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REVISIONS OF PREVIOUSLY SUBMITTED RANGES OF MATRIX &S 

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

First, Triay and her group at LANL used a density of 1.00 glml instead of her 
measured brine densities to calculate empirical &S for Pu, Am, U, Th, and Np in 
the absence of organic ligands. ~herefore,'she reported &S somewhat higher than 
the actual values (compare Tables B-1, B-2, B-3, B-4, C-1, C-2, C-3, C-4, D-1, 
D2, D-3, D-4, E-1, E-2, E-3, E-4, F-1, F-2, F-3, and F-4 in Appendices B 
through F of this and the previous memorandum). However, she calculated the 
concentrations of the organic ligands in Table G-1 and the Kds in Tables G-2, G3, 
G-4, G-5, G-6, and G-7 (see Appendix G) correctly and did not revise them. 

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

* 

After Triay and Brady revised their results, we used the same methods' 
described above to re-establish the ranges and distributions of &S shown in 
Table 1 of this memorandum. Appendices B through F contain detailed 
descriptions of these methods, including all of the revised empiii'cal-sorption data, 
the revised mechanistic-sorption data, and the original column-transport data 
considered and included or excluded. (Actually, Lucero and his colleagues at 
SNL revised the results of their transport study with intact Culebra cores twice 
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* - . i 
prior to submission of the original ranges and distributions by Brush (1996). 

' .  I 
L * I  

Comparison of Table 1 in Brush (1996) and Table 1 in this memorandum " 
reveals that revising the empirical and mechanistic &S changed many, but not all, 
of the upper and lower limits of these ranges. We did not change the (upifop) 
probability distributions of any of the ranges (see Methods Used to ~S"tabEsh 

1 

Probability Distributions of Matrix &S below). 

We realize that it is too late for performance-assessment (PA) personnel to re- 
run their transport calculations with the revised ranges. However, PA can still use 
these Kds to assess the impact of the erroneous values on their cdculations. Based 
on our discussions with them, we do not expect any significant impact. 

@ 

The remainder of this memorandum is essentially identical to Brush (1996), 
except that we have revised the &S as necessary (see the tables listed above in 
Appendices B through F) and the parameters used to describe the' extent of the 
ranges (see Methods Used to Establish Probability Distributions of Matrix &s), 
and inserted the word "revised" as appropriate. 

This memorandum contains revised 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 memorandum, a matrix & is the equilibrium ratio of 
the mass of Pu, Am, U, Th, or Np adsorbed on the solid phase(s) per unit mass of 
solid(s) divided by the concentration of that element in the aqueous phase (see, for 
example; Freeze and Cheny, 1979). PA personnel required &S for Pu,-Am, U, 
and Th for their calculations to support the Waste Isolation Pilot Plant (WTPP) 
Compliance Certification Application (CCA) (see Ramsey, 1996). (We will 

., include this memorandum, the original ranges and distributions submitted by 
. Brush (1996), and all of the other memoranda cited herein in the parameter and 
: . analysis records packages for these revised &s.) Actually, PA required Kdi for 

- various isotopes of these elements, but Ramsey (1996) did not specify them. - -  . 
However, Garner (1996) stated that PA needed &S for U 9 ~ ~ ,  "'Am, 2 3 4 ~ ,  and 
2 3 0 ~ 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 & determined for 
one isotope to any other isotope of the same element. We are resubmitting &S 

for Np in case PA requires them for sensitivity calculations to show that omitting 
this element did not affect the long-term perforrnance"of the repository 

- significantly. 

We, the Sandia-National-Laboratories (SML), and SNGsubcontractor 
personnel working on or familiar with the dissolved-actinide Retardation 
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Research Program (RRP) or related aspects of PA, established the ranges and 
distributions submitted by Brush (1996) from results obtained by the RRP 
through May 3 1 ,-,I 996::- In. this memorandum, we have, used the same muhods *,- -. -2. '  s w . ,  - along with the q v i s d  :empirical &d iaechanistic sorhtion' daii to .eiiabljsh the tr 

revised ranges dnd di~tributi~ns shown in Table 1 (see Revisions of Reuiously 
Submitted Ranges 'of Matrix Kds above). Both the original and the revisgd 

, ranges and distributions pertain to dolomite-rich rock in the matrix (intact rock 
- 3  - 

betwee; 'the fractures) of. the Culebra.: (We use the t e k s  " x x u t r i 2 '  and 
"'fractures"-- in a sense, corresponding to transport pathways with 
relatively low and high transmissivities, respectively. Our use of these tenns is 
consistent with the double-porosity conceptual model of the &lebra proposed by 
L. Meigs and her colleagues at SNL and its subcontractors.) Neither the original 
nor the revised ranges and distributions include &S for the clay-rich rock 
associated with f iache  sdaces 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 
sudaces 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 fof sorption by clay minerals on 
fractures. We believe that omitting Kds for clays is conservative. 

. / . . -  . . 
? c - 8 - . A  

FRACT&E-SURFACEKSS I 
s - , .  -- 

& .  

- , ,-r.  ' - % - I  ' . - -' 
' .. ': < >  . 

, -- A We recommend that PA personne146 the fracture-surface &S (&ally, &s) 
for Pu, Am, U, Th, and Np in the ~ulebia  equal to zero: A distribution, coifficient 

- expressed on a per-unit-smface-area basis, or K, is 'the equilibrilim ktio of the 
mass of Pu, Am, U, Th, or Np adsorbed on the solid phase(s) per unit &a of 
solid(s) divided by the concentration of that element in the aqueous phase (Freeze 

; and Cherry, 1979). We also recommend that PA not includh .sorption by a 
discrete layer of material associated with fiacture surfaces. Setting these &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 ma'trix. WTPP Performance 
Assessment Department (1992) discussed sorption on fractures in detail. 

. . 
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. . . .  : REVISED MATRlX K ~ s  
. . ., - . ..: . , .. - r c  

. . . . . . . . .  ,- :;: .. ..: . - . , ' x  . . . . . .  . . .  :.,.... .<.?.,..,fh' -::-., -.. , .: - .  . . .. ~ 

. . . - . . . . . . . .  . . . . .  . <. 

. . . . . A .  >::..:. . , .  . .- ;.:, >:.;$:..:::x; :. :;>,,.<. :<:.: .;.:* - . . :  . . . 
... .-. . . . .  . 

. This section b@{flyl desdriks t& lab6i$t9ryry . . . . .  studies used to determine matfix 
&s fo~'di&olved h, A~;'u,:J%, ahd Np, &d the modeling study used t o q e - c t  
the oxidation-state distributions of these elements under conditions expected h 
the . Culebri. ....... I ? .-..... 1t .... C -  then .. ..- ..-.. .,.:: discusses,,.the .- -. . . . . . .  -, . . .  <:*. .:... &ethodsused ........ to establish revised ranges .and - .- - 

. , prob;&ility . ,  . . &trib;tiom. of the$& &s. i:;i:L:::' :: f : . . . . . .  .-.. . : . . . . . .  ....... :. .. ..>.. . . . . .  . :-..;., . . .  ....: .... ". . .,... ,." - '  -" . , .  , _. ' _  . . . . . . . . . . . .  . . . . .  , ,  . . . . - .  
Description of Laboratory Studies 

Used to Determine Matrix &S 

The RRP carried out several laboktory studies of the sorption of Pu, Am, U, 
Th, and Np by dolomite-rich-rock &om the Culebra. Papcnguth and Behl(1996) 
described these studies in detail. These studies used different experimental 
methods and considered the effects of several factors on actinide sorption in the 
Culebra. The results used to establish revised ranges and probability distributions 
of matrix &S for Pu, Am, U, Th, and Np in the Culebra appear in Appendices B 
through F, respectively, of this memorandum. (These lengthy appendices are 
available on request to anyone who did not receive them.) Detailed descriptions 
of these laboratory studies and the complete results will appear as SNL andor 
SNL subcontractor reports after submission of the CCA. . 

4 .  

L 

L Triay and her group at Los Alamos National ~abo&tory (LANL) carried out 
an empirical study of the sorption of Pu(V), Am(III), UCVI), Th(IV), and Np(V) 
by samples of dolorbitelrich rock from the Culebra Triay used four synthetic 
fluids, Brine A, ERDA-6, AISinR, and H-17, for her experiments with dolomite- 
rich rock. Brine A, described by Molecke (1983), simulated fluids equilibrated 
with K- and Mg-bearing h e r a l s  in overlying potash-rich zones in the Salado 
Formation prior to entering WIPP disposal rooms. It is also similar to 
intergranular Salado brines at or near the stratigraphic horizon of the repository. 
These brines could accumulate in WIPP disposal rooms after filling and sealing, 
and flow from the repository into the Culebra in the event of human intrusion into 
the-reporitoj. 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 % C02. The COz partial pressures in these runs were IO-~.'~, 10-1.98 , 

and atm, respectively, the range of PCO2 calculated for Culebra 
groundwaters by Siege1 et al. (1991). Furthermore, Triay studied the effects of 
dissolved actinide concentration on sorption. These experiments yielded sorption 
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. . 

. .. isotherms, , plots _ C . , _ . _ . .  of the quantity of . radiknuclide - .  , . . .  sorbed by the solid phase or 
: ph&gs;'venm: the &h $i&lved :: iadi&Cli&2 Con&ntiatib;i; or plots of KdS 

, *  , ~.. .-.*;... '.i ..' . .-.+-.. . .,.-..,- -5,. . 

versus the final- dissolved adionuclide bn~entration.~ (We will include these 
,,:,. ' ,,,,:>.- ,-y;+ ;-.,r ,:. . ..-... .*+-.. ,,a,.. ?.>... ~.<.>*.,,?' - . . .. '.' ,.*. .k-;.*;: - . . , _ . - . /  

: : .  . ;. isotherms .id.the:$keteradd.andys$ records pkka8ei for these'riviied &s.) 
' . .. -.. . I;...... .... - -  .~.YJ,$?~:~.-.-+:..:.FC.:~. ... ..,.- .;...u.-,.. . 6.. -.. . -. .. . . *.'. ...,. :* . , . ...( . ' 

. . , , .. n e s e ?  .:.- ( .  . plots ,." . - ,: ..$ 
id:'tun('p'rovided;; , information on the' nahve of fhk &actioas) 

. ,r&ponsible for ,.,, rem6val .. .... of radionuclides from iolution: Finally, Triay studied &e 
. . . . e f f h  of equilibration .he~(3-days&d.l-; .*., /_ . . ... . . . , 3; 6; or 8:weeks) . .. . . and direction of . . ' ..."'... 'A'. T'..  ... ?:.. , .'-. :"2,$.C>:-. <: - 7 . .  F. ..- .- . ,- . ; .. - - - A , ,  -,., r r * - * .  *,.;:,, .."-.- -,. ..-..... 

