!r· , Sl!dhll~lll KtllllpiL!a from uctll'~ •ll·&:utn HI!UIIIIL!tllM uri.! rru111 U&:f'u•lllutt 
buuk c.l~{10Sll'l !'11f Ul\lt l~!lllllh.ur the t:hlll\111!11 UNUully 0,25-I.OO 1113 ur bed· ' I t\1\ICII doWI\Kit\!1111\ rtull\ buuh.lm Ut .:uhblua. Stlll\tllllh.I'I'UIII dry lit~ IIIII 
la11ll aluruye pl!r nulttc or chnnlll!llt!nyth u11d o.~-'2.0 m' ol' UYI!tbunk ltlll• I bl.!da lltt! cotllpu•ltt! uuc:umululluu• cruutut! U)' Hcouplny u tt&:uch •2 Clll 
terlul ~r ntl!lrc or r:hunnelli!nyth. Mupplns rrutu ucrlul pholo11ruphy · ·' clt!C!p ttctUNII tit" l!lltltll c:hutult:f uutl tllhdi!Jllht! tuauhluy I!Xlrur:l. 011111!111• 
provllleu ltutlzontul dltnenslom .urthe relutlvely.lllllla UI!J1Nitl of thll low• · c:hunuul ~urrum, the colltlloNIII! Klllllllh!k w~tll c:rt!utllc.l rrum Mltl!ll thut 
nt4 kill of l..o• AIUIIIOII Cunyoth A.:rlul photl.1ifUPhY UAC!tlltt thllltlUd)1 Willi . yli!lut!d n~l! piUJl~ 7~ 111111111 dhUIII!lt!r 111\tl ~0 111111 Ot!c!Jl collt!ch!tl ftnllllht! 
hlgh~uulhy, color, Vl!ttlc:ullmugl!l')' Itt 11 sc:nle of 117200, tllkt.!l\ In St!ptem· cl.!nter uuu (our cotttt!I'H uf u I o 111 H(jUiltl.llltl!u. V~tt!lltlull of ttlllloulum con• 
hl:t 1991, ·nulltnuuery IICIIIt! WIIA llltlle! imuuuh to !)I!MIIII h.lc!llllnclltlon or I Cl!lllhlllollll with dl!j11h tL!I11lli11H II sl~nll1cunl UllkiiUWII bt!CtiUI" or hu:k ul' 
'lndlvltluultree!lllrtd boulders~dUrillg lh~ Ol!ltllnveaiiKIItiUIIi 'l11e bu~t! nulp tllllll1(1lhlll rtulll burled M!tutu. OtUillllll•tuY Mlk!CitOIIII!ll')' Ul\ Ulll-11'01! Ut!l~C· 
far n~lu ruuppln" wus u I :<~goo scull! mup with 11 0,6 nt coutuur lntervull I lor with llihleldvd chlllllbl!r fltnvltlt~d collcl!lllttlllt111111lm.•urt~mt!ul• wllh et• · 
mupllutu Wll•ttwnugeLI with uuAn:lnro I!I!OJJntphlc lnrumuulunaysh!U\. In iron C!!!Jltl!liAI!d Ui ant! aluntluttl di!Yiutlnttuboullhe tnl!UII tlltllutluu count,· 
lotul, ull llic ntc:lhtxb proutu:t!d lltitu (or ·I 08 dctKlsi\J, ( u•uully Q,l CCllt: rur 2)Mt•u unJ 0,'2-tU CCII~ ror 13~J'U lllld 2~1ju l•5'Xt), '11tll 

't1tl! Oe!ld !lYlde!I\CCl, ntllp~; IUtd uerlul phutoyruplty prnYitlctltllt!WIUtt!!l rur \ lurgi!Kit!ITONilttlt U•Uulfy IIUt'JCIIItl!d With tltllltljlht!Jl CUIICI!IIl111lJUIIM (l!tiYI• 
lhl.! lcnyUt, width, und thlcknm ur euch c.leJKlMit, which, when tnuiUt,lleu 1 runtttc:ntull1ruhMiun Orollll, 1994, p, VIIIJ<J), 
lOil1!thcr, proc.Juced llurvuluntu or euch de~poall. Thai~J~:11tlon of l!u~h dl!• 1 Allllfllltu~ltnulloll nrtht! l'lutuulutulnYt!IIIUI')' lttlht! l.oN Alumua Crutyott 
posit WU!I de8IJ,tnuted Wllht! downs\rcumdiiiUIICI! or the C:C:IIIcr or lhe dt!· 1 MY•teml" JXl"lllbiC hy lllUitlplyhlg Olt! vulumell orftedhiiC!IIIIIIC!U!IUtt!U In lhl.!' 
posit tnell~Urt!tl ftUIIIIlll urbllru.ty llllrtlllll pol fit, Thll telluhlllly or lhll nllld Ould by lhl! piiiiOIIIUIIl CDIII!Illllnlllona delllttUIII~tl by htlxlrutnt')' UlllllyiiK or 
t.lutu Is high ror l993,1hi! period or llclu muppln"• butsubstqUt!lll'hytlrol· ·1 mh di!JXl~lluntl RIU1111tllly Uti! ,,ulta. UWIII! tluUI untllntlltlttl culculutlun~ 
Oil)' cYenL• Will Ultl!r IUIIIC nl~IL•Urell, Horltolllul ntllllliUtanumla unlllhlck• .

1
wc ln•UJlJllt!tlll!lllllty lllbl\!!1 1 .. 3 IUitliiUillllt!llll!lllllt)' IIUIJlll, COIICI!IIInllloi\K. 

ness nteusurumcnts·rnudc:.ln the! null! 11rc llki!ly to be' iu:curall! lo·Wilhln. or pluluuluut for ucur·cluttme!l de!JKlfll• were rro111yruup tl\'C!tufli!R UH tl!• 
.. , %,und lll~UltiC:e 11\I!IUUr\!JnCnL"'Iltl! IICCUI'IIIIl wlthltt•2%1110I11UIIII!UJUti!JI ! IXlrt~d by l..ulllll!llll. ( l91iS, Jl• 4~). bl!tliUIIIllllllll~~~~ or httllvlduul llepliNilH 
or reuch hm~ltu mndl! by dlylllter r~om the bllllt! 1n11p uru llkL!Iy to Ill! uc~:u. lure notllYullubh!; Although It would be prert~ntblt! hl huve tiHsu~a or em:h tll!• 
nue to wllliln 5t.t>. · . · . . . . · . . . · . · . 

'nu1 emplrlc:ul llnlll for~lutoniUIIt'tonct!ntrutloni UaL!U lttlhlilitudy htWI! l IOSA IJulit R~lllllllury llelll 96~S,aUjtplernclllnt)' t1uleA llntltnutJA,lllll'ull• ·. 
belt! II previously ~ubllshcd by l.os Aluntos NuUonul Luborutot)' 11111 Nl!tlea J uhlc u11 rectue•t rru111 IJm:uruent• Sec:tetut~1 -0SA, JI.01 Uux Y 140, Unulder, 
or wtnuully r~letL•I!U cnvlronrnentul ~~~N~IIfunc:e tupot1JI, b111u uru uvidlublu . , · co MOJO I, 11·tnnllt etllllnu(lllueuAnc:lety.orc. . '. 

I, 
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W.l..OitAI' . ' 

J)OIIl 1~111\111\etllnUtll •IU~y, e!IJ)etl~ prohibit• MUCh Wlllltpmllch. Salllttlea . 
I liken OIIC!I! I!Uc:h ~eur l'rolllll (tW 0XI!d, n!j)t!lltedly IW11JIIed IIIII!M ma~ be . 

,· · IIIUI1! vnluuble rur tntobllahlt18 h,IIM•h!Milllveroae•and for eatllbllkllln~ 
lll!lldtlr IIIIIY t!~lat, U)• C:lltllbllliiiB the t!ITOI1 llrUtt! IWtdrOI1tl MUI'YI!)'• aedl·· : 

·,. 

~ .'· 
t ~. ' 

,·' .. 

,·•. 

.,,,,: 
•/.., I 

•': ,· 

IIII!IIIIIIIIIIIUI'I!liii!IIIJ'I'OI!m,untl tlldluthemlc:nlullllly•l• (llnvlronmental ·, 
I'IUI\!I!IIIm OtoUJI, 1994); IIIII IIkely thnl UH! lntU1hllUI11 eiTOr hi Ute null e•• . 
111111111!1 ur Ote vJututtiUIIIIIII'I!IIIUI')' fiJr the C:WI)'OII ·~•teml•. I O'Xi.' 

' ' 

Motlt!l Slmulnllun 

Altltuu~h llui l!ltlltltic:tll dulllutl! \'lllllable lnealllbll~hlng the ttre.entall• 
uutlun,· lluty llhiYldl! lillie lnalahtltitu the 1\lnc:tlnnlnu or the •>'•lem a• II 
1!1\tllljll!l lhtuUI&h time, l!xjthUIIIIIUIIJ ur the dylldmlca of the JIIUIOIIIUIIIIIl 
lht.! Rllt!Ulll al!tlltlll.mt• U( tho 1~111!111 dt!J)I!tld 011 UIU COIIItnJCtlon or D mocJc!l· 
lltUII!IIIt•liiiUlllll! IIIII IIIOY~IIIettl or Wlller, Sl!dl111~111 1 11Jid JlhllolllUIIIIIIItlUHh .. 
thu •Yatem, ~uc:h llltllldl!lllt!C!d nut btl purtlcllllltly compll~:llted, built 11\UMI 
IIC~nUnl for IIJIIllhi!llttd ll!llllltlhll Yluillllon or the ~tt~el&eto ,,lllliVI!Hile tiC• 
cuutlllttU und l11111iJJUI1 (ltA'r) modi! I, dl!aluned lntm eatlll!r atudy 1u almu• 
Inti! wutl!r, •l!dltnent, 11110 rndlunul!lldl! ruutlnu uniJte IUo Ornt:•le, wua 
mlltl'tl!d tu the llllltl! IJmlled Lu• AIIIIIIUI Cunyun mtanltU Jli'DYidt! I!XJIIII• 
nullunt~ rur lhl! obwrved tllalributlol\lur .et.llmenllll\d lllU\ol\lum. · . . 

