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ABSTRACT

Diffusion is considered one >t the most important

retardation mechanisms in fractured media. The dif-

fusion experiments conducted involved solid tuff and

~roundwatcr irom Yucca Mountain. The uptake O!

radicmuclidcs bv the tut’f was studied utilizing con-

t,~incrs made of tu!f in the form ot bcnkers. The solu-

tion containing the r~dioriuclidcs oi interest was

placed in the tuff beaker cavity and the uptake ot the

mdionuc]idcs by the tuff was measured as a iunction

ot time. Our results indicate thi]t [hc ditfusion coeffi-

cient t’or nonsorbing radionuclides into saturated

Yucca Mountain tuff is on the order o! 10+ cm2/s.

Large anions, such w pcrtcchnetatc arc cxcludcd

from tutf prows and their diffusion cocificients are on

the order of 107cm2/s. Comparison of thr predictions

for the uptake M’ sorbing raclionuclich by the tut’f

with the actual data obtained indicntcs tlmt ~l~ns~r\-i~-

iivc transport ralcul~tions will result from prdiclin~

diffusion usinfl ttw batch sorption coctficicnt t’or the

sorbin~ rmiionuclicfc and the diffusion clwt’firicnt

tlbtaimd t’m tritiiltl?li Will(’r.

tive materials can diffuse in and out ot this pore svs-

tem. The inner surthces in the rock matrix are much
larger than the surtaces in the iracturcs in which the
water tlows. The volume ot’ water in the microfis-

sures is much larger than the volume in fractures.
Consequcntlv, over a long time scale diffusion can
play an important role in rndicmuclide retardation.

The objective oi the diffusion experiments con-
ducted was to provide diffusion information tor non-

sorbing neutral molecules and anions and sorbing
radionuclidw+. Since the uptake ~~iradicmuclides by
tuff is measured iIs ii iunction (Ii time, these experi-

ments also yield int’ormation on kinc[ics of sorption.

EXPI;RIMENTAI,

The cxpcrimcntal tnchniquc involves fabricat-
ing containers in thv form of il beaker (made of tuff).
The rock beaker sits cm a P!cxiglas container (sur-

ro~mdcd by a layer of groundwater on the sides). A
stopper is utilized to prevent evaporation. The

beaker has i~ cavity with J rmiius ot approximatclv
1,4 cm md hmgth ot’ 2,5 cm, The rock beaker has a

lcn@h of approxim~tcly 5 cm imd n radius of 3.1 cm.
Figure I shows a moss suction of a rock hc.akcr mmap-

sulntcd in a I’lcxiglw [Wltililwr.

The rndionuclldcs utilizrd t’orthcw experi-
ments wtvc 11-3, Tc-Y5m, INp-237, Am-241, Sr-+i5, C‘s-

137, and Da- 1.33, A solution (prcpard with ground-

wntm from the w(4I 1-13) rtmtninin~; tlw rndinnlt-

cllth d intcrmt \~i~~ ~lilrud in the cavity of th~ ~~~k

beakers. AllqIIoIs ld tlw sl)luthm ~hlmtilinin~ tlw
rndlonm-lidus of Inh-mv+t wwv tilk{~[l iis il function ld

I(mr illld Onillyzl’(1 for ril{litmu~”liilc c(lll[.t’lltrnti~}lll



procedure cons]sted ot’ pretreating I g ot tuii with 20

mi 01 J I-13 solution tor two weeks, separating the

phases, ,]dding 2(I ml of the J-13 solution containing

the raciionuclidcs oi interest to the pretreated tutt,

separating the phases bv ccntrlfuqatmn, ~nd dctcr-

mininq the amount oi radionuclidc in both phases.

The rcw.dts oi the rock beaker experiments
\\’erc mmfckd using RACRNT..l Due to the complex

~yommrv of the rock beaker, .~n i]nalvticni solution IS
not iivailablc tm this system. The concentration pro-
iilcs or the diffusing tracer ?rc iitted to Equation ( 1),

V.(E ~vc) .tK/aL+Q, (1)

\vherc

1“= porositv oi the tuit,
11 = diifusion cocificirnt through tuI”f,

C = ~-uncuntratiun of diffusing tmcur in soiulion,

t = time,
Q = () Ior n non-reactive Iraccr,

~ = [lb d~ji)t (or a sorbing SOIUIC,

~)b = bulk tuft’ Licnsity, and
F = amount (Ii tracer sorbul pcr unit mass !>i s~did.

