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Preliminary Ii]tcgrrtted C~lculation of Rm-lionuclirle
Cation and Anion !IYnnsport at Yucca Mountnin Using

a Geochemical Model

Kay H. Flirdsell, Katherine Campbclll Kenneth G. Eggert,

and Hryan J. Travis

A BSTR.ACT

This paper presents preliminary transport calculations [or radionuclide

mtwrment at Yucca Mountain using preliminary data for mineral distnbu-

tifms, retardation parameter distributions, and hypothetical recharge sce-
narios. These calculati(ms are not performance assessments, but are used to

study the effectiveness t)f tile geuchern.ical barriers at the site at a mechanis-

tic It”v@l. ‘l’he preliminary calculations presented have many shortcomings

ilnd should be viewed only w a demrmstratiori of the modeling methodol-

t~gy, “1’lw simulati(ms were run with TR.4CRN, a finite-difference porous flow

nnd radi{)nuclidc transport code devcloprd for the Yucca Mountain project.

,\ppr~jxin~atrly 30.000 finite-difference nodSs are used to represent the unsa[-

Ilra[r{l nnd saturatrd zones underlying the ;epository in three dimensions.

%)rplion ratios for thr radionuclidrs modclrd are assumrd to be functions

(If lninrral(~gic assemblages of the undcr]ying rock, Thesr t ransport calcu-

l,ttillns prtwnt a rrpresrmtativr radionuclide cation, ‘35CS and anirm, 99Tc.

“I”hr rflrcts (m transport of many of the processes thought to be active at

}“11(’~a \l(mntain may br rxamincd using this approach. The mm.lel providrs

ii Incthml for rxarnining thr integration of flow sccnarim, trartsport, and rr-

titr(liit i~)ll pr[)cmwcs us currently understot]d for t hr site, It will also f(mn t hr

I)iisis ft)r ~stirliatcs [)f thr twn~itivity l)f transp~mt crtlcul~li(ms to rrtardati[m

pr(mwws. [n part, thi~ III(Nlrl rind its quality assurrd drrivittivm, will IN!

II Sr(l to g[li(lrthr gt=~Awlr)iral rhnrnttrrizatit)n prf)griim.

INTR.OI)UCTION”
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scrllarit)s ithsurr Ied l)y pcr(orIl)arlre ass~ssrlwnt. ‘l-his paper rcporls (m llIr formulation” of

*his mock]. It also prcsenls I]rrlirrtinary cal~.ulati(~ns to demonstrate the method. Thesr

results should not Iw victrt.d as arI:; sort (If preliminary performance assessment of thr

abilitv of site qeochemisl ry to retard radionuclicie transport.

The calculations described in this paprr arr preliminary, repository-scale, three-

dimensional sirnulati(ms (I[ rfidionucliclt= nligrati~m from the repository horizon through

the unsaturated zone and int~l the saturatrd iume. The sirnulati(ms were run with the

computer code 1’R.\(’RS ~. .$ three-dimensional geochemica],’ge. ophysical model of the

tufls be]ow the repository h(~riz{}n at Yucca Jl(]untain was constructed for the calculations.

The hydrologic c(m~ptmcmt of the model is bawd mr the 3-1) hydr(dogical reference stratig-

raphy developed at Sandia .Xational Laboratory 2 frtml the “Iop(}pah Spring welded unit

(TSW2) down to the Huiifrog welded unit ( BFw). Dipping beds which are offset along the

Ghost Dance Fault, arid a rmnhonzontal water table arc included. Composite characteristic

314 describe the hydrologic properties of the unit..curves developed by Klavctter and Peters

The geochemical model includes sorption coefficients that are functions of Iowi mineral

assemblage.

Base caw calculatiims for various steady recharge rates (g.1 mm/yr, 0.5 mm/yr,

13SCS are presented, and the cfkct ofand 4.5 mm/yr), and two radifmuclides (997’c and )

dispersivity len~th scitlc is examined. ‘rhFcalculations werr rncarlt to providr intimates of

the effectiveness of the sitr’s geochernical barriers. Howrvrr, many shortcomings brcamr

itpparrnt during the simulat icms so that th~y should bc viewed onlv as exampleb of thr

mdeling methtAJi]gy. Further calculations ~sin~ thiti same modeling appr~mch will f(mn

t hr basis for H sut)sc~qurllt rr[arclation sensitivity analysis for the purposr of guiding thr

go)chm~ical charac~rrizfition of thr Yurra Xl(mntain site. The calculations will focus in

tjn ~ smitllrr 3- l) z(~nr Ilndrr the pr{; lxwwd rrl}(mit~~ry sitr and study thr variations ill

raditmuclidr rnigra[i{m r~lcs duc to thr sp~titd distributi(m f.~fsf)rpti<m cfwfiicirnts.

