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0 ISIIHN’ATION OF Tlhflj I) EPENI)ENT l) IS1)IHWION IN I. AIK)IMTOIW S(;A1.lt

l} X1’JHUMIJN’llS WI’1’11 INTACT TUFII’

N.. S. Runrllmrg, 1. R. Triay, M. A. 011, aIId A. .1. hliddl

IAN Alarms National J.al]oratory, LOH AliIIIms, N hf S7545

‘1’]1(*Il]igrillh)ll d radionudhh? through intact Lufr W.Mstuf]h:fi using tuff froll)
Yucca hiountaint Nevada. The tuff samples wm: both highly m-ditiml ad-fall

tllfr [IWIIItlw (.!alim IIills and clcn.scly wA14xI dcvitrificd tufT [roll] Lllc ‘1’qmpah

Springs mmhcr of the Paintbrush LufT. ‘J’ritiatcd water and Pddnctiik wmr

ufml ilS conm vativc tracers. The sorbing tracers ‘5Sr, 137C:II and 1331h were usml

wit II I Iw drvitrifiml t:lff only. Greater tailing in L]](’ dlltioll mlrvvs or III(* drvdy

wd(hvl Lufr silill[)](!~ wiw dmrvcd than could k! fit lJy a(]jusl.iilg L]i(! (Iislmsi(jll

mdlit”i~mt in the mnvmtiona] Advcctim ])ispmim ]’hllliltioll, A i)]~, ‘1%(! curvm

(“(YIIII IN’ fit Iisllig time dqmndmt dispmion M w;w pr(wiolldy (JIJSf’IV’d for

st’tlill; (lllls and alluvium by Diculint Math(!r~l], iil](l (I(’ MiLrsily. ‘1’lw ]]{’ak Of

stroll I illlll rfmmntr,atmn WilX cxpcrt(wl to nmvr ~nftr”r I .5 ymrs l)iLWXl 011 tll(!

uolll’1’ill.i(~ll:ll Al)lt and awmming a linmr lid d 26 ml/g. ‘1’lw olxwrvml (!] Uti(Jll

Ililtl sigl]iliciint strontium in the fir~t sample takm at 2 wm~ks nftcr illjcction. ‘1’lw

Imlk ill tlw dm-mt.ium dulion m-.currcd at 5 wm:k~, ‘1’hr mrrm:l ilrriwll Lilnr for
I II(* S1 rollf ill[ll lwnk wiu :whicvd using a OIW (Iinl(’l]sk)nii] iif]iL]~tiC $M)]lltioll With

I.il]w {Iqwndmt dispmion. ‘1’lw diqmsion mr’flicicnt iLWil fl::wtifm of ti[lw usml

[,) Iii t Iir ronsmvativc tr;m:rx WIM found to pmlict thr: ]wnk iirri~ill of tll(~ wmhing

I r;lmm. ‘1’lw I{d dml wiw the lid ddmliincd I)y tlw Imlrh Ilwtllfxl (MI rrllsll(vl

f Illrm ‘I’i, rs(’ rwililt. s will INI disrils.wd ill llIr {O[)lltt’xt of 1,11(1rtilill,iollsl]il) I)(II wtv”il

I II(I 11111’t::Jlllf”llI)ll of timr tlqwndmt dislm~itm illltl tlw ~1.illisti{’al l~rtqmtirs f~f

lIfIl(sIIJ~[:’11(’(IIis lN)roIIs nmliil.

IIIIIIMIIII lil~ll
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I)r(’(lirtiml (J( r(!tar(liltioll ra(.lors l); LstYl 011 lJalrlI Kds ;II)(I rlJllll(] to IJII ill ~lllJ(l il~,r(’(’111(’llt

])royi(h’1] 1]1(’ ])~rli(-](o Si~(’ (]istril)ll[.k)flS W’1’r(’ (moll[ro]k’(l. %” ‘[ ’]1(’ (lS])(’rilll(’lllS I(J 1)(’ (]~%(”l”i!)(’(i

ilrC cduillll rxImimmlts using saturatd intact tufr salnl)lm, ‘I’ll{! 11s(:d intact tllff’ is [If!rmw:!ry

Iwcalls(’ (Jllr of 111(!d)j(!ctims to the Ilw! of l)iLf Ch S()@,i(Jll lll(!iLSllr(!Ill( !lltS ifi tllilt i 11(’ (:rllslling

Of tllfr a]t(’rs th(! ll~ill(’ra] sllrfa~(!~ p~~$sil)]~ r(!Sll]till~ ill ;111 O\’(Wl~ ol)tillliSti(~ \’iL]ll(’ f(Jr f.]l(!

