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REVISIONS OF PREVIOUSLY SUBMITTED RANGES OF MATRIX Kjs

After Brush (1996) submitted ranges and probability distributions: of matrix
Kgs for dissolved Pu, Am, U, Th, and Np in the Culebra, we discovered two errors
‘in the procedures used to calculate them.

First, Triay and her group at LANL used a density of 1.00 g/ml instead of her
measured brine densities to calculate emplncal Kgs for Pu, Am, U, Th, and Npin
the absence of organic ligands. Therefore, she reported Kgs somewhat higher than

~ the actual values (compare Tables B-1, B-2, B-3, B4, C-1, C-2, C-3, C-4, D-1,
D2, D-3, D4, E-1, E-2, E-3, E-4, F-1, F-2, F-3, and F-4 in Appendices B
through F of this and thé previous memorandum). However, she calculated the
concentrations of the organic ligands in Table G-1 and the Kys in Tables G-2, G3,
G-4, G-5, G-6, and G-7 (see Appendix G) cbrrectly and did not revise them.

Second, Brady and his colleagues at SNL and LANL used incorrect values for
the mass of dolomite to calculate mechanistic Kgs for Pu, Am, U, and Np. He
thus reported Kgs significantly higher than the actual values (compare Tables B-5,
C-6, D-5, and F-5 in this and the original submission). However he calculated
the Kys for Nd (Table C-5) correctly.

After Triay and Brady ‘revised their results, we used the same methods *
described above to re-establish the ranges and distributions of Kgs shown in

. Table1 of this memorandum. Appendices B through F contain detailed
descriptions of these methods, including all of the revised empirical- -sorption data,
the revised mechanistic-sorption data, and the original column- -transport data
considered and included or excluded. (Actually, Lucero and his colleagues at
SNL revised the results of their transport study with intact Culebra cores twice
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przor to submxssxon of the ongmal ranges and distributions by Brush (1996).

Companson of Table 1 in Brush (1996) and Table 1 in this memorandum A
reveals that revising the empirical and mcchamstxc Kgs changed many, but not all, -
of the upper and lower limits of these ranges. We did not change the (upiform) .
probability distributions of any of the ranges (see Methods Used to Estabiiéh
_ Probablhty sttnbutmns of Matrix Kgs below)

We reahze that 1t 1s too late for performancc assessment (PA) personnel to re-
run their transport calculations with the revised ranges. However, PA can still use
these Kgs to assess the impact of the erroneous values on their calculations. Based
on our discussions with them, we do not expect any sigmﬁcant impact.

v The remainder of this memorandum is essentially 1denUcal to Brush (1996),
except that we have revised the Kys as necessary (see the tables listed above in
Appendices B through F) and the parameters used to describe the extent of the
ranges (see Methods Used to Establish Probability Distributions of Matrix Kgs),
N~ and mserted the word “revised” as appropriate.

INTRODUCTION ‘

This memorandum contains revised ranges and probability dasmbutmns of
matrix distribution coefficients (Kss) for dissolved Pu, Am, U, Th, and Np under ’_
-conditions expected during transport in the Culebra Dolomite member of the y}
Rustler Formation. In this memorandum, 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). PA personnel required Kgs for Pu,-Am, U,
and-Th for their calculations to support the: Waste Isolation Pilot Plant (WIPP)
Comphancc Certification Application (CCA) (see Ramsey, 1996) (We will
- include this memorandum, the original ranges and distributions submitted by
. Brush (1996), and all of the other memoranda cited herein in the parameter and
*. analysis records packages for these revised Kgs.) Actually, PA required Kgs for
..7.various. isotopes of these elements, but Ramsey (1996) did not specify them.
However, Garner (1996) stated that PA needed Kys for 239Pu 2‘“Am 234U and
'3°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 resubmitting Kys
. for Np in case PA requires them for sensitivity calculations to show that omitting
- this element did not affect the long-term performance of the repository
) sxgmﬁcantly

.We, the Sandia—National-Laboratories. (SNL), and SNL-subcontractor

personnel working on or familiar with the dissolved-actinide Retardation ’
» : _ A :
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Research Program (RRP) or related aspects of PA, established the ranges and
 distributions’ submitted by Brush (1996) from tesults obtained by the RRP
 through May31,19961nthls me_mpi'andl_xm, we have used the same methods
- along ‘with the revised empirical and faechanistic sorption’daté to establish the
~revised ranges and distribations shown in Table 1 (see Revisions of Preyiously
< Submitted  Ranges ‘of Matrix- K¢§ above). Both the original and the reviséd
: ,-A‘_;r‘angc_s;gqc}ydigsu-ibu,t_i,qp_s_‘,p_cgtain to dolomite-rich rock in the matrix (intact rock -
. between the f ires)* of. the Culebra’; (We use the terms “matrix” and
- “fractures™ in:'a" general sense, “corresponding to transport pathways with
relatively low and high "n'ansmi_ssivities, Tespectively. 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.) Neither the original
nor the revised ranges and distributions include Kys 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 minefalogy, clay minerals such as ,
- corrensite (an ordered mixture of chlorite and saponite) are present on fracture

laboratory studies with dolomite-rich rock (see Description of Laboratory Studies
Used to Determine Matrix K s 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 not taken any- credit for sorption by clay minerals on
. - fractures.’ We believe that omitting Kys for clays is conservative. o
- - FRACTURE-SURFACE Kgs o

DT, R R I 3

.= 7. We recommend that PA personnel set the fracture-surface Ky (actually, K,s)

- - for Pu, Am, U, Th, and Np in the Culebra equal to zero! A distribution coefficient

. expressed on a per-unit-surface-area basis, or K., is the equilibritim 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.
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REVISED MATRIXKss

'I'hxs seet10n bneﬂy,‘ _scnbes the laboratory studres used to determme matrix
Kys for dissolved Pu, Am, U, Th, "and Np, and the modelmg study used to,predgct
the ox1dat10n-state dxstnbutlons of these elements under conditions expected in
the Culebra. It then dxscusses the methods used to estabhsh revxsed ranges and
probablhty ‘d1stnb no‘ ,of these de Do e .

Descnptlon of Laboratory Studles
Used to Determine Matrix de

" The RRP. carned out sevcral laboratory studles of the sorptron of Pu, Am, U,
Th, and Np by dolomlte-nch 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 revised ranges and probability distributions
of matrix Kys 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.) Detailed descriptions
‘of these laboratory studies and the complete results will appear as SNL and/or
SNL subcontractor reports after submission of the CCA.

L Triay and her group at Los Alamos National Laboratory (LLANL) carried out
an empirical study of the sorption of Pu(V), Am(III), U(VI), Th(IV), and Np(V)
by samples of dolomite-rich rock from the Culebra. Triay used four synthetic

- fluids, Brine A, ERDA-6, AISinR, and H-17, for her experiments with dolomite-
rich rock. Brine A, described by Molecke (1983), simulated fluids equilibrated
with K- and Mg-bearing minerals in overlying potash-rich zones in the Salado
Formation prior to entering WIPP disposal rooms. It 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 underlymg 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 contammg 0.24, 14,
and 4.1% CO,. The CO, partial pressures in these runs were 1077, 1027, 107,
and 107° atm, respectively, the range of Pcoa ca]culated for Culebra
groundwaters by Siegel et al. (1991). Furthermore, Triay studied the effects of
dissolved actinide concentration on sorption. These experiments yielded sorption .

i
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. isotherms, plots of the _QUa.r‘l‘t'ityV of fgdiénpcﬁde sorbed by the solid phase or
- phases“versus the tjgg%;{diééolyedjff@djé@ﬁe}jdéﬁcon&htfatioﬁ,‘ or plots of Kys

‘Y ot the. final, dissolved radionuclide Concentration.. (We, will include these

AT e ¢~ -
" S .

L ljj,if”é's;ég?igpffs_'j'i,'i.jg“_ti';}nf?p’r_ijidéd;; information’ on the’ nafure of ‘the ‘Teagtion(s)
. responsible for removal of radionuclides from solution: Finally, Triay studied the
;e Sffects of equilibration time (3-days and 1-, 3-, &, or 8-weeks) and direction of
- macion Gorpic o desorpionon soption Ty cmenen s s ol
St the 75-f0-500-pm size fraction (significantly larger than'the mean” dolomite grain
diameter of about 2 pm), washed these subsamples with dilute HCI to remove

cxystallbgm!phiqglly strained surfaces, fine particles of dolomite, and Fe- and Mn-
oxyhydroxides, and pretreated them with the same type of brine to be used for the

-actual experiment for periods. of time for the most part identical to those of the

sorption and 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 Kgs used by PA, she used one actinide element at a time. At the end

of ber 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 K s used by PA, with samples of dolomite-rich rock

taken from AIS core segments adjacent to those used for the column-transport.

J study (see below). X-ray-diffraction analysis of this rock failed to detect clay

y Y ., -.minerals in most cases. Becanse 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-

*.-..1ich rock from the lower, unnamed member of the Rustler. (The clay minerals in

.; ,the Jower member are identical to those lining fracture surfaces and dispefsed in

" samples of nearly. pure Culebra dolomite and actinide-bearing synthetic fluids

. closély‘i’gzsexﬂbling those that could actually flow through the Culebra after human
intI:l;ISiCI_l,LJ-;,:' sy a::“'.’:;;f" _roeine, g . L oo :
. P. V. Brady and his colleagues at SNL and LANL carried out a ‘mechanistic
. study of the sorption of Pu(V), Am(I), Nd) (a nonradioactive analog of
. Am(I) and Pu(I)), U(VvD), Th(IV), 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 <1 06-pum size
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... fraction, washed them with dilute HC], and pretreated them overnight in an NaCl
f olution with the same concentration to be used for the actual expenments and a
: Soluhon-to-sohd ratio of 100 ml per g of dolomlte He carried out the actual
‘x'penments with several actlmde elements at a time; and 4 solution-to-solid ratio
~o.i: of 200 ml/g “After his Tuns,. Brady separated the aqueous and solid phases w;;h a
.0 22-um filter, analyzed - the . solutions by " inductively coupled plasma
'em1sswn/mass spcctromctry, and determmed Kgs from the differences between
thc 1mt1a1 and the final radlonuchde concentrations in the solutions. Althongh
e thls study did ; not ylcld Kgs for actual samplcs ‘of Culebra rock nor for synthetic
Culebra fluids, it did yield results that have proven highly useful for interpreting
the results of the empirical sorption 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 d1$posal rooms (see below).

, D A Lucero and his colleagues at SNL studJed 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 groundwater 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
_ bolders, 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(III), U(VID),: ThAV), and/or Np(V) by
tmlroducmo 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 (eqmvalent 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 siru fluid velocities: He
collected the effluent continuously and analyzed it every 5l by y spectromelry
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 expenments with each
core. Because this study quannﬁed actinide sorption from fluids flowing throuch
. intact;samples of Culebra rock,- it complements the static emplncal 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 2:"Na) and those of U and Np yielded
.. discrete values for the retardation factor R, which were then used, along with
~ porosities determined with the nonsorbing tracers, to calculate Kis. For Pu, Am,
- and Th, which were strongly retarded, Lucero did not observe breakthrough, even
. after pumping brme through these cores for 61,-118, and 211 days (Pu and Am)

i
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-, . and 133, 146, and 237 days (Th), equivalent to 8.83, 17.0, and 30.4 pore volumes
oo .7 (Puand Am) and 19.1, 21.0, and 34.2 pore volumes (Th):" Therefore, he was
‘ cee T only able to calculate minimum values of R and K4 for these elements.” These
' ... minimim _values depend on factors such as the initial concentration of each
radionuclide, the volume of brine pumped through the core, and the ana]ytical

. detection limit for the radionuclide in addition to the extent of retardation. ~ °

h : Predlctlons of ActundeOmdatxon Statesm the Culebra

‘Because oxidation state significantly affects the chemical behavior, including
sorption, of the actinide elements, predictions of the oxidation-state distributions

. of Py, U, and Np in the Culebra were necessary to establish ranges and probability
o disl:u'butioﬁs of matrix Kys for use in the PA calculations. For Pu, U, and Np, the
"‘following oxidation states are possible in low-temperature, geochemical systems:
Pu(), Pu(IV), Pu(V), and Pu(VD; UQAV) and U(VI); and Np@v), Np(V), and

.. Np(VD.  For Am and Th, only one oxidation state, Am(I) or ThAV),
respectively, is possible. ' v : ,

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 clements in the
Culebra. Based on a laboratory study carried out under expected WIPP conditions

. byD. Clark and his colleagues at LANL and previously published results obtained
... for applications other than the WIPP Project, ASTP personnel predicted that Pu
‘ .. will speciate as Pu(TI) or Pu(lV), but not as Pu(V) nor Pu(VI), that U wili
... 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
. was 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 ensured: 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 in turn obviated 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
code for Culebra flow and transport.

" ASTP and PA personnel calculated solubilities for either Pu(@I), UAV), and

'Np(lV), or Pu(IV), U(VI), and Np(V) in any given vector. PA specified the

“oxidation states of these elements by sampling “oxstat,” a parameter with a

uniform probability distribution of 0 to 1. If the sampled value of oxstat was 0.5

. - orless, PA used the solubilities predicted for Pu(TI), UQV), and Np(IV). (These
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_solubilities were also sampled paraxheters.) -If oxstat was gréatcr than 0.5, PA
T . used solubilities for Pu(IV), U(VI), and Np(V).* We recommended that PA use
e the ranges and msmbunons of de for the ox1datxon states of Pu U and Np 2
sampled for cach vcctor I ‘ .

: Tlus approach was equwalent to assummg that the oxidation-state d1stnbutlons

S _of Pu, U, and Np predicted for WIPP disposal rooms will be maintained along the

i ‘ entire off-site’ transport pathway in the Culebra. :(Previous PA ‘calculations have
predicted that, in the absence of climatic change, fluid will flow from the point of

: ijCthIl 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 was 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 cquﬂlbrate with ambient conditions in
the Culebra.

To evaluate the apphcablhty 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 mjectlon 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 combmatzons of these
_-assumptions, Stockian showed that Culebra fluids are poorly poised (have
limited capacity to either oxidize or reduce actinide elements). Thereforc 1t 18
- reasonable to assume that the oxidation-state distributions of Pu, U, and Np

- predicted for WIPP disposal rooms will be mamtamed along the entue off-sne
transport pathway. - ~ o

PredJCUons of Bnne 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 would have been necessary to
specify weighting factors to combine the ranges and probability distributions of

- matrix Kgs for dissolved Pu, Am, U, Th, and Np established for deep and Culebra
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~ brines and obtain an overall range and distribution for a’ given element or
.. clemental oxidation State, .- ' . e oeo. - o= e oy

: o .
<y B

ettt

e Opinions differ significantly on the extent to which deep and Culebra brines

" will mix in the Culebra. One extreme of a range of possibilifies is that, because, of

the density difference between deep and Culebra brines and/or limited spreadi;xg

- . .. due to heterogeneity, a “slug”. of deep brine will flow along the éntire off-site

¢~ .. transport pathway without significant mixing." The other extreme. is that, because

- of relatively: high heterogeneity, hydrodynamic dispersion will result in rapid

mixing, and the composition of the injected fluid will resemble that of Culebra
groundwater on the order of hundreds of meters from the point of injection.

-, We submitted these ranges and distributions to PA -concurrently ‘with the
* submission of Culebra hydrologic parameters by personnel from Geohydrology
Department 6115. Therefore, we were unabje to camry 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

. . Methods Used tb- Establish Revised Rangés of Matrix Kys

This. subsection briefly describes the methods used to establish revised ranges
of matrix Kys 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
. ;1 meeting held April 1 and 2; 1996, here at the BDM Building. Sixteen SNL and
. SNL;sﬁbconu*actor personnel working on or familiar with the RRP or related
' aépects of PA participated in all or part of this meeting. Two US DOE Carlsbad--
N Area-Office and - Carlsbad-Technical-and-Administrative-Contractor personnel
. observed all or part of it. Appendix A (see below) contains the invitation to,
. &'_,iagel;ldﬁgt 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 recejve
", them with this memorandum.) Detailed descriptions, including all of the revised
. empirical-sorption, revised mechanistic-sorption, and original column-transport
data considéred and included or excluded, appear in Appendices B through F,
respectively. Appendix G contains the original results of experiments on the
 effects of four organic ligands on these Kgs. S e -

At th1$ meeting, we decided to establish experimentally obtained ranges for

. Am(III), U(VD), Th(IV), and Np(V), and to use the experimentally’ obtained ranges

" for Am(II) and Th(IV), and the oxidation-state analogy to establish ranges for

. - Pu(D), and Pu(IV), UQV), and Np(IV). Based on the ASTP predictions of
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,oxrdatlon-state distributions for Pu, U, and. Np in WIPP d1sposa1 rooms and
Stockman s predrcuons for the Culebra under most of the possible combinations
of assumpnons (see Predictions of Acumde Ox1dat10n States in the Culebra =
s j'above), we did not plan to establish.an expenmenta]ly obtamed range for Pu(V), ‘
"7 - por. to use the experimentally. obtained range for U(VI) and the oxrdatxen—state

o analogy to estabhsh ranges for Pu(VI) and Np(VI) SRt

X
e.:,-,.

e:estabhshed separate ranges for tbe deep (Castlle and Sa]ado) and the

“Culebra 'bnnes for each actinide” element’ or *elemental ox1dat10n state (see

- Predictions of Brine Mixing in the Culebra above). However, we dzd 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) because the PA
: _.,;caleulanons carried out with the multrphase flow code Brme 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 groundwaters that resemble both Culebra fluids

used by Triay (AISinR and H-17). Therefore, we established one range .and

distribution for these fluids to srmulate p0551ble composmona] variations along

the flow path. - . - .- o - : o | : ‘

. For U(VI), Th(@IV), and Np(V) (see Appendices D, E, and-F), 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 smdy 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 provrded 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 revised Kys.) 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
concenu'ated 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 sorpﬁon experiment, thereby resultmg
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. in sorption of a higher proportion of the actinide on the sorption site with a high