CONCEPTUAL hli)DEL



ij,(tup) . V . (pi) .-.c.S

conservation of momentum for the liquid phase (Darcy ’s Law),

u= :&(rp - pj)
P

(1)

and mmservation t)f contaminant,

fit(tupc.) + r “ (puca) = v “ (ta7cDmpvcm) + Ccas
—.

t v - !Wf)oqpca); -“” (L flpcn

PPm (hww’” +“ G)) (:1)

Equati(m (3) describes diffusive, dispersive and iidvective transport of a radioactive c(m-

tiilllinanl undergoing rquilihrium wrptitm, S(Jlut ion ()[ these equations is ubt~inrd by

implicit, integrated finitr diffmenw schemrs, alth(mgh an explicit srdution scheme is avail-

iil)le for the Lransport equatiOn. ‘1’hr matrix equnt ions are wlvr.d using a prmwndit i[)nml

r(~njllgate gr~dirnt rnetht)d,



includrd in the modeled area. “1’il~ Ilnits dip al alx~ul 6° [rf~m west to east. ‘l’tIt* t;ll(wl

Dance Fault zone is located at approximately 562.100 ft east and dips from 5m to 10”.

(~ornposite characteristic curves developed by Klavetter and Peters 31415were used to

describe thr hydrtdogic properties t)f the units. The curves represent composite-porosity

properties i .e. mmatrix and fracture properties art’ combined to form a single characteristic

curve for each unit. ‘1’he c(lln]>osite-l]ort)sity” mo(lel is a simplified dual-porosity model that

‘Is Figures 1 and 2 showassumes equivalent presiurcs hwally in thr matrix and fractures .

conductivity curves for the “1’SW2 and I’l)w units. ‘l”he double plateaued composite curve

(Fig. 1 ) is a typical curve for a tuff with a high fracture porosity and fracture conductivity.

Th~ sin~le plateaued composite curve (Fig. 2) is typical of a sparsely fractured tuff with a

high mil lriX saturated conductivity. {~{nnposite properties are available for TSW2, TSW3,

CHnv, CHnz, and PPvvS, Nlatrix conductivity curves are reported’ for the CFUn and BFw

units. Composite curves were constructed for these uni!. s by using the fracture properties of

the CHnz and PPw units respectively, becaust~ of the similarity in fracture characteristics

between the {’FUn unit and the (-’llnz unit, and between the R1’w and the PPI unit.

R(’rhargr rates of 0. I mmiyr. ().5 mml yr. and 4.5 mm/yr were used to establish
thrcr slrady flow fields through the m(mntain, Thrse recharge rates are estimates and
werr chtmcn t(j prtwide scenarios that producr vtwious combinations of matrix and fractlwe

fl~n~. T(I simulate t his rrcharge a constant flux wits applied to the upper boundary, which

c(lrrt’splmcfs t{) the reposit{~r.v h[wizon.

Georhemical nmdcl - ‘l’he mail) c[;nstiturnt of the geochernical model is the spatial

distrihutio[l of s(~rption ctwfiicients M a function of mineral assemblage. Thr luin/ pet

m(drl Jescritmd behnv rxplnins the gw}statistical wnulysis of mineral distributions that was

subsequently used tt~ construct nlitpti of spatially distributed sorption coefficicntst Other

illlptjrtant r~]nstit~lrnts t~f thr grt)rhrmicwl nlt)dcl are the nlagnitudc of the hmgitudinal

Ilnd t ransversr disprrsivity lrngth scnlm, the wmrrr trrms for the radionucfidm as they

arr rclrnsrd from thr rrl)~~sit(}ry along with t hc pt}sititm and shapt~ of the rr;msit~~ry itsrlf,

illl(l difrusi(n) rlwfhcli~llts for thr rii(litinurli(lrs in the difrrrmt tllh.

h’ dy”c. A ffhF,,,.\ hr,,, t h d,,,,,. a.Yrll Irll (4)
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Kd(-, - h’d=I1n Xll-,.V, (5)

where Kt-fcl, n = 3.8x104 ml/g is Ihe sorption coefficient for (’s on pure clinoptilolite, and

the \f-, .s are weighting factors for each mineral. The 11”,”s represent thr ratit} of the

IIlineral’s fid I(J t hat of clim)ptilolite. They range from 0.50 for montmorillunite to 0.016

for glass. ‘l-iIldt= I shows the minimum. average. and maximum simulated Kd values for Tc

and f ‘.s in Ihe seven rein/pet layers discussed brlow-.