'11ut JV\T llllldel.lli!UIIIJIUter I11Ujl1llll or •1400 IIIII!IUrQila.h: Jl10J111111 
IWtjjUIIJII; ~Jllll!ati!IIIUYIUI Jltueel.eMIHII ~Hl!l of ~IJflllll llel&lllt!lllll OYer II 
t~hi\UIUII!d J)l!tl~ of •"verul huur• ur dii)'J (Jeo drur,. 1!>94, Jl• 203·~ I o, 
279·280, rut a iJetuJied tleaetitKiutt), 'I11e Input rorthe n1odel co1.-lall ofhli• 
llnJ·boundlll)' C:OIIdltllllll deaerlbhlllhe bllilcl IIIUI'JihUIDJI)' ur tlle t:hannel 
mtl!lll (NUt:h lt1eiUU11!1 Ul Ute CIIIIJIIII!I WldUt. dejlllh gnatJielll,and hydmullc' 
ttJUjlhlll!IJ),jllt11JII(UI11111llOII Ull nood 1!\II!IIIJ lllld llljet:tiUIIi urplutonJUIII 
CIJIIIIUIIltiUIIDII l'tolll U jlc)IJII IUUn:l!; 'n\1111\00I!It'OUII!I Wllll!t, ~dll\10111, Wl~' 
rndlonue!llde•throunh the a)'itl!llli uec:ou1ttlnu rur lntlut,tniii&J)OI1,1ntental · 
lhlt'IINUo um.l OUipUt,llllleUJutJng lhl! IIIIXh1JIIllld'lluWMIU\!IUIII.llwpe11lOII or 
I!Utlllllllh\UUI!i,tll\11 nthnutln~ tllelr coueellltallon•ln the tl!auhtnu ~hnen· 
Uti')' deiKalta, lnthl! Alllt.l Can~on·l.o• AIIIIIION Canyon CliMe, there nt'l! 
llreuchi!M whh 1111 UYel'llUI! h!llgOI or oe2 km (llllllll)e(! In I~U• I), 

'ntl!·tlludi!IIN ph)'ai~IIIIY buaeu,llltratiYedil!lr•Ujldllllny,IIIIU JjiDtlull)' 
Yllrlttble,,'nllt'blllh or lhlllllodel opemtloll811 I'I!J)I!IIIeU CIIICUIIItloll ur tlta 
h)'tll'uluul.: C:hiii'IICII!ri~lh:a or OoW \IIIII I& UI'IUIIIII')' equallon• or collllnull)' 
1111~ Mllt\llhlll1

!1 ~IUilllou cutn\lhttd wiUt lnhlnl boundlll')' condition• del\n• 
Jus c:hnunel~&eumell)' nntJ roughnm, C:alculntJon• u~llt~ Uaanuld'• ( 1966) 
Ml!diiii1!11\•U'UIIII10r1l\lllctlon• deacribl! Oto IIIOYI!I!II!III or .edlllll!lll U)' UIIIIU 

' till! now depth• produced by lho hydruluuh: t:tlh:utauona. ,,,~ llagnold llpt. 
l1tui1C:I\ Ia u~erul bec:IIUII! II eluw.ly u,)l\tOkll\\11\1!1 ttdlt\\en\ U'IIIU)'llln In dJY· 
lnntJ atre111111 comr, I 9HH•I'• 1~9), Sh11111e lll:~ountlnu nmctlona keeJ, U11ck 
nrthll UJIIUUI111 or aetfliiii!Mtlli!U nu.floiiUC:Ih.ll!llll YllriOUI p11111 orthl! III'C!IUll 
J)'Jietn lo dtlennlnl! COIIIAIIIIIIIIIIII!Otlcentratltllllltl depoalta, 11111 model II 
Iterative l!e4.!au.e II c:alc:ulotea tl1e movement ur .etlhm!lltiUid nuJionuc:lldea 
lhttJuuh the ayatem ror llhlllllnted periooa (utuolly I ht), UJitlutealho lnlll11l 
buundnl')' c:onllltlon•to acc:ounc for erualoniUitJ·aedhnelltntlun, und tlum 
beulnN·thc c:aleutatlont IIIJWII for the III!Jtt perlod.1,te 1\AT modlllla JflG• 
llldly·vnrtnble becnuae Ita boundtll')' eondltlonal\fe llefllllenll or the 111tnm · 
ny•tcnt. wllh each aeumentllellued by Ita own geomell)' and ruuJJhnm, 
'rhe' 1111>clel c:alc:ulate• c:hnnue• wllhln e11ch Be~tnent, 1111d 10 eroNIUillllny 
uc:cur In one ,,1111:e while depo•lllonla occuninll el.ewherl!, ln tlte OJ)I!rll• 
111111 or tlto' tnudeJ, C:OIIW.tniiiDted ac:di111CIIII!IIt1!11 r,'Om II pohllliOUI'CC! {tile· 
l!t)nnuence or Ac:ld Cwi)'OII wiOII'ueblo Cllii)'OII, ror'example), butlilllll' 
aubhettuenl lte111llon•, co11tnmlnllled aedhuenlllhal hod been •torcd tent• 
J)()I'W'il)' won~£ U1" aU'I!IIJI\ 111l11h1 be remo\JIIb.ed thmuuh loc:nlero•lon, con· 
YC!tdllfllhUUUI\\ to u·muiUpii!•IOUI'CIS h)'IIC!IIIo-'MIIS tnodalla'not p1t11lc:U•. 

· lurly 10phlallcnled, bUt II rcpretellllllllnl llj)j)tollltnollon 10 U!e re~UIIII or 
J1UYIIII JltoCI!IIeJ CJIIIIW!IJIIII!III•b)'·~l:llll!lll b111l1, 
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l'h&iu" 6,lt~lllllthlllllll' 11hnwlnw th~ dh.trlbutlon 1111d dlnwn¥lon11nr 
d!!pONita d~.~nnl!d b)' l111ld ntemUl't!tuL'IIbl lnuli«llon orl'u~bln Cunyon, 

ExperlmcntN with the lt.AT modelln thli •ludy u~cd lhe 25 )'T de~lsn 
•toml, which cn:.atea a now In l»ueblo Oul)'lm tluuugh a 7 hr period wJUI a 
11111XhiiUIII di.ChlllJII! of -6 111'11 (Mcl..ln, 1992. Jl. I 0), 111e 25 )'r liiOml l• 
u~el\11 ror rdmulation \Jccautie IIIIi huyc enough to caulol! c:on•l~emble~liCdl· 
mcntlrnnNpol1, nnd 10 It l•lnronnatlvc about ar.ccm chanuea. In mo51 · 
placealt~:Aceeda bankl\111 c:ap~~Ch~. nle event Ia t>lmllar In mngnltude to lillV• 
UlllnciUQlevelllllt'CCONed In or ~umatcd for Ute e&II)'OII N)'l'lem (Lane et 
al;, 19H5), nte rellablllt)' or d1e n,odellt dlmc:ullto ar.t.e.~~•, but Ill• proba·. 
bl)1 11101'11 UliefUI for I!NIIIbltlhJny 'trend• and changel 0\'er liJ)Ict blld time . 
111tl1Cr lhiUI for 11\nklllg hluhl)' DCCUtull! prcdlctiCIIIIi of YOIUtnea or liCdJment 
or ,,lulonlutn •toraao. n1c model prcdlctll plutonium conccnlllltlonK that nrc 
Wlthh\ •20% of tl1e 1\li!~UI'I!d YlliUU Ill liiii!J lllliUpled b)' \he labomiOJY, 

,· 
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I:I"Url! ,, ~ IIIII Yhwlti~t lhl• Ul!lll!ntl dl~trlbutlun ur lhl' HlumltllUIIJUIUnllll Nl'illlllt!IIIH ur thu Lilli i\11111111~ Cllll~'llll H~'kll!lll. 1 1rUIIUI'IIuuulcUhl·~ 
M!Jll'l.'!lt!lll I hi! IIIIIUUllt or l'hiiUUIIIIII Htlll'l.'tl Wlthllll!lll:h 111!1(111l!llt, '!'Itt! IUIIIIIUIIUUIIIUr pllltullllllltlnlht! lr)'Hit!llllllooltllliiiiiCI, 