& N
' . ~..To establish the initial Tanges for the deep brines, we first consideted all the

RN

" data obtained from the 6-week sorption experiments carried out with Brine:A and

ERDA-6 " on- the bench top. (in Lcontact. with ambient - atmospheric CO,).
i Atmospheric CO, has a partial pressure of about 103 atm; the lowest CO, partial
- pressure used in'the LANI, 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
brines because we_anticipate that an MgO, backfill will be émplaced 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
 Tadionuclide-bearing brine with which runs were started) and that in a control (a
Tun conducted identically to that of an actual run, but without any rock) exceeded
30, where the standard deviation & 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 14%-CO,. These three atmospheres had CO, partial .
L pressures of 10°7.10273, and 10798 atm, respectively. Siegel now considers this
‘ - . range more likely for gfoundyvaiers_ in the predicted off-site transport pathway
than the previous range of 102° 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 30 to obtain the inifial ranges for Culebra brines,” . el

' 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 nsed 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
- atmospberic 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,
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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(IID)), it was only possible to detenmnc minimum values of K4 for 'I'h(IV) (and ‘ ‘
« - for Pu(V) and Am(I]I)) - This minimum K (and those for Pu(V)) are consistent '
~ with the ranges based on the empirical and mechamsnc sorption studies. ~Luiéero
did observe brcakthrough of U(VI) and Np(V) 1 in his’ expenmcnts Therefore, it
-~ was possible to determine’ actual de for these’ elemcnts In most cases, the Kgs
~ determined for U(VI) and Np(V) from the n'ansport study are less than the lower
limits of the ranges obtamed for these” elements from the sorption studies.
- Therefore, we extended the ranges where neccssary to obtain final ranges for
. (VD) and Np(V) in the deep bnnes (Castﬂe and Salado) and Cu]ebra brmes
(see Tablc 1) :

Fmally we used the expenmentally obtamed ranges for Th(IV) a.nd the
v omdanon state analogy to establish ranges for Pu(IV), UAV), and Np(IV)

We attempted to use- the same methods to establish experimentally obtained
ranges for Am(III) (see Appendix C). Inspection of the sorption isotherms for the
6-week LANL sorption data, however, revealed that the Kys 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(). Tray carned out additional
- posttest analyses of the brines from some of her 6-week sorption experiments with
Am() to determine, if possible, what caused these trends, and to redetermine
these Kgs. 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- expenmentally obtained
ranges for Pu(V) (Appcndlx B) for Am(III) by assuming that the Kgs for Am(l]I)
.. 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(II). Ky obtained for the Yucca Mountain - ‘Project - is about one order of
- magnitude higher than that obtained for Pu(V) under the same condmo_ns. We
- will cite additional examples of differences between the Kys for Am(I) 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(); instead, this approach is
. based on differences in the behavior of these oxidation states. Furthermore, we
~recommend using the range for Am(I) for Pu(1Il) (T able 1); for this
recommendation, we invoke the ox1dat10n—state analocry o

In June and July 1996, we repeated the procedures described above with the
revised empirical-sorption, revised mechanistic-sorption, and original column-
‘transport data (see Revisions of Prcv1ously Submltted Ranges of Matrix Kys

above). : | ._’
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;.2 - > Methods Used to Establish Probability Distributions_ of Matrix Kgs

.1e.m_¢y’,;_ the PA Pérémétcr. Task Leader, ‘provided guidance on

= e 0

|  establishing probability distributions of parametets for use ini the PA ¢alculations
~ to'support the CCA (see Tierney, 1996a; 1996b). - S TR

*The F studled the effects of several factors on sorption (see Description
Studies’ Used to Determiné Matrix Kgs, Predictions of Actinide
s in the Culebra, and Predictions of Brine Mixing in the Culebra

Oxidation State

. above). . Papenguth and Behl (1996) designed these studies-to encompass the
. r'ang‘es‘_;gf' these factors expected in the Culebra. - Therefore, the revised ranges of
- matrix Kgs 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
probability distributions of these factors (especially brine type, the Ppartial pressure
of CO,, and the resulting pH) in the Culebra. Therefore, we do not recommend

- that PA use a Student t distribution based on the data included in these revised

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 [probabi]ity]

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. Tiemey (1996a) specifies use of a log-uniform distribution “when
the range ... spans many orders of magnitude.” Inspection of the revised Tanges
for deep and Culebra brines in Table 1 reveals that they span 1.30 and 2.65 orders
of magnitude (deep and Culebra brines, respectively) for Pu(Ill) and AmQI);
1.15 orders of magnitude (deep brines only) for Pu(Iv), UQV), ThAV), and
Np(IV); 2.82 orders of magnitude (deep brines only) for U(VI); and 2.00 and

- 2.30 orders of magnitude (deep and Culebra brines, respectively) for Np(V).
'»,(Eag;h 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 Tange; see

.-, Appendix E below. We could not calculate this parameter for the revised range
- for U(VI) and Culebra brines because its minimum value is 0.) Because these

revised ranges all span three orders of magnitude or less, we recommiend that PA
use a uniform distribution instead of a log-uniform distribution for all of them. -

- Methods Used for Final Selection
- of the Revised Ranges of Matrix Kys  * ™" -

We recommend the revised 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 recommend a uniform distribution for all of the
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- revised ranges (see Methods Used to Establish Probability Dlstnbutlons of Matrix

Kas above) the average Kd that PA would sample for all of its vectors is the mean

IPERAS

~"means of the revised ranges for deep and Culebra bnnes to determme ‘which 1 ran ge

. -2004.5 ml/g (deep and Culebra brines; respectlvely) for Pu(I]I) and Am(l]I) 5,350
"= ml/g (deep. ‘brines only) for Pu(IV) U(IV) Th(IV) and Np(IV) 10.015 and 30
: ml/g (deep ‘and Culebra brines, respectively) for U(VD; and 101 and 100.5 ml/g .

would result in less retardation for each element or elemental omdatmn- statg.
Inspection of the revised ranges in Table 1 reveals that the means are 210 and

(deep and Culebra brines, respectxvely) for Np(V). (Each of these values is the

.. -sum of the maximum and the minimum values of each rev1sed 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(lV) "and Culebra brines

_ because we could not establish this range; see Appendix E below.) Therefore we

recommend a revised range of 20 to 400 ml/g (the revised range for deep brines)
for Pu(Ill) and Am(II); a revised range of 700 to 10,000 ml/g (deep brines) for
Pu(V), UIV), Th(IV), and Np(IV); a revised range of 0.03 to 20 ml/g (deep
brines) for U(VI); and a revised range of 1 to 200 ml/g (Culebra brines) for
Np(V). In Table 1, the recommended ranges appear in bold font. ’

Because the ASTP 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 revised range and distribution for each specified oxidation state

would constitute the range and dxsmbutlon for each of these elements during a

glVCIl vector.- . - - . - _ . T
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Table 1.. Revised Ranges of Matrix Kgs (ml/g) for Pu, Am, U, Th; and Np, and Dolomite-Rich
- Culebra Rock. 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
i actinide concentrations in WIPP disposal rooms. " All probability distributions are ,
uniform (se€ text). Table compiled by L. H. Brush on April 3; 1996, based-on zesults
of meeting held April 1 and 2, 1996. .. Table checked by Brush and Y. Behl on.
F~,:»1:Ap1fi1_~3,*.l996.‘-":};-: Table revised by Brush- on”April 6, 1996; based. on Lucero and

" Brown (1996):* Table checked by Behl on April 8, 1996." Table revised by Brush on

' July 6 and 10, 1996, based on information provided by LANL on June 28, 1996, and
Brady (1996). Table checked by A. C. Peterson on July 18, 1996.

"Element

Oxidation
State Pu Am U Th Np

\/ S NA NA 0.03 to 20* € NA NA
| 010 60%€ |
\ . NA Na NA NA 2 t0 200;4C
| 1to 200% €

v 700 to NA "~ 700to - 700 to 700 to
10,000;*° 4 10,000;* E 10,000;4- € 10,000;* ¢

NE NE NE NE
I 20 t0 400; 5 20 1o 400~ NA NA . ‘NA

9104,000™" 9 104,000%!

MEQEHUOW e

: range for deep (Castile and Salado) brines only (see text).
: experimentally obtained range for Th(IV) applied to Pu(TV) by oxidation-state analogy.

© experimentally obtained range for Th(IV) applied to Np(IV) by oxidation-state analogy.
© experimentally obtained range for Pu(V) applied to Pu(Ill) (see text). '

range for Culebra brines only (see text).
experimentally obtained range (see text).

-experimentally obtained range for Th(IV) applied to U(IV) by oxidation-staie analogy.
experimentally obtained range for Th(IV) and deep brines applied to Th(IV) and Culebra brines,

experimentally obtained range for Pu(V) applied to Am(III) (see text).
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Table 1. Revised Ranges of Matnx de (ml/g) for Pu Am U, Th and Np, and Dolom1te-R1ch
Culebra Roclg (contmued) _ .

' NA not apphcable (elcment wﬂl not. specxate in thxs ox1dat10n state) | ' SR A
NE: not cstabhshcd for Culebra brmes (see Appcnd1x E) C
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- APPENDIX A: MEETING TO ES_TABL_ISH RANGES AND PROBABILIT Y
» - DISTRIBUTIONS OF ACT]NIDE K4s FOR THE WIPP PA
, CALCULA_I"ION S AND THE CCA :

| _Invi_tation‘
March 25, 1996
Dear Colleague:

Attached is the agenda for the meeting to establish ranges and probability
distributions of actinide Kgs 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 Toom, 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 Kys 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. B ‘

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. . L
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Thank'you very much in advance for taking time out of your busy schedule to
participate in this meeting. I am looking forward to your input next week. -

‘Best regards,

Larry Brush v
WIPP Chemical & Disposal Room

Processes Department 6748

Distribution:

R. J. Latk, 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) : L .
MS 1320 R. V. Bynum (Org. 6831) = AR
MS 1320. R. Holt (Org. 6748) | o . .
MS 1320 D. A: Lucero (Org. 6748) : PR I R SR
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

9:00-9:30

9:30 - 10:30

10:30-10:45

10:45-11:45

11:45 - 13:00

+13:00 - 15:00

15:00 - 15:15

15:15-17:15

© 2301 Buena Vista SE -
Albuquerque NM

Monday, Apnl 1
Inu'oduction

Pred:cnons of Acnmde Omdatmn States

_ inthe Culebra

Break

Proposed Use of Ranges and Distributions
of Kgs by PA

Lunch

Discussion of Range and Distfibudon
of Kys for Pu(V)

Break

Discussion of Range and Distribution
of Kys for Am(IIT) and Pu(1II)

‘ ' - o o Monday and Tuesday, Apnl 1 and 2, 1996 -
: DT * BDM Sandia Vista Building -

L. H. Brush, SNL

W Stockmanl
SNL' .

M. S. Tierney,
SNL -

- BDM Cafeteria

All participants

All participants
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Agenda (continued)

Tuesday, April 2 -

8:00- 1‘0:00 - : Discussion of Range and Distribution ' All participants=. - %
. ’ of Kgs for Th(AV), Pu(IV),andU(IV) o
10:00-10:15 - Break R
10:15-11:45 Discussion of Range and Distribution All-participants
) of Kgs for U(VI) and, if necessary, Pu(VI) : '
11:45-13:00  Lunch | P " BDM Cafeteria
13:00 - 13:30 - Discussion of Range and Distribution All participants
- of Kd_s for U(VI)_ (continued)
13:30 - 13:45 Break |
13:45-15:45 - Discussion of Range and Distribution | All participants

of Kgs for Np(V)
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Partrcrpants _

S

Y. Behl, Sches (SNL column transport study)
P. V. Brady, SNL (Pnncrpal Investrgator for the SNL/LANL mechamsth sorption study)

- L. H. Brush, SNL (Principal Investxgator fer the dxssolvcd actlmde Retardation LIRS

~ Research Program (RRP)
R.V. Bynum SAIC (Acnmde Source Term Program management)

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

K. M. Economy, Ecodynamics (PA Culebra transport calculations)
R. Holt, 1ndependent SNL contractor (charactenzatron of clay minerals in the

Culebra): - :
E. J Nowak, SNL (Managcr WIPP Chemrcal & Drsposal Room Processes

" Department 6748)-

"H.W. Papenguth, SNL (former Prmcrpal Investrgator for the drssolved-acnmde 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. Tierney, SNL (Task Leader for the PA database)
L. Triay, LANL (Group Leader, Chemical Science and Technology Group, and
~ Principal Investigator for the LANL empirical sorption study)
R. F. Weiner, SNL (Achmde Source Term Program) ’

Observers

D. Hobart, Carlsbad Admmrstratrve and Technical Assistance Contractor (Actmrde Source
- Term Program, Retardation Research Program) = - o .

R. J. Lark, US DOE Carlsbad Area Office
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 APPENDIX B: RANGES AND PROBABILITY DISTRIBUTIONS OF
"MATRIX Kgs FOR Pu(V) AND DOLOMITE-RICH
CULEBRA ROCK R

Based on a laboratOry study carred 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(Ill) 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,

.ol
-4

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 3

matrix Kgs for Am(III) (see Methods Used to Establish Ranges of Matrix Kys 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 Kgs for Am(II) and Pu(ID)
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 Kys 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 *’Pu in a standard and that in a control exceeded 30, where G is the standard

|I>‘

deviation (see Methods Used to Establish Ranges of Matrix Kgs.) Discarding the data .
from these three runs yielded an initial range of 19.1 ml/g (from #6004) to 387 ml/g .

(#6005) for Pu(V) and the deep brines.

To establish the initial 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, #24006, #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 **°Pu in a standard and

that in a control exceeded 30, to obtain the inifial range of 8.70 ml/g (from #12007) to .

3,517 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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+ " Triay's data for the Culebra brines to basic conditions (see Methods Used to Establish
* Ranges of Matrix Kgs).  Brady’s data for 0.5 M NaCl, atmospheric CO,, and the highest

PH value under these conditions are 82 and 69 ml/g at a pH of 9.9 (Table B-5). Because
these valuesxarer within the initial range for Pu(V) and the 'dcep_brines (see above), and
because we did not use this comparison-to extend thé initial range for Pu(V) and the-,

Culebra brines to basic conditions, our revised ranges for Pu(V) remain 19.1 to 387 ml/g

. and 8.70 to 3,517 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 breakthrongh of Pu(V), it was only possible to determine

a minimum Ky for this element. Lucero et al. (1996) submitted their results on
March 28, 1996, (see Table B-6). Lucero and Brown (1996) and Brown (1996) then
revised them on April 5 and 16, 1996, respectively (Tables B-7 and B-8). The minimum -
Kgs reported for experiments C-3, D3, and E-2 (Table B-8) are consistent with the K;s
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 19.1 to 387 ml/g and 8.70 to 3,517 ml/g for the deep and Culebra brines,
respectively. However, we rounded these ranges to 20 to 400 ml/g and 9 to 4,000 ml/g,
respectively prior to inclusion in Table 1 above.

We récommcnd that PA persdnnel use‘a uniform probability distribution for both

of these ranges (see Methods Used to Establish Probability Distributions of Matrix Kgs
above). ’ :

Furthermore, we recommend that PA use the range of 20 to 400 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 recomniénd that PA use a range of 20 to 400 ml/g for Pu(MI) and
Am(III) (see Methods Used to Establish Ranges of Matrix Kys and Appendix C).
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Table B-1. Effects of Initial Radionuclide Concentration and Pcoz on Matrix Kys for
. - Pu(V), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical
_Sorbtioq Study). Six-week sorption runs with VPX-25-8. No Kys in

+; this s table;- excluded - from# ranges and distributions* because * of

+ unacceptable differences between standards and controls. Data current > - 5

. Table ' compiled by L. H. Brush on
ed on information provided by LANL on
| Table checked by Brush’and' S. Boone on
" April 3, 1996.- Table revised by Brush on June 7, 1996, based on

information provided by L. J. Storz on June 6, 1996. Table checked by

on information provided by LANL on J
A. C. Peterson on July 10, 1996. = - -

- Storz on June 10, 1996.- Table revised by Storz on July 1, 1996, based
une 28, 1996. Table checked by

Range of

Initial Pu  Kq(mlg),  Ka(mlg), Ke(mlg), K (mig),
Brine Conc.(M) . 0.033%CO, 0.24%CO, 14%CO, ~ 4.1% CO,
Brine A 473 x 107 19.1, 199, ' 26.8, 233,
to #6004 © #24004 #12004 #18004
. - 4.87x 107
Brine A 131x107 .46, 219.2, 324, 30.2,
" to C #6024 #24024 #12024 #18024
1.37x 107 ,
Brine A 6.97 x 10°8 123.5, . 29.0, 369, .. 332,
. to #6044 - #24044 #12044 #18044
7.04x 108 a
Brine A  142x10° - 229, 256, 546, © 269,
o, . #6064 #24064 #12064 #18064
1.51x 108 : '
Brine A 7.22 % 10° 240, ' 25.6, 26.2, 254,
to #6084 #24084 #12084 #18084
7.65x% 10° ' :
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Table B-2. Effccts of Initial Radionuclide Concentration and Pcoz on Matrix de for -
' Pu(V) Dolomlte—Rlch Culebra Rock, and ERDA-6 (LANL Empirical
Sorptxon Study). - Six-week sorption runs with VPX-25-8. K;s in bold
-»font ‘excluded from ranges and -distributions becanse of unacceptable
dlfferences between standards and controls. ' Data current as oF. .
Apnl 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
V-.Apnl3 1996. Table revised by Brush on June 7, 1996, based on
information provided by L. J. Storz on June 6, 1996. Table checked by
Storz on June 10, 1996. Table revised by Storz on July 1, 1996, based
on information provided by LANL on J une 28, 1996. Table checked by
"A. C Peterson on July 10, 1996. '