T.-\ 13LE 1: Minimum. .4.verage And hlaximum Simulated Kcf \’alues

F~~r (’esium And Techneciurn In Seven Layers

CESIUNI. . . . —————.— .—. — TE(:HNETIUM .—

TSW2 (6’)81) o. 0. 0. 0.011 ().(-J3& 0.093
z] (776) 1110. 3751. 9384. 0.011 0.035 0.091
\“l”l’ltl(’ (5311) 374. 743. 201 i. 0.002 0.023 0.090
(’tlnz (fi072) 490. 18120. 37306. 0.0003 0,048 0.712
Pt)\v (2455) (J. o. 0. 0.004 0.018 0.073
(’1:1111(fil-11) 607. 12638. 33884. 0,000 0.000 0.000
HI-’w (X’iw ) o, (). 0. 0.032 0.099 (),285

‘1’tmsc species were ch(wien for the simulations fJeCmJKF of their different transport

pr{)pcrtirs. Tr forlns the ani[m T(.O, which will not cation exchange with the zeolitrs or

clays in the tuf[s. l-lrcau~c the abundance of hematite and mica in the tuffs iti low, its
~t)rptit)ll r(wf!icient is low. C.q acts as a simple cation. It is thought to undclgo cation

rxchangc with thr zwditir tuifs and consequent! bas a vrr.v high stmpti(m cfdfiritmt.

Sl,rlJt i(]Il (“(wfiirir[lts f(m other radionuclides should br tmtwe(’r~ th&e (If ~’,q and 7’c. Il(~th

{I( I tlc~st’ radi{~rlllrlidvs havr hmg halflivm of {mlrr Ioh to I (16 ,vctirs.



released to the arcessihle rnvironnwn[ CaII not be estimated. but the rffwtirenms (Jr th(’

site-s gee,.hernical barriers can be investigated and some sensitivity analysis calculations

can be performed.

The same diffusif~n coefficient was used for the two radionuclides in the various tuffs.

Typical aqueous diffusion coefficients are on the order of 10-5 cm2/s. Diffusion experiments

in saturated cores show that the tortuosity decreases the eflective diffusion coefficient by a

factor of approximately 0.05 in the Topopah Spring core samples and by 0.07 in the Calico

Hills samples B. The effective diffusion coefficient also decreases with saturation, but this

dependence is not yet known for the Yucca Mountain t uffs. Tort uosity values of 0.05 and

diffusion coefficients of 10-5 cm2/s were used.

Mineralogic/Petrologic Model - For the purposes of simulating mineral distribu-

tions, the block was divided into seven units. Five of these are the same as the hydrologic

units listed above: TSW2, CHnz, PPw, CFUn and BFw. The sixth combines the vitnc

units TSW3 and CHnv, except for a thin smectite-beanng zeolitized layer at the top of the

basal vitrclphyre of th~ T(]popah Spring member 9 that is treated as a separate, seventh

unit.

Except for this severrth unit, these layers are represented by 17 to 75 observations

each in a data base containing x-ray diffraction measurements for samples from twelve

drill holes near the target development area, Alkali- feldspar and the silica polymorphs

quartz, tridvmitc and cristoba]ite are widely observed, and glass, clirroptilolite, mordenite,

smectite. mica, calcite and hematite also occur in measurable quantities in some or all of

these units.

