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SORPTION OF RADIONUCLIDES ON
YUCCA MOUNTAIN TUFFS
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Los Alimos National Laboratory,
Los Alamos, New Mexico 27545

(505) 667-0675

ABSTRACT

A subacantial databagse of sorption coefficients for im-
portant rad.onuclides on Yucea Mountain tuffs has been
obtained by Los Alamos National Laboratory over the
past ten years. Current sorption studies are focused on
validation questions and augmentation of the existing
database. Validation questions concern the effects of (1)
the use of crushed instead of solid rock samples in the
batch experiments, (2) the use of oversaturated stock
solutions, and (3) vuriations in water/rock ratios. Sorp-
tion mechanisms are also being investigated. Database
augmentation activities include Jetermination of surp-
tion coefficients for elemeuts with low sorption poten-
tial, sorption on psuedocolloids, sorption on fracture lin-
ing minerals, and sorption kinetics.

Sorption can provide an important barrier to the
potential migration of radionuclides from the proposed
repository within Yucca Mountain to the accessible en-
vironment. In order to quantify this barrier, sorption
cocflicients appropriate for the Yucca Mountain ground.
water system must be obtained fur each of the important
ractionuclides in nuclear waste!. Los Alamos National
Laboratories has conducted nun.erous batch (crushed-
rock) sorption experim ‘'ta over the past ten years ty
develop a sorption coethcient database for the Yucea
Mountain site?. In th present site characterization
piiase, the main goals of the sorption test program will
be to validate critical sorption coefRcients and to uug-
ment the existing database where important date are
lacking.

DATABASE VALIDATION

The worption coefficient database avnilabie at the
present tims? suggests thac for all but a few of the im-
pociant elemeuts (i.e., U, Te¢, Np) norption coefficienta
are sutficiently large (i.e., > > 10 ml/g) to make sorption
an important barrier to the migration of radionuclides

in Yucca Mountain under most conditions antiipated
for the site. An important question is, “Are the coethi-
cients included in the database appropriate for modeiing
radionuclide migration in the Yucea Mountain growund
water system? For example, "Could crusiung of rhe
rock material used in the batch experiments arr:cialiy
enhance the value of the sorption coetficient obtined
for & given element? For the alkali and alkaline carth
vlements (e.g., Cs, Ba, Sr), the latter question can be an:
swered with some certainty. Sorption of thesc elements
on Yucea Mountain tuffs is dominated by ion exchiange
reactions involving zeolites and clays®. lon exchani re-
actions on these phases are fairly well understood. Fur-
ther, becaune these phases have large intiacvatalline
exchunge rapacities and because the crystal sizes ace
much smaller than the (crushed-rock) particle wizes 1sed
in the experiments, crushing should not substantially in

fluence the sorptivn coeflicients. This is borne out hy
comparisons of batch sorption coefficients obtamed on
crushed and solid sarmples of several rok types®. Be

cause zeolites and clays are relatively abundnat aling
flow parhs between the proposed repository and thie ac.
cessible environment®, we can say with sonie confidepee
that sorption coeticients for the alkali and alkalite earth
elements will generally be large over the ranges of en

vironinental conditions and radionuslide concentrations
anticipated in the far-fleld of the proposed repository #,

For the actinides and lanthanides, the sorption e
actions are not as well understood even though nea
sured sorptiot. coefficients are large for ninny of *hese
tlemente?. Because the stable compounds of Am. nul
presumably Ce and Eu. have very low <wlulnlities in
Yucea Mountain ground waters?, some question exi-ts
as to whether the large sorption coetficient value: listed
in the present database for these eleinents? conbd win
ply retlect nrecipitation reactions. For exauple, the
rolubility limited concentration of Am in Yueea Moun
tain ground waters is on the order of 107"\ Hecaywe
the sorption experiments reported in the datnbase’ vege



TABLE |
Am SORPTION ON

R :Jescoeten)

muar Cencentraten

DEVITRIFIED TUFF/J-13

Sarce 0. Ad f-’-c':l; e
QU3-688 14,000
G1-1833 4,200-5,300
GU3-433 2,900-3,800
JA-32 79-230
YM-22 1,100-1,500
YM-54 150- 160