. . , . . .. .. a reaction ... .: i - . (sorption . . . .+- t.3..... or . .ilr desorption) .,. ..? ,on 3orption:i Triay crushed,tde sarhples; selected 
. . .- 3,:. ;, ..d >.::.-. 

the -15-to-5Wpm .size Eracti~n ( ~ i g r u f i & ~ ~  larger than' the' me~dol6mi te  grain 
diameter of about 2 ym), washed these subsa&les with dilute HC~' to remove 
crystallographically strained sdaces, fine particles of dolomite: and Fe- and MU- 
orlhydroxides, '&d pretreated them with the same type of brine to be used for the . , .. 
actual , 'experiment . ._ ....- for perio+of l ime for  the most p& identical to those of the . . .... . , ,, . .  . . 
sor$on and desorption &is.: Triay carded out each of the pietreatments md the 
actual experime& with 20 ml of brine and 1 g of rock During the runs that 
yielded the &S 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 t&e solutions.' She carried out most of her experiments, 'and a l l  
of the runs thatyielded the &S used by PA, with samples of dolomite-rich rock 
taken from AIS core segments adjacent to those used for the column-transport 

' -study (see below). X-ray-rnaction 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 Kds for PA contains a lower concentfation of clay 
' ,yinerals than the,Culebra as a whole (estimated, based on previously published 

. andlbngoing'stidies of Culebra mineralogy, to be about 1 to 5%). Triay also 
- c&ed out a few experiments-with dolomite fkom the 8 1 9  HydroPad and clay- 

, : : . rich rock fiom'the lower, unnamed member of the Rustler. (The clay minerals in 
, . .. d .'-.the *: -% lower &berare identical to tho& lining fracture surfaces and dispeiied in 

i_-. the r&& of the Culebra.) - This study yielded a large number of K& for actual 
. . sampies of -near&. p r e  ,Culebra dolomite and actinide-bearing synthetic fluids 

. . ~ l o s e l ~ , ~ s e m b ~ ~  those that could actually flow through the'culebra after human , - 
:. intnfsion;... ,<.-;.:..! . i:z.f:z;T .. - ,- k::. , : ,, 

. . .  . ? . - .  

. *. . , . .. ' . , . - .  . . , . 

. . .  

. . ,.. 
P. Y. BAdy 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 nonradioactiveanalog of 
. A m o  &d Pu(IlI)), U(VI), T h o ,  and Np(V) from synthetic 0.05,0.5, and 5 M 

NaCl sol&ons by samples of well characterized, pure dolomite from Norway. 
~ r a d y  used a limited-residence-time (1 min.) reaction vessel to minimize the 
extent of dolo&te .- dissolution, , actinide precipitation, and .-other reactions 
unrelated to sorption during his experiments.. This allowed him to study the 
effect. of pH (from about 3 or 4 to 9 or 10 in most cases), the COz concentration 
of the headspace (atmospheric, 0.5, and 5%), and the concentratiois of potentially 
sibgificant cations and anions on sorption in the absence of complexities caused 
by other reactions. Brady crushed the samples, selected the <106ym size 
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. . 
. . . .  . fraction, washed them with dilute HCI, and pretreated them overnight in an NaCl .... ) -. .' -. . - . . . .  . . ,,.:.i :.: : .. : ~. :. .. -~.:q_.s6lutio~ with ihe s\&e conce&ration to be used foi the a&al kxperiments, and a ? . ., , -:. ... , d . Ia  . .  .. -. . . .  2 < . . . . . .  - .., ; z=.. :: . .?', . * 

?... . . .  . . _ .  - . .  ' . : . , . . ,q~~:~-  . ................... iolution-t&solid ratio of 100 ml per g of 'dolomitk. . ...., ,,:". ~e c d e d  out the actual .. .-- . - ..,;,- - .... ... 
,,,.. . .. - > t .  '. . . . . . . . .  Lc::Tsir.' . : +J,,:~ii....,&u i,i~j.experiments.with , ........... .:. ..... se\;&ral actinide eleme'nts at time, ikd lisolution&-solid ratio 

I.^..*::.. ...... -. . , 
:.. . > . . . .  ? .. . .  . . . . . . - .- .- .: is : of 200 d g .  -Afterrhis runs;.Brady separated the aqueous andsolid phkcs .y@h a 

. 0.22-j~d filter, analyztd: the solutions by inductively coupled pla&a 
. . ... .- :r. " . .  ' 

. ,.ik,L . .  :/ , .J. .3; 
?-$.;.: - : ;. ..... ..: ;%. e m i s ~ i o n l ~ s ~  ......................... spectrometry; and determined &s from the differences between 

: .;= ,. ., ...... . ; . -  ;.:,-.. . ~ -:. ,--. - -  . * . _  .;, :,.:~;;~;.~;,~~ . thi:initial and thi2&&' mdiiniClide c&c&naatio&'. in the ~olution~. Although 
. , .  I. . _' -. .- .. ...I... 

. .  . . .  : . '  : 
: ::> this ~ d y " d i d ' ~ ~ ~ ' y i e l d  &i for actual of Culebra r&ck 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 fiorn use of an MgO backfill in disposal rooms (see below). . . . . .  . . 

D. A. Lucero and his colleagues at SNL 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 groundwater flow in the vicinity of 
the AIS (see Predictions of Actinide Oxidation States in the Culebra below) and 
stored them under conditions that minimized evaporation of pore water. Prior to 
his experiments, Lucero cut 4-to-20-inch sections from the original cores and 
potted them in Neoprene. He then placed the potted core sections in 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 experiGents, 

, contin~ous injections of Pu(V), A m m ,  U(VI),* T h o ,  andlor N p o  by - .  
introducing synthetic AISinR or, in a few runs, synthetic ERDA-6 with low 

- , . ' ._ . concentrations -. of the radionuclide(s) into a cavity cut in the top of each core: He 
-. , ,- then pumped' additional brine through these cores at low flow .rates (0.1 'ml/min 
, c - -  . 

and, in a few runs, 0.05 mVmin) for periods of up to 237 days (eqbivalent to 
. pumping up to 34.2 pore volumes of brine through these cores). ~heseflow rates 

are at or close to the upper limit of the range of in situ fluid velocities: He 
* .a collect& the effluent continuously and analyzed it every 5 "inl'by y 's~&tio&etry 

or LSC. He also used scanning y emission tomography to image the coiki. By 
injecting different radionuclides at different times and, in some cases, by using 
different brines, Lucero carried out multiple, sequential experiments with each 
core. Because this study quantified actinide sorption from fluids flowing thrbugh 
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 &S directly. For U and Np, which were 
moderately retarded by sorption, the observed delays between the elution peaks 

- of nonsorbed radionuclides (such a s 3 ~  or = ~ a )  and those of U and Np yielded 
discrete values for the retardation factor R, which were then used, along with 
porosities determined with the nonsorbing tracers, to calculate &s. For Pu, Am, 
and Th, which were strongly retarded, Lucero did not observe breakthrough,'even 
after pumping brine through these cores for 6 1, 1 18, and 21 1 days (Pu and Am) 
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. . . . 
and 133. 146 and 237 days (Th), equivalent to 8.83.17.0, and 30.4 pore volumes . . ... : -' 

s- _! . - (PU 'and ~ m )  , and  19.1; 21.0. and 34.2 volumes' (Th): Therefore, he was '.. , . ., ;.. a :  ; re*.. - -... - 
\ .  

- . only able to calculate minimum,values of R and Kd for these elements.. These 
r .  r ,* I. r - '  

.. , .. . . , ; I , .  -,.. 1 ' . . -  I .  _ " .. 
minimum : values: depend i n  factors such as the initial konkntration of each 
radiohuclide, the volume of brine pumped through the core, and the andytig . .  . 
detection limit for the radionuclide in addition to the extent of retardation. . 2 

, . -  ;., A "  . . . . . 
. p  .. . -  
t .. :., 2 .,:.:.:- ,.... ,: . , . . , . _.. ..'!.. . . . ~ _ .  . .  . . 

> _;,.:,_ i: - - ' ?  . *. -... * . . - -  .'-'.. : 
. . . , ... . - . < .  . . 

. . , . ..: .- .. 
' .. . .., . . .. . . 
. . , .. . . . . . .: Predictions of ~ctinidk Oxidation States in the ~ i l e b r a  
' 

. . . . . . . .  
'. . 

. ~ecause oxidation state significantly affects the chemical behavior, including 
sorption, of the actinide elements, predi&ions of the oxidatidn:state distributions 

, of P i  U, and Np in the Culebra were necessary to establish ranges arid probability 
, 

distributions of mat& &s for use in the PA calculations. For Pu, U, and Np, the 
following oridation states are possible in low-temperature, geochemical systems: 
h 0 ,  P U N ,  fi(V), and R.0; U O  and Urn; and N p O ,  Np(V), and 

. , Np(VI). For Am and Th, only one oxidation state, Am(III) or Th(IV), 
respectively, is possible. 