(;cwwtatistical simulat ion of the spatial distribution of these minerals throughout the

bl(~ck is based [In spatial nwariance models for the logarithmic ratios r =: log(m/a), wht=rt=

rri is [he iiblln(lanct= of a given mineral and a is the abundance of the ubiquitous mincrtd

alkrdi-feldspar. Io ‘r}le ,, fira Inelers ~)f t hcsc ~ovariance Inode]s wrrc rst imatm.f frmn thes~m

data, alt h(mgh ill many rastvi the data arr tt~f) sparse tt) form rcliahlr rstimateri. ‘1’hesc

rm)dcls and thr individual (]hsrrvations w~re Iwrd to ctmstrurt ronditicmal simulation ‘ 1 t~f

tivrragc mineral compositi~m within each of thr more than 30,000” Lltwks ch-fining lhc Iinitr

difi’rrrncr z(mm usrd in ‘rtt A(’R.N (sm hcl(nv ). ‘1’hesr avcrilgr minrrai compmitionci wme

I hrll r(mvl rtwl to avt~rage st)rl)tion owflirirrrts f(}r rach I)ltwk uhing t hr gr[)chrmimd rn(dr!

dwicribcwl Abfwe. ‘I*}w distrihuti[ms f~f s(~rptit~n r[wflirients thus (~l)tained arc sumrnarimd

t)y unit irl ‘1’lchlr I .

SIMULATIONS

f;



finitt’ difference zones. This quantity Ivas chosen hecausc it is near Ihe IIlaximum prl)t)lerll
size that can be run with TR:\CR.\ using the memory a]iocated per user on the ~ray

Y-\IP’s at Los Alamos National Laboratory (about 4.2 million words out o{ 5.() million

words allowed). There are 15 300-m blocks in the north-south direction, 37 73-m blocks

in the east-west direction with S finer blocks near the Ghost Dance Fault zone, and 49

blocks from an elevation of 50 m to 450 m. The Ghost Dance Fault zone is located at 1695

m East and is 5 m wide. The vertical zones range in thickness from. 2 m to 18 m. The

beds vary in thi :kness and in e!evation throughout the modeled region. The grid captures

much of this variation. Whet along the fault zone is included in the material layer set-up,

although the fault zone is not explicitly modeled as a different material (i.e., it has the

mat m-ial properties of the adjacent unit).

Source Terms - The recharge rate was treated aE a source term for the simulations.

Each of the finite difference blocks at the upper boundary supplied water at the appropriate

recharge rate. The radionuclide source term was treated similarly, except that only finite

difference cells within the boundary of the repository block supplied radionuclide at a

concentration of 1.0 g/g fluid. The release area has rough~y the same shape and position

as that planned for the potential repository block a. The Ieachate rate was considered to

be the same as the recharge rate. The flow field was brought to steady state for the three

flow rates. The transport simulations wt=re then run under steady flow c{mditions.

Hydrologic Properties - Characteristic curves of capillary pressure and relative

permeability as functions of saturation were constructed for each hydrologic unit based

on the composite properties discussed prcvious]y. The curves are highly nonlinear as the

fractures saturate, which generally occurs at composite saturations greater than 0.999.

Because hotir the saturated and the unsaturatmf zones are considered in these simulations,

ra]culational difficulties occurred in finite diflerrnce zones adjacent to the water table due

to tht= extreme ll(J1’llillearity of these curves, For these preliminary calculations, thv curvm

were consequently linearized from comp(mite saturations i)f ().!)9 to ().WW f~~r units ‘ISW2

and TSW3 and from 0.99 to 0.99999 in units (’FUn and (~}lnz to help the siltlulations

converge more rapidly. The efkt 0[ this Iinrarization is that the fractures saturn[r fnwr a

largt=r saturation range, This causes thr rt=lativr pmmrabi]ity to incrrasc rmm= gritdllally

although lhr incrrnsr Iqins at H lower c(mlposite saturati(m valur.

Writer THblc - “rhr watrr t,al)lr at Yucca \l{)untain rises sharply t~} thr m)rthwrst.

It was irlclucld in ttmsr calclllations bccau~e the distanrr fr(m] thr rrposit(my to thr watrr

tahlr varies significantly with pf)sition, A planar tiurfacx was irlitially drfinrrl bwwd (In data

points from thr watrr table surf~rr included in the stratigraphic rw)dci 2 used for thrsr

simlllationsm (’[~nstanl prmsllrr t)(lllll(]kr~ ~.fllldili(jns htjl(l thr vvatcr tal)le at its initifil Irv(’1

at the b(mnditrit’s. It llllctu~tcs wnm’ with rrcharge rate, but iri artiliriidly held CI(MS ttj its

