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INTRODUCTION 

This memorandum contains ranges and probability distributions of matrix 
distribution coefficients (&s) for dissolved Pu, Am, U, Th, and Np under 
conditions expected during transport in the Culebra Dolomite member of the 
Rustler Formation. In this memo, a matrix & is the equilibrium ratio of the mass 
of Pu, Am, U, Th, or Np adsorbed on the solid phase@) per unit mass of solid(s) 
divided by the concentration of that element in the aqueous phase (see, for 
example, Freeze and Cherry, 1979). Performance-assessment (PA) personnel 
require Kds for Pu, Am, U, Th, and Np for their calculations to support the Waste 
Isolation Pilot Plant (WIPP) Compliance Certification Application (CCA) 
(Rarnsey, 1996). (We will include this memorandum and all of the other 
memoranda cited herein in the parameter and analysis records packages for these 
&s.) Actually, PA requires &S for various isotopes of these elements, but 
Rarnsey (1996) did not specify them. However, Garner (1996) stated that PA 
needs K.s for 2 3 9 ~ ,  24'~rn, *u, and l3'I?h. 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 Kd determined for one isotope to any other isotope of 
the same element. We are submitting &S for Np in case PA requires them for 
sensitivity calculations to show that omitting this element does not affect the 
long-term performance of the repository significantly. 

We, the Sandia-National-Laboratories (SNL), and SNL-subcontractor 
personnel working on or familiar with the dissolved-actinide Retardation 
Research Program (RRP) or related aspects of PA, have established these ranges 
and distributions from results obtained by the RRP through May 31, 1996 (see 
Table 1 below). These ranges and distributions pertain to dolomite-rich rock in 
the matrix (intact rock between the fractures) of the Culebra. (We use the terms 
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"matrix" and "fractures" in a general sense, corresponding to transport pathways - 
with relatively low and high transmissivities, respectively, Our use of these 
terms is consistent with the double-porosity conceptual model of the Culebra 
proposed by L. Meigs and her colleagues at SNL and its subcontractors.) The 
ranges and distributions in Table 1 do not include &S for the clay-rich rock 
associated with fracture surfaces and dispersed in the matrix of the Culebra. We 
believe that, based on Sewards (1991) and Sewards et al. (1991, 1992) and 
recent, yet-to-be published studies of Culebra mineralogy, clay minerals such as 
corrensite (an ordered mixture of chlorite and saponite) are present on fracture 
surfaces and in the matrix of the Culebra at concentrations high enough to 
increase the retardation of Pu, Am, U, Th, and Np relative to that observed in 
laboratory studies with dolomite-rich rock (see Description of Laboratory Studies 

, 

Used to Determine Matrix &S below). However, we have not included &s 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 &S for clays is conservative. 

,Ii 

FRACTURE-SURFACE &S 
! 

i' 
d - 

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

MATRIX &S 

This section briefly describes the laboratory studies used to determine matrix 
&S for dissolved Pu, Am, U, Th, and Np, and the modeling study used to predict 
the oxidation-state distributions of these elements under conditions expected in 
the Culebra. It then discusses the methodologies used to establish rariges and 
probability distributions of these &s. 
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Description of Laboratory Studies 
Used to Determine Matrix K& 

The RFP carried out several laboratory studies of the sorption of Pu, Am, U, 
Th, and Np by dolomite-rich rock from the Culebra. Papenguth and Behl(l996) 
described these &dies in detail. These studies used different experimental 
methods and considered the effects of several factors on actinide sorption in the 
Culebra. The results used to establish ranges and probability distributions of 
matrix K& for Pu, Am, U, Th, and Np in the Culebra appear in Appendices B 
through F, respectively, of this memorandum. (These lengthy appendices are 
available on request to anyone who did not receive them with this memo.) 
Detailed descriptions of these laboratory studies and the complete results will 
appear as SNL and/or SNL subcontractor reports by the time of submission of the 
CCA. 

I. Triay and her group at Los Alamos National Laboratory (LANL) carried out 
an empirical study of the sorption of Pu(V), Arn(m), U(VI), Th(N), 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, developed by Molecke (1983) to simulate fluids equilibrated 
with K- and Mg-bearing minerals in overlying potash-rich zones in the Salado 
Formation prior to entering WIPP disposal rooms, is also similar to intergranular 
Salado brines at or near the stratigraphic horizon of the repository. These brines 
could accumulate in WIPP disposal rooms after filling and sealing, and flow from 
the repository into the Culebra in the event of human intrusion into the repository. 
ERDA-6 simulates brines that occur in isolated but occasionally large reservoirs 
in the underlying Castile Formation (Popielak et al., 1983). These brines could 
flow through the repository and into the Culebra in the event of human intrusion. 
AISinR simulates brine sampled from the Culebra in the WIPP Air Intake Shaft 
(AIS). H-17 simulates Culebra brine from the H-17 Hydropad. Triay also studied 
the effects of the partial pressure of C02 (and, hence, dissolved COz concentration 
and, to some extent, pH) on sorption. She carried out experiments on the bench 
top (in contact with atmospheric C02, which contains about 0.035% C02) and in 
glove boxes with atmospheres containing 0.24, 1.4, and 4.1% COz. The COz 
partial pressures in these runs were 0-2.73 , and atrn, 
respectively, the range of PCO2 calculated for Culebra ground waters by 
Siege1 et al. (1991). Furthermore, Triay studied the effects of dissolved actinide 
concentration on sorption. These experiments yielded sorption isotherms, plots of 
the quantity of radionuclide sorbed by the solid phase or phases versus the final 

I '  
, . 

*. - , .~ .,., 
, dissolved radionuclide concentration, or plots of &S versus the final dissolved 

.. . , 
, i: , .. . ,, , *, i* 

radionuclide concentration. (We will include these isotherms in the parameter 
:< ' i  '" ,, , and analysis records packages for these &s.) These plots in turn provided 
; .: :, $,. 

f;. .:. . , ?# . .  
information on the nature of the reaction(s) responsible for removal of 

A . . 
:. radionuclides from solution. Finally, Triay studied the effects of equilibration 

time (3-days and I-, 3-, 6-, or 8-weeks) and direction of reaction (sorption or 
desorption) on sorption. Triay crushed the samples, selected the 75-to-500-pm 
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size fraction (significantly larger than the mean dolomite grain diameter of about - 
2 pm), washed these subsamples with dilute HCl to remove crystallographically 
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 rnl of brine and 1 g of rock. During the runs that yielded the 
&S to be used by PA, she used one actinide element at a time. At the end of her 
runs, Triay separated the aqueous and solid phases by sequential filtration to 
0.2 pm, analyzed the solutions by liquid scintillation counting (LSC), and 
determined &S 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 &S to be used by PA, with samples of dolomite-rich 
rock taken from AIS core segments adjacent to those used for the colurnn- 
transport study (see below). X-ray-diffraction analysis of this rock failed to detect 
clay minerals in most cases. Because the detection limit of this technique is about 
1%, the rock that yielded the &S 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 
cmied out a few experiments with dolomite from the H-19 Hydropad and clay- 
rich rock from the lower, unnamed member of the Rustler. (The clay minerals in 
the lower member are identical to those lining fracture surfaces and dispersed in - 
the matrix of the Culebra.) This study yielded a large number of &S for actual 
samples of nearly pure Culebra dolomite and actinide-bearing synthetic fluids 
closely resembling those that could actually flow through the Culebra after human 
intrusion. 

P. V. Brady and his colleagues at SNL and LANL carried out a mechanistic ., ' 
study of the sorption of Pu(V), A m O ,  N d O  (a nonradioactive analog of . 
Am@) and P u o ) ,  U(VI), 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 C02 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 406-pm size 
fraction, washed them with dilute HCl, and pretreated them overnight in an NaCl 
solution with the same concentration to be used for the actual experiments, and a 
solution-to-solid ratio of 100 rnl per g of dolomite. He carried out the actual 
experiments with several actinide elements at a time, and a solution-to-solid ratio 
of 200 d g .  After his runs, Brady separated the aqueous and solid phases with a 
0.22-pm filter, analyzed the solutions by inductively coupled plasma - 
emissiodmass spectrometry, and determined Kds from the differences between 
the initial and the final radionuclide concentrations in the solutions. Although 
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this study did not yield Kds for actual samples 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 WlPP disposal rooms (see below). 

D. A. Lucero and his colleagues at SNL have studied actinide transport 
through intact, 5.7-inch-diameter cores obtained from the Culebra in the WIPP 
AIS. Lucero obtained the cores used for this study from 16-to-18-ft.-long 
horizontal boreholes aligned in the current direction of ground-water flow in the 
vicinity of the AIS (see Predictions of Actinide Oxidation States in the Culebra 
below) and stored them under conditions that minimized evaporation of pore 
water. Prior to his experiments, Lucero cut 4-to-20-inch sections from the 
original cores and potted them in Neoprene. He then placed the potted core 
sections in A1 core holders, mounted them vertically in a glove box, and 
pressurized them to about 50 atm, the in situ pressure at the depths (716 and 
721 ft.) from which these cores were obtained. Lucero carried out spike 
injections or, in a few experiments, continuous injections of Pu(V), Am(III), 
U(VI), Th(N), andlor Np(V) by introducing synthetic AISinR or, in a few runs, 
synthetic ERDA-6 with low concentrations of the radionuclide(s) into a cavity 
cut in the top of each core. He then pumped additional brine through these cores 
at low flow rates (0.1 mVmin and, in a few runs, 0.05 mUmin) for periods of up 
to 237 days (equivalent to pumping up to 34.2 pore volumes of brine through 
these cores). These flow rates are at or close to the upper limit of the range of in 
siru fluid velocities. He collected the effluent continuously and analyzed it every 
5 ml by y spectrometry or LSC. He also used scanning y emission tomography 
to image the cores. By injecting different radionuclides at different times and, in 
some cases, by using different brines, Lucero carried out multiple, sequential 
experiments with the same core. Because this study quantified actinide sorption 
from fluids flowing through intact samples of Culebra rock, it complements the 
static empirical and mechanistic sorption studies with crushed Culebra rock or 
pure dolomite. However, this study did not yield Kds directly. For U and Np, 
which were moderately retarded by sorption, the observed delays between the 
elution peaks of nonsorbed radionuclides (such as 3~ or " ~ a )  and those of U and 
Np yielded discrete values for the retardation factors R, which were then used, 
along with porosities determined with the nonsorbing tracers, to calculate Kds. 
For Pu, Am, and Th, which were strongly retarded by sorption, Lucero did not 
observe breakthrough, even after pumping brine through these cores for 61, 118, 
and 211 days (Pu and Am) and 133, 146, and 237 days (Th) (equivalent to 8.83, 
17.0, and 30.4 pore volumes for Pu and Am, and 19.1, 21.0, and 34.2 pore 
volumes for Th). Therefore, he was only able to calculate minimum values of R 
and Kd. These minimum values depend on factors such as the initial 
concentration of each radionuclide, the volume of brine pumped through the 
core, and the analytical detection limit for the radionuclide. 
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Predictions of Actinide Oxidation States in the Culebra 

Because oxidation state significantly affects the chemical behavior, including 
sorption, of the actinide elements, predictions of the oxidation-state distributions 
of Pu, U, and Np in the Culebra are necessary to establish ranges and probability 
distributions of matrix &S for use in the PA calculations. For Pu, U, and Np, the 
following oxidation states are possible in low-temperature, geochemical systems: 
P u w ,  Pu(IV), Pu(V), and Pu(V1); U(1V) and U(V1); and Np(IV), Np(V), and 
Np(V1). For Am and Th, only one oxidation state, Am@) or Th(IV), 
respectively, is possible. 

We have used experimentally based predictions of the oxidation-state 
distributions of Pu, U, and Np in WIPP disposal rooms from the Actinide Source 
Term Program (ASTP) to specify the oxidation states of these elements in the 
Culebra. Based on a laboratory study carried out under expected WIPP conditions 
by D. Clark and his colleagues at LANL and previously published results obtained 
for applications other than the WIPP Project, ASTP personnel have predicted that 
Pu will speciate as Pu(m) or Pu(IV), but not as Pu(V) nor Pu(VI), that U will 
speciate as U(n3 and U(VI), and that Np will speciate as Np(IV) and Np(V), but 
not as N p o ,  in deep (Castile and Salado) brines in the repository. To evaluate 
the applicability of these predictions to the Culebra, H. W. Stockman of SNL 
carried out a modeling study of the oxidation states of Pu, U, and Np in the -_ 
Culebra (see below). This study showed that Culebra fluids are poorly poised 
(have limited capacity to either oxidize or reduce actinide elements). Therefore, it 
is reasonable to use the oxidation-state distributions of Pu, U, and Np predicted 
for WIPP disposal rooms to specify the oxidation states of these elements in the 
Culebra. Using the ASTP predictions for the Culebra will ensure consistency 
between the oxidation-state distributions of these elements in WIPP disposal 
rooms and at the point of injection of deep (Castile or Salado) brines into the 
Culebra following human intrusion into the repository. This will in tum obviate 
the need to specify redox reactions in the Culebra, and the need to incorporate 
possible, concomitant dissolution andor precipitation reactions in SECO, the PA 
model for Culebra flow and qansport. 

ASTP and PA personnel will calculate solubilities for either Pu(m), U(IV), and 
N p o ,  or Pu(IV), U o ,  and Np(V) in any given vector. PA will specify the 

,.x"l:T1l 
,-:.$, ., oxidation states of these elements by sampling "oxstat," a parameter with a 

6%;. !$&, uniform probability distribution of 0 to 1. If the sampled value of oxstat is 0.5 or (\/@ '! G:, 

less, PA will use the solubilities predicted for Pu(IU), U(IV), and Np(IV). (These 
, ..; 8 :  ? 

\, 1 .. solubilities are also sampled parameters.) If oxstat is greater than 0.5, PA will use 
a" * 7 

-C 
solubilities for Pu(IV), U o ,  and Np(V). We recommend that PA use the ranges 
and distributions of &s for the oxidation states of Pu, U, and Np sampled for 
each vector. - 

This approach is equivalent to assuming that the oxidation-state distributions 
of Pu, U, and Np predicted for WIPP disposal rooms will be maintained along the 
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entire off-site transport pathway in the ~uldbra. (Previous PA calculations have 
predicted that, in the absence of climatic change, fluid will flow from the point of 
injection into the Culebra to the south or the southeast, and that the distance from 
the point of injection to the boundary of the Land Withdrawal Area will be about 
2.5 or 3 km.) This assumption is certainly reasonable at the point of injection of 
deep brines into the Culebra and for some, perhaps significant, distance along the 
flow path. Because, in general, redox equilibrium is not observed in low- 
temperature aqueous solutions (see, for example, Lindberg and Runnells, 1984), 
the oxidation states of Pu, U, and Np predicted for the repository could persist 
along the entire flow path in the Culebra. At some point, however, the oxidation- 
state distributions of these elements might equilibrate with ambient conditions in 
the Culebra. 

To evaluate the applicability of ASTP predictions to the Culebra, Stockman 
used the EQ316 geochemical software package (Daveler and Wolery, 1992; 
Wolery, 1992a. 1992b; Wolery and Daveler, 1992) to predict the oxidation-state 
distributions of Pu, U, and Np after mixing deep (Castile and Salado) brines 
containing these elements with Culebra brines. Stockman made various 
assumptions as to: (1) which naturally occurring or waste-derived dissolved 
species will control redox conditions in the deep brines after injection into the 
Culebra; (2) which naturally occurring dissolved or solid species control redox 
conditions in ~ulebra  brines; (3) whether to use the data base in EQ316, or to 
modify it based on recently published studies of actinide chemistry. By 
calculating oxidation-state distributions of Pu, U, and Np before and after mixing 
deep brines with Culebra brines under all possible combinations of these 
assumptions, Stockman showed that Culebra fluids are poorly poised (have 
limited capacity to either oxidize or reduce actinide elements). Therefore, it is 
reasonable to assume that the oxidation-state distributions of Pu, U, and Np 
predicted for WIPP disposal rooms will be maintained along the entire off-site 
transport pathway. 

Predictions of Brine Mixing in the Culebra 

Brine composition could also affect the sorptive behavior of actinide elements 
in the Culebra. Therefore, predictions of the extent to which deep (Castile and 
Salado) and Culebra,brines mix in the Culebra are necessary to specify weighting' - 
factors to combine the ranges and probability distributio& of  ma& 6 s  for 
dissolved Pu, Am, U, Th, and Np established for deep and Culebra brines and 
obtain an overall range and distribution for a given element or elemental 
oxidation state. 

Opinions differ significantly on the extent to which deep and Culebra brines 
will mix in the Culebra. One extreme of a range of possibilities is that, because of 
the density difference between deep and Culebra brines andlor limited spreading 
due to heterogeneity, a "slug" of deep brine will flow along the entire off-site 
transport pathway without significant mixing. The other extreme is that, because 
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of relatively high heterogeneity, hydrodynamic dispersion will result in rapid - 
mixing, and the composition of the injected fluid will resemble that of Culebra 
ground water on the order of hundreds of meters from the point of injection. 

We are submitting these ranges and distributions to PA concurrentlv with the - - 
submission of Culebra hydrologic parameters by personnel from Geohydrology 
Department 6115. Therefore, we could not cany out brine-mixing calculations - 
with the current hydrologic parameters prior to- establishing these ranges and 
distributions. In the absence of mixing calculations, E. 1. Nowak, Manager of 
Chemical & Disposal Room Processes Department 683 1, instructed us to take the 
following, conservative approach: (1) establish separate ranges and distributions 
for deep and the Culebra brines for each actinide element or elemental oxidation 
state; (2) recommend that PA personnel use the range and distribution that results 
in less retardation for each element or elemental oxidation state. 

Methods Used to Establish Ranges of Matrix &s 

This subsection briefly describes the methods used to establish ranges of 
matrix Kds for dissolved Pu, Am, U, Th, and Np under conditions expected in the 
Culebra. We carried out most of the work described in this subsection at a 
meeting held April 1 and 2, 1996, here at the BDM Building. Sixteen SNL and 
SNL-subcontractor personnel working on or familiar with the RRP or related A 

aspects of PA participated in all or part of this meeting. Two US DOE Carlsbad- 
Area-Office and Carlsbad-Technical-and-Administrative-Conctor personnel 
observed all or part of it. Appendix A (see below) contains the invitation to, 
agenda for, and list of the participants and observers at this meeting. (This and 
the other six appendices are available on request to anyone who did not receive 
them with this memorandum.) Detailed descriptions, including all of the 
empirical-sorption, mechanistic-sorption, and column-transport data considered 
and included or excluded, appear in Appendices B through F, respectively. ,c"- - --. 
Appendix G contains the results of experiments on the effects opfour organic p "-+\ 

\ 
ligands on these &s. 

At this meeting, we decided to establish experimentally obtained ranges for 
i 

A m o ,  U O ,  Th(IV), and Np(V), and to use the experimentally obtained ranges '* 

for A m 0  and T h o ,  and the oxidation-state analogy to establish ranges for 
Pu(III), and Pu(IV), Uw), and N p N .  Based on the ASTP predictions of 
oxidation-state distributions for Pu, U, and Np in WlPP disposal rooms and 
Stockman's predictions for the Culebra under most of the possible combinations 
of assmptions (see Predictions of Actinide Oxidation States in the Culebra 
above), we did not plan to establish an experimentally obtained range for Pu(V), 
nor to use the experimentally obtained range for U(VI) and the oxidation-state 
analogy to establish ranges for P u O  and Np(VI). 

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

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

& during the desorption run. 

To establish the initial ranges for the deep brines, we fust considered all the 
data obtained from the 6-week sorption experiments carried out with Brine A and 
ERDA-6 on the bench top (in contact with ambient atmospheric C02). 
Atmospheric C02 has a partial pressure of about atm, the lowest C02 partial 
pressure used in the LANL study. This partial pressure is equivalent to a C02 
content of 0.033% in the LANL study. We did not use data from runs 
equilibrated with higher partial pressures of C02 for the initial ranges for the deep 
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brines because we anticipate that an MgO backfill will be emplaced in WIPP - 
disposal rooms to remove COz. Next, we discarded the data from runs in which 
the difference between the activity of the radionuclide in a standard (the 
radionuclide-bearing brine with which runs were started) and that in a control (a 
run conducted identically to that of an actual mn, but without any rock) exceeded 
30, where the standard deviation o 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% COz) and in glove boxes with atmospheres 
containing 0.24 and 1.4% C02. These three atmospheres had COz partial 
pressures of 1 0 - ~ . ~ ~  , and atm, respectively. Siege1 now considers this 
range more likely for groundwaters in the predicted off-site transport pathway 
than the previous range of to 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 initial ranges for Culebra brines. 

We then compared these initial ranges with the data from the mechanistic 
sorption study by Brady and his colleagues at SNL and LANL. For the most part, 
we used Brady's data to extend Triay's empirical sorption data for the deep brines - 
to the basic conditions expected to result from the use of an MgO backfill in 
WIPP disposal rooms. We assumed that, if mixing is sufficient to produce fluids 
with compositions similar to those of Culebra brines, the pH of these mixtures 
will also be similar to those of Culebra brines. Therefore, we did nor 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 NaCI. Therefore, we used only his data for 0.5 M NaCl and 
atmospheric C02 (the lowest COl 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 experimenk under ambient atmospheric conditions; therefore, the C02 
content of these experiments was probably similar to that in the LANL bench-top 
runs. Because Lucero did not observe breakthrough of Thw) (nor of Pu(V) nor 
Am(JII)), it was only possible to determine minimum values of & for T h w )  (and 

,? 
for Puw) and A m o ) .  This minimum & (and those for Pu(V)) are consistent 

, with the revised ranges based on the empirical and mechanistic sorption studies. 
t ,. , . , 

Lucero did observe breakthrough of U(V1) and Np(V) in his experiments. . ~ . a Therefore, it was possible to determine actual &S for these elements. In most - 
cases, the &S determined for U(VI) and Np(V) from the transport study are less 
than the lower limits of the ranges obtained for these elements from the sorption 
studies. Therefore, we extended the revised ranges where necessary to obtain 
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final ranges for U(V1) and Np(V) in the deep brines (Castile and Salado) and 
Culebra brines (see Table 1). 

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

We attempted to use the same methods to establish experimentally obtained 
ranges for A m 0  (see Appendix C). Inspection of the sorption isotherms for the 
6-week LAM, sorption data, however, revealed that the &S are proportional to 
the final dissolved Am(m) 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(m). Triay carried out additional 
posnest analyses of the brines from some of her 6-week sorption experiments with 
Am(m) to determine, if possible, what caused these trends, and to redetermine 
these & S  However, she continued to obtain data that displayed trends similar to 
those described above, and thus cannot rule out the occurrence of processes other 
than sorption. Therefore, we recommend using the experimentally obtained 
ranges for Pu(V) (Appendix B) for Am(III) by assuming that the &S for Amw) 
are greater than or equal to those for Pup) .  This assumption is reasonable in 
view of results such as those in Figure 5 of Canepa (1992). In this case, the 
A m ( m  & obtained for the Yucca Mountain Project is about one order of 
magnitude higher than that obtained for Pu(V) under the same conditions. (We 
will cite additional examples of differences between the &S for Arn(III) and 
Pu(V) in future reports and presentations.) We have not used the oxidation-state 
analogy to justify theuse of P u p )  data for A m 0 ;  instead, this approach is 
based on dtzerences in the behavior of these oxidation states. Furthermore, we 
recommend using the range for Am@[) for Pu(W (Table 1); for this 
recommendation, we invoke the oxidation-state analogy. 

Methods Used to Establish Probability Distributions of Matrix &S 

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

! 