Range of _ '
Initial ’Pu = Kg(mlg), Ka(mlg), Ki(mlg), K, (mlg),
Brine Conc. (M) 0.033% CO, 024%CO;, 14%CO,  4.1% CO,
ERDA-6  4.52x107 387, 5789, . 5940, 127,
to #6005 #24005 #12005 #18005
493 x 107 ~ :
ERDA-6  129x107 3,297, 5,460, . 5,853, 172,
to #6025 #24025 #12025 #18025
1.35x 107 : |
ERDA-6  8.34x10% 2,454, 2,556, 6,340, 212,
to #6045 #24045 #12045 #18045
8.49x 10°
ERDA-6  149x10% 569, 958, 1,657, 143,
| to- #6065 #24065 © #12065 #18065
1.53x 10°
ERDA-6  9.58x 107 124, 1990, 1,231, 3,820,

to #6085 #24085 #12085 #18085
7.07 x 107 :
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Table B-3., Effects of Initial Radionuclide Concentration and Pcoz on Matrix Kgs for

- .font;excluded from ranges and distributions' becan

= Pu(V), Dolomite-Rich Culebra Rock," and AISinR (LANL:' Empirical

Sorption Study).” Six-week sorption runs with VPX-25-8.- Kgs in bold

differences between standards and controls.
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. Bo6nie on April

3, 1996." Table revised by Brush on June 7, 1996, based on information

provided by L. J. Storz on June 6, 1996. Table checked by Storz on

. June_10,.1996... Table revised by Storz on July 1, 1996, based on
- information provided by LANL on June 28, 1996. Table checked by

A. C. Peterson on July 10, 1996. :

July 24, 1996

ause’ of unacceptable - -
Data current “as of. . %,

Rangé of

Initial Pu K, (mlg),  Ky(mlg), Kq(mlg), X, (ml/g),
Brine Conc. M) 0.033%CO, 024%CO, 14%CO,  4.1% CO,
AISinR 1.77x 107 338, 60.3, . 1,833, 3,980,
1o #6006 #24006 #12006 #18006
4.17x 107
AISinR  1.05x107 1930, 36.1, 1,024, 4,905,
Cto #6026 #4026 #12026 #18026
1.17 x 107 .
AISinR 572x10°% 215, 38.6, 3,517, 6,076,
‘0. | #6046 #24046 #12046 #18046
5.86x 10°% :
AISinR 1.11x 10° 422, 48.9, 823, 1,850,
to #6066 #24066 #12066 #18066
1.15x 108 :
AISinR 5.66 x 10° 484, 417, 1,037, 1,320,
1o, #6086 #24086 #12086 #18086
6.11x 107
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Table B-4 Effec;ts of Initial Radxonuchde Concentratlon and Pcoz on Matrix de for
e . Pu(V),. Dolomite-Rich’; Culebra - Rock,. and” H-17- (LANL Empirical
Sorpnon Study) S1x-week soxpﬁon runs with VPX-25 8.~ Kgs in bold
- ‘font excluded from’ ranges and- distributions because ‘of unacceptable
d1fferences between standards and controls. Data current as of* - 3
April 3, 1996. ~Table compiled by -L. H. " Brush - on
_=..-March 23 and 30, 1996, based on information ‘provided by LANL on
Mareh 19 and 26,,1996. Table ‘checked by Brush™ and S. Boone on
* April 3, 1996. Table Tevised by Brush on:June 7, 1996, based on
information provided by L. J. Storz on June 6, 1996. Table checked by
Storz on June 10, 1996., Table revised by Storz on July 1, 1996, based
on information prov1ded by LANL on June 28, 1996. Table checked by
A. C Peterson on July 10, 1996. A T

Range of _ E
Initial P Kq(mlg), Ks(mlg), Kai(mlg), Ky (mly),
Brine Conc. M) 0.033%CO, 0.24%CO, - 14%CO, 4.1% CO,
H-17 4.72x 107 143, 81.3, 870, 24.3,
. to #6007 © #24007 #12007 #18007
4.81x 107 '
H-17 445x10°* 174, 141, L1213, 305,
. to #6027 #24027 #12027 #18027
1.20x 107 ' o RS
H-17 5.71x10® 302, 167, 129, = -332,
. to #6047 #24047 #12047  #18047
- 617x10° =
H-17 120x10° 233, 165, 22.9, 39.7,
. 1o #6067  #24067. #12067  #18067
1.25x 10* | :
H17 - 621x10° 214, 579, 85.4, 415,
. to #6087 #24087 #12087 #18087

6.29 x 10°




M. S. Tierney

-l
-

31 “. July 24, 1996

e~ Norwegian.dolqmitc and 0.5 M NaCl. Data current as of
© . +-= March 31, 1996:: Table retyped by L: H: Brush on April 24,1996.""

Table checked by Y. Behl on Ap

ril 28, 1996.., Table revised by - .
_Brush on July 5, 1996, based on Brady ( 1996). Table checked by . - .

Y W ol Peterson on July 15,1996 -

‘Table B-5. Effecs of pH and Pcos on Matrix Kes for Pu(V) and Pure Dolomite -
cwele o (SNLJLANL Mechanistic Sorption Study). Sorption runs with

o K4 (ml/g),
pH (stagdard units atmospheric CO,
9.9 82
9;9 69
. 84 25
6.7 -8
6.2 6

58 6
52 6

4.6:- 25
41 ) 2.
3.5 -8
3.1 -62

K4 (mVg), Ks (mVg),

0.5% CO, 5% CO,
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA-
NA NA
NA NA
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Table B-5. Effects of pH and Pcoy on Ma_trix de for Pu(V) and Pure Dolomite
* (SNL/LANL Mechanistic Sorption Study) (continued). - L

Ry, . K@l - K,
6.9 - “NA 93 NA
85 NA . m Na
73 NA 205 NA
7.2 . NA 232 . Na
7.0 . NA 193 NA
6.9 NA ‘ g3 | NA
6.6 NA 63  Na
62 NA 114 NA
53 N 39 NA
4.0 NA - - EECE NA
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Tablc B-S Effects of pH and Pco; on Matrix Kys for Pu(V) and Pure Dolormte

(SNL/LANL Mechamstlc Sorptxon Study) (contmued)

7

Kd@@g) . Kd@m%x

| | Ka (mlfg),

PH (standard units o armosphenc C02 - 05% CO; 5% CO,
6.4 NA o Na 24
6.9 NA  NA 99
6.9 NA NA 92
6.8 NA NA 99
6.7 NA NA 104
638 NA NA 74
6.5 NA ' NA B ¥
6.1 NA . NA u
58 NA NA 29
49 NA NA 4
3.6 NA | NA 24

NA: not applicable.
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Table B 6 Minimum Values of R and Ky for Pu(V) in Intact Culebra Cores (SNL
- Column Transport Study). Data current as of March 26, 1996. Table
, "'compx]ed by L.  H. Brush on March 30, 1996, based on

- Lucero et al. (1996). Table checked by Brush on March 31, 1996.

e d .‘:l'ea%
Fow . . - EBf 00Ul RPN
_ . rate’  Run  fluent - Poro- Range
Solid (m/ Time Vol sity  Kamin  (ml/

Run#‘ (core) Brine min) (days) (L) Rmin _'(%) (ml/g) g)

—

C3 VPX- AIS. 01 211 3045 5200 37° 8  NA

28-6C
D-3 . VPX- AIS. 01 118 1702 1140 915 46  NA
25-8A . 5.3°
E2 VPX- AIS. 01 61 88 405 235 40 NA
- 27-7A , 15.7°
AIS: AISinR.

D: dual porosity assumed.
NA: not available yet.
S: single porosity-assumed.
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- Table B-7. Minimum Values of R and K, for Pu(‘V) in Intact Culebra Cores (SNL

» Column Transport Study) -Data’ current as of March' 26 '1996. Table

. o . compiled < by ‘L. H."? Brush' on’ March 30,.-1996, _based

T - . Lucero et al. (1996). <’ Table checked by Brush on March 31 1996. .
. Table. revised by Brush ‘on Apr11 6 1996, based on Lucero and o n

. Brown (1996) Tablecheckedby YBchl onApnlS 1996 T

- rate ~ Run  fluent. - _Poro'- Range
" Solid (@l Time Vol sty Komn (Gl

Run# (core) - Brine * min) - (days) (L) _ Rmin:. (%) (mlig) g~

C-3  VPX- AIS. 01 211 3045 5200 375 84  Na

28-6C

D3 VPX- AIS. 01 118 1702 1,040 915 46  NA
258A - | o
B2 VPX- AIS. 01 61 88 405 23 40  Na !

| 27-7A '

NA not avallablc yet.
S: single porosity assumed.




M. S. Tiemey - 36 July 24, 1996

L5y

- Table B-8: Minimum Values of R and K4 for Pu(V ) in Intact Culebra Cores (SNL
_ Column Transport Study). Data current as of March 26 1996. Table
compﬂcd by L. H..Brush h-30,"..1996, based
+. Lucero ct al. (1996) Tablc chcckcd rush on; March 31,-1996.
_Table” revised by Brush’ .on April. 6, 1996 bascd on Lucero and .

" Brown’ (1996). Table checked by Y- Bchl on Apnl 8,,.1996. - Table “’
- rcvrscd by Brush on Apnl 17, 1996 bas 'on Brown (1996)
Flow - Ef % .. o
- - rae Run  fluent _ Poro- Range
Solid @V Time Vol . .- sty Ky m (Eml/

Run# (core) Brine rmin) (ays) L) “Run " (%) (mlg) g

C3  VPX- AIS. 01 211 3045 5200 37° 84 NA

28-6C
D-3  VPX- AIS. 01 118 1702 1140 91° 45  NA
| 25-8A ) S -
E-2 VPX- AIS. 01 61 88 405 23° 40  NA
27-7A -
AIS: AISinR.

NA: not available yet.
S: single porosity assumed.
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. APPENDIX C:: RANGES:AND PROBABILITY DI,.STRIBWONS.aQE« L
D ‘MATRIX Kys FOR Am(Ill) AND DOLOMITE-RICH -~ """

CULEBRAROCK -7 ;% - vowetfi nin i 0t

et T AT i JLE

\

-

"For.-Am;’ only. one oxidation’ state; Am(III), is possible” in the " Cule

FEN

PI‘CdJCthDSOf.ACﬁDJdBOdeaUODStaICS in the Culebra above): - Therefore; we attempted
s .10 establish.experimentally obtained ranges of matrix-Kys for Am(TH), and use them and .
A the oxidation-state analogy to establish ranges for Pu(). - S TR T e e
- -+ To establish the inirial ranges for Am(III) and the deep brines, we first considered -
" all of the data from the 6-week empirical sorption experiments carried ot 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 above for the reasons for considering
these data). These runs were: #6012, #6032, #6052, #6072, and #6092 (see Table C-1
below), and #6013, #6033, #6053, #6073, and #6093 (Table C-2). We discarded the data
from #6012, #6032, #6013, #6033, #6073, and #6093, the runs in which the difference
between the activity of the ***Am in a standard and that in a control exceeded 30, where
O is the standard deviation (see Methods Used to Establish Ranges of Matrix K4s.) Even
after discarding the Tesults of these six runs, however, the defensibility of the remaining
data is questionable because. the Kys retained for Brine A increase significantly as the
final dissolved concentration of **Am increases. (We will include these isotherms in the
parameter and analysis records packages for these Kgs. - However, this trend is also
. apparent in Table C-1.) Furthermore, the isotherm obtained by plotting the’ quantity of
' radionuclide sorbed by the solid phase or phases versus the final dissolved radionuclide -
concentration does not appear to pass through the origin. The Kys are also proportional to
the final dissolved **Am Concentration in the runs carried out in the glove box with an
. atmosphere containing 1.4% CO,, and, based on the trends observed with both retained
and discarded data, appear to increase similarly in the runs édqducted in the glove boxes .
with atmospheres containing 0.24 and 4.1% CO; (Table C-1)? ‘Moreover, based on the”
trends observed with both retained and discarded data, these Kys also appear proportional
to the final dissolved **Am concentration at all four CO, concentrations in the runs with
ERDA-6 (Table C-2). ‘These trends snggest that sorption of Am by the container walls,

precipitation of an Am-bearing solid phasé; coprecipitation of Am by another phase,

incomplete separation of the agueous and the solid phases at the end of an expériment, or
some combination of these processes occurred in the runs with Am(III). We thought we .

had eliminated reactions other than sorption by ‘the rock in these experiments because:. . -

(1) LANL personnel had filtered the brines sequentially, with a minimum filter size of 0.2 |
Hm, after these runs; (2) we had discarded results from the runs in which the difference
between the activity of the radionuclide in the standard and that in the control exceeded
36 before examining these data; (3) the final Am(II) concentrations in these runs were
less than the solubilities predicted by FMT for these brines. Triay carried out additional
posttest analyses of the brines from her 6-week sorption experiments with Am(IIT) with
0.033% CO, to determine, if possible, what caused these trends, and to redetermine these
. Kgs. She did not attempt any additional posttest analyses of the brines from experiments
conducted in the glove boxes because she had removed them from these glove boxes after

PR é e ';g -
ebra (see




M. S. Tierney 38 July 24, 1996

s

the original runs, thus exposing them to conditions different from those during the runs.

Triay first recounted the brines to determme if mistaken sample identification or improper

-data entry had caused the trends descnbed ‘above. She then refiltered, centrifuged, and/or

ultracentrifuged the brines.to remove any suspended particles, and recounted them. .
Finally, she recalculated the Kgs using the controls instead of the standards to specify the -,

initial dissolved ** Am concentration. Despite these efforts, the data continued to dxsplay ’

trends sxmﬂar to those descnbed above SR SR

The 6—week LANL sorptron expenments camed out thh Am([]l) and the Culebra
brines (AISinR and H-17) yielded the same trends described above for the deep brines
(compare Tables C-3 and C-4 with Tables C-1 and C-2). Therefore, we could not use -
them to establish a range for Am(II).

We did not use the data from the mechanistic sorption study by Brady and his
colleagues at SNL and LANL, nor the column transport study by Lucero and his
colleagues at SNL to establish a range for Am(III) for several reasons. First, Brady had
used pure Norwegian dolomite and pure NaCl solutions, not actual Culebra dolomite and
synthetic Culebra fluids. (Although we used his data to extend the initial ranges
established with Triay’s empirical data to the basic conditions expected to result from the
use of an MgO backfill in WIPP disposal rooms, we did not believe this would be
defensible in the absence of any empirical data for actual Culebra dolomite and synthetic
Culebra fluids.) Furthermore, Brady did not report data for Am(III) with atmospheric and
0.5% CO, (see Table C-6), the headspace concentrations corresponding to CO, partial
pressures within the range. that Siegel now considers likely for groundwaters in the ,
Culebra off—srte u'ansport pathway (see Methods Used to Establish Ranges of Matrix .
Kgs), above a pH of about 5 or 6. Moreover, although Brady did report data for Nd(IIl).
with atmospheric and 0.5% CO, at neutral or nearly neutral values of pH (T able C-5), he
also obtained them with pure Norwegian dolomite and pure NaCl solutions, not actual
Culebra dolomite and synthetlc Culebra fluids. Finally, because Lucero did not observe -
breakthrough' of Am(III) it is only p0331b1e to determine minimum Kgs for this element”
(Tables C-7 through C-9). These minimum values are significantly lower than actual
- Am(TI) Kgs typlcally obtamed for apphcanons other than the WIPP. Pro_]ect (see below)

Therefore we recommend usmg the experzmentally obtazned ranges for Pu(V)
(see Table 1 and Appendlx B above) for Am(IIl) by assuming that the Kgs for Am() 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(II) K4 obtained for the -
Yucca Mountain Pro_]ect 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 Kgs for Am(IIT) 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 dzﬁ‘erences in the behavior of these oxidation states. Furthermore,
we recommend using the range for Am(I]I) for Pu(]JI) for this recommendatlon we have
used the omdanon-state analogy. :
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'?":Effects _of Imtxal Radmnuchde Concentratmn and Pcoz on Matnx Kgs for
An'i(III) '{:DOIOIDJte-RlCh Culebra Rock, and Bnne A (LANL Empirical
' '-chk sorpuon runs w1th VPX-25—8’ Kqs in bold

én standards “and * controls ; ;
.- '7x; Table complled by LG H:» Brush - on
h23~and_30 996, based on; mformatxon prowded»by LANL on

=+ April .—.-f:Tablevrevxsed by Brush on June 7,";1996 ‘based on
. mformatxon provided by L. J. Storz on June 6, 1996. Table checked by
torz on June 10, 1996.  Table revised by Storz on July 1,71996, based
inform non prov1ded by LANL on June 28 1996 Tablc chccked by
AVC Petcrson on July 10 1996 ol ol

.R”angé of _ i . ‘ o :
- Initial*®Am Ky (mlg), Ko@), Ko(mlg), = Kq(mlg),
Brine - Comc.(M) - 0.033% CO, 0.24%CO, 14%CO,  4.1% CO,
Brine A  110x107 © 811, 876, 1,109, - 1,061,
oo - #6012 #24012 #12012 . #18012
1.24 x 107 | - | '
Brine A . 545x10° . .779, 937, . 955 .. 902
-t #6032 #24032 #12032 #18032
- 6.18x10° , - |
Brine A  1.15x 10% 429, 436, 465, 502,
1o #6052 #24052 #12052 #18052
1.24x10% | |
~ BrineA  586x10° 278, 299, - 329, 291,
to #6072 #24072  #12072 #18072
6.25x 107 ‘
BrineA  125x10° 571, 64.3, 730, 654,

to #6002 #24092 #12092 #18092
1.31x 10° : :
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4 April 3,196 Tabie’ revised by Brush-on June: 7. 1996; baséd on

4L L . July 24, 1996

+ information prov1ded by L. J. Storz on June 6, 1996 Table chccked by
. Storz on June 10,-1996:; Tab]e revised: by Storz on July l 1996 based

" on information provided by LANL on J une 28 1996 Table checked by

A C Peterson onJuly 10, 1996. .