initial l)(WitilJll I)y the iri]p{wml i)rcssllrrs Ht the t)(~ttt)rr! and sidr I)[)llf l(lilril’!i. Ilrritllsc Itlr

slrnligraphic data w~s r{~lnted Ilpwnrd al(~ng thr dipping I)rds. Iht’ silllulatrd waler till~lt’

was illS() rotatr(l iill{l tipl)iwrs to IJC far frorll Ilt]riz{)llt al in thr rrslllts t hal f(JlfJW’.
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Flow Results - Figures 3 through 5 sh(nv pressure, saturati{m. and vt’lt~city pli Jls itl

the 0.5 mm; yr flow rate through an East -kVest cross section of the mountain. ‘1’he strat.ig-

raphy used for the calculations is superimposed t-m the pressure plots to show its strong

influence on the flow and transport solutions. The simulated water table is nonhorizontal

because it is rotated to offset the rotation of the stratigraphic data, and also because it

mimics the northwesterly rise observed at the mountain. Plots for the 0.1 mm/yr and the

4.5 mm/yr recharge rates lmlk very similar to these plots. It may be because the position

of the water tables does not vary with flow rate because it is over constrained. In the

velocity vector plot, str(~ng lateral f!ow t-an be identified in the CHnv and PPw units, and

the finer gndding along the fault zone at 1695 m East is evident. Although the fault has

no explicit properties of its own. the offset of beds along the fault is causing some of the

lateral flow along I]edding planes to be diverted downward. Figure 6 shows saturation pro-

files through a North-South cross section of the mountain. By comparing Figures 4 and 6,

the 3-dimensionality of the flow field becomes apparent. The flow solutions were assumed

to be at steady state when the flow solution converged rapidly and pressure and satura-

tion results at progressively larger times compared well. This may or may not have been

adequate considering that the small pressure and saturation changes that occur near full

saturation can cause drastic changes in vt=locity. LNevertheless, the “steady” flow solutions

were used [or subsequent transport calculations.

Tmmsport Results - Figures 7 thrtmgh 9 show log-scale fluid concentration plots

for ‘BTc at 20,000 yr at a 0,1 mm,//r recharge rate for the two cross sections shown above.

The positions of the water table and the repository are also given for each cross riection.

Thr East-]f”est section shown is a section where the species migrate at a moderate rate.

The Xorth-South cross section (Fig. 9) presented represents a section where migration

ttnvarcl the water table is fastest. ‘1’wo sets of dispersivity length scales are presented for

the calculatit~ns shown. For Fig. 7, a longitudinal dispersivity of 10 m (used in the vertical

direction ) with a tranverse dispersivity (used in the horizontal direction) of 1 m was used.

F(w Figs, 8 and 9, a longitudinal value of I m and a transverse value of 0.1 m were used.

,1[ this flow rate. the assumed clispcrsivity strongly affects the transport solution. For thr

East -\Ves[ crt~ss section shown. technetium conce:]trations as high as 10-6 CO for the high

dispersivity casr ( Fig. 7), and 10 “mCO for thr lower ciispersivity case (Fig. 8) intercept the

w“atcr fahlc. A factor of 10 difference in the dispersivity length scalr resulted in a fact(]r of

I [10 difference in the concentration breaking through to the water table for this particular

cross section. \“rrtiral limv occuring ahmg the fault zone is evident in lhe~e plotti at I (i!Ni

III East by the chnwnward dip in thr concentration plumes at that position. Figurt= 9 shows

‘e”l’r r(]nt-rntrations as high as 10”3 (’d rmching the watt=r tal}le in the rrgi(m of fmtt=st

Il(m-. This sh(nvs that tht= s(dution to the transport prtddrrn at Yucca M(Jl~ntain is also

thr(~r-(lilllclrlsi[jllal. h’igurr 1(1 prrsrnts a log-scale s(Jid ctmwnlrati(m plot for ‘g’l’r [hat

}las sorbt’(1 trot{) the tuffs. ‘[’his Iigurr owrwpmds to the flllid mmcrntrati(m ph)t shinv:~

ill Fig. 8. ‘1’tw st.lid txmcrntmtifm in unit (’F[’11 is mm IM=C;LIIWthat unit was assllrrl(’(1 I(I

I)(* n(]nsl]rt]illg (or tt”rhrletillrl].