-
89X 10" M

5,900-8,900 10X 10 M
6,000- 14,000 21X 10 M
1,500-2,800 1.0 X 10°M
1,900-3,100 1.0 X 10 M
400-6490 10X 10 M

Solubility of Solid AmMOHCO, » 10" to 10 M

carried out with stock solutions containing 10~ to 10~’
M Am, if Am did not sorb onto Yucca Mountain tuffs,
precipitation in the sorption experiments could produce
an apparent sorption coefficient in the runge of 10° ml/g.
To investigate thie possibility, a new set of experiments
was carried out with solution concentrations of 6.9 X
10~'2M. well below the estimated solubility limited con-
centration level. At this concentration, normal counting
t 'chniques are not appropriate and a mass spectromet-
ric isotope dilution technique was utilized. Preliminary
results for a devitrified welded tuff from Yucca Moun-
tain (GUJ-688) are shown .n Table [. Fortunately, the
newly measured sorption coeffizient is as large as the
largest value measured in the earlier experiments on this
type of rock ( Table ). In fact, the forination of collvids®
in the earlier experiments (e.g., samples JA-32, YM-54)
may have resulted in a lowering of measured sorption
coefficients due to imperfe~t separation of colloids from
the solution phase®.

Although the new Am results indicate that sorption
coefficients for this element shculd be large in Yucca
Mountain tuffs, the batch expe.iments that produced
these results do not provide much indication of the mech-
anism(s) by which Am is sorbed onto the tuffs. Some
knowledge of such sorption mechanismas would not only
enhance our confldence in the experimental results ob-
tained to date but would also provide some baais for
extrapolation of these results to environmental condi-
tions not directly addressed by the experiments. As
a start in this direction, a series of experiments have
been initiated to determine the mechaniam(s) by which
neptunium sorbs to individual mineral phases found in
Yucea Mountain tuifs®. Np was chosen ag the first ac-
tinide element to be studied because it has a relatively
high solubility in Yucca Mountain ground wat.<s® and is
therefore ensier to analyze. Preliminary results of batch

experiments with Np and pure mineral phases are ~Lown
in Table [I. These experiments were carried out to ilen-
tify the mineral phase(s) with the greatest atfinity for
Np under conditions appropriate te the Yucra Monn-
tain ground water system. Once such phases are 1denn-
tied, the mechanism(s) by which Np sorby to cach jlie
will be investigated in detail. The sorption cocfficients
listed in Table II have not been corrected for possihle
differences in the surface areas of the mineral samples
although these ditferences are thought to be ui second
order. For example, the difference in the Np sorprion co-
efficient measured for synthetic and natural calcite mny
reflect differences in surface areas for these two samples.
Clearly, of the minerals listed in Table I, the iron ox-
ides and oxyhydroxides have the greatest atfinity for Np.,
followed by Mn oxides (romanechite and cr:'ptomelane).
the aluminosilicates montmorillonite and clinoptilolte,
and finally ralcite. Synthetic samples were used in<tend

TABLE 1l
Sorption of Np on Pure Minerals

Nhngrat Ag e g)
Hematite (synthetic) 51 x 10
QGoethite (synthetic) 51 x w0
Cryptomeiane (natural) 7.8 X 10
Romanechite (netural) 1.5 X 10
Caicite (natural) 390
Caloite (synthetio) 21
Montmorionite (natural) 78
Chnoptiolite (natural) 30

Distiiod waior bullered at pH = 8%



of natural samples because the latter are are often “con-
taminated" with small fractions of other mineral phases,
complicating interpretation of the experimental data.
Full details of these experiments will be presented else-
where.

An important part of defining the mechanismis)
by which a given element sorks to a mineral surface
15 the experimental characterization of the species of
the eletnent attached to the mineral surface. Spectro-
scopic techniques of the type required to characterize
these species have only recently been applied to geo-
chemical problems™. As part of an preliminary effort to
apply thes= techniques to the investigation of sorption
mechanisms of actinides on Yucca Mountain tuffs, we
have designed an experiment involving Np sorbed onto
goethite. Although hematite (Fe;0;) appears to be the
most abundant secondary iron oxide mineral in Yucca
Mountain®, goethite (FeOOH) was cliosen for these ex-
periments because well-characterized pure samples were
available and because the experimental group had ex-
perience with this phase”. Np was chosen as the adsor-
bate because its compounds have relatively high solubil-
ities in Yucca Mountain ground waters as noted above®.
High solubilities are necessary to permit the transfer of
a sufficient number of Np atoms onto the goethite sur-
face, from an undersaturated solution, to obtain a re-
liable EXAFS signal. An adsorption edge for Np on
goethite was obtained (Figure 1) to allow selection of
an appropriate pH for the preparation of the EXAFS
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Figure 1. Neptunium absorbed onto synthetic goethi

gmlple and to pl'UVidC a basis for future surface com- Initial concentration of neptunium in solution was 5.4
plexation modeling efforts®. Similar experiments will be X 107M.
carried out with other elemeuts and substrates.