Range of

Initial *’Am - Kq(mlg), Ka(mlg), Ko (mlg), K4 (ml/g),

‘Brine . Comc.(M) 0.033%CO; 024%CO, 14%CO,  4.1% CO,
ERDA-6  1.11x107 = 4,717, 8,056, 9,061, 4,393,
to - #6013 #24013 #12013 #18013
1.24x 107 ‘
ERDA-6 - - 6.08x10° 4,288, 3992, = 6818, | 1,748,
- " Tto © #6033 #24033 #12033  #18033
7.25% 1078 : ' s
ERDA-6 - 104x10° ..1380, 1351, 1692, 1,013,
o " #6053 | #24053 #12053  #18053
1.17x10°® - T
ERDA-6  519x10° - 822, <737, - 699, © 633,
b T #6073 #24073 #12073 .. #18073
5.96x 107
ERDA-6  120x10° - 177, 228, 209, 217,
to " #6093 #24093 #12093 #18093

1.61x 107
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ci Table C-3 , Effects of Imt1a1 Radlonucl;Qe Cencentratlon and Pcoz on Matnx de for . .-

mformatnon prowded byL.J. Stozz on Jupe 6, 1996 Table checked by

Stom on June 10, 1996 Table revxsed by, Storz on July 1, 1996 based
'- on mformalmn prov1ded by LANL on June 28, 1996 - Table checked by

A. C Peterson on July 10 1996 O LY

Range of
Initial “*Am  Kq(mlg), Ks(mlg), Kq(mlg), Ke(mlg),
Brine Conc. (M) '_0.033% CO; . 0.24% CO, 1.4% CO, 4.1% CO,

AISIR  959x10% 1,740, 709, 618, 493,

1o L #6014 . #24014 - #12014 #18014
1.06 x 107 o ' ' .
AISinR v_5.41x1078_; s 1616 577, 656, ... 490,
" 10 #6034 T 424034 #12034 #18034
5.95x10°% : :
AISER  9.03x10° ., 907, .. 738, . 424, .., 423, o -
T o " #6054 #4054 - #12054 #18054
1.02x10% : | o
AISinR  4.70% 10° 634, . 621, 334, . 324, e
Tt #6074 .. #24074 #12074 #18074
'5.96x 10° -
ATSinR  1.22x10° 185, 141, 129, NR,
L to #6094 #24094 #12094 #18094
1.36x 107 o : :

NR: not reported.
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- .. Table C—4 Effects of Inmal Radmnuchde Concentratlon ‘and Pcc
2 oy . . X

* information prov1ded by L.J. Storz on June 6, 1996. Tablc checked by

PRI St01z ‘on June 10, 1996.+ Table revised by Storz on July 1, 1996 based

e on mformatxon provxded by LANL on Junc 28, 1996 Table chcckcd by -
15~;=,.:*tA, C Peterson on July 10 1996. : CRE ey

July 24, 1996

coz on Matnx Kgs for
nd. H—17 (LANL Empmcal"

“Dita” curnent as of . :
B compﬂed by L H Brush

vOD

" Rangeof '
- hitial**Am  Ky(mlfg), Ke(mlg), Ka(mlg), Ky (mlg),
Brine .- Conc. (M) 0.033%CO, 024%CO, 14%CO, 4.1% CO,
H-17  401x10%® 1,445, 1,190, 626, 497,
- Y to #6015 #24015 #12015 #18015
- 4.86x10°
CHA7 .., 238x10% 0 1,038, 0 1,017, 565, 440, .
T to #6035 #24035 #12035 #18035
o AMxw0t -
H-17 ~ 876x10° .- - 793, 760, - . 454, 576,
¥ 1o #6055 #24055 #12055 #18055
9.39x 10 : |
H-17 5.67x 107 752, 568, . 380, 349, .
A% 1o #6075 #24075 #12075 #18075
. ._...619x107 . _ : - o e
H-17 1.36 x 10° 69.2, 170, 172, 141,
| " to #6095 #24095 #12095 #18095

1.54x 107
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March 3171996 Table retyped by L. H. Brush on Apnl 24" 1996

July 24,1996 .

. _Tabl‘ci(‘f-" : Effects of pH and Pcoz on Matnx Kes for Nd(I]I) and Pure Dolomxte

841

7.52

6.72

6.49-
619
5.74
525 T
63
42
375

335

Kq(ml/g), "~
L amlgspheﬁc CO, p

Clogeas

1,619.2

1,225.2

1,141.4 |
57149
49791
546.24

27278

U oo415

'279.24
2022

141.3

05%co2

° NA “ "11'! -" '

NA

NA

NA

" NA
NA
NA
NA
NA |
NA .
NA |

NA

Kq (mlg),
5% CO,

: 'NA'
NA
NA
NA

. NA

NA

NA
NA
NA
NA
NA

NA
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rb Nd(HI) and Pure Dolormte
(SNL/LANL Mechamsnc Sorpnon Study) (contmued) '

<3 pH (standard units - - atmospheric CO;™ - -

B R P
; foa®

7.08

6.81

6.45
6.26

592

5.18
4.35

364

NA | '538 93 | NA
NA o ’403 osi-‘ o
NA - —}261.86 | NA
NA 3681 NA
NA 149.45 NA
NA . o 84721 NA
NA , 55.485 NA

NA 51.358 NA
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Table C-5 Effects of pH and Pcoz on Ma

“de For Nd(l]I) and Pure Dolom1te i
(SNL/LANL Mf i

i .tlc_\Sorptxon Study) (contmued)

S 1<d(m1/g>, O Kae(mlp, Ky (),
- - pH (standard units -+ atmosphenc COp= 375 0.5% COp 77, 15 5% €O, -

P TR TP~ S N B R U RUE LR R PN

S S
e NA. - NA T
615 ~a xa 128
6.01 NA NA 169.89
5.88 NA ' NA 168.9
576  NA NA 11188
554 NA | NA 72.6

521 © . . NA . NA _ 206.36 o

342 - NA 0 TUUNAT . Tsagse

NA: npot applicable.
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i ... .Table C-6v _Effects of pH and_Pcoz on Matnx Kys for Am(III) and Pure Dolom1te
S S (SNIJLANL éﬁhamstxc Sorptlon Study) Sorptmn Tuns “with

Norwegi: .5 M. NaCl.': Data current as, of .

March 31;:1996°% Tabl retypedby L H Bi'u'sh'on‘- April 24; 1996:

R TablE"Ch'eclied-bji-Yf' Behl on” April 28, 1996." Table revised by .. %,

% Brush on July 551996, based on Brady (1996) Table checked by

A. C. Petérson onJuly 15, 1996. Y .

%’Kd@ﬁ@x;ﬁa»rg"’ Kg (mlg), -~ K4 (ml/g),
almosphenc CO; L 0.5% CO, o 5% CO,

oM Gandad s

9.9 NA  NA

9.9 NA NA

84 NA NA

5% 3 %

£

67 NA . NA

6.2 NA ~ NA

58

NA ‘NA.
52 NR | NA NA
46" 18 o NA NA |
g .. ma.
35 - 57 |  Na NA

31 : 18 NA 'NA
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. Table _C—6 A Efchts of pH and Pcoz on Matnx Kgs for Am(III) and Purc DolomJtc .
SR SNIJLANL Mechamsﬁc Sorption Study) (Continued). <4 7. .

Kd(mI/g) e Kd(mllg)
atmosphenc COz 05% COz S

s “
72 NA NA
70 | NA | NA
6.9 - | NA NA
NA

NA ‘ ‘

53 NA | 226 NA

6.6  NA

5 5 % % ; %5355'%'}

6.2 NA

40. . NA. . 13 NA

3177 NA | i NA
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“‘ = Arned pH(standardumts

64
69
69
6.8
6.7
6.8-
65
@ 61
' 58
49

3.6

Ko (ml/g)

' amOsphenc CO,

NA
- I\‘IA_’
NA
NA
NA
NA
NA
NA
NA
NA

NA

" Kq (mlg),~ - |
05%C02 e

"
N 'NA. |
'NA
NA
NA
NA
NA
NA
NA

NA

2% 35 5% 3%

386

NA: not applicable.
‘NR: not reported.
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Table C—7 . Minimum Values of R and Kd for Am(IID in Intact Culebra Cores (SNL

e Column Transport Study) : Data current as of March" 26 1996 ..... Table ‘ -
D compﬂed by L::: H..- Brush - on_ March 30, 19967 based on: e .
Sl - Lucero et al (1996) Table checked by Brush on March 31 1996 o

CoT - rate - Run  fluent '~ Poro- © ' 'Range
Solid . @V Time Vol  sity Kime (ml
~-:-Run#...(core)... Brine .. min)- (days) (L)  Rmn (%) - (mlg) . g)

C3  VPX- AIS. 0.1 211 30.45 1420 3.75 11 NA
28-6C '

- D3 VPX- AIS. 01 118 1702 35 915 14 NA
25-8A - 5.3°

E2 VPX- AIS. 0.1 61 883 200 235 20 NA
27-7A B 15.7°

AIS: ATSinR. T | .
D: dual porosity assumed. - ~ , |

NA: not available yet. : ' : o : .
S: single porosity assumed.
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In and Kd for Am
"Column Transport Study) Data
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(1]1) m Intact Culebra Cores (SNL .
currcnt as of March 26 1996 Table

Solid -
o = -Run#. (core): 1

Range

Slty K4 min - (+ml/
(_ml/g)' g
11° ~ NA
14 =" NA
20 Na

C3  VPX-
28-6C
D3  VPX- .
25-8A"
-E2  VPX-
27-7A
 AIS: AISinR.

NA: not available yeﬁ ‘
S: single porosity assumed.
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) Table C9. Mlmmum Values of R and Kd for Am(I]D m Intact Culebra Cores (SNL .

ARSI AT

*" Run - fluent .. Poro- Range
Tlme;-;i,;Vol.-:» o sty s Ko (dml/.

i (days) @ Rmn (%) (mlg) g

Run# (core)

C-3  VPX- AIS. 01 211 3045 1420 375 23 Na
28-6C

D-3  VPX- AIS. 01 118 1702 35 915 14 .Na
25-8A

| E2 VPX- AIS. 0.1 61 8.83 200 238 20 NA -
C27-7A )

~ AIS: AISinR. |
NA: not available yet.
S: single porosity assumed.
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APPENDD( D: RANGES AND PROBABILITY DISTRIBUTIONS OF N
' MATRIX Kgs FOR U(vly AND DOLOMITE-RICH
: CULEBRA ROCK '

Based on experimental results, ASTP personnel have predicted that U will
speciate as UIV) or U(VI) in deep (Castile and Salado) brines in WIPP disposal rooms.
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;
we established expenmentally obtained ranges of matrix Ky4s for U(VI) and used the

Lo

ks

experimentally obtained ranges for Th(IV) (see Appendlx E below) and the oxidation- .

state analogy to’ cstabhsh Tanges for U(IV ) (and Np(IV)).

To establish the initial ranges for U(VI) and the decp brines, we first con31dercd
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 Kys above for the reasons for considering
these data). These runs were: #6008, #6028, #6048, #6068, and #6088 (see Table D-1

below), and #6009, #6029, #6049, #6069, and #6089 (T able D-2). Next, we discarded

the data from #6008, #6028, #6048, #6068, and #6009, the runs in which the difference
between the activity of the 3(J in a standard and that in 2 control exceeded 30, where G
is the standard deviation (see Methods Used to Establish Ranges of Matrix Kgs).
Discarding the data from these five runs yielded an initial range of 3.20 ml/g (from
#6029) to 18.4 ml/g (#6088) for U(VD and the decp brmes

To establish the initial ranges for U(VI) and the Culebra bn'nes, we first

considered all of Triay’s 6-week sorptioh data obtained with AISinR and H-17 on the
bench top (0.033% CO,) and in glove boxes w1th atmospheres, conta.mmg 0.24 and

1.4% CO, (see Methods Used to Establish Ranges of Matrix Kgs). These were: #6010,
#6030, #6050, #6070, #6090, #24010, #24030, #24050, #24070, #24090, #12010,
#12030, #12050, #12070, and #12090 (Table D-3), and #6011, #6031, #6051, #6071,
#6091, #24011, #24031, #24051, #24071, #24091, #12011, #12031, #12051, #12071, and
#12091 (Table D-4). We then discarded the data from #6010, #6050, #6070, #24010,
#24030, #12010, #6011, #6031, #6051, #6071, #12011, and #12051, the runs in which
the difference between the activity of the **°U in a standard and that in a control exceeded
30, to obtain the initial range of -1.50 ml/g (from #12091) to 62.4 ml/g (#24091) for
U(VI) and the Culebra brines. However, we set the lower limit of this range equal to
0 ml/g because there is no reason ‘why a K4 could have a value less than 0. ,

Next, we compared these initial ranges with the data from thé 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 dcep brines to the basic conditions expected
to result from the use of an MgO backfill in WIPP disposal rooms, but not to extend
Triay’s data for the Culebra brines to basic conditions (see Methods Used to Establish
Ranges of Matrix Kgs). Brady’s data for 0.5 M NaCl, atmospheric CO,, and the highest
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pH value under these condmons are 2 and 6 ml/g at a pH of 99 (Table D-5) ‘Because

. oneof these values 1s less than the lower limit of the initial range for UVD and the deep
- brines (see, above) we extended thrs range to obtain a revzsed range for. U(VI) and deep
. ‘brines of 2 t0.18 4 ml/g Because we did not use this comparison to extend the initial

range for U(VI) and the Culebra brmes to bas1c cond1trons this revised range remains 0:t0. =,
62.4 ml/g ' ~ e

smdy wrth mtact Culebra cores by Lucero and his colleagues at SNL. Lucero carried out

his expenments “under ‘ambient atmospheric conditions; therefore, the COz content of

.- these, £xperiments - was probably similar to that in the LANL bench—top (0.033% CO,)

Tuns. Lucero did observe breakthrough of U(VI) in his experiments. Therefore, it was

possible to determme actual Kgs for this element. . Lucero et al. (1996) submitted their - . . ...

 results on March 28 1996 (see Table D-6). Lucero and Brown (1996) and Brown (1996)

then revised them on April 5 and 16, 1996 (Tables D-7 and D-8, respectively). The K,
reported for Experiment C-7 with the deep brine ERDA-6 (Table D-8) is less than the
lower limit of the revised range of Kgs for U(VI) and the deep brines obtained from the
empirical and mechanzstzc sorption studies (see above). Therefore, we extended this
range to obtain a ﬁnal range for U(VI) and deep brines of 0.029 to 18.4 ml/g, and rounded
it to 0.03 to 20 ml/g prior to inclusion in Table 1 above. Because Lucero’s Kys for U(VI)
and the Culebra brine AISinR (B-3, B-6, C-2, D-5, and D-6 in Table D-8) are within the
tevised range for U(VI) and the Culebra brines (see above) our final range remains 0 to
62.4 ml/g, rounded to O to 60 ml/ g for mclus1on in Table 1

- We recommend that PA personnel use a umform probability drstnbutlon for both
of these ranges (see Methods Used to Establish Probablhty Distributions of Matrix Kgs'
above). . .

Fmally, ‘We recommend that PA { use the ranoe of 0. 03 to 20 ml/g (the range for_ |

| deep brines) for U(VI) because thrs range results in less retardation of this element than

the range for Culebra brines (see Methods Used for Final Selection of the Range of

MatﬂX Kgs for Use in PA Calculatrons above) -
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- Table D-

=

1. Effects of Inmal Radxonuchde Concentrahon and Pcoz on Matrix Kgs for

R e

e et

Table : complled by L H.- Brush on

A‘f’sﬁi "3";‘1‘996?‘:?"1 Table 1 revised by Brush on June 7, 1996, based on

. information prov1ded by L. J. Storz on June 6, 1996. Table-checked by

<. Storz on June 10, 1996.- Table revised by Storz on July 1, 1996, based
. on mformatmn prov1dcd by LANL on J une 28 1996 Table checked by
L AC Peterson on July 10 1996. . .

U(VI) Dolom1 Rxch Culebra Rock, and ‘BrinesA- (LANL Empmcal

Data current as ofs - 3

._1996 based on mformatlon provxded by LANL on "

Range of _ '
Initial U K4 (mlg), Ka(mlg), K (mlg), K4 (ml/g),

" Brine Conc.(M) 0.033%CO; 024%CO, 14%CO, 4.1% CO,
Brine A - 2.02x10% 10.5, 400, 1.00, 0.600,
to #6008 #24008 #12008 #18008
2.97x10°
Brine A - 1.09x10° 141, 240, 1.00, 1 2.20,
to #6028 #4028 #12028 #18028
. 139x10%- -
Brine A ' 2.87x 107 16.7, 440, 120, 2.10,
to #6048 #24048 #12048 #18048
3.44x 107
BrineA = 1.13x 107 113.9, 5.70, 0.800, 1.90,
“to #6068 #24068 #12068 #18068
1.34x 107 ‘ :
BrineA  3.41x10® 18.4, 4:00, 450, 1.20,
to #6088 #24088 #12088 #18088
421x10% ..