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

. ,* for applications other than the WTPP Project, A S P  personnel predicted that Pu 
. will speciate as P u O  or Puw), but not as Pu(V) nor Pu(VI), that U will 

A -  
speciate y U O  and U(VI), and that Np will speciate'as N p O  and Np(V), but 
not as Np(VI), in deep (Castile and Salado) brines in the repository. To evaluate 
the applicability of these predictions to the Culebra, H. W. Stockman of SNL 

. . ,"  carried out a modeling study of the oxidation states of Pu, U, and N~ in. the 
Culebra (see below). This study showed that Culebra fluids are poorly poised ! .  : i* 

(have limitLd ~a'~gcity to either oxidize or reduce actinide elements). Therefore, it 
was reasonable to use the oxidation-state distributions of Pu, U, and Np predicted 

,+ for WIPP disposal roim to specify the oxidation states of these elements in the 
, Culebra ,.-Using the ASTP predictions for the Culebra ensured ' consistincy 
1. bekeen "the. oxidation-state distributions of these elements in WlPP disposal 

rooms &db'at the point of injection of deep (Castile or Salado) brines into the 
_ I , .  

Culebra following hum& intrusion into the repository. This in turn obviated the 
need to specify redox reactions in the Culebra, and the need to incorporate 
possible, concomitant dissolution andlor precipitation reactions in SECO, the PA 
code for Culebra flow and transport. 

*., . . .>. 
ASTP Ad PA personnel calculated solubilities for either P u o ,  U o ,  and 

N~(TV), or , P U N ,  >U(VI), and NpW) in any given vector. PA specified the 
oxidation states of these elements by sampling "oxstat," a parameter with a 
uniform probability distribution of 0 to 1. If the sampled value of oxstat was 0.5 
or less, PA used the solubilities predicted for Pu(m), U O ,  and N p o .  (Tbese 
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solubilities were also sampled parameters.) If oxstat was griater than 0.5, PA 
: used solubilities ,for P u o ,  U(VI), and N p o .  : We recommended that PA use 
..;.the ranges and distributions of &s for the oxidation states ,of PU,. U, k d  Np . .*r . . . . . . . . . . . . . . .  - ,  - . . *  , . ,. 

..'.Saeled for each v&tor.a::;: . . c . :  . . ".: . . . . . .  : ; . :  . 
I : .. . .  

. . .  . . . . .  * .  . - 
. . . . -. - . *- 

.. - - 4; 

This approach was equivalent to assuming that the oxidation-state distributions 
of Pu, U, and Np predicted for WIPP disposal rooms will be maintained along the 
entire off-site t rkpor t  pathway in the Culebra '(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 d i shce  from 

. . the point of injection to the boundary of the Land Withdrawal &a will be about 
2.5 or 3 km.) This assumption was certainly reasonable at the point of injection 
of deep brines into the Culebra and for some, perhaps significant, distance along 
the flow path. Because, in general, redox equilibrium is not observed in low- 
temperature aqueous solutions (see, for example, Lindberg and Runnells, 1984), 
the oxidation states of Pu, U, and Np predicted for the repository could persist 
along the entire flow path in the Culebra. At some point, however, the oxidation- 
state distributions of these elements might equilibrate with ambient conditions in 
the Culebra. 

To evaluate the applicability of ASTP predictions to the Culebra; Stockman 
used the EQ316 geochemical software package- @aveler and Wolery, 1992; 
Wolery, 1992% 1992b; Wolery and Daveler, 1992) to predict the oxidation-state 
distributions of Pu, U, and Np after mixing deep (Castile and Salado) brines 
containing these elements with Culebra brines. Stockman made various 
assumptions as to: (1) which naturally occurring or waste-derived dissolved 
species will control redox conditions in the deep brines after injection into the 
Culebra; (2) which naturally- occurring dissolved or solid species control redox 

- &  - conditions in Culebra brines; (3) whether to use the data base & ~ ~ 3 / 6 , - % r  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 (Mebra 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 

7 
. transport pathway. 

' a  

, ,- 
- .  

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 would have been necessary to 
specify weighting factors to combine the ranges and probability distributions of 
matrix &S for dissolved Pu, Am, U, Th, and Np established for deep and Culebra 
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brines and obtain an overall range and distribution for a' given element or . .. - - 
e]emeIlfal bx-dation state .&,  '. , 2:: ‘. -3,:. -; . . . , ,," . ' ..,.:. .- * '*~~~L.~:;C'- <* '.. . . , 

. .. : _ .  . . . . . .  
i - , 

.. , .,.;. ;; : :.s-~:: ;,-.. ?# : .:.:.:..:, , :, a , . ' '  ' . ' -, .'..-..... 2,. . t < , l . . . . . , . .  - + . -* 
. . ... . , - -  .. . . .  . 

i - 
'. . . ,: % : .. . ; 0~inionidiff6i. significantly on the extent to which deep and Culebra brines . ., 

will & inthe ~ulebra. Oneextreme of a w e  of possibilities is that., &&use--of 
the 'density difference between deep and Culebra brines andlor limited spread& 

I ' . "  .. . . .i._, , .. 
. .  ., .. 

due to heterogeneity a ,:'slug': o f .  b e  will flow along tbe &tire off-site ..! . , .,'.. . .. . . , , .... . ::c..-; : .. .:, .i .. .. -8;. . .. 
. -. . . .. . .. . . . . .  - .  . ;.-: q  port .. ...- $ithwBy , -.=.- w i t h 6 ~ t 6 i g n i f i ~ & t ~ ~ ~ ; .  The other extreme is that, because 

of 'iefk.ivkl$' high hetkr~~eneity, hydrodynamic dispersion will reiult in rapid 
mixing, Ad the composition of the injected f l ~ d  will resemble that of Culebra 
groundwater - . .. on the order of hundreds of meters from the poht of injection. 

. _ . I .  - 
. We submitted these ranges and distributions to PA concurrently with the 
sib&ssi6n of Culebra hydrologic by personnel fiom Geohydrology 
~epartment 6115. Therefore, we were unable to carry out brine-mixing 
calculations with the current hydrologic parameters prior to establishing these 

: ranges and distributions. In the absence of mixing calculations, E. 3. Nowak, 
Manager of Chemical & Disposal Room Processes Department 6831, instructed 
us to take the following, conservative approach: (I) 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 Revised Ranges of Matrix &s 

This subsection briefly describes the methods used to establish revised ranges 
of mz&x &S for dissolved Pu, Am. U, Th, and Np under conditions expected in 

" A .  

tbe ~ulebra. .we carded out most of the work described in this subsection at a ... . . .... 
meeting held April 1 and 2; 1996, here at thk BDM Building. Sixteen sNL: and 

. I .  . ,. ~NL-~~&ont&tor personnel working on or familiar with the RRP or related 
aspects of PA participated in all or part of this meeting. Two US DOE Gklsbad- 

;I Area-Office and Carlsbad-Technical-and-Administrative-Coo - peridme1 
.. observed all or part of it. Appendix A (see below) contains the hivitation to, 
i ' 7  4 ' .  . - I  

. . agenda for, and list of the participants and observers at this meeting. (This and 
, . the oiber six appendices are available on request to anyone who did not receive . 2 - .' 
: them with this memorandum.) Detailed descriptions, including al l  of the revised - -  - .  

empirical-sorption, . . revised mechanistic-sorption, and original column-transport 
data considered and included or excluded, appear in Appendices B through F, 
respectively: Appendix G contains the original results of experiments on the 
effects of four organic ligands on these Kds. . . . -  

.. . .. , - _. - ' - 

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

. ArnCm), U(VI), Th(TV), and Np(V), and to use the experimentally obtained ranges 
- for Am(m> and T h o ,  and the oxidation-state analogy to establish ranges for 

P u o ,  and Pu(IV), UV), and Np(IV). Based on the ASTP predictions of 
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. , oxidation-state distributions for Pu, U,: ..and,- ,._.,. Np , in .  -... WIPP. . _  /-.... disposal rooms and - ;. S;OCkman,s .predi.tions for the &&bii; *i .hit..-@ *k*i;;s'Sibje . c o ~ i M t i o n s  
. . 

: . o f  &smPtions (see Predictions of ~&tinide-. .. .. . _._ oxidation . ' ,.... States '.: . in the Culebra 
i" 

. . .. ... d .A,.---. , . . , above), .a : ,,-. . .. we.did .. not plan $0-establish ..rn'experimentally~obtained .. . . , . .. .- . . . & for Pu(V), 
. .: nor. to use the experimentally obtained range for u(VI)bd the oxidation-s~te .. . ,  

' ~analogytoestablishrangesforPu(W)andNp(W). - ,  . ' 

*. -.; - --<.. , --. , .=I: - - -  -- - y,--% *. 7 " 
> . - - .  :.'- < < . . - * r -  

. _:We established separate ranges for the deep (Castile and Salado) and the 
Chebra brines for each actinide .element' or elemental oxidation state (see 
Predictions of Brine Mixing in the Culebra above). However, we did not establish 
separate &ges for the, two deep brines studied by Triay a id  her group in the 
L& empirical sorption study (Brine A and ERDA-6) because the PA 

.-calculations carried out with the multiphase flow code Brine and Gas Flow to 
sGport the WIPP CCA have predicted that, in some vectors, the brine in W P  
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 fiom above. (The 
latter brines will resemble Castile brines after reacting with Salado minerals.) 
Therefore, we established one range for Brine A and ERDA-6 to simulate these 
compositional variations. Similarly, the Culebra off-site transport pathway 
predicted by previous PA calculations (see Predictions of Actinide Oxidation 
States in the Culebra) contains groundwaters that resemble both Culebra fluids 
used by Triay (AISinR and H-17). Therefore, we established one range and - 
distribution for these fluids to simulate possible compositional variations along 
the flow path. 

For U(VI), T h o ,  and Np(V) (see Appendices D, E, and- F), we used the 
following methods to establish separate, experimentally obtained ranges for the 

- 
deep and the Culebra brines. First, we considered aN of the 6-beck so$& data 
fiom 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 isot6enns 
have provided information on the nature of the reaction(s) responsible for re;hoval 

- of radionuclides from solution. (We will include these isotherms in the parabeter 
and analysis records packages for these revised &s.) 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 artScially 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 Kd followed 
by removal of the dissolved actinide after a sorption experiment, thereby resulting 
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. in sorption of a higher proportion of.the actinide on the sorption site with a high . . . .  . .  . .. ). L. 4' .-...., . . 
. .  . . .  ... & during the desoxption, run. - . .  , :. . .  . ., .. .. . . 