IU~SlJL'I'S 

rlclc.J lcJ~rHitlr:ulluu ut' lhu!\1! Ul!fXlMII.!llkel)' In hu~·l! bct:nuc!IVI! Nlllt:l! the! 
I Y4~ lntroour:llun uf lliUiuniUIII tn thl! l.o!l Ahunu~ I!IIVItUIUIII!IIII, nut I!~· 
pcclully dlflli:UII,lli!CUUNI! there 1\fl! nU.IIc:ulliiiTeti!IICI!S bc!WI!C!II tt!CI!IItl~ UC• 
live~ und lnur:tl~·c: lunllf'urut!l, lluud•ftluln nr bur NI!Llhuc:nts, unll ctlunllcl ur 
th!UN:hunuc:l !!UtfliC\!!1. 1'hu~C! Ue!0111Ut)lhlc: rcullltt!!llhul huve IJeen uctlWIII 
the flUNI hulf•I!I!IIIUry huvl! no ponlll!rU!IU pltle! >~0 )'tnlll, thuuuh they tnny 
huvl! rlputlun ~fleC.:It!N !IUch us willow, tumiU'I!Ik, or gruue~ und ~edyes of 
yuuuuc:r ll¥e. •ntl! tl!m:nt reuture~ huve llt!po!!ll~ thllllltt! ubvluusly nuvlulln 
urlgtn, wllh hunlnur MlnttiOc.:utlonlnull butn fi!W I!OIIIt•bur Lll!txnlls.lt~c:l!ul 
Munlly t.lt:IIO~It~ bury the~ roul cutlllt!lur muturl.! lrel!ttunllttrtlruc:t•aueh 111 
(I.XXJ Wnlflfli!MI UIIU C:OII!IIrlll:tloltll\UII!MUIII or 11!1!1!111 otlgln (111", j), '1110111! 
fcniUtl.!!llhut huYI! llclix!c!ll ttl:tl'it! In Ute ~UJI hnlf Ct!IIIUI')' hiiVI! IIIUIUtt!t Mill• 
ble fure~l Vl!yl!lilllunl1f tiiiiiUtc! IX!tlt.lctlt~u ~11111 (or tJlttyuuundlut junlt~r Itt 
luwt~r Lo~ Aluuto~ Cuuyon), 'Mill lnuctlve fcllturesltt U111 c:uuyun •yat~tll uri! 
IIIO!tl)' tlUVIIII h:trUI:t:~, ~ebrl• 0UWS,tUili1!UIIUYI111llutltlll\!l With 11111!1• 
IIIU~I!IIII!IIl chtll'liCII!rl.'tlc~, 

'l'ltc IIIU!II!UIIIIIIUII Ul!tiYt! rl!uiUrt!SIIIIll Klute! Mt!llhtll!lll Ullll jthllu11IU111 
uhmg the cuuyon urt: blld lontl oulht! chllllllt!l naur, nuutl /IIIIIIIM,IIIIIl4'h• 
lllc:ltl bun, pohtl'l bnrK, llllc.l•thllllllt!l UUtN, UIIUll!uck•WIIII!t lluuJ lll!IIUMIIM~ 
A t:UIIIII\UIIIYI)I! ur scll\1111!111 uutJ pluloiiiUitllllUtu~l! I'C!IIIUtl: hi l1ueblu 111\U 
Upj)l!r Lu~ Ahuuo~ Cuuyuus lA Jhu pockt!t l1uod plulu, 'l'ht!•t! mutllllood 
jliUIIII, oft1:11 <40 Ill Wille!, 100 rnloiiii,Uilll 1111 tltlt:k hU\11! ~~~IJUc.:ll\'~ tl• 
t>uthm v~:jlctu\loncuvr:rs thul urt! ~lffl!tl:!nl rrotttucurby llllt~ll\'1: runns wllh 
tht!lr Upltlllll \'l!llllhlllun, 1~1\!blu Cunyulllul• (j' IIIIIIII!C!U Ul!fll1~1l5 ur YlltiiJUI 
lllltll!ll~luiiM, Ul'l'l!r Lu!l Alut11u1 Cu11~uu htts l2, untJ lowct LoN AlutttoM 
Cunyun hu.~ "·f-Ill Uti! 6shuwa 11111:!.\UIIIph! ur lht! lll~ltlllullon ulUIIIIII tl.!jl• 
r.:~l!lllutlvc II!Ut:h ur I'Ut!blo Cunyull, 

. I'IIIUti!J 1 und H Mltow thl! "l!tll!tul dl~tl'lhulhlll ul' tllUiunhllllltl lhl! l.u~ 
AIUIIIOR CUII)'rllll)'l\1!111 htUil!llllll IIIIIJilllllllllrlht! ~I!UIIIII!IIIUI')'lll!llmii.!IIIIIU 
lulljl'll:tlll IUtVI!IIInlllll! Llnlll fur Cllllt:l!lllruliUIIM, 'l'h~:! lll\YI!r tl!IICitl!• Ill' 
lltt\!bloCttiiYUI\1 Wltl!l\! l!"h!IINI~'I! Ll!!llliMitH ul' tl!lllll~•l!ly hl~h I!UIICI!IIItuliUII~ 
or the~ C!lt!ll\1!111 UI.!CUr, lltl! lltl! llll1slll11f111tltllllfuc:ul\un~ l'ur Rllltl!d lliUtn• 
IIIUII\, Mu.:h lmcr 1111\UIIlllft or plUiuttiUIII Utili HI!Ultllt!llllllllll!llt lttlht! Ujl• 
!Jet tC!IIChi!K ur l'ut!blo CtUI)'UIIIIIIU Ulll)t!r LllM i\IUIIIllH Cunyun, Sl;!dlllll!lll 
vuiUtllt!l lltl! lut·yl! In the luWI!IIl tl!ttc.:IIC!K ul' luwer Lu~ AltliiiUH Ctiii)'Uih Inti 
lht! concl!ntnllluuM ul' plutonium In tlti!MI! N!!dhuttnl!lrll'l! lm1• (but "111111 utdl!r 
of 111111tllltUu~ hl~hl!r thuu tl!glonul hnckjLtUIIIIU ll'YiliM) OOI:UUJI! uf ullutltlll 
hy llr:llltut!llliNMUIIIII from IJIIYC•UIId Cluujc: CunyuiiM, which tlntltt uncnnllt• 
llllllrtled Ute!U~. 
· '1111.! tll•ttlbullun o( (IIUionlutttlttlittl!bln r.rut)'Utt, tht! 1nu~1 httjlOtlllllll'lltl 

Uf\hl! 1!1\lltl! M)'ll\l!m f\1f jllUiltiiiUII\1\\mtllt!, ~hUW!ilhl.! ll1!lllllt!llll1!l1"MIIlhy ol' 
thc: •tont"c, u ~:nmtllc:.~;IJy thut IM ulhl!t'WIHC! hldllunlr t1111)' 1111!1111 YuiUl'H l'or 
thu ~11111'1! syMtl!tlllltl! h!jl011~~. l1l~utl! 9 ~how~ till! lll•lrlhutlnnur tlluumlum 
Itt lnlltvluulllllt!rxnll~ •cnllt!h!ll thtuugh tht! l!llllh! ll!uyth uJ' l'ucblu Cuuynn 
('11tblu I tlt!A~~tllll!~ thl! lll!IJIIII!IIl!t), U~~:uuac! u( "I!UIIIOf1lhlc cuntHifunA lhul 
t!UIIIrullhl! I\IIIUUI11 o( 1\VIIIIIIbltl Hjlll~l! rur tlt!j)lt~lllull Olllht! I!IIIIYOII 11nur, 
11411111! l~liii\C'IIL• htt\'1! 110 llllbNUUIIllllliltlntHI!, Wltt!ti!IUI ulht!t h!IU!ht!M httVI! IIU• 
llll!tOU~ llt!jJO!tllll, '11tt! t.:llllyonlloot htlllll!t.lltltt!ly UUI'o'llllltt!IUIII'tullllhc! I.!OII• 
!lUL'IICI! With Acid Clltt)'Uit, tltl! CUIIIIIIIIIttUIIIlll "OU~CI!, IIUtC!ll Htlllll! IIIIIIO• 
nluml~ecuUIII! ur ""tl!ll~lvu lloc:~~.J.Jihtltttttett'l wltctl! Uti! cuttyun lltJUt wlut!IIH, 
WIU bc!C:IIU~I! ';If high 1:llllt:l!llll1ttlli11S llf ttl\lluiiiUIIIlhAI u~:l!llr 1\l!W' I hi! flOUt\! I!, 
'IWu lii!IJO!IIlt lll!llr lhl! IJOUIIlllll')' bcm~el!ll Ml!lllllt.!lll!l !i tUill7 (~huwnlultl", \J) 
lltl! JlfOIIIIII~IIIIuthu JIIUtonlutnlllMUillillloi\,IJoUt uflht!IIC! lle!t)(tlll!lllte! llltUI! 
ullut:hlllt:tll bun with lluud tll!fXltltJ ulunu U11! c:hutUit!l Hid!! I t!uclt hot IR lut~t.! 
(WI\h RUtfUI!l! IU'C!tl~ of >~(XX) 1112 Ulltl dupth~ uf .. 3 Ill), Cl111llllllllllt lllt'!ll! \'Ul• 
Ul\lt.!~ of .edlllll!lllt 1111d l!uch U<:t.:Utli ht lhl! lll111111'lh1! ~:unyun with 11!lutlwly 
ltl~h culll:t.!llltlltlunllur l'lllluttlultl. 'l1te lut"l! vuhttlll!li:UIIIhlnt.!d wllh hl~h 
I!OIICC!IIIhllfUII! JltOOUl!l! httlll! tiiiiOIIItlH uf fliUIUIIIIIIIIIII •hltll"l.!, 
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000 