H



p(hrsivily ]erlgth scales arr presrl)trd. Slight I}- larger cf)rlft’r]lraiif~rls art= SI](JWJ1for thr 0.,7

mm; yrcases ( Figs. 11 and !2) than for the 0.1 mm yr cases (Figs. i’ and 8). although

the results are very similar.

.It the high recharge rate (4.5 mm/yr), initial calculations showed high concentrations

breaking through to the water table, but the solutions seemed to be very disperse. These

calculations, and the ones presented above, were run using the implicit finite difference

w)llltion for the transpori equation available in TRACRX. The solutirm is stable for any

tinlt- step, although numerical dispersion increases as the time step increases. TRACRI{

alst~ has an option to solve the transport equation explicitly. The time step is controlled

by the courant limit. and numerical dispersion is further controlled with a correction

term. \\”e can also solve the transport equation using particle tracking which is inherently

much less diffusive. .$ few calculations were run to compare the implicit and explicit

solutions. Figures 13 and 14 show concentration profiles at 5,000 yr for 99Tc at the

4.5 m.mtyr recharge rate using the two techniques. The explicit technique (Fig. 14)

shows less dispersion than the implicit technique (Fig. 13). The plume does not migrate

as rapidly toward the water table, and it has more structure than the plume generated

using lhc implicit solution. These results show that numerical dispersion may be causing

[echnetium to break through to the water table too rapidly. These calclllations were not

pursued further for this study because the explicit runs take considerably more computer

time.

Figures 15 and 16 show log-scale fluid concentration plots for 1S5CS for the two cross

sections at the fastest flow :ate. Figure 17 shows a log-scale solid concentration plot

m~rresponciing to Figure 15. Results using the high dispersivity length scale arc presented

here so t hat these plots show the most rapid migration of cesium of any of the calculati(ms

run. “l-he figures show Ihat cesium’s high sorptivity successfully retards its migration.

RECOMMENDATIONS

\\”l~rk (m integrating the results of retardation, minera]ogic and petrologic studies with

transport calculations tt) deve]op a ge(~chenlical /ge(]physiral model {If Yurca hlfmntain is

imly beginning. This paprr provides an irldication ~~f the starting point for work with

[his model. A number of st Iiclies will be required before we can view the results of them~

talc-lllations as providing an understanding of the cffectivrness of geochernical rt=tardati(m

harriers. This understanding will rrquirr impr(wemcnts in all four parts of the c~]nr.cptual

rnltdvi (Irscribed ah[wc. [{rctlnlrrlell{lati[)ns f~~rimpr{wemrnts to the m~)del are given hel{nv.

‘~hrsr irnpri }vrments arc m-wssitry tl)enhance ctmfidcncr in tht= rrsu]t~ ()( ~~ur transp(mt

cillclllaf, it)lls,



gnjundwater chemistry studies will be inc(wporat~d into I}ICcode. Particle triickin~ u-ill
be tried as an alternative method for solving transport. .Ilthough partially verified, the
code is currently undergoing additional verification studies for quality assur;lnce purposes.

Several validation exercises are planned. The code will be used to design experiments and

provide estimates of experimental results. Finally, three-dimensional rum are expensive,

even with an efficient code such as TR.ACRN. Work will continue to expan,l the size of the

problem that can be addressed, and to improve computational speed.

Hydrologic Model - Site characterization studies will provide a better understand-

ing of the site conceptual hydrologic model, as well as improve estimates oi hydrologic

parameters. The composite-porosity method, as imple~ nented for these simulations, is in-

adequate for transport calculations whm fracture flow exists. The method smears out

fracture velocities by combining them with matrix velocities, This may underestimate ad-
vective tramport along fractures and overestimate matrix diffusion. Modeling studies are

being done to determine the effect that the individual components of matrix and fracture

flow have on radionuclide migration under different recharge scenarios. Results of these

studies will be incorporated into the model. Further, the Ghost Dance Fault zone will be

modeled explicitly, and the water table will be less constrained. More realistic recharge

=cenarios will also be included as they become available.

Geochemical and Mineralogic/Petrologic Model - Geochemical studies dur-

ing site characterization are expected to provide refinement in geochemical retardation

process ass~~.ulptions and in their relation to the mineralogic/petrologic models. The cur-

rent simulations use only one realization of mineral distribution. Many more are required

to obtain statistically realistic results.