4 .  . ...... . . . . . . . . .  2. .  '. , - -  ' 5 ,  : -._. < : . 
.! : , . :. . - .^_ - . . . . .  . . . : .  . . . . .  . . .  . . . ..I.. _ _  *. . 1.,5 , ::; . . 

. . . . . . . . . .  - .  
' , . .. . . . . . .  -,,. .... .,,.= ............... : .,:. .: .,.- -..- -'---<c . . . < . . .  - .  . . . .. , . ' ............ . . . . .  , ! . .  , - -. 

.... .:. To es'tablish:'. . thir;i~irin~ . ranges f o r  the deep brines, 'we. first consided all the . . . .  * .  .... : & &&ed from' th;' - &G+k. . -'_. . . . . . . .  sorption &xpe&&ts &&-jed out with ~&d.  and 
ERDA-6 o n  the' 'bench ,.top. (in ,,contact-, . with, ambient atmospheric ~0;). 

$.-"- . % .  ..... . 3 . 5 " .  
...... : Atmospheric C@ h q a  . . . . .  p,a.@al < .  <..*. bressure_bf .. ). ..*% ab6ut.10- . .: . . . ,, :, - + I>, ..... lowest C02 prutial 

preisine used.:in 'the , L W  study:;;: p&al.'$nssure is' equivalent to a co2 con&i*. of o.oy3s . in .&":: Lb;NL'-;t;ldY; .. : *e aid :?...i, use  data from runs 

equilibrated with higher partial pnssures of C02 for the initial ranges for the deep 
brines because we anticipate @at an MgO, backfill will be emplaced in WIPP 
disposal rooms to remove C02. Next, we discarded the data fiom runs in which 
the difference -betyeen 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 run, but without any rock) exceeded 
30, where the standard deviation equals the square root of the total number of 
LSC counts. Discarding these data yielded the initial ranges for deep brines: 

To establish the initial ranges for the Culebra brines (AISinR and H-17), we 
first considered all the data obtained from the 6-week sorption experiments 
carried out on the bench top (0.033% CO2) and in glove boxes with atmospheres 
containing 0.24 and 1.4% C02. These three atmospheres had C02 partial 
pressures of I 0-2.73 , and atm, respectively. Siege1 now considers this 
range more likely for groundwaiers in the predicted off-site transport pathway 
than the previous range of lo?? to 10-'~.~ atm calculated for the Culebra as a 
whole by Siegel et al. (1991).., We also discarded the data fiom runs in which the 
difference bgtween th; aktivi6. of thi-kdionuclide in a standard and that in a 

*. control exceeded 30 to obtain the initial ranges for Culebra brines. ', X . . . - . .  . - 
.,....- : ' . . ,>>-*-Iy.-; 7 6. 1 . . . . . . . .  . 5 - ,  .... .. .. .-  - " .  . . . . .  ... . . .  . *I - ;. 

. . . . .  
..c. . ~ e . t 6 e ' n  @mpared these initial ranges,with the data from the mechanistic 
' 

sorption h d y  . - by ~ k d y - a n d  his colleagues at SNL and LANL. For the most part, 
we wd Biddy's data to extend Tday's empirical sorption data for the deep brines 

. to the basic conditio~k-expected to result fiom the use of an MgO backfill in 
WIPP disposal rooms. We assumed that, if mixing is sufficient to produce fluids . . 
with compositions similar to those of Culebra brines, the pH of these mixtures 
will'also be similar to those of Culebra brines. Therefore, we did not use Brdy'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 NaC1.. Therefore, we used only his data for 0.5 M NaCl and 
atmospheric C02 (the lowest C02 partial pressure used in this study) to extend 
Triay's data for the deep brines to basic conditions. l lus  comparison yielded our 
revised ranges for the deep brines. 

Next, we compared the revised ranges with the data fiom 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 
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,, , 

content of these experiments w& pr&ably'sidhilii to that in  the,^& bench-top 
runs. Because Lucero did not observe breakthrough of T h o  (n& of Pu(V) nor 
Am(m)), it was .only possible to deterinbe minimum values . . . . .  of I(d for Th(n3 (and 

is...'. , ..$ ' L' ... . .. ..' . . . .  
.*. . for pu(V) and :bm)> This &:: (&j:'those f(-$ p U 0 )  a& c ~ n s i s ~ n t  . . . .  :';:..'.. 

with the'rbges baKd on'theempirical and mechanistic sorption studies.-':Lu&yo 
dki observe breakthrough - .  of U(V1) k d  N p O  & his' experiments. Therefore, it 

. ,- . was .possible to- determineb actual &if& th&i&: &.&.&.,~:i"l[n-mos[ ikes,  the &S 
" .  I . ,* ........ 4 ... :. . . .  

-. determined for U(~I);,and . . . .  Np(V) from' t@ tiii~spofi s b d y &  le8i'tha.n the lower 
limits of the ranges"obtained f&theser'el'emedis from' the sorption studies. 
Therefore,. we extended ,the ranges where necessary to . obtain _ ..., - final ranges for 

. . U(VI) and Np(V)-h the'.d& brines ( ~ G t i l e  &d Sakido) and Culebra brines 
" .  . r .,'. . .  - 

. . 
(see Table 1). . - 

. . 
, . - *  . . . . ,  . . .  . . . . . . . . .  ... . . . : '-' - -. .:; . . . . . . .  t 2 .  . . . . .  

Finally we used the experimentally ' o b h e d  ranges for T h o  and the 
oxidation-state analogy to establish ranges for P u o ,  U(IV), and N p o .  

. 

. ,.  

We attempted to use the same methods t o  establish experimentally obtained 
ranges for A m 0  (see Appendix C).  Inspection of the sorption isotherms for the 
6-week LANL sorption data, however, revealed that the &S are proportional to 
the final dissolved AmCm> concentration. (We did not observe significant trends 
such as this in the isotherms for U o ,  T h o ,  nor Np(V)). These trends suggest 
that sorption of Am by the container walls, precipitation of an Am-bearing solid 
phase, c~precipitation 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 'km. Triay camed out additional 
posttest analyses of the brines from some of her 6-week sorption experiments with 
A m 0  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 occyence of processes other 
than sorption. Therefore, we recommend using the expenn;entally' obtained > . .  
ranges for Pu(V) (Appendix B) for Am(III) by assuming that the &S for A m 0  

.. . 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 
A m 0  Kd obtained for the Yucca Mountain Project is about one order of 
magnitude higher than that obtained for P u v )  under the same concktions. (We 
will cite additional examples of differences bekeen the Kds for Am(III) and 
Pu(V) in future reports and presentations.) We h e  not used the oxidation-state 

. analogy to justify the use of Pu(V) data for Amo; instead, this approach is 
based on drfferences in the behavior of these oxidation states. Furthermore, we 
recommend using the range for A m 0  for Pu(m) (Table 1); for this 
recommendation, we invoke the oxidation-state analogy. ...- 

In June and July 1996, we repeated the procedures described above with the 
revised empirical-sorption, revised mechanistic-sorption, and original column- 
transport data (see Revisions of Previously Submitted ~ a n ~ e s  of Matrix &S 

above). 
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. ..  . , . .-. Methods Used to Establish Probability Distributions of Matrix &s 
." , ., .I, . .. ..-.. .:. .. ... .... . , ...; . . . ; , . . . I  . > ,>:;.: ........ ;',..,a:,.-:<&'G:-( :_ . . ... : ... :. ; :.- -,. ..-. . . ,. . , , . - ' $ .  a .  . : . ... ,1'. . , , 

.. . - MI,' SiL..Ti&m' . .:...,A, *;., , , -.. :, . a: ey,,' thei PA . Parameter Task Leader, ' provided guidance on 
1 -;:..# , . . ... -.; ,..:*:- . -: 

, . - ;  . establi~~g'~iobabili~~,dis~buti011~ ; ;.., . . of parameters f& use in&&' PA. ~alalculations 
to'sCppofi'thi . . . . . . . . CCA (see Tierney, 1996a; 1996b). . - .- . -.. -.. . . .. +.. 

. .  -.. ,. 7 

.. . . - - ,  . . .., 
r. ,.< . .. :.-;: .:*.,:. ' '.? , . . 

-.I The ,. . RRP .., ..,. *... hasstudied , . the effects of kiveral factors on sorpti6n' (see Deicdption 
, . -  if ~~&&&y i  studies*. used t o  DeteIming M m  GS; pr&dicfiollS of Ai,rinide 
, . .,C _ . . . .. 4 .  . 

~xiditiddStat& in thekulebra, and Predictions of Brine Mixing inthe Culebra 
, above). -. .- . ,'.papenguth . .. and Beht (1996) designed these studies- to encompass the 

. . ranges ,. .*.. of fiese . .  factors expected in the Culebra - Therefore, the'revised ranges of 
matrix &s established above correspond to the expected ranges of these factors in 

, &e:~ulebra.? .._ _ , _  _,.. ._.. . .. ._ Ho.wever,because of uncertainties about the e x m i t o  which deep 
(Cistile'ind, Salado) and Culebra brines will mix, there are uncertainties as to the 
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 revised 
ranges, despite the fact that we included more than three data points for every 
range shown h 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." 
~ecause  we cannot specify probability distributions for the factors that affect 
sorption, we recommend that PA personnel use a uniform or a log-uniform 
distrihion. Tierney (1996a) specifies use of a log-dorm distribution "when 
the range ... spans many orders of magnitude." Inspection of the revised ranges 
for deep and Culebra brines in Table 1 reveals that they span 1.30 and 2.65 orders 
of .magnitude (deep and Culebra brines, respectively) for Pu(III) and Am@); 
1.15 orders of maaonitude (deep brines only) for P u o ,  U O ,  T h o ,  and 
N p o ;  2.82 orders of magnitude (deep brines only) for U(V1); and 2.00 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 
T h o  and Culebra brines because we were unable to establish this range; see 
Appendix E below. We could not calculate this parameter for the revised range 
f o r . ~ m  and Culebra. brines because its minimum value is 0.) Because these 
revised ranges all span three orders of magnitude or less, we recommend that PA 
use a d o r m  distribution instead of a log-uniform distribution for all of them. 