Kd. ‘] ’}l(s prohk!lll Which ari.sm frOm the llsc of illtil~(. luff i!+ t]lat, of t]lt! Ilf!l.t!rf)g(!ll(’ity (Jr

Ilatllral salnph!s. This Iwtmqymity Icads to Iargr Villllf!S of (Iisl)i!rsi vity c;illsillg :L shifl

ill thf’ Iwmkt hrmqqh curve, ‘1’his makrs thr df!tmnin;it itJll of l.lNI rrlilrfl:lt.itlll fil(mhJr II I(J(IIII

fl(!prll(lf’nl,

‘I”hc tiwory of I ransport through porous nmli;l is wd tit:vch)lJ(d for ::lwll]ic:ll t!llgilwcri[]g

(r. g., $Ilrrw(x)fl, Pigfrmlt and Wi]kcfi]. ‘1’lIc th(yJrcticid ill(~tll{)(l~ lI~VI! l)(Y~II (l(:v(!lol)(I(l with

tho princip;ll purpose of designing cfhcimt scparatims proccssm for tlw chmlliml in(lustry

using cllrf)lllatogral)l]ic columns. Chromatographic columns ilK! gcner:llly h(IIII(Jg(:lIvOIH with

mpmt to both of the hydraulic propcrtiss , i.e.. porosity fiml pwmoill)ilily, and dmllicdl

propmtitw, ‘I”ranspmt in gmlogic media is on tlw otlwr Ililll(l roIIIIAIx hydrologically ;ind

dml]ically. SOmc d difllcult,im which must IM ovmconw in orflm to Imvlict tlw hydrtdogic

transport of rafliol][lcliflcs arc: l)tllcw)llll)ility f)flllnlly ra(lii)Illli:lif l(!sisttJt) low h)il]lowtll(”

flirm-t cl(~l.t”rlllillatioll of the clmnical struduro of SO]lltkJll s[)fwi(w I)y s]m:l Hnmq)ic Illf!tlmts 2)

illloftll?' (oll(`lllical illtt!ra(:tiolls twtwn:ll rarliC}llllcli(lf .s;tlltl 111(’liiilltlr:Lls lJrt!sf.llt illtllfr;lf.(”il~)lls

rock lmw’ lid lJmvI ifhmlificd 3) all of tlw significant ;ifllm)lls 1)1Iw’ r(wtiom ()(”(”llrritl~ ill

groull(lWiltf’r ]Iavr not Imm quantifid 4) ‘1’tw dr(h(qtof IIt:tf’rf)gf’ll(’illy is Imt collsiflmd in

colunin f“tlr(]lnatogral}tly. With mqm?. to fourth difficulty hydrologists Iiavr Hllc{:(wsflllly

iLl)plif![l tlw principhw (IOVOIO]AK1 for coluinn cllrolllat~)gr;i~}liy l~y tlw luu! of tlw silllldifying

;wslll]ll)tif~ll of a rqm*wltcativv clmmntmy wdulm’, l{ltV7m Ilowrw!r, 1.11“ ilSSlllill)tiC)ll of 1111

1{.IW is (rely valid umlm spmial circumtamwm A gult~rill :Ll)l)roii(:tl t(J I]lf)tlding trillls]mrt

in rmi]plr~ hydrologic Kys[m]s Ims yd to Iw dmdqml.
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\~ilt(?t \-(’]l)l-il.y il~ross l)cm!s an(] l]IC ~isl)miion caIIsc(] ]Jy ]l(!t(!rog(’llf:il.~” in LII(! 1~(’l”lil(’;l[)i]il,y