Jflllurc tJ, 'l'hll n'!jull• ur 11hnuluth11L~ UHinlt thll ItA' I' 
11100~1 lllJII"I:dh:l lht1 CUIICI!IIIrutlotl.ll Of JtiUtoniUJttlll fll'd• Q """--t---1· 
IIIICIIIL'f lu vurluu.~ III.'JliiUUIL~ or lhrt Lull AIIIIIIUN Cuuyuu 
syNttm, Omm~lnmnt chtlltllt'!lluat~uriiiiOWI!r, Ht'tllrnl'lll 
Nluruul!, lllltlltlutunlutu !lturnul! uri! 11howu rur t111tn ut 
tmc Hhuulutl'tl hour 11t u rumk dLow:hu11tc ur 6 '"J'"• Hhnllur 
tu lhu :!S yr OuutJ rrurn Jluublu Cunyou l"lth llllllddl• 
tlut\111 now rrunt UJIIII.'r LOll AlumOH Cunyuu. 'l'hll alriiU• 
lutlun ll!l!!Urnl!d u rl'll!lllil! ur too Mit ur al!dlnu!llt rront 
AcltJ Cunyuu with tu liiiO rCVu or plutunluau, 'l'hu dutu 
!lhuwn urc rur tltl! chuuul!l unly1au thl''/ tlu nut runecl 
uverlmnk !iiUnll£1! thulo.:clll"lllll !lt!llltll!lll~ 6 uutl?.lu 11111 
luwe<~l I"I!UC:It1!1C, autllnumt untiJllutuulumahtnll£1! vury In• 
Yt!l'!lt!l)' With Mti"I!IUIIJlUWt!r, Wltl.'l'\'ll'i Jnutltl.'r I"I.'UChl'!J, lU• 
cui c:undltlotl.ll ulluw l!ru.dunl!l'un ul n~lutlvl!ly haw lltl'\!11111 
JIOift:r. Nu Jtlutouhun Hturu~tl! occur• In thu.~u NI.'I£1111!111Ji 
with uru!llon. Cunlumlnutlonl.'llhtnl tltlll)'llll!na In IIIII£• 
nu:nl l, 'l'he !llll:llll!nl~ uri! n:pn'lll.'llll!d HOII!I)' by llll!lr 
IIUtltbl!l"!l lltll.'ttllllttllllrl.' Hhll\1'111111~111. I) IIIIU Ill'\! IIIII ri.'JI• 
~l'IIIL'tltu ~cull! In tltl•urutth, ·-u c 
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0,4 
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0,1 

0,0 

munt2 o!' UpJll!r liJublo Cunyo11 would hu\'1! coau:entrutlons yrentcr, nllher 
dtun le!IH, limn 1000 fCUg. ·nterl! ur.: no lunu•tcmn tlutn nvulluble for till~ 
Jlllrth:ulut !I!J&IIII!III, but the: OdUti!Ht rulutc:tl HllllltJh: !lite, I'Uilblo :!,In fiiC:I ltll! 
YUIUC:lllll th-: C:.\f"!C:lc:cJ r.lllllll, With u loiiJ&•IIlnllti\'C:fUlll! o( 164~ fCV!~, 

11tl~ !lei or !llnulutlon~ •hoW!! why plutonllltn c:outumlnutlon !'I! IIIII hlM In 
Pueblo Cuuyon und I~ much less rutther down.,trewn In luwer l..4lM AltUaloM 
Cunyon, '1111l11UL•R8 or muterlul releiL~~td fn1111 Al.!ld Cnnyun WI! !'I! tuo lur~e 
for Ute Ltun!pott C:IIJlUI!Il)' nrtllll ftln:IUII lni'U~blo Cunyonto conduct the: C:CJII• 
uuttlnunL• cotnplc:tc:ly throul(h the liY.tc:m,so 111Uch ~L• Mloted wtthlni'Uuhln 
Cunyon. Evc:nl• stnullc:r tlUUI tht! ~ yr C:\'1!111 1110\'C:UIIIhtor lli1111UIItH or COlli• 
utlllnotc:d 11\lllerlul UDWII!Ili'I!UIIIo whc:tl! thc:y !.!li!VUIC:d C:OIICC!IIInttlollll or JllUlD· 
nlum In thelowl!r reuc:ht!~ orLhc ~~·•tem berort! oolttll diiU111d by rulutlvi!IY 
c:le!UIIIII!dhnenl'l (rum Uuyu und Ouuju ~:unyua1s, •nat~ •eh:.:tlve, lhnll~d 1'1!• 
IIIUVUli:OIIIl11Ut:l Ill Mlllllller 1!\'t!IIL• through l:tth:kpollllllllJtnatloll Ulld ltt1~1111 
c:huunel cuo~lou tlltcclly ub~cl'\'t.oclln the Oe!ld ~~w~n IIJH'I ttmll CJIJS, 
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Segment Number 

ShuUIIIll!d !oltJIIIIIII Vurluthm 

Shnulutlui111Hxll!lllauul~o IIJuMnttuM thlltl!u~uu" l~«:hlntltht! ll~u~ruphh: 
cJI~trlbutloll or J1lutunlutnln Ac:td.l1u~hll,, und l.oM AhunoN CunyunH, Pld· 
Ute! 13 NltoWR till! distribution or lliUtonlunt I!UIIC:C!IIlrtlllottN lit chUIIIIl!l Nelli• 
111e111~ UOIYIINltl!lllll thtUU!Jh the nl'llt 111111! HI!IJIIII!IIIH o( 11UI!hlu lllltll..oM 
AltunoN CunyonK hl!luw thelnjl!ctlont10IIIllll Ac:hl Cunyon, Sl!UIIIl!lll 1 IK 
am lnlthtti1111MI!Ill111!11l or Puuhln Cunyuttltllllll!dlutely UpNitl!llllll'tUI\1 the 
Ac:ld C11nyuu ctm11lll!t1Ce, llllllllll lht: ln)llc\lun ut'cunUutlltlllled 11\llll!rlull~ 
Into Kl!llllll!flt 2. '1111! tL~NIIIIIJ,tlnnK undl!rlylnl.t the Mlt11ulullunN Wl!re ror tltu 
~ yr hytlrolugll.! l!Yt!lll with 1111 htjl!cllun rrnan Ac:ltl Cunyn11 ut' u vurlely of 
IIIUUI!K ti(Mt!tllmenl With 10 000 I'CV!l of talutoniUIII (ul!kt!ly UI!Utl!t! of CUll• 
uunlnntlon~tlvenlh!! l!lllplrlc:ul dutul'rutn Acid Wl!lr), Allhoullh lht!t'l! IN 1111 
U\'C!Mlll ~~1!11111! lnconcl!tllrttllun~ In the dttWIIMiti!IUII tlltc!ctlon,thl!tl! IK cull• 
~lderuhle "l!(llll''l'htc Yllrlullau wtthlt\ lllllllll!c:llu\!, 

Ollnloglcul Socll!ty or Atnc:tlc:u IJulh:tln, Octohe!r I !JIJf1 13~3 
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Slmuluclnn• thuwed thnt wh~ttreleuaeM or' ~0 or" Mu lUll contldered, 
ll1erc I• no •toruue In N~umunt• 2 unt.l4, becauKe tllere IN 1111\llle atreum 
tmwer tu III0\'1! them, With mum!~ ur 100 Mu or urentcr !u.lnltlfl, I~). 
huwever, •uunll!l1t112 und 4 •tore contumlnntcd 11\UI~rlal, Se!JIIII!IIIJ 6, 7, 
nnd 9 do not •tore 1h11 chunru!lroedlmentallllllllte the •ubji!Ct or ll1eac 11Im• 
ulutlon• uru.Jer~tny 12fthu •cenl11'1uM fur UI.'OIIIUI'J1hlc nnd hyllroulh: ruaon•• 
In ~UIIII!III6,the chunuull~ <2 111 wldu, ao Ylnunll)' 1111 orthe conutmlnated 
~edhm:niiJ,IIIa uut of the chnunelnnd Ia aprend IICI'OU n broad Oood piDhl 
(c:onMIItlng of ulluvlul flllund 11111111d Milloy), Seyntent 7 IK u chunncli!n• 
trenched Into ltrlnrro)'o boundetJ on the llllMrenrnenll by n prominent 
kJih!k1101111, 'rile Chiii\1\I!IIIII!YIII!UIIIhlllll!dltnei\\M rro111 \hu ~11.11\1!11\: hliUII\ 
()1)\\ll!f I• hlllh lllld Chlllllll!l NtOMIIJI! II hl\Y, 17hudly, ltltll1ellt91athe 1111110W 
L!llll)'llllii!UCh ur lower l.o• Ah1111lll C:unyonlllllllt!dlnll!l)' below the IIU'llell 
knlckl"'lnl In rhe entire •Y~Ietn couJtd by 11 re~latunlletlgc or bnanll 75 111 
hlllh• A lh!~JJ Unld)l!l\1 Ulld UIIITOW CIIII)IOJI floor JlteCJUdl! IIOnt}lC or COlli II• 
mlnnted U!dlmentaln IIPI'rrdnbh.! qunntlllealn thl! ~tgment. 

'MIOIC! Nt!IJIIIL!IIll With hlllh C:OI!C:I!IIlrntlon~ ur JliUtonl11111111 •toted ~WI• 
merttN hu\le hJC!ntlllnble yeornorphlc &mil h)'dmullc explanation• ror auch 
aiOI'IIIlt!• Sllllllll!llll IIlli 11 hltdr hydnUJIJI! I'OUUhllm 1111d IJ'IIj)JIIlJnllll qUIInll• 
lie• or •edlrtumtniiiOIIIlll• bouldcn, l31!cnuAe ~nmcnl 3 I• reloliYel)' clo.e 
Ill lht! IOUfC:U of I!OIIIltii1111UIIOII, lhl! COIICCI!Itlltloll or p)UIOIIIU111111 tltlll 
~turellacdhnentla relutllo'l!l)l hlsh. ln~~etment ,,the chwmcl I• brundly de• 
nued ltlld bntlded )llllll')de ~C!CtJon C)( IIJC! C:llii)IOII: therefore, the Jt~lt1el11 
alored huye amount• of con\lllnhtlllellmulelilll wllh concentmllon11 lhutlll"C 
aonh!Whlllldu lhllrtthoac rouud rn11her UJ)attenm. l're• I 94S unconhunl· 
tlllled acdlmcntanpl'cur to hove been J'emobiJ11.ed and mixed with po~t· 
194$ conuunlnated Nedlrnenta. •nrc re~ulu• toeducl!d concentntllona or plu• 
toniUIIIIIIthe C:OIIIUIIIIIIUII!O lll!dllllt!lltH UN thll)l IIIOYed throunh Ull! l)lhtem, 
Sl!unumt H endaln n cuh•en under thu lltlltl.! hlyhwJty,und during und uner 
11ood I!YC!Ittft, ChW111elatonlyl! O( C:OIItllllllnnled IICdlrncnt• teNUIIJI frotn buck• 
water etrec11, 171rudly, MIONJflt' IIIII!UIIII!IIt I 0 reaulta ftorn u widt!ttllll or 1J1e 
chunneluner II exits the Hleep, IIIIITOW "e1Jnlent9. Slmul,utuna ror aeu· 
nu:ru I 0 'how thnt alteUI1111UWdr decline• mpldly becuu5c ul' diverse nee 
und OC!L!telllll!d depth or llnw, which leud to lil!dlml!nt depo•ltlonund ator• 
ugc, Oown•1n:11111 rroll\llegment I 0, conr.emrntJon• decrealil! 111 lli'CliUI! or 
mixing with aetllnumta rrum 1111)'0 und Ou11je Cnnyon~. 