Methods Used for Final Selection 
of the Revised Ranges of Matrix &S 

' ' ' 

. : >  
1 ., 

We ;e&mmend td; revised range and probability distribution of matrix &s for 
deep (Castile and Salado) or Culebra brines that results in less retirdation for each 
element or elemental oxidation state (see Predictions of Brine Mixing in the 
Culebra above). Because we recommend a umform distribution for all of the 
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. . .  revised ranges (see Methods Used to Establish Probability ~is&ibutions of Matrix 

. :- - &';-above), the average & that PA w d d  sample,for .."i. . . . . .  all . -  of its vectors isthe mean ",::.=. -3 '  . .: 
: -. .., of .......... the maxhum and minim& ,. . - values of +... ekh ..,....... range:' Thekfore we compared the 

-> :>.,*> .."., :-:. ...;<;>'::.+:.>:.:::;>. &. <:.- . .. - . . me& of th; :&+ised ~ g e ; - f ~ r ~ ~ d & p ' ~ d C d e b ; ~ -  bmes to.deterrmne.which iange . . . . . . . . .  . . . .  . . . . . .  - . 4 . .  

! .. would result in less retardation for =ach.elemedt' or'dernehial bkidatiod:. st.i&. 
Inspection of the revised ranges in Table 1 reveals that the means 'are 210 and 

. a , . . .  .- , .. 
I. .. -..'..'.. .,, ..... +:. -:.. . , 2004.5 ml/g (deep h d  mebra brin~s~rfe~ti~ely) fd;';furnh.&d h m ;  5,350 

% .  
. . . . . . .  . - 

C .:.... ... g.2-. .  .,.. __*,. -.i 

. 
- .: .:::... 'dg (deep--b~es . foC fiN~;Um;.'~N~.&d d.~i;m;;: i0.0i5 .and 30 - .  . . . . . . . . . . . . .  

' xdg (deep -and Culebra brines; respectively) for uO; and' 101 ahd 100.5 mVg 
(deep and Culebra brines, kspectively) for N p o .  (Each . . . . . . . .  of ,&&e values is the 

. . . . .  . . .  . . . . .  
!,._ .-. . sum of the maximum and the ' i i b imh values of ezkh revised range divided by 

....... two; to facilitate ~ comparison,.we did not round each Fsult- , . to . ~ne'si~nificant a '  

. . .' figure. - We could not calculate iEs'p&eter- for - T h o  'and Culebra brinks 
because we could not establish this range; see ~ ~ ~ e n d i x ' ~  bel6w.j - Therefo&, we 
recommend a revised range of 20 to 400 mVg (the revised range for deep brines) 
for PuCm) and Am@); a revised range of 700 to 10,000 mVg (deep brines) for 
P u o ,  U r n ,  T h o ,  and N p m ;  .a revised range of 0.03 to 20 mllg (deep 
brines) for U(VI); and a revised range of 1 to 200 d g  (Culebra brines) for 
Np(V). In Table 1, the recommended ranges appear in bold font. 

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

1 * 
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Table 1. Revised Ranges of Matrix &S (mVg) for Pu, Am, U, Th, and Np, and Dolomite-Rich . * 

0 
- . Culebra R& 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 roo&. All probability distrib&ns are 

uniform (see text). Table compiled by L. H. Brush on April 3, 1996, based-on iysulu 
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 Lucero and 
~ r o &  (1996): Table checked by Behl on April 8, 1996. Table-revised by Brush on 
July 6 and 10,1996, based on information provided by LANL on June 28, 1996, and 
Brady (1996). Table checked by A. C. Peterson on July 18, 1996. 

Element 

Oxidation 
State 

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 T h o  applied to P u w )  by oxidation-state analogy. 
E: experimentally obtained range for T h o  applied to U(IV) by oxidation-stitte analogy. 
F: experimentally obtained range for T h w )  and deep brines applied to T h o  and Culebra brines. 
G: experimentally obtained range for T h w )  applied to Np(IV) by oxidation-state analogy. 
H: experimentally obtained range for Pu(V) applied to P u o  (see text). 

'0 
I: experimentally obtained range for Pu(V) applied to Am(m) (see text). 
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Table 1. Revised Ranges of Matrix Kds ( d g )  for Pu, Am, U, Th, and Np, and Dolomite-Rich 
Culebra Rock. (continued). ' . .- ' : 

. - - - . . . . . . . . . . . .  ., . > 6 * .  . . , "  
r. 

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: MEElWG TO ESTABLISH RANGES AND PROBABlLlTY 
DISTRIBUTIONS OF'ACI'INIDE Kds FOR THE WlPP 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 Kds for use in the long-term performance-assessment (PA) 
calculations to support the WlPP Compliance CertScation 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. 

a 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 ~etardation 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 nieeting. I am looking forward to your input next week. 

Best regards, 

Larry Brush 
WIPP Chemical & Disposal Room 

Processes Department 6748 

Distribution: 

R J. L a . ,  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. ~ y n u m  (Org. 6831) 
MS 1320 R. Holt (Org. 6748) 

. 

MS 1320 D. A. Lucero (Org. 6748) 
MS 1320 H. W. Papenguth (Org. 6748) 
MS 1320 W. G. Perkins (Org. 6748) 
MS 1320 M. D. Siege1 (Org. 6748) 
MS 1328 M. S. Tierney (Org. 6741) , 
MS 1328 M. 'A. Martell (Org- 6749) 
MS 1335 M. S. Y: c h i  (Org. 6801) 
MS 1337 W. D. Weart (Org. 6000) 
MS 1341 J. T. Holmes (Org. 6748) 
MS 1341 L. H. Brush (Org. 6748) 
MS 1341 L. J. Storz (Org. 6748) 
MS 1341 R. F. Weiner (Org. 6751) 
MS 1395 L. E. Shephard (Org. 6800) 
MS 1395 M. G. Marietta (Org. 6821) 
MS 1330 SWCF (Org. 6352), WBS 1.1.10.3.1 (2) 
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Monday and ~uesday;-~pril 1 and 2,1996 . . 
, .- . .. - .. . .  . . BDM Vista Building . .' 

. 2301 ~ u e n a  Vista SE - 
Albuquerque, NM 

. .  ,,___. ..  I. .' . . . _  ' 
. - , . - .  . . . .. . , :.,. 
- ' 

. : ~ o n d a ~ ,  April 1 
-. , . 

Introduction 

Predictions of ~ c t i d d e  Oxidation States 
in the Culebra 

Break 

Proposed Use of Ranges and Distributions 
of Kds by PA 

Lunch 

~iscussion'of Range and Distribution 
of &S for h ( V )  

Break 

Discussion of Range and Distribution 
of &S for A m 0  and P u O  

L. H. Brush, SNL 

H. W. Stockman, 
SNL. 

M. S. Tierney, 
SNL ' 

BDM Cafeteria 

A.U participants 

All participants 
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Agenda (continued) 

-- Tuesday; April 2 
. * .  

Discussion of Range and Distribution 
of &S for T h o ,  P u O ,  and U(n3 

Break 
1 

Discussion of Range and Distribution 
of Kds for and, if necessary, P u o  

Lunch 

Discussion of Range and Distribution 
of &S for U(V1) (continued) 

Break 

Discussion of Range and Distribution 
of &s for Np(V) 

July 24, 1996 t , -! 

BDM Cafeteria 

All participants 

All participants 
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R. V. Bynum, SAIC (~ctinide Souice Term Program management) 
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W. G. Perkins, SNL (Retardation Research Program management) 
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Term Program, Retardation Research Program) ' 
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APPENDIX B: RANGES AND PROBABILITY DISTRTBUTIONS OF 
MATRJX Kds FOR P u n )  AND DOLOMITE-RICH 
CULEBRAROCK 

.. _. - .X 

Based on a laboratory study carried out under expected WIPP conditions and 
previously published results obtained for applications other than the WIPP Project, ASTP 
personnel have predicted that Pu will speciate as Pu@II) or P u O ,  but not as Pu(V) nor 
P u o ,  in deep (Castile and Salado) brines in the repository. Furthermore, a modeling 
study of the effects of mixing deep and Culebra brines on the oxidation states of Pu, U, 
and Np in the Culebra showed that Culebra fluids are poorly poised (see Predictions of 
Actinide Oxidation States in the Culebra above). Therefore; Pu will not speciate as 
Pu(V) in the Culebra. However, we could not establish experimentally obtained ranges of 
matrix &S for Am@) (see Methods Used to Establish Ranges of Matrix Kds above and 
Appendix C below). Instead, we established experimentally obtained ranges for Pu(V) 
and used them for A m 0  and Pu(IiI) by assuming that the &S for A m O  and P u O  
are greater than or equal to those for Pu(V). 

To establish the initial ranges for P u p )  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 z 9 ~ u  in a standard and that in a control exceeded 30, where a is the standard 
deviation (see Methods Used to Establish Ranges of Matrix Kds.) Discarding the data 
from these three runs yielded an initial range of 19.1 ml/g (from #6004) to 387 mV,o 
(#6005) for P u n )  and the deep brines. - . .  - 

. _ 4 

To establish the initial ranges for Pu(V) and the Culebra brines, we first 
considered all of Triay's 6-week sorption data obtained with AISinR and H-17 on the 
bench top (0.033% CO,) and in glove boxes with atmospheres containing 0.24 and 
1.4% C02 (see Methods Used to ~stablish Ranges of Matrix &s)  These were: #6006, 
#6026, #6046, #6066, #6086, nU24006, #24026, #24046, #24066, #24086, #l2006, 
812026, #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 ' 3 9 ~ ~  in a standard and 
that in a control exceeded 30, to obtain the initial range of. 8.70 mVg (fiom #12007) to 
3,5 17 ml/g (g12046) 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 



- 
1 -' ' , 

M. S. Tierney July 24, 1996 

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 NaC1, atmospheric C02, and the highest 

.I) pH value under these conditions are 82 and 69 mUg at a pH of 9.9 (Table B-5). Because 
these values are within the initial range for Pu(V) and the deep brines (see above), and 
because we h d  not use &is comparison- to extend the initial r&ge for Pu(V) and the+.- 
Culebra brines to b&ic conditions, our revised ranges for Pu(V) rebain 19.1 to 387 mllg 
and 8.70 to 3.5 17 mVg for the deep and Culebra brines, respectively. 