The RRP has studied the effects of several factors on sorption (see Description 
of Laboratory Studies Used to Determine Matrix Kds, Predictions of Actinide 
Oxidation States in the Culebra, and Predictions of Brine Mixing in the Culebra 
above). Papenguth and Behl (1996) designed these studies to encompass the 
ranges of these factors expected in the Culebra. Therefore, the ranges of matrix 
&S 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 
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probability distributions of these factors (especially brine type, the partial pressure - 
of C02, 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 ranges, 
despite the fact that we included more than three data points for every range 
shown in Table 1. 

Tierney (1996a) states that use of the uniform or log-uniform [probability] 
distribution "is appropriate when all that is known about a parameter is its range." 
Because we cannot specify probability distributions for the factors that affect 
sorption, we recommend that PA personnel use a uniform or a log-uniform 
distribution. Tierney (1996a) specifies use of a log-uniform distribution "when 
the range ... spans many orders of magnitude." Inspection of the ranges for deep 
and Culebra brines in Table 1 reveals that these ranges span 1.40 and 2.60 orders 
of magnitude (deep and Culebra brines, respectively) for Pu(m) and Am(III); 1.35 
orders of magnitude (deep brines only) for Pu(N), U(N),  Th(lV), and Np(IV); 
3.00 orders of magnitude (deep brines only) for U(V1); and 2.65 and 2.30 orders 
of magnitude (deep and Culebra brines, respectively) for Np(V). (Each of these 
values is the common logarithm of the maximum value of each range divided by 
its minimum value. We could not calculate this parameter for Th(IV) and 
Culebra brines because we were unable to establish this range; see Appendix E 
below. We could not calculate this parameter for the range for U(W) and Culebra 
brines because its minimum value is 0.) Because these ranges all span three - 
orders of magnitude or less, we recommend that PA use a uniform distribution 
instead of a log-uniform distribution for all of them. 

0 ,  

Methods Used for Final Selection of the I . . 
Range of Matrix K& for Use in PA Calculations 

We recommend that PA personnel use the range and probability distribution of 
matrix K.js for deep (Castile and Salado) or Culebra brines that results in less 
retardation for each element or elemental oxidation state (see Predictions of Brine 
Mixing in the Culebra above). Because we have recommended that PA use a 
uniform distribution for all the ranges (see Methods Used to Establish Probability 
Distributions of Matrix Kds above), the average Kd that PA will sample for all of 
its vectors is the mean of the maximum and minimum values of each range. 
Therefore, we compared the means of the ranges for deep and Culebra brines to 
determine which range results in less retardation for each element or elemental 
oxidation state. Inspection of the ranges in Table 1 reveals that the means are 260 
and 2005 ml/g (deep and Culebra brines, respectively) for PI@) and Am(IQ; 
10,450 mllg (deep brines only) for P u o ,  U(N), Th(IV), and N p o ;  15.015 
and 35 ml/g (deep and Culebra brines, respectively) for U(VI); and 451 and 
100.5 ml/g (deep and Culebra brines, respectively) for Np(V). (Each of these 
values is the sum of the maximum and the minimum values of each range divided 
by two; to facilitate this comparison, we did not round each result to one - 
significslnt figure. We could not calculate this parameter for Th(IV) and Culebra 
brines because we could not establish this range; see AppendixE below.) 
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Therefore, we recommend that PA use a range of 20 to 500 mVg (the range for 
deep brines) for Pu(lII) and Am(m); a range of 900 to 20,000 mVg (deep brines) 
for Pu(IV), U(IV), Th(IV), and Np(N); a range of 0.03 to 30 d g  (deep brines) 
for U(V1); and a range of 1 to 200 mVg (Culebra brines) for Np(V). i n  Table 1, 
these ranges appear in bold font. 

Because the ASTP has decided to specify the oxidation states of Pu, U, and Np 
by sampling the "oxstat" parameter (see Predictions of Actinide Oxidation States 
in the Culebra), the range and distribution for each specified oxidation state will 
constitute the range and distribution for each of these elements during a given 
vector. 

REFERENCES 

Canepa, J.A. 1992. Proceedings of the DOE/Yucca Mountain Site 
Characterization Project Radionuclide Adsorption Workshop at Los Alamos 
National Laboratory, September 11-12. 1990. LA- 12325-C. 
Los Alamos, NM: Los Alamos National Laboratory. 

Daveler, S.A., and T.J. Wolery. 1992. EQPT, A Data File Preprocessor for the 
EQ3/6 Software Packager User's Guide and Related Documentation 
(Version 7.0). UCRL-MA-110662 PT 11. Livermore, CA: Lawrence 
Livermore National Laboratory. 

Freeze, R.A., and J.A. Cherry. 1979. Groundwater. Englewood Cliffs, NJ: 
Prentice-Hall. 

Garner, J. 1996. "Radioisotopes to Be Used in the 1996 CCA ~alculati6k" 
Unpublished memorandum to C. T. Stockman, March . 15, 1996. 
Albuquerque, NM: Sandia National Laboratories. 

Molecke, M.A. 1983. A Comparison of Brines Relevant to Nuclear Waste 
Experimentation. SAND83-0516. Albuquerque, NM: Sandia National 
Laboratories. 

Lindberg, R.D., and D.D. Rumells. 1984. "Ground Water Redox Reactions: An 
Analysis of Equilibrium State Applied to Eh Measurements and Geochemical 
Modeling," Science. Vol. 225, no. 4665,925-927. 

Molecke, M.A. 1983. A Comparison of Brines Relevant to Nuclear Waste 
Experimentation. SAND83-0516. Albuquerque, NM: Sandia National 
Laboratories. 



M. S. Tiemey 14 June 10, 1996 

Papenguth, H.W. and Y.K. Behl. 1996. Test Plan for Evaluation of Dissolved - 
Actinide Retardation at the Waste Isolation Pilot .Plant. TP 96-02. 
Albuquerque, NM: Sandia National Laboratories. 

Popielak. R.S., R.L. Beauheim, S.R. Black, W.E. Coons, C.T. Ellingson and 
R.L. Olsen 1983. Brine Reservoirs in the Castile Formation, Waste Isolation 
Pilot Plant Project, Southeastern New Mexico. TME 3153. Carlsbad, NM: 
U.S. Department of Energy W P  Project Office. 

Ramsey, J. 1996. "Culebra Dissolved Actinide Parameter Request." 
Unpublished memorandum to E. J. Nowak, March 18, 1996. 
Albuquerque, NM: Sandia National Laboratories. 

Sewards, T. 1991. Characterization of Fracture Surfkes in Dolomite Rock, 
Culebra Dolomite Member, Rustler Formation. SAND90-7019. Albuquerque, 
NM: Sandia National Laboratories. 

Sewards, T., A. Brearly, R. Glenn, I.D.R. MacKinnon, and M.D. Siegel. 1992. 
Nature and Genesis of Clay Minerals of the Rustler Formation in the Vicinity 
of the Waste Isolation Pilot Plant in Southeastern New Mexico. SAND90- 
2569. Albuquerque, NM: Sandia National Laboratories. - 

Sewards, T., M.L. Williams, and K. Keil. 1991. "Mineralogy of the Culebra 
Dolomite," Hydrogeochemical Studies of the Rustler Formation and Related 
Rocks in the Waste Isolation Pilot Plant Area, Southeastern New Mexico. 
SAND88-0196. Eds. M.D. Siegel, S.J. Larnbert, and K.L. Robinson. 
Albuquerque, NM: Sandia National Laboratories, 3-1 to 3-43. 

Siegel, M.D., K.L. Robinson, and J. Myers. 1991. "Solute Relationships in 
<. . - 

Groundwaters from the Culebra Dolomite and Related Rocks in the Waste *:+' 

Isolation Pilot Plant Area, Southeastern New Mexico," Hydrogeochemical f 
Studies of the Rustler Formation and Related Rocks in the Waste Isolation ! 
Pilot Plant Area, Southeastern New Mexico. SAND88-0196. Eds. i"~ 
M.D. Siegel, S.J. Larnbert, and KL. Robinson. Albuquerque, NM: Sandia 
National Laboratories, 6-1 to 6-35. 

Tierney, M.S. 1996a. "Distributions." Unpublished memorandum to 
distribution, March 21, 1996. Albuquerque, NM: Sandia National 
Laboratories. 

Tiemey, M.S. 1996b "Development of Parameter Values Distribution 
Functions." Unpublished memorandum to distribution, April 16, 1996. 
Albuquerque, NM: Sandia National Laboratories. 



M. S. Tierney 15 June 10, 1996 

WIPP Performance Assessment Department. 1992. Preliminary Performance 
Assessment for the Waste Isolation Pilot Plant. December 1992. Volume 2: 
Technical Basis. SAND92-070012. Albuquerque, NM: Sandia National 
Laboratories. 

Wolery, T.J. 1992$. EQ3/6, A Software Package for Geochemical Modeling of 
Aqueous Systems: Package Overview and Installation Guide (Version 7.0). 
UCRL-MA-110662 PT I. Livermore, CA: Lawrence Livermore National 
Laboratory. 

Wolery, T.J. 1992b. EQ3NR. A Computer Program for Geochemical Aqueous 
Speciation-Solubility Calculations: Theoretical Manual, User's Guide, and 
Related Documentation (Version 7.0). UCRL-MA-1 10662 PT m. 
Livermore, CA: Lawrence Li~ermor~National Laboratory. 

Wolery, T.J., and S.A. Daveler. 1992. EQ6, A Computer Program for Reaction- 
Path Modeling of Aqueous Geochemical Systems: Theoretical Manual, User's 
Guide, and Related Documentation (Version 7.0). UCRL-MA-110662 PT TV. 
Livermore, CA: Lawrence Livermore National Laboratory. 

., . 
f - 

J ... , . ~ ,  ,. , , 
.," ,: a:, 

, ,  ; ?  
, . 

. . , , , , . . 
. . 



M. S. Tierney 16 June 10, 1996 

Table 1. Ranges of Matrix Kds (mYg) for Pu, Am, U, Th, and Np, and Dolomite-Rich Culebra A 

Rcok. Ranges in bold font to be used by PA. Oxidation state of Pu, U, and Np to be 
specified by the value of "oxstat" parameter sampled to calculate dissolved actinide 
concentrations in WIPP disposal rooms. All probability distributions are uniform 
(see text). Table compiled by L. H. Brush on April 3, 1996, based on results of 
meeting held April 1 and 2, 1996. Table checked by Brush and Y. Behl on 
April 3, 1996. Table revised by Brush on April 6, 1996, based on memo by 
D. A. Lucero and G. 0. Brown dated April 5, 1996. Table checked by Behl on 
April 8, 1996. 

. . 

Element 

Oxidation 
State Pu Am U Th NP 

A: range for deep (Castile and Salado) brines only (see text). 
B: range for Culebra brines only (see text). 
C: experimentally obtained range (see text). 
D: experimentally obtained range for Th(IV) applied to Pu(IV) by oxidation-state analogy. 
E: experimentally obtained range for Th(N) applied to U(IV) by oxidation-state analogy. 
F: experimentally obtained range for Th(N) and deep brines applied to Thm) and Culebra brines. 
G: experimentally obtained range for T h o  applied to Np(IV) by oxidation-state analogy. 
H: experimentally obtained range for Pu(V) applied to P u o  (see text). - 
I: experimentally obtained range for Pu(V) applied to AmW) (see text). 
NA: not applicable (element will not speciate in this oxidation state). 
NE: not established for Culebra brines (see Appendix E). 
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APPENDIX A: MEETING TO ESTABLISH RANGES AND PROBABILITY 
DISTRIBUTIONS OF ACTINIDE &S FOR THE WIPP PA 
CALCULATIONS AND THE CCA 

Invitation 

March 25, 1996 

Dear Colleague: 

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

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

Because most of you presented most of your results at the Retardation Research 
Program Review Meeting in Carlsbad last month, I have scheduled only one presentation 
for next week's meeting, Predictions of Actinide Oxidation States in the Culebra by 
Harlan Stockman of Sandia. However, please bring viewgraphs updated to include as 
many of your new data as possible for use in our discussions. Because you are very busy, 
please do not feel obligated to spend a lot of time making nice viewgraphs. 
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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 B.wsh 
WIPP Chemical.& Disposal Room 

Processes Department 6748 

Distribution: 

R. J. Lark, DOEICAO 
I. Triay, LANL 
MS 0750 P. V. Brady (Org. 61 18) 
MS 0750 H. W. Stockman (Org. 61 18) 
MS 1320 E. J. Nowak (Org. 6831) 
MS 1320 Y. Behl (Org. 6748) 
MS 1320 G. 0 .  Brown (Org. 6748) 
MS 1320 K. G. Budge (Org. 6748) 
MS 1320 R. V. Bynum (Org. 6831) 
MS 1320 R. Holt (Org. 6748) 
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APPENDIX B: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX &S FOR Pu(V) AND DOLOMITE-RICH 
CULEBRA ROCK 

Based on a laboratory study carried out under expected WIPP conditions and 
previously published results obtained for applications other than the WIPP Project, ASTP 
personnel have predicted that Pu will speciate as P u ( m  or Pu(IV), but not as Pu(V) nor 
Pu(VI), in deep (Castile and Salado) brines in the repository. Furthermore, a modeling 
study of the effects of mixing deep and Culebra brines on the oxidation states of Pu, U, ', 

and Np in the Culebra showed that Culebra fluids are poorly poised (see Predictions of 
li . ..~, ." 

Actinide Oxidation States in the Culebra above). Therefore; Pu will not speciate as 
Pu(V) in the Culebra. However, we could not establish experimentally obtained ranges of 
matrix &S for Am(m) (see Methods Used to Establish Ranges of Matrix &S above and 
Appendix C below). Instead, we established experimentally obtained ranges for Pu(V) 
and used them for Am@) and P u ( m  by assuming that the &s for Am@) and P u ( m  
are greater than or equal to those for Pu(V). 

To establish the inirial 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% C02) by Triay and her group at LANL (see 
Methods Used to Establish Ranges of Matrix Kds for the reasons for considering these 
data). These runs were: #6004, #6024, #6044, #6064, and #6084 (see Table B-1 below), 
and #6005, #6025, #6045, #6065, and #6085 (Table B-2). Next, we discarded the data 
from #6025, #6045, and #6065, the runs in which the difference between the activity of 
the 2 3 9 ~ ~  in a standard and that in a control exceeded 30, where 0 is the standard 
deviation (see Methods Used to Establish Ranges of Matrix &s.) Discarding the data 
from these three runs yielded an initial range of 22.7 mVg (from #6004) to 459 mVg 
(#6005) for P u n )  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% C02) and in glove boxes with atmospheres containing 0.24 and 
1.4% COz (see Methods Used to Establish Ranges of Matrix &s). These were: #6006, 
#6026, #6046, #6066, #6086, ,#24006, #24026, #24046,#24066, #24086, #12006, 
#12026, #12046, #12066, and #I2086 (Table B-3). and #6007, #6027, #6047, #6067, 
#6087, #24007, #24027, #24047, #24067, #24087, #12007, #12027, #12047, #12067, and 
#I2087 (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 2 3 9 ~ ~  in a standard and 
that in a control exceeded 30, to obtain the initial range of 9.61 mVg (from #12007) to 
3,620 mVg (#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 &s). Brady's data for 0.5 M NaC1, atmospheric COz, and the highest 
pH values under these conditions are (to three significant figures) 350 and 41 1 d g  at a 
pH of 9.87 and 9.88, respectively (Table B-5). Because these values are within the initial 
range for Pu(V) and the deep brines (see above), and because we did not use this 
comparison to extend the initial range for Pu(V) and the Culebra brines to basic 
conditions, our revised ranges for Pu(V) remain 22.7 to 459 d g  and 9.61 to 3,620 mllg 
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 C02 content of 
these experiments was probably similar to that in Triay's bench-top (0.033% C02) runs. 
Because Lucero did not observe breakthrough of Pu(V), it was only possible to determine 
a minimum & for this element. Lucero and his colleagues submitted their results on 
March 28, 1996, (see Table B-6), then revised them on April 5 and 16, 1996 (Tables B-7 
and B-8, respectively). The minimum &S reported for experiments C-3, D3, and E-2 
(Table B-8) are consistent with the Kds reported by Triay for Pu(V) and AISinR in her 
experiments carried our on the bench top (0.033% COz) (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), ourfinal ranges for Pu(V) remain 22.7 to 459 d g  and 9.61 to 3,620 mllg 

.- 
for the deep and Culebra brines, respectively. However, we rounded these ranges to 20 to 
500 d g  and 10 to 4,000 d g ,  respectively prior to inclusion in Table 1 above. 

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

Furthermore, we recommend that PA use the range of 20 to 500 mVg (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 &S for Use in PA Calculations above). 

Finally, we recommend that PA use a range of 20 to 500 d g  for Pu(III) and 
Am(lII) (see Methods Used to Establish Ranges of Matrix K.,s and Appendix C). 
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Table B-1. Effects of Initial Radionuclide Concentration and P ~ 0 2  on Matrix &S for - 
Pu(V), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. No &S in 
this table excluded from ranges and distributions because of 
unacceptable differences between standards and controls. Data current 
as of April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial 2 3 9 ~ ~  

Brine Conc. (M) 

Brine A 1.98 x 10.' 
to 

2.39 x 10.' 

Brine A 1.11 x lo-' 
to 

5.28 x 10.' 

Brine A 2.38 x lo-' 
to 

3.16 x 10" 

," 
Brine A 3.78 x 27.2, 30.5, 65.0 32.1 , . , ,  

#6064 #24064 #I2064 #I8064 to 
7.03 x , .  . .  .., . . ,.: 

' - '  

Brine A 3.08 x 28.6, 30.5, 31.2 30.3 
to #6084 #24084 #I2084 #I8084 

3.37 10-9 
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- Table B-2. Effects of Initial Radionuclide Concentration and Pcoz on Matrix &S for 
Pu(V), Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &s in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10,1996. 

Range of 
Initial 2 3 9 ~ ~  

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

Range of 
Initial 2 3 9 ~ ~  Kd (mVg), Kd (mVg), Kd (ml/g), Kd (mllg), 

Brine Conc. (M) 0.033% COz 0.24% COr 1.4% C 0 2  4.1% C 0 2  

AISinR 1.76 x lo-9 348, 62.5, 1,890, 4,100 
to #6006 #MOO6 #I2006 #I8006 

9.71 x 10.' 

AISinR 4.22 x 10-lo 1,990, 37.2, 1,050 5,050, 
to #6026 #24026 #I2026 #I8026 

3.91 x 10" 

AISinR 1.91 x 10-lo 221, 39.8, 3,620 6,260 
to #6046 #24046 #I2046 #I8046 

1.85 x lo-' 

AISinR 1.20 x 10.'~ 435, 50.3, 848 1;910 
to #6066 #a066 #I2066 #I8066 

3.18 x 10.~ 

AISinR 8.43 x lo-'' 499, 42.9, 1,070, 1,360 
to #6086 #24086 #I2086 #1 8086 

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

Range of 
Initial 2 3 9 ~ ~  

Brine Conc. (M) 
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Table B-5. Effects of pH and Pcoz on Matrix Kds for Pu(V) and Pure Dolomite 
(SNIfLANL Mechanistic Sorption Study). Sorption runs with 
Norwegian dolomite and 0.5 M NaCl. Data current as of 
March 31,1996. Table retyped by L. H. Brush on April 24, 1996. 
Table checked by Y. Behl on April 28, 1996. 

pH (standard units 
Kd (nw. 

atmospheric C02 

NA: not applicable. 
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A Table B-5. Effects of pH and Pcoz on Matrix &S for Pu(V) and Pure Dolomite 
(SNLILANL Mechanistic Sorption Study) (continued). 

Kd ( d g ) .  
pH (standard units atmospheric COz 

NA: not applicable. 
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Table B-5. Effects of pH and Pcoz on Matrix &S for Pu(V) and Pure Dolomite 
(SNLILANL Mechanistic Sorption Study) (continued). 

pH (standard units 
Kd ( d g ) .  

atmospheric C02 

NA: not applicable. 
NR: not reported. 
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Minimum Values of R and Kd for Pu(V) in Intact Culebra Cores (SNL 
Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 3 1, 1996. 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (ml/ Time Vol. sity Kd. m i n  ( imll  
Run # (core) Brine rnin) (days) (L) R,i. (%) ( d g )  g )  
---------- 

C-3 W X -  AIS. 0.1 211 30.45 5,200 3.7' 84 N A 
28-6C 

D-3 VPX- MS. 0.1 118 17.02 1,140 9.1,' . 46 N A 
25-8A 5.3D 

E-2 VPX- MS. 0.1 . 61 8.83 405 23; 40 N A 

,- 
27-7A 1 5 . 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 Kd for Pu(V) in Intact Culebra Cores (SNL 
Column Transport Study). Data cument as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. Table revised by Brush 
on April 6, 1996, based on memo by Lucero and Brown dated 
April 5, 1996. Table checked by Y Behl on April 8, 1996. 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (ml/ Time Vol. sit3' Kd. min (M 
, Run # (core) Brine min) (days) (L) R,,, (5%) (mllg) g) 

% _  

C-3 VPX- AIS. 0.1 211 30.45 5,200 3.7' 84 N A 
28-6C 

D-3 VPX- MS. 0.1 118 17.02 1,140 9.1" 46 N A 
25-8A 

E-2 VPX- MS. 0.1 6 1 8.83 405 23' 40 NA 
27-7A 

AIS: AISinR. 
NA: not available yet. 
S: single porosity assumed. 
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Table B-8. Minimum Values of R and Kd for Pu(V) in Intact Culebra Cores (SNL 
Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0, Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. Table revised by Brush 
on April 6, 1996, based on memo by Lucero and Brown dated 
April 5, 1996. Table checked by Y Behl on April 8, 1996. Table 
revised by Brush on April 17, 1996, based on memo by Brown dated 
April 16, 1996. 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (d Time Vol. sity Kd. min (M 
Run # (core) Brine min) (days) (L) R," (%) ( d g )  g) 

C-3 VPX- MS. 0.1 211 30.45 5,200 3.7' 84 N A 
28-6C 

D-3 VPX- AIS. 0.1 118 17.02 1,140 9.1' 45 N A 
-. 25-8A 

E-2 VPX- MS. 0.1 61 8.83 405 23' 40 N A 
27-7A 

AIS: AISinR. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX C: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX &S FOR Am(III) AND DOLOMITE-RICH 
CULEBRA ROCK 

For Am, only one oxidation state, Am@), is possible in the Culebra (see 
Predictions of Actinide Oxidation States in the Culebra above). Therefore, we attempted 
to establish experimentally obtained ranges of matrix &S for A m o ,  and use them and 
the oxidation-state analogy to establish ranges for Pu(II1). 

To establish the initial ranges for Arn(III) 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% C02) by Triay and her group at LANL (see 
Methods Used to Establish Ranges of Matrix &S above for the reasons for considering 

a. 