(J[ LII(* h@”(Jh)~i(” S~St(’Hl. ‘1’]1(’ [1s(’ ()[ a (]i~llsi~(! 1])(’(”]l~l]islll to (h!sfTl”ilJ(! (]iSIJ(’rsioll \f’(Jlll(]

it])p(’ilr jusl i[i,ah](” ill lighl of t]l(! collcc])t d r(!l)r(!s(!l)lati t’f! Oh!nlcllkry V(J]IIIII(!,

‘1’lw ill tad Lufl coluImw iipproximatc a onc (Iiln(vwional p(Jrolls colullln. ‘1’11(!sollllion
for Llw almvf’ qualion with continuous injcctimi is:

co[(C(ZI/) = y dc
‘J-f) ‘Cx’’($)(’r’c(%$%?l(2)

\\:hCII tlw lrar(!r is injcckd as a pulw lhc r(mwntratioil is,

h!od(!rll stochastic models 9“-” capable of calcu]atiqg the tralls]mt CJf comwvaliv(!

tracms d(wril)c tk hdcrogcmcity of aquifers in t(!rms of the mvariamx! of tlm pcrnmihilit. y

dist rihution. If the probability distribution Gf the velocity Ildd is assu IIml to bc ghil$l$iall

I k trnnsport qllationia, given in cq, 2, can h written a~,

(4)

(’ = (’t)\”:lrial]r(’Inatrix of thcvdocity fidd;

fl -“ w+wity.

‘1’hmr npproiarhmi prdid. inmming dispersion with tillw. Sl];ltial mvarialm! of

Ilydraulic rfmdurtivily hfas Imw usml to calrulato lll;lcroflis]~(’rsioll’:’” l%. Ilowmwr :L%dr

\larsily li;m poinlfvl OIIt thckariatiol] ()[(:hc!mif.nl propmti(xiis ;11so illll)(wl;li)t, ‘1’lwsl);Ltilll

v;lrialioll (Jr tlw gmr%rmhml an[l/or s(ml)livr propmtim wittl rml)wt I(J Lrmlsl)(Jrl lIas Ilot

Iwr’11 llwJ(l(*lcvl, ()[l)artirlllilr f”()rlr(’rll ill [,('rllls ()(lllakillg il("("llr;llf` l)rf'fli('l i(Jl;N(J[ lm;lflifJllIlf"li[l~'

Illigrillil)ll is 111(’mvfiriam”r Iwtwm’n pmlwal)ility illltl S(m[dji(m. l:l)l(’Xillllj) it’, ifl.llf’ IIigllly

sorl)livf~ lllillf~rills , NII(-11 il.s, wm’rlitm, wwrr mrrdhlml wif.11 Z[)IIIIS of lIJ\V 1)(’rilw;ll)ility Illf”

(il!i[rst Illoving ra(lionucli{lfw W(JIII(I in ik(]fli[,if)ll I.(J llilVillg ;111illJIJ\’1’ ;Ivc’l”ilg{” walw w’l(Jf”it~

WIJlllrl II:IVI* a lwlI)W ill’(”rilg(” rdnrd;ltiw fil(-tor, ‘1’llis (“0111(1~,~{”ci[]~ ill(”lf’;l$(” [111” (JIISI’I’W’11

fliSl)filSilJll il[](l Ifhilfl III f-ill])’ I)rraktllrollg]l {Jr ~lllilll fllli,lltitbs of rd(]i{Jill li\’[’ \VilSt{s,
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SET UP OF SYRINGE PUMP AND
SOLID ROCK COLUMN
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I“l(;l! 1{1; I Diagram of the intact tu~ column cxpcrimcn~ apparatus.

ray cllliltcrs (gz’n’l’c, ‘%, 137CS, and ‘“lla) were rmalyscd using an ORTIW hypcrpurc

gcrmmium WCII MC Am with a CA NBIJRllA C1-80 lnultichann~I pulse height al]alyscr.

‘1’ritillm was analyscd by liquid scintillation counting using a PACKA 11.11TRICA R]] 4530

sprclrom(’1(’r.