DISCUSSION ANO CONCI.USIONS 

In the nbKeti..:c ot' other con•ldemtlon•,lt ~l\\ll'tiiiiOII11hle to eKpec\ 111111 
the Ctllll!tllltotlona of lliUtOIIIU111111 ~dlnu!lltl WOUld decruu.a Ill Ute dOWil• 
wtn:nrn tllrcctlon uwa~ from the point "ource or conuunlnutlon, IJCCnu~e or 
mlxlnu nnd dlapc:ralon, Such dlatance dl!cny runctlo11a ure conunor1ln 
11111ny "l'ntlul dllltlbutlona 1111 n reneetlon nr dilution und dlsperalon, und 
ne~&utlve lonllf'ltlunlc orexponentlnl runctlunalli'U the I)'Jllcnlmnlllemntlcul 
t!XIll'mlon• deacrlbln~ the c.lecllna Ill concentroLiun or amount or 11 poilu• 
tUI1t Ill c.llatiiiiCI! (rollllta IOUrce JncrenKel (\Venz, 1949; OloYer, 1!164; 
L.uwln, 197H). Ptlr rnc.llonuclldea, lr ull other IIII)I!Ct~ ot' U1e »Ytlem are 
l!ljUIII, 11thU dl•tnbutlon or trRIIKUniJIIC elelnC:IItl rro111 pol Ill ~OUI'CI!I Ill nU• 
clellr rnclllllett)'plcnll)' Jlroducell c.lecreulnll concenlmtlo1111 whh dlNumce 
(rum the IIOUn:1!11 (WIIII1!11 elltl,, 19H31 p, I) I), .. 

In nuvlul•yatcms, however, nil otlr~r thlnu• ure not etJUul, 111 demon• 
~lrnled In ~reYioUk IIIUdlt!l of the dllllrlbUlhll11 or llll!fllUI')' 1111d thorium 
(Orur, I !JY5, 1990), Atle111t OYI! prlllllll')' utlributcft or the nu\11111 l)llll!tn 
work to COIIIJlllcote Ule Bl!lll!l'lliJUIIIoi1Uf smoothly cJeOned decay Willi Ill• 
crenalnu dlatuni!C!. l'l1111, lhe hydruullc pi'OCCJI~Kin open chwmcl now 1011 
~lllmentw,' muterlnl1, prc:lerentlltlly trunapoltlnu lhe nner l'lll11cle• ~ter 
dlalunces, Uec11u•e metul c:ontnlllhllllllllt Including plutonium, udtorb 10 
ureuter curu:enlriiLion• onllner llllHh:le• (Oibb11, 1973), U1e aottlnJJ th11t oc• 
CUI1 hit he nuvlulllotli1J)()r1 ptoCen uiTectJihc Om~ dlalributlun or Ule ele· 

ment afler detJOtltlon, Second, ~~edlmcnt doeh no11111we conhlhlenll)• nnd • 
conJtamly throu~:h the c:hnnnelll)'atenlt hut mther It tno\'l!fi n~ "'"''l!li, 1111h 
Ia l!ll)eelhll)' lnle or dr,.lanll hltealnh (hUCh II~ lhOhl! uti.Oh A IAiliOh), WhL'I\! 
11hnoat ullthl! aedln\t!llttrniUIJOM IN dunnu 11nod e1oentM or u few houl'li ar 
duy•, Much more IICI.IItnentl• mol'c:d onthiot rlhlnallmu O~lchal'lb, 19H~. 
p, 9Y) or the h~dllllli'UJlh lhon on the fnlllnjl limb, Cl"t!lliJnuuddllionol \'llri• 
atlon In the nuc: ortmnhi)()M 1J1rough nn)' 1111ocn r~ch. ll~IIUIII! lhe ltC!dhncnt 
mo"e" In wn~>e» or 1h1~! . Ill• depohlled une\•enl)• Ph well, crentlng 11 dh·· 
contlnuouN dlatrlbutlon ulltedlmcnllllld plutonium that doeh notl,reCihl!l)' 
Ot o Nmoolh decay functh'" with lncreulng dl514m:e, 11111\l, o11c~ contom• 
l1111ted lll!dh\\l!llt entera o t>treatn 'Y~Iem rm1n u r-oln\ t.nun:e, !)011ll\l\h t\flhe 
tolll cun1e to tell part wny through tJ1e II)'HI~m. When Oood eYenth remobl· 
IJr.e ~lehl! teniJlOmrll)' lliOI"ed contnmlnant,, the Hton•ne nren- become ndrll· 
tlonlllaouttes fiCnllared throughout the •ln!nm ~)'hlem, obru~~entlnp tilL' ."!'· 
feet O( II NlllUII! polnliiOUI'CI!, 

Pounh, depokhlon or the aedlmentond n5Noclnled phllnnlumlh quite 
ponlculor und oecura unly In tho~ place» where •ll"t!lllll power drcllneh, for 
exnmple, when! IJ1e channel KUddenly widen• or, In an o1oemank hhuntton, 
where 11 Oood plnln oecura (c.n .. !ielUneniJ 9 und I a In r-'lg.. 13l. •n,e nvaall• 
able ~pace for theae condhlonN onlhe cnn)'on noor I• n product of nco• 
mof'J1hlc fllctol'llthnt may not be relnled to the NlrenrnntDII, but ruther to 
chwtl,letlnueolonlc MUbstrate or to colluvlnl p~uea on the enn)•on hide,., 
PJnh,l11buU11')' llll'eAlnt Introduce uncontnmln•ted liedlmentatluu mix with 
the conuunlnated material& 111 viU'ious lm:gular palnlti nlonn the tl)'lolem, 
c:nuKing nbNpt deellnealn c:onctntrorlonN nnd cquoll)• nbl\lpl c:hnnneli In lhe 
IOtlllnmount or iedlrnent r.toted In the R)'tilem. ,,ehl! rnc:IDI'II c:ontiplte 10 
produce lhe uneYen down5tre11111 dllunbutlon of plutonium C\lncentmllon~. 
Ccnalnly, thelll! roncenlnlllon• ahaw an oYeraJI decline lll!lwren the ~oun:e 
or contnmlnatlonnnd ll1c canyon outletnt the Rio Cimnda <Pig, Yl, but In 
delltll 01cy rellcc:tthc lmpoaltlon or locul c:nndltlon~ on 11 genttraltrend. 

Ill hUIIIIIllllYo the l!llllllticlll rl!liUII• of Ullli Jrnoehll/:AIIon •how lhlll Joedl• 
mentw ure atored nlona rhe vlll'!ou•l'l!llc:hell or the IAh Alamo" Can)•on ')'h• 
temln lll!d lond, channel b11ra, blllck•WIIter depo~ltll, nnd Oood plnln11. An 
eKpeclully common t~ton&jle feature lti the pocket llood plnln,lm nccumula• 
tlon ol'rilratiOetJ 5edlment In ~mull n:cnunnl~ In c:ollu\•Jum u11J1e ~Ide oft he 
C:]UUIII!!I, AnnpproxhnniiOII or the 101111 phuontumln\'entory lndh:niCh thnl 
the cnnyon•edlmenl5)'5\em ~lore~ •1000 mCI. Hlghe~t eoncenlmllon~ or 
plutonium occur In the atored ombnnk deJmhllli mthct' lhnnthc uctlve 
chnnnclmaterfala, The runmuement of pluton1U11111~Mlelnred with the de• 
!)011\ltllkCII Oil the diiCOI11111UOUii dl!ilrlbutiUn or the litOI't!d hCdimell\, 
111crefore, ntthe llCilll! of II few kJiornetre• or letili, JliUIOIIIUtn conc:cntm• 
1Jon1 nnd nmounlll do not ncc:eK"IIl'll)' decline In the downstl'l!lltn dl~tlon. 
MoHI orthe plutonlulll In IJ1c N)'llerniH In lower Pueblo Oln)•on. Whe11the 
plutonlumlnnYefi through the chunm:l l)'atcm, II rnny do 10 In wa\•e~ thnl 
111'1! ren~ctec.l In the long•lenu d11111 from Oxed, rl!f'\!1111\•cly ~lltnf'IC.d ~the~, 
but pcrhiiJll not c:learly Jndlcntetlln the record or depoKitetlliedltllenlli. 
When the plutunlunt renchealhe Jtlo Omnde, dilution of cttnnncllil!dlmenlll 
by trlbutPJ')' contribution• tedUCCii the c:oncentmtlon~ from •10 000 f'Cl!n 
to .. loorcvs. 