Sorption Study) < Slx-week sorptxon runs thh VPX-25—8 de in bold"i!'?f'?‘ K
d<

Ve

4
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Table D—2 Effects of Initial Radlonuchdc Concentratxon and Pcoz on Matnx de for
= U(Vl) Dolomlte-Rlch ‘Culebra Rock, and ERDA-6 (LANL Empmcal
e Sorpuon Study) Slx-week sorpuon runs w1th VPX-ZS 8 “Kys in bold
= ‘font “Xcluded from ranges and dxstnbutlons because of unacceptable ,
j‘ dlfferenccs between standards : and - controls Daxa current as of A
. April 3; 1996 "Table™ compﬂed by L H Brush
-}.-:.March232nd 30 1996 'based ‘on” information” prov1ded by LANL on
. --~;.;:£'-.;g-.March 19 and 26 1996 Table checked by Brush and S. Boone on .
" “April 3,1996." Tablé revised” by Brush“on June 7, 1996, based on
information provided by L. J. Storz 6n June 6, 1996. Table checked by
. Storz on June 10, 1996. Table tevised by Storz on July 1, 1996, based
on information prowded by LANL on June 28 1996 Table checked by
A.-C. Peterson onJuly 10, 1996. - '

Range of . ’
Initial U Ky (ml/g), Ka(mlg), Kaq@mlg), Ks(mlg),
Brine . Comc.(M) 0.033%CO, 024%CO, 14%CO,  4.1% CO,
ERDA-6  3.38x 10% 0.500, 1.10, 3.50, 3.10,
| " 1o . #6009 #24000 #12009 #18009
3.56x10% : :
ERDA-6  118x10° 320, ' 130, 5.00, 2.70,
| . to #6029 #24029 #12029 #18029
1.27x 108 - '
ERDA-6  3.10x107 3.0, 2.00, 6.10, 2,40, -
T oto #6049 #24049 #12049 #18049
3.31x 107 ‘
ERDA-6  1.19% 107 3.30, 3.70, 5.0, 3.90,
. to. #6069 #24069 #12069 #18069
1.27 x 107 '
ERDA-6  3.39x 10 5.50, 1.80, 5.90, 0.900,
1o #6080 #24089 #12089 #18089
3.80x 10% :
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Table D-3.. Effects of Initial Radionuclide Concentratlon and Pcoz on Matnx Kgsfor .-

'_-A‘U(VI) Dolomxtc—Rlch Culcbra Rock and ASImR (LANL Empmcal
-"-Sorptlon'Smdy) Sm—weck sorpnon runs w1th VPX-25 -8.% Kgs in bold

.~ April3,1996. . ": Table  compiled. by ;. L7 % H.: Brush® .

‘March '19-and 26,:1996. Table checked by Brush and S Boone' on
“April 3, 1996." Table’ revxscd by Brush“on June 7, 1996, based on

information provided by L. J. Storz on June 6,-1996. Table:checked by
.«7-Storz on June 10, 1996.. “Table mwsed by Storz on July 1, 1996, based
on information provided by LANL on June 28, 1996. Table checked by

ont -excluded from’ rangcs ‘and dxstnbutlons because of unacceptable- '
d1ﬂercnccs betwccn\ standards and controls Data current -~ as* of.A o

~March 23 and 30 1996; based- on' infotmation provi ed by. LANL on -

: A. C. Peterson on July 10 1996. e TR L
Range of - ' :
| Initial **U  Kg(mlig), = Ks(mlg), - Ka(mlg), Ka(mlg),
‘Brine Conc. M) 0.033%CO, 0.24%CO, 14%CO,  4.1% CO,
AISinR  3.13x 10° 2.50, | 0.300, 0500,  1.60,
. to #6010 #24010 #12010 #18010
345x10° . o S
AlSinR 1.10x10° . 2.0, - 2.60, 200, - 0.700,
- 1o #6030 ~ #24030 #12030 #18030
1.19x10° . Co
AlSinR - 2.89x107 - 3.60, © 0.400, 1.60, - 3.50,
1o #6050 #24050 - #12050 #18050
342x 107 ' ' BT
AISinR 9.7();;10"8 .3.90, 3.10, -1.00, . 0.100,
- to #6070 #24070 #12070 #18070
1.17x 107 - '
AlSinR = 2.87x10°% 7.20, 0.100, 1.70, . 1.70,-

to, #6090 #24090 #12090 #18090
3.56x% 108 :

-
e
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Table D-4 Effects of Initial Radmnucl;de Concentratlon and Pcoz on Matrix Kys for -
ESTYVDE »ng!ggnte-RlchJ Culebra’; Rock;" and; H-17.. (LANL Empirical
Tption Stu eek"soxpuon runs with VPX-25.8. Kgs in bold
a.'pges and’ dlsmbupions;_because"of unacceptable

_ - by L. - H-'Brush on
: M_arch 234and 30, 1996 pased on: mformatlon provxded by LANL on
March; 19 and 263 1996 Tab > checked by-Brush and S Boone on
< April 3; 1996 Table revised. t by Brush on June 7, 1996, based on
 information provided by L. J. Storz on June 6, 1996. Table checked by

M.S. Tiemey - 59 July 24, 1996

ntrols. . Data current as of . .

; e . - Storz on June 10, 1996.- Table revised by Storz onJuly 1, 1996 based
T mformatlon prov1ded byLANLon June 28, 1996 Table checked by
P L A AC Peterson on July 10, 1996... '
~ Range of _
. Initial **U Ky (mlg), Kq(mlg), =~ Ks(mlg), Kq(mlg),
Brine  ~ Conc.(M) 0.033%CO;, . 0.24%CO, 14%CO;,  4.1% CO,
H17  298x10° 330, 0300, 0700,  -0.300,
_ | to #6011 - #24011 #12011 #18011
o ~ 330x10° | |
‘H-17 -~ 1.20x 10*‘-4 ~ 5.00, 120, 0100, . 0.400,
. to #6031 #24031 #12031 #18031
146 x 10° : _' -
H-17  263x107. 630, 260, -1.60, 2.00,
. to #6051 #24051 #12051 - #18051
 3.61x107
H-17  ~9.71x10°% 470, 1.70, . 1.40, -1.10,
1o #6071 - #24071 #12071 #18071
: 1 23 X 10 7 -
H-17 272 x 10‘8 9.30, 62.4, -1.50, 2.70,
to #6091 #24091 #12091 #18091 |
3.72x 10°®
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Effects c of pH : and Pco2 on Matrix de for U(VI) and Pure Dolom1tc
(SNULANL Meéchanistic- Sorption Study) Sorptlon runs thh
Norwcglan ﬂdolom;te and [0.5" M-~ NaCl . “Data cumant as pf

I Y N

.. Tab

Table' checked by Y Behl on April 28, 1996.% Table revised by ™~
Brushwon July 5, 1996, based on Brady (1996) Tablc checked by
Peterson on July 15 1996 .

S Ke(mlg), o o Ke(mlg), Kq (mlg),
pH (standardumts .z atmospheric CO, - 0.5% CO, ’ _ 5% CO,

99 6 - NA NA
99 | 2 | NA NA
84 L 153 NA  NA
67 958 g NA ~ NA

62 669 | NA NA

580 L3 . oNa | Na
s2 495 | . NA BN
46 aes o NA . wa
41 s na | . NA
35 68 NA NA

31 379 - 0 NAT 0 Na
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Table D-5 Effects of pH and Pcoz on Matnx de for U(VD) and Purc Dolomxte ’
. s (SNIJLANL Mechamst:c Sorptxon Study) (contmued) ‘

61

=gs

July 24, 1996

.....

Kd (ml/g)

73

7.2
7.0
69
6.6
62

: 503‘.‘

4.0 .

3.1:-

NA ..

'NA
NA
NA
NA
NA
NA .-
.NA\ g
NA«.. -

NA-" “

atmosphent_:_ COz Bt

' NA

K, (ml/g),

- OSBCOy

155

24

57
169
222

91
354
322

844 -

NA
NA
NA
NA
NA
NA
'NA
NA -
NA
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’ Tablc D-5 Effects of pH and Pcoz on Matnx de for U(VI) and Pmp Dolom1te '

CKi@lg),. . Ka(ml),
05%C02’ - - 5% CO,

B K4 (ml/g), -
pH (sta.ndard umts atmosphenc COz o

 6.4v | NA o NA e 95
69 |  Na - o NA; - 13
6.9 - NA . Na 3
6.8 NA NA 8
6.7 . NA : NA N 13
68 NA | NA 7, 13

65 - ~ NA oNA 59
61 NA NA 303
58 . NA © NA. o 411
49 ONA - - NA . 615

36  NA - _NA 334 -

NA: not applicable.
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. Table D 6‘: Measured Values of R and Calculated Values of Kd for UCVI) in Intact

((v-

Culebra Coreg V(SNLA Column Transport Study) -Values in bold font
to be’ 'xcluded from ranges and distributions because fits to elution
mf or to those assummg smgle porosny "and dual porosny

with fracture retardation.:. Data current as of March 30, 1996. Table = = >
:.;compl]ed'iby 'L H: Brush on, March 30, 1996, based on

: 1996) & Table checked by Brush on March 31, 1996.

jFloifv Lol Ef

S Solid e e +Time = Vol -~ -  sity K¢  (dmV
Run# (core) * Brine’ min) (days) @) R (%) @lg) g
B-3 VPX- AIS. 01 NA NA 34° 98 0845 028
- 26- - 1,

11A - - 18.3;8 52PN 68PN g7DN
' 3.1,
52%F  52PF  039PF  (3DF
B VPX- AIS. 005 NA NA 131° 48 0255 0078
26- - . 1, | ,
11A NA;M NA®™Y  NAPN  NAPN
NA, ‘
NA®F NAPF NADF  NADPF
C2 VRX- A, 01 21 2 1045 57 0255 0088

- 28-6C ' o 1,

- 260;°N 35PN 39DN  4DN
12.0,
0.6 35°F 0.17%F  0.06°F

C7 VPX- ER-6 01 13 2 275 395 0295 0225

28-6C - 1,
0.6;,°8 21N . 069°N .13
- 2.7,

076DF 2.1°F  016°F  .00sPF

Run ~ :ﬂuent : " Poro- Range -

-‘c
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.., Table D-6. Measured Values of R and Calculated Values of K4 for U(VI) in Intact , .
< Culebra Cores (SNL Colunm TransPort Study) (contmucd) :

Flpw oM Ef
: Run ﬂuent Range

Txme ~.Vol.". Csityn i Kgoo (dml/
(dayS) @ | R (%) (ml/g) 8)

SD5VPX- A, 01 13 2 21 1735 1505 038
ST I ‘ . 184;DN 7.1D'N 5.6DN S.SDN
NA,
. N ADF 7.1DF N ADF N ADF
D-6 VPX- AIS. 0.5 60 2 .101% 1555 0615 015
25-8A 1, ' -
' ' NA;”N 71PN NAPN  NADN
12.3,

71PF - 7.1PF  035PF  (.19DF

A.IS “AISinR.

DF: dual porosity and fracture retardatwn assumed.
+= .. DN: dual porosity and no fracture retardatlon assumed.
- -+ ER.-6: ERDA-6. - :

NA: not available yet.

S: single porosity assumed.
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x - Table D 7. Measured Values of R and Calculated Values of Kd {9; U(YI) m Intact
. BRSNS Culebra Cores (SNL; Columa- Transpon Study) g“Dgta current as of
Dt s ’4 March_ 30, _1996 ; Table' compiled by L: H: Brush on March 30, 1996, -

n’ Licero Cet als (1996)7% “ Table* chec ¥ Brush® ¢ on-

. ,i_. :-‘«.'.._;j L 1' . .. “:_ =, bascd 4 C
& . . ..o . March 31 1996 Table revised by Brush ‘on Apnlj ), 1996, based on ¥ - =¥
Feoo ‘ Lucero ‘and- Brown (1996).'; ' " "ch by* eh -
April 1996

Flow Ef- .. .. Cer

‘ : rate  Run  fluent - Poro- _ ~ Range

s Solid - -wve (mb/wd Time.  Voldair -ov s Ry (Fml/
Run# (core) . Brine. min) (days) (L) R ' g)

B3 VPX- AIS. 0.1 NA NA 34%5 985 00845 NAS
26- :
11A

B-6 VPX- AIS: 005 NA NA 135 48 0255 NAS
26- '
11A

p I

C2 VPX- AlS. 01 21 2 104° - 57°  023° NAS
286C.. - S S =

C7 VPX- ER-6 01 13~ 2 2.7% 3.95'-‘» 00295 NAS
28-6C. L o L .

D5 VPX- AIS. 01 13 2 215 1735 155  NaS

25-8A . ' : o
D-6 VPX- AIS. ~ 005 - 60 2 10°  155° 0615 NAS
. 25_8A - EN : . - : -

AIS: AISinR.

ER.-6: ERDA-6.

NA: not available yet.

S: single porosity assumed.

e
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' Tab]e D-8.. Measmed Values of R and Calculated Values of K, for U(VI) in Intact
ISR Culebra Cores (SNL Column: TranSport Study) Data current* as of
March 30 1996 . Table compﬂed by L. H: Brush on March 30,1996,
S -i;;'!.based on Lucero et al} (1996); ”L;‘Table checked by Brush'“on
- March 31, 1996 Table revised by Brush on April 6;:1996 based on™ -.
Lucero and- Brown - (1996): 3 Table : checked by Y. Behl “on

Apnl 8,1996: %Table rev1sed by 'rush on’ Apnl 17 1996 based on

Brown (1996)
Flow I Ef-- - . :
SRR Loy rate s Run fluent“...., i Poroe Range -
Solid - (ml/ - T1me - Vol . sty K4 (FmV/

Ran # (core) Brine min) (days) @» R (%) (mlg)  p)

B-3 VPX- AIS. 01 NA NA 345 98 0105 NAS ]

26-
11A
B-6 VPX- AILS. 0.05 NA NA 135 48 0255 NAS
26- :
11A -
C2 VPX- ~AIS. 01 ~ 21 2 ° 1045 575 023 NaAS
28-6C _
C7 VPX-. ER-6 01 13 2 275 3965 0025° NAS
28-6C : ' . :
D-5 VPX- AIS. 0.1 13 2 215 1735 155 NAS -
25-8A -
D-6 VPX- AIS. 005 60 2 105 1555 0.61° NAS
258A B} o o ;
AIS: AISinR. ,
ER.-6: ERDA-6. . ' Rt

NA: not available yet.
S: single porosity assumed.
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APPENDIX E: RANGES AND PROBABILITY DISTRIBUTIONS OF
MATRIX Kgs FOR Th(@V) AND DOLOMITE-RICH
CULEBRA ROCK

For Th, only one oxidation stafe, Th(IV), is possible in the Culebra (see ™%
Predictions of Actinide Oxidation States in the Culebra above). Therefore, we
established an experimentally obtained range of matrix Kgs for Th(VD), and used it and
the oxidation-state analogy to establish ranges for Pu(IV), UIV), and Np(IV).

To establish the inirial ranges for Th(IV) 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 K4s above for the reasons for considering
these data). These runs were: #7011A and #7011B (see Table E-1 below), and #7007A,
#7007B, £7008A, #7008B, #7009A, #7009B, #70104, and #7010B (Table E-2). Next,
we discarded the data from #7011A and #7011B, the runs in which the difference
between the activity of the 20T in a standard and that in a control exceeded 30, where G
is the standard deviation (see Methods Used to Establish Ranges of Matrix Kgs).
Discarding the data from these two runs yielded an initial range of 726 ml/g (from
#7010A) to 12,604 mV/g (#7008B) for Th(IV) and the deep brines.

For the initial ranges for Th(IV) 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 Kgs). These were: #7012A, #7012B, #7054A,
#7054B, #7026A, #7026B, #7040A, and #7040B (Table E-3), and #7013A, #7013B,
#7055A, £#7055B, #7027A, #7027B, #7041A, and #7041B (Table E-4). Unfortunately,
we had to discard the data from all of these the runs because the difference between the
activity of the 20T jn a standard and that in a control exceeded 36. Therefore, we-

~ assumed that the initial range of 726 to 12,604 ml/g for Th(TV) and the deep brines does

not differ significantly from that for Th(IV) and the Culebra brines.

Next, we attempted to compare these initial ranges with the data from the
mechanistic sorption study by Brady and his colleagues at SNL and LANL. However,
Brady did not obtain any usable results for Th because of one or more of the following
reasons: (1) the walls of the containers used to prepare Th-bearing solutions sorbed
essentially all of it prior to his experiments; (2) essentially all of the Th precipitated on
the walls of these containers prior to his runs; (3) the walls of his apparatus sorbed
essentially all of the Th during his runs; (4) essentially all of the Th precipitated on the
dolomite and/or the apparatus during his runs. Therefore, our revised ranges for ThdV)
remained 726 to 12,604 ml/g for both the deep and Culebra brines. v

We then compared the revised range 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
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- _experiments was probably. similar to that in the LANL bench—top (O 033% CO,) runs.
Because Lucero .did _not observe - breakthrough of Th(IV)," it - was® only possible to
determme a m1mmum Kd for this element: Furthermore, the minimum Kgs'calculated for
Th are 51gmﬁcantly lower than those calculated for Pu and Am; the other elements for
whlch Lucero d1d not: observe’ breakthrough (compare” Tables B-8; C—9 """ and E-6),
because (1) the detchon limit of y-spectfometric analysis (one of the two ‘methods used ¥
- m‘ﬂthxs study) for 228'I‘h in the effluent i is. much hlgher than those for 241Pu and #Am
the. low leld of the 228'I'h Y leSSlOD (2) although mTh emxts o particles
S detectable_ by LSC (the other analytlcal method used in this study), its daughter products

~ have mterfenng o emissions; (3) lowering the detection limit for 2*Th by observing the

" decay of its daughters such as *Ra, was not possible because of interference by identical

¥ daughters: “produced - by" the decay of »’U, which was used in all -of the cores.

"~ Luceroetal. (1996) submitted their results on March 28, 1996, (T able E—S) Lucero and-
Kex o Brown' (1996) then revised them on April 5, 1996 (Table E-6). " The" ‘minimum Kgys
Teported for experiments C-2, C-5, and D-2 (Table E-6) are consistent with the revised
range obtained from the empirical and mechanistic sorption studies (see above).
Therefore, our final range remains 726 to 12,604, ml/g, rounded to 700 to 10,000 ml/g
prior to mclus1on in Table 1 above

We recommend that PA personnel use a uniform probabiljty distribution for this
range (see Methods Used to Es_tablish Probability Distributions of Matrix Kys above).

‘ Finally, based on the oxidation-state analogy, we recommend that PA use a range
’ ‘of 700 to 10,000 ml/o for Pu(IV), U(IV), and Np(IV) (see Table 1).
=
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Towe

Tablc E—l Effects of Initial Radionuclide Conccntranon and Pco, on Matrix Kys for

~. Th(IV), Dolomlte-Rlch Culebra Rock, and Brine A (LANL Empmcal
Soxpuon Study) Six -week sorption runs with VPX-25-8 de in bold

.. font excluded from ranges and dxstnbunons because of unacceptable’

dlfferences bctween standards and controls -Data current as - of

Apnl 3, 1996 . Table complled by L. H.. Brush on March 30 and = ¥
., April 3, 1996 based on Jinformation prov1ded by LANL on March 28 .