‘I*IIc i~ppitratus used for lhc intact tufl rmlumlls is down in Fig 1.; colmnn dinmxions,

porosity, and flow par,arnctms arc shown in TaMc 1. TIN! dc,ad volum!s listed in 111(:tahlcs
were cstimfitcd hy fitting the clutim profilm. The coluillns arc ccmstruct.cd in the following

Htcq)s. A 1.G(i ml (Iiam(!tcr core is cord from a Iargcr cm: mllplc or outcrop samp]c O( tulT.

‘1’lw slllallm mm is then pdtcd in lilt[j 1111X epoxy in ii slainlms slccl cylinder. ‘h epoxy

i~ a km’ visn)sily rmiu which pcnctrah!s Lhp tum pm! slrlu:lur~! nmking il illll)~i’il](:iil)l(! s(’al OH

1]:(’ Siii’fit(.(- of th(! Mr. ‘1’hh prmx!durr wa!! u,srd h) pr(’\’ml h! possil)i]il.y of w’nh’r II It)\’I!IIWIIt

alfNIg t Ill’ v(lgr d I,lw rorc. ‘1’110am is tlm w!alml into tlw {Iol]fillf:lll(’iii, V(ISS(4 with () rings to

;L{l,aplms which arr (lr~igmvl to m[Iplr with Stllll(lilr(l hi~qll l)rcwsllr(’ (.llroil);llo~~rnl)lly” Iil.l, ill/\s.

‘h lmmp IIS(S(I h) !Im water through the tllfr mmph’ i~ M 1S(!() mmh.1 :!(ioo” llif~ll l)r(wllrt’

I)r(v.ision syrillg(’ pump. ‘1%(! rxpcrinmt pcrfmlml hml m) (xmlillillg lmssur(’ :I])i)li(’(1 to th(’

intnct Lulr columns Am than providc!d by lilt steel jmck(!t ml c!poxy.

‘1’hr I)orosity wzq M.mmincd I)y takin~ tlw dilh”ll~.(~ of ~:ll]il)l(~ wri}tllts :Ift(sr w~tl[r;ttim

(un(br Vncliu[ll) from 1111’dry SiLlll])l(mwcight~, ‘1’11(’lh)w r:Itt*s wrw (ld.(vvllim~l I)y (dl(’cting

watm ill td tulm ovor wvmm! 4.lmur timr pt’rio(l~ ;ltlfl w(!ighinfl tlw r(IllI’(%Yl wd,m, ‘I’l Ir

rrh(lim fx)llrrt(m wm’ hunlidilicd to Inininlizr (Will )c)r;ltioll. ‘1’11(’ lllill[’lillo}{~ ()[ t.11(’ I.1111

wmphw arcs slN)\vH iii ‘1’al)lr 2, ‘1’1)0 ‘1’olMqMIh Spring Ilwlldwr blh (Olitrr(qJ [IXNII I;rnll l{i[l~~r.
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Tal)lf! 1

~~crji~nt;ll naramctcrs for intact tIIlf rollil]lll~... .....,_

Fran Riclgc Outcrop CM-1(107 (: U:I- I I 1!1

column lengltl 4.71 cm 3.72 CIIl 4.56 (-Ill
Column diamct.cr 1.66 cm 1.66 cm 1.6: (:111

l’orc volume 1.59 ml 2.76 ml (-).64 :1)1

Porosity 0.156 0.343 (-I.(’)G.5

Flow rate 1.32x10 -5ml/s 1.07x lo-%rll/s l.l!Jx lo-%111/s
Dead volume 1.1 ml 0.7 ml 0.5 Ill]

Taldc 2

Mlncral
.

mzic Corn r)ositicm of ‘]’llfr %lllld(!s—

Smcctitc

Mica

Quartz

Cristobaiilr

Clinoptilotilc

Mordcnitr

Opal-(H’

I“c]dspar

(.~alcitr

IImnat.il,c

Fran Ricigc OutcropiG

2+1

tr

12+1

23*2

5!)+7
1*1
tr

~and IJ,SW. (:113- 11 I !)) cam a drmwly wchlml t.uffs, having ;I rf’l;ltiv{’]y I(MJ lmrt)si~y ;III(I low