,. these data). These runs were: #6012, #6032, #6052, #6072, and #6092 (see Table C-1), ,,,* 
and #6013, #6033, #6053, #6073, and #6093 (see Table C-2 below). We discarded the , '  ' ~ ,  
data from #6012, #6032, #6013, #6033, #6073, and #6093, the runs in which the ,. ~: .' 
difference between the activity of the 2 4 3 ~ m  in a standard and that in a ~ontrol exceeded 
31s. where 0 is the standard deviation (see Methods Used to Establish Ranges of Matrix 
K.s.) Even after discarding the results of these six runs, however, the defensibility of the 
remaining data is questionable because the &S retained for Brine A increase significantly 
as the final dissolved concentration of 243Am increases. (We will include these isotherms 
in the parameter and analysis records packages for these &s. 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 &S are also proportional to 
the final dissolved 243Am concentration in the runs carried out in the glove box with an 
atmosphere containing 1.4% C02, and, based on the trends observed with both retained 
and discarded data, appeared to increase similarly in the runs conducted in the glove 
boxes with atmospheres containing 0.24 and 4.1% CO2 (see Table C-1). Moreover, based 
on the trends observed with both retained and discarded data, these Kds alsd appear 
proportional to the final dissolved 243Am concentration at all four C02 concentrations in 
the runs with ERDA-6 (Table C-2). 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 combinatiod of these processes occurred in the runs with Am@). 
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 pm, 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 3 0  before examining these data; (3) the final A m 0  
concentrations in these runs were less than the solubilities predicted by FMT for these 
brines. Triay canied out additional posttest analyses of the brines from her 6-week 
sorption experiments with A m 0  with 0.033% COz to determine, if possible, what 
caused these trends, and to redetermine these Kds She did not attempt any additional 
posttest analyses of the brines from experiments conducted in the glove boxes because 
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-. she had removed them from these glove boxes after the original runs, thus exposing them 
to conditions different from those during the runs. Triay first recounted the brines to 
determine if mistaken sample identification or improper data entry had caused the trends 
described above. She then refiltered, centrifuged, andlor ultracentrifuged the brines to 
remove any suspended particles, and recounted them. Finally, she recalculated the &S 

using the controls instead of the standards to specify the initial dissolved 2 4 ' ~ m  
concentration. Despite these efforts, the data continued to display trends similar to those 
described above. 

The 6-week LANL sorption experiments carried out with Am(III) 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(D). 

We did not use the data from the mechanistic sorption study by Brady and his 
colleagues at ShL 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's data for A m ( w  with atmospheric and 0.5% COl 
(see Table C-6). the headspace concentrations corresponding to C02 partial pressures 
within the range that Siege1 now considers likely for groundwaters in the Culebra off-site 
transport pathway (see Methods Used to Establish Ranges of Matrix &s), were all "high 
above a pH of about 5 or 6. ("High" means that insufficient 243h remained in solution 
after these runs to determine a Kd). Moreover, although Brady did obtain data for N d O  
with atmospheric and 0.5% COz at neutral or nearly neutral values of pH (Table C-5). he 
also obtained them with pure Norwegian dolomite and pure NaCl solutions, not actual 
Culebra dolomite and synthetic Culebra fluids. Finally, because Lucero did not observe 
breakthrough of Am(lIl), it is only possible to determine minimum &S for this eleme 
(Tables C-7 through C-9). These minimum values are significantly lower than actu 
Arn(m) &S typically obtained for applications other than the W P P  Project (see below). 

Therefore, we recommend using the experimentally obtained ranges for Pu(V 
(see Table 1 and Appendix B above) for A m 0  by assuming that the &S for A m )  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(m) & obtained for the 
Yucca Mountain Project is about one order of magnitude higher than that obtained for 
Pu(V) under the same conditions. (We will cite additional examples of differences 
between the &S for A m 0  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 A m 0 ;  instead, this 

A approach is based on diflerences in the behavior of these oxidation states. Furthermore, 
we recommend using the range for Arn(III) for P u O ;  for Chis recommendation, we have 
used the oxidation-state analogy. 



M. S. Tierney 36 June 10. 1996 

REFERENCE 

Canepa, J.A. 1992. Proceedings of the DOWYrrcca Momfain Site Characterization 
Project Radionuclide Adsorption Workshop at Los Alamos National Luboratory, 
September 11-12. 1990. LA-12325-C. Los Alamos, NM: Los Alamos National 
Laboratory. 



M. S. Tierney 37 June 10, 1996 

- Table C-1. Effects of Initial Radionuclide Concentration and P C O ~  on Matrix Kds for 
Am(III), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8: &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between' standards and controls. Data current as of 
April 3, 1996. Tabie compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on .. . . . 

9 > 

March 19 and 26, 1996. Table checked by Brush and S. Boone on .K 
April 3, 1996. Table revised by Bmsh on June 7, 1996. Table checked , 

, ' 
,., 

i I . , 
i ; , '  by L. J. Storz on June 10, 1996. : , .  . , .  
r ' l .  , 

Range of 
Initial 2 4 3 ~ m  

Brine Conc. (M) 

Brine A 1.72 x lo-9 
to 

2.95 x 10.~ 

- 
Brine A 1.13 x 

to 
1.47 x 

Brine A 4.64 x 10-lo 
to 

5.61 x 10-lo 

Brine A 3.31 x 10-lo 
to 

4.14 x 10-lo 

Brine A 2.65 x 10-lo 
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- 
Table C-2. Effects of Initial Radionuclide Concentration and Pcoz on Matrix &S for 

A m o ,  Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. Kds in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on ,., 

.-> 

April 3, 1996. Table revised by Brush on June 7, 1996. Table checked . 
by L. J. Storz on June 10, 1996. . . 

Brine 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

Range of 
Initial 2 4 3 ~ m  
Conc. (M) 

2.18 x 
to 

4.66 x 

1.57 x 
to 

7.10 x 10.'~ 

1.06 x 10.'~ 
to 

2.02 x 10-lo 

1.22 x 10-lo 
to 

1.51 x 10-lo 

9.23 x lo-'' 
to 

1.16 x 10-lo 
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Table C-3. Effects of Initial Radionuclide Concentration and P C O ~  on Matrix &S for 
Am(III), Dolomite-Rich Culebra Rock, and ASIinR (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &s in bold 
font! excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial 2 4 3 ~  Kd ( d g ) ,  Kd ( d g ) ,  Kd W g ) ,  Kd ( d g ) ,  

Brine Conc. (M) 0.033% C02 0.24% COz 1.4% C02 4.1% C02 

AISinR 1.14 x lo-9 1,790, 730, 637, 507, 
to #6014 #240 14 #I2014 #I8014 

4.02 x 10.~ 

6 

AISinR 6.95 x lo-'' 1,660, 594, 676, 504, 
to #6034 #24034 #I2034 #I8034 

2.29 x 

AISinR 1.92 x 934, 760, 437, 436, 
to #6054 #24054 #I2054 #I8054 

4.47 x 

AISinR 1.27 x 10-lo 653, 640, 344, 334, 
to #6074 #24074 #I2074 #I8074 

2.89 x 10." 

AISinR 1.26 x 10-I0 190, 145, 133, 156, 
to #6094 #24094 #I2094 #I8094 

1.64 x 10-lo 
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Table C-4. Effects of Initial Radionuclide Concenuation and PCO2 on Matrix &S for - 
Am@), Dolomite-Rich Culebra Rock, and H-17 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 

. . -. 
by L. 1. Storz on June 10, 1996. 

Range of 

Brine Conc. (M) 0.033% C02 0.24% CO2 1.4% COz 4.1% COz 
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.- Table C-5. Effects of pH and Pcoz on Matrix Kds for Nd(1J.I) and Pure Dolomite 
(SNLLANL Mechanistic Sorption Study). Sorption runs with 
Norwegian dolomite and 0.05 M NaCI. Data current as of 
March 31, 1996. Table retyped by L. H. Brush on April 24, 1996. 
Table checked by Y. Behl on April 28, 1996. 

pH (standard units 
Kd (mk?), 

atmospheric COz 

NA: not applicable. 
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Table C-5. Effects of pH and Pcoz on Matrix Kds for Nd(II1) and Pure Dolomite 
(SNLILANL Mechanistic Sorption Study) (continued). 

3.64 N A 51.358 N A 

NA: not applicable. 
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,- Table C-5. Effects of pH and Pc02 on Matrix &S for Nd(II1) and Pure Dolomite 
(SNULANL Mechanistic Sorption Study) (continued). 

Kd ( d g ) .  
pH (standard units atmospheric C02 

6.33 N A 

5.76 N A NA 111.58 

5.54 N A N A 72.6 

5.21 N A N A 206.36 

3.42 NA NA 34.636 

NA: not applicable. 
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Table C-6. Effects of pH and PC02 on Matrix Kds for Am(II1) and Pure Dolomite 
(SNULANL Mechanistic Sorption Study). Sorption runs with 
Norwegian dolomite and 0.5 M NaCI. Data current as of 
March 31, 1996. Table retyped by L. H. Brush on April 24, 1996. 
Table checked by' Y. Behl on April 28, 1996. 

pH (standard units 

9.88 

9.87 

8.42 

6.7 

6.2 

5.81 

5.21 

4.62 

4.05 

3.5 1 

3.11 

Kd (IIIYg), 
atmospheric CO* 

High 

High 

High 

High 

High 

High 

High 

791.15 

630.75 

285.41 

92.603 

NA: not applicable. 
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- 
Table C-6. Effects of pH and Pcoz on Matrix Kds for Arn(II1) and Pure Dolomite 

(SNLILANL Mechanistic Sorption Study) (continued). 

pH (standard units 
Kd ( d g ) ,  

atmospheric CO2 

High 

High 

High 

High 

High 

High 

High 

High 

1130.9 

65.441 

158.09 

NA: not applicable. 
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Table C-6. Effects of pH and PcO2 on Matrix Kds for Am(II1) and Pure Dolomite 
(SNULANL Mechanistic Sorption Study) (continued). 

pH (standard units 
Kd (mllg). 

atmospheric C02 

High 

High 

High 

High 

High 

High 

High h 

High 

1934.3 

333.78 

-10.908 

NA: not applicable. 
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- 
Table C-7 Minimum Values of R and Kd for Am(II1) in Intact Culebra Cores (SNL 

Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 3 1, 1996. 

Solid 
Run 1: (core) Brine 

C-3 VPX- MS. 
28-6C 

D-3 VPX- MS. 
25-8A 

E-2 VPX- MS. - 27-7A 

Flow 
rate 
w 
min) 

Ef- 
Run fluent Poro- Range 
Time Vol. sity Kd, min (Ml 
(days) Q Rmin (%I (ml/g) g) 

AIS: AISinR. 
D: dual porosity assumed. 
NA: not available yet. 
S: single porosity assumed 
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Table C-8. Minimum Values of R and Kd for Am(II1) in Intact Culebra Cores (SNL 
Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A.Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 3 1, 1996. Table revised by Brush on 
April 6, 1996, based on memo by Lucero and Brown dated 
April 5, 1996. Table checked by Y. Behl on April 8, 1996. 

Flow Ef- 
rate Run fluent Poro- 

Solid (ml/ Time Vol. siry %, mi" 
Run # (core) Brine min) (days) (L) Rmi, (%) ( d g )  g) 
---------- 

C-3 VPX- MS. 0.1 211 30.45 1,420 3.7' 11 N A 
28-6C 

D-3 VPX- MS. 0.1 118 17.02 350 9.1' 14 N A 
25-8A 

E-2 VPX- MS. 0.1 6 1 8.83 200 23' 20 N A 
27-7A 

AIS: AISinR. 
NA: not available yet. 
S: single porosity assumed. 
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- 
Table C-9. Minimum Values of R and Kd for Am(II1) in Intact Culebra Cores (SNL 

Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. Table revised by Brush on 
April 6, 1996, based on memo by Lucero and Brown dated 
April 5, 1996. Table checked by Y. Behl on April 8, 1996. Table 
revised by Brush on April 17, 1996, based on memo by Brown dated 
April 16, 1996. 

Solid 
Run # (core) Brine 

C-3 VPX- AIS. 
28-6C 

- D-3 VPX- AIS. 
25-8A 

E-2 VPX- AIS. 
27-7A 

Flow Ef- 
rate Run fluent Poro- Range 
(mV Time Vol. siry Kd, min (rfimU 
min) (days) O i n  (%) (ml/g) g) 

AIS: AISinR. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX D: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX Kds FOR U(V1) AND DOLOMITE-RICH 
CULEBRA ROCK 

Based on experimental results, ASTP personnel have predicted that U will , 
speciate as U(1V) or U(V1) 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 &S for U(V1) and used the 
experimentally obtained ranges for Th(1V) (see Appendix E below) and the oxidation- 
state analogy to establish ranges for U(1V) (and Np(N)). 

To establish the initial ranges for U(V1) 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 &S 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 (Table 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 13'u in a standard and that in a control exceeded 30, where o 
is the standard deviation (see Methods Used to Establish Ranges of Matrix &s). 
Discarding the data from these five runs yielded an initial range of 3.76 ml/g (from 
#6029) to 21.8 ml/g (#6088) for U(VI) and the deep brines. 

To establish the initial ranges for U(V1) 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% C02) and in glove boxes with atmospheres containing 0.24 and 
1.4% C02 (see Methods Used to Establish Ranges of Matrix Kds) These were:- #6010, 
#6030, #6050, #6070, #6090, #24010, #24030, #24050, #24070, #24090, #12010, 
#12030, #12050, #12070, and #I2090 (Table D-3). and #6011, #6031, #6051, #6071, 
#6O9l, #24Oll, #24O3l, #24051,#24071, #24O9l, #12011, #12031,#12051, #l2Oi'l, and 
#I2091 (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 ' 3 3 ~  in a standard and that in a control exceeded 
30, to obtain the initial range of -1.66 ml/g (from #12091) to 68.7 ml/g (#24091) for 
U(V1) 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 & could have a value less than 0. 

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 Kds). Brady's data for 0.5 M NaCI, atmospheric C02, and the highest 
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- 
pH values under these conditions are (to three significant figures) 10.6 and 34.7 mllg at a 
pH of 9.87 and 9.88, respectively (Table D-5).. Because these values are greater than rhe 
upper limit of the initial range for U(V1) and the deep brines (see above), we extended 
this range to obtain a revised range for U(V1) and deep brines of 3.76 mllg to 34.7 rnllg. 
Because we did not use this comparison to extend the initial range for U(V1) and the 
Culebra brines to basic conditions, this revised range remains 0 to 68.7 mVg. 

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 COz content of 
these experiments was probably similar to that in the LANL bench-top (0.033% C 
'runs. Lucero did observe breakthrough of U(V1) in his experiments. Therefore, it 
possible to determine actual K.s for this element. Lucero and his colleagues subrnitt 
their results on March 28, 1996, (see Table D-6), then revised them 
April 5 and 16, 1996 (Tables D-7 and D-8, respectively). The Kd reported for Experim 
C-7 with the deep brine ERDA-6 (Table D-8) is less than the lower limit of the revis 
range of Kds for U(VI) and rhe deep brines obtained from the empirical and mechanistic 
sorption studies (see above). Therefore, we extended this range to obtain afinal range for 
U(V1) and deep brines of 0.029 ml/g to 34.7 mVg, and rounded it to 0.03 to 30 d g  prior 
to inclusion in Table 1 above. Because Lucero's &S for U(V1) and the Culebra brine 
AISinR (B-3, B-6, C-2, D-5, and D-6 in Table D-8) are within the revised range for U(V1) - and the Culebra brines (see above), ourfinal range remains 0 to 68.7 d g ,  rounded to 0 
to 70 mVg for inclusion in 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 Kds 
above). 

Finally, we recommend that PA use the range of 0.03 to 30 mVg (the range for 
deep brines) for U(V1) because this range results in less retardation of this element than 
the range for Culebra brines (see Methods Used for Final Selection of the ~ & g e  of 
Matrix &S for Use in PA Calculations above). 
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Table D-1. Effects of Initial Radionuclide Concentration and PCO2 on Matrix &S for 

U(VI), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26. 1996. Table checked bv Brush and S. Boone on -*- 

April 3, 1996. ~ a b l e  revised by Brush on ~ u n e  7, 1996. Table checked 
by L. J. Ston on June 10, 1996. 

~, 
. ., 
1.3 
is ' ., ;( u 

;. ,.. i. ". $ .' a Range of 
Initial 2 3 3 ~  Kd ( d m ,  Kd ( d g ) .  Kd (mug), Kd ( d g ) ,  

Brine Conc. (M) 0.033% CO? 0.24% C02 1.4% C 0 2  4.1% C 0 2  

Brine A 1.65 x 10.~ 12.5, 4.77, 1.16, 0.709, 
to #6008 #24008 #I2008 #I8008 

2.81 x lo4 

Brine A 7.89 x lo-7 16.8, 2.86, 1.21, 2.67, 
to #6028 #24028 #I2028 #I8028 

1.05 x lo4 

Brine A 1.85 x lo-' 19.9, 5.23, 1.47, 2.46, 
to #6048 #24048 #I2048 #18048 

2.72 x 10.~ 

Brine A 7.60 x 10.' 16.6, 6.81, 0.933, 2.30, 
to #6068 #24068 #I2068 #I8068 

1.09 x 10.' 

Brine A 2.14 x 10.' 21.8, 4.70, -5.41, 1.44, 
to #6088 #24088 #I2088 #I8088 

4.16 x 10.' 
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Table D-2. Effects of Initial Radionuclide Concentration and PCO2 on Matrix &S for 

U(VI), Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial "'u 
Conc. (M) Brine 

ERDA-6 
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Table D-3. Effects of Initial Radionuclide Concentration and Pco2 on Matrix &S for 

U(VI), Dolomite-Rich Culebra Rock, and ASIinR (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bbld 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial 2 3 3 ~  

Brine Conc. (M) 

AISinR 2.86 x 10.~ 
to 

3.04 x 1 0 - ~  

AISinR 9.57 
to 

1.06 x lo4 

AISinR 2.63 x lo.7 
to 

2.87 x 10.~ 

AISinR 8.22 x lo-' 
to 

9.50 x lo-' 

AISinR 2.60 x lo-' 
to 

2.79 x lo-' 
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- Table D-4. Effects of Initial Radionuclide Concentration and Pc02 on Matrix &s for 
U(VI), Dolomite-Rich Culebra Rock, and H-17 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. Kds in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26. 1996. Table checked bv Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial 2 3 3 ~  Kd ( d g ) ,  Kd ( d g ) ,  Kd W g ) ,  Kd OW& 

Brine Conc. (M) 0.033% C02 0.24% COl 1.4% COz 4.1% COz 
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Table D-5. Effects of pH and P C O ~  on Matrix Kds for U(V1) and Pure Dolomite 
(SNIfLANL Mechanistic Sorption Study). Sorption runs with 
Norwegian dolomite and 0.5 M NaC1. Data current as of 
March 31, 1996. Table retyped by L. H. Brush on April 24. 1996. 
Table checked by Y. Behl on April 28,1996. 

NA: not applicable. 
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Table D-5. Effects of pH and P C O ~  on Matrix &S for U(V1) and Pure Dolomite 

(SNLLANL Mechanistic Sorption Study) (continued). 

pH (standard units 
Kd (myg). 

atmospheric COz 

NA: not applicable. 
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Table D-5. Effects of pH and PCO2 on Matrix Kds for U(V1) and Pure Dolomite 
(SNLILANL Mechanistic Sorption Study) (continued). 

NA: not applicable. 
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Table D-6. Measured Values of R and Calculated Values of I(d for U(V1) in Intact 

Culebra Cores (SI% Column Transport Study). Values in bold font 
to be excluded from ranges and distributions because fits to elution 
data were inferior to those assuming single porosity and dual porosity 
with fracture retardation. Data current as of March 30, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (d Time Vol. sity I(d (W 
Run # (core) Brine min) (days) (L) R (%I ( d g )  g) 

B-3 VPX- AIS. 0.1 N A NA 3.4;S 9.@ .084~ .022~ 

B-6 VPX- M S .  0.05 N A NA 13.1;' 4XS 0.25' 0.07~ 
26- 1, 
1 1 ~  N A : ~ ~  N A ~ ~  N A ~ ~  N A ~ ~  

C-2 VPX- M S .  0.1 21 2 10.42 5.7' 0.23' 0 . 0 8 ~  
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Table D-6. Measured Values of R and Calculated Values of Kd for U(V1) in Intact 
Culebra Cores (SNL Column Transport Study) (continued) 

#,' 
L 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (mu Time Vol. sity Kd (+mll 
Run # (core) Brine min) (days) (L) R (%) (myg) g) 
---------- 

: 
D-5 VPX- MS. 0.1 13 2 21: 17.3' 1.50' 0.38' 

25-8A 1, 
1 8 4 ; ~ ~  7.1DN 5.6DN 5jDN 

NA, 
N A ~ ~  7.iDF N A ~ ~  N A ~ ~  

D-6 VPX- MS. 0.05 60 2 10.1: 15.5' .0.61S 0.15 

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 D-7. Measured Values of R and Calculated Values of Kd for U(V1) in Intact 

Culebra Cores (SNL Column Transport Study). Data current as of 
March 30, 1996. Table compiled by L. H. Brush on March 30. 1996, 
based on memo by D. A. Lucero, G. 0. Brown, and K. G. Budge 
dated March 28, 1996. Table checked by Brush on March 31, 1996. 
Table revised by Brush on April 6, 1996, based on memo by Lucero 
and Brown dated April 5, 1996. Table checked by Y. Behl on 
April 8, 1996. 

Solid 
Run # (core) Brine 

B-3 VPX- AIS. 
26- 
11A 

-. B-6 VPX- AIS. 
26- 
11A 

C-2 VPX- AIS. 
28-6C 

Flow 
rate 
(my 
min) 

Ef- 
Run fluent Poro- Range 
Time Vol. sity Kd (W 
(days) Q R ( 1  ( d g )  g) 

C-7 VPX- ER.-6 0.1 13 2 2.7S 3.9S 0.029~ N A ~  
28-6C 

D-5 VPX- MS. 0.1 13 2 21S 17.3~ 1 . 9  N A ~  
25-8A 

D-6 VPX- AIS. 0.05 60 2 loS 15.5~ 0.61S N A ~  
25-8A 

AIS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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Table D-8. Measured Values of R and Calculated Values of Kd for U(V1) in Intact 

Culebra Cores (SNL Column Transport Study). Data current as of 
March 30, 1996. Table compiled by L. H. Brush on March 30, 1996, 
based on memo by D. A. Lucero, G. 0. Brown, and K. G. Budge 
dated March 28, 1996. Table checked by Brush on March 31, 1996. 
Table revised by Brush on April 6, 1996 based on memo by Lucero 
and Brown dated April 5, 1996. Table checked by Y. Behl on 
April 8, 1996. Table revised by Brush on April 17, 1996. based on 
memo by Brown dated April 16, 1996. 

Run # 
- 

B-3 

B-6 

C-2 

C-7 

D-5 

D-6 

Solid 
(core) 

VPX- 
26- 
11A 

VPX- 
26- 
11A 

VPX- 
28-6C 

wx- 
28-6C 

VPX- 
25-8A 

VPX- 
25-8A 

Flow 
rate 
(d 

Brine rnin) 
-- 

MS. 0.1 

MS. 0.05 

MS. 0.1 

ER.-6 0.1 

MS. 0.1 

MS. 0.05 

Ef- 
fluent 
Vol. 
0 

Poro- Range 
sity & (W 

R ("/.I (w4 g) 
--- - 

3.4S 9XS 0 .10~ N A ~  

MS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX E: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX Kds FOR Th(1V) AND DOLOMITE-RICH 
CULEBRA ROCK 

For Th, only one oxidation state, 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 &S for Th(VI), and used it and 
the oxidation-state analogy to establish ranges for Pu(IV), U(IV), and Np(1V). 

To establish the initial ranges for Th(N) 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 &S above for the reasons for considering 
these data). These runs were: #7011A and #701 1B (see Table E-1 below), and #7007A, . .~ 

#7007B, #7008A, #7008B, #7009A, #7009B, #7010A, and #7010B (Table E-2). Next, . "  
.' , 

we discarded the data from #7011A and #7011B, the runs in which the difference . , , . 
8 

between the activity of the '3?h in a standard and that in a control exceeded 30, where o . t 

is the standard deviation (see Methods Used to Establish Ranges of Matrix &s). 
Discarding the data from these two runs yielded an initial range of 864 mUg (from 
#7010A) to 15,000 r d g  (#7008B) for Th(N)  and the deep brines. 

