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INTRODUCTION

This memorandum contains ranges and probability distributions of matrix
distribution coefficients (Kgs) for dissolved Pu, Am, U, Th, and Np under
conditions expected during transport in the Culebra Dolomite member of the
‘Rustler Formation. In this memo, a matrix Ky is the equilibrium ratio of the mass
of Pu, Am, U, Th, or Np adsorbed on the solid phase(s) per unit mass of solid(s)
divided by the concentration of that element in the aqueous phase (see, for
example, Freeze and Cherry, 1979). Performance-assessment (PA) personnel
require Kys for Pu, Am, U, Th, and Np for their calculations to support the Waste
Isolation Pilot Plant (WIPP) Compliance Certification Application (CCA)
(Ramsey, 1996). (We will include this memorandum and all of the other
memoranda cited herein in the parameter and analysis records packages for these
Kgs.) Actually, PA requires Kgs for various isotopes of these elements,; but
Ramsey (1996) did not specify them. However, Garner (1996) stated that PA
needs Kys for °Pu, **' Am, 2**U, and °Th. It is reasonable to assume that, in
view of the small differences among the masses of different isotopes of these
elements, one can apply a K4 determined for one isotope to any other isotope of
the same element. We are submitting Kgs for Np in case PA requires them for
sensitivity calculations to show that omitting this element does not affect the
long-term performance of the repository significantly.

We, the Sandia-National-Laboratories (SNL), and SNL-subcontractor
personnel working on or familiar with the dissolved-actinide Retardation
Research Program (RRP) or related aspects of PA, have established these ranges
and distributions from results obtained by the RRP through May 31, 1996 (see
Table 1 below). These ranges and distributions pertain to dolomite-rich rock in
the matrix (intact rock between the fractures) of the Culebra. (We use the terms
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~“matrix” and “fractures” in a general sense, corresponding to transport pathways

with relatively low and high transmissiVities;-respectively. Our use of these
terms is consistent with the- double-porosity-conceptual model of the Culebra
proposed by L. Meigs and her colleagues at SNL and its subcontractors.) The
ranges and distributions in Table 1 do not include Kgs for the clay-rich rock
associated with fracture surfaces and dispersed in the matrix of the Culebra. We
believe that, based on Sewards (1991) and Sewards et al. (1991, 1992) and
recent, yet-to-be published studies of Culebra mineralogy, clay minerals such as
corrensite (an ordered mixture of chlorite and saponite) are present on fracture
surfaces and in the matrix of the Culebra at concentrations high enough to
increase the retardation of Pu, Am, U, Th, and Np relative to that observed in
laboratory studies with dolomite-rich rock (see Description of Laboratory Studies
Used to Determine Matrix Kgs below). However, we have not included Kys for
clay minerals in these ranges and distributions because we do not have sufficient
laboratory data for clay-rich rock under expected Culebra conditions at this time.
Furthermore, we have nor taken any credit for sorption by clay minerals on
fractures. We believe that omitting Kgs for clays is conservative.

FRACTURE-SURFACE Kg¢s

We recommend that PA personnel set the fracture-surface Kgs (actually, K,s)
for Pu, Am, U, Th, and Np in the Culebra to zero. - A distribution coefficient
expressed on a per-unit-surface-area basis, or K, is the equilibrium ratio of the
mass of Pu, Am, U, Th, or Np adsorbed on the solid phase(s) per unit area of
solid(s) divided by the concentration of that element in the aqueous phase (Freeze
and Cherry, 1979). We also recommend that PA not include sorption by a
discrete layer of material associated with fracture surfaces. Setting these K,s to
zero will not affect the predicted retardation of actinide elements by the Culebra
because: (1) we have not taken credit for sorption by clay minerals on fracture
surfaces; (2) the surface area of the dolomite-rich rock lining the fractures is very
small relative to that of the dolomite-rich rock in the matrix. WIPP Performance
Assessment Department (1992) discussed sorption on fractures in detail.

MATRIX Kgs

This section briefly describes the laboratory studies used to determine matrix
Kgs for dissolved Pu, Am, U, Th, and Np, and the modeling study used to predict
the oxidation-state distributions of these elements under conditions expected in
the Culebra. It then discusses the methodologies used to establish ranges and
probability distributions of these Kgs.
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The RRP carried out several laboratory studies of the sorption of Pu, Am, U,
Th, and Np by dolomite-rich rock from the Culebra. Papenguth and Behl (1996)
described these studies in detail. These studies used different experimental
methods and considered the effects of several factors on actinide sorption in the
Culebra. The results used to establish ranges and probability distributions of
matrix Kgs for Pu, Am, U, Th, and Np in the Culebra appear in Appendices B
through F, respectively, of this memorandum. (These lengthy appendices are
available on request to anyone who did not receive them with this memo.)
Detailed descriptions of these laboratory studies and the complete results will
appear as SNL and/or SNL subcontractor reports by the time of submission of the

CCA. :

I. Triay and her group at Los Alamos National Laboratory (LANL) carried out
an empirical study of the sorption of Pu(V), Am(Ill), U(VI), Th(IV), and Np(V)
by samples of dolomite-rich rock from the Culebra. Tray used four synthetic
fluids, Brine A, ERDA-6, AISinR, and H-17, for her experiments with dolomite-
rich rock. Brine A, developed by Molecke (1983) to simulate fluids equilibrated
with K- and Mg-bearing minerals in overlying potash-rich zones in the Salado
Formation prior to entering WIPP disposal rooms, is also similar to intergranular
Salado brines at or near the stratigraphic horizon of the repository. These brines
could accumulate in WIPP disposal rooms after filling and sealing, and flow from
the repository into the Culebra in the event of human intrusion into the repository.
ERDA-6 simulates brines that occur in isolated but occasionally large reservoirs
in the underlying Castile Formation (Popielak et al., 1983). These brines could

_ flow through the repository and into the Culebra in the event of human intrusion.

AISinR simulates brine sampled from the Culebra in the WIPP Air Intake Shaft
(AIS). H-17 simulates Culebra brine from the H-17 Hydropad. Triay also studied
the effects of the partial pressure of CO; (and, hence, dissolved CO, concentration
and, to some extent, pH) on sorption. She carried out experiments on the bench
top (in contact with atmospheric CO,, which contains about 0.035% CO,) and in
glove boxes with atmospheres containing 0.24, 1.4, and 4.1% CO,. The CO,
partial pressures in these runs were 1077, 1027, 107, and 10" atm,
respectively, the range of Pcor calculated for Culebra ground waters by
Siegel et al. (1991). Furthermore, Triay studied the effects of dissolved actinide
concentration on sorption. These experiments yielded sorption isotherms, plots of
the quantity of radionuclide sorbed by the solid phase or phases versus the final
dissolved radionuclide concentration, or plots of Kys versus the final dissolved
radionuclide concentration. (We will include these isotherms in the parameter
and analysis records packages for these Kgs.) These plots in turn provided
information on the nature of the reaction(s) responsible: for removal of
radionuclides from solution. Finally, Triay studied the effects of equilibration
time (3-days and 1-, 3-, 6-, or 8-weeks) and direction of reaction (sorption or
desorption) on sorption. Triay crushed the samples, selected the 75-to-500-pum
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e 3 74 fractiorr&gniﬁcantly larger than the mean dolomite grain diameter of about
- % - .- 27um), washed these_subsamples with dilute HCI to remove crystallographically
, strained surfaces, fine particles of delomite; and Fe- and Mn-oxyhydroxides, and