Ixmnrnhility. ‘1’lw (Him ilills tufl sample, [lSW-(hl- 1 CJOS, is :L higl]ly zw)litizmt w+li fill] tll!r
having a high porosity and highm pmn~al)ility. ‘1’hc lrafwr was illjm.l[vi !Ilfu LIw dllIIIIl

systcm vi;l ;L 1{I I lIX)l)YNlt injccticm loop. ‘1’lw input plllswi 0[ Lrarvr w(vx~ (),fiO 1111of sf)llltion.

‘h ~illll])[(’~ Of (’fllll(”ll[. froll) t]l(: (W]IIIIIII W’f?r(! (X)l](!d.(gfl ill hwt [. IIIM’S ill ik ( ; II,SON rdf.(-[ I’iI(’k

friwt ifm rtdlvctor. ‘1’ritiatrd watc!r samplm wmr collm.twl ill 1(’s1, tiIIJfIs colll.ilillillg 3 ill] of

Ilntrar(wi w;llm If) [Ilrtlwr Illininlizr c’Vill)or/i(,ioll,” ‘1’lw rlllls Ilsi[lg wwl)illg I rilr(’rs, :1 rt)lltilllll,

r(’sillll], ;Iiifl Imrilim wm~ of mrh ltJng (Illr;ltioll 1.11;11,s;lfl]lh’s wf’rv ~.olh~oll’tl ill ill(liviflll;ll

IY)lyl’1 Ilylt’11(. srintill;d.imi ViillS ratlwr 1.11;111lviill~ I Iw friu-ti[nl txdl(v.1.tws.

.!)
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]~lfj(; ]{ ~ ~ ( ~(.)p,p~ri~l~Of pr~dicta] triliatcd Wilkf’ c]ulioll, !Wdid (mllrV(!, \vit,h lll(!i~!ul(!d

(*lutions, (q)cn circ]cs for run 1 and x for run 2, t.hroug]l ail illlil~l ‘] ’opnpidl Spring mmnlwr

olltrrop tIllT mlur;ln.

dispcrsiol] mluation, A DII?. ‘1’hccurves from th! outcrop SiLlll])](!S ciin I)(’ fil Imwcver with a
tilnc dcpomht quivalcnl dispersion cdlkicnll’m ‘]’his dkcl has hwm prwioudy ohswvcd
by (hds ill](] %nithan and more rccrnt.]y by llcrr Cl ik]21, ‘J’llcsf! allt]lors hiLvc allrilmtcd

IIw cfrrct to that of ]oral hctcrogmlritim or dcad(!nd porm ((hats all(l Snlith). ‘1’lw dfcct

of hrl,(.rog(’lwily is more g(*lwr;Llly d(:scrilxxl hy tllr 111(4110(1siMIV(K.ilt(:(I I)y I)(! MiUViil~ and

his c{)alltll[)rs~’’a’lo. This plmm)mcnon was thcor(!lically shown to bc tlw mull of the Sl)illi:ll

(lislril)~ltioll of prrlllc;ll)i]it~ I)y fdathrr(Jn illld (k! hfilr!iilyg. ‘1’hc tritiiitcd water data w~+

fit hy apl)roxilllnting tlw tinw drpmldmKr of tlw tlislwrsi~m cocllicirnt willl :1 po\vcr law

vxprrwim,

1;



Lo ~

0.0-

0.6-

0.4-

02-

0

0
0

x

x
.x

o 00
m~o o

0
n~xx ~

Hx Oox xx
w 00 ~Zxxx

0.0- -u~p——+—— -, I 1 I 1
0 1 2 3 4 5 e 7 8 9 10

1;1(; [!I{E U ‘1’ritiatcd wakr clutions, open circles for rlln 1 and x for rul: 2, tllroug)] ill] intact

‘1’opolmh Spri Ilg mcrnl.xr tuff column, USW-G4-1119.

030-

Oa -

Oa “

C& 0,15-

0.10 -“
o

005--

0

,><.