_C. 

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% C02 (see Methods 
Used to Establish Ranges of Matrix &s)  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 23?h in a standard and that in a control exceeded 30. Therefore, we 
assumed that the initial range of 864 to 15,000 ml/g for Th(IV) and the deep brines does 
not differ significantly from that for Th(1V) 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 andlor the apparatus during his runs. Therefore, our revised ranges for Th(1V) 
remained 864 to 15,000 r d g  for both the deep and Culebra brines. 

.-, 
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 C02 content of these 
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. 
experiments was probably similar to that in the LANL bench-top (0.033% C02) runs. 
Because Lucero did not observe breakthrough of Th(IV), it was only possible to 
determine a minimum & for this element. Furthermore, the minimum Kds calculated for 
Th are significantly lower than those calculated for Pu and Am, the other elements for 
which Lucero did not observe breakthrough (compare Tables B-8, C-9, and E-6). 
because: (1) the detection limit of y-spectrometric analysis (one of the two methods used 
in this study) for 22% in the effluent is much higher than those for ' 4 ' ~ ~  and 2 4 1 ~ m  
because of the low yield of the 2 2 8 ~ h  y emission; (2) although ' " ~ h  emits a particles 
detectable by LSC (the other analytical method used in this study), its daughter products 
have interfering a emissions; (3) lowering the detection limit for 2'&Th by observing the 
decay of its daughters, such as 2 2 4 ~ a ,  was not possible because of interference by identical 
daughters produced by the decay of 2 3 2 ~ ,  which was used in all of the cores. Lucero and 
his colleagues submitted their results on March 28, 1996, (Table E-5). then revised them 
on April 5, 1996 (Table E-6). The minimum &S reported 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 864 to 
15,000 d g ,  rounded to 900 to 20,000 mYg prior to inclusion in Table 1 above. 

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

Finally, based on the oxidation-state analogy, we recommend that PA use a range 
of 900 to 20,000 ml/g for Pu(IV), U(IV), and Np(IV) (see Table 1). 
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Table E-1. Effects of Initial Radionuclide Concentration and Pcoz on Matrix &S for 
Th(IV), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical 
Sorption Study). Six -week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on March 30 and 
April 3, 1996, based on information provided by LANL on March 28 
and April 1, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. 

Initial I 3 9 h  Kd ( r d g ) ,  Kd W g ) ,  Kd W g ) ,  Kd ( r d g ) ,  
Brine Conc. (M) 0.033% COz 0.24% C01 1.4% C02 4.1% C 0 2  

Brine A 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 

Brine A ND ND ND ND ND 

Brine A ND ND ND ND ND 

Brine A N A 313, 205, 338, 694, 
#7011A #7053A #7025A #7039A 

Brine A N A 250, 227, 352, 706, 
#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 Radionuclide Concentration and PCO~ on Matrix &S for 

Th(N), Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. Kjs in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 

* 6 
April 3, 1996. Table compiled by L. H. Brush on March 30 and 

., 6. April 3, 1996, based on information provided by LANL on March 28 
and April 1, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. 

NA: not available yet. 
ND: not determined. 
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Table E-3. Effects of Initial Radionuclide Concentration and Pcoz on Matrix &s for 
Th(IV), Dolomite-Rich Culebra Rock, and AISinR (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. Kds in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on March 30 and 
April 3, 1996, based on information provided by LANL on March 28 
and April 1, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. 

Initial 13% & (mllg), Kd ( d g ) ,  Kd (mK%), & (ml/g), 
Brine Conc. (M) 0.033% C02 0.24% COr 1.4% COz 4.1% C 0 2  

AISinR ND ND ND ND ND 

AISinR ND ND ND ND ND 
,-&- -. 

AISinR ND ND ND ND ND .i' F' . % , ,. . ' Y  

- > i. i ;,,;, ,. '., , 
1 . . 

AISinR ND ND ND ND ND 
, 

, !., t . t 

:. 1 ' .  
P., . . 

AISinR ND ND ND ND ND . . 

AISinR ND ND ND ND ND 

AISinR N A High, 10,800, 4,580, 57,100, 
#7012A #7054A fl026A fl040A 

AISinR N A High, 16,900, 7,080, High, 
#7012B #7054B #7026B #7040B 

AISinR ND ND ND ND ND 

AISinR ND ND ND ND ND 

NA: not available yet. 
ND: not determined. 
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Table E-4. Effects of Initial Radionuclide Concentration and PC02 on Matrix &S for 

Th(IV), Dolomite-Rich Culebra Rock, and H-17 (LANL Empirical 
Sorption Study). Six-week sorption mns with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on March 30 and 
April 3, 1996, based on information provided by LANL on March 28 
and April 1, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. 

H-17 N A 12,100, 7,580, High, 14,500, 
W1013A W055A #7027A #7041A 

NA: not available yet. 
ND: not determined. 
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- Table E-5. Minimum Values of R and Kd for Th(1V) in Intact Culebra Cores (SNL 
Column Transport Study). Data curent as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. 

Solid 
Run # (core) 

C-2 VPX- 
28-6C 

C-5 VPX- 
28-6C 

Flow 
rate 
(d 

Brine rnin) 

MS. 0.1 

Ef- 
Run fluent 
Time Vol. 
(days) (L) 

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. Minimum Values of R and & for Th(IV) in Intact Culebra Cores (SNL 
Column Transport Study). Data current as of March 26, 1996. Table 
compiled by L. H. Brush on March 30, 1996, based on memo by 
D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. 
Table checked by Brush on March 31, 1996. Table revised by Brush 
on April 6, 1996, based on memo by Lucero and Brown dated 
April 5, 1996. Table checked by Y. Behl on April 8, 1996. 

Flow Ef- 
rate Run fluent Poro- Range 

Solid (mV Time Vol. sity &.mi" (id/ 
Run # (core) Brine rnin) (days) (L) R,i, (%) ( W g )  g) 

C-2 VPX- MS. 0.1 237 34.15 35 5.7S 0.87 NA 
28-6C 

C-5 VPX- ER.-6 0.1 146 20.98 22 3.gS 0.36 NA 
28-6C 

D-2 VPX- AIS. 0.1 133 19.12 8.5 8.2S 0.25 NA 
25-8A 

MS: AISinR. 
P' ' x  ER.-6: ERDA-6. 
i. 

NA: not available yet. 
7 :. $ 

S: single porosity assumed. ,, ' .. 
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APPENDIX F: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX &S FOR Np(V) AND DOLOMm-RICH .f . '.- 1 

.-" 
CULEBRAROCK ,{ JaL ;~::::: \, 

, , , !:: ?'. \ 

. [. :I ' 
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 &S 

for Np(V) and used the experimentally obtained ranges for Th(IV) (see Appendix E 
above) and the oxidation-state analogy to establish ranges for Np(1V) (and U(1V)). 

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% C01) by Triay and her group at LANL (see Methods 
Used to Establish Ranges of Matrix &S above for the reasons for considering these data). 
These runs were: #6020, #6040, #6060, and #6080 (see Table F-1 below), and #6021, 
#6O4 1, #6O6l, #6O8 1 (Table F-2). Next, we discarded the data from #6040, #6O2l, and 
#6011, the runs in which the difference between the activity of the "'N~ in a standard and - that in a control exceeded 30, where o is the standard deviation (see Methods Used to 
Establish Ranges of Matrix &s)  Discarding the data from these three runs yielded an 
initial range of 8.64 ml/g (from #6020) to 47.7 d g  (#6061) for Np(V) and the deep 
brines. 

For the initial ranges 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% 
COl) and in glove boxes with atmospheres containing 0.24 and 1.4% C02 (see Methods 
Used to Establish Ranges of Matrix &s). These were: #6022, #6042, #6062, #6082 
#24022, #24042 #24062, #24082, #12022, #12042, #12062, and #I2082 (Table Fz3), and 
$6023, #6043, #6063, #6083, #24023, #24043, #24063, #24083, #12023, #12043, 
$12063, and #I2083 (Table F-4). We then discarded the data from #24042 and #24082, 
the runs in  which the difference between the activity of the 2 3 7 ~ p  in a standard and that in 
a control exceeded 30, to obtain the initial range of 2.09 d g  (from #12022) to 163 mUg 
(#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 

A. 
Ranges of Matrix &s)  Brady's data for 0.5 M NaCl, atmospheric COz, and the highest 
pH values under these conditions are (to three significant figures) 892 and 938 d 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 
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this range to obtain a revised range for Np(V) and deep brines of 8.64 to 938 rnllg. 
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 2.09 to 163 mug. 

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 C02 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 &S for this element. Lucero and his colleagues submitted I 

their results on March 28, 1996, (see Table F-6). then revised them on April 5 ,  1996 
(Table F-7). The ILj reported for Experiment C-7 with the deep brine ERDA-6 (Table 
F7) is less than the lower limit of the revised range of Kds for Np(V) and the deep brines 
obtained from the empirical and mechanistic sorption experiments (see above). 
Therefore, we extended this range to obtain afinal range for Np(V) and deep brines of 2.0 
to 938 M g ,  and rounded it to 2 to 900 mVg prior to inclusion in Table 1 above. Because 
Lucero's &S 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 afinal 
range of 1.0 to 163 ml/g, rounded.to 1 to 200 mVg (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 ILjs 
above). 

Furthermore, we recommend that PA use the range of 1 to 200 mVg (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 &S for Use in PA Calculations above). 
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h 
Table F-1. Effects of Initial Radionuclide Concentration and PCO2 on Matrix &S for 

Np(V), Dolomite-Rich Culebra Rock, and Brine A (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30,1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checke 
by L. J. Storz on June 10, 1996. 

Brine A ND ND ND ND ND 

Brine A 6.80 x lo-7 8.64, 5.05, 224, 380, - to #6020 #24020 #I2020 #I8020 
9.26 x 10.~ 

Brine A 3.86 x 10.~ 16.1, 31.9, 11.8, 8.91, 
to #6010 #24040 #I2040 #I8040 

4.52 x 10" 

Brine A 6.09 x 10.' 20.3, 150, 21.3, 21.9, 
to #6060 #24060 #I2060 #I8060 

6.56 x 10.~ 

Brine A 2.16 x lo-' 37.5, 32.5, 36.7, 27.0, 
to #6080 #24080 #I2080 18080 

2.58 x 10" 

ND: not determined. 
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Table F-2. Effects of Initial Radionuclide Concentration and P c o ~  on Matrix &s for 
Np(V), Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &s in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3. 1996. Table revised by BNsh on June 7. 1996. Table checked { ~' 

v 

% 

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

Range of 
Initial 2 3 7 ~ p  Kd ( d g ) ,  Kd ( d g ) ,  Kd ( d g ) ,  Kd (mVg), 

Brine Conc. (M) 0.033% COz 0.24% C02 1.4% C02 4.1% C 0 2  

ERDA-6 8.59 x 10.' 31.7, 14,000, High! High! 
to #608 1 #NO81 #I2081 #I8081 

2.78 x 10.' 

ND: not determined. 
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-, Table F-3. Effects of Initial Radionuclide Concentration and Pcoz on Matrix Kds for 
Np(V), Dolomite-Rich Culebra Rock, and AISinR (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. &S in bold 
font excluded from ranges and distributions because of unacceptable 
differences between standards and controls. Data current as of 
April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

Range of 
Initial z 3 7 ~ p  Kd (mV,O), & ( d g ) ,  Kd ( d g ) ,  Kd ( d g ) ,  

Brine Conc. (M) 0.033% C 0 2  0.24% C02 1.4% COz 4.1% COz 

AISinR ND ND ND ND ND 

AISinR 7.62 x 10.~ 5.12, 3.70, 2.09, 2.19, 
to #6022 #24022 #I2022 #I8022 

8.72 x 10.~ 

AISinR 6.06 x lo-7 163, 11.9, 2.35, 2.23, 
to #6042 #24042 #I2042 #I8042 

4.53 x 10-6 

AISinR 5.26 x lo-7 20.4, 9.64, 4.06, 4.83, 
to #6062 #24062 #I2062 #I8062 

8.08 x 10.~ 

AISinR 2.39 x lo-7 32.9, 46.7, 9.89, 10.4, 
to #6082 #24082 #I2082 #I8082 

3.81 x 

ND: not determined. 
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- 
Table F-4. Effects of Initial Radionuclide Concentration and PCO2 on Matrix Kds for 

Np(V), Dolomite-Rich Culebra Rock, and H-17 (LANL Empirical 
Sorption Study). Six-week sorption runs with VPX-25-8. No &S in 
this table excluded from ranges and distributions because of 
unacceptable differences between standards and controls. Data current 
as of April 3, 1996. Table compiled by L. H. Brush on 
March 23 and 30, 1996, based on information provided by LANL on 
March 19 and 26, 1996. Table checked by Brush and S. Boone on 
April 3, 1996. Table revised by Brush on June 7, 1996. Table checked 
by L. J. Storz on June 10, 1996. 

* 

i 

Range of 
Initial Z 3 7 ~ p  Kd (mYg), Kd 0n.W Kd (mVg), Kd OnUg), 

Brine Conc. (M) 0.033% CO2 0.24% C02 1.4% C02 4.1% COz 

ND: not determined. 
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h Table F-5. Effects of pH and Pcoz on Matrix &S for Np(V) and Pure Dolomite 
(SNLLANL Mechanistic Sorption Study). Sorption runs with 
Norwegian dolomite and 0.5 M NaCI. Data current as of 
March 31, 1996. Table retyped by L. H. Brush on April 24, 1996. 
Table checked by Y. Behl on April 28, 1996. 

Kd ( m w  & (ml lg),  Kd (mllg). 
pH (standard units atmospheric CO? 0.5% COz 5% CO? 

3.11 -6.7249 N A N A 

NA: not applicable. 



M. S. Tierney 78 June 10, 1996 

Table F-5. Effects of pH and Pco2 on Matrix &S for Np(V) and Pure Dolomite 
(SNLLANL Mechanistic Sorption Study) (continued). 

pH (standard units 
Kd ( d g ) .  

atmospheric C02 

NA: not applicable. 
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h Table F-5. Effects of pH and PCO2 on Matrix Kds for Np(V) and Pure Dolomite 
(SNLILANL Mechanistic Sorption Study) (continued). 

Kd ( m W ,  Kd (di3. Kd ( d g ) ,  
pH (standard units atmospheric COz 0.5% C 0 2  5% COz 

NA: not applicable. 
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Table F-6. Measured Values of R and Calculated Values of I<d for Np(V) in Intact 

Culebra Cores (SNL Column Transport Study). Values in bold font to 
be excluded from ranges and distributions because fits to elution data 
were inferior to those assuming single porosity and dual porosity with 
fracture retardation. Data current as of March 30, 1996. Table : . , . 
compiled by L. H. Brush on March 30, 1996, based on memo by , : , I 

D. A. Lucero, G. 0. Brown, and K. G. Budge dated March 28, 1996. , ,  . . I 

Table checked by Brush on March 3 1, 1996. 

Solid 
Run # (core) Brine 
--- 

C-5 VPX- ER.-6 
28-6C 

C-6 VPX- MS. 
28-6C 

C-7 VPX- ER.-6 
28-6C 

D-2 VPX- MS. 
25-8A 

Flow 
rate 
(d 
min) 
- 

0.1 

0.1 

0.1 

0.1 

Run 
Time 
(days) 
- 

13. 

13 

13 

12 

Ef- 
fluent Range 
Vol. Poro- Kd (+d 
(L) R sity ( M g )  g) 
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- Table F-6. Measured Values of R and Calculated Values of & for Np(V) in Intact 
Culebra Cores (SNL Column Transport Study) (continued). 

Flow Ef- 
rate Run fluent Range 

Solid (mV Time Vol. Poro- & ( h l l  
Run # (core) Brine min) (days) (L) R sity (mllg) g) 

D-4 VPX- AIS. 0.1 13 2 39:' 10.0' 1.65' 0.22' 

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 Kd for Np(V) in Intact 

Culebra Cores (SNL Column Transport Study). Data current as of 
March 30, 1996. Table compiled by L. H. Brush on March 30, 1996, 
based on memo by D. A. Lucero, G. 0. Brown, and K. G. Budge dated 
March 28, 1996. Table checked by Brush on March 31, 1996. Table 
revised by Brush on April 6, 1996, based on memo by Lucero and 
Brown dated April 5, 1996. Table checked by Y. Behl on 
April 8, 1996. 

Solid 
Run # (core) 

C-6 VPX- 
28-6C 

C-7 VPX- 
28-6C 

D-2 VPX- 
25-8A 

Flow Ef- 
rate Run fluent Range 
(ml/ Time Vol. Poro- Kd (w 

Brine min) (days) (L) R sity ( d g )  g) 

D-4 VPX- M S .  0.1 13 2 39' 10.0' 1.6' NA 
25-8A 

AIS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX G: EFFECTS OF ORGANIC LIGANDS ON RANGES AND 
PROBABILITY DISTRIBUTIONS OF MATRIX &S 

FOR Pu(V), Am(m), U(VI), Th(IV), Np(V), AND 
DOLOMITE-RICH CULEBRA ROCK 

Triay and her group at LANL carried out two sets of experiments on the effects of four 
organic ligands (acetate, citrate, ethylenediaminetetraacetic acid or EDTA, and lactate) on the &S for 
dissolved Pu(V), Am@), U(VI), Th(IV), and Np(V) under conditions expected in the Culebra. 
Brush (1990) concluded that these and six other organic and two inorganic ligands could affect the 
solubilities of the actinide elements in TRU waste. Therefore, he estimated the concentrations of 
these 12 ligands in three quantities of brine that could 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 canied out experiments with acetate, 
citrate, EDTA, and lactate because 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 ligands in brines in the repository (Table G-1). 

Tables G-2, G-3, G-4, G-5, and G-6 give the results of the preliminary experiments with 
ERDA-6 and H-17, and Pu(V), A m o ,  U(VI), Th(IV), and Np(V), respectively. At low 
concentrations, acetate, citrate, EDTA, and lactate have little or no effect on the &S for these 
elements (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 0.033%) C02; A m o ,  ERDA-6, and 0.033% COz; and U(VI), ERDA-6, and 0.033% COz, 
low concentrations of these organic ligands actually increase the Kds relative to those obtained 
without any organic ligands. However, at high concentrations, these organic ligands significantly 
decrease the &S for all of these elements. Note that the low and the high concentrations of acetate, 
citrate, and EDTA used in these preliminary runs bracket the predicted concentrations of these 
organic ligands (Table G-1). 

Triay used ERDA-6 and H-17, which contain 19 and 74.1 mM Mg, respectively, 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 intergranular 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 studies) 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 significantly higher than that of H-17 (74.1, mM). Because we hoped that 
competition among Mg and Pu, Am, U, Th, and Np for the binding sites on these organic ligands 
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-C4 

would mitigate the effects of these organics on the &S for these elements, Triay caqied oilt an 
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 backfill. 

Table G-7 shows the results of these experiments. Low concentrations of organics 
significantly decreased the &S for Th relative to those obtained without any organics, but had much 
less effect on the &S for the other elements. Intermediate concentrations of organics significantly 
decreased the Kds for all of the elements except U(V1). High concentrations significantly decreased 
the &S for all five of these elements. 

However, we have nor revised the ranges and probability distributions of Kds for Pu, Am, U, 
Th , and Np shown in Table 1 (see above) because large quantities of other metals (see below) will be 
present to form complexes with these organic ligands, thus preventing them from forming complexes 
with the actinide elements and decreasing the &s 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 steel waste containers (drums and boxes) and is 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 COz (but will be present as MgCO, and/or 
Mg(OH)?, and magnesium oxychl'oride after reaction with COz 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 
significant quantities of Pu and Am. A detailed description of these calculations, and any additional 
modeling or laboratory studies of these ~orn~etitive'e~uilibria, will appear elsewhere. -..--- 
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Table G-1. Concentrations of Organic Ligands in Experiments with ERDA-6, H-17, and Modified 

Brine A, and Predicted Concentrations of Organic Ligands in Brines in WIPP 
Disposal Rooms. Table compiled by L. H. Brush on May 10, 1996, based on 
information provided by LANL on April 25, 1996. Table checked by L. J. Storz on 
May 17, 1996. 

Organic 
Ligand 

Low Conc. 
(ERDA-6 
and H- 17) 

High Conc. 
(ERDA-6 
and H-17) 

( d l  

Acetate 

Citrate 

EDTA 

Lactate 

Oxalate 

0.195 
(ERDA-6) 

0.195 
(H- 17) 

0.0340 
(ERDA-6) 

0.0340 
(H-17 

0.000146 
(ERDA-6) 

0.000146 
(H- 17) 

0.00761 
(ERDA-6) 

0.00796 
(H-17) 

NU 

19.5172 
(ERDA-6) 

19.5172 
(H- 17) 

3.4002 
(ERDA-6) 

3.4002 
(H- 17 

0.0146 
(ERDA-6) 

0.0146 
(H- 17) 

0.7610 
(ERDA-6) 

0.7956 
(H-17) 

NU 

Intermediate 
Low Conc. Conc. High Conc. 
(Modified (Modified (Modified Predicted 
Brine A) Brine A) Brine A) Conc. in 

( d )  ( d )  (mM) W P P  ( d )  

0.02088 0.2088 2.088 Not 
predicted 

NU: Not used because LANL expected Ca-oxalate to precipitate from these brines at very low 
oxalate concentrations. S- ... ,". ., 

. I )  , b '  , 
, ! .  , , ,  , 

' /  j 1 . , .  
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Table G-2. 

Brine 

87 June 10, 1996 

Effects of Brine, Organic Ligands, and Pcoz on Matrix &s for Pu(V) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study): One-week sorption runs 
with H-19, B-4, Box 7. &s in bold font excluded from ranges and distributions 
because of unacceptable differences between standards and controls. Still counting 
new controls for underlined 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 revised by Brush on May 3 1 and June 1, 1996, based on information provided 
by LANL on May 30 and 31, 1996. Table checked by L. J. S ton on June 10, 1996. 

Additive 

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-2. Effects of Brine, Organic Ligands, and Pcol on Matrix &s for Pu(V) and Dolomite- 

Rich Culebra Rock (LANL Empirical Sorption Study) (continued). 

Brine Additive 

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 P C O ~  on Matrix &S for Am(II1) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study). One-week sorption runs with 
H-19, B-4, Box 7. Kds in bold font excluded from ranges and distributions because 
of unacceptable differences between standards and controls. Still counting new 
controls for underlined 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 revised 
by Brush on May 31 and June 1, 1996, based on information provided by LANL on 
May 30 and 31, 1996. Table checked by L. 3. Storz on June 10, 1996. 

&, ( d g ) ,  Kd. ( d g ) .  
Brine Additive 0.033% COz 4.1% C 0 2  

ERDA-6 None 199, 2.890. 
#JRF 0-141 #JRF 0-191 

ERDA-6 None 1,220, 2.160, 
#JRF 0-142 #JRF 0-192 

ERDA-6 Avg. without organics 710 2.520 

ERDA-6 Low-conc. organics 1,390 1,680, 
#JRF 0-161 #JRF 0- 199 

ERDA-6 Low-conc. organics 1,470, 1,880, 
HRF 0-171 #JRF 0-200 

ERDA-6 Avg. w. low-conc. org. 1,430 1,780 

ERDA-6 High-conc. organics 10.6, 7.40, 
#JRF 0-147 #JRF 0-197 

ERDA-6 High-conc. organics 7.84, 5.05, 
#JRF 0-151 #JRF 0-198 

ERDA-6 Avg. w. high-conc. org. 9.22 6.22 
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Table G-3. Effects of Brine, Organic Ligands, and Pcol on Matrix &s for Am(II1) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study) (continued). 