pretreated them with the same type-of-brine to be used for the actual experiment
desorption runs. Triay carried out each of the pretreatments and the actual
experiments with 20 ml of brine and 1 g of rock. During the runs that yielded the
Kas to be used by PA, she used one actinide element at a time. At the end of her
runs, Triay separated the aqueous and solid phases by sequential filtration to
0.2 pm, analyzed the solutions by liquid scintillation counting (LSC), and
determined Kys from the differences between the initial and the final radionuclide
concentrations in the solutions. She carried out most of her experiments, and all
of the runs that yielded the Kys to be used by PA, with samples of dolomite-rich
rock taken from AIS core segments adjacent to those used for the column-
transport study (see below). X-ray-diffraction analysis of this rock failed to detect
clay minerals in most cases. Because the detection limit of this technique is about
1%, the rock that yielded the Kgs for PA contains a lower concentration of clay
minerals than the Culebra as a whole (estimated, based on previously published
and ongoing studies of Culebra mineralogy, to be about 1 to 5%). Triay also
carried out a few experiments with dolomite from the H-19 Hydropad and clay-
rich rock from the lower, unnamed member of the Rustler. (The clay minerals in
the lower member are identical to those lining fracture surfaces and dispersed in
the matrix of the Culebra.) This study yielded a large number of Kgs for actual
samples of nearly pure Culebra dolomite and actinide-bearing synthetic fluids
closely resembling those that could actually flow through the Culebra after human
intrusion.

P. V. Brady and his colleagues at SNL and LANL carried out a mechanistic
study of the sorption of Pu(V), Am(II), Nd(III) (a nonradioactive analog of
Am(I) and Pu(Ti)), U(VI), ThAV), and Np(V) from synthetic 0.05, 0.5, and 5 M
NaCl solutions by samples of well characterized, pure dolomite from Norway.
Brady used a limited-residence-time (1 min.) reaction vessel to minimize the
extent of dolomite dissolution, actinide precipitation, and other reactions
unrelated to sorption during his experiments. This allowed him to study the
effects of pH (from about 3 or 4 to 9 or 10 in most cases), the CO, concentration
of the headspace (atmospheric, 0.5, and 5%), and the concentrations of potentially
significant cations and anions on sorption in the absence of complexities caused
by other reactions. Brady crushed the samples, selected the <106-pm size
fraction, washed them with dilute HC], and pretreated them overnight in an NaCl
solution with the same concentration to be used for the actual experiments, and a
solution-to-solid ratio of 100 ml per g of dolomite. He carried out the actual
experiments with several actinide elements at a time, and a solution-to-solid ratio
of 200 ml/g. After his runs, Brady separated the aqueous and solid phases with a
0.22-pm filter, analyzed the solutions by inductively coupled plasma
emission/mass spectrometry, and determined Kgs from the differences between
the initial and the final radionuclide concentrations in the solutions. Although
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e T lhlS study d1d not yleld Kes for actual samples-of Culebra rock nor for synthetic
o Culebra fluids, it did yield results that have proven highly useful for interpreting
e =the. results of the empirical sorptlon  study at LANL, and for extending the

empirical data to the basic conditions (pH values of about 9 to 10) expected to
result from use of an MgO backfill in WIPP disposal rooms (see below).

D. A. Lucero and his colleagues at SNL have studied actinide transport
through intact, 5.7-inch-diameter cores obtained from the Culebra in the WIPP
AIS. - Lucero obtained the cores used for this study from 16-to-18-ft.-long
horizontal boreholes aligned in the current direction of ground-water flow in the
vicinity of the AIS (see Predictions of Actinide Oxidation States in the Culebra
below) and stored them under conditions that minimized evaporation of pore

- water. Prior to his experiments, Lucero cut 4-to-20-inch sections from the
original cores and potted them in Neoprene. He then placed the potted core
sections in Al core holders, mounted them vertically in-a glove box, and
pressurized them to about 50 atm, the in situ pressure at the depths (716 and
721 ft.) from which these cores were obtained. Lucero carried out spike
injections or, in a few experiments, continuous injections of Pu(V), Am(II),
U(VI), Th(IV), and/or Np(V) by introducing synthetic AISinR or, in a few runs,
synthetic ERDA-6 with low concentrations of the radionuclide(s) into a cavity
cut in the top of each core. He then pumped additional brine through these cores
at low flow rates (0.1 ml/min and, in a few runs, 0.05 ml/min) for periods of up
to 237 days (equivalent to pumping up to 34.2 pore volumes of brine through
these cores). These flow rates are at or close to the upper limit of the range of in
situ fluid velocities. He collected the effluent continuously and analyzed it every

-5 ml by ¥ spectrometry or LSC. He also used scanning y emission tomography

- to image the cores. By injecting different radionuclides at different times and, in
some cases, by using different brines, Lucero carried out multiple, sequential
experiments with the same core. Because this study quantified actinide sorption
from fluids flowing through intact samples of Culebra rock, it complements the
static empirical and mechanistic sorption studies with crushed Culebra rock or
pure dolomite. However, this study did not yield Kgs directly. For U and Np,
which were moderately retarded by sorption, the observed delays between the
elution peaks of nonsorbed radionuclides (such as *H or *Na) and those of U and
Np yielded discrete values for the retardation factors R, which were then used,
along with porosities determined with the nonsorbing tracers, to calculate Kgs.
For Pu, Am, and Th, which were strongly retarded by sorption, Lucero did not
observe breakthrough, even after pumping brine through these cores for 61, 118,
and 211 days (Pu and Am) and 133, 146, and 237 days (Th) (equivalent to 8.83,
17.0, and 30.4 pore volumes for Pu and Am, and 19.1, 21.0, and 34.2 pore
volumes for Th). Therefore, he was only able to calculate minimum values of R
and K4  These minimum values depend on factors such as the initial
concentration of each radionuclide, the volume of brine pumped through the
core, and the analytical detection limit for the radionuclide.
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“‘Predietxons of Actlmdc Oxidation States in the Culebra

Because ox1dation state sigmﬁcmlyjfféﬁﬁ ‘the chemical behavior, including
s Sorption, of the actinide elements, “predictions of the oxidation-state distributions
of Pu, U, and Np in the Culebra are necessary to establish ranges and probability
distributions of matrix Kgs for use in the PA calculations. For Pu, U, and Np, the
following oxidation states are possible in low-temperature, geochemical systems:
Pu(@I), Pu(IV), Pu(V), and Pu(VI); UIV) and U(VI); and Np(IV), Np(V), and
Np(VI). For Am and Th, only one oxidation state, Am(I0) or Th(IV),
respectively, is possible.