000- 1 I 1 4

0 1 e 3 4 6 6

~hld

li’l(:[l]{l~ 4 (hl][)ariw)rl of prrdictml triti;d,mi

(Slllli[)rls, ol)vrl circlm for rllrl 1 nr)cl x for run Y,

(Js\v(:’i 1(;os
..I

w;lh’r (sIIltioIi, soli(l I’111’I’I’, willl llI(Iilslll(’(1

Lllr(m}qll ;111ill!il(”l. (~;llit”{~ Ilill 1,1111”(“011111111,



samples from US W-G4- 160S Wrrc adcquatc]y fit by il Lillw in(lcyjf!l]flcl]t (Iis])(midl] co(~flicim]t,

Figs. 4. This t.uff is more porous and Cvidcnt]y more ul]iforlll in ]l)driillli~ conductivity lhnn

the Topopah Springs member Luffs.

Pcrtcc]lnctatc was c]utcd under the same com]itkmi ils the lriliid,w] \Y:d.m_. ‘1’IK! clulion

of pcrtcchnctatc cxhi bits anomalous behavior. In the case of t,hc ‘J’q)[)pall Spring mcmhcr

tuff (F’ran Ridge outcrop) t.hc shape of the clut.ion curves arc the :WIIN; as LIIC tritiatcd

water clutions. The area under the curve however dots uot. cquid the nllmunt of technetium
injcctcd. This loss cannot bc explained at present. Pcwsiblc cxp]anatimls Arc adsorption cm
an unidcnt.ilicd t.race mineral or uptake by microorgarlisms. Figures 5 SIWWt.lw shape of i,hc
technetium clution curves rcscalcd to compensate for the loss of technetium. ‘1’hcpercentage
loss of technetium is 51 pcrccnt and is not illustrated in the drawing. Tlm Calico Ilills tuff,

USW-G4-160S, did not exhibit any loss or retention of the pcrtcchnctatm IIowevcr, the
dispcrsivity required to fit the data was much higher, 6 cm m opposed to 1.4 cln in the cam
of tritiatcd water. TIM anion exclusion volume was 0.2 ml. The fit anfl t.lm actual data arc
shown in fig. 6.

Prior to the injection of sorbing tracers, 197CS, ‘%, and Iaolla, into tlm Fran llidgc
outcrop samples batch mcasurcmcnts were made. Onc grail] of crushud tuff was mmtactcd
with 20 ml of J-13 water containing the above tracers for iLperiod of 1 I (lays. TIM! resulting
K~s arc shown in table 3 along with the standard dcvialic)n of 8 hatchs. These 1{~ were
used in the fitting or the olxmrvcd clulions. The rctardatirm f,actor WM calculated using the

following cxprcssion22,

(r))

where pb i~ tllc dry bulk density.

TIM’ Ilmst dramatic commqucncc of the time dcpcmlcnt ditjpcrsiw] is th~! cfrcct, cm the

prediction O( hrrakthrough tirnm for sorbing tracers. If the convcnticmal A 1)1~is clllployccl
to predict the hrcakthrough of strontium the cxpcctcd Imakthrough in LIWsolid tufr colunln
would IN?i~txl.5 years, Immwlon hatch sorption mmwurcmcnts. ‘1’11(:actual Sl]rcakthroughs,
]i’ig. 7, occurs within A fcw wwks of th’! start of the (!xp(!rilnf!nt. This is il (Iiscrcpancy of -2

orders of Inngnitu(l(’. If the dispersion is giww it time (Iq)(!ll(lcncc tlw (“llltion cllr\w (.;ill I)(!

fit with th(i nmsur(!d hatch smptim mcfhiclll. ‘II(’ dislril)lltim of rmi(lllal ril(lionctivily ill
tlw tllfr CdI:IIiIIS WM mrasurml I)y smtioning tlw (WIIIIIIII ;Lft(!r (’lutiol]s \\I(ws olwrv(~l. ‘1 INS

(wnc(!nlr;lti(m 0[ strontiulll, c(:sium, and l)ariunl as a I’llm:tion (Jf (Iist:ll](x” frolll I 1](’ (’011111111

inl(~t is Htlown ill I;ig. N. ‘1’11(!di~tril)ut.ioll is nollllniforlll.” ‘] ’])(1 IIIOS1 hwilliz(vl I.ril(.(lrs art* tl](~

IImr(’ Strongly sorlml lramr lWriNIW! tll(’w trilcrrs llilV(’ Ilot (’III L4!(I to il ~iglli(irilllt rxh!lll.