H-17 None 533, 4 379 
#JRF 0-41 #JRF 0-91 

H-17 None 549, 391. 
#JRF 0-42 #JRF 0-92 

H-17 Avg. without organics 541 - 385 

H-17 Low-conc. organics 503, 311, 
#JRF 0-49 #JRF 0-99 

H-17 Low-conc. organics 497, 299, 
#JRF 0-50 #JRF 0-100 L-- 

H-17 Avg. w. low-conc. org. 500 305 

H-17 High-conc. organics 7.79, 3.58, 
#JRF 0-47 #JRF 0-97 

H-17 High-conc. organics 7.37, 3.75, 
#JRF 0-48 - #JRF'O-98 

H-17 Avg. w. high-conc. org. 7.58 3.66 
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Table G-4. Effects of Brine, Organic Ligands, and Pcol on Matrix &S for U(V1) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study). One-week sorption runs 
with H19, B-4, Box 7. Kds in bold font excluded from ranges and distributions 
because of unacceptable differences between standards and controls. Still counting 
new controls for underlined samples. Negative Kds set to 0.00 before determining 
the mean. 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 revised by Brush on May 31 
and June 1, 1996, based on information provided by LANL on 
May 30 and 31, 1996. Table checked by L. J. Stonon June 10, 1996. 

Brine 

ERDA-6 

Additive 

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-4. Effects of Brine, Organic Ligands, and Pcoz on Matrix &S for U(V1) and Dolomite- 

Rich Culebra Rock (LANL Empirical Sorption Study) (continued). , 

Brine Additive 

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-5. Effects of Brine, Organic Ligands, and PCO? on Matrix &S for Th(IV) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study). One-week sorption runs 
with H-19, B-4, Box 7. &S in bold font excluded from ranges and distributions 
because of unacceptable differences between standards and controls. Still counting 
new controls for underlined 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 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 
by LANL on May 30 and 31, 1996. Table checked by L. J. Storzon June 10, 1996. 

Brine Additive 

None 

None 

Avg. without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. lowconc. org. 

High-conc. organics 

Highlconc. organics 

Avg. w. high-conc. org. 

Kd. (mvg), 
4.1% C02 
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Table G-5. Effects of Brine, Organic Ligands, and Pcoz on Matrix &S for Th(IV) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study) (continued). 

Brine Additive 

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-6. Effects of Brine, Organic Ligands, and Pcoz on Matrix Kds for Np(V) and Dolomite- 
Rich Culebra Rock (LANL Empirical Sorption Study). One-week sorption runs 
with H-19, B-4, Box 7. &S in bold font excluded from ranges and distributions 
because of unacceptable differences between standards and controls. Still counting 
new controls for underlined 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 revised by Brush 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 June 10, 1996. 

Brine Additive 

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 (3-6. Effects of Brine, Organic Ligands, and Pcoz on Matrix GS for Np(V) and Dolomite- 

Culebra Rock (LANL Empirical Sorption Study) (continued). 

Brine Additive 

None 

None 

Avg. without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. low-conc. org. 

High-conc. organics 

Higb-conc. organics 

Avg. w. high-conc. org. 
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A Table G-7. Effects of Organic Ligands on Matrix &S (mVg) for Pu(V), Am(III), U(VI), Th(IV), and 
Np(V), Dolomite-Rich Culebra Rock, and Modified Brine A (LANL Empirical 
Sorption Study). One-week sorption runs with H-19, B-4, Box 7. &S in bold font 
excluded from ranges and distributions because of unacceptable differences between 
standards 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 
on May 31, 1996, based on information provided by LANL on May 30, 1996. Table 
checked by L. J. Storz, on June 10, 1996. 

Element and Oxidation State 

Additive 

None 

Avg. without 
organics 

Low-conc. 
organics 

Low-conc. 
organics 

Avg. w. low- 
conc. organics 

Interned.- 
conc. organics 

Interned.- 
conc. organics 

Avg. w. inter.- - conc. org. 
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Table G-7. Effects of Organic Ligands on Matrix &s ( d g )  for Pu(V), Am(III), U(VI), Th(IV), and 

Np(V), Dolomite-Rich Culebra Rock, and Modified Brine A (LANL Empirical 
Sorption Study) (continued). 

Element and Oxidation State 

High-conc. 2.55, 2.34, 10.1, 0.469, 1.93, 
organics #JRF-235 #JRF-245 #JW-2 15 #JRF-205 #JRF-225 

High-conc. 2.22, 2.05, 8.01, 0.467, 2.49, 
organics #JRF-236 # m - 2 4 6  #JRF-2 16 #JRF-206 #JRF-226 

Avg. w. high- 2.38 2.20 9.06 0.468 2.21 
conc. org. 
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dale: April 8, 1996 

ro Distribution 

'9-- 
mm: Jim Ramsey, MS-1328 (6749) 

Sandia National Laboratories 
- 

Operated fwme U.S. Depamnent of Energy 4 
Sandia Corporation 

Altwquerque. New Mexiw 87185-1328 

su$ect Numerical Implementation of the Colloid Transport Conceptual Model 

Following several meetings between members of departments 6748 and 6749 wz have 
developed a concevtual model of colloid-facilitated isotope transport in the Culebra and a 
numerical means of implementing it. Because the modeling effort will be vastly different 
than past performance assessments, we felt it would be appropriate to document the 
numerical approach and circulate it for comments before we begin the CCA calculations. If 
your name appears on the distribution list, your opinions are valued. Both positive and 

I- negative comments will be appreciated. 

Colloid transport will be modeled with the dual porosity transport simulator SECOTP2D. 
This model was not developed to transport colloids so there are some serious limitations 
concerning the transport processes we can include in the analysis. The most serious 
limitation is that dissolved actinides in the Culebra can not sorb to colloids, nor can sorbed 
actinides detach into the dissolved state. I can think of no wav to incornorate or even 
investigate the impact of this process without substantial cod; developAent or bringing in a 
new code specifically designed for colloids. Unfortunately, that is not going to happen in the 
allotted time frame. 

Therefore, we are proposing to include colloid-facilitated transport in the CCA analysis, but 
only by modeling the transport of actinide bearing colloids contained in brine transported 
from the repository to the Culebra. Actinides sorbed to a colloid will be assumed to remain 
fixed to that colloid for the duration of the simulation. By restricting actinide / colloid 
interactions and limiting the retardation mechanisms, colloid-facilitated transport can be 
modeled with SECOTP2D. 

The governing equation solved by SECOTP2D for the transport of the kth isotope through 
the fracture continuum is given as; 

Exceptional Service in the National Interest 
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Equation 1 can also be used to describe transport of the kth colloid by defining Ck as the - 
colloid concenmtion FI/L'] rather than the isotope concentration. Many of the remaining 
parameters also need to be redefined with respect to the colloid be& modeled. The 
following are the colloid fracture continuum transport parameter required by SECOTP2D; 

Colloid Concentration w 1 L ~ I  
Hydrodynamic Dispersion Tensor [L2 1 TI 
Darcy velocity - fluid flux rate I bulk cross-sectional area [L 1 TI 
Fracture Porosity - hcture  pore volume 1 bulk volume [-I i - 

L a '  
, I  

Colloid Retardation Coefficient [-I 
Colloid Decay Constant IT] 
Colloid SourceISink Term IM I T L ~ I  
MatnxlFracture Mass Transfer Term 1 TL'] 
Time PI 

SECOTP2D computes mass transfer between the matrix and the hcture  assuming molecular 
diffusion is the only transport mechanism. Therefore, r is defined as, 

6 

where, x is a spatial coordinate originating at the center of the matrix block, b is half the 
fracture aperture, L is half the matrix block length, 4' is the matrix porosity, c ' ~  the matrix 
concentration of the kth colloid, and D' the matrix diffusion coefficient detined as, 

where, D* is the molecular diffusion coefficient and ; is the matrix tortuosity. 

To evaluate the concentration gradient at the hc tu re  wall (X = L), it is necessary to solve a 
transport equation in the matrix. The governing transport equation solved by SECOTP2D in 
the matrix is, 

with the boundary conditions, 

The prime in Equations 4, 5, and 6 denotes matrix properties. 
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The use of Equations 1 through 6 describes the transport of isotope bearing colloids 
introduced into the problem domain by the source term, Q. The solution to this set of 
equations will allow one to calculate the integrated release of colloids across the land 
withdrawal boundary. By, knowing the initial isotope concentration on the colloids, the 
integrated colloid release'can be converted to an integrated isotope release. Isotope decay 
can also be accounted for with simple post processing. 

With SECOTPZD we can model colloid sorption in both the matrix and fracture using the 
retardation coefficients R and R'. For colloids that are too large to diffusive into the matrix, 
the matrix tortuosity, 7', in Equation 3 can be set to zero. This will prevent colloids from 
diffusing into the matrix but still allow colloid diffusion within the fractures. 

Colloid filtration in the fractures can be modeled using the decay constant h e b y ,  

A = ~ F  

where, y '$-'I is the filter coefficient, and is a representative colloid velo Q!b!D (? 
researchers (Herzig et al., 1970; Dieulin, 1982; Ibaraki and Sudicky, 1995) have used a 

similar approach. V will be determined from the travel time , $, m, computed by particle 
tracking software, and the travel distance of the particle, 1, [L], _- 

Unfortunately, we cannot model sorption and filtration at the same time for a single colloid. 
This is apparent in Equations 1 and 4 where the decay constant is applied to both sorbed and 
dissolved species through the retardation coefficient. Obviously, sorbed colloids will not be 
filtered out. Hence, only the dominant retardation mechanism of each colloid (sorption or 
filtration) will be accounted for in the analysis. 

Colloid filtration in the matrix is a topic I am also concerned about. Technically speaking, 
the velocity in the matrix is assumed be zero and therefore h should also be zero. I'm certain 
arguments could be made to include matrix filtration based on pore size differences, 
brownian motion, ect. However, it is my opinion (more of a guess actually) that for colloids 
where filtration is the dominate retardation mechanism, the hctures alone will substantially 
filter out colloids. Therefore, I propose we do not pennit matrix filtration and avoid this 
debate altogether. 

In summary, a particular colloid will be modeled in one of two ways depending on the 
colloids dominate retardation mechanism. If sorption is the dominate mechanism, the colloid 

.- will be treated nearly the same as a dissolved actinide, see Table 1. However, if filtration is 
the dominate retardation mechanism, matrix diffusion will be disabled and the decay constant 
will be used to filter out colloids. Of course other combinations are possible should a 
particular colloid require special consideration. 



- 
Distribution 

Table I : Anticipated Transport Mechanisms 

Mechanism 1 Filtration 1 Diffusion 1 Retardation 1 Retardation 
Somtion I Off I On I On I Off -.- r - -  I Filtration I On I Off 1 Off I Off 1 

Fracture 

Distribution: 
:;", . . 

, , 

Matrix 
Dominate 
Retardation 

MS-1324 Tom Corbet 
MS-1314 Lucy Meigs 
MS-1324 Jim McCord 
MS-1326 Jack Gauthier 
MS-1328 Mike Wallace 
MS-1328 Rebecca Blaine 
MS- 1328 Alex Treadway 
MS-1328 Bob MacKinnon 
MS-1328 J.T. Schneider 
MS-1341 Hans Papenguth 
MS-1341 George Perkins 
MS-1343 Kurt Larson 
SWCF-A:WE3S1.2.07.5.3:PDD:QA:GENERAL 

Matrix 

April 8, 1996 
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Sandia National Laboratories 

1. 

date: May 11, 1996 

Albuquerque, New Mexico 871 85-1 341 

to: M. S. Tiemey, MS-1328 (Org. 6741) 

ih. B~& .> % 

.' 
. I . 0 

from: L. H. Brush, MS-1341 (Org. 6748) %,k 

subject: Revised Free-Solution Tracer Diffusion Coefficients (D,,ls) for Dissolved 
Pu, Am, U, Th, Np, Cm, and Ra in Boreholes and the Culebra for Use in 
the PA Calculations to Support the W P  CCA 

This memorandum revises the free-solution tracer diffusion coefficients (D,ls) 
recommended by Brush (1996) for use in the long-term performance-assessment (PA) 
calculations to support the Waste Isolation Pilot Plant (WIPP) Compliance 
Certification Application (CCA). After submission of this memorandum, 
C. T. Stockman suggested a better way of using the D,~s for Pu, U, and Np in the PA 
calculations (see below). 

A 

Brush (1996) modified the Dmls for Pu, U, and Np from Brush (1987) (see Table 1) 
slightly to be consistent with the oxidation states of Pu, U,and Np predicted for WIPP 
disposal rooms and assumed for boreholes and the Culebra. Actinide Source Term 
Program and the Dissolved Actinide Retardation Research Program personnel have 
predicted that Pu will speciate as Pu(III) or Pu(lV), but not as Pu(V) nor P u o ,  U will 
speciate as U(IV) or U(VI), and Np will speciate as Np(lV) or Np(V), but not as 
Np(VT), in WIPP disposal rooms, boreholes, and the Culebra. Because Brush (1996) 
believed that PA personnel required fured values of D,,, for Pu, U, and Np for the 
calculations to support the WIPP CCA, he recommend that PA use the mean of the 
D,is for A m 0  andTh(1V) compiled by Brush (1987) for Pu, the mean of the D,.~s for 
T h o  and U(VI) from Brush (1987) for U, and the mean of the D,,~s for Th(N) and 
Np(V) from Brush (1987) for Np. 

However, Stockman suggested that PA personnel sample D,& for Pu, U, and Np the 
same way they will sample the oxidation states for these elements in WIPP disposal 
rooms and the Culebra for predictions of solubilities and Kds, respectively. PA will 
sample solubilities and K ~ s  for either Pu(III), U p ) ,  and Np(IV), or Pu(IV), U(VI), and 
Np(V) in any given vector. PA will specify the oxidation states of these elements by 
sampling "oxstat," a parameter with a uniform distribution of 0 to 1. If the sampled 
value of oxstat is 0.5 or less. PA will use the solubilities predicted for P u o ,  U(IV). - and Np(IV). If oxstat is greater than 0.5, PA will use solubilities for P u p ) ,  U(W,  
and Np(V). Therefore, I recommend that, if oxstat is 0.5 or less, PA use the D,,s for 
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Am(m), Th(n?, and Th(N) compiled by Brush (1987) for PuCm), U(N), and Np(N), 
respectively, for that vector (see Table 2). If oxstat is greater than 0.5, I recommend 
that PA use the D,ls for Th(N), U(Vl),. and Np(V) from Brush (1987) for Pu(N), 
U(VI), and Np(V), respectively. 

REFERENCES 

Brush, L.H. 1987. Feasibility of Disposal of High-level Radioactive Wastes into the 
Seabed: Review of Laboratory Investigations of Radionuclide Migration through 
Deep-sea Sediments. SAND87-2438. Albuquerque, NM: Sandia National 
Laboratories. 

Brush, L.H. "Free-Solution Tracer Diffusion Coefficients (DSols for Dissolved Pu, Am, 
U, Th, Np, Cm, and Rain Boreholes and the Culebra for Use in the PA Calculations to 
Support the WIPP CCA." Unpublished memorandum to MS. Tierney, May 2, 1996. 
Albuquerque, NM: Sandia National Laboratories. 
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Table 1. Values of DmI from Brush (1987). Table includes only the elements needed 
for the PA calculations to support the WIPP CCA. Table retyped by. 
L. H. Brush on May 2, 1996. Table checked by L. J. Storz on May 2, 1996. 

Temperature at Which 
Species for Which D,,I D,I Was Determined 

Element Was Determined ( c )  Dm,, cm2/sec 

Values for pu4+ and PuOz', Am3+, and Npo2+ from Higgo et al. (1987); values for UOZ", 
~ h ~ ,  and ~ a "  from Li and Gregory (1974); value for ~ r n ~ +  applied to cm3+ by oxidation- 
state analogy. 
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; ' i C  2 7  

f6 9 :  , . 5' r 

May 1 1, 1996 

I 

Table 2. Revised Values of D,,, for Use in the PA Calculations to Support the WIPP 
CCA. Table compiled by L. H. Brush on May 11, 1996. Table checked by 
L. J. Storz on May 13, 1996. 

Oxidation State for Which D,,, 
Element Was Estimated 2 DSO,, cm Isec 
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MS 1341 R. C. Moore (Org. 6748) 
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\ Sandia National Laboratories 

L956 Albuquerauc, New Mecca 87185-1361 
date: April 25, F445 

to: Mike Wallace, M 

from: Kurt Larson, MS 

subject: Mining Transmissivity Multiplier - Area to be mined. 

The EPA's 40 CFR 194 specifically requires the DOE to evaluate the consequences of mining in 
the McNutt Potash Member on the performance of the WIPP. 40 CFR 194 and supporting and 
supplemental information provides guidance for determining what gets mined both inside the Land 
Withdrawal Area (LWA) and outside the LWA. 

Westinghouse Waste Isolation Division (WID1 has completed an analysis consistent with 
regulatory guidance to determine which areas of the McNutt Potash Zone should be assumed to 
be mined inside and outside the LWA. This analysis is reported in Atrachmenr 1 to a letter titled 
"Future Mining Events in the Performance Assessment" sent to Mel Marietta from Bryan Howard 
dated April 3, 1996. This document has been introduced into the SWCF. 

Performance assessment should use Figure 5 in the WID document as the basis for areas assumed 
to be mined outside the LWA. Two regions reported on Figure 5 should be assumed to be mined: 
the region labeled "Exrent of Mining Outside the Controlled Area" and denoted with a fine cross- 
hatch; and the extent of existing mines, which have been excluded from this category. It appears 
that the existing mines are lumped in with the categories "Known Potash Leases within the 
Delaware Basin" and "Known Potash Leases Outside the Delaware Basin." Therefore. for 

C, 
accurate representation of the extent of current mines. I suggest using both Figure 5 and the 
Roswell District ELM (1993) base map of potash resources and reserves titled "Preliminary Map 
showing Distribution of Potash Resources, Carlsbad Mining Distict fsicl, Eddy and Lea Counties. 
New Mexico", which clearly shows the current extent of mines. 

For mining within the LWA, use Figure 8 of the WID anachment without modification. 

kd' 1 It is understood in these recommendations that the extent of mining impact in the Culebra will 
be determined based on these suggestions, and the applicable angle of draw, which will enlarge 
somewhat the areas of impact. Further, it is understood that the region affected in the Culebra 
must be rendered at a resolution consistent with the gridding of the Culebra for groundwater and 
transport modeling. 
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waste lsolairon Olvlsion 

BOX 2078 
Callsoad N ~ W  Mexico 88221 

April 3, 1996 

Mr. Me1 Marietta. Manager 
WLPP Roject Compliance Depamnent 
Saudii National Laboratories 
115 N. Majn Street 
Carlsbad, NM 88220 

Subject FUTURE MINING EVENTS IN THE PERFORMANCE ASSESSMENT 

Dear Mr. Mariem 

Per our discussion, this submittal updates out earlier package provided to you on February 29. 1996 
(DA:96:11004, attached). The revised information includes changes made to incorporate commenrs received 
from Mr. Kmt LaMn of your staff. 

The map in Figure 5 of the attlchmenr has been r e v i d  with additional information by including areas w h e  
potash has already bem mined and areas currendy considered barren of potash by the Bureau of Land 
Management 

h 

Out earlier recommendation to use Figure 8 to incorporate the effeca of mining in WlPP Performance 
Assessment remains the same. 

Should you have any finther questions, please contact me at (505) 234-8380, or MI. R F. Kehrman at (505) 
234-8690. 

Sincerely, 

Long-Term Regularory Compliance 

Attachments 

cc: without mar, 

D. R Anderson. SNL-AL 
G. T. Basab'ilvazo, CAO 
3. E Bean, SNLAL 
hi S. Y. Chu. SNLAL 
1. H. Maes, CAO 
1. A. Mewhinney, CAO 

D i s t r i b u t i o n :  %/qb q,% 
Mike Wal lace ,  6749 
Kurt L a r s o n ,  6751 
P e t e r  S v i f t ,  6821 
Tom C o r b e t ,  6115 
Wendel l  Wear t ,  6000 



EXTENT OF MRYING POSITION PAPER 
Revision 1 

In 40 CFR Part 194, the Environmental Protection Ageny's -tly published standard for the 
certification of  WIPP's compliance to 40 CFR Part 191, they (the EPA) have specified that the DOE must 
consider the impact of mining in the analysis of  the long-term performance o f  the disposal system. 'Ihc 
specific requirement being imposed by the EPA is st& in 40 CFR Part 194'~ section 32(a), @), and (c) 
as f0Uows: 

fa) Pei$omce assessments shall comILnder naturalprocesses and events, mining, deep drilling. 
and shallow drilling that may affect the disposal system during the regulatory time frome. 

(b) Assessments of mining effects may be limited to changes in the hydraulic conductivity of the 
,= hydrogeologic units of the disposal system from excavation mining for natural resources. 

Mining shall be assumed to occur with a one in 100 probability in each century of the 
regulatory timefiame. Pei$onnance assessments shall assume that mineral deposits of those 
resources, similar in qualiv and type to those resources currently extracted from the 
Delaware Basin, will be completely removedfrom the controlled area during the century in 
which such mining is randomly calculated to occur. Compiete removal of such mineral 
resources shall be assumed to occur only once during the regulatory time fiame. 

(c) ; Pelformance assessments shall include an analysis of the effects on the disposal system of 
any activities that occur in the vicinity of the disposal system prior to disposal and are 
q e c t e d  to occur in the vicinity of the disposal system soon afrer disposal. Such activities 
shall include, but shall not be limited to, =sting boreholes and the development of any 
eristing leases that can be reasonably erpected to be developed in the nearjiuure, including 
boreholes and leases that may be used for fluid injection activities. 

The phrase "Pe~ormance assessments shall assume that mineral deposits of those resources, similar in 
quality and type to those resources currently extracted from the Delaware Basin, will be completely 
removedfrom the conrrolled area" in %tion @) and the phrase" any activities that occur in the vicinity 
of the disposal system prior to disposal and are q e c t e d  to occur in the vicinity of the disposal system 
soon a+ disposal" in section (c) require a deiioition o f  an within the controued area (b) and outside 
the controlled area (c) for the purposes of analysis. Dehing the requisite arcas to satisfy these 
requirements is the subject of this paper. 

The EPA provides extensive discussion o f  how the impacts of  mining are to be considered in the 
supplemental information provided with the new standard However, the EPA only gives limited 
guidance on how. to determine the extent of mining that rhust be considered This is an important factor. 
boxuse the ex& o f  mining determines whether or not the effect o f  s u b s i b  will directly affect the 
pufoxmanct o f  thc'disposal system. In the Supplemmtal Information provided with the d e ,  the EPA 
states: "Some ~ L I N ~ U ~  resources in the vicinity of the W7PP can be errracted by mining. These natural 
resources lie within the geologic fonnatiom found at shallower depths than the tunnek and shafts of the 
repository and do not lie vertically above the repository. Were mining of these resources to occur, this 
could alter the hydrologicpropem'es of overlyingfirmatiom ..." Following this statement, the Ageney 
procads to provide a mahodology to bound such considpations b a d  on their analysis of the effects o f  
subsidence. Subsequently, the EPA states that "Thefinal rule specifies those assumptiom and methodr 
that shall be used in performance assessments to account for the effects of mining. " As a basis for the 
assumptions that are spccificd in the rule, the EPA points out their intent that "the historical record of the 

'u. S. Envimnmmtd Protection Agency. 19%. "Criteria for thc CerGficatian and Re-Certification of the 
Waste Isolation Pilot PIant's compliance With the 40 C F R P a  191 Disposal Rcgulatiuns: Final Ruic'. FcderalReguler. 
Vol. 61. No. 28, pp 5224, February 9, 19%. 



past 100 years' mining activity in the ?elaware Basin provides a reasonable basis for predicting the 
nature offuture mining activity. '" The EPA applied thc historical record in two ways. Fit, it used the 
record to determine a hquency for mining as specSed in the rule, and s a n d ,  it used the record to - address the physical characteristics of the mining activity. Only this sewnd aspect is of concern in this 
PaPC. 