- . ., . . * .. I . . 
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 Kd for this element. Lucero et al. (1996) submitted their results on 
March 28,1996, (see Table B-6). Lucero and Brown (1996) and Brown (1996) then 
revised them on April 5 and 16, 1996, respectively (Tables B-7 and B-8). The minimum 
&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 out on the bench top 
(0.033% C02) (Table B-3). Because these values are consistent with the revised range for 
Pu(V) and the Culebra brines (see above), and because Lucero did not carry out any 
experiments with Pu(V) and the deep brines (Table B-8), our final ranges for Pu(V) 
remain 19.1 to 387 mYg and 8.70 to 3,517 mVg for the deep and Culebra brines, 
respectively. However, we rounded these ranges to 20 to 400 ml/g and 9 to 4,000 mVg, 
respectively prior to inclusion in Table 1 above. 

! 

We recommend that PA pers&el use a uniform probability distribution for both 
of .the& ranges (see Methods Used to Establish Probability Distributions of Matrix Kds 
above). 

Furthermore, we recommend that PA use the range of 20 to 400 d g  (the range 
for deep brines) for Pu(V) because this range results in less retardation of this element 
than the range for Culebra brines (see Methods Used for Final Selection of the Range of 
Matrix &s for Use in PA Calculations above). 

Finally, we recommend that PA use a range of 20 to 400 rnl/g for Pu(m) and 
Am@) (see Methods Used to Establish Ranges of Matrix &s and Appendix C). 
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Brine 

Table B-1. Effects of Initial Radionuclide Concentration and PCO2 on Matrix &s for 
--' ~u(ir);  ~olbmite-~ich Culebra Rock, and Brine A (LANL Empjrical 
' Sorption Study). Six-week sorption m s  with VPX-25-8. No &S in 

- this . table excluaed - from - ranges ' and .- distributions- because : of 
uh8cceptabl; kerences between standards and cointrols. ~ata.c&nt- 

:+ . as -of kpril -3, 1996. - Table compiled by L. Hc B m h  on 
' March 23 and 30,1996, based on information providld by LANL' on 
-' ~ & c h  19 'and 26, 1996. Table checked by Brush-and S. Boone on 
* A& 3,1996.- Table revised by Brush on June 7, 1996, based on 

information provided by L. J. Storz on June 6, 1996. Table checked by 
Storz on June 10, 1996. Table revised by Storz on July 1, 1996, based 
on information provided by LANL on June 28, 1996. Table checked by 
A. C. Peterson on July 10,1996. 

Range of 
Initial 239p~  Kd (fig), Ka (m.vg), Kd (ml/g), Kd (mVg), 
Conc. (M) 0.033% C02 0.24% COZ 1.4% C02 4.1% COs 

Brine A 4.73 x lo-7 19.1, 19.9, 26.8, 23.8, 
to #6004 #24004 #I2004 #18004 

4.87 x lo-' 

Brine A 

Brine A 

Brine A 

Brine A 
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Table B-2. Effects of Initial Radionuclide Concentration and pcOi bxi ~ a b i x  &s for 
P u o ;  Dolomite-Rich Culebra Rock, and ERDA-6 (LANL Empirical - .  - Sprption Study). Six-week sorption m s  with VPX-25-8. &S in bold - - 

. --font excluded from ranges 'and distributions because of una&eptable 
' differences between standards and controls. bata current as' 6% 
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 
April3,1996. Table revised by Brush on June 7, 1996, based on 
information provided by L. J. Ston on June 6,1996. Table checked by 
Storz on June 10, 1996. Table revised by Ston on July 1, 1996, based 
on information provided by LANL on June 28,1996. Table checked by 
A. C. Peterson on July 10,1996. 

Range of 
Initial u9pu Kd (m.l-49, Kd ( d g ) ,  Kd ( d g ) ,  Kd ( d g ) ,  

Brine Conc. (M) 0.033% C02 0.24% C02 1.4% C02 4.1% C 0 2  
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Table B-3. Effects of Initial Radionuclide Concentration and PCo2 on M&&X &S for , . . - I  

: - Pu(V); - - Dolomite-Rich Culebra Rock,. and AZ3in.R (UNL Empirical 
Sorption Study): Six-week sorption runs with VPX-25-8. - &S in bold 

>.font, eixcluded from ranges and distributions because of uniikeptable 
differences between standards and controls. ~ a t a  c d '  as of- L; 

April 3, 1996. Table compiled by L. H. Brush * on 
, March 23 and30,1996, based on information provided by k on 
- March 19 and 26; 1996: Table ch'eckedby Brush and S. ~ o o n e o n  April 
3,1996. Table revised by Brush on June 7,1996, based on information 
provided by L. J. Storz on June 6, 1996. Table checked. by Storz on 

- June, 10,,.1996. Table revised by Stort on July 1, 1996; based on 
infhrmation provided by LANL on June 28,  1996. Table checked by 
A. C. Peterson on July 10,1996. 

Brine 

Range of 
ID.itit3.l 239pu Kd (dk), Kd (mug), 
CO~C.  (M) 0.033% C02 0.24% C02 

5.72 x lo-' 
to, 

5.86 x lo-' 
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Table B-4.'~ffects'of Initial Radionuclide Concentration and Pco2.0n Matrix &k for ' . ,./' 
. . . . . , . . - . ,. Pu(v), .. ~ol&te.-I&li~-. Culebra Rock,., and. H-17. (LANI, ~ ~ ~ i r i c a l  

. . ~ o r p t i o n ~ ~ d ~ ) . :  Six-week sorption runs with VPX-25-8.<. Kds in 60ld 
:.!*. ... . . .. . 

. .- . . .,; - .Gf&t-, excluded .. ... . f ib i i ' .dges and- dis&b~tibds,.becaube"~bf unacceptable . . 
. . - .  

differtinces b e t w k  standards and bontrds: Data current as of>- -5% 
April 3,1996. Table compiled by . L. H. " Brush on 

::. -.March 23 ' a d  30; 1996; based o n  infomiation 'provided by  LANL on 
- . March, l9&d 26,- 1996:': Table ..checked ..by. ~ iush ' '&d~  S: ~'oone ' on 

~ l k l 3 , 1 9 9 6 .  ~able'revised by  rush* on June ' 7, 1996, baied on 
information provided by L. J. Storz on June 6, 1996. Table-checked by 

. Ston. on June 10, 1996.-, Table revised by Storz on July 1, 1996, based 
on information provided by LANL on June 28,1996. Table checked by 
A: C. Peterson on July 10, 1996. '. . .- . I .  ' . 

Brine 

Range of 
hitid Zlgpu Kd ( d g ) ,  Kd (mVg), Kd (mVg), 
Conc. (M) 0.033% C02 0.24% C 0 2  - '1.4% C02 

6.21 x 
. . to.  

6.29 x 10'~ 
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'  able . . B-5. Effedis of b~ k d ~ c 0 2  on M&.&'K~; for Pu(V) &d Pure Dolomite 
......... . . . .  .,:;. .... . - (SNULANL Mechanistic ~orption~' 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..: Table revised by 

, B ~ s h  on July 5, 1996, based on Brady (1 996). Table checked by 
. . . .  . . . . . . . . . . . . . . . .  ". . . . . .  A. C. peterson on J U I ~  15, ' . ': 

. . . . . . . . . . . . . .  . %. ., - . . . . . .  . . .  . . 
. . 

, . . -  . . -  

, . 

pH (standard units 
Kd ( d g ) ,  

atmospheric C02 
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Table B-5. Effects of pH and Pco2 on Matrix &s for Pu(V) and Pure Dolomite 
(SNULANL Mechanistic Sorption Study) (continued). 

. , Kd (Mg), ' Kd (fig), 
pH (standard units atmospheric C02 . : '- - -. 0.5% C02 

4.0 NA - 19 NA 

3.i' NA" 19 NA 
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Table B-5. Effects of pH and Pco2 on Matrix &S for Pu(V) and Pure Dolomite 
- (SNLLANL Mechanistic Sorption Study) (continued). - 

r * .  , 

~d (m~gj;  - .- K~ ( d g ~ ,  
pH (standard units ' atmospheric C02 

. . 
. , 0.5% C02 

NA: not applicable. 
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Table B-6. Minimum Values of R and & 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 ~ h c h  30, 1996, -based on 
Lucero et al. (1996). Table checked by Brush on March 3 1,1996. . . . . . . 

> .  . . ,-%, :. .-++ 

. .  . . .  . 
. . . ..- . - - 

. .. ' . . .  . 
:... :.... . . ... .- . .. - .  .... ROW . . . . . Ef- . . ...' : " . '  -. . -1 .. .:. .. . ' ,.. 

, . . . . -- . 
. rate Run fluent Poro- Range 

Solid (d Time Vol. sity Kd min (M 
Run # (core) Brine min) (days) Q R,. (I) (idg) g) 

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

D-3 . VPX-, MS. 
25-8A 

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 & for PU(V) in Intact ~ulbbra cores (SNL 
.2- ColumnTrarisport Study).: Data:bik%i~~tas of hch '26~ '1996 .  Table 

compiled 'I by : H. :' B N S ~  0 7  M 30, :!:1996, based 
Luccro et al. (igg6). ~ ~ b l ~  ch&~&'$~~'fi"i;ih oh M&ch:'31i' igg6. , .......... . ,.,,. ,:.-. , '. . 
Table. revised by BNS~ '   in April! 6,. 1996: based on Lucero id ' : .  . ,... . .-, - .- :r. .. t.. 
: ~ r o w n  (1996): Table checked by Y Behl o d ~ $ r i l 8 ,  1996.. - 7 

. . . . .  . - . I  ,. . . .  I ,  ... . ,*.::.*. % :.: .; ,"; . . . . . . .  . . . . . . .  ,. , .:. . - , , . : . ' 
. . . . . . . . . . . . . . . . . . . . . .  , . .  : , , ,  ..,:;., ,.:- :,: . . . . . . . . . . . . .  . - . . . . .  . . .  