We have used experimentally based predictions of the oxidation-state
distributions of Pu, U, and Np in WIPP disposal rooms from the Actinide Source
Term Program (ASTP) to specify the oxidation states of these elements in the
Culebra. Based on a laboratory study carried out under expected WIPP conditions
by D. Clark and his colleagues at LANL and previously published results obtained

~ for applications other than the WIPP Project, ASTP personnel have predicted that
Pu will speciate as Pu(IIT) or Pu(IV), but not as Pu(V) nor Pu(VI), that U will
speciate as U(IV) and U(VI), and that Np will speciate as Np(IV) and Np(V), but
not as Np(VI), in deep (Castile and Salado) brines in the repository. To evaluate
the applicability of these predictions to the Culebra, H. W. Stockman of SNL
carried out a modeling study of the oxidation states of Pu, U, and Np in the
Culebra (see below). This study showed that Culebra fluids are poorly poised
(have limited capacity to either oxidize or reduce actinide elements). Therefore, it
is reasonable to use the oxidation-state distributions of Pu, U, and Np predicted
for WIPP disposal rooms to specify the oxidation states of these elements in the
Culebra. Using the ASTP predictions for the Culebra will ensure consistency
between the oxidation-state distributions of these elements in WIPP disposal
rooms and at the point of injection of deep (Castile or Salado) brines into the
Culebra following human intrusion into the repository. This will in turn obviate
the need to specify redox reactions in the Culebra, and the need to incorporate
possible, concomitant dissolution and/or precipitation reactions in SECO, the PA
model for Culebra flow and transport.

ASTP and PA personnel will calculate solubilities for either Pu(IIl), U(IV), and
Np(IV), or Pu(IV), U(VI), and Np(V) in any given vector. PA will specify the
oxidation states of these elements by sampling “oxstat,” a parameter with a
uniform probability distribution of O to 1. If the sampled value of oxstat is 0.5 or
less, PA will use the solubilities predicted for Pu(Ill), UIV), and Np(IV). (These
solubilities are also sampled parameters.) If oxstat is greater than 0.5, PA will use
solubilities for Pu(IV), U(VI), and Np(V). We recommend that PA use the ranges
and distributions of Kys for the oxidation states of Pu, U and Np sampled for
each vector.”

This approach is equivalent to assuming that the oxidation-state distributions
of Pu, U, and Np predicted for WIPP disposal rooms will be maintained along the
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R entire off-site Lransport pathway in the Culebra. "(Previous PA calculations have

’ predicted that, in the absence of chmatlcthang_, fluid will flow from the point of
injection into the Culebra to the south or the southeast, and that the distance from
the point of injection to the boundary of the Land Withdrawal Area will be about
2.5 or 3 km.) This assumption is certainly reasonable at the point of injection of
deep brines into the Culebra and for some, perhaps significant, distance along the

~ flow path. Because, in general, redox equilibrium is not observed in low-
temperature aqueous solutions (see, for example, Lindberg and Runnells, 1984),
the oxidation states of Pu, U, and Np predicted for the repository could persist
along the entire flow path in the Culebra. At some point, however, the oxidation-
state distributions of these elements might equilibrate with ambient conditions in
the Culebra. '

To evaluate the applicability of ASTP predictions to the Culebra, Stockman
used the EQ3/6 geochemical software package (Daveler and Wolery, 1992;
Wolery, 1992a, 1992b; Wolery and Daveler, 1992) to predict the oxidation-state
distributions of Pu, U, and Np after mixing deep (Castile and Salado) brines
containing these elements with Culebra brines. Stockman made various
assumptions as to: (1) which naturally occurring or waste-derived dissolved
species will control redox conditions in the deep brines after injection into the
Culebra; (2) which naturally occurring dissolved or solid species control redox
conditions in Culebra brines; (3) whether to use the data base in EQ3/6, or to
modify it based on recently published studies of actinide chemistry. By
calculating oxidation-state distributions of Pu, U, and Np before and after mixing
deep brines with Culebra brines under all possible combinations of these
assumptions, Stockman showed that Culebra fluids are poorly poised (have
limited capacity to either oxidize or reduce actinide elements). Therefore, it is
reasonable to assume that the oxidation-state distributions of Pu, U, and Np
predicted for WIPP d1sposal rooms will be maintained along the entire off-site
transport pathway.

Predictions of Brine Mixing in the Culebra

Brine composition could also affect the sorptive behavior of actinide elements
in the Culebra. Therefore, predictions of the extent to which deep (Castile and
Salado) and Culebra brines mix in the Culebra are necessary to specify weighting
factors to combine the ranges and probability distributions of matrix Kys for
dissolved Pu, Am, U, Th, and Np established for deep and Culebra brines and
obtain an overall range and distribution for a given element or elemental
oxidation state.

Opinions differ significantly on the extent to which deep and Culebra brines
will mix in the Culebra. One extreme of a range of possibilities is that, because of
the density difference between deep and Culebra brines and/or limited spreading
due to heterogeneity, a “slug” of deep brine will flow along the entire off-site
transport pathway without significant mixing. The other extreme is that, because




of rclaJ;ivgy;‘hi«gﬁfhéféf‘o_geneity,—hydrodynamic dispersion will result in rapid
mixing, and the composition of the injeeted fluid will resemble that of Culebra
ground water on the order of hundreds of meters from the point of injection.

We are submitting these ranges and distributions to PA concurrently with the
submission of Culebra hydrologic parameters by personnel from Geohydrology
Department 6115. Therefore, we could not carry out brine-mixing calculations
with the current hydrologic parameters prior to establishing these ranges and
distributions. In the absence of mixing calculations, E. J. Nowak, Manager of
Chemical & Disposal Room Processes Department 6831, instructed us to take the
following, conservative approach: (1) establish separate ranges and distributions
for deep and the Culebra brines for each actinide element or elemental oxidation
state; (2) recommend that PA personnel use the range and distribution that results
in less retardation for each element or elemental oxidation state.

Methods Used to Establish Ranges of Matrix Kgs

This subsection briefly describes the methods used to establish ranges of
matrix Kgs for dissolved Pu, Am, U, Th, and Np under conditions expected in the
Culebra. We carried out most of the work described in this subsection at a
meeting held April 1 and 2, 1996, here at the BDM Building. Sixteen SNL and
SNL-subcontractor personnel working on or familiar with the RRP or related
aspects of PA participated in all or part of this meeting. Two US DOE Carlsbad-
Area-Office and Carlsbad-Technical-and-Administrative-Contractor personnel
observed all or part of it. Appendix A (see below) contains the invitation to,
agenda for, and list of the participants and observers at this meeting. (This and
the other six appendices are available on request to anyone who did not receive
them with this memorandum.) Detailed descriptions, including all of the
empirical-sorption, mechanistic-sorption, and column-transport data considered
and included or excluded, appear in Appendices B through F, respectively.
Appendix G contains the results of experiments on the effects of four organic
ligands on these Kgs.

At this meeting, we decided to establish experimentally obtained ranges for
Am(II), U(VI), Th(IV), and Np(V), and to use the experimentally obtained ranges
for Am(IIT) and Th(IV), and the oxidation-state analogy to establish ranges for
Pu(Ill), and Pu(IV), U(IV), and Np(IV). Based on the ASTP predictions of
oxidation-state distributions for Pu, U, and Np in WIPP disposal rooms and
Stockman’s predictions for the Culebra under most of the possible combinations
of assumptions (see Predictions of Actinide Oxidation States in the Culebra
above), we did not plan to establish an experimentally obtained range for Pu(V),
nor to use the experimentally obtained range for U(VI) and the oxidation-state
analogy to establish ranges for Pu(VI) and Np(VI). '

We established separate ranges for the deep (Castile and Salado) and the
Culebra brines for each actinide element or elemental oxidation state (see
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Predictions of Brine Mixing in theCulebETf_&b&Vé); -However, we did not establish
separate ranges for the two deep brines studied by Triay and her group in the
LANL empirical sorption study (Brine~A and ERDA=6)zbecause the PA
calculations carried out with the multiphase flow code Brine and Gas Flow to
support the WIPP CCA have predicted that, in some vectors, the brine in WIPP
disposal rooms will comprise mainly Castile brine; in other vectors, it will
comprise mainly Salado brine; and in the rest, it will comprise various proportions
of these and Culebra brines that will seep into the repository from above. (The
latter brines will resemble Castile brines after reacting with Salado minerals.)
Therefore, we established one range for Brine A and ERDA-6 to simulate these
compositional variations. Similarly, the Culebra off-site transport pathway
predicted by previous PA calculations (see Predictions of Actinide Oxidation
States in the Culebra) contains ground waters that resemble both Culebra fluids
used by Triay (AISinR and H-17). Therefore, we established one range and
distribution for these fluids to simulate possible compositional variations along
the flow path.