With regard to the physical characteristics of the mining activity, the agency imposes assumptions and 
limitations that assurc consistency with the future states requirements elsewhere in 40 CFR Part 194. 
Specifically, in the suppiemental information, the agency states that "the size and shape of the mine" 
should conform with "existing mineral deposits that are similar in type and quality to those extracted in 
the Delaware Basin. " The EPA provides the following rationale for this requirement: "The Agency basis 
for this requirement was their consideration of thephysical nature of mining activities that are currently 
underway in the Delaware Basin. First, the Agency assumed that the size and shape of a mine will be 
dictated by the size andshape of the mineral deposits that are to be -acted with no two mines being 
alike. The mineral deposits that will be mined in the ficture may consist of minerals of current economic 
interest. or of materials not useficl or valuable in present-dq terms. Without knowledge of what these 
future resources might be, any attempt to predict the size andshape of the associated mineral deposits 
would be specularive, as would any attempt to determine the size andshape of the mines used to extract 
them. The Agencyfurther recognized that individual mines are ofhighly irregular shape and there is 
every reason to believe that deposits of minerals that are mined in the future will also vary in size and be 
highly irregular in shape. The Agency believes that no logical mathematical scheme exists that could be 
used to predict the potentially wide variety ofsizes and highly irregular shapes. In light of the 
speculariveness and mathematical difficulty, the Agency has chosen to use existing mineral deposits as 
"stand-ins" to be used to determine the size andshape of the unhown mineral deposits that might be 
mined in theficture. Thus, the final rule requiresperfomnce assessments to assume thm all the 
presently lyown mineral resources lying within the controlled area will be extracted at the single point in 
time determined bv the method in the final rule. discursed above." In other words. because - implementing thiskquircment can l e i  to a great deal of speculation which the EPA'S& to prevent, the 
DOE should use the existing minerals as the basis for demonstrating com~liancc with this reauircment. 
The only minerals of ink.&< are the potash minerals that occur in $e ~ C N u t t  Potash Member of the 
Salado. 

The discussion in the Supplemental Information clearly equates "presently lmown m i n d  r e s o w  lying 
within the controlled area" to "existing mineral deposits lying within the controlled arca that are of similar 
quality and typw to those minerals cumntly extracted" (see the last two paragraphs on 61 FR 5229). The 
entire wnkolled area is overlain by potash minerahation Both the thicimess and purity vary spatially. 
The EPA recognizcd that the cumnt practice within the potash mining area is to recover those reso- 
that can be eknc td  ewnomically. The challenge for the DOE is to assign a boundary to the extent of 
mining that is &istent with the certification criterion, thus accomplishing the EPA's goals. 

In order to assim a'iuitable boundary, the DOE can turn to further text in the supplemental information 
In the section &cd "Changes to the &oposed rule," EPA clarifies that they in&i for the DOE to usc 
cumnt practices as the standard for this analysis. Specifically, the EPA states: '~dditionally, the 
requirements of the final rule spec& the methodfor dete&hing the sire and shape, location and point in 
time at which mining occurs. The Agency specified these items to provide clanjkation on how mining 
should be considered and to avoid unboundedspeculation that would resultJ?om the high uncertainry 
regarding whether, where and how mining would occur in the Lnnd Withdrawal area EPA's decision 
was based on a desire to include mining in performance assessment in a redistic fashion without 
recourse to such unconsrrainedspeculation. To this end the final rule has specified that mining will 
continue at the same rate as it has over the past 100 years, that the area to be mined is the area that 
contains mineral deposits ofsimilar type and quality to those that are currently emacted in the Delaware - Basin, and that only the major impacts on the disposal system of mining need be considered EPA 
believes this is consistent with the future states assumptions o fs  as they apply to t h e j h r e  



activities of man. " 

This clarification ccrtsinly indicata that the EPA did not intend that "all" potash be considered Instead, - 
only those wnsidend to be reso- consistent with current usage of the tam. Applying the EPA's 
guidance raises the question "whose estimate of reso- should be used?" As statui above, the EPA's 
intent of their nquinment is to use current conditions to provide estimates for futuie conditions. The 
current knowledee neardine resources consists of two Darts: II the overall resource and 2) that oortion 
that is economicky develo~able today. The first part is reflected in maps and analyses by . 
several aeencies such as the Bureau of Land Mauancment (BLM), the U.S. Bureau of Mines (USBM), the . . 

US. h jog ica l  Survey (USGS), and t h e ~ e w  ~ & c o  BUAU of Mines and M i a d  Rcsourc& 
W h 4 M R ) .  Determining the s m n d  part is somewhat more difficult to determine since it changes 
periodically as the economics of potash changes. Mining companies Ue mine development maps and 
plans with regulatory agencies as a means of indicating their plans for development of potash. These 
maps and plans are proprietary and are not available to the public. As a substitute for actual mining plans, 
the current lease map can be used as an indication of what the potash industry as a whole considers to be 
ore that can be exuacted Identdying leased areas outride the controlled area is relatively straiphffotward. 
However, since there at-e no leases within the WIPP site boundary, it is necessary to look at bath the 
published analyses and estimates, the potash development history and the areas that were wnsidered at 
one time to be viable potash propemes because they were previously leased for production. 

2.0 BACKGROUND 

The development of potash in southeastern New Mcxiw dates back to 1926, wifh the first wmmcrcial 
shipment occurring in 1931. At one time, eleven different companies were exploring for potash in the 
region A large portion of the potash minerals lie within properties owned by the Fedcral Government 
and administered by the BLM. The BLM administers these resources under the federal Mineral and 
Leasing Act of 1920 and the Federal Land Policy and Management Act Management policy is codified 
as 43 CFR Part 3000. Part of the BLM's responsibiiry is resolving disputes between the oil and gas 
industry and the potash industry over priority use of leases. These disputes develop because, acwrding to 
Olsen, 1993', "... exploitins petroleum and potash at the same location would create unacceptable safety 
risks for underground mining and would create petroleum production difficulties." Conflicts began 
before 1939 when the first fcdcral order designating the potash a m  banned oil and gas leasing. Much of 
the conflict was resolved in 1987 when the oil and gas and potash indushies signed the "Statcmcnt of 
Agreement betwan the Potash and Oil and Gas Industria on concumnt Operations in the Potash Area". 
The state ofNew Mexiw incorporated the principles of the agreement into their order R-1 I l-P. The 
BLM has proposed rule changes to incorporate R-111-P into the federal system, however, the change is 
stiU pending. Typ idy ,  the BLM rnolves any resource development issues in favor of potash 

One key to &lustanding the BLM's decision process is the concept of the Potash Enclave. The enclave 
is an area wit& *e boundaries established by the Secretary of Interior Order which defines the area 
available for potash leasing. To qualify for enclave status, lands must contain ore that meets m i d  
leasing criterion based on boreholes that are up to 1.5 mites apart (The 1993 enclave map3 will be 
supaimposed on the lease map in Figure 1 when the digitization of the enclave map is completed) The 
long-standing policy of the BLM (since 1975) is to deny requests to driU oil and gas wclls h m  surface 
locations within the enclave. However, the cunmt policy uses the concept of drilling islaads within the 
enclave for oil and gas resouncs that may not be available h m  outside the enclave. DriUing islands are 

2~lsen, J a m s  A, 1993. "Fedaal Management of the Potash A m  in Southcastan New Mexico", in Cmkbnd 
Region, NewMDjco and West Terpl, by D. W. Love ct al., New Maim Geological Society 44th Annual Field 
Confacn~e. Oftoba 6-9.1993. 

3 ~ .  S. Burcau of Land Management, 1993. 'Prciiminary Map Showing Distributions ofPotash Raourcrr, 
Carlsbad Mining Dishict, Eddy & Ira Countis, New Mexico*. US.  Burcau of h d  Managcmmf Roswcll. NM 



permined within the enclave whm certain conditions are met as defined in the BLM's regulations4. 
C m t l y ,  the BLM enform either a 0.25 mil+ barrier for oil wUs and a 0.5 mile barrier for gas wells in 
the vicinity of existing operating mines or a barrier that is equal to 110 percent of the depth to the mine. 

Tbe BLM maintains estimates of potash resources and mews based on information provided by the 
U.S. Geological Survey, the DOE, and operating companies. The operating company data are generally 
held by the BLM as proprietary and are not available to the public. In addi t io~  operators are required to 
Gle mine development plans with the BLM. These, too, arc proprietary and are not available for . 
iospection. 

Estimates of the active life of mining in the area have been prcpared at various times. The most recent are 
shown below and were collected by the EPA for the Background Information Document supporting the 
40 CFR Part 194 F i  ~uiemakin2. The EPA's information reflects mining both within the Delaware 
Basin and outside the Delawarc Basin. In the following table, the rcsourcs of Eddy Potash and Horizon 
Potash lie outside the Delaware Basin; those of New Mexico Potash, IMC, and Mississippi Chemical lie 
both outside and within tbc Delaware Basin, and those of Wstcm-Ag lie within the Delaware Basin. 

Active Potash Mines in New Mexico Showing Enimated Capacity, Average 
Ore Grade, and Mine Life at the ~ v e r a ~ e  1992 Price of S81.14Ist product 

2.1 Background on leased areas outside the WIPP controlled area 
,, 

- 

Thc nnrent lease holdings within the potash a d  are shown in Figun 1. Typically, potash leases arc 
~ - ~ - 

obtained as the dtpfcxplorat ion &d as the reward for discovery. While numerous interest have 
historicdy owned potash leases in the am, these have been consolidated through acquisition into the 

C 
Dsu imm 1.P. Suds. U.S. Burtau of Miocr, on1 sommun*luon. 1993. ' May m be opsnting at full capacity. 
Ovnsd by T-Ruourss. hc. ' Muriau. hgbcinitc. d ru1f.u combid .  ' ODncd by Fhymsk Ruoutxu of C-&. ' L.ngbCini0 only. 

Catain public information is available and has been consulted for this papa. This includes property title 
ab- forthe sections of land within the controUed area (which is the m inside the WIPP site 
boundary), BLM lease maps, BLM m e  maps, and a miueral evaluation rcport prepared by the 
NMBMMR at the request of the W E .  In addition, a map of current oil well drilling within the enclave 
wasuscd 

Eddy pnuh Ins.2 
Horbm Fm& Co. 
IMC ~a~lircr. xmc. 
M i i  Chcmiul 
New Mexico p0urh2 

Wurem ~ g - ~ i n c n l . '  

%IS. Eqwbmnt of Interior Saxetarial Or& dated October 28, I986 designating the Oil-Poiash A r q  5 1 FR 
39425. 

'u.s. En\iromncntal Protection Agency. 19%. Background Information Documm~ 40 CFR Part 194. Chapter 
9. Table 9-2. 

Eddy 
Eddy 
~ d d ~  
Eddy 
Eddy 
Eddy 

- 'u. S. Burtau oELand Macagcmcnf 1995, "Pn:limioary Lease Map of the Carlsbad Mining District, Eddy and 
Lea Counties. New Mexico". 
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eight holding companies shown in Figure 1. Five of these companies are currently mining in the area 
One of the holding companis is an bil company. 

Under current federal regulations, all mine operators are required to file a life of mine reserves (LMR) 
document with the BLM. This documen& which is held as proprietary by the BLM, defines the proposed 
extent of mining that a company plans. Tbe LMR is used by the BLM in resolving leasing conflicts 
betwan oil and gas interests and potash interests. Fi 2 illustrates the distribution of oil and gas wells Y'= within the Delaware Basin in the vicinity of the WIPP . For the most part, the wells within the potash . 
area are in locations dehmined to be barren by the Bureau of Land Management an4 consequently, not 
likely to conflict with potash developmat 

Another area of interest is the leased area directly north of the WIPP site. This area is shown as being 
leased to both a potash compauy and an oil company. Priority for use of this area is currently under 
Litigation. It is likeky that as long as the oil interest holds the lease, no mining will occur. 

23 Backmound on ~ o t a s h  within the WIPP controlled area 

' - . There are no active potash leases within the conkolled area A historical leasing chronology of this area 
'. . 

e ,  is provided in Table 1. Those leases in Sections 15,17, and 18 were allowed to expire by their holden. . .' The others (Sections 16,22,27,32, and 34) were acquired by the DOE in 1988 and in 1990. Based on 
information recorded in title abshacts, prospecting ocaured on all sections within the controlled area as 
evidenced bythe information in Table 1. 

In 1995, the DOE requested that theNh4BMh4R8 rezvaluate the nahnal resource infomation available 
for the controlled area and the axa within one mile of the controlled ana ‘Ibis report focused on oil and 
gas and potash reso- and used existing data to update resource estimatn used in the 1980 WLPP 
Environmental Impact Statement. Figures 3 and 4 are the potash reserve estimates for this ~ e a  The 
heavy line marks the ore grade-thicbess product that is considered to be economic by local potash - 
companies. The dashed line depicts the ore grade-thickness product that is generally considered by the 
BLM to be lease grade and thereby q u w  a property for inclusion in the potash enclave. These are 
referred to as " h e  Grade Reserves" and are defined in the 1986 Smtarial  Order as criterion for 
inclusion in the enclave. The following table summarks these values based on the NMBMMR 
assessment 

h e  Type 

BLM Lease 
Grade 

The assumptions that were used in the NMBMG assessment arc valid for today's potash mnomy and 
the pmjcctions made in that rcport Onc assumption is that the potash within the immediate vicinity of 
the controlled sna could (and would) be mined by exmding existing facilities. sometime in the 
future, after the assation of active controls, the ore within the conixoUed area were mined, sucb an 
activity would require a new wiich wwld drastically alterthe esonomics of mining. 

~conomic-mining 1 37.5 contour 

'~athinghorru E l d c  Corporation, 1996, Preliminary Map of Oil Wells in the Dclawarc Basin, Bared on Data 
Collected by P m h n n  Information Service Through June, 1995'. Westinghouse El&c Corporation, Carlsbad, Nh4 

55 contom 

'NMBW 1995, Zmnomic M i n d  Rao- at the Wastc Isolation Pilot Plant (WIPP) Site'. Ncw Mucico 
bureau of Mina and M i n d  Rerorms. S o c m ,  Nh4, March 3 1,1995. 

Langbcinite (Figure 3) 

1 
16 contour 

Sylvite (Figure 4) 

4% q0 at 4' 40 contour l O % q O  at4' 



3.0 DISCUSSION 

Based on the information in the standard and the supplemental information, and on discussions with the 
EPA regarding their intent for the analysis of mining. the following criteria can be established for 
describing the anticipated areal extent for mining. 

Criterion 1: Quantifiable evidence of resources upon which to base future &mates: The standard 
requires the resources cunmtly being exiracted from the Delaware basin be "stand-ins" 
for characterking future reso- that may be subjst to mining. 

Criterion 2: Quantifiable experience in extraction: The standard assumes that mining in the future 
will be the same as it is today. 

Criterion 3: Quantifiable limit on quality: EPA only r e q i m  consideration of resources that are of 
similar quality to those being mined today. "Quality" in this context refers to ore of 
sufficient grade and thichess to make mining economical. 

In addition, several assumptions and givens are needed to formulate an extent of future mining. 

Assumption 1: Mining within the conmkd  area is independent (&om a feasibility viewpoint) of mining 
' outside the mnt~olled area It is likely that all economically nrtractable potash outside 

the controlled area will be removed by the end of the active control period This situation 
is assumed not to &ect the chance of mining within the conaolled area9 n - 

Assumption 2: Mining inside the controlled area will not caw within the fust 100 yeam after 
decommissioning. Since this is the active control period, mining will be detcmd 

-C- 
Assumption 3: Mining technology will be the same. This means that methods used today will be used in 

the future and those methods that are not cu)mmic today will be avoided in the future. 

: Assumption 4: Only those potash zones being mined today will be mined in the future. Currmtly 
uneconomical zones will not be m i n 4  howcva, a l l  cumntly cconomic potash will be 
extracted from the ore zones being mined today. 

Assumption 5: The economics of mining today and not the presence of minerals will dictatc the extcnt 
of mining. Smcally,  the m t  tconomic extradon contourwiil be used as thc 
indicator of the extent of fubae mining. 

Asnun~tion 6: h e  ~rescncc of the two hydrocarbon hols  within the conrnlled area will have no imuact 
on &e fuhue developmen; of m i n d  reso-. Without this sim lifying assumpbod 
significant portions of the minable mcrves would be thrown out Po 

g?his assumption is conservative sin=, in reality, based on the NhBMM~re~ort, thc construction 
of a mine and mill nsultr in a net financial loss fimm mining within the WIPP and thc one mile area around 
the WIPP. The case of collstructing a mine and mill for minine the reserves within the urntrolled area alone 
was not run by the NMBMMTC, however, the reduction on minable reso- associated with the smaller area 
would only exacerbate the loss. 

loin reality, the presence of these bore holes and the assumptions with regard to future drilling have - the potential to significantly reduce the extent of mining in the fufublre if one assumes that rcqukemmts for 
buffer areas behveen drilling and mining are imposed in the future as they are today. 



Assumption 7: The term "quality" in Section 194.32(b) is interpreted to refer to the economics of 
mining. That is, the phrase "resourccs of similar quality" means "resources of similar 
grade and thickness". Specifically, this is the 37.5 grade-thickness contour for 
langbeiuite and the 55 grade-thickness contour for sylvite. 

Assumption 8: Beginning in 1993, there are no more that 50 years of minable potash reserves in the 
Delaware Basin portion of the Potash Area Even though one company reports up to 125 
years of active mining, most of that company's reserves arc north of the Delaware Basin. 

Finally, data sources need to be summarized since they form the basis for determining what areas meet 
the criteria Three p r i m q  sourvs of potash data exist These are the NMBMMR study, the BLM map, 
and the leasing histories. 

. The NMBMMR report provides a snapsbot (as of 1995) of those resources that are economic to 
recover under the assumptions made in the asxssmcnt 

. The BLM map shows the exrent of resources that are of lease quality and that have been offered 
for development 

. The leasing historyshows those areas that have ben  traditionally considered worth retaining by 
companies for future development in the arcal '. 

In addition, a fourth s o w  of data that is important is the hydrocarbon drilling rewrd associated with the 
area outside the mntroUed area Since buffer zones are required be- driUed areas and present or 
future mined areas as discussed above, this factor will be used to reduce the amount of leased area 

' outside the conkolled area that may be mined in the foreseeable future. 
- 

4.0 RECOMMENDAnONS -- 
The recommended extent of minine for the area outside the controlled area is deuicted in Fimrrc 5. - 
This area npresents the currently <eased area less areas that are precluded from m i k g  by the presence of 
existinn hydrocarbon holes. Hydrocarbon hole barriers are set at either 0.25 miles for shallow oil. 0.5 
mile fo; holes deeper than 5000 feet, or 110 percent of the depth to the mine. The use of leases L 
justified since the actual gadc-thickness information is not available (since it is proprietary information) 
and the BLM lease grade map bounds the ewnomic mining areas. In addition, Kcas that are known to be 
barren of resource gade potash and are not leased as shown in Figure 1 have been excludcd (Note, onee 
the BLM map is dig i t id ,  mined out areas can also be excluded as well as leased areas that are banm.) 
No effort was made to distinguish between the various ore zones on this map. An avaage mine height of 

' 6 feet should be used. 

Thne possible interpretations for the extent of mining inside the controlled area are shown in Figures 6, 
7, and 8. These have been compiled fiom the thne so- mentioned above. Figure 6 shows the most 
conservative interpretation based on the BLM lease map. This map, however, includes a significant 
volume of potash that is not minable under today's economic conditions. F igm 7 shows areas that have 
been prewiously leased for potash mining. Note that Section 32 has been deleted since it is shown to be 
essentially bamn of lease grade potash on the BLM lease grade map iri Figure 6. This area is most 
consistent with the approach used to identify the extent of mining outside the controlled area However, 

"~easiin~ history is particularly important within the conhulled area since there are no cumnt leases 
to indicate what a mining company would consider for mining or wbat may be included in a life of mine plan 
Such leases did exist ram@. Howver, as indicated in Table 1, the DOE purchased these leases as part of 
the process of presaving t6e tontrolled area 



the lease approach was used outside the controlled area due to the lack of s f i c ien t  data to draw a more 
prsise boundary. Figure 8 depicts a more precise area based on the most current interpretation of what 

, arc economically viable potasb leases. Figure 8 is the recommended arca for use in the analysis'2. 
A Because of the detail available in the background informati04 the area has been divided into sections that 

may be mined for langbeinite, sections that may be mined for sylvitc, and sections may be mined for both. 
The parameters for mining should be as depicted in the following table, based on information in the 
NMBMMR report 

Mining Method 

The area in Figure 8 is based on the "55" and "37.5" contows in the NMBMMR report 

Mine layout Mine height 

I 
I I I I 

Svlvite (10th ore zone) I continuous 

''The contours in the NMBMMR report an the result of a sp&ific contouring pro- used by the 
investigator. Other interpretations are possible using diBE~mt packagr, or by wutouring without the usc of 
software. This paper simply accepts the work done by the NMBMMR as a valid representation of the data - Other equally valid representations may exist and may be of interest in the evaluation of the impam of 
mining. 

Extraction 
Ratio 

Langbeinite (4th o n  zone) 

L o n ~  panel 1 4 to 5 feet 1 80 percent 1 
Conventional Room and pillar 4 to 8 feet 60 pemnt 



TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP 
SITE 

TOWNSHIP 22 SOUTH RANGE 31 EAST 

SECnON SERlAL NO. 
DATE OF 

STATUS 

16: AD M-14957-l(?ot k.) 2/4/67 DOE Aquircd Lase 3/4/88 

17: AU LC065504(T'ot Pcr.) 1/16/50 Cancdcd 5/29/52 

All NM011813(Pot Pm.) 417158 Expired 4n160 

Loe l Z 3 P  NM057290(Pot Pa.) 
E'hWL4. E'h 

20: All NM08285(Pot Per.) 9/18/56 Low Expircd 911 8/60 

All NMO384583(Pot Per.) 12/1/63 Lcaw Expired 1/9/68 

21:All Nbf08UIS(Pot Pcr.) 9/18/56 Lcaw Expircd 911 8/60 

NW'/SE% NMOS285(Pot Pcr.) 9/18/56 L a x  Expircd 9/18/60 

AU NM03845Wot Pcr.) 9/1/63 Lsvcd 11/1/67, LCZp Acquircd by DOE 



TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP 
SITE 

TOWNSEEP 22 SOUTH RANGE 31 EAST (Continued) 

SECTION SERIAL NO. 

NW% NMO214(Pot Per.) 

NW% NM08285(Pot Per.) 

SW%SE% NM045331pot Per.) 

All NM0384584pot Per.) 

28: AU NM0384583(Pot Per.) 