Studies will be conducted to better understand the dispersi(m procesb. Dispersiv-

ity length scales may need to be coupled to recharge scenarios, ;;aturation efkcw can

strongly effect dispersivities, especially when flow patttrns change from mat, rix - to frac Lure-

dominated flow,

A more realistic source term is essential in evaluating the efhxtivcness of the site’s

grochernical barriers and in predicting quantities of radionuclidcs that may reach th~ ac-

cessible environment. The= calculations assume a constant source leaching at the rrchargc

rate over the full 20,000 yr period. Actual Ieachate rates will vary with time and re~hargr

rate and depend on the inventory and the volubility of the particular radionuclide. Limitrd

inventories may result in depicted source terms for some species hmg before the 20,000 yr

period used for them= calculati(ms.

CONCLUSIONS

This paprr descritws (mr first attempt at m{](!eling transport at Yucca Mtmnlilill

Ilsirlg spatiallv dititrihuted ~tratigraphic, ge(whrmicai. Mid mineral(~gic data in thrrv (Ii

mensions. Work will continue to impr(nw’ this m{NIt*l tmsrd on the rrcollllllt”lldatit)lls ~ivrll

1()



ahnw= and as further informati~~l~ fri)n] si[e rhararteriziit, i{)n becc]mes available, ‘1’]]e cal-

culations demonstrable that migration from the pt~tential repository is three dirm=nsitmal,

especially for less sorpllve species. some st Ildies will need to treat it as such. For weakly

sorbing species likes technetium, more studies arc required to understand factors control-

ling transport properties and factors relating to predicting its migration.
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FIGURE 7, LOG-SCALE CONCENTRATION PROFILES FOR ‘“Tc ALONG A MOD-

ERATE MIGRATION PATH AT 20,000 YRS, RECHARGE = 0.1 Mhf/YR, DISPER-

SIVITY = 10hl, lM.
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FIG[litE 10, L()(; .SCALE SOLID (X) NCENTRATION PROFILES FOR ‘STC AL()!N(;
A MODERATE MIGRATION PATH AT 20,000 YRS, RE(’HARCE = (1.1 MM/Yl{, 1)!S.
PERSIVITY = lM, 0,1 M, CX)~li~Sl)ON1)S TO LIQUID CONCENTRATION” I}LOT,

FIG. 8.
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FIGURE 11. LOG-SCALE CONCENTRATION PROFILES FOR OOTc ALONG A h! OD-

ERATE M1GRATION PATH AT 20,000 YRS, RECHARGE = 0.5 MM/YR, DISPERSIV-

lTY = 10IU, lM.
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FIGIIRE 12. LOG-SCALE CON(;ENTRATION PROFILES FOR ‘9’I’c along A hlol)

ERATE MIGRATION PATH AT 20,000 YRS, RECHARGE = 0,5 MM/YR, 1]1S1’1:}{-

SIVITY = lM, O.l M.
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FIGURE 13. LOG-SCALE CONCENTRATION PROFILES FOR ‘9?’c AT 5,000 YRS

USING THE lMPLICIT SOLUTION FOR THE TRANSPORT EQUATION, RECHARGE= 4.5

MM/YR,

FIGURE 14, LOC. SCALE CONCENTRATION PROFILES FOi. ‘gTc AT 5,000 YRS
(.’5ING THE EXPLICIT soLuTlolf” FOR THE TRANSPORT E(JUAT]ON, RECli AR~E = 4,5
MM/YR,
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FIGURE 15. LOG-SCAJ.E CONCENTRATION PROFILES FOR “~(h ALONG A FAST

MIGRATION PATH AT 20,090 YRS, RECHARGE = 4.5 MM/YR, DISPERSIVITY = lIIM,
lM.
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FIGURE 16 LOG-SCALE Concentration PROFILES FOR I’BCe ALON(; A MOD
ERATE MIGRAT’lOFT PATH AT 20,000 YRS, RECHARGE = 4.5 Mhf/}” N, L)ISPEIW1\”-
lTY = lohl, IM,
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FIGURE 17. LOG-SCALE SOLID CONCENTRATION PROFILES FOR lSSCB ALONG
A FAST MICRATION PATH AT 20,000 YRS, RECHARGE = 4,5 MM/YR, l)lSPEN.

SIVITY = 10M, IM. CORRESPONDS TO LIQUID CONCENTRATION,” FIG. 1S,
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