,,c almulntlona ur Wlltcr, ltedlrncnt, o11c.l conuunlnunl rout Inn throuuh 
the Acid, l>t!eblo, 1111d Loa Ahuno~ Canyon uyNIC111 UNIIIJlUU: RAT model 
proc.luced two l111pol'tnnt gr.ncnlll7.11llonw 11boutthc beluWiQr the ~~~5tem, 
l'lnt, \he 1\\lliiKI!II of conlnmlnutcd lniiii!NIIIrelemd from Acid Can)'on 
were npprutnll)' "'I 00 Mg or more, 1111d the !itdlmcnt~ remnined tn•l\tly 
wiiJlin Pueblo Canyon becnu~~e the hll'ellnl hall nut de\•elol>ed enough tmn~· 
llDI1 cupQclty to rnove much of the mntcrlllllhroullh ~1e lirblcm, 'n1en:fore, 
concentnlllona or l'lutonlun1 In Htored chnnnel Nl!dlmenu. do not decline 
l'llpldly WIUIIhC! p!UtKIIJC or lime rtnd IIKIIOCJ111ed dlt~chnrgc CYCIItli ~rnnll~t 
U111111he ~ yrde•lun nood. 

Second, Dt a hCnle or 1111111)'1111 tJull I!IICOIIl)lllhNC~ I he enllre unyon li)'h• 
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~m IJftfJI ,lilllllliiO '1111·'11"11 llfi!Jilllll/ JO ~lili;'IIIS lll:llftiiiOilD 

r ~ ""''''""~' 

•• ,,.,,.,.,,~,lll~lll'f , ••• ft ... ,, 
llf411 ''II '"''"'f llf'lf UN l41tt·"·'"'f, ilf\4'fH 

\ffll'll IIIIIIU!ft "'' llllllftll"'"""'~'l~ 
•1·1¥ tl 

·~'I '011'1',1 tlttllllll'" tll~'ln 1111·"' ~~ \tttrtnl~•lt'l"ll r''"'llflltllllllt ·~,hi ''I 'NI~I 1"1• '•I 'll'fOIIf~\¥1 
m·~l tl 'tttnii~IJf'l~ 

'r•nt '•nlrllt•rJ .till it It ftl '"II lift fllolll"'llltnfr\1 ,.,,,. '•I II '"'"lfll.ll I"'" •·n lf'UJ••Ill •r 'tttrl 
•1'1 ti'O~IIJIIIIUIIIII !ltflll!nnlt'l'lllll'IJIII'Itl"l' ["' to~l'l'-.''1' "11'"'"1 'IIIII "f ·~ 'lflt.ll I""' ·II '1101111 

• tl!'t •••u•rn r '"'~' ;JH.1 
'"1'1"~•1 ''"'"II,, ttl 'llilllft"lll 1111 llfl f'lrtO 1•1"11 lrttlll!l: Ut'l'lllltll"li'U~j''A 'fll~1'1i ptt ''Ht tl 'tWit~'l\ 

Wf'lhl tl'l't 'I '( .. 'l't'IJlnto""'·r.t·•lltiOI'I' '"'ttl IIIII Nllllll"' .~IIIWIIttloq 'M111''11'1 'Ill~~~ 
·wr·h• ~ •zr ., "~'" '""""'•"r 

''" :tWIItlt~lll\1"1111 UIUPflllln Ill ·~"'1"1 1111. 'Uhl "I ·•t'lti"l 1'111 ''Itt '11<1111111111 1''1'" 'IIIIIJM 
·•I "'''"'""''""11 ""'"'""'"''~ll""·~lln •Uu•nJ ~~ "'""'"'' 

•If I 'N'II •·,1 rt '"''''11'1"·11 ·llfttll "II r• llllll!fll "II lilt 11·'11' "" .llllllf.l '111111 ''''"''•! ~~ ~''""'"''"~! ·rn 
•lrtl'i 

'I n·,1tl'WIIII·~t;lf.!UI1 '''"'•I ~tlllllllt"'lll"l li II'',) II 'ttntlttntll.\1 '111111111111 tl4'oltlltlrllllllll•llll 
•Ill ,,.,,, ···~~~~~ ''N '""'"'" •trt ''"''"'•ntrt ·'llllllll·'lli """''" MrJ 'ltl~t·Ut"lll rt ''""''"'KIIin 

IIWh '.Vhf .,.,,.,,11~·~1 r•il''"'·'"' ''"'"'"'nt~•;l .. , .. ~)>IIIOIIY 'fi'O '':lit ''"'''"''"'·II 
·~11'1111 (o~llrVtiii'IJII"III'Ofllll I''" lttfl~ "II fii\OOI.tt 111\JIIIf~l 'Wtftl '1"~""'"'"'•1 ll111r,1 IIIIIO~V 'lin 

•tm 
'IIL•,1n '.\llil•lflfi•V'lloolllt 'n~H'I"'IJPUo~tPN MftiiOIV ttrl f"'lf IJtllr.lt•tiiiiiiiiiPtlolfl '1151111~ "'I 'IIOIIff\ltort 11.111•1~ "''I 'IIO!If)V Hrf 'IIOiftlll;) """'IV llrJf'IIO '11'111\1 'f'll\1 ~~ '"" lllllltl 
•>1•111""111' "II ruo Ill'• V.l.l ntr~llll"'"'"'l """ f'l•l~l IIIIJO!"f'l' 11111"1' ~~ 1111 "II~~'"'"' IP·~ 
·lnpof"lt 'llhl !I •II 'llntltCtln,t f'\lfl'll \1 '''11'.1. '·II •II '"""'11'"1 fi'I'I'Uir" ''l'V'IttnhJ~V' \1 . ..,.,,~ 

II lll~t 'I 'I''" 'I h•foiPJ~ ""'"-llollltf.~lllftl'lliiii"I'IIUifl~ ll.lo~ tl>tlnl'"'l 
·u·n "~''" "'"~'""""""'~ '"'"'' "'" ~'''"" >ll•!ft"'l 'IIUol •. , ·.1 ''"'Ill'"' •·v·" ''"''"'•t "''"""~ 

'111'1"'11 I tl'ttt·n."H"'''~ "'"' 
•llnntll~f'V oi,.IO~Iflll'lf I'" II lfO"'Ilt Cltllltl'~-~~ '','lfl •oon#uupr.\1 ;ttll"'lflOIIIOlllf"lfltrU Ill Ullllft 
•111101~ 'tf'l' II ol '""'"11f1 1"1' ··u I~ 'llttl.ll lll''""""'tt ltWII,.,urtlfll 11•oln ollll 'lthl '~ II 'If"~'~ 

tlr~1 '"'"''''!~ ···~~••t·•l~'''"l' l'''"ll' .. ,,.,..,,.,""""""~!·""'"'II~ I "!I •opmfi!H 
t1 ft 'tlfr:lfi'~I~·HoLI I•V11"'1'H C~ti!Ufl'l 

fOIO~IIIj '"'"'f'f Hl'f 'ltllllf~ ... lj '"111Pf\'10ff· 1 ~ .. ~~1l,)lllllllnl" fO!IItl.~llf~ ••toi Wlllflllll 1111"'~1'1 
"1'1~111''" ""'lll"llllllll~lp I"" l•'lltMI'It lllftii'~"I•I'!MI ''II' I~ '""I~ f'l" "I 11 'tiiiA,f''tl No ~toulttn.l 

•1•11 'I f',l\1 ·~t,'liiii''I''Wd•H l••rt~•l"'t tn•~tfN """'"'"!'"·~ 
·lll~ ••N '"""f'ltllf ''ll~t·tlhl '11.,111~ ,..li '""11"""'"'""'"1'"' •••111'"'1'" Ill '"''l..,.,"f'l' 
~"''~"'nutoott f'lflltth•ll 'U~I 'II :I'""'"" f'llf' 1i I~,,,,, ''11 '.f.'~f"II"''H '111! .. 1"11 ',¥. '""'"'""'' 

•IIIII ·~l,·hWI·V't tul•tt h•141~•1"1 '""""PI"''"'""" '"·'1111, '"ti '••Ill IV Nrt IIIIUI, . ••N 'hll,.',l ""'"I\' 11rt ~~ ltllll1 t•!li 'liM' 'I II··~"'" flit 'li',J, '""'"ll'l ''•¥. 1 'lll)fll' ,\1'1 'Wftlltj 
ol tw 'lll'l'.lrl '~l,'l~lli•V'It••l•lf ''"""''"' fllll~l'~tlol"'fVIII'f 'nttllf, lliN 'lllllrfl( . 

ttrt loti'Oifl'l trt•ofl!l ""'"'I\' ttrl to ll•~trllll Wtt~~""l ttll1111 ~~ "'"1'111111111'1'1'11"'1 •·n 'N ~111'1~ 
11 r•nt •t·; • .,,,.,,,,..11'·"'"~' "'"""'~' ,,.,,l,.rl•••rna• ~""''"'~' 'IIAt • r '"'"'' 

rltl'f '11':111 '~I,'IIIIII'V11UIIIj l.lttll"'l'1 flll'llflli lnlllf\1 . 
•ort •n ~~~~~ ~•PI'""'"I\' ~rt ,,.,,,,, "'" 'Ill!'"'· I "''"1'1' "'lllllo•llllllfl ,,.,,,,,.,,, ,.,. '1'1"' 
"''"'"I'"' 'Ifill~! '·"lflllolf '""f'l . .,olllltiMIII,... •'PI ''lhi ,.,, N'l4,·"11 f"'' ''II'Ht 'Wntllltl!l,j' f '1 'lllrl 

·~ql 'IIAI'I '"""'I 
r..,ll"'l"l' 011\'hiW'I t••hH l"''""'l"l l""""'ll """1'1'"1 '11·~"1, •IN '"""IV •rt '""'''".1 
"1'1""•1 I•" ""'"'" ..... ""''' "'''' ••t•hltrl fllh "~' ,,,. "''' ltf•hllfl '""'''"•" '" ""' '"''"' '"''"rfl !"If t•~lfiiHII"IIIIIIIII "'~fill ft•llfttliiO,It~•llll,! flllf IIMI"IY "'II~ Attp~· '11'111 •·11 'ltfo 'IIJI,NI~ 