‘1’lm 11(”[.f’r[)gf’llfy)lls dist ril)utim 0[ sorbing Illill(’rills Ilmy I)(’ r(wpolwi ld[~, ii[. 1(’dst ill l);Lrtt ff)r
the rcdud retardation. l)i~pcr~ivilics for the sorbing trCaccrHarc sigui[icalllly greater than
dispmsivitim for triliatml water in tlw wmm 11111’columnx.

‘1’110[dxwrvation of tinw drp(’mlmll. dislwrsiou ill lfll)orilt{)r~ Wid” Illiy,r:ltit)ll vslwriliwl)ts
]liL~ providwl ncw in~ight, into tlw mid Of llt’t(’r(l~:t’ll[’illy011 1,11(’I.f’[.ill’(l:lf. illl) of s(wl)illg
ril(li(]llll[.li(l(’~. 111(Ir({t’r to CiLl(_lll;ll(’ thf’ [Iilll(’ (1(’1)4’11(](’11(.(’ il 1)1.i[Jl.i ;11. [II(S \’(’l.~ 1(’ilSt ii

SI.iltl!!ti{’;ll (’l];\ra(.l(”riZill,loll of 1,11(’Sl)iiloi;ll (ii H1.rll)lll.loll of s(Jrl)illg 111111(’1’;1s ;Illl
,.

I I 1,1111IIisl,ril)llli(jll

M



05

1
0.4-

0.3-

02-

01-

00- ~R.a a
1 1 1 I I ,

0 1 2 3 4 5 e 7
VOumE(lld

FIGURE 5 Comparison of predictml pcrtcchrmtatc clution, solid cllrvc, \vith ]ncasur(!(l

clutions (resealed to compensate for loss), open circlm for run 1 and x for run 2, througl) an

i)ltact Topopah Spring member outcrop tuff column.

o.5-

0.4-

03-

02-

ol -

oO-
0 1

4
2 3 4 5 a

Fl(; (Jll I; G (hnparisrm of prcdiclml ~wrt.vcllm’t.;ltv rllllion, solid rllrvf!, \vil II Ili(wsllr(’11

clut ions ( r(wcalwl to (Wlllmnsnt(m for l(Jss). OIN’11 cirrlw for rul: I nml x for rlill i!, I lIr(JiI~~,ll iili

illlacl fkli(:() Ililis tull rolumn, [lS\?~-(;4 Ifi[)X.

!1



.

c/t4 3.0-
0

20-

Lo -

. 0

Oa ) 1 I 1 r 1
0 lW mo Wo a m

TM (t$

I: IGUR.E 7 Fit 10 strontium clutim , using time clcpcndcnt dispc~siont illint~~t ~OPOPiLll

Spring mcmhcr tufT.

+n -

.1? -

.1(1

.)5 .

u

v.
L, J1)
..,,

,.,

1(I

‘,

II

. ..— —-.. .— . . ..- . . . . . .. -.. ..- . ..__ ...___
I

l~lf;[JIW 8 I)istrilmlion of sorl)cd str~ntillm, ctwiunl, and Ixlriunl in all illt:wt ‘1’opqmh

Spring m(:[nl).:r tufl column.

1[)



.

1 Ire,, (, 1 n.—lvrmr

‘d 107 ‘
]“](;1 ;l~l’: !) ])iSl)f!rSiVit~ ik; ~ flllldhll d tilll(’ 11S(’(1 h) fit dl(” ill’ ‘Id. ‘1’01:01);1]1” slll”ill~ 1114’1111)(’I

Lllfr (XJ]IIIIIII (]fl(~t Solk] ]ill(’ k ~k’ f]iS1)(!HiVity 11S(!(] to fit t]l(~ tritiilt(’(] \\ ’iIt(’rd;lbl ;Illf] 1]1(’

(];LSII(’(1 Iil](’ for t]l~ Strol]til]l]l (]~tfl.

of ]Iv(]r:llllit. rfm(lllr[ivity 11111s1IJ(! lllildf ’.