“l%c mrchilnlsn~ oi sorption dctcrminwi lhu rvliltkm-

ship twtwuen F tlnd C. When sorption is Iimmr,

reversible, .Ind instanhmwus, lhc rchlionshi]l
bctwren 1: ,Ind c’ is givrn by lkpmtion (2), wl~cr~’ Kd

is the slrptitm distrltmtion cnct’iiciunt.

1:/C KLf (2)

V ●(1”1)V(‘) ‘ 1“1<( Ik ‘/01 (:1)

I{f -1 ) (pi)/r) K(1 (4)

RESLLTS r\XEJ IIISCL3S1OX

Figure 2 shows the conccnt-rati(m k’it in the solution

in the cavitv ot the rock beaker (mnde with iutf C-l-

737) divided by the initiiil conccntmtion ot the soiu-

lion placed in the rock beaker M a t’unction ot time

L’!apScd after the I-13 solution \vas pl~ccd in the cavi-

ty. The diiiusion data were iittcd to the diffusion

cquaiion, l;ivcn bv Equation (1), utilizing the trans-

port code TRACRN.-] Figure 3 shows [hc tits

obtained (solid lines) utilizing ll{ACRN for nonsorb-

ing racfionuclicies (11-3 and Tc-95m) in J beaker made

(It tuff (X-737. Tlw diffusion cocificicnts obtained tor

the nonsorbing mclionuclidcs in all the tut’fs studied

fire given in T,lblc 1. Large nnions such as pertechnc-

tate ~rc excluded tmm tutf pores because of their size

And charfi~’. The diffusion coetlicicnts obtained for

nonsorbing rwiionudidus ngrce wull with previous

results.~

The relationship butween 1: illld C’ dcscrilws the slwp-

tion mechanism thnt is observed for the sorbing

radio ‘uclidcs. Ii sorption is Iincwr, rrvcrsiblc, im.i

lnstant~n~ous, lh{!n ]:/(~ is Pq\la] 11)~ Sl)rption COC[ii -

cicnt (Kd). in order to tl’st [his ,wsumption, batch

~orplion cxpcrimcnts were performmf utilizing the

tuffs undm sIudv. The sorption cocifiricnts (K~)

dcterminmi bv hntch sorption techniques arc ~;ivcm in

Tablu 2,



Figure 1: Sample Rock Beaker
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Figure 2: Diffusion Data for Rock Beaker G4-737.
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Figure 3: Fits (solid lines) to Diffusion Data for Rock Beaker G4-737.
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Table 1: Diffusion Results.

Tuff Major Porosity D (CI112iS)

Sample Minerals, %

I-lTO Ta4

G4-737 alkali feldspar, 68 0.07 2.2 x loh 3.9 x 10-7

cristobalite, 28

GU3-304 #l alkali feldspar, 75 0.06 1.5 x 10-6 3.0 x 10-7

GU3-304 #2 cristobalite, 25 1.6 x 104 3.0 x 1(1-’

GI.J3-433 alkali feldspar, 76 0.10 3.5 x 10-6

cristobalite, 15

GU3-11”19 alkali feldspar, 70 0.10 20!< 10+

quartz, 19

Topopah alkuli feldspar, 59 0,07 I.ox 10+

(lutcroI. cristoba]itc, 23

quartz, 12

4.9 x 10-7

1.OX 10-7



Table 2: Sorption Results.

TUff

Sample

G4-737

GU3-304

GU3433

GU3-1119

Topopah

Outcrop

Major ~d (ml/g)

Mineral, %-

alkali feldspar, 68

cristobalite, 28

alkali feldspar, 75

cristobalite, 25

alkali feldspar, 76

cristobalite, 15

alkali feldspar, 70

quafiz, 19

alkali feldspar, 59

cristobalite, 23

quartz, 12

Am Cs Sr Ba

134

154

136

532

342

1264

494

465

Figure 4: Calculated Diffusion Data for Rock Beaker G4-737.
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Figure 5: Comparison ot Fit Obtained (solid line) with Actual Cs
Data (solid squares) for Rock Beaker G4-737.
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fusion model yielded sorption coefficients that agree

well with so@ion cwfficients determined by batch

techniques for the cations Cs, Sr, and Ba.
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