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ABSTRACT

Diffusion is considernd one >t the most important
retardation mechanisms in fractured media. The dif-
fusion experiments conducted involved solid tutf and
groundwater from Yucca Mountain. The uptake of
radionuclides by the tuff was studied utilizing con-
tainers made of tuff in the form ot beakers. The solu-
tion containing the radiotwclides ol interest was
placed in the tuff beaker cavity and the uptake of the
radionuclides by the tuff was measured as a function
of tiine. Our results indicate that the ditfusion coeffi-
cient for nonsorbing radionuclides into saturated
Yucca Mountain tuff is on the order of 10 cm?2/s.
Large anions, such as pertechnetate are excluded
from tuff pores and their diffusion coelficients are on
the order of 107cm?2/s. Comparison of the predictions
for the uptake of sorbing radionuclides by the tutf
with the actual data obtained indicates that conserva-
tive transport caiculations will result from predicting,
diffusion using the batch sorption coetficient for the
sorbing radionuclide and the diffusion coefficient
ubtained for tritiated water.

INTRODUCTION

A model for matrix and fracture flow regimes
in unsaturated, fractured porous media at Yucca
Mountain was provided by Nitao.! This model pro-
vides a framework for assessment of the importance
of matrix diffnsion at Yucca Mountain. Solute trans-
port in fractired rock ina potential radlonuclide
wastc repository has been discussed by Neretnicks,?
who concluded that most rocks (even dense rocks
such as granites) have small fissures between the
crystals. These microflssures interconnect the pore
sy:w'u‘m contadning, water. Small molecules of radioac-

tive materials can diffuse in and out of this pore svs-
tem. The inner surfaces in the rock matrix are much
larger than the surfaces in the iractures in which the
water flows. The volume of water in the microfis-
sures is much larger than the volume in fractures.
Consequently, over a long time scale diffusion can
play an important role in radionuclide retardation.

The objective ol the diffusion experiments con-
ducted was to provide diffusion information for non-
sorbing neutral molecules and anions and sorbing
radionuclides. Since the uptake ot radionuclides by
tuff is measured as a function of time, these experi-
ments also yield information on kinetics of sorption.

EXPERIMENTALJ,

The experimental technique involves fabricat-
ing containers in the form of a beaker (made of tuff).
The rock beaker sits on a Plexiglas container (sur-
ronnded by a layer of groundwater on the sides). A
stopper is utilized to prevent evaporation. The
beaker has a cavity with a radius of approximately
1.4 cm and length of 2.5 cm. The rock beaker has a
length of approxiinately 5 cin and a radius of 3.1 cm.
Figure f shows a cross section of a rock beaker encap-
sulated in a Plexiglas container.

The radionuclides utilized for these experi-
ments were 11-3, Te-95m, Np-237, Am-241, 5r-H5, Cs-
137, and Ba-i133. A solution (prepared with ground-
water from the well J-13) containing, the radionu-
clldes of interest way placed in the cavity of the rock
beakers. Allquots of the solution containing, the
radionuclides of Interest were taken s a fundion of
tme and analyzed for radionuclide concentration.

Batch sorption experiments were perforined
utilizing the tntfs being stindled. The bateh sorption



proceaure consisted of pretreating | ¢ of tuff with 20
mi ot a [-13 solution tor two weeks, separating the
phases. actding 20 mi of the J-13 solution containing,
the radionuclides ol interest to the pretreated tutt,
separating the phases by centnfugation. and deter-
mining the amount of radionuclide in both phases.

DATA ANALYSIS

The results of the rock beaker experiments
were modeled using TRACRN.# Due to the complex
peometrv of the rock beaker, an analvticai solution is
not available for this svstem. The concentration pro-
files o1 the diffusing tracer ~re fitted to [:quation ().

Ve(e DVC) =¢o¢C/ot +Q, (n

where
¢ = porosity of the tutf,
D = diffusion coefficient through tutt,
(C = concentration of diffusing tracer in solution,
t = time,
Q = B lor a non-reactive tracer.
Q = pp ¢/t tor a sorbing solute,
pp = bulk tuff density, and

F = amount of tracer sorbed per unit mass of solid.

The mechaism ol sorption determines the relation-
ship between IFand C. When sorption is lincar,
reversitde, and instantaneous, the relationship
between I and Cis given by Equation (2), where Kd
is the sorption distnbution coefficient.

F/C - Kd )

Substitution of Equation (2) into Equation (1) yields
l‘quation (3). Equation (4) provides a means of com-
paring, resnlts for sorption coefficients obtained
under diffusive conditions with the sorption coeffi-
vients obtained utilizing batch sorption experiments.
he expression for the retardation factor Ry (given in
equation 4) is only valld if sorption is lincar,
reversible, and instantancous. The Langmuir and the
Freun-Alich isothenns are examples of non-linecar rela-
tionships between I and C.