For U(VI), Th(IV), and Np(V) (see Appendices , we used the following
methods to establish separate, experimentally obtained ranges for the deep and the
Culebra brines. First, we considered all of the 6-week sorption data from the
empirical study by Triay, the only experiments in which she has extensively
studied the effects of dissolved actinide concentration on sorption. Because these
are the only experiments carried out using a range of dissolved radionuclide
concentrations, they are the only runs for which sorption isotherms have provided
information on the nature of the reaction(s) responsible for removal of
radionuclides from solution. (We will include these isotherms in the parameter
and analysis records packages for these Kgs.) At the time of this meeting, Triay
had not completed the 6-week desorption experiments. We would not, however,
have included the results of the 6-week desorption runs, and did not include any
data from the 3-day, nor the 1- nor 3-week desorption runs because these data
could be artificially higher than those obtained from the sorption runs. Possible
reasons for this include: (1) removal of a weakly sorbed actinide species
concentrated in the aqueous phase by discarding the solution at the conclusion of
a sorption experiment, thereby concentrating a strongly sorbed species prior to the
start of a desorption run; (2) saturation of a sorption site with a high K4 followed
by removal of the dissolved actinide after a sorption experiment, thereby resulting
in sorption of a higher proportion of the actinide on the sorption site with a high
K4 during the desorption run.

To establish the initial ranges for the deep brines, we first considered all the
data obtained from the 6-week sorption experiments carried out with Brine A and
ERDA-6 on the bench top (in contact with ambient atmospheric CO,).
Atmospheric CO, has a partial pressure of about 10”7 atm, the lowest CO, partial
pressure used in the LANL study. This partial pressure is equivalent to a CO,
content of 0.033% in the LANL study. We did not use data from runs
equilibrated with higher partial pressures of CO; for the initial ranges for the deep
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brines because-we anticipate that-an MgO backfill will be emplaced in WIPP
disposal rooms to remove CO,. Next, we-discarded the data from runs in which
the difference between the activity of the_ radionuclide in a standard (the
radionuclide-bearing brine with whieh runs were started)’and that in a control (a
run conducted identically to that of an actual run, but without any rock) exceeded
30, where the standard deviation G equals the square root of the total number of
LSC counts. Discarding these data yielded the initial ranges for deep brines.

To establish the initial ranges for the Culebra brines (AISinR and H-17), we
first considered all the data obtained from the 6-week sorption experiments
carried out on the bench top (0.033% CO,) and in glove boxes with atmospheres
containing 0.24 and 1.4% CO,. These three atmospheres had CO, partial
pressures of 103%, 10>, and 108 atm, respectively. Siegel now considers this
range more likely for groundwaters in the predicted off-site transport pathway
than the previous range of 10> to 10 atm calculated for the Culebra as a
whole by Siegel et al. (1991). We also discarded the data from runs in which the
difference between the activity of the radionuclide in a standard and that in a
control exceeded 3G to obtain the initial ranges for Culebra brines.

We then compared these initial ranges with the data from the mechanistic
sorption study by Brady and his colleagues at SNL and LANL. For the most part,
we used Brady’s data to extend Triay’s empirical sorption data for the deep brines
to the basic conditions expected to result from the use of an MgO backfill in
WIPP disposal rooms. We assumed that, if mixing is sufficient to produce fluids
with compositions similar to those of Culebra brines, the pH of these mixtures
will also be similar to those of Culebra brines. Therefore, we did not use Brady’s
data to extend Triay’s data for the Culebra brines to basic conditions. So far,
Brady has reported data obtained with 0.05 and 0.5 M NaCl solutions, but not
with 5 M NaCl. Therefore, we used only his data for 0.5 M NaCl and
atmospheric CO, (the lowest CO, partial pressure used in this study) to extend
Triay’s data for the deep brines to basic conditions. This comparison yielded our -
revised ranges for the deep brines.

Next, we compared the revised ranges with the data from the transport study
with intact Culebra cores by Lucero and his colleagues at SNL. Lucero carried
out his experiments under ambient atmospheric conditions; therefore, the CO,
content of these experiments was probably similar to that in the LANL bench-top
runs. Because Lucero did not observe breakthrough of Th(IV) (nor of Pu(V) nor
Am(IIT)), it was only possible to determine minimum values of K4 for Th(IV) (and
for Pu(V) and Am(lII)). This minimum Ky (and those for Pu(V)) are consistent
with the revised ranges based on the empirical and mechanistic sorption studies.
Lucero did observe breakthrough of U(VI) and Np(V) in his experiments.
Therefore, it was possible to determine actual Kus for these elements. In most
cases, the Kys determined for U(VI) and Np(V) from the transport study are less
than the lower limits of the ranges obtained for these elements from the sorption
studies. Therefore, we extended the revised ranges where necessary to obtain
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f inal ranges for U(VI) and Np(V) in thmdtep brines (Castile and Salado) and

Culebra brines (see Table . . T

Finally we used the experunentaily obtained ranges for Th(IV) and the
oxidation-state analogy to establish ranges for Pu(IV), U(IV), and Np(IV).

We attempted to use the same methods to establish experimentally obtained
ranges for Am(IIT) (see Appendix C). Inspection of the sorption isotherms for the
6-week LANL sorption data, however, revealed that the Kgs are proportional to
the final dissolved Am(III) concentration. (We did not observe significant trends
such as this in the isotherms for U(VI), Th(IV), nor Np(V)). These trends suggest
that sorption of Am by the container walls, precipitation of an Am-bearing solid
phase, coprecipitation of Am by another phase, incomplete separation of the
aqueous and the solid phases at the end of an experiment, or some combination of
these processes occurred in the runs with Am(IlI). Triay carried out additional
posttest analyses of the brines from some of her 6-week sorption experiments with
Am(IIT) to determine, if possible, what caused these trends, and to redetermine
these Kygs. However, she continued to obtain data that displayed trends similar to
those described above, and thus cannot rule out the occurrence of processes other
than sorption. Therefore, we recommend using the experimentally obtained
ranges for Pu(V) (Appendix B) for Am(Ill) by assuming that the Kgs for Am(II)
are greater than or equal to those for Pu(V). This assumption is reasonable in
view of results such as those in Figure 5 of Canepa (1992). In this case, the
Am(IIT) K4 obtained for the Yucca Mountain Project is about one order of
magnitude higher than that obtained for Pu(V) under the same conditions. (We
will cite additional examples of differences between the Kys for Am(IIl) and
Pu(V) in future reports and presentations.) We have not used the oxidation-state
analogy to justify the use of Pu(V) data for Am(IIl); instead, this approach is
based on differences in the behavior of these oxidation states. Furthermore, we
recommend using the range for Am() for Pu(Ill) (Table 1); for .this
recommendation, we invoke the oxidation-state analogy.