. and Apnl 1, 1996 .. Table checked. by Brush.and S. Boone on
Apnl 3, 1996 “Table revxsed by L. J. Storz on July 9, 1996, based on’
information prov1ded by LANL on June 28, 1996. Table checked by

N A C Petcrson on July 10, 1996.

Initial ®*Th Ky (ml/g), Ka(mlg), Kq(mlg), K (mlg),

Brine Conc.(M) ' 0.033%CO, 024%CO, 14%CO, 4.1% CO,
‘BrineA  ND ND ND ND ND
Brine A ND ND ND ND ND
Brine A ND ND ND ND ND
Brine A - ND ND ND ND ND
BripeA - ND ND ND  ND ND
Brine A ND ND - ND ND ND
BrineA | NA T ‘-263, | 1, 281, ‘583
- - #7014 #7053A #7025A #7039A -
Brine A . NA 210, 191, 296, © 593, ©
‘ - #7011B #7053B #7025B #7039B --
Brine A ND ND ND ND ND
Brine A ND ND ND ND ND

NA: not available yet.
ND: not determined.

&
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Table E-2. Effects of Initial Radlonuchde Concentrat10n and Pco; on Matrix Kgs for
RRTR TR ;;:“Th(IV) Dolormte-Rlch Culebra Rock;’ and ERDA—6 (LANL Empirical
Sorptlon Study) Slx—week sorptlon runs w1th VPX-25 8:Kys in bold
» font excluded from _ranges and d1stnbut10ns because of unacceptable
" differences’ between ‘standards” and coutrols
April 3, 1996. ° Table” compﬂed by L H. ‘Brush on March 30 and™ - %
. April 3, 1996, based on information prov1ded by LANL on March 28 -
Table checked by Brush "‘and 'S. Boone on
April 3, 1996. Table revised by L 3. Storz on July 9, 1996 based on
information provided by LANL on June 28, 1996 Tablc chccked by
A.C Peterson on July 10 1996 :

“and- Apnl 11,1996

o

JRIPRURRS Y

* Data current as of

July 24, 1996

K4 (ml/g),

K, (mlg),

| Initial ®°Th K4 (ml/g), Ky (ml/g),
Brine Conc. (M) 0.033% CO; 024%CO, 14%CO,  4.1%CO,
ERDA-6 'ND ND ND ND ND
ERDA-6 =~ ND ND . ND ND ND
ERDA-6 NA 4,486, 5,544, 10,877, 3,862,
#7007A #7049A #7021A #7035A
ERDA-6 NA 4,432, 7,520, 13,402, 5,935,
| #7007B #7049B #7021B #7035B
ERDA-6 NA 5,585, 7,329, 7,286, 6,166,
#7008A #7050A #7022A #7036A
ERDA-6 NA 12,604, 5,416, 6,534, 8,080,
#7008B  #7050B  #7022B  #7036B
ERDA-6 =~ NA 1,831, 1,378, 11,848, 5,721,
#7009A #7051A #7023A #7037A
ERDA-6 NA 2,371, 3,139, 6,110, 38,346,
| #7000B #7051B #7023B #7037B.
ERDA-6 NA 726, 1,621, High, 306,
#7010A #1052A #7024A  #7038A
ERDA-6 NA 1,002, 1,497, 949, . 2,308,
‘ #7010B #7052B #7024B #7038B
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Table E—2 Effects of Initial Radionuclide Conccntratlon and Pcoz on Matrix de for C
s Th(IV) Dolomlte-chh Culebra Rock, and ERDA-6 ('LANL Empmcal

~

SN,

o
W

NA: not available y_ép '
ND: not determined.. .. .
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Tablc E-3. , Effects of Initial Radmnuchde Conccntranon and Pcoz on Matrix Kys for
e ; Th(lV) Dolomite-Rich’ Culebra Rock, and AISinR’ (LANL Empmcal
Soiptlon Study) - Six-week sorptxon runs with VPX-25-8; de in bold
ont excluded from'ranges'and: distributions because of unacceptable
< differences” betwéen” standards” and *'controls. ™ Data " “current as of
1.~ April 3,-1996. - Table ' compiled by L. H. Brush on March 30 and - ¥
.. orAprl3, 1996, based on information prov1ded by LANL on March 28
-1 and » April¢ 1, 1996 % Table " checked by Brush and’S.  Boone on
S April 3, 1996. Table revxsed by L.'J. Storz on July 9, 1996 based on
- information provided by LANL on June 28, 1996 Table checked by
A C. Pctcrson on July 10, 1996 .

Initial 2°Th  Kq(mlg), Ke(mlg), - Ke(mlg), Ko (mlg),

Brine  Come.(M) 0033%CO; 024%CO, 14%CO;  4.1% CO,
AISinR ND ND ND - ND ND
AISinR ND ND ND ND ND
| ATSinR ND ND ND ND 'ND
o AISinR ~ ©ND ND ! ND ND 'ND
 AISHR ND © ND " ND ND ND
AISinR ND ND ND ND ND

AISinR  .-sNA . High, 10439, 4451, 55,454,

e #7012A #7054A  ° #7026A #7040A

AISHR - “NA High, 16375, 6871, - High,

Co #7012B - #7054B  #7026B #7040B
AISinR 'ND | ND ND ' ND * ND

NA: not available yet.
"ND: not determined.




=

. Table E-4. Effects of Initial Radlonuchde Concentration and Pcoz on Matnx Kgs for

- . Th(IY), DoIomne-RJch Culebra, Rock, ‘and: H-17- (LANL Empmcal
orptlon Study) Slx-week sorption runs. w1th VPX-25-8." Kgs in bold
ont’ excluded from 1.ranges and dxstnbutxons because of unaceeptable
e differences between” standards’_and “controls. > Data’ urrent as’ of

o . 7April 3, 1996 based on mformatxon provided by LANL on March 28
Fal Tewpe e e odn “and ™ Apnl :1996 Table checked by Brushand’ S™ Boone on
e f?Apnl3 1996.,.Table rev1sed by L. J. Storz on Iu]y 9, 1996 based on
. information " provided by LANL on June 28, 1996. Table checked by

A.C Peterson on JUJ}' 10, 1996 S

- AVEs . ' ' July 24, 1996

April 3,1996. . Table: compiled by.L. H. Brush on March 30 ‘and- ¥

Initial ®°Th K, (mlg), Kq(mlg),  Ky(mlg), K, (myg),
Brine Conc.(M) 0.033% CO, 0.24% CO, 1.4% _COZ 4.1% CO,

H17  ND ND ND ND  ND
H-17 ND ND ND ND ND
CB17 ND - ND  ND ND ND
H-17 ND _ ND ND ND ND
H-17 ND .ND - ND ND - ND
H17 ND ~ND - ND ND ND
H17 NA ;1,005, | 6002, . High, 13,140,
o - #T013A #T0SSA #7027A #7041A
CH17 . NA ‘High,  High, 21,581, 12,961,
| L #7013B | #7055B 470278 #7041B
H-17 ~ND - ND . ND “ND ND
H-17 ND  ND *ND ND ND

NA: not available yet.
ND: not determined.
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Table E-5. Minimum Values of R and Ky for Th(IV ) in Intact Culebra Cores (SNL

* compiled  by* L.” H.* Brush* “on"- “March™ 30, -
Lucero etal (1996) Table checked by Brush on March 31 1996

: ..'-}f‘}Column Transport Study). :Data current as of March 26,1996. -Table

1996 based ‘on

" Solid (m/  Time Vol sity Ko min. (ml/

Run# (core),. Brine min). . (days) (L) - Ruin (%) (m@lg) )

C-2 - VPX- - AIS. 01 237 3415 35 575 08 ~ Na
128-6C - 3.5°

C5 VPX- ER-6 0.1 146 2098 22 395 036 NA
28-6C 2.3°

D2 VPX- AIS. 01 133 1912 85 825 025 NA.
25-8A ' 550

AIS: AISinR.

D: dual porosity assumed.

ER.-6: ERDA-6.

NA: not available yet.

S: single porosity assumed.
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Table E-6. M1mmum Values of R and K4 for Th(IVv ) in Intact Culebra Cores (SNL
ey Columanransport»Study) % Data current’as’ of March-26,1996 Table -
" compiled * by L H.: Brush™ on March' 30, 1996, . based . on
Luccro et al (1996 .,..4,,Table checked by. Brush on March ‘31,-1996. .
Table ‘Tevised by Brush on Apnl 6, 1996, based on Lucero and, .

 Fow  Ef

T .. omte . Rm . fleat . . Por -~ Range
“. Solid ~ °  (mV- Time - VoL -sity . Kemn (ml

Run# (core) ~Brine min) © (days) @ Rmn (%) (mlg) g

G2  VPX- AlS 0.1 237  34.15 35 5.7 087 - NA

28-6C
C5 VPX- ER-6 01 146  20.98 22 3.9° 0.36 NA
28-6C '
D-2 VPX- AIS. 0.1 133 19.12 8.5 8.2° 0.25 NA
25-8A o
AIS: AlSinR.
ER.-6: ERDA-6.

NA: not available yet.
S: single porosity assumed.
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APPENDIX F: RANGES AND PROBABILITY DISTRIBUTIONS OF
" 3 " MATRIX Kgs FOR Np(V). AND DOLOMITE-RICH
() CULEBRA ROCK * |

Based on experimental results,  ASTP personnel have predicted that Np will %
speciate as Np(IV) or Np(V), but not as Np(VI), in deep (Castile and ‘Salado) brines in
WIPP disposal rooms.  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; we established experimentally obtained ranges of matrix Kys
for Np(V) and used the experimentally obtained ranges for Th(IV) (see Appendix E
above) and the oxidation-state anvalog'y to establish ranges for Np(IV) (and UQV)).

For the initial ranges for Np(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 above for the reasons for considering these data).
These runs were: * #6020, #6040, #6060, and #6080 (see Table F-1 below), and #6021,
#6041, #6061, #6081 (Table F-2). Next, we discarded the data from #6040, #6021, and
#6041, the runs in which the difference between the activity of the #"Np in a standard and
that in a control exceeded 30, where G is the standard deviation (see Methods Used to
Establish Ranges of Matrix Kg4s). Discarding the data from these three runs yielded an |

. initial range of 7.30 ml/g (from #6020) to 40.0 ml/g (#6061) for Np(V) and the deep
brines. ‘ o N o S D U IR

For the ir'zitial‘i:afng;és for Np(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 Kgs). These were: #6022, #6042, #6062, #6082
#24022, #24042 #24062, #24082, #12022, #12042, #12062, and #12082 (Table F-3), and
#6023, #6043, #6063, #6083, #24023, #24043, #24063, #24083, #12023, #12043,
#12063, and #12083 (Table F-4). We then discarded the data from #24042 and #24082,
the runs in which the difference between the activity of the = 7Np in a standard and that in
a control exceeded 30, to obtain the initial range of 2.00 ml/g (from #12022) to 159 ml/g

- (#6042) for Np(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
Triay’s data for the Culebra brines to basic conditions (see Methods Used to Establish
Ranges of Matrix Kgs). Brady’s data for 0.5 M NaCl, atmospheric COs, and the highest

PH value under these conditions are 178 and 187 ml/g at a pH of 9.87 and 9.88,

, respectively (Table F-5). Because these values are greater than the upper limit of the
. initial range for Np(V) and the deep brines (see above), we extended this range to obtain a
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revised range for Np(V) and deep brines of 7.30 to 187 ml/g. Because we did not use
this comparison to extend the initial range for Np(V) and the Culebra brines to basic
conditions, this revised range remains 2.00 to 159 ml/g. R '

‘We then compared both of these revised ranges with the data from the transport

study with intact Culebra cores by Luceroand his colleagues at SNL. Lucero carried dut

his experiments under ambiént atmospheric conditions; therefore, the CO; content of
these experiments was probably similar to that in the LANL bench-top (0.033% CO,)

runs. Lucero did observe breakthrough of Np(V) in his experiments. Therefore, it was

possible to determine actual Kys for this element. Lucero et al. (1996) submitted their
results on March 28, 1996, (see Table F-6), Lucero and Brown (1996) then revised them
on April 5, 1996 (Table F-7). The Ky reported for Experiment C-7 with the deep brine
ERDA-6 (Table F7) is less than the lower limit of the revised range of K;s for Np(V) and
the deep brines obtained from the empirical and mechanistic sorption experiments (see
above). Therefore, we extended this range to obtain a final range for Np(V) and deep
brines of 2.0 to 187 ml/g, and rounded it to 2 to 200 ml/g prior to inclusion in Table 1
above. Because Lucero’s Kgs for Np(V) and the Culebra brine AISinR (C-6, D-2, and D4
in Table F-7), are also less than the lower limit of the revised range for Np(V) and the
Culebra brines obtained from the sorption studies (see above), we extended this range to
obtain a final range of 1.0 to 159 ml/g, rounded to 1 to 200 ml/g (Table 1).

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

Furthermore, we recommend that PA use the range of 1 to 200 ml/g (the range for
Culebra brines) for Np(V) because this range results in less retardation of this element

than the range for deep brines (see Methods Used for Final Selection of the Range of

Matrix Kgs for Use in PA Calculations above).
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Table F—l Effccts of Initial Radlonpchde Concemrat.lon and Pcoz on Matnx Kgs for
e Np(V) Dolomne-RJch ~Cul(‘:bra Rpck, and Brme A (LANL Empmcal

ranges:and_dxsmblitlons because of unacceptableb '

s

h _d1fferences bétwceﬂ standards é.nd controls “Data current , as of' -
Apnl 3, 1996 compxled by L H Brush

. Maroh 19 and .26, 19967 Table checked by Brush-and S 'Boone on -
L i"Apnl3 1996." . Table revised by Brush on “June. 7, 1996, based on
information providéd by L. J. Storz on June 6, 1996. Table checked by
" -Storz on June 10, 1996.:; Table revised by Storz on July 1, 1996 based
“on information prov1ded by LANL on June 28 1996 Tab]e checked by
A.C. Peterson on July 10, 1996 '

Range of
Initial “’Np ~ Kg(mlg), Ka(mlg), Ka(mlg), K (mlg),
Brine -  Conc.(M) 0.033%CO;, 024%CO, 14%CO,  4.1% CO,
Brine A 'ND ~ ND ND ~ ND . ND
¢ BrineA  1.13x10° 7.30, 4.20, 189, 319,
| o to . #6020 #24020 - #12020 #18020
1.15x10° - |
BrineA  5.92x10° 134, 268, 990, . 7.50,
© to - #6040  #24040 #12040 - #18040
1.08x 10 ' o
BrineA  1.17x10° 171, 126, 17.9, 184,
to' #6060 #24060 #12060 - #18060
4.88x 10° :
BrineA  559x107 315 273, 30.8, 2217,
to #6080 #34080 #12080 18080
5.93x 107 | | \

ND: not determined.
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Table F-2.

July 24, 1996

=y o 1

Effects of Initial Radmnuchde Conccntratlon and Pco; on Matmx Kgs for

.22 Np(V); Dolom1te-R1ch Culebra Rock, and ERDA-6 (LANL Empmcal‘

oo  Sofption Study : Slx-week sorption runs w1th VPX-2S 8. de in bold

o information - prowded by L 3. Storz on June 6 '1996.

_,_xl_,font cxcluded , ' pgcause of unacceptable 5
RS ces: n’ standards “and” controls ‘ Data current” as of
" April 3, 1996 T Table™ complled by L H.' 'Brush . of "%
';March 23';and 30 1996 based on’ mformatlon provxded by LANL on
°26,°199 ‘g_:hecked by Brush®and’ S “Boone on
[able’r rev1se by Brush’ on_ June -7, 1996, based on
Table checked by

Storz on June 10, 1996.. Table Tevised by Storz on July 1,1996, based

~on information provided by LANL on June 28,1996, Table checked by

“A.C. Peterson on July 10 1996

Range of

Initial “'Np Ky (mlg),  Ks(mlg), K, (mbg), K4 (ml/g),
Brine . Conc.(M) 0.033%CO, 024%CO, 14% CO,  4.1%CO,
ERDA-6 ND ND ND ND ~ ND
ERDA-6  6.26x10° 183, 203, 472, 427,
C o #6021 ~ #24021 © #12021° #18021
‘141x10% - - I .
ERDA-6  4.01x 10 46.4, , 152, 129, 1992,
o #6041 - #24041 #12041 #18041
S.SSX 10_6 . Y - N N
ERDA-6 1.43x 108 40.0, 236, 137, 25.1,
o #6061 . #24061 #12061 #18061
'5.10x 10 - C
ERDA-6  654x107 . 267, 11,782, * High, High,
to. #6081 #24081 #12081 #18081
5.67x 10° B B ‘

ND: not determined. - -.
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-

« . - .Table F—3 Effects of Imt1a1 Radxonuchde Concentratlon and Pcoz on Matrix Kgs for
a ey Np(V), Dolom1te-R1ch_ v(;ulebra Rock, and. AISmR (LANL Empxnca] ‘

deferences between ”Jstandards and controls - Data current as. of .
7 April 3, 1996 ;. Table , compxled by ‘L. JH: Brush cUE

T March 19 and 26 1996 Table checked by Brush ‘and-S: Boone on
‘ Apr113 1996 Table rev1sed by Brush .on June 7, 1996, based on
information prov1ded by L. J. Storz on June 6, 1996. Table checked by

Storz on June 10, 1996. Table revised by Storz on July 1, 1996, based

“6n information provided by LANL on June 28, 1996. Table checked by

A. C. Peterson on July 10, 1996.

Range of
Initial ?’Np  Ka(mlg), Kas(mlg), Kq@mlg), Ka(mlg),
Brine Conc. (M) 0.033% CO, 024%CO, 14%CO, 4.1%CO,

AISinR ND " ND ND ND ND
. - AISinR 9.82 x 10° .. 5.00, - 3.60, 2.00, 2.10,
x to #6022 #4022 #12022 © #18022
1.01x10°
AISinR © 5.09x10° 159, - 1L6, 230, | 2.20,
- to . #6042 #24042 #12042 . #18042
6.66 x 10° .
AISmR ~ 101x10° 198, 9.30, 3.90, 470,
to . #6062 #24062  #12062 . #18062
1.07 x 10°® :
AISinR 572x107 319, - 45.3, © 9.60, 10.1,
: to #6082 #24082 #12082 #18082

1.15x 10°

ND: not determined. -
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w

Table F-4. Effects of Initial Radionuclide Concentration and Pcoz on Matrix Kgs for
. : Np(V), : Dolomite-Rich Culebra Rock, .and H-17 (LANL: Empmcal'
% Soxptmn Study) . Six-week sozptlon runs ‘with VPX-25-8 No K in
o, this ¢ table: -excluded. from - ranges and dmtubutlons because of
SR unacceptable differences between standards and controls.* Data ciatrent

- asw of # April 3, 1996. ' . ~Table"™ compiled- by L. H.* Brush off- =
March 23 .and 30, 1996, based on information provided by LANL on

M. d:26,-1996. - Table" ‘checked: “by:Brish’ ‘and’ e on :

e

33 “Table revised by Brush’ on” June® 7, 1996 based on" '
mformatlon “provided by L. J. Storz on June 6, 1996. Table checked by
Storz on June 10, 1996. Table revised by Storz on July 1,-1996, based

. on information provided by LANL on June 28, 1996. Table’ checked by
A.C. Peterson on July 10, 1996.