~W\H d 'tl I '(~flllllfMlllll.\',111 ""'''~!·''" 
~''""'1'1" "II"'"''""'""'"'"" ''"lt "'"" '"" .,.,,, .. ~ "'""''"''' .. ,, '"'"' "'"I •I ··~~~. d ~ 'II"'!'" I 

~ wu '""~I ""~'"''', '" intt" •IIIII ''·'1'11'11 'ltltl'ithl 'I"'"~IIIPI"~""I~ "'II WI lllfJI IMIIII"lf •llrtt,llll .. lflllll. 'IW.I ''J 'II '1111111 
tl t•rt'l~l"ll '1•\~ ,.,,,., . ..,,~, "'""''"!~ "'" ~· <•~~> "'I. I~"'"''"'" "''li 'l'lftl''l~ ''l""'"'fl 

•I ~ttl ·mt••'"' ~~~~~N'"·II '""'•'"'''~'"', ·r;n·n11 · 
'1 11~ ''li 'Pill' ""''"IV '"l"'ll ~~ olllnthlllll'•·ptlllllf•to (·u~~~ '1•1111' Cll '111111 P" '"I 'If 'tlptrn 

olhh '10•~1 IUIIIIIW/1 r11111n'111" Ollj . 
.110 trll ~•t•lt Ill IOft)niiiiiPollllf"'' iti!Oiflf'llllltlllllll Ulii·"''IIIIJ "'""'II "'"IMft~IIHftkJ '11'1\1 ,, ~'litO 

ftl··~(l' tl'!,. 'I 'lf'"IIY llllpfltllll!ltlf.III"IIV ~1111111'1·'" 
•tv 1111111~ ~'•"! 'loiiiH 1111 .... 1'""'' 11tH ~JIIIIIJ •llllll~'l•lllfttn•p JIIIJflllntiPfJIIIIj,f '11#11''1 ',1\ 1/lfl) 

•l•ttl ·~rtt~\·tllllltl~ '1"'' "'PI .oft1 llllllff<t~qlllltA:ollllfll•nt,I'Uhl ''I'M '1'"1 
\•"i·ru .,, 'H 1 '''""'" ,,.,,,.,,.. . 

I. 
·111'""'""'11 ~"""'"""'\' "''"hl'~··~ll,l"'flfll •nt•lllflltl"'tlllllllolfllllq illlllll, '''M ,, '1ft 'IJI!I 

,. ~"" ···~1111.1111'11~1 1 otl01111~1111P ~ /1 ',llf '1111141111f'f.\l tpll"f ·"''"'" '"fi-Mf1'1~ •t.\lllll~fliP!IOiflltl, lllf, 'Holll ''tl tf'l•tfM~1 
II tl ri"II'Ht l•l-,f111"11"'~'~1 

I. ''""~ ''~''"'""'' ~ n ·'""""'"'"'~'"''I'"'""" ''""''"I'"' "'r"r""P ~·~~~"'"'''kl '1'1111 ''~~'"'""~" "' If•" 11'11'41 I '''llll'li .tflllllll ,.,lnlflll IOf•ll ''"11111011~1111111"11 '(~~1"1'11 '""1(1 ;.; · '' ,r, ·A•t'~"''''""'~ ., ... , "'~ ·~·""~'" ·"'''r•t Y ·''~'"'"1·~"'''"'"''"""'"~1 ''"~' •·,, 'V'I • .., .. .,.,.~, 
~.. rllhJ '/ltt'.lil '~l't'I'IHI •'l'llul•" '"'"'''1"1 fl'l"""'~ llllltl'l' ltrJ ·n~IIIY ,..,., 
•;""""'IV •'1'fl"'l '"""'''"'"'IV"'' " .. ,.,"'''"'''"'"'~""'""~ '11~•1 ••h•un "'"'"''~'''".'"""'''nl 
.. 1, ,,.rr' '' nl'4tt·.1t.tt.trw t '"""'~~'"'' ,_,.,.;, ~· '""'"'"'""' ~ n ·•111'"~ '"'" .. "~~"'''·'""'"'· ~~I""'II'N I"'" '~""'il Ill rlt>IIIIIMII! I N t1 '.'1 II ''~'I''"'P'.II '"'"'""'"""' illfllll \lltilllllll·~'"'"""'l· 
-·' I'·'' .1 .\1 1•~11•11 Ill '"'1111~ ~•N '""II'W '"I~~~·'"''"''"'! .... ~1111'1111 ll~lfi(MI.W r•lll\11111 
r;;··'""" "'"'"M""~' rr ''"'"'""'r '""''"'""'·1 'llfhl '11 '.1.''""'"'1'11 ,.,. ''I··~ '.J 'u''"'n';, '" '''""llfl'll .•. .,,,,/\ '1'111111'11 
I• I' \l'lltrfiiii"M ;lttntu•ol.lltf"'" llt"l'"''"lrl •t '"""~\\ 'oiiii"IMI.\1111'"1"'1"" II'III,.Uif HIIOOhllrtl , . 

'"' '""l"llll•tr"'~t""Mt•" '""'' ··a ,, '"'""''·"'" ·,, '""'ll''ll ,, ., .... , ··n ·•w., .. , · 1 ,, ''"'~''".1 
l:•r ··•·11 • '''""'"' ,.,~"'" l"'t•ld\' :AIPf\tlllflpiP,') ~IJ.MIIII 'tll•n~l~l\1"'11 YtiiiiiiPII 1"11 i~ fNtO\~d '"'II ff1 'r"l' V'~fhl '11'~ 'IIN•IIf;) 

d I t'U'I~" III•I•H f'llt\llf.\ILfNIIII!l .,.,.,~ "'"\1'~ tl 'trnllniiiiiV 1'1 

"'""'"'''~'' s·n .,... • .,. •• 1'""'"'·'~ '"''·"""'"''""'N "''""'"""' ''""'"' "''''" 4mtwm P'"'""lll 11111111• '""'d"'"" "I II•IUIIft"l' .lt"'Hif'h 1111111•1r V ~!Ioiii 'il':l'llt,f f"'l" ''II ·:~••""1 'il'll """'II 
"Nif ·rr ... ·."'n ·~•~·11 tti•V1 '"'I 

·•" "''''"'1"1 I"•~I'N "'"'1'1'"1 'II~ I 'I~ .,H'"•I"'\' ••1 :1 .. '1'""""' '"'"I~ M'l'lfolll' 11 II ~ .... ~1 
, fii'Nrt r•h',ff"'"''"l''ld «••"'~ 

''"'"1"'<J ·~·n ;'"'''''''~'"'" ""''' ""M'"' ~~~""n "'""""' "''''~ ''""'~~~~ IIV ''~'~~~l'·v "'"'""'''' 
tJ:Ht.1 ~~4:llillliWII 