29: All NM0384583pot Per.) 

30: Lots 123,4 NM038136(Pot Pa) 
E'hWA, 
32% 
Lots 123.4 NM0359163(Pot Per.) 
NE%, 
E%Wr& 
W1/SE% 

DATE OF 
ACTION STArUS 

Cancclcd 6/13/51 

Expircd lOR7157 

Expid  9/18/60 

E x p i d  7/29/61 

Expkd 4P2/58 

Expircd 7129% 1 

Lavd 11/1/67. Lssw Acquirrd by DOE 

Lcarc Ex+ 1/9/68 

Expired 11/30/67 

Lcaw Expircd 9/13/61 

Lots 123.4 NM2535pot Per.) 6/1/67 h Tmninatcd 813 1/68 
M%, 
E1hW/i. 
W&E% 

31:AU LC045662pot Pa.) 1011 1/32 Cancslcd 6/2/36 

All LC0661 13pot Per.) 1/5/55 Expircd 1/5/57 

Lob 123.4  NMO38136(Pot Per.) 
E W X  

2/4/67 h Aquircd by DOE 3/4/88 



TABLE 1: HETORY OF POTASH PROSPECTING AND LEASING ON TEE WIPP 
s m  

TOWNSHIP 22 SOUTH RANGE 31 EAST (Continued) -, 

SECTION SERIAL NO. 
DATE OF 
ACTION 

33: All LC04566 1 p o t  Per.) 1 0 ~ ~ 1 ~ 7 2  Caneelcd 3R307 

NW%SW% NM0384584(Pot Pa.)  9/1/63 LBwd 1 1/1/67, Lsaw: Acquired by W E  

Pot Pcr. = PC-t for pomh exploration 

POL La. = Potash lrass 

Rcfcrcncz: Absaact No. 29990 and 29989 



figure 1 
1995 Potash Lease  Map 



figure 2 
Oil and Gas Wells Within the  Carlsbad Potash Enclave 



Figure 3 
Langbeinite Reserves Based on NMBMMR. 



Figure 4 
Sylvie Reserves Based on NMBMMR. 
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Figure 6 
Potential Extent of Mining Based on Lease Grade ore (1993 BLM Lease Map) 
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figure 7 
Potential Extent of Mining Based on Historically Leased Areas 
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Physical Transport in the Culebra Dolomite 

The Culebra Dolomite Member of the Rustler Formation is being studied as a possible 
transport medium for radionuclides released from the WIPP repository by future 
inadvertent human intrusion. Tbis letter report describes data collection and data 
analyses which led to our current conceptual model of physical transport in the Culebra 
It also covers how the conceptual model is implemented in the performance assessment 
(PA) of the WIPP site, and parameterization of the PA numerical models of physical 
transport in the Culebra. 

Characterization of the Culebra for Development and Testine of Conceptual Models 
In order to determine the important processes (advection, dispersion and diffusion) 
controlling contaminant transport &d to evaluate the transport properties of the 
Culebra dolomite, a series of tracer tests has been conducted. Among the most important 
issues is whether the Culebra should be modeled as a single-porosity medium with 
transport only in the fractures or whether there may be sidcant interaction with the 
"matrix" (double-porosity medium). Convergent-flow tracer tests were conducted within 
the Culebra at three locations (H-3, H-6, and H-11 hydropads) between 1981 and 1988. 
These tests showed rates and amounts of solute transport to be strongly dependent on 
flow direction, and suggested that a physical retardation mechanism was affecting 
transport. The tracer-breakthrough curves from these tests were simulated using a - homogeneous double-porosity continuum model (SWIFT 11). These simulations showed 
that the observed transport behavior could be explained by a combination of anisotropy in 
horizontal hydraulic conductivity and matrix diffusion. These tests ruled out 
conceptualizing the Culebra as a homogeneous single-porosity medium (Jones et al., 
1992). However, significant questions remained as to whether other processes such as 
heterogeneity in hydraulic conductivity could have caused the tailing in the breakthrough 

- curves that was attributed to matrix diffusion. 

Additional tracer tests have recently been conducted at the H-11 and H-19 hydropads. 
These tests included single-well injection-withdrawal tests and multiwell convergent-flow 
tests at both locations. The results of a preliminary tracer test conducted May-July 1995 
at the H-19 hydropad revealed that at this site, transport was slower than at previous sites 
tested. The relatively high advective porosity (greater than 0.05, larger than typical 
fracture porosities) that appears to be required to model these data caused us to question 
our previous conceptualization of the Culebra. Through careful reexamination of the 
geology and stratigraphy of the Culebra, we have developed a clearer picture of the 
important processes that control transport. 

The Culebra has non-uniform properties both horizontally and vertically. This has been 
demonstrated with both hydraulic and tracer tests. The upper portion of the Culebra has a 
much lower permeability and does not appear to provide pathways for rapid transport (see - effective thickness discussion below). Examination of core and shaft exposures has 



revealed that there are multiple scales of porosity within the Culebra including: fractures 
ranging from microscale to potentially large, vuggy zones, and interparticle and 
intercrystalline porosity (Figure 1). Flow occurs within fractures, within vugs where they 
are connected by fractures, and probably to some extent within interparticle porosity 
where the porosity is high, such as "chalky" lenses. At any given location, flow will 
occur in response to hydraulic gradients in all places that are permeable. The variation in 
peak arrival time in tracer breakthrough curves between the H-1 1 and the H-19 hydropads 
suggests that the types of porosity contributing to rapid advective transport vary spatially. 
In addition to advective transport of solutes, diffusive transport will occur into all 
connected porosity. Thus, diffusion can be an important process for effectively retarding 
solutes by transferring mass from the porosity where advection (flow) is the dominant 
process into other portions of the rock. Diffusion into stagnant portions of the rock also 
provides access to additional surface area for sorption. When the permeability contrast 
between different scales of connected porosity is large, transport can effectively be 
modeled by dividing the system into advective porosity (often referred to as fracture 
porosity) and diffusive porosity (often referred to as manix porosity). 

The interpretations of tracer test data to date have relied on both homogeneous and 
heterogeneous single- and double-porosity continuum models ( S m  LI and THEMM). 
Spatial variations in advective transport are represented in numerical simulations of the 
tracer tests with random fields of hydraulic conductivity. Interpretations completed thus - 
far have shown that the single-well injection-withdrawal test data from both the H-11 and 
H-19 hydropads cannot be explained by heterogeneity alone. Simulations of cumulative 
mass recovery during the withdrawal phase of the single-well tests with both 
homogeneous and heterogeneous models suggest that mass recovery should be very rapid 
for single-porosity media. The Culebra racer test data, however, show a much slower 
cumulative mass recovery, as would be anticipated if some sort of diffusional process was 
controlling mass recovery (i.e. if matrix diffusion is playing a significant role). 

In summary, the major physical transport processes that affect actinide transport through 
the Culebra dolomite include advection (through fractures and other permeable porosity), 
dispersive spreading during advection due to heterogeneity, and mathx diffusion 
(between fractures and matrix or more generally, diffusion between adjacent regions with 
large permeability contrasts), Sorption also exerts an important control on transporf 
however this memorandum focuses on physical transport rather than chemical transport. 

PA model in^ of Phvsical Trans~ort in the Culebra 
At the Performance Assessment (PA) scale. s~at ia l  variabilitv in advective transvort is . , . . 
represented by heterogeneous transmissivity fields that have been conditioned on 
available point transmissivity data and transient pressure data. In the PA calculations, the 
lower permeability of the upper portion of the Culebra has been approximated by 
eliminating this portion of the Culebra from the transport model. The possible spatial 
variability in transport properties (diffusion and sorption rates) has not been taken into 



Figure 1. Multiple scales of Culebra porosity based on examinarion of core, shaft 
mapping and RaaX logging (Holt, 1996). 

1 Anhydrite 1 

Mudstone 



account in the PA model. Attempts have been made to take into account the variability 
by limiting the parameter ranges to the expected effective spatial averages across the site 
and, when unquantified uncertainties exist, by providing conservative estimates of 
transport parameters (i.e. parameters that could lead to greater releases than expected). 
For instance, with respect to effective Culebra thickness (see next section), field data 
indicate that only the lower 4* m actively participates in flow at most locations sampled. 
Despite the fact that our rather sparse sampling network prevents us from ruling out the 
existence of regions where the entire 7 m of Culebra is active in the physical transport 
process, we have conservatively specified that PA calculations should consider the 
Culebra to be only 4m thick everywhere. 

The PA for WIPP models transport in the Culebra with SECOTP2D w l c h  is a 
double-porosity model. The physical transport parameters required by SECOTP2D are: 
(1) effective thickness (See parameter records package in the Sandia WIPP Central Files 
(SWCF-A), WPW37223). (2) advective porosity (often referred to as fracture porosity) 
(WPO#37227), (3) diffusional porosity (often referred to as matrix porosity) 
(WPW37228), (4) half matrix block length (defined as one-half the thickness of a matrix 
slab between two parallel plate fractures) which represents specific surface area to 
volume ratio for matrix diffusion (WPO#37225), (5) diffusive (or matrix) tortuosity 
(WPO#37226), and (6) dispersivity (WPWs 37230 and 37231). Effective thickness, 
diffusive porosity, and diffusive tortuosity were all specified based on field or laboratory 

,--r 
measurements. Half matrix block length and advective porosity were specified based on 
the interpretation of tracer test data from the H-3, H-11 and H-19 hydropads (Hydro Geo 
Chem, Inc., 1985; Stensrud et al., 1990, Beauheim et al., 1995). Dispersivity values were 
developed based on comparison of values inferred from tracers tests to large-scale values 
expected due to heterogeneity at the PA scale. A description of the rationale for the 
distribution of each of these parameters is provided below. 

- .  - 
Effective Thichess 
The effective thickness used for the SECOTP2D calculations is 4.0 m. This effective 
thickness represents the median Culebra total thickness within the land withdrawal 
boundary CWB) (7 m) minus the median (and mean) thickness of Unit 1 (upper Culebra) 
within the LWB (3 m) as defined by Holt (1996). There is considerable information that 
indicates that there are significant vertical stratigraphic variations in the Culebra (Holt 
and Powers, 1984,1986,1988, 1990). Based on the descriptions of numerous cores it can 
be concluded that the basic stratigraphy of the Culebra dolomite is continuous across the 
land withdrawal boundary area (Holt, 1996; Holt and Powers 1988). Recent hydrauiic 
tests at the H-19 hydropad (Kloska et al., 1995) have indicated that the permeability of 
the upper portion of the Culebra is significantly lowm than the.permeabiity of the lower 
Culebra at this hydropad. Hydrophysical (fluid) logging also suggest that most of the 
flow is coming from the lower portion of the Culebra at H-19 (Results of COLOG work, 
W P W  38402). Tracer tests have confirmed that at the H-19 hydropad the upper portion 
of the Culebra does not play a significant role in solute transport. Tracers injected into 
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the upper Culebra at H-19b3, H-19b5, H-19b7 only showed up at the pumping well 
(H-19b0) at barely detectable levels, whereas tracers injected into the lower Culebra or 
the full Culebra at these wells showed up at the pumping well in significant 
concentrations (Beauheim et al., 1995; and H-19 tracer test data (WPO# 37452)). In 
descriptions of the Culebra dolomite in the Air Intake Shaft, Holt and Powers (1990) 
noted that most of the fluid observed to come out of the Culebra came from the lower 
portion of the Culebra. Mercer and Orr (1979) report the results of a tracer ("'I) and 
temperature survey run at the H-3 hydropad which indicated that, within the resolution of 
the test, 100 percent of the flow out was in the lower approximately 10 ft of the Culebra. 
This test thus suggests that at H-3 the upper 14 ft of Culebra has a very low permeability. 
Hydraulic testing at well H-14 found that at this location the permeability of both the 
upper and the lower Culebra was quite low. At H-14 the permeability of the upper 
Culebra is slightly higher than the permeability of the lower Culebra (Beauheim, 1987). 
In summary, the bulk of the data points to the fact that in many locations the majority of 
the flow and transport appears to be takmg place in the lower portion of the Culebra, i.e. 
excluding hydrostratigraphic unit 1. There may be locations where the entire Culebra 
participates in transport, but for lack of evidence along the off-site pathway, a thinner 
thickness has been selected. If additional evidence were to be collected that indicated that 
the entire Culebra thickness should be used in the PA model, the use of this larger 
thickness would result in slower transport and a decrease in releases. 

- Dzmive Porosity 

The diffusive porosity distribution used for the SECOTP2D calculations is: 

Minimum 0.10 
10th Percentile 0.11 
25th percentile 0.12 
50th percentile 0.16 
75th percentile 0.18 
90th percentile 0.19 
Maximum 0.25 

This porosity distribution is derived from laboratory measurements. Boyle's Law helium 
porosity measurements have been made on 103 Culebra core plugs from 17 locations as 
reported in Kelley and SauLnier (1990). as well as additional porosity measurements 
recently completed by Terra Tek (WPO#38234). Water resaturation porosity 
measurements were also made for a subset of the cores. All measurements were very 
similar; the average difference between the water resaturation porosity and the Boyle's 
Law helium porosity was less than 0.005. The methodology used for these porosity 
measurements and the comparisons made are described in Kelley and Saulnier (1990). A 
spreadsheet in the diffusive porosity parameter records package (WPO#37228) 
summarizes all the Boyle's Law helium porosity data that have been collected. This 
spreadsheet summarizes the maximum, minimum, median and average for all data, data - averaged by well, and well averages averaged by hydropad, and all data averaged by 



hydropad. The hydropad averages of the data were used to develop the distribution 
presented above since the wells at an individual hydropad are very close together as 
compared to the spacing of all wells. As expected, averages from the hydropads give a 
narrower distribution than the distribution of all data. In the PA simulations 
(SECOTP2D). a single value of diffusive porosity is used across the entire model domain 
for a given realization. The value used for diffusive porosity clearly should be the 
effective average diffusive porosity encountered along the expected off-site pathway. 
Thus it does not make sense to include the extreme individual data values in the 
distribution for use by PA. 

Diffusive Tortuosity 
The diffusive tortuosity used for the SECOTP2D calculations is 0.1 1. This tortuosity 
value is the median tortuosity calculated from 36 core measurements at 13 locations as - reported in Kelley and Saulnier (1990) together with additional measurements recently 
completed by Terra Tek (WPW38234). (The measurements reported by Kelley and 
Saulnier (1990) were also made by Terra Tek.) Terra Tek fust determined the formation 
factor based on electrical-resistivity measurements of core plugs. The formation factor 
results subsequently were used to calculate tortuosity. Tortuosity is a measurement of the 
tortuous nature of the pore structure within the rock. The smaller the value, the more 
tortuous the pathway and the slower the diffusion rate. The methodology used for the 
determination of formation factor and the calculation of tortuosities is described in Kelley A 

and Saulnier (1990). A spreadsheet in the diffusive tortuosity parameter records package 
(WPO#37226) summarizes all the tortuosity data. Diffusive tortuosity is fmed parameter 
in PA calculations because there is a relatively small range to the data with few outliers. 

Half Matrix Block Length 
The matrix half-block len,@ distribution used for the SECOTP2D calculation is a 

- .  uniform distribution ranging from 0.05 to 0.5 m (i.e., full matrix block len,@ values from 
0.1 to 1.0 m), with a single value drawn from this distribution for each realization 
(implying that a single sampled value should represent an average of spatially variable 
block lengths along the expected "off-site pathway"). This distribution is derived from 
results of simulating the tracer tests conducted at the H-3, H-11, and H-19 hydropads. 
Numerical simulations were performed with double-porosity continuum models with both 
homogeneous and heterogeneous hydraulic conductivity fields. The homogeneous 
approach utilized the SWIFT-II transport code, and the heterogeneous approach used the 
~%EMM code; both are being qualified per WIPP QAP 19-1 .-(see ~ 0 # 3 7 4 5 0  for 
additional information on simulations.) 

Both modeling approaches yielded consistent results for each well-to-well path with 
regard to matrix block length. It should be pointed out that for some paths the best fit 
block length is somewhat smaller than the minimum value of the range (e.g., H-1 lb2). 
and for some paths the best fit is larger than the recommended range (e.g., H-3bl) for the 
PA distribution. However, as mentioned above, the PA distribution is really a 



distribution of expected spatial averages, since each realization utilizes a single value for 
block length for the entire simulation domain. It is also important to remember that the 
tracer test results reflect transport behavior over paths of lengths represented by the well 
spacing, or lengths ranging from 10 to 30 meters. Considering these two facts, the entire 
range of matrix block length values inferred from the tracer tests has been truncated to 
yield the PA distribution which ranges uniformly from 0.1 to 1.0 m. Any single value 
drawn from the distribution should represent an aerial average for the exit pathway of 2.5 
km length, roughly the distance from the center of the waste panels to the land withdrawal 
boundary. We strongly feel that the extreme value of matrix block greater than 1.0 m will 
not occur over regions as large as the exit pathway. It should be noted that simulations 
with a large matrix block length (small surface area for diffusion) will lead to more 
releases (compared to simulations with small matrix block lengths) because there will be 
less diffusion and in tum less accessible surface area for sorption. 

In general, the matrix block len-gh and advective porosity were the two primary fitting 
parameters inferred from comparing simulation results to field data. This is because 
essentially all of the other physical transport parameters could be measured independently 
with semi-quantifiable and rather small uncertainties; these other parameters were thus 
considered "fixed values" in the simulations (See WPO#37439). In an effort to obtain 
extreme values for matrix block length (as well as advective porosity), some of the 
interpretive simulations stressed the fixed parameters towards the endpoints of their - 
uncertainty range. The "stressing" of fixed parameters was performed in a deliberate 
fashion such that all changes to the fixed values would "push" the fitted parameter value 
in the same direction. For instance, to obtain the minimum matrix block length one 
would decrease the well spacing, the free-water diffusion coefficient and the diffusive 
porosity, and increase the pumping rate. Simulations with stressed parameters were only 
conducted for those pathways that had either very large or very small block len,@s for 
the best fit simulations with the fixed parameters at our best estimate. The best-fit matrix - 
block lengths for the stressed simulations lie at or beyond the endpoints of the best-fit 
distribution (and well beyond the endpoints of the recommended PA distribution). Again, 
as alluded to in the preceding paragraph, while such extreme values of matrix block 
len,& may be valid for simulating transport in the Culebra at some locations within the 
WIPP simulation domain, it is considered highly unlikely that they occur over regions 
approaching the length scale of the entire exit pathway. Thus the recommended PA 
distribution for aerially-averaged matrix block length has endpoints less extreme than the 
hydropad-scale fitted values. A uniform distribution is recommended because it gives 
equal probability to all values within the distribution. Even though tracer test 
interpretations to date suggest that there may be a somewhat higher probability that the 
block length should be at the lower end of the distribution, given the facts that we have 
only a limited number of tests sites and that smaller block lengths will yield slower travel - 
paths to the PA compliance boundary (e.g., more physical retardation), we have chosen to 
recommend a uniform distribution. 

8 



One final note which must be addressed relates to the fact that the PA model 
(SECOTP2D) utilizes a parallel plate model for simulating double-porosity (fracture and 
matrix) transport, whereas our tracer test interpretive tools (SWIFT I1 and THEMM) 
utilize spherical models for simulating the matrix block geometry. (The matrix block 
length is conceptualized as the thickness of a matrix block between two fractures and 
represents the surface area to volume ratio for diffusion between the advective porosity 
and the diffusive porosity.) One important consideration results from this difference in 
conceptualization of physical retardation via matrix diffusion. This consideration is 
important with respect to matrix diffusion parameters, particularly when the time scale of 
a solute pulse duration is small with respect to the diffusion time scale for solute to move 
from the fracture-block interface to the center of the block. When the pulse duration time 
scale is small compared to the diffusion-to-block-centroid time scale (e.g., relatively large 
blocks), the diffusing solute never "feels" solute diffusing in from the other side of the 
block and it behaves as if it is diffusing into an infinite length block. In these cases, the 
surface area for diffusion determines the diffusion rate and one can directly convert from 
the spherical model to the parallel plate model by dividing the block length determined 
using the spherical blocks by three. On the other hand, when the diffusion-to-block- 
centroid time scale is equal to or less than the pulse duration time scale (e.g., for 
relatively small blocks, or long solute pulse durations), solutes invading matrix blocks 
from opposite sides "meet" at the centroid, resulting in decreased concentration gradients 
and concurrent decreases in physical retardation due to decreased matrix diffusion. When 
the blocks become saturated, the spherical and parallel plate block model block lengths 
can be considered equivalent. At this limit, the double-porosity transport model 
converges on a single porosity model with all of the pore space (advective + diffusive 
porosity) immediately accessible by solutes (thus no fast fracture flow paths with rapid 
transport to the compliance boundary). Between the extremes of large blocks with 
essentially inf~nite diffusion and small blocks which allow immediate complete solute 
saturation of all porosity (equivalent to single-porosity with high porosity), the block - 
len-a obtained by a spherical model would be between 1-3 times larger than that that 
would be obtained with a parallel plate model. Given that the conversion between 
spherical and parallel plate models depends on the parameters of the simulation, that we 
expect the smaller block sizes in the distribution given to PA to have small diffusion time 
scales compared to expected pulse duration's time scales, and that the larger blocks will 
yield faster travel paths to the PA compliance boundary with less physical retardation, we 
have chosen not to divide our block l e n - a  by three for the recommended PA 
distribution. 

Advecfive Porosity 
The advective porosity distribution used for the SECOTP2D calculation is log-uniform 
over a range from 1 x 1 0 ~  to 1x10-~- This distribution was derived from numerical 
simulation of the tracer tests conducted at the H-3, H-1 I, and H-19 hydropads, and 
comparing simulated to observed tracer breakthrough data at the pumping well. As 
mentioned above for matrix block length, two different double-porosity conceptual 
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models were applied, a homogeneous media approach and a heterogeneous media 
approach. The homogeneous approach utilized the SWIFT-I1 transport code, and the 
heterogeneous approach used the THEMM code. (See WPO#37450 for additional 
information on simulations.) 

Both modeling approaches consistent results for each well-to-well path with 
regard to advective porosity. As was the case for matrix block length, for some paths the 
best-fit advective porosity is somewhat smaller than the minimum value of the range 
(e.g., H-1 lb3) and for some paths the best fit is larger than the recommended range (e.g., 
H-19b2, b3, b4, b5, b6, b7). It is important to remember that the tracer test results reflect 
transpori behavior over paths of lengths represented by the well spacing, or lengths 
ranging from 10 to 30 meter. The entire range of best fit values from the tracer tests has 
been wncated for the PA distribution based on the fact that the PA transport model 
utilizes a single value for advective porosity for the entire simulation domain. Recall that 
single value should represent an aerial average for the exit pathway. We strongly feel that 
the extreme values of advective porosity less than 1 x 1 0 ~  will not occur over regions as 
large as the exit pathway, and thus aerial averages lie between these two endpoints. It 
should be noted that simulations with a small advective porosity will lead to more 
releases (compared to simulations with large advective porosity) because there will be 
faster transport resulting in less time for diffusion and in turn less accessible surface area 
for 'sorption. 