‘] ’ilis c’frl’(”[ Wil] ll;l~f! ;111(!W’11 &rf’;l[ (’r illllmr~;lll[”(’ iL% llif’ SCidf! (Jf (,]1(” ]lyflrf)lt~}l,i{” syslfIIII

incrww!s [t) firld nnd rf’pOsilOry srnlfvi. ‘1’inw dqvmlvnt (Iis]wrsi(lll ll:L-i IJ(II”II (Jlx~IIrvIYl ill tlw

[.ritiulll ;III~l “C( ~1t’lu[ifJlls frt)ll] tlw ( !Ahflll{l(: fir!d test ill tufr;w~”.”Jlls ;Illllviillll WI III(S N1[I\P;ifl;I

‘li!st Sit{i for thr ]Iydrohgy ]{;t(li[)lllli’]ifl(’ Migr:hitnl prtJjc::L, 111{.MI’2:1. ‘1’11(:{1111’stil)ll wlli(ll

ilrisw frolll wlwi(hmring f,hcsst’I,ll!r C“(J]IIIIIII (Dxlwrillhvlls is: Wllf’11 (’;111 0111! 1’)(1)(’1’1 to olJS(’l”\’(”

I,lw fllllii~]ll of stml)illg r;l[li~)llurlidwi fr[nll (~Ah4i)l{.l(~?
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Although iil this sample WC valur of tril.i:llml willf~r dispcrsiml ~~st.riIljt)l;iI.(1(1 to tlw till]t*s

rrk’v;lnl (or 1]1(!Strontillnl r]lltiml \w)IIkl providr a C(JllW\oltiYt’ vitlll(’ ()( 1,]1(’(Iis]msioll l]lis is

I)rol)al)l-: not generally trucm ThCilCLllal disl)msim [or asorljing [,ril(”(’~ (1(’])(.11(1s 1)01,11 01] tll(!

covariimcoof t.hc hydraulic condlwtivi~y itml tlm cr(Jss corrclnt.iou 1)(’lwm’11 tlw mm(lllclivity

and the sorbing mincrats. For cxalnplc if the sorplim :111[.icorrf’lillt’fl with I,llt’ IIy(lr;]lllic

conductivity then the variance of the Lraccr V&J~it~ would lx’ gr(!ntvr I.]litl] 1])(: v;iri;lllc(’of

the water velocity dividml hy LIICrdarddim factor, ‘1’hr ])(!rltli-]ll]~ql.illtm Lra(xir (!]llti(m agrmvl

will! tllf’ dispersion olmmwd with tritiiltwl Willf’r in tilt’ I;rilll liitl~t. silllll)l(’m IIllt (Iitl IIf)l.

in Lhc zmlil izcd Calico IIills tufl”, [JSW’-(:4- 1(i08m Tllih :lgilill ill[lir:ll.(’s Lllilt 1.11(’(lisI)(’rsion

dq)f:nds not only on the’ hy(lrau]ic ])r(J])l’rthmS 0[ tll(’ rocli l)llt 011 tllll l-ll(’llli(-ill l)rol)(:rtiw ilS

d].

‘1’hisdmwation points to tlw mxvi im a mm (1(’tilih!tl (:lliLriU:t(’1’iZiltioll 0[ ttw IIydro]ogic

and gcoclwmira] properties of Yucca hlollntaill tufr. h’uturr rx]x!rilm!nt.s will Iltili::r ()])ti(tiil

aml scanning clcctrm nlicrOsrOpy abng with lllirrOfill lltlr;l(lif)gra] )l]y to ilttf’illl!t to prOvi[lr

a forwiml lxu~i~ for prmlicting the tinw drpm]tlmlcr of Ilw ditqJcrsi(m in tlw rmlionllclifl(’

migriltion.
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