'tlt~ll Alill(l JII,IIO.I~IIUlf IIIII I ~lllt'ldP~n1111lll ~1111.10 lltillllilo\OJthlll \'1111111 un.l 
•Jil lllfllllll~IIIIW ~~111q1Jlll0;\ hl~IIOJilll:llt Jilol\illo\M ~IIOiflhiiOIIII 1111 piiii'Jil!lfli'ICl 
Pl-'"0 'WIIill\\ '0 llillltlt~Hi 'ill~lnllll ~Jtl.'t\ ~I'll Jn IJild fflllthlnUJ iltfl i'IJlllllt 111111 
Mill~· J;ltntltJ!nt'l flU II illi(IJildtil tlfl!diiJifOJ.IIlt'IJilll JOJ,(ll!Wil-lllln i'lllll!i IIII071JV 
IU ,(\tdiUftOilQ,IIl llliiiiiJ,IIltli\(1 illli.IO JlllllliUiiJOlrl :lllllilfiii:IV 'iliJf11•l1fl!dnJ.I, 
ILIIIIPIIfl Ill ilflfllltll.!lf .Ill lqillllllf:li'lliN II iM\IlJ':IUJthhllll 111"11 :1111 JllJ lll:ltiP:I 
i'IJil~\ 1111(1 Ulfllll il~llq O.fllfi'IJV >lilt f10111101Ji'l '.(JOJIUfXllf1!1111DfliiN \llllllllV ~11"1 
'IIOf~f"f() \il:llfill•,S llllllilllllfllJio\llfl ('1111 IIWI!J illll Jll ~llltf\JQ ('Ill! ~~~hfiiiiV 
'lllillllllftlllllll~ 'll11f111111Jftjlll Jllj ~tllt:tlld illll Jll J>llli17. l!lil4117.flrl ·~Jn~ 
~1111 lnlltfHIIOJifl ~lll:lllllflll:lffiJIIjill/ Jf>ll/1 JOJ nll~lliltjlli'l.\i'IS jllfll '1111~1" 
llil·li'IIS 'Ji'~lllS II11JV '11111£1 ~l1111111U, 'IIOMIIO~IIH ~nlllnt~l. 'illl111 ·r j1JIIIfn;q 
11lllill4i1Jlllf 11111 1 ·.\.JnliU111llf111111CifiiiN ~ntuntv m1111 pilllllll:Jif.' \11.\1 Jt'lllnd 
~I'll Jo lltlfliJiM unun;~ll'tntlillrl v ·unnnJliiiiOll il.:nmr:~s f111111I111N 11111 Jn'~oltu 
•1MI1'1 llliiO!lllN ~IIIIIIIIV ~ll1'~11SliMIIIn illlll!i lllln7.HV JO ~llflllltdo ;1111 I .:'Iilli 
•ill ~ll"'~~il;lilll 11111 npp1111 illlllll ~lilln~ iUII Jil<lnll ~1111 111 fli'l~~iUII\'il ~""llltdn 
;uu.• I 'tl'IRI!t•ll()i•Ci l:tltlllln;:> 'Mnlllloqtrt fllltn!lllN liollti.IV ~n1 ,10 dnmo 
llllfl:lillllJ,JIIIIIIillllliOJio\lltl illll .\q fliiii'J O'ni'III·~H s:JS IIIIIJQ 'IIO(Il!JlllllO:f 
il:'lllill:tS llllllllliiN illll ~'I flilJn~Und~ ~J0,\1 JO lilllfliUtl illfl ~I Jillhlll Wlfi.J. 
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·~qdnJ~nilft illqnl:ll!l 
•iUcl ~1111 iMfh1111l~IP U ~Uif 0~(11 J.llldlUIIJI lllllll(llllllllllil flllll IUO!tll((lilW JO 
~Jn~l fllllllll~ill 111fl'iii11111Jilh ,(1(11111111~ ;un i':lllllllil~ilJ pun Jil.\l!ld ill !I il~nn:til!l 
•;~;nltiJWfWill pun Jil~ltMfllllttUIIi Jn liiiiWfUittf:lilllt HUI.\IJilplln iltll Olliiltt:lnrutltht 
IIOIIli(OIIIIN flllll fll:lfl!dlllil .\q ilfQIIIIfllfd\'il ~I ilflPJnl~ pllll J.JOdiiiiiJl Jll Al!lfQII 
·l~llt\ ;lfllthuflnilfl 1'1111\nll\ l~ilnftni llliiiM.\W \10~\111;:) ~0\IIIIIV ~ll1 illllllllfillllil~ 
•il.t .10 WJII1&il~ iliLI, 'WIIIRIIflllnltiO:I flillllfi'lllWiill fllllllllilllllflil~ Jt'l :~ilnJOIIi flllll 
~ll!dliiiiiJl ill/1 ilHII:t ~flfliii'~Jn~' :tfiiiUCIUtn~lf til;lf\JX!Jd il:llllll•f~ill flllll Jjl."lld 
ltllliUl~ JO IIOI!IIIIlq\llllil illll, 'Wilil~1filfllltMii,IJifl Olliltlillll~llli lllllilllli ~00f.l11.\ 
Ji)il,lfllllll\l!Wilpflllllj 111 ~0 IIOlllllilflill! Ol JlillllliiiiiOJlllClfJl~lfl lllllft.\1111 ~lllillll 
··1fi11iUIIIfiiiiOIIfliA\ 1fll'l"IJ11.\ AIJllfl11~51WI11 Iii J;lh\lld IIIIIMlli ill(l •1)11.1:1\11110~ 
llllfl :lilllllllillliiJ :IIJnt~lfl~l! illll, ·~IOJIIIII:I :~pfolnillf til:liiUiiJ .<tillniiiiJIII llillll"' 
'(lllillfliUft fill II lllfiiM III.IAIIII:l .<tJl1fl\:lllolllll) ~JiiiiiiOtlflllo.<Uil:l,lO ~il:lllillllf 
•Ill illll nt :~~lltMIIii'U Ill illtl111Jn.\ .<IJIIIJIIIIw SJlllillli.\R IJOO~llll.ll :UIJiiM1Jflli111J 
Jil~lorf llllliiJIW :I!Lf, 'llliliNAii IJOCIIilfiUI illfiJO lijOJIIIO,, rVIIIIIIJif illflllfiiOflr.IJII-\ 
:tlll~nJHn~R .rn illillll:liltl un:~:tn lllillllilftunun ~111.1. 'IIUflilMIIl'"""''~""'ofl 
ill{l Ill ,C(Ifll!!!lllli illllfililf1 lllllllfl.\illfl flllll 1WIIUI111Jlli11:1UO;\ lllltniiii\JOA \1111\ldli 
ilNIIJilf11HIIO,, Iii iiJillflliflihJilllll JO ~iiJP-'i Jilllll!V 'llllfl:lt!~lfl ltllliiJI~II~llfl iliJI 
Ill illll\ililp lilllilllllflilli l0111111111il fliUDIV Ill \llnfllntntli .to 1illll!111JIIfil:lllll:'l'lllill 
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Hlllh·lll~lll orll"lll11'!1hl)lo MMIIIINI'IIII'III. und Cll'fululhlll 
tlll'lfUIII'd It)· ,\11 U.ll.C. 'bJj~J 

11,,. cJ,ooi/UJI/1'111 Sm·l~l.l' u/ <llmrtll'ttiJtl/11'1111 !l'uhllcothm No. Ulllh•'lh(lft) I• 
puhllhh~UIIIIIIIIhl)' It~ '111~ Ol'UIIIIIIUI Sl~ltl)' ni'AIIICML'llo lnr,, IOSAl wllh 
lltHihJUMtltnunll ulllt:~l ut ~31Kll1rllltl•u l'luL'r, lluulu~t. Coln1·ullu H113CJI 
U,S,A.tlllld muiiiiiJIIIUllleh ur l'n•t OIOce llu~ IJIIIO, Uuuhlet, Coluuu111 
110~111•11140 U.S.A, '111P l1ubll•lltt l•l>un•lll M, l)u~lllwn, Jr.lth~ l!dlhlllh 
Latl}' Uo\lllll•tthe Munnttllllll!dllor la11allh ll.ltoJtetlltthrlt uiOL't unllmalllntt 
nlldtme• 11e lhr tuune n• ullltl•e,'l1te unnuul•ub~rittllon Jll1cr• Hie! lor Mcm• 
Llfr 1 uuJ AHI~~:I•te•Siu&lenl Mttnllftlllf OIIA, $Oillfur llott•llteml~l• $~0~ • 
• ,,,~ IIUhlirnllun ,_ whull)' llWIIflf h)' 11tr O••nlntllcuf llucfrl)' ur AllttliL'IIo Inc .. 
lllllll•lut•IIIOI11, L'h~Jiluhl~ CUJ11Ulullun, Nulmnwn •Jocl;hullltt hnhf• 1111'1\'1'111 
Ill' 111011! Ul'tllr IIIla I •IIJ~:k, Cllllll Itt CUIIlll~ll)'o ~~ Wall!l Sllt!tl, Nrll' \'ollli, N\' 
IUO~ 1, hull!• nlluUINIM!ldln~ llllttd•tthm Pit tutllnuwtl mut1pupe~•ut hulum 
ur nlhn M!CU11ll~•· '11tt JIUI\III~C. runclloti,IIIIU nun,ltlllll ~lliUlllf11tt' Oeulutt• 
teal SucM~ ur Allltl'll!llo Inc .. h•• nul \'hnttjl~~ IIUliiiN the lll~\'l'dlrlfl twrh·r 
lllllttlh•, 'J'hr Ul'fi'MNr IIUIIII~I·Ur 1!111111" uf' each f••lll! IIUtflllllhf JII~C"Co.llllll 
1\l'fiW IIIUIIIhl Ull~ lhl' lltiUltiiiUIIIhfl' ur CU(IIt•ftUhll•hNJ IIUif~lllllhe 1\1111)1 
tlulr. ltiftjllt!lllllfr I WDI•Mit l Wtlel 

llt•lll 
Nu, 
trutni'S 
1'11~111 
~fl), 1~\lt•!ll lll!tl N!illll;!'lltt:b'l;Jtiii!IIIU 
u,'llitul Nu, C:••llll'l INtlJIIr•• !\Ill) 
h.l1ullluii!Vur ltri(Ur~tetJ Ch\!Uiwllntl 

1 I> lirlli!• thtuUJth d,11lr1amuJ cuu;rr., 
liiCI!I \'fJIUIII\olllld ~'llllllll'l' •hi" 

Milo 
Nu,Cuttlt'll 
ICIIt:h J••u~ 
llljlllll 
12 Mnnlh-
7,000 

lltlllllllllll'll) l) 
121 l'»ltl 01 Ht!llllt'hltll Mall 8Uhk't1JIIIun•, 
lllldUdllllt ttu\'fi11UilJllllltr Ctlfll~•lllld 
r~dtNIIWt t.'UJIII'l) 

c,'J\Jiul fl11IJ antllut· llt'lflll!•tr&l Cll\'lli•Uun 
!Sum ur h II) and h 12ll 

Ll,11Jte lll•ttlbullnlllt}' MnlltKUIIIIIIH, 
~·~~m,,lllu~ruatr. Mllt.lnlltrt lrft 1 

t,I'Jre I)I•UiholllHI Otti•IIIP.tht Mall 
M!l 

tC"11·1m ut other Jntnn•l II 
1'. 'nll•ll1tre ))l~llihulluntSumul' II wnd e) MO 
ll.'l'ulaiiJI•tr11)l)llliiiiSUIIIIIIC 111111 rJ 6,211~ 
h.C:uttltl Nullli•U1lnllrtl 

II l Oilier UW,I!Iliii'L'l•, •JIIllh••l 
12JII~IUMltllltllllllltW• Ujl~llll 

I. '1\IIUII!IUIII of llo It II lolllld h 12)1 
J'rrcrltl l'rllllulldllll llri)UI'•Ird CIJL'UI"il'lh 
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() 

7,tlllU 

Artuul Nn, 
t:njlh'll ur 
Slllldt• lhhUt• 
l'llhllllll'tl 
NI'Umllu 
111!1tmllt•h• 

II 

Ktl 

() 

Ill) 

~,KU~ 

I \!Ill~ IOU! IJIJ'l• t/IJ~ 

'11th lllhii111Mllonlakrnltnmi1S l'untl H~C•,•Itlllell Stjll~lttlll'l II, IYIII1 
hy Ult l11tbll•llrf·, IJunuhj M. IJHI'IiJ~""• h., unt.lllll'tl Wllh lhr Unllrt.l SIIIIN 
l•n•tul !Itt\' I~~ lnlluult.ltr, Cnlnn11l11, 
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