Range of
Initial *'Np K, (mlg), Ks@mlg), K, (mlg), K, (mlg),
Brine Conc. M) - 0.033% CO, 0.24% CO, 14%CO,  4.1% CO,
H-17.  ND ND ND ND - ND
H-17 536x 1077 47.6, 17.3, 2.70, 1.30,
to #6023 #24023 #12023 #18023
1.10x10° © - | ‘
H-17 556 % 10° 14.3, 121, 290, 220,
' Ceto #6043 . #24043 #12043 #18043
6.89x10% - ' -
H-17 = 111x10%¢ 36.5, 23.5, 428, 420,
y to #6063 #24063 #12063  #18063
115x10% . '
H-17 5.65x 107 40.1, 7.30, 3.40, 6.00,
to #6083 #24083 #12083 - #18083
1.15x 10° : :

ND: not determined.
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L3N0

4 (SNL/LANL Meéchanistic- Sorptlon Study):’” Sorption " rans” with
‘Norwegian- doloxmte and 0.5: M- ‘NaCl . Data current as of
_ uMarch 31, 1996 Table retyped by L-H. Brush on April 24, 1996.
. Table checked by Y. Behl on April 28, 1996.-. Table revised by -

AlC Petemon on July 15, 1996

Brush on July 5, 1996 based on Brady (1996) Table checked by i f

July 24, 1996

Table F»5 _ Effects of pH and Poo; on Matnx de for Np(V) and Pure Dolomxte |

3

Ko (@llg), ~ oo

Ky (mlg),

K4 (ml/g),

M Gundadunis amosphereCO, 09 Ol 5% CO,

9.9 187 NA ' NA
9.9 178 NA NA
8.4 64 'NA Na
6.7 11 NA NA
62 11 NA NA
¢ . N .- "
52 1 NA NA

46 11 NA NA-

a1 1 NA NA”
35 11 NA NA
31, 1 NA NA
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~

) Table F-5. Effects of pH and P¢p; on Matnx de for Np(V ) and Pure Dolomlte
s e e (SNLILANL Mechamstxc Sorptlon Study) (contmucd) :

R SN “ LA L
FORE T O NEAR AT

. atmosphenc C02 R -+ 0.3% CO, . i3g 9% COg.

69 - . | | | NA ST NA
85 - | NA 1 NA
73 o NA 7 - .NA
7.2 NA | 49 NA
70 NA 49 NA
69 ~ Na 31 . . Na
6.6 ~ NA ~ 16 NA

62 NA | 31 | NA

53 - NA 16 NA
4.0 NA - 16 NA

3.1 NA 3] NA
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Table F-5 Effects of pH and Pcoz on Matnx Kgs for Np(V) and Pure Dolom1te
(SNL/LANL Mechamstlc Soxphon Study) (contmued)
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e Kd (ml/g)
atmosphenc C02

; Kd(ml/g) . K(alg),
;05%C02 . 5%COp .

64
69 ) “NA A
69 - . -Na S NA
6.8 NA NA
67 NA NA
68 NA R NA
65 NA -~ NA
| 6.1 NA NA
58 . o NA : _ NA
49" - NA - NA

3.6 NA . NA

C

NA -11

20
40
20

20

20

20

20

NA: not applicable.
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- Table F—6 Measured Values of R and Calculated Values of K4 for Np(V) in Intact - .+
e . Culebra Cores (SNL Column Transport Study) “Values'i ‘in bold font to
~ be excluded from ranges and drstnbutxons because fits 10 elunon data
i WeTe mfenor to those assummg smgle porosny and dual porosxty with
' . fracture retardation.” Data currént as of March 30, 1996. Table_ . -
R compﬂed by L..H. Brush on  March; 30, 1996,. based on
i “Luceroet al. (1996)." Tzble checked by' Brush on March 31, 1996. 4

- Flow Ef- o o :
o - rate Run  fluent Range
- Solid (mV/ Time Vol. ' Poro- K4 (dmV/

Run# - (core) ~Brine = min) (days) o R sity  (mllg)  g)

C5 VPX- ER-6 01 13 2 3085 395 0515 0295
28-6C | , 1,
' ) ‘ 166;°N 23PN 1.65PN 10PN
7.0,

103 23% 006> 0.03%%

C6 VPX- AIS. 01 13 2 585°% 455 1125 026°
28-6C 1, | | ‘

b B L . 301°N 1.85PN 24PN 14PN
1580F 1.85%F  169°F  048CF

C-7 - VPX- ER-6 0.1 13 2 119;° 395  20%5 085 | ]
C28-6C T T Ty e
' - 910;,°N 21PN 83PN 11PN
169,
0%  2.1PF  153DF  3gDF
D-2 VPX- AIS. 0.1 12 2 475 825 1645 0.8
25-8A 1,
1670;F 550N 49PN gDN
6.6,

NAPF  55PF  NADF  NADF
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‘ . Table F—6 Measurcd Values of R and Calculated Values of K4 for Np(V) in Intact .
.'- s Culcbra Cones (SNL Column Transpoxt Study) (contmued) :

,,,,,,

. How -~ Ef- | o

“orate . Run.. fluent. o Range
A (m1/ 1me‘_:,0.,_2 Vol.: " Poro- "~ Kq - (4mV
Run # - (core)- Brine--- min)- - (daysr : (L) Cosity U (mlg) g

D4 VPX- - AIS. © 01 13 2 39° . 100° 1.65° 0225
- 258A° . R S ' / |
S S < 340;PN 48PN 74PN 4DN

175, _

154°7  4.8%F  0.34PF  ,07°F

AIS: AISinR. _
~ DF: dual porosity and fracture retardation assumed.
DN: dual porosity and no fracture retardation assumed.
ER.-6: ERDA-6.
NA: not available yet.
‘ S: single porosity assumed.
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Table F- 7 Measured Values of R and Calculated Values of K4 for Np(V) in Intact
g «: Culebra;, Cores (SNL Column Transport Study) Data current- as of
March 30, 1996 “Table' comprled by L. H. Brush on March 30, 1996,
_based on: Luccro et al. (1996). -
--March 31 1996, Table revised by Brush on Apnl 6, 1996, based on..
Lucero 'and Brown (1996)

 Table checked by-Y. Behl on

-~ Table “checked by. ‘Brush' on

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

Apn18 1996
Flow _ Ef-
T . rate *© Run  fluent Range
- Solid - (@l  Time Vol Poro- Ky  (4ml/
Run# (core). Brine mm) - (days) --@M. - R sity (ml/g) 2)
C-6 VPX- ALS. 01 13 2 595 45 115 NA
28-6C ‘
C-7 VPX- ER-6 0.1 13 2 1205 395 205 NA
28-6C -
D-2 VPX- AIS. 0.1 12 2 478 8.28 165 NA
' 25-8A : -
D4 VPX- AIS. 0.1 13 2 395 1005 168 NA
25-8A
AIS: AISinR.
- ER.-6: ERDA-6.
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s

o APPENDD( G: EFFECTS OF ORGANIC LIGANDS ON RANGES AND
: ‘PROBABILITY DISTRIBUTIONS OF MATRIX de

" Brush (19r90) con_eﬁluded that these and six other orgamc “and two inorganic hgands could affect the
~ solubilities of the actinide elements in TRU waste. Therefore, he estimated the concentrations of
. these 12 hgands in three quantities “of brine that conld-resaturate WIPP disposal rooms after filling

| . and sealing. ;. Since. 1990, the ASTP: has reduced the number of organic ligands of concern from

twelve to four (acetate citrate, EDTA, and oxalate). - Triay carried out experiments with acetate,
cm'ate EDTA. and Iactate becanse the ASTP had not eliminated lactate from consideration yet, and
because Triay concluded that oxalate would be extremely insoluble given the dissolved Ca
concentrations expected in WIPP brines. Triay conducted the first set of runs with ERDA-6 and H17,
and acetate, citrate, EDTA, and lactate all present at concentrations as close as possible to the
“minimum” and “maximum” concentrations estimated by Brush (1990) (see Table G-1 below). Soon
after Triay started their preliminary experiments, Weiner (1996) used the quantities of acetate, citrate,
. EDTA, and oxalate in TRU waste estimated by Drez (1996) to predict the concentrations of these
organic hgands in bnnes in the reposrtory (Table G-1).

_ i Tables G-2 G-3, G4, G—5 and G-6 give the results of the prelumnary experiments with
i ERDA-6 and H-17 and Pu(V) . Am(ID), -U(VI), Th(IV), and Np(V), respectrvely At-low -

' *'concentratrons acetate citrate,. EDTA, and lactate have little or no effect on the Kgs for these

‘felements (compare the results for “low-concentration organics” to those for “none,” the runs without
‘any organic ligands present) In fact, for Pu(V) and ERDA-6 in contact with ambient atmospheric or
(about 0033%) CO,; Am(II), ERDA-6, and 0.033% CO; and U(VI), ERDA-6, and 0.033% CO,, .
low concentrations of these organic ligands actually increase the Kgs relative to those obtained
without any organic ligands. However, at high concentrations, these organic ligands significantly
decrease the Kgs for all of these elements. Note that the low and the high concentrations of acetate,
citrate, and EDTA used in these prehmmary runs bracket the predacted concentratlons of these
.organic ligands (Table G-1). - ... . .- - . : -

Tnay used ERDA—6 and H-17 which contam 19 and 74.1 mM M respectrvely, for this set of
experiments. However, ASTP personnel have predicted the effects of acetate, citrate, EDTA, and
oxalate on the solubilities of the actinide elements by assuming that all of these organic ligands will
dissolve in mtergranular Salado brine as it accumulates in WIPP disposal rooms. Novak (1996) used
FMT to predict that the Mg concentration in SPC brine (Brine A modified by omitting minor and
trace constituents, and used by the ASTP to simulate Salado brine in several experimental and
modeling studjes) will be 454 mM after equilibration with halite, anhydrite; the actinide elements and
- the organic ligands in TRU waste, and an MgO backfill. This Mg concentration is significantly
higher than that of ERDA-6 before or after equilibration with this backfill (19 and 48 mM,
respectively) and srgmﬁcantly higher than that of H-17 (74.1 mM). Because we bhoped that
competition among Mg and Pu, Am, U, Th, and Np for the binding sites on these organic ligands
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would mitigate the effects. of these organics on the Kgs for these elements, Triay carried out an
he, . - additional set of experiments with acetate; citrate EDTA; and lactate at low, intermediate, and high
" concentrations (see Table, G-1) and with Brine A modified to"simulate the composition of Salado

... brine after equilibration with an MgO backill..: [3n i S T s .

e yp g

R

~ Table G-7 shows the results of these experiments. Low concentrations “of’ organics

ignifcantly ecreased the K for Th rlatve o H5se obtained WithSULAnY ofgsnics bt bt
1e5s effect on the Kes for the, other elements s Iiicrmediats Gonbaniations of Organics'significantly
.. decreased the Ks for all of the elements except U(VI).: High concentrations significantly decreased

the Ks for all five of these elements. - o : |

. - -"Hovs"e_ver, we have not revised the ranges and probability distributions of Kgs for Pu, Am, U,
% . Th,and Np St_xown in Table 1 (see above) because large quantities of other metals (see below) will be
- present to fom_i.complexes with these organic ligands, thus preventing them from forming complexes
. with the actinide elements and decreasing the Kgs for the actinides in the Culebra- (These other
metals will also prevent these organic ligands from increasing the solubilities of the actinide elements
in WIPP disposal rooms.) These other metals include Fe, large quantities which will be present in
WIPP disposal rooms in stee] waste containers. (drums and boxes) and as steels, stainless steels, and

. other Fe-base materials in the waste; Mg,, large quantities of which will be emplaced in the repository
as an MgO backfill to remove microbially produced CO, (but will be present as MgCOs and/or
Mg(OH),, and magnesium oxychloride after reaction with CO, and/or brine); and Cr, Mn, Ni, Pb, and
"'V, which will be present in lesser but still sufficient quantities in steel drums and boxes, and in steels,
stainless steels, and other Fe-base alloys in the waste, and in other waste constituents. Preliminary
modeling of the equilibria among dissolved and solid-phase Pu and Am, Fe, Mg, and Ni, and EDTA
- ... imply that, under the conditions expected in WIPP disposal rooms, Ni would form complexes with
.99.8%of the EDTA expected. to be present in the repository, thus preventing it from complexing
._sighiﬁcant quantities of Pu and Am. A detailed description of these calculations, and any additional

modeling or laboratory studies of these competitive equilibria, will appear elsewhere. - o '

Brl;sh, LH. 1 990.‘ Test ﬁlan fo; Labordtory and Modeling Studies of Réposz'tory and Radi'onuclide ‘
‘ Chemistry for the Waste Isolation Pilot Plant. SAND90-0266. Albuquerque, NM: Sandia
s . . National Laborgtorics. ‘ - '

]jrez; PE.- 1996. Fmal Preiiminaiy Estimates of Complexing Agents in TRU Solidified Waste
- Forms. Scheduled- for : Disposal in WIPP.” - Unpublished memorandum to 7. Harvill,
. March 20, 1996. Albuquerque, NM: Drez Environmental Associates. ' '

Novak, CF., and R.C. Moore. 1996. “Estimates of Dissolved Concentrations for +I,+IV, +V, and

. +VI Actinides in a Salado and a Castile Brine under Anticipated Repository Conditions.”

Unpublished memorandum to M. D. Siegel, March 28, 1996. Albuquerque, NM: Sandia
National Laboratories. . : :
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Table G- 1 : Concenﬁauons _of Qrgamc ngands in Expcnments with ERDA-6, H-17, and Modified
B edicted; ..Concentrations® of ' Organic: ‘Ligands*in, Brines in WIPP

Brine: A’

-, information prov;@cd by LANL on Apnl

D1sposal Rooms. Tab]e complled by L. H. Brush on' May .10, 1996, based on
25, 1996 Table checkcd by L. J. Storz on

o May 17, 1996 - y
Low Conc.  High Conc. ~ Low Conc. Conc. .High Conc.

7 (BRDA6 - (ERDA6. .. (Modified - - (Modified”": (Modified  Predicted
Organic and H-17) and H-1_7) Brine A) Brine A) Brine A) Conc. in
Ligand @) @M @M (mM) (mM)  WIPP (mM)
Acetate  0.195 19.5172 0.489 4.89 48.9 1.062

(ERDA-6) (ERDA-6)
0.195 - 19.5172
(H-17) (H-17)
Citrate 0.0340 3.4002 0.03417 0.3417 3.417 0.465
(ERDA-6)  (ERDA-6)
0.0340 -~ 3.4002
(H-17 H-17
EDTA 0.000146 0.0146 .  0.00011 0.0011 0.011 0.00416
(ERDA-6)  (ERDA-6) :
0.000146 0.0146
H-17) - (H-17)
Lactate 0.00761 07610  0.02088 0.2088 2.088 Not
(ERDA-6) (ERDA-6) predicted
0.00796 0.7956
(H-17) H-17)
Oxalate NU NU NU NU NU 7.404

NU: Not used because LANL expected Ca—

oxalate concentrations.

oxalate to precipitate from these brines at very low
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Table G-2." Effects of Brine, Orgamc ngands and Pco, on Matrix Kys for Pu(V) and Dolomite-
R “"“"R1ch Culebra Rock (LANL Empmcal SOI'pthD Study) One—week sorption runs
with H-19 B4 Box 7. Kgs in bold font excluded from rangcs and distributions
because of . unacceptable differences between standards and controls. Still countmg v
new’controls: for’ underlmed samples Data” current as”of May 30, 1996. Table.
compiled by L. H. ‘Brush-on May 16, 1996, based on information “provided by
LANL on May.15; -1996. .. .Table checked by L. J. Storz on May 16 and 17, 1996.
Table rev1sed by Bru n May 31 and Ju ', 5
by LANL on ‘May 30'and 31 '1996. Table checked byL 1. Stom on June 10, 1996. -

fiL1996 based on mformatmn provided . -

* Table re-checked by A C. Peterson on July 16, 1996.