Methods Used to Establish Probability Distributions of Matrix Kgs

M. S. Tiemey, the PA Parameter Task Leader, provided guidance on
establishing probability distributions of parameters for use in the PA calculations
to support the CCA (see Tierney, 1996a; 1996b). : I

The RRP has studied the effects of several factors on sorption (see Description
of Laboratory Studies Used to Determine Matrix Kgs, Predictions of Actinide
Oxidation States in the Culebra, and Predictions of Brine Mixing in the Culebra
above). Papenguth and Behl (1996) designed these studies to encompass the
ranges of these factors expected in the Culebra. Therefore, thé ranges of matrix
Kys established above correspond to the expected ranges of these factors in the
Culebra. However, because of uncertainties about the extent to which deep
(Castile and Salado) and Culebra brines will mix, there are uncertainties as to the




that PA use a Student t distribution based onthe data included in these ranges,

“~despite the fact that we included more than three data points for every range
shown in Table 1. '

Tierney (1996a) states that use of the uniform or log-uniform [probability]
distribution “is appropriate when all that is known about a parameter is its range.”
Because we cannot specify probability distributions for the factors that affect
sorption, we recommend that PA personnel use a uniform or a log-uniform
distribution. Tierney (1996a) specifies use of a log-uniform distribution “when
the range ... spans many orders of magnitude.” Inspection of the ranges for deep
and Culebra brines in Table 1 reveals that these ranges span 1.40 and 2.60 orders
of magnitude (deep and Culebra brines, respectively) for Pu(Ill) and Am(III); 1.35
orders of magnitude (deep brines only) for Pu(IV), U(IV), Th(IV), and Np(IV);
3.00 orders of magnitude (deep brines only) for U(VI); and 2.65 and 2.30 orders
of magnitude (deep and Culebra brines, respectively) for Np(V). (Each of these
values is the common logarithm of the maximum value of each range divided by
its minimum value. We could not calculate this parameter for Th(IV) and
Culebra brines because we were unable to establish this range; see Appendix E
below. We could not calculate this parameter for the range for U(VI) and Culebra
brines because its minimum value is 0.) Because these ranges all span three
orders of magnitude or less, we recommend that PA use a uniform distribution
instead of a log-uniform distribution for all of them.

Methods Used for Final Selection of the
Range of Matrix Kgs for Use in PA Calculations

We recommend that PA personnel use the range and probability distribution of
matrix Kgs for deep (Castile and Salado) or Culebra brines that results in less
retardation for each element or elemental oxidation state (see Predictions of Brine
Mixing in the Culebra above). Because we have recommended that PA use a
uniform distribution for all the ranges (see Methods Used to Establish Probability
Distributions of Matrix Kgs above), the average K4 that PA will sample for all of
its vectors is the mean of the maximum and minimum values of each range.
Therefore, we compared the means of the ranges for deep and Culebra brines to
determine which range results in less retardation for each element or elemental
oxidation state. Inspection of the ranges in Table 1 reveals that the means are 260
and 2005 ml/g (deep and Culebra brines, respectively) for Pu(Ill) and Am(III);
10,450 ml/g (deep brines only) for Pu(IV), U(IV), Th(IV), and Np(IV); 15.015
and 35 ml/g (deep and Culebra brines, respectively) for U(VI); and 451 and
100.5 ml/g (deep and Culebra brines, respectively) for Np(V). (Each of these
values is the sum of the maximum and the minimum values of each range divided
by two; to facilitate this comparison, we did not round each result to one
significant figure. We could not calculate this parameter for Th(IV) and Culebra
brines because we could not establish this range; see Appendix E below.)
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Therefore, we recommend that PA- use a Tange-of 20 to 500 ml/g (the range for
deep brines) for Pu(Ill) and Am(III); a-range of 900 to 20,000 ml/g (deep brines)
for Pu(IV), U(IV), Th(IV), and Np(IV¥); a range of 0.03 to 30 ml/g (deep brines)
for U(VI); and a range of 1 to 200 ml/g (Culebra brines) for Np(V). In Table 1,
these ranges appear in bold font.

Because the ASTP has decided to specify the oxidation states of Pu, U, and Np
by sampling the “oxstat” parameter (see Predictions of Actinide Oxidation States
in the Culebra), the range and distribution for each specified oxidation state will
constitute the range and distribution for each of these elements during a given
vector.
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- “Table 1 Range} of Matrix K Kgs (mlg) for Pu, Am U, Th and Np i and Dolomite-Rich Culebra
) Reok. Ranges in bold font to be used by-PA._Oxidation state of Pu, U, and Np to be

_specified by the value of “oxstat’ _parameter sampled to calculate dissolved actinide

concentrations in WIPP disposal roems.”

All probability distributions are uniform
(see text). “Table compiled by L. H. Brush on April 3, 1996, based on results of
meeting held April 1 and 2, 1996. Table checked by Brush and Y. Behl on
April 3, 1996. Table revised by Brush on April 6, 1996, based on memo by
D. A. Lucero and G. O. Brown dated April 5, 1996. Table checked by Behl on
April 8, 1996.

Element
Oxidation
State Pu Am U Th Np
VI NA NA 0.03 to 30 € NA NA
0to 70%€
% NA NA NA NA 2 to 900;™ €
1to 200%€
v 900 to NA 900 to 900 to 900 to
20,000;*-° 20,000;%%  20,000;* € 20,000;*- ¢
NE NE NE NE
I 20 to 500;%% 20 to 500;* NA NA NA
10 to 4,000%" 10 to 4,000%'
A: range for deep (Castile and Salado) brines only (see text).
B: range for Culebra brines only (see text).
C: experimentally obtained range (see text).
D: experimentally obtained range for Th(IV) applied to Pu(IV) by oxidation-state analogy.
E: experimentally obtained range for Th(IV) applied to U(IV) by oxidation-state analogy.
F: experimentally obtained range for Th(IV) and deep brines applied to Th(IV) and Culebra brines.
G: experimentally obtained range for Th(IV) applied to Np(I1V) by oxidation-state analogy.
H: experimentally obtained range for Pu(V) applied to Pu(Ill) (see text).

I: experimentally obtained range for Pu(V) applied to Am(III) (see text).

NA: not applicable (element will not speciate in this oxidation state).

NE: not established for Culebra brines (see Appendix E).
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" APPENDIX A: MEETING TO ESTABLISH RANGES AND PROBABILITY
- DISTRIBUTIONS OF ACTINIDE Kgs FOR THE WIPP PA
S CALCULATIONS AND THE CCA

Invitation

March 25, 1996
Dear Colleague:

Attached is the agenda for the meeting to establish ranges and probability
distributions of actinide Kys for use in the long-term performance-assessment (PA)
calculations to support the WIPP Compliance Certification Application (CCA). We will
hold this meeting at the BDM Sandia Vista Building at 2301 Buena Vista SE in
Albuquerque, NM, on Monday and Tuesday, April 1 and 2, 1996. Currently, we plan to
meet in the Nuclear Waste Management Conference Room, the large conference room, all
day Monday and Tuesday morning, and in Room 2105, a small conference room, on
Tuesday afternoon. Because a key is required to enter the building in which the large
conference room is located, I or someone else will meet you in the reception area of the
Sandia Vista Building at 8:45 on Monday morning to take you to the large conference
room if you do not have a key.