TABLE Il

WATER/ROCK RATIO EXPEPRIMENTS
Zeolitic Tuff (G4-13502)/J-13

Ultracentrifugation Experiments

Rd's (mi/Q)
W/R RAatio Be Ca St
5:1 8,970 (2,400} 14,600 (4,200} »10,500
10:1 46,700 (14,000) 15.900 (1,400) »32,400
20:1 81.100 (3.900) 23,80u (2,200) 227,900
30:1 123,000 (25,000) 31,100 (770) 108,000 (40,000)

Ultratiltration Experiments

Rd's (mi/g)
w/R Ratio He Ce S
5:1 69,200 (4,900 17,900 (800) 92,500 (55,900)
10:1 106,000 (25,400) 33,500 (3,100} 169,600 (10,900)
20:1 236,000 (4,100} 43,200 (3,700) 207,900 (9,050)
30:1 433,800 (70,300) 44,700 (2,150) 322,100 (5,100)



The influence of different water/rock ratios on sorp-
tion coefficients is anothe: validation question needing
resolution'®. The question is, "Could the relatively
large water/rock ratios used in the experimental pro-
gram bias the measured sorption coefficients in a non-
conservative direction?' Theoretically, isotherm measure-
ments should provide sutficient information to allow a
correction to be made for differences in watei /rock ra-
tios in tiie experiments versus the site. Indeed this
seems to be the case for experiments involving devit-
rified tuffs from Yucca Mountain?. However, for ze-
olitic tuffs :he situation is less clear. As shown in Table
ITL, sorpti.n coetficients for Ba, Cs, and Sr on zeolitic
tuffs increase with water/rock ratios contrary to tieo-
retical expectation. If this trend is real and not some
experimental artifact. it could have important implica-
tions for radionuclides which have small sorption coef-
ficients (e.g., Tc, Np. U) as these coefficients might be
even smaller at the lower water/rock ratioa common to
Yucca Mountain. Interestingly, the results for experi-
ments in which solutions were separated from solids by
ultrafiltrution seem to be more in line with theoretical
expectation than those in which ultracentrifugation was
the separation method ( Table II), although neither tech-
nique produced sorption coefficients that decreaned with
increasing water/rock ratios. A new set of cxperimenta
have been initiated using larger samples and larger fil-
tration areas to attempt to resclve this question.

DATABASE AUGMENTATION

Additional batch sorption coefficient data are needed
for elements with small sorption coefficients (e.g., Np.
Pu, Tc, and U) because the errors ascociated with the
determination of these coefficients are typically a larger
fraction of the coetficient than the errors associated with
larger coefficients. Experiments are planned to iden-
tify the pheases with the greatest affinity for these ele-
ments. Once identified, the details of the mechanisms
by which each of these elements sorb to these nhases
will be investigatcd, The results of Lhese investigations
should provide a basis for critical evaluations of whole
tock sorption coefficients for these elementa and thereby
allow the derivation of more realistic error estimates.

[n addition to sorption coefficient data, other types
of information are required to fully quantify the influ-
ence of sorption processes on the potential rates of mi-
gration of radionuclides from the proposed repository
in Yucca Movntain. These include sorption coefficients
that pertain to fracture flow, sorption of adionuclides
on pauedocolloids that may be present ia the ground
water system, and the kinetics of sorption reactions.
Surption coefficients that pertaiu to fracture flow will
he eatimated by weighting of sorption coefilcients mca-

sured for each of the important radionuclides on pure
mineral phases identified as fracture fillings in cores
from Yucca Mountain. Tae sorption of radionuclides
on psuedocolloids will be investigated through batel ex-
periments. once the colloids present i1 Yucsa Mounrun
ground waters have been characterized. The it
of the kinetics of sorption reactivns lhas been piaticils
addressed (Rundberg)!! He concluded the kineries oo
sorption reactions involving the alkali and alkalit.c vat-h
elements were sufficiently fast to provide a large margn
of safety given the large values measured for the <orp-
tion coefficients for these elements. For the acrinides
and presumably the lanthanides, the situation wis le=s
clear partly because the very little is known about rhe
mechanisms by which these elements sorh onto Yucea
Mountain tuffs. Plans for the investigation of ~orprion
reaction kinetics and sorption mechanisms for :l.se ol
ements are in place.
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