K, (mlg),

CAE Bripe tF T T Additive T 0.033% CO, 4.1% CO,
ERDA-6 None 157, 217,
: ' #JRF O-131 #JRF O-181
ERDA—G None 158, 223,
#JRF O-132 #IRF O-182
. ERDA-6 Avg. without organics 158 220 -
7 ERDA-6 Low-conc. organics 787, L 171,
S : - #JRF 0-139 #JRF O-189
ERDA-6 Low-conc. organics - o142, 184,-
el ' ' ‘ #JRF 0-140 #JRF O-190
ERDA-6 ~Avg.w. loW-conc. org. 464. 178 -
. ERDA-6 - - High-conc. organics 644, -~ 103 |
#JRF O-137 #JRF O-187
ERDA-6 High—conc. organics 7.48, 9.10,
’ #IRF O-138 #JRF O-188
ERDA-6 Avg. w. high-conc. org. 6.96 9.70
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H-17 '

CH17

H-17

H-17
H-17

H-17

- H-17

H17-

H-17-

None

None

Avg. without organics

Low-conc. organics

Low-conc. organics

Avg. w. low-conc. org.

High-conc. organics

High-conc. organics

Avg. w. high-conc. org.
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:-Table G-3. Effects of Brine, Organic Ligands; and Poo2 on Matrix Kgs for Am(II) and Dolomite-

S o 5 Rich Culebra Rock (LANL Empirical Sorption Study). One-week sorption runs with
. R A H-19, B-4, Box 7. Kgs in bold font ‘excluded from ranges and distributions because
t- «+ .owves of unacceptable: differences between' standards and controls.  Still counting new
#e...w T DAY Controls for underlined samples.” Data current as of May 30, 1996. Table compiled
- i+ by L. H: Brush on-May .16, 1996, based on information provided By I:ANL on
IR May 15, 1996. Table checked by L. J. Storz on May 16 and 17, 1996. Table revised
i xby Brushion May.31.and June:1; 1996 based on information provided by LANL on

“May 30 and 31, 1996. - Table checked by L. J- Storz on June 10, 1996. Table re-

-~ ‘checked by A. C. Peterson on July 16, 1996. -

S o T Ky, (ml/g), Ky, (ml/g),
~ Brine Additive 0.033% CO, 4.1% CO,
ERDA-6 None 199, 2.890,
#JRF O-141 #JRF O-191
ERDA-6 None 1,220, 2,160, .
' #JRF O-142 #IRF O-192
. ERDA-6 Avg. without organics 710 2,525
| ERDA-6 Low-conc. organics 1,390 1,680,
. : oL #IRF O-161 #JRF 0-199
ERDA-6 Low-conc. organics 1,470, 1,880,
o L #JRF O-171. #IRF 0-200
ERDA-6 Avg. w. low-conc. org. 1,430 1,780
ERDA-6 I-Iighéconc. ofgénics 10.6, 7.40,
: #JRF O0-147 #JRF 0-197
' ERDA-6 | High-conc. organics - 7.84, 5.05,
#JRF O-151 #JRF O-198
ERDA-6 Avg. w. high-conc. org. 9.22 6.22
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Table G-3. Effects of Brine, Orgamc Lxgands and Pcoz on Matrix Kys for Am(IT) and Dolomite-

.....

RPN

R1ch Culebra Rock (LANL Empmcal Soxptlon Study) (contmued)

Brine

H17
H-17

H-17

H-17

H-17.

H-17

' H-17

H-17

H-17

PO

. Additive -
}-Iv\'Iopcx S
. None

Avg. without organics

Low-conc. organics

Low-conc. organics

Avg. w. Jow-conc. org.

High-conc. organics

High-conc. organics

Avg. w. high-conc. org.

_ - Kq (ml/g), .
. 0033%C0, 419

533,
#JRF 0-41

549,

. #JRF 042

541

503,
#JRF 0-49

497,

#JRF 0-50

500

7.79,
#JRF 0-47

#JRF 0-48

7.58

311,

#JRF 0-99

299,
#JRF 0-100

305

- 358,
#JRF 0-97

3.75,
#JRF 0-98

3.66
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‘Table G-4. Effects of Bﬁqc, Organic Ligands, and Pcoz on Matrix K4s for U(VI) and Dolomite-
sz nwei,wvs Rich Culebra Rock (LANL Empirical Sorption” Study). Oné-week sorption runs
. ... with H19, B4, Box 7.. Kqs in bold font excluded from ranges and distributions-

73 because of unacceptable differences between standards and controls.” Still counting
wrsns, .- DEW controls for underlined samples. Negative Kjs set to 0.00 before -determining
.. -.. the mean. Data current as of May 30, 1996. Table compiled by L. H. Brush on

hecked by L. J. Storz on May 16 and 17, 19967 Table revised by Briish on May 31
..~ and- June -1, 1996, based on information provided by LANL on
-+ --May 30 and 31, 1996. _Table checked by L. J. Storz on Jupe 10, 1996. Table re-
: . checked by A. C. Peterson on July 16, 1996. o

May.16, 1996, based on information provided by LANL on May. 15, 1996.»Table .. ~ .. ...

Ky, (ml/g), K4, (ml/g),
Brine Additive 0.033% CO, 4.1% CO, -
ERDA-6 None -0.148, -0.296.
#JRF 0-111 #IRF 0O-159
ERDA-6 None 0.220, 0275,
#JRF O-112 #IRF 0-160
ERDA-6 Avg. without organics 0110 - 0.138
ERDA-G Low-conc. organics 1.83, -0.0367
o #IRF 0-119 #IRF O-168
ERDA-6" ~  Low-conc. organics -0.371 -0.933,
#JRF 0-120 #IRF O-169
-~ ERDA-6 Avg. w. low-conc. org. 0915 0.00
ERDA-6 High-conc. organics -0.631, 0475
#IRF O-117 #IRF 0-166
ERDA-6 High-conc. organics -0.638 -0.948
| #IRF O-118 #IRF 0-167
ERDA-6 Avg. w. high-conc. org. ~ 0.000 0.00




July 24, 1996

L ’ K7

. Iierney _ 97

T [aX

3|

: Tablc G-4 Effects of Brine, Organic ngands and Pco, on Matnx Kgs for U(VI) and Dolomite-
Rmh Culebra Rock (LANL Empxncal Sorpnon Study) (contmucd) o

Rl ARERLIPE Rt I SN

AT

f S Ko (mllg), " K (aitfg),
' Brine ' Additive "0.033% CO, " - 4.1% CO,
TH17 None 201, -1.69,
| #IRF O-11 #]RF 0-61
H-17 None -1.79, -0.323,
' #JRF O-12 - # 0-62
H-17 Avg. without org’émics 0.00 0.00
H-17 Low-conc. organics -1.27, -0.601,
#JRF O-19 #JRF 0-69
H-17 Low-conc. organiés | -1.67, -1.44,
#JRF O-20 #JRF O-70
H-17 Avg. w. low-conc. org. 0.00 0.00
H-17 High-conc. organics 177, 1.81,
- #JRF O0-17 ‘#JRI_: 0-67
- H-17 High-conc. organics -1.51, -1.67,
| #JRF 0-18 #IRF 0-68
H-17 Avg. w. high—conc. org. 0.00 0.00
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. Table G-S Effects of Brme Orgamc Lxgands and Pcoz on Matnx Kys for Th(IV ) and Dolomite-
siag g = Rich Culebra’ Rock (LANL Empmcal Sorptxon Study) One-week sorption runs
o - with H-19, B4, Box 7. Kgs in bold font excluded from ranges and distributions

because of unacceptable dlfferences between standards and controls. Still counting

- new controls for underlined samples Data current as of May 30, 1996. . Table

'—compﬂed by L. H. Brush on May.16, 1996, based on information prov1ded by

LANL on May 16, 1996. - Table checked by L. J. ‘Storz on May 16 and 17, 1996.

Table : revised by Brush on May 31 and June 1, 1996, based on information provided

5 by LANL on May 30 and 31, 1996.- Table checked by L. J. Storz on June 10, 1996.
Table re-checked by A. C. Peterson on July 16, 1996.

Ky, (ml/g),

Q@

Brine ‘Additive 0.033% CO, 4.1% CO,
ERDA-6 None 120, 153,
: #JRF O-101 # 0-148
ERDA-6 None : 98.6, 169,
’ ' ' : ‘ #JRF O-102 # 0-149
. ERDA-6 Avg. without organics 109 161
ERDA-6 Low-conc. organics - 101, 157,
' #JRF 0-109 #JRF O-157
ERDA-6 Low-conc. organics 999, ~' . 166,
' ' #JRF O-110 #JRF O-158
'ERDA-6 Avg. w. Jow-conc. org. 100 162
ERDA-6 High-conc. organics 30.0, 55.0,.
' #JRF O-107 #JRF O-155
ERDA-6 High-conc. organics 32.8, 63.2,
#JRF O-108 #JRF O-156
ERDA-6 Avg. w. high-conc. org. 314 59.1
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=+ == Rich Culebra Rock (LANL Empirical Sorption Study) (continved). .

Table G-5. Effects of Brine, Organic Ligands, and Pco, on Matrix Kgs for Th(IV) and Dolomite-

S NPT
0

Brine” .. .
H-17

H-17 .

H-17

H-17

H-17.

H-17

H-17

H-1_7

H-17

Avg. without organics

Low-conc. organics

Low-conc. organics

Avg. w. low-conc. org.

High-conc. organics

- High-conc. organics

e
B

Avg. w. high-conc. org.

R

S E -

0033% CO, i )

15.0,
#JRF O-1

16.6,

N ..;;;-jf.__f #JRF O-2 e i h i

15.8

13.8,
#JRF 0-9

144,
#JRF 0-10

141

572,

"#JRF O-7

8.04,

" #JRF O-8

6.88

11.6

——

9.72,
#JRF 0-59

9.20,
#JRF O-60

9.46

0.874,
#JRF 0-57

1.06,-.
#JRF O-5

0.967
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L . Table G-6. Effects of Brine, Organic Ligands, and Pcoz on Matrix Kgs for Np(V) and Dolomite-
& . ... .Rich Culebra Rock (LANL, Empirical; Sorption-Study).; One-week sorption runs
, T with HO19, B4, Box 7. Kas in bold font excluded from ranges and distributions
-+ because of unateeptable differeries between Standards and controls. . Stll counting.

et new conitrols” for underlined samples. . Data current ‘as’ of May 30, 1996, Table -
e 77 compiled by L. H;, Brush on May: 16, 1996, based on information provided by

LANL on May 15, 1996.. Table checked by L. J. Storz on May 16 and 17, 1996

Table revised by Brush on May 31 and June 1319967 based on information

" by LANL on May 30 and 31, 1996 Table checked by L. J. Storz on June 10, 1996,

~ Table re-checked by A. C. Peterson on July 16, 1996.

et TSR @) Y Ry, (millg),
Additive : 0.033% CO, 4.1% CO,

 ERDA-6 None 96.5, 136
_ § #JRF 0-121 #JRF 0-170

- ERDA-6 . None _ 87.6, _ 148
- ' . #JRF O-122 # 0-172

. ERDA-6 . Avg. without organics - 92.0

142
ERDA-6 | - .. Low-conc. organics .. . 83.6,. . - 175,
ER_DA‘-6 Low-conc. orgﬁcs 79, 147

ERDA-6 Avg. w. low-conc. org. - 814 . ' 161

~ - ERDA-6 High-conc. organics 639, | 131
ERDA-6 High-conc. organics 63.3, 113

ERDA-6 Avg. w. high-conc. org. 63.6 122

1996 based on information provided -~ " ]
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. Table G-6. Effects of Brine, Orga.mc Ligands, and Pcoz on Matrix Kgs for Np(V) and Dolom1te-
: Culcbra Rock (LANL Empmcal Sorptlon Study) (contmued)

H-17

H-17

H-17

H-17
H-17

H-17

H-17
H-17

H-17

oo o Additive: i - 0.033% COp.

. None . - 517, - . 0.905,
o e #JRFO-21 # 0-71

Nome a3, 1.06,
#JRFO-22 N #IRF O-72

Avg. without organic-s 477 0.983

Low-conc. organics - 4.86, ' 1 .33,
#JRF O-29 #JRF O-79

Low-conc. organics - 4.44, 0.694,
- #JRF 0-30 : #JRF O-80

Avg. w. low-conc. org. 4.65 1.01

High-conc. organics . 145, | -0.236,
o "~ #JRF 0-27 #JRF O-77

High-conc. orgaﬁics - 1.67, - ) -0..433,
CeEe #JRF O-28 #JRF O-78

Avg. w. high-conc. org. -~ 1.56 ~ 0.60

o™
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.« Table G-7., Effects of Organic Ligands on Matrix K (ml/g) for Pu(V), Am(Il), U(VI), Th(AV), and
- w5+ =% Np(V),# Dolofnite-Rich Culebi % and - Modified* Brine ' A’ (LANL Empirical

“. 777777 Sorption' Study).” One-v;eeksorptlon

on Tuns with H-19, B4, Box 7. Kgs in bold font

- € ns because. of unacceptable differences between
C st and controls. .. Data-current as of May-30, 1996. Table, compiled by
- . L.H Brush on” May'*16;% 1996, based “on” information'provided by LANL on
: May 15, 1996.: Table checked by L: J: Storz on May 16, 1996. . Table revised by Brush

nformation-provided by LANI: on May 30, 1996. " Table

checked by L. J. Storz on June:10, 1996."

July 16, 1996. B

i 2. neXcluded from ranges and distributio
standards_and . controls. .; Data’ curre;
"May:31;71996; based on informa de
Table re-checked by A. C. Peterson on

. conc. org.

B  Element and Oxidation State
Additive Pu(V) Am(D) UvD Th(IV) Np(V)
None 8.73, 528, 19.3, 11,300, 22.7,
. #JRF-233 #JRF-243 - #JRF-213 #JRF-203 #JRF-223
None 10.1, 501, 19.1, 10,700, 17.1,
® #IRF-234  #JRF-244  #JRF-214  #JRF-204  #RF-224
- Avg. without 9.42 - 514 19.2 11,000 19.9
organics ' ‘
Low-conc. 7.69, 355, 124, 1.70, 119,
organics #JRF-239 #JRF-249 . #JRF-219 #JIRF-209 #JRF-229
Low-conc. 8.84, 325, 17.2, 6.47, 10.5,
organics #JRF-240  #JRF-250  #JRF-220 #JRF-210 #JRF-230
Avg. w. low- 8.26 340 14.8 4.08 112
conc. organics
Intermed.- 5.03, 67.6, 16.6, 1.05, 6.25,
conc. organics _ #JRF-237 #JRF-247 #JRF-217 #JRF-207 #JRF-227
Intermed.- 5.06, 36.7, 16.8, 6.29, 5.89,
conc. organics #JRF-238 #JRF-248 #JRF-218 #JRF-208 #JRF-228
Avg. w. inter.- 5.04 52.2 16.7 3.67 6.07

L%______a
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Tab]e G 7 Effects of Orgamc ngands on Matrix Kgs (
L. .72 Np(V),;, Dolomite-Rich:, Culebra Rock

Sorpnon Stu ")‘(c‘o"fltxhued)

=

ml/g) for Pu(V); Am(III), U(VD), Th(IV) and
,; and Modiﬁed i Brine A: (LANL Empirical

I

July 24,1996 %

3 Oxidation State

Additive PuV) . Am@D Th(IV) Np(V)

High-conc. 255, w234, 10.1, 0.469, 1.93,

organics . #JRF-235 .. #JRF-245 . #JRF-215 #TRF-205 #IRF-235
High-conc. 2.22, 2.05, 8.01, 0.467, 2.49,

organics #JRF-236 #JRF-246 #IRF-216 #TRF-206 #TRF-226
Avg. w. high- 2.38 220 9.06 0.468 221
conc. org.
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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 1324 P. B. Davies (Org. 6115)
MS 1324 A.R. Lappin (Org. 6115)
MS 1324 L. C. Meigs (Org. 6115)
MS 1328 H. Jow (Org. 6741)

MS 1328 D. R. Anderson (Org. 6749)

. MS 1328 M. A. Martell (Org. 6749)

MS 1328 J. L. Ramsey (Org. 6749)
MS 1328 C.T. Stockman (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 R. C. Moore (Org. 6748)
MS 1341 C.F. Novak (Org. 6748)
MS 1341 L.J. Storz (Org. 6748) .
MS 1341 Y. Wang (Org. 6748)

MS 1343 L.J. Dotson (Org. 6751)
MS 1343 K. W. Larson (Org. 6751)
MS 1341 R.F. Weiner (Org: 6751)
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Sandia National Laboratories

Lenny Storz

Department 6832

P.O. Box 5800

Albuquerque, New Mexico 87185-1341

date: 18 November 1996

To: Memorandum to WPO 38231

From: Lenny Storz, MS1341 (Org. 6832)

¢c-2,c-3,Cc-4,b-1,0-2,D-3,D-4,F-1,F-2,F-3,F-4,G-2,G-3,
G-4,G-5,G-6jand G-7 in “Ranges and Probability
Distributions of K4S for Dissolved Pu, Am, U, Th, and Np
in the Culebra for the PA Calculations to Support the
WIPP CCA” by L.J. Storz on June 10, 1996.

Subject: Transcripti;% Review of Tables B-1,B-2,B-3,B-4,C-1

The subject review by L.J. Storz was performed to verify that the
values used in these tables were correctly transcribed from the
original data sheets furnished by Los Alamos National Laboratory.
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MS 1341 L.H. Brush (Org. 6832)
MS 1395 D.S. Coffey (Org. 6811)
MS 1395 N.L. Royce (Org. 6811)
MS 1341 L.J. Storz (Org. 6832)

SWCFA:WBS 1.1.10.3.1,kEET QA, "Review of Tables":WPO #38231.
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Review of text and Tables 1, B-1, B-2, B-3, B-4, B-5, C-1, C-2, C-3, C-4, C-6, D-1, D-2,
D-3, D4, D-5, E-1, E-2, E-3, E-4, F-1, F-2, F-3, F-4, F-5, G-2, G-3, G-4, G-5, G-6, and
G7 in “Revised Ranges and Probability Distributions of Kgs for Dissolved Pu, Am, U,
Th, and Np in the Culebra for the PA Calculations to Support the CCA.” A. C. Peterson,
July 10 to 18, 1996, 104 pages, this package.