I view this as our main opportunity to reach consensus on the ranges and
probability distributions of Kg4s for Pu, Am U, Th, and Np that we will submit to the US
DOE’s Carlsbad Area Office for their use in meeting the requirements of the Consultation
and Cooperation (C & C) Agreement with the State of New Mexico, and then to PA
personnel for their calculations to support the CCA. '

Because most of you presented most of your results at the Retardation Research
Program Review Meeting in Carlsbad last month, I have scheduled only one presentation
for next week’s meeting, Predictions of Actinide Oxidation States in the Culebra by
Harlan Stockman of Sandia. However, please bring viewgraphs updated to include as
many of your new data as possible for use in our discussions. Because you are very busy,
please do not feel obligated to spend a lot of time making nice viewgraphs.
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.=Z=_ - Thank you very much in-advance for taking time out of your busy schedule to
+ ¢~ participate in this meeting. Iam looking forward to yourinputnext week.

- Best regards,

Larry Brush
WIPP Chemical & Disposal Room
Processes Department 6748

Distribution:

R. J. Lark, DOE/CAO

I. Triay, LANL

MS 0750 P. V. Brady (Org. 6118)

MS 0750 H. W. Stockman (Org. 6118)
MS 1320 E. J. Nowak (Org. 6831)

MS 1320 Y. Behl (Org. 6748)

MS 1320 G. O. Brown (Org. 6748)
MS 1320 K. G. Budge (Org. 6748)
MS 1320 R. V. Bynum (Org. 6831)
MS 1320 R. Holt (Org. 6748)

MS 1320 D. A. Lucero (Org. 6748)
MS 1320 H. W. Papenguth (Org. 6748).
MS 1320 W. G. Perkins (Org. 6748)
MS 1320 M. D. Siegel (Org. 6748)
MS 1328 M. S. Tierney (Org. 6741)

MS 1328 M. A. Martell (Org. 6749)
MS 1335 M. S. Y. Chu (Org. 6801)
MS 1337 W. D. Weart (Org. 6000)
MS 1341 J. T. Holmes (Org. 6748)
MS 1341 L. H. Brush (Org. 6748)
MS 1341 L.J. Storz (Org. 6748)

MS 1341 R. F. Weiner (Org. 6751)
MS 1395 L. E. Shephard (Org. 6800)

MS 1395 M. G. Marietta (Org. 6821)
MS 1330 SWCF (Org. 6352), WBS 1.1.10.3.1 (2)
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)  Agenda==T"" __
S Monday and Tues&)g—;p'ril 1 and 2, 1996
o ) BDM Sandia Vista Building
2301 Buena Vista SE
Albuquerque, NM

Monday, April 1

9:00 - 9:30 Introduction L. H. Brush, SNL

9:30 - 10:30 Predictions of Actinide Oxidation States H. W. Stockman,
in the Culebra SNL

10:30 - 10:45 Break

10:45 - 11:45 Proposed Use of Ranges and Distributions M. S. Tiemney,
of K4s by PA SNL

11:45 - 13:00 Lunch BDM Cafeteria

13:00 - 15:00 Discussion of Range and Distribution All participants
of Kgs for Pu(V)

15:00 - 15:15 Break

15:15-17:15 Discussion of Range and Distribution All participants

of Kgs for Am(IIT) and Pu(III)
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- .8:00 - 10:00

10:00 - 10:15

10:15 - 11:45

11:45-13:00

13:00 - 13:30

13:30 - 13:45

13:45 - 15:45

N mAgenda‘(continued) _

—

Tuesday, Ap—itii*Z -

Discussion of Range and Distribution
of Kgs for Th(1V), Pu(IV), and U(1V)

Break

Discussion of Range and Distribution
of Kgs for U(VI) and, if necessary, Pu(VI)

Lunch

Discussion of Range and Distribution
of Kgs for U(VI) (continued)

Break

Discussion of Range and Distribution
of Kys for Np(V)

All participants

All participants

BDM Cafeteria

All participants

All participants
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- Partici';_)ants_' =T

~ -Y. Behl, SciRes (SNL column transport study)
- __P. V. Brady, SNL (Principal Investigator for the SNL/LANL mechanistic sorption study)

L. H. Brush, SNL (Principal Investigator for the dissolved-actinide Retardation
Research Program (RRP)

R. V. Bynum, SAIC (Actinide Source Term Program management)

C. Duffy, independent LANL contractor (LANL empirical sorption study)

K. M. Economy, Ecodynamics (PA Culebra transport calculations)

R. Holt, independent SNL contractor (characterization of clay minerals in the
Culebra)

E. J. Nowak, SNL (Manager, WIPP Chemical & Disposal Room Processes
Department 6748)

H. W. Papenguth, SNL (former Principal Investigator for the dissolved-actinide RRP)

W. G. Perkins, SNL (Retardation Research Program management)

M. D. Siegel, SNL (Principal Investigator for the Stanford mechanistic sorption study,
brine mixing, and characterization of clay minerals in the Culebra)

H. W. Stockman, SNL (predictions of actinide oxidation states in the Culebra)

C. T. Stockman, SNL (predictions of actinide oxidation states in the Culebra)

M. S. Tiemney, SNL (Task Leader for the PA database)

I. Triay, LANL (Group Leader, Chemical Science and Technology Group, and
Principal Investigator for the LANL empirical sorption study)

R. F. Weiner, SNL (Actinide Source Term Program)

Observers

D. Hobart, Carlsbad Administrative and Technical Assistance Contractor (Actinide Source
Term Program, Retardation Research Program)
R. J. Lark, US DOE Carlsbad Area Office




APPENDIX B: RANGESAND PROBABILITY DISTRIBUTIONS OF

T ' MATRIX "Kg4s FOR Pu(V) AND DOLOMITE—RICH

CULEBRA ROCK - —

Based on a laboratory study carried out under expected WIPP conditions and
previously published results obtained for applications other than the WIPP Project, ASTP
personnel have predicted that Pu will speciate as Pu(Il) or Pu(IV), but not as Pu(V) nor
Pu(VI), in deep (Castile and Salado) brines in the repository. Furthermore, a modeling
study of the effects of mixing deep and Culebra brines on the oxidation states of Pu, U,
and Np in the Culebra showed that Culebra fluids are poorly poised (see Predictions of
Actinide Oxidation States in the Culebra above). Therefore; Pu will not speciate as
Pu(V) in the Culebra. However, we could not establish experimentally obtained ranges of
matrix Kgs for Am(III) (see Methods Used to Establish Ranges of Matrix K4s above and
Appendix C below). Instead, we established experimentally obtained ranges for Pu(V)
and used them for Am(II) and Pu(IIl) by assuming that the K4s for Am(IlI) and Pu(I)
are greater than or equal to those for Pu(V).

To establish the initial ranges for Pu(V) and the deep brines, we first considered
all of the data from the 6-week empirical sorption experiments carried out with Brine A
and ERDA-6 on the bench top (0.033% CO,) by Triay and her group at LANL (see
Methods Used to Establish Ranges of Matrix Kgs for the reasons for considering these
data). These runs were: #6004, #6024, #6044, #6064, and #6084 (see Table B-1 below),
and #6005, #6025, #6045, #6065, and #6085 (Table B-2). Next, we discarded the data
from #6025, #6045, and #6065, the runs in which the difference between the activity of
the 2°Pu in a standard and that in a control exceeded 30, where o is the standard

- deviation (see Methods Used to Establish Ranges of Matrix Kgs.) Discarding the data

from these three runs yielded an inirial range of 22.7 ml/g (from #6004) to 459 ml/g
(#6005) for Pu(V) and the deep brines.