. . 
. . .. . . . . . . . . . . . . . .  :...r --.;.: . . . . . .  - - . . . -  " , .  . . 

Flow Ef- 
rate Run fluent. . Poro- . .  ' Range 

- solid :., (d Time Vol. ' 
- sity ' &mill (W 

Run # (core) . Brine min) (days) ) R (%) ( d g )  g) 
. . - ,*. . . . I -- - - - - -  

*- 

~ p i -  M S .  0.1 211 30.45 5,200 3.7' 84 NA 
28-6C 

VPX- AIS. 
25-8A 

AIS . E-2 VPX- 61 405 40 
27-7A 

NA . 

0 AIS: AISinR. - . - -  . 

NA: not available yet. 
S: single porosity assumed. 
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Table B-8. Minimum ~ a k e s  of R and Kd for P$V) Intact Culebra Cores (SNL 
.. ..... . . . . . . . . . .  

C o l h  Transport Study). Dab curreitas of March 26, 1996,. Table 
, "? .. -- , -  .. 7',,d,::.:. -.*; ........ . _ .  . -  

... . compiled : by L. .- H. . . . . . . *  Brush %,:. ..... on;-: %..y :%. f . . .? . . ; . .  March,.t.: 30::: 1996, based 
. . . . . .  , - .'... 

L U ~  $4. (1996). Table, checked: bfi;Bmsh 0n:March~31;~1996. ...;...... ...... .... ... . .  -. " ................. - ".. ,.-. ,-..,., ............ ..... 
 able 'revised by Brush -on April 6,: 1996:; based' o h  Luccro and, . .. 

. . . .  73 
' 

~i&wn-(1996). Table chedred b;.~Ii&&l, oh ~ ~ r j . 1  8;.1996. . Table 
. .  revised by Brush on April 17,' 1'996; . based ........ 6n - . . * - . . . .  B ~ O W ~  . (1996). 

., , ..: . : "  .;:..:. .: ' ' . . ; . . , , .  . - : .  

Flow 
rate Run fluent Poro- Range 

Solid (mU Time Vol., : sity & min (W 
Run # (core) Brine min) (days) (L) R- (%) ( d g )  g) 

C-3 VPX- AIS. 0.1 
28-6C 

D-3 VPX- AIS. 0.1 
25-8A 

VPX- MS. 
27-7A 

AIS: AISinR. 
NA: not available yet. 
S: single porosity assumed. 
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,.. ... . . - ; .  . . . . . . . .  + .  !.. APPENDIX I.1.. . . . .  '-. .... C:+RANGM:.M. PROBABIJJI"~ D I S W W O N S  OF . .' ............... ,<. . . 
;- -., ..: ,"; .'. ..,'..*.. 
, .  : ,, ,i,: :MA- ,&s FOR AmAm@) 'AND ' ~ o ~ ( j m I g & j  " . , .  ... .>. . . . a .  . . .  , ...... ;... .. ..-. ... *:-. .. -.-. .n: ;  r ..-.. .. . .-. . . 'I., . . . . : . . . .  . . .  , .., . . . .  . . . . . .  . . .:: CUI;EB~.ROCK' I . r e  ...; . . . . . . .  ,. . . . . . . .  '.>:..%:;; ,: . .  

; . , - -  -"L - . _.  3 . ..... ,,: :.' . . . . . .  - .  
) _ . "I ..; . . . . . . . . . . . . . . . . . .  . .  .. . ..y"-j:-a;i; . .... +;-;, . . . .  '.< b. ..). .. -.,+.- ,.; . c.. , ">.  .1.. .* . * .  ?% .*.- -.~~+i-:-' . .  

. * 
:. .... .,i.....' .. ....... ........ I . . .  

. . 
. . . . . .  ,.-i ..: ; ,?<.ti" - 1.- !...A A . . . . .  . . . . . .  . . . . . .  .....' . . . . .  . :  , .  : -.....? -.?- '." .-l..-:. .. .C. :' .- . . : 

5:' ' , . . . . .  ... 
' -  I . - . ,  - - . . . .  . . .!. . . I .- -.:, .*:.. . :  . .  . . . . . . . . . . . . . . . . . . .  . - I n, , . . .  .:;:;;:; :,i. ;: ;: j;, . . . . .  . . .  . - a .  

-- -,.  

- . .  ............. 
:. L .  . . . . .  2 * -. .- 

3 ..-- i. .?. :. 
. . FO*.:AW,: only. one oxidation state; ~ m ( m ) ,  ' is &ssibld.& .*i. cuiebra. (see . . .  3 ,  

,- 

;. , - \  
, . -  . - 

~ r e d i c t i o ~ o f ~ c t i p i d e  . ... . de~xidati,6n . . . . . . .  States in the m e b r a  above):.- ~ h & f i & k ~  a&ipt& . , . . .^, . -. . '" *.? ..,... ;:. %~*.?.',.l'.~..CCCCCC. .<,... >..+n., .:-. .>; ..... .,,.. 
....... (oe~tab$$;-~expe~entaIly . .  lobtabied -., . . . . . . . . . .  ranges -of matrix- &S f& ~mcm) ,  and use them and .. 

. *  .. ,: -.i ,: . ' . ., . .  . . . . . . . . . . . .  . - .  the . o&d&&n& . Galogy to.establish fbr h ~ m ) .  : . - 
. +  . . 

. * . . .  . . . . .  . , . 
, ,  

.To establish the initial ranges for Am(m) and the deep brines, we &it considered 
'aU bf 6 e  d k i  from tlie 666ek 'emPiridal borpti& experiments canied out with Brine A 
and ERDA-~ on the bench lop (0.033% C02) by Triay and her group +at LANL (see 
Metho& Used to Establish Ranges of Matrix &S above f& the reasons for considering . . . . .  these data). These runs were: #6012, #6032, #6052,#6072, h d  #6092 (see Table C-1 
below), and #6013, #6033; #6053, #6073, and #6093 (Table C-2). We discarded the data 
fiom #6012, #6032, #6013, #6033, #6073, and #6093, the runs in which the difference 
between the activity of the 243~m in a standard and that in a control exceeded 3 q  where 
o is the standard deviation (see Methods Used to Establish Ranges of Matrix Gs.)  Even 
after discarding the resdts of these six runs, however, the defensibility of the remaining 
data is questionable because the Kds retained for Brine A increase significantly as the 
final dissolved concentration of 2 A 3 ~ m  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 plot tin^ 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 

7 

the final dissolved 2 4 3 ~ m  co~kentration in the runs carried out in the glove box with an 
atmosphere containing 1.4% COz, and, based on the trends observed with both retained 
and discarded data, appear to increase similarly in the runs conducted in the glove boxes . . . 

.*.. 
with atmospheres containing 0.24 and 4.1 % CO; (Table C- l).' Moreover, based'on the' 
trends observed with both retained and discarded data, these &S also appear proportional 
to the final dissolved 2 4 3 ~ m  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, - 
. . - , I  - . 

precipitation of an Am-bearing solid phase;. coprkcipitation of Am by an~t.her'~h&e, - -  , .. * - 
incomplete separation of the aqueous and the solid phases at the end of an experiment, or .<.- 

'4  - . . 
some combination of these processes occurred in the runs with A m o .  We thobght we ' <  > . . + _ -  

. .  had eliminated reactions other than sorption by the rock in these experiments because:. . . 
(1) LANL personnel had atered the brines'sequentially. with a mhimum'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 st'andard and that in the control exceeded 
30 before examining these data; (3) the final Am@Q concentrations in these runs were 
less than the solubilities predicted by FMT for these brines. Triay carried out additional 
posttest analyses of the brines from her 6-week sorption experiments with A m 0  with 
0.033% C02 to determine, if possible, what caused these trends, and to redete&e these 
&s. She did not attempt any additional posttest analyses of the brines from experiments 
conducted in the glove boxes because she had removed them from these glove boxes after 
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the original runs, thus exposing them to conditions different from those during the runs: 
Triay h t  recounted the brines to-de&rmine if mistaken sample identification or improper 
data entry had ca&d 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 U 3 ~ m  concentration. Despite these efforts, the data continued to display 

' 

trends similar to those described above. - 7  

. I -  - - . . - - 
The 6-week*- sorption experiments carried out with Am(m) 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 A m o .  

We did not use the data from the mechanistic sorption study by Brady and his 
colleagues at SNL and LANL, nor the column transport study by Lucero and his 
colleagues at SNL to establish a range for A m o  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 fiom the 
use of an MgO backfill in WlPP disposal rooms, we did not believe this would be 
defensible in the absence of any empirical data for actual Culebra dolomite and synthetic 
Culebra fluids.) Furthermore, Brady did not report data for Am(m) with atmospheric and 
0.5% C02 (see Table C-6), the headspace concentrations corresponding to COz partial 
pressures within the range that Siege1 now considers likely for groundwaters in the 
Culebra off-site &ansport (see Methods Used to Establish Ranges of Matrix 
&s), above a pH of about 5 or 6. Moreover, although Brady did report data for Nd(III) 
with atmospheric and 0.5% C02 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 do1omite"and synthetic Culebra fluids. Finally, because Lucero did not observe 
breakthrough' of Am@), it is only *o&ible to determine minimum &s for this element*. 
(Tables C-7 through C-9). These minimum values are significantly lower than actual 
A m W  &s ~ i c a l l y  obtained for applications other than the WIPP Project (see below). . 