V e(rD) V3 =1 Rpik /i (3)
R[ ~ 1 (ph/l‘) Kd (4)

Conseguently, fitting, of concentration protiles br
non-sorbing tracers will allow determmation of the
dlffusion coetticlent and fitting, copcentration pretiles
tor the sorbing, tracers will allow the determiation ol
sorption parameters such as K.

RESULTS AND DISCUSSION

Figure 2 shows the concentration left in the solution
in the cavitv ot the rock beaker tmade with (uff G4-
737) divided by theinitial concentration of the solu-
tion placed in the rock beaker as a function of time
clapsed after the 1-13 solution was placed in the cavi-
tv. The diffusion data were fitted to the diffusion
equation. given by Equation (1), utilizing the trans-
port code TRACRN.} Figure 3 shows the fits
obtained (solid lines) utilizing TRACRN for nonsorb-
ing radionuclides (1.3 and Te-95m) in a beaker made
of tuff G4-737. The diffusion coelficients obtained for
the nonsorbing radionuclides in all the tutfs studied
are given in Table [. Large anions such as pertechne-
tate are excluded from tuff pores because of their size
and charge. The diffusion coelficients obtained for
nonsorbing radionuclides agree well with previous
results.d

The relationship between 1Y and € describes the sorp-
tion mechanism that is observed for the sorbing
radio~uclides. If sorption is linear, reversible, and
instantaneous, then I/C s equal to a sorption coclli-
cient (K4). Inorder to test this assumption, batch
sorption experiments were performed utilizing the
tuffs under study. The sorption coefficients (Kg)
determined by batch sorption techniques are given in
Table 2.

The diffusion of the sorbing, radionuclides could not
be fitted assuming, reversible, instantaneous, and lin-
car sorption. Figure 4 shows the fit that would be
obtained assuming the dilffusion cocetficient deter-
mined for tritiated water in titf G4-737 and the sorp-
tion coefficient determined for cach sorbing radioni-
clide in tuff G4-737. Comparison of the fits for the
sorbing radiomclides with the actual data obtained
(see example in Figure 5) indicates that conservative
ransport calculations will result from a batch sorp-
tion Ky ond the diffusion coefficient obtained for triti-
ated water.

The results obtained from rock beaker experiments
agree with previons results® Talf water experiments
were utilized to study the uptake of sorbing radionu-
clides by tutf. The rate constants tor uptake of the
sorbing cations on il were consistent with a maodel
that is diffusiion limited (where diffusion oc irs in
twastages). First, the cations diffnse into rock
through water tilled pores and then ihe catfons dif-
tuse into narrower intracrystalline channels, This dit-



Figure 1: Samnple 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 tor Rock Beaker G4-737.
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Table 1: Diffusion Results.

Tuff Major Porosity " D (ecm¥/s)
Sample Minerals, %
HTO TeO,
G4-737 alkali feldspar, 68 0.07 22x10° 3.9x 107
cristobalite, 28
GU3-304 #1 alkali feldspar, 75 0.06 1.5x 10 3.0x107
GU3-304 #2 cristobalite, 25 1.6 x 107 3.0x107
GU3-433 alkali feldspar, 76 0.10 3.5x10°
cristobalite, 15
GU3-1119 alkali feldspar, 70 0.10 2.0 10 49x107
quartz, 19
Topopah alkali feldspar, 59 0.07 1.0x10® 1.0x 107
QOutcroy- cristobalite, 23

quartz, 12



Table 2: Sorption Results.

Tuff Major Kd (mVg)
Sample Mineral, %
Np Am Cs Sr Ba
G4-737 alkali feldspar, 68 8 134 532 52 28
cristobalite, 28
GU3-304 alkali feldspar, 75 8 342 18 19
cristobalite, 25
GU3-433 | alkali feldspar, 76 9 154 1264 20 61
cristobalite, 15
GU3-1119) alkali feldspar, 70 B 136 494 42 27
quartz, 19
Topopah | alkali feldspar, 59 9 465 20 25
Outcrop cristobalite, 23
quartz 12
Figurc 4: Calculated Diffusion Data for Rock Beaker G4-737,
1.0E+0 ® D-de7Kd=0
9.0E-1 4 e [)=2¢-6 Kd=0
U D=2ebKd-8
HOE-1 X D=2e6Kd=28
7.0E-14 v D=206Kd-52
6.05-1] + D=2e6Kd=134
3« e ] O D=206 Kd=532
o SOET
4.08-1 |
3.08-1
2.08-1
1.0K-1
O.0K+Q —— vy
1.0E+4 101 S 10Ev6

Time (seconds)

OE+8




Figure 5: Comparison ot Fit Obtained (solid line) with Actual Cs
Data tsolid squares) for Rock Beaker G4-737.
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fusion model yielded sorption coefficients that agree
well with sorption coefficients determined by batch
techniques for the cations Cs, Sr, and Ba.
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