To establish the inirial ranges for Pu(V) and the Culebra brines, we first
considered all of Triay's 6-week sorption data obtained with AISinR and H-17 on the
bench top (0.033% CO,) and in glove boxes with atmospheres containing 0.24 and
1.4% CO, (see Methods Used to Establish Ranges of Matrix K4s). These were: #6006,
#6026, #6046, #6066, #6086, #240006, #24026, #24046, #24066, #24086, #12006,
#12026, #12046, #12066, and #12086 (Table B-3), and #6007, #6027, #6047, #6067,
#6087, #24007, #24027, #24047, #24067, #24087, #12007, #12027, #12047, #12067, and
#12087 (Table B-4). We then discarded the data from #6006, #24006, #24066, and
#6007, the runs in which the difference between the activity of the 2Py in a standard and
that in a control exceeded 30, to obtain the initial range of 9.61 ml/g (from #12007) to
3,620 ml/g (#12046) for Pu(V) and the Culebra brines.

Next, we compared these initial ranges with the data from ‘the mechanistic
sorption study by Brady and his colleagues at SNL and LANL. We used Brady’s data to
extend Triay’s empirical sorption data for the deep brines to the basic conditions expected
to result from the use of an MgO backfill in WIPP disposal rooms, but not to extend
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. Trxay s data for the Culebra brmcs to basic. condmoﬁ"{see ‘Methods Used to Establish

Ranges of Matrix Kgs). Brady’s data for 0.5 M-NaCl, atmospheric COa, and the highest
-~ - pH values under these conditions are (to three significant figures) 350 and 411 ml/g at a

- pH of 9.87 and 9.88, respectively (Table B-5). Because these values are within the initial
range for Pu(V) and the deep brines (see above), and because we did not use this
comparison to extend the initial range for Pu(V) and the Culebra brines to basic
conditions, our revised ranges for Pu(V) remain 22.7 to 459 ml/g and 9.61 to 3,620 ml/g
for the deep and Culebra brines, respectively.

We then compared both of these revised ranges with the data from the transport
study with intact Culebra cores by Lucero and his colleagues at SNL. Lucero carried out
his experiments under ambient atmospheric conditions; therefore, the CO, content of
these experiments was probably similar to that in Triay’s bench-top (0.033% CO,) runs.
Because Lucero did not observe breakthrough of Pu(V), it was only possible to determine
a minimum Kjy for this element. Lucero and his colleagues submitted their results on
March 28, 1996, (see Table B-6), then revised them on April 5 and 16, 1996 (Tables B-7
and B-8, respectively). The minimum Kgs reported for experiments C-3, D3, and E-2
(Table B-8) are consistent with the Kys reported by Triay for Pu(V) and AISinR in her
experiments carried out on the bench top (0.033% CO,) (Table B-3). Because these
values are consistent with the revised range for Pu(V) and the Culebra brines (see above),
and because Lucero did not carry out any experiments with Pu(V) and the deep brines
(Table B-8), our final ranges for Pu(V) remain 22.7 to 459 ml/g and 9.61 to 3,620 ml/g
for the deep and Culebra brines, respectively. However, we rounded these ranges to 20 to
500 ml/g and 10 to 4,000 ml/g, respectively prior to inclusion in Table 1 above.

We recommend that PA personnel use a uniform probability distribution for both
of these ranges (see Methods Used to Estabhsh Probability Distributions of Matrix Kys
above).

Furthermore, we recommend that PA use the range of 20 to 500 ml/g (the range
for deep brines) for Pu(V) because this range results in less retardation of this element
than the range for Culebra brines (see Methods Used for Final Selection of the Range of
Matrix Kgs for Use in PA Calculations above).

Finally, we recommend that PA use a range of 20 to 500 ml/g for Pu(IIl) and
Am(II) (see Methods Used to Establish Ranges of Matrix Kys and Appendix C).



S - e

Table B 1 Effects of Imual Radionuclide Concentration and Pcgo,; on Matrix Kys for

“Pu(V), Dolomite-Rich Culebra Rock,-and Brine A (LANL Empirical
. Sorption Study) Six-week sorption runs with VPX-25-8. No Kgs in

this table excluded from ranges and distributions because of
unacceptable differences between standards and controls. Data current

as of April 3,

1996.

Table compiled by L. H. Brush on

March 23 and 30, 1996, based on information provided by LANL on
March 19 and 26, 1996. Table checked by Brush and S. Boone on
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked

by L. J. Storz on June 10, 1996.

Range of
Initial *°Pu K4 (ml/g), Kq4 (ml/g), Ky (mV/g), K4 (ml/g),
Brine Conc. (M) 0.033% CO, 024%CO, 14%CO, 4.1%CO,
Brine A 1.98 x 107 227, 23.7, 31.9, 28.3
to #6004 #24004 #12004 #18004
2.39x 107
Brine A 1.11x 10® 54.9, 261, 38.5, 35.9
to #6024 #24024 #12024 #18024
5.28x 10°®
Brine A 2.38x 10°® 28.0, 34.6, 43.9 394
to - #6044 #24044 #12044 #18044
3.16x 10
Brine A 3.78 x 107 27.2, 30.5,  65.0 32.1
to #6064 #24064 #12064 #18064
7.03x 10
Brine A 3.08 x 107° 28.6, 30.5, 31.2 30.3
to #6084 #24084 #12084 #18084

3.37x 107
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Table B-2. Effects of Initial Radionuclide ConC_ij_tratingnd Pco2 on Matrix Kgs for
- Pu(V), Dolomite-Rich Culebra Rock,_and ERDA-6 (LANL Empirical
Sorption Study). Six-week sorption-runs with VPX-25-8. Kgs in bold
font excluded from ranges and distributions because of unacceptable
differences between standards and controls. Data current as of
April 3, 1996. Table compiled by L. H. Brush on
March 23 and 30, 1996, based on information provided by LANL on
March 19 and 26, 1996. Table checked by Brush and S. Boone on
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked
by L. J. Storz on June 10, 1996.

Range of
Initial ’Pu Ky (mVg), Ka(mlg), Kg(mlg), Kg(mlg),
Brine Conc.(M) 0.033% CO, 024%CO, 14%CO,  4.1% CO,
ERDA-6 1.45 x 107 459, 6,890, 7,070, 151
to #6005 #24005 #12005 #18005
6.01 x 107
ERDA-6  3.88x10™ 3,920, 6,500, 6,960 205
to #6023 #24025 #12025 #18025
1.24 x 108
ERDA-6  236x101° 2,980, 3,040, 7,540 253
to - #6045 #24045 #12045 #18045
6.35x 107
ERDA-6  159x 10 677, 1,140, 1,970 170
to #6065 #24065 #12065 #18065
1.67 x 10°
ERDA-6  3.29x 10 147, 1,180, 1,460 4,550
to #6085 #24085 #12085 #18085

1.20x 1071°
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’Pu(V) Dolomite-Rich Culebra_ Rock, -and “AISinR (LANL Empirical
_ Sorption Study). Six-week sorption_runs with VPX-25-8. Kgs in bold

font excluded from ranges and distributions because of unacceptable
differences between standards and controls. Data current as of
April 3, 1996. Table compiled by L. H. Brush on
March 23 and 30, 1996, based on information provided by LANL on
March 19 and 26, 1996. Table checked by Brush and S. Boone on April
3, 1996. Table revised by Brush on June 7, 1996. Table checked by
L. J. Storz on June 10, 1996.