. h 

As mentioned above, the advective porosity and matrix block length were the two 
primary fitting parameters inferred from comparing simulation results to field data. 
Again, in an effort to obtain extreme values for matrix block length and advective - 
porosity, some of the interpretive simulations stressed the fixed parameters towards the 
endpoints of their uncertainty range. The "stressing" of futed parameters was performed 

- in a deliberate fashion such that all changes to the fixed values would "push" the fitted 
parameter value in the same direction. Simulations with stressed parameters were only 
conducted for those pathways that had either very large or very small block lengths for 
the best fit simulations with the fxed Darameters at our best estimate. The best-fit 
advective porosity for the stressed simulations lie at or beyond the endpoints of the best- 
fit distribution (and well bevond the endpoints of the recommended PA distribution). 
Again, as alluded to previously, while such extreme values of advective porosity may be 
valid for simulating transport in the Culebra at some locations within the WIPP 
simulation domain, it is considered highly unlikely that they occur over reeions - - - 
approaching the len,gh scale of the entire exit pathway. Thus the recommended PA 
distribution for aerially-averaged advective porosity has endvoints less extreme than the - - 
hydropad-scale fitted values. A log uniform distribution is recommended because it gives 
equal probability to all values in log space. There is not sufficient data from the three 
hydropad test sites to create a meaningful probability distribution other than log uniform. 
Two of the tracer test sites have a relatively low advective porosity and one site has a high - advective porosity. 



Dispersivity 
For the PA transport simulations using SECOTP2D. we recommend using a longitudinal 
and transverse dispersivity equal to zero. If, for numerical stability andlor convergence 
reasons, a non-zero value is desired, we recommend a constant value of 2 m or smaller. 
For simulations using a non-zero longitudinal dispersivity, we recommend a longitudinal 
to transverse dispersivity ratio of 10: 1. The rationale for this recommendation lies in the 
fact that dispersive spreading due to permeability heterogeneity at the PA scale appears to 
overwhelm dispersive mixing observed at smaller (e.g., hydropad) scales (see detailed 
discussion below). Given that PA models for flow and transport in the Culebra explicitly 
account for heterogeneity in the permeability fields, there is no need to specify a discrete 
dispersivity value to account for mixing at the PA and smaller scales. 

Research into solute dispersion in groundwater over the past couple of decades has 
identified a characteristic trend in dispersivities over a wide range of length scales of 
interest. The trend clearly shows that dispersivity tends to increase as one moves from a 
labortory column scale (cm) to the field scale (m), with larger field problems exhibiting 
generally higher dispersivity than smaller field problems. This trend perhaps is best 
summarized by the well-known Gelhar figure (e.g., Gelhar, 1986; Gelhar et al., 1992) in 
which lab and field data from a large number of experiments are presented on a single 
plot; this plot is reproduced here as Figure 2. This figure clearly shows the longitudinal 
dispersivity, a,, increasing with the scale of the problem. Also shown in the plot are 
dashed curves which approximate the min-max envelope of the data and the straight line 
a,=O.lL where L is the length scale of the experiment domain. The a,=O.lL line 
represents the "rule of thumb" often employed when one simulates field-scale problems 
without the luxury of having site-specific field-scale dispersivities. Notable for the 
purpose of the WIPP PA simulations is the fact that at scales greater than 1 km, all data 
values fall below the O.1L line (most of them substantially below the line with values 
ranging from 0.01L to 0.OOlL). 

For the WIF'P PA, we are interested in transport from the waste panel area to the land 
withdrawal boundary (LWB). For the most likely curvilinear exit trajectories, this 
distance is on the order of 2.5 to 3 km. Unfortunately, our largest scale site-specific data 
for the dispersivity of the Culebra is from the hydropad tracer tests, with well spacings 
ranging between 10 and 43 m. When intepreting the results of hydropad tracer tests 
conducted in the Culebra, best fits with homogeneous media models generally used 
dispersivities less than or equal to O.IL. Furthermore, hydraulic testing at the hydropad 
sites yielded estimates of the lnK variance (om2) and lnK correlation scale (h) product of 
less than 1.5 m. Stochastic analyses of flow and transport in heterogeneous aquifers (e.g., 
Gelhar, 1986) derive this product as an estimator of asymptotic macrodispersivity, 
~,~.h=a,. In summary, hydraulic and tracer testing of the Culebra dolomite at the WIPP 
site indicate that at the hydropad scale the dispersivity is generally less than 2 a Based 
on Figure 2, at a length scale of an exit trajectory from the waste panels to the LWB (-3 



Figure 2. Laboratory and field measured values of longitudinal dispersivity as a function 
of scale of measurement The largest circles represent the most reliable data (Adapted by 
Fener, 1993, from Gelhar. 1986). 



km) we would expect dispersivities to range somewhere between 10 and 1000 m (or a 
normalized dispersivity A = d L  to vary between .0033 and 0.33). 

This gross estimate of large scale dispersivity derived from Figure 2 can be compared to 
site-specific spreading estimates using the PA flow model. The PA groundwater flow 
and transport simulations explicitly acknowledge heterogeneity in the Culebra 
permeability fields by providing a gridblock by gridblock variation in permeability. with 
that variation conditioned on permeability measuremenWobservations from hydropad 
scale hydraulic testing (i.e., T-fields generated by GRASP-INV, see Appendix TFIELD). 
One can estimate the effective dispersivity associated with the heterogeneous 
permeability fields by tracking particles from the source (waste panel) area to the exit 
(LWB) location, and computing the temporal statistics of the particle travel time from 
source to exit. Equation 10.7 in Domenico and Schwartz (1990) show that one can use 
the temporal statistics to compute the dispersivity from such a particle tracking exercise: 

vu 
a -2 ' -  2t (1) 

where v is the average pore water velocity (computed as the distance divided by the mean 
travel time), o: is the variance of particle travel time, and 1 is the mean travel time. We 
implemented this approach by tracking particles released along a line in the middle of the A 

waste panel area (with the line parallel to the LWB) to the Land Withdrawal Boundary, 
and the particle tracking results yielded the input parameters required for equation 1 (of 
and t). This particle tracking was performed on all 100 heterogeneous permeability field 
realizations generated by GRASP-INV for the 1996 PA (undisturbed by mining). Results 
of this particle tracking approach show heterogeneity-induced spreading to yield PA-scale 
dispersivities ranging from approximately 10 m to approximately 1000 m (normalized 

- .  values between .003 and 0.3). This result is entirely consistent with published results 
from other experiments conducted around the world published before 1992 (e.g., Figure 
2). and these dispersivities are significantly larger than those inferred from the hydmpad 
tracer test results. We therefore feel that, given no site-specific large-scale data on 
dispersivities, we can trust that the transmissivity heterogeneity explicitly accounted for 
in the Culebra flow (SECOFL2D) simulations will impart a reasonable amount of 
dispersive solute spreading on simulated actinide releases with no need to specify 
additional spreading through the dispersivity parameter in SECOTP2D. 

Gelhar et al. (1992) also summarize experimental results related to transverse 
dispersivity, and they show that the ratio of longitudinal to (horizontal) transverse 
dispersivity generally ranges between 2: 1 and 50: 1 and exhibits no clear trend with 
problem scale. For the WIPP site, no definitive I highly reliable data set exists to provide 
an estimate of transverse dispersivity. Again, we feel that the heterogeneity in the flow 
simulations will cause a reasonable amount of spreading, and we should not take credit 



for additional spreading by specifying a dispersivity for SECOTP2D which exceeds that 
caused by the transmissivity heterogeneity. 

Based on the above data, analysis, and discussion, any specified value of longitudinal 
dispersivity less than roughly 2 m  will yield similar results for solute transport in the 
Culebra dolomite from the WIPP waste panel area to the LWB. Assuming that the 
numerical codes used correctly solve the governing partial differential equations, 
simulations using local dispersivities less than or equal to 2 m will yield results consistent 
with field-scale dispersive spreading observations as reported by Gelhar et al. (1992). 
Given the lack of W'IPP site-specific information related to transverse dispersivity, we 
rely entirely on previous studies (e.g., see Gelhar et al., 1992) to recommend a ratio of 
longitudinal to transverse dispersivity equal to 10: 1. 

Parameter Cross Correlations 
One might suspect the possibility of some cross correlation between sampled parameters. 
To test this suspicion, we have prepared scatter plots of interpreted results from the 
hydropad test sites which yielded the physical transport parameters used to develop the 
PA parameter distributions (33-3, H-11, and H-19). Scatter plots of well-to-well 
transmissivity versus well-to-well advective porosity and matrix block length showed no 
observable trends, nor did a scatter plot of advective porosity versus matrix block length . 

-. These results strongly suggest a lack of correlation between these parameters, and 
therefore the recommended PA distributions include no cross correlations. 
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. Statement of recommended screening decision 

The Culebra is part of a three-dimensional hydrologic system in which slow vertical flow across 
confining layers plays an impoftant rile. Regional modeling performed for this analysis indicates 
that treating the Culebra as a two-dimensional perfectly-confined hydrostratigraphic unit is a 
valid simplification for the purposes of PA modeling. In order for the two-dimensional 
calculations to be defensible, however, their relationship to a fully three-dimensional conceptual 
model must be documented. 

. Statement of screening issue 

A two-dimensional model is implemented in the present PA modeling system to calculate flow 
and transport in the Culebm The basis for the assumption that a two-dimensional model, and its 
associated boundary conditions, adequately represents flow in this unit for the purposes of PA 
has not been systematically investigated or documented. The principles of regional groundwater 
flow in layered sediments leads us  to believe that slow vertical leakage occurs through the 
overlying Tamarisk member, but available field observations provide limited infoimation about 
the rate and direction of this leakage. Vertical leakage might impact flow and transport 

! calcu!ations in the Culebra in several ways. Some error will be introduced into calibrated 
transmissivity fields if leakage is significant but not included in inverse calculations. Even if 

...- . " ..' transmissivity fields are without systematic error, flow fields might not represent actual 
conditions if zero leakage is assumed for two-dimensional flow calculations. -. 

There is a second issue concerning the two-dimensional assumption. That is whether or not 
vertical components of flow andfor vertical heterogeneity within the Culebra should be modeled. 
It is not included in this analysis. 

. Approach 

I performed calculations using a three-dimensional regional model to examine how the Culebra 
in the vicinity of the WIPP interacts with other hydrostratigraphic units. These calculations a& 
the same as those used in FEP NS-8 to evaluate the impact of climate change. The model 

... 

boundary and initial conditions, parameters, and results are presented in the SMOR for that FEP. 
Table 1 summarizes the parameters used in the calculations. The analysis for this FEP differs 
from the climate FEP in that more emphasis is placed here on the vertical leakage across the 
upper and lower surfaces of the Culebra. 

The regional calculations suggest that the a large portion of the total flow through the Culebra in 
the controlled area might be by vertical leakage. Additional calculations with the GRASP-INV 
code to see how much the calibrated transmissivity fields and release paths and travel times 
would be altered if vertical leakage was accounted for in the inverse solution of the T fields and 
the two-dimensional flow calculations are planned but not completed at this time (memo - 
attached). A/of ,q,q.&d l; &;s cfy. fi~Zvl;/.6/c I> SWGF. 

&,- ha%J ~//fh6 . 
- 
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.I . Results and discussion 

These calculations suggest that vertical leakage downward from the Magenta makes a significant 
contribution to the total inflow to the Culebra at the scale of the controlled area. The percent of 
the total flow into this portion of the Culebra that is due to leakage is uncertain mainly because 
the vertical hydraulic conductivity of the Tamarisk at the scale of the nodal blocks used is not 
well known. The percent contribution of vertical leakage ranges from 3 to 50 percent for the 
steady-state calculations (Table 2) and from 6 to 66 percent for the transient simulations (Tables 
3 and 4). The combined range, rounded to the nearest 5 percent, is 5 to 65 percent. 

The undisturbed hydraulic conductivity of the anhydrites that make up most of the Tamarisk 
Member was assumed to be either 10.'~ or mls. As expected, the percent contribution of 
vertical leakages is larger for those calculations ( 14/41,23/50,24/51, bc, c l ,  c4, c5, c8) using 
the larger c'onductivity value. The best fit with observed heads is transient simulation c5 which 
results in a 66 percent contribution of vertical leakage. However, transient simulations with a 
anhydrite conductivity of less than 1 x 10-l2 mls were not performed. It is possible that such 
simulations would also result in heads similar to those observed and would have a-smaller 
contribution from vertical leakage. 

In each of these calculations, all of the vertical leakage between the Magenta and Culebra in the 
controlled area is directed downward This condition is indicated by the fact that, in all 
calculations, zero percent of the flow out of the Culebra is by vertical leakage across its upper - 
surface. These results are sgpported by field observations of fresh-water heads in the Magenta 
and Culebra In areas in which the Tamarisk is intact, observed fresh-water heads are higher in 
the Magenta than in the Culebra However, even these observations are not conclusive in that 
fluid pressures and densities in the strata between the Magenta and Culebra are not known. 

These calculations strongly suggest that all flow out of the Culebra in the controlled area is by 
lateral flow. This conclusion is important in that it shows that a two-dimensional model is able 
to represent realistic release paths. Also. calculated vertical leakage in or out of the Culebra 
across its lower surface is negligible. Little vertical leakage will occur across the lower su r f a s  
of the Culebra if, as assumed in these calculations, that no laterally continuous unit with high ,.' 

conductivity exists in the Rustler Fm. below the Culebra. 

. Basis for recommended screening decision 

As discussed above, the simulations performed for this analysis suggest that an uncertain but 
probably significant amount of the total flow into the portion of the Culebra within the controlled 
area is by vertical leakage across the top of the Culebra. All of the flow out of this portion of the 
Culebra is by lateral flow along the Culebra. That all of the outward flow is lateral indicates that 
all of the reasonably expected release paths can be included in a two-dimensional simplification 
of the Culebra. This is perhaps the most important point to be considered in evaluating the - 
SWCF-A: 1.1.6.3:PA:QA:TSENS-8.NS-9 



applicability of the two-dimensional model and the strongest argument in its favor. 
-< 

The two-dimensional simplification, however, does not properly account for the vertical leakage 
into the Culebra. Assuming that vertical leakage irlto the Culebra is negligible potentially 
impacts calculated specific discharge fields in two ways. First, ignoring vertical leakage in the 
inverse calculations of the T fields introduces some error into the T fields themselves. Second. 
using only fured heads along lateral boundaries to generate specific discharge fields is only an 
approximate method of representing fie actual flow field. 

It is thought that both types of approximation introduced by assuming that leakage is negligible 
are acceptable for the purposes of PA calculations. The impact on the T fields is thought to be 
acceptably small because they are partially calibrated to transient data from pumping tests. We 
know that leakage does not impact the pumping tests because a definite leakage signature does 
not show up in the drawdown data The impact of assuming negligible leakage when generating 
specific discharge fields is more difficult to address by reasoned argument. The plan to compare 
travel times from two-dimensional calculations that include leakage to those that do not should 
be completed to comptement the discussion here. However, it is reasonable to assume that there 
is sufficient data control on uansmissivities and heads that the two-dimensional calculations 
provide representative flow fields. It must be remembered that the intent of these calculations is 
no t  to determine a single "correct" flow field but rather to generate multiple realizations of the 
flow field that, if sampled, provide a representation of uncertainty. 

Although the two-dimensional model is well suited for detailed analysis of flow and transport of - 
radionuclides given certain boundary condittons, it does not provide a method for detzrrnining 
these boundary conditions or for estimating how they might change with time. This information 
must come from reasoned arguments based OE conceptual models, field observations, or from 
results of models that are designed to simulate natural flow conditions at a basin scale. The 
conceptual models must be fully three-dimensional in order to provide a defensible basis for the 
two-dimensional calculations. 
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Potential Dewey Lake 
Recharge Conductivity 

Calculation (mm/yr) (mls) 

11 0.1 2x10 '~  

38 1  .O 2 ~ 1 0 ' ~  

14 0.1 2 ~ 1 0 "  

Intact Intact 
Anhydrite Disrupted Zone Culebra 

Conductivity Conductivity Conductivity 
( d s )  (mls) (mls) 

104 3.2~10'"  3 . 2 ~ 1 0 ' ~  

10'" 3 . 2 ~ 1 0 . ~  3 . 2 ~ 1 0 ' ~  

Intact 
Magenta 
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Intact 
Magenta 

3 . 2 ~ 1 0 ' ~  

3 . 2 ~ 1 0 . ~  

3 .2~10.~  0.01 

Calculation 

5 1 1 .O 2x10" 3 . 2 ~ 1 0 ' ~  3 . 2 ~ 1 0 ' ~  

Potential 
Recharge 
(mm/yr) 

Dewey Lake 
Conductivity 

(Ids) 

Intact 
Culebra 

conductivity 
( d s )  

Intact 
Anhydrite 

Conductivity 
(Ids) 

Disrupted Zone 
Conductivity 

(mk) 



Table 2. Mass balance of flow in the Culebra cver the controlled area. 

Calculation 

11 

Flow In (% Total) Total Flow 

(m31yr) 

4723 

Top 

3 

Base 

1 

-- 

Flow Out (% Total) 

Lateral 

95 

Top 

0 

Base 

1 

Lateral 

99 



Table 3. M& balance of flow in the Culebra over the controlled area at the present time. 



Table 4. Mass balance of flow in the Culebra over the controlled area at 10,000 years in the future. 
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CORRESPONDENCE 

None 
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Treatment of colloids in Culebra transport 

On 6/6/96, we (D. R. Anderson, H. W. Papenguth, W. G. Perkins, J. L. Ramsey, C. T. Stockman, A. 
Treadway, and P. Vaughn) had a meeting to discuss the transport of colloids within the Cuelbra. 
Here is a summary of our decisions for each colloid type: 

Mineral Fragments and Microbe Colloids 
Hans Papenguth reported that mineral fragment and microbe colloids were filtered within a short 
distance in Culebra rocks. In his 611 1/96 memo he quotes filtration coefficients of O.l/cm and 
0.5Icm for mineral fragment and microbe colloids respectively. Because any mineral fragment or 

- microbe colloid that is transported up the borehole will be filtered out of the flow stream within a - short distance of the borehole, further modeling of this transport is unnecessary. This was also 
documented in a 6/4/96 memo from W. G. Perkins. 

Actinide Intrinsic Colloids 
I proposed that the inventory carried by intrinsic colloids was so small that it could safely be ignored. - - 
Plutonium is the only actinide of interest that forms significant i n d i c  colloids (papan&th 
4/22/96). Using the latest inventory estimates (Watkins, 1996) and estimates of the EPA units 
associated with this inventory (Sanchez, 1996), I have calculated the maximum EPA units that could 
be released in 40,000 m3 of brine containing le-9M Pu intrinsic colloids (Papanguth 4/22/96) to be 
about .006. 

table 4 ' table 6 ' 
EPA units total moles moles/unit fraction of Pu EPA units released 

Pu238 641 6 6.41 E+02 9.99E-02 .012 .005 
1954 5.35E+04 2.74E+01 

total Pu 5.41 E+04 
* Sanchez, 1996 

For each isotope, the EPA units released = 4e+7 I * le-9 M * isotope fractionl(mo1eslunit). .006 
EPA units could only be released to the Culebra for the one vector that releases 40,000 m3 of brine 
and only if all this brine is all released at time zero. In real vectors, the Pu238 decays away during 
early years, and Pu239 is the only significant isotope in latter years. If all the release occurred in - J latter years, then the maximum EPA units that could be released would be .001. Even if transport of 
infzinsic colloids were instantaneous from the borebole to the boundary, that release could never be 
more that .GO6 EPA units and thus can be safely ignored. 
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S U ~ ~ ~ C C  Calculations of Filtration for Microbial and Mineral Fragment Colloids 

In our meeting on June 3,1996, we agreed that I would provide you with calculations that 
demonstrate the effects of fitration on the subject colloid types. 

In his presentation at the DOE Consultation with the State of New Mexico on May 21, 1996, 
Hans W. Papenguth presented experimental evidence to the effect that microbial and mineral- 
fragment colloids are removed from suspension by fitration on being passed through - crushed-dolomite columns. The effect of the filtration can be expressed by the formula 

A .  

CICo = exp(-y x), (1) 

where Co is the concentration of colloid at the column inlet, C is the concentration at distance 
x from the inlet, and y is a "decay constant" that describes the exponential decrease in colloid 
concentration. If x is expressed in cm (centimeters), y is expressed in cm-'. The values of y 
that were presented to the DOE Consultation with the State of New Mexico were: 

y = 0.3 cm" for mineral fragments, 

y = 0.5 cm-' for microbes. 

Values of UG for several values of x for the two colloid types are given in Table 1 and 
planed in Figure 1. Clearly, within a very short distance for either type of colloid, the 
remaining colloid population has been reduced by fitration to an extremely small fi-action of 
the inlet value. The "half-distance" for mineral fragments is slightly over 2 cm, and the 
"half-distance" for microbes is even smaller. 

Based on these calculations, we propose that Performance Assessment should ignore these 
colloid species, as they will effectively disappear within distances well below 50 cm (which 
is less than typical calculation mesh sizes). - ' 

Exceptional Service in the National Interest 
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Table 1. Calculations of C/Co as a function of distance traveled in 
Culebra Dolomite rock for microbial and rninerai-fra, ornent colloids. 
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Figure 1. Plot of UCo as a function of distance traveled in dolomite 
for microbial and mineral-fragment colloids. 
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date: 2 September 1996 
/ 

Sandia National Laboratories 
Albuquerque. New Medco 871851324 

from: Jim McCord, 61 15 / MS 132 

subject: Cross-Correlations for WPF' PA: Culebra Physical Transport Parameters 

In section 3.4 of the Annlysis Plan for Determination ofPhysical Transport Parameters for the 
Culebra Dolomite (hereafter referred to as the Analysis Plan), McCord and Meigs (1996) discuss the 
need for integrating the results from interpretive analysis of the Culebra tracer tests to yield a set of 
physical transport parameter distributions to be used in the performance assessment (PA) model for 
the WIPP. Based on the results of the interpretive analyses of the tracer tests integrated with other 
hydraulic and geologic data 1 information, we have recommended conceptualidng the Culebra 
dolomite as an equivalent homogeneous hctured media with no parameter cross-correlations. With 
this memo, I outline the reasons for including no cross-correlations between parameters. 

To help explain our rationale, it is helpll to look at data and results collected to date. Culebra 
physical transport parameters for which we provided values to PA consisted of Culebra thickness, 

.- matrix torh~osity, d s s i v e  porosity, advective porosity, matrix block length, and d ' i s iv i ty .  Section 
3.4 of the Analysis Plan suggested a possible cross-correlation between transmissivity and the degree 
of double-porosity transport behavior at a hydropad location This initial inference was based on the 
results from the H-1 1 and H-19 hydropads. Perhaps the most direct way to test such a correlation is 
to construct scatter plots between transmissivity and dual porosity parameters (e.g., matrix block 
length and advective porosity). Figure 1 shows such plots, constructed using transmissivity and 
physical transport parameters inferred from hydraulic and tracer test results at the H-3,811, and H- 
19 hydropads. A brief inspection of the plots presented in Figure 1 reveal no obvious correlations 
between transmissivitv and the physical trans~ort parameters. It has been noted that in some cases . - 
plotting scattergrams of the serial ranks of parameters can reveal correlations which are unapparent 
from scatterergrams of parameter values @+Aton et al., 1992). We therefore also plotted the serial rank 
of both the advective porosity and the *trk block length &nst the serial rank of transrnissivity and 
against eachother. These scatter plots are presented m Figure 2, and again no correlations are 
suggested. Furthermore, no trends or zoning patterns are apparent in the distribution of physical 
transport parameters across the W P  site. Based on these results, we opted against recommending 
that the W P  PA consider crosscorrelations between the transmissivity and the physical transport 
parameters. In summary, the data collected to date indicate that no correlations exist between 
transmissivity and physical transport parameters for the Culebra dolomite. 
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Fig. 1. Scatter plots of T and physical transport parametersfor Culebra dolomite 



Fig. 2. Scatter plots of ranks for T and physical transport parameters 
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