Range of
Initial ?°Pu K4 (ml/g),  Kq (mlg), Kq(mlg), K4 (ml/g),

Brine Conc. (M) 0.033% CO» 024%CO, 14%CO,  4.1% CO,
AlISinR 1.76 x 10° 348, 62.5, 1,890, 4,100
to #6006 #24006 #12006 #18006
9.71x 10°®
AISinR 422 x107° 1,990, 37.2, 1,050 5,050,
to #6026 #24026 #12026 #18026
391x 10°®
AISinR 1.91x 107° 221, 39.8, 3,620 6,260
to #6046 #24046 #12046 #18046
1.85x 10°®
AISinR 1.20x 10710 435, 50.3, 848 1,910
to #6066 #24066 #12066 #18066
3.18x10°
AISinR 843 x 101 499, 42.9, 1,070, 1,360
to #6086 #24086 #12086 #18086

1.93 x 10”°
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Table B 4, Effects of Initial Radlonuchde Co_ncentra&on and Pco; on Matnx de for
- Pu(V), Dolomite-Rich Culebra Rock‘*&nd H-17 (LANL Empirical
Sorption Study). Six-week sorption runs with VPX-25-8. Kgys in bold
font excluded from ranges and distributions because of unacceptable
differences between standards and controls. Data current as of
April 3, 1996. Table compiled by L. H. Brush on
March 23 and 30, 1996, based on information provided by LANL on
March 19 and 26, 1996. Table checked by Brush and S. Boone on
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked
by L. J. Storz on June 10, 1996.

Range of
Initial °Pu K4 (mlg), Ke(mlg), Kai(ml/g), Kq(mlg),
Brine Conc. (M) 0033%CO, 0.24%CO, 14%CO, 4.1%CO,
H-17 5.94x 10 157, 89.5, 9.61, 26.7
to #6007 #24007 #12007 #18007
3.01 x 107
H-17 4.55x 10° 191, 155, 13.3 33.5
to #6027 #24027 #12027 #18027
7.16 x 10°®
H-17 3.80 x 10? 332, 183, 14.3 36.6
to #6047 #24047 #12047 #18047
3.18 x 10°®
H-17 9.35x 10710 256, 182, 25.2 " 437
to #6067 #24067 #12067 #18067
5.48 x 10°
H-17 2.01x 10'° 235, 637, 93.9 45.8
to #6087 #24087 #12087 #18087

2.00x 107




TabTeB 5 Effe?:?cif pﬂ‘arrd?coz on Matrix Kgs for Pu(V) and Pure Dolomxte
- - (SNL/LANL-Mechanistic- Sorption_Study). Sorption runs with
Norwegian “dolomite and 0.5 M-NaCl. Data current as of
March 31, 1996. Table retyped by L. H. Brush on April 24,71996.
Table checked by Y. Behl on April 28, 1996.

K4 (ml/g), Ky (mVg), K4 (ml/g),

pH (standard units atmospheric CO; - 0.5% CO, 5% CO»
9.88 410.9 NA _ NA
9.87 349.56 NA a NA
8.42 , 0 ’ NA NA
6.7 -44.928 NA NA
6.2 34.662 NA | NA
5.81 34.662 NA NA
521 34.662 | NA | NA
4.62 128.72 NA NA
4.05 -113.15 NA NA
3.51 -44.928 - NA NA
3.11 -310.23 NA NA

NA: not applicable.
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" Table B-5. Effects of pH and Pco on Matrix Kgs fer-Pu(V) and Pure Dolomite
(SNL/LANL Mechanistic Sorption Study) (continued).

o K4 (ml/g), Kq (ml/g), K4 (ml/g),

pH (standard units atmospheric CO» 0.5% CO, 5% CO,
6.9 NA 465.69 NA
B 8.49 NA 3711.1 NA
7.32 NA 1029.4 NA
7.19 NA 1162.5 NA
6.99 NA 968.83 NA
6.88 NA 418.41 NA
6.55 NA 319.12 NA
6.17 NA 570.38 NA
5.28 NA 199.2 NA
3.97 NA 99.265 NA
3.13 NA 99.265 NA

NA: not applicable.




”_’Ifgble,,B-S‘::jEffects of pHi;d-i_’c;zﬁon Matrix Kys for Pu(V) and Pure Dolomite
: (SNL/LANL Mechanistic Sorptiog,S}u@dz}@fritinucd).

Ke(mlg,  Kae(mlg), Ky (mUg),

pH (standard units atmospheric CO, 0.5% CO, 5% CO,
6.39 NA NA 124.82
6.91 NA NA 499.76
6.89 NA NA NR
6.8 NA NA 499.76
6.75 NA NA 520.02
6.84 NA NA 371.73
6.49 NA | NA 423.82
6.07 NA NA 222.63
5.76 NA , NA 147.77
491 NA NA 22.561
362 NA NA 124.82

NA: not applicable.
NR: not reported.
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Tab]e B- 6 Mxmmum Values of R and Kd for~Pu(M)I‘Tn1act Culebra Cores (SNL

Column Transport Study). Datacurrent as 6f March 26, 1996. Table
compiled by L. H. Brush on March 30, 1996, based on memo by
D. A. Lucero, G. O. Brown, and K. G: Budge dated March 28, 1996.
Table checked by Brush on March 31, 1996.

Flow Ef-
rate Run  fluent Poro- Range
Solid (ml/ Time Vol. sity Kd min (Fml/
Run# (core) Brine min) (days) L) Rmin (%) (ml/g) g
C-3 VPX-  AIS. 0.1 211 30.45 5,200 3.7 84 NA |
28-6C
D-3  VPX- AIS. 0.1 118 17.02 1,140 9.1° 46 NA
25-8A 5.3P
E-2 VPX-  AIS. 0.1 61 8.83 405 23,5 40 NA
27-7A 15.7°
AlIS: AISinR.

D: dual porosity assumed.
NA: not available yet.
S: single porosity assumed.



= T e v e I cwe T i

e ———

= Table B 7 Mmlmum Values s of R and Kgfor Pu(V) in Intact Culebra Cores (SNL
o “Column Transport Study). Data current-as'of March 26, 1996. Table
- compiled by L. H. Brush on March 30, 1996, based on memo by
- D. A. Lucero, G. O. Brown, and-K. G Budge dated March 28, 1996.
o Table checked by Brush on March 31, 1996. Table revised by Brush
on April 6, 1996, based on memo by Lucero and Brown dated
April 5, 1996. Table checked by Y Behl on April 8, 1996.

Flow Ef-
rate Run  fluent Poro- Range
Solid (ml/ Time Vol. sity Kd min  (Gml/

Run# (core) Brine min) (days) @ Rmin (%) (ml/g) g)

C-3 VPX- AIS. 0.1 211 3045 5200 3.7° 84 NA
28-6C

D-3 VPX- AIS. 0.1 118 17.02 1,140 9.15 46 NA
25