" L .  - . .  
, . -. - . . \ .  - -: - *  " . . .  - - 

~herefoie; wk recommend using the expe@mentaNy obtained ranges for Pu(V) . , 
(see Table 1 and ~ ~ ~ k i d i x  B above) for Am(III) by assuming that the Kds for A m 0  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 Arn@I) Kd obtained for the 
Yucca ~oun&'~ro jec t  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 Am(m) 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 o ;  instead, this 
approach is based on drfferences in the behavior of these oxidation states.' Furthermore, 
we recommend using the rang; for for ~u( l l I j ;  for this recommendation, we have 
used the oxidation-state analogy. 
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Lucero, D.A., and G.O. Brown. 1996. "Elaboration of Column Retardation Results." 

Unpublished memorandum to L. H. ~ & s h ,  April 5, 1996. Albuquerque; NM: 
Sandia National Laboratories. 

Lucero, D.A., G.O. Brown, and KG. Budge. 1996. "Columns Core Tests Summary." 
Unpublished memorandum to L. H. Brush, March 28, 1996. Albuquerque, NM: 
Sandia National ~aboratoiies: . , 
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. . i ,  G . , .. ;:-: , .., -., ,. , .  ~ a b l ? . ~ - 1 5  . Effects of Initial Radionuclide Concentration and ~ ~ ~ i , & ' ~ a t r i x  &s for 
,: -,;,; -,..;:. .%.::,-! .. ,;- <:-?;:..?::= .a,.:::.. . ........ .-.,:<. . :..: . -  . , i, *... ......... .< .... -..*... ,:. .. . ., . . . . . .  

L -.- , ; ; ;~$!~~$~+~~DolomiteteRiCh cuiebra Rock, a n d , B r @ ~  6.m Empirical ;. ~;.:.:i.*:.;&:..?i: . &... - >-.#- ........................ . .- .' .. -1.1 . . :  - --.:.<.- ......<.. 
, ,  

. . .  ;.. 
. .  .,.. ... .: ;:.. :. ;- ; ,::%;Sorption. Study)$ ~ix-@&k~so~ti6h . . . . . . . . . . .  .,with .~~:25'18;: &S in bold p:, . . .  -: :.:. . . . . . . . . .  .... .-..*2:;>-;: .* , . 71: *...; ,:. ...... ... . . .  -.,, ....,< ..'LL.:: -. ...... -, .-. .-. - . .  - . .  c.:.. ' .  - , .-. . ' - :::L;2: fdI;t:'~~clud&dddfrOm &geiland' di$&butibm . . b e c ~ u $ ~ ~ ~ f ~ u n ~ $ t a b l e  . .? , . , .. p$::::.;:ci$-.><>;:+;;:+ 4 3  s..,-,&, .I........ ,, . ., , , . , . . .  >. * :-;, . . . . . . . .  ... ...... ..... 

I,' - . . . . . . . . . .  : 2 '  " 9: ". , .'.. .-'.,'. '!:: ,. ' : . . . I . 6  ' ::;-.:::; : 
&.., - . . . . . . . . - . . .  . . . 

-. ........ ...... 1,: ..::3,,,,differknces- .:,.t..sv. %.. , , . z.. ..... .- between . ..,.% :,:-: standards;' . . . . . .  and.controls:: . , ...... .:.$at& c-nt'::&.l of= yj 
F- . . . . . .  .+;,n;iApril 3; 1996;- . : Tab]&. . com$&j , ,:; by -~:- L.: ~ 3 : : '  Brush .. ,-, on -,. .... .- . . . ..... ...;.... .-.., . ., .- : -: ... . .  2 ) : .  V?. . . . . .  . . .  .- :.-.d 
~-.::i,:,i~&3:,,.- . i :  . :,.:: .-!;;+2i,=G-&&&h .-- ......... .,...3--;. ..... 23-and'30,i996, .-.-.. ..... : .-: . . -. . .  based . . . .  on; i n f o ~ o n r p r o v i d ~ ~ ~ , ~ ~ ~ ~ ~ ~ , o n  . . .  _ .  _ . . .  :.v.LiC . . . .  -. 
;-:.::.i:? L. . ..-. C- .+ .  ;: .... >.,:. ;:-,; . . : ;~:?~~,~&h:~~19' ,& . 26,; ....... i996.:- Tabl&&&ked by:. ~ ~ i h ~  .................. and;S: &one on ;:a;; - 

.................... -* . I ' . .  ' . .  :-:*, .... .:, .."s.;p..7.....z<-.e>.~... ..:, ;.:*,-,.. ...:.::.:;.....,.?..:.,.. .-. , + . ,  

, . . . .. .: . . .. 
, - ,;A:" : .. Apdl 3::1996+5 .... Ta&"ievised by,: BNshTofii: ~h& ..7 {';j996, based on , . 
I C... 

, .  . a , . " - ': - .. . 9.. . 
- ~ ... information provided dy L; J. Ston on ~ u n e  6, 1996. Table ~hecked by 

li . 
f:... . . .  
;:.. . .  - , . . . . .  : . . . . . . .  ; f:>%i: ............ =.%.. Ston . :.,:.-.. ......... on :'.:::.. June..lO, . .  .. ..... 1996.. Table revised by, Ston on ~ u l ~ ~ ~ l ~ l 9 9 6 ,  based 
. , 

;? . .::L- . . . . . .  . . . . . . . . . . . . . .  on information <. . .?., . . . . .  .-... . . .  provided by LW . oh . ~ u n e  , . .  28,1996..;~able . checked by 
.:,,.:::'3:A. C:Peterson on July 10, 1996. ,:-:I :.:i.: : .L;:.-~..-:;...;:.:.. > :L:. ;<;;.3ik;e: :; .: .., :: . .......... . . -  ..-. . ..... . . . . . .  .. . . . . . . .  . . . .  . . . .  . . .  .-cn:,.:., - ., 

I - -  ,: .;,,-:. , .,.-. . . .  . .... .. . . ; :.;.>...'=$ :--.. . . 

Range of 
Initial U 3 ~  KI ( d g ) ,  Kd ( d g ) ,  Kd Wg),  Kd (mlfg), 
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to #6012 #24012 #I2012 . #I8012 

1.24 x 

Brine A 5.45 x lo-' , 779, 
to #6032 

6.18 x lo-' 

- Brine A 1.15 x lo-' 
to 

1 -24 x lo-' 

Brine A 1.25 x 10" 57.1, 
to #6092 

1.31 x lo-' 
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Initial 243L4m - 4 (ml/g), % (ml/g), % (m.vg), Kd (*), 

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



M. S. Tierney 42 July 24, 1996 
2 ..<- a I 

I r ,, 
- 1 :  . . ...-... .. ........ 

.. Table C-3.; Effects of Initial Radionuclide Concentration and Pcoi on Matrix, &s for . : ' . .... ,,,:, .. 
. . . ‘ . .  . ._ .... ;:&& s6i.6<:.... ..?. > ::. .?% z*;. ,!".?.d. ,-5: :>.: -:-,-,.., 

..! -.. - , . 1.- 
- 1 . .  . . . .  
tr,5;.. . .* .  .. i ....... 4. .:.. ..: .:;!+. . . .  .. ---. --.-, jFT;.iimt.~r.=;n;n--;n..;n;n.,'i... mi@&& ..CuleM ,,-::..- Rock .-.,yl .. ..,.-.yl:r: andASIinR - . . .  ..-.<:I (W?i ~ & ' i r i c d  
L L.., ' . . . . . ., , -I s&p&c s&dy)<?:$~;$&f f~sorption, nrns with .~px-25&;<.& .h bold : ; , , . _ .  . .  -: -<??. . .-:,<. - <;?,% :,:.c ;::: -.-+, A .-2y ;%&y.&.>;;~, <.p..Gt:' ,; . .."... ................... > 2 .  ........ , " , , ; : , . .  . . . . . . . . . .  . , >  ' ' .  .... . . ,  . . . . . . . . .  .. ,- ...... ..), i :. . . . . . . . . . . .  ' ; L :X *-. f ~ 9 t % i = , ~ ~ ~ ~ @ i $ $ ~ ~ ~ s ~ ~ ~ : y ~ ~ , @ f r i ~ ~ t i ~ ~ s ~ + . ~ ~ ~ : : p ~  T... v..dcT .;c.+!4:+ ..+,7 > . . : . . -  ax,,., ...xs:y: . 1 ..,_. un.+ptable . ^ .  . : :: 
' ! . '  .. 
. . - ' ' differences .:;btween &d~:cont&l~:. 'c-.nt':, as & . . , .-,- 

........ . ..- ,... . . .  . .  . . . . . .  . . .  --. <'.. .< :" .: ;*.> % .".". .- .' t.. - \,< 

April 3 1996;~~$<;7:;,. T&le -{ :+-: 'by ::',. L- .';i &;:,,. BhSh ; . .? .... .. ..... . , -  .. ::-, ,<*.. . . . .  a,>.. .-.:. . . . . . . . . . .  . , - . . . .  *--  on . . . . . .  , . ." .. , . . j . -  ., 

? . $ . .  ~ . ..,: :;..-,;.L.;i.;+'f! . .  ..,.; ..,.,,. 23'&di30,;-1996.' . ,.- .... .'t.-;c. ?jc.L., .L..s;.ci bked:"on. .... information provided; ........,........ by, . . . . . . . .  LANL:-on ... . . . .  . . . . . . . . . . .  'i.^ ." ... - i.. .>. 

-...- .- .,. .... . . - .:!iil, . , : ~ h ~ g ~ , ~ d ~ 2 ~ ~ ~ t . ~ 9 9 6 ~ ~ $ ~ ~ b 1 &  : ... a ,  : : , . . . .  ............ iheckd.bi; , . . . . . . .  ~hkh- ,&d  -*. ..: ......... Sj, Bobne on ' ,, > .  , 3. 

. -- 1996in~&l&'-&$S&; b? Brush o n  Jme : . T I ,  1996, based'- 
' 

; ........ , . _  I _ .  

infd&oxi piovid& L. J. Storz on ~ & e  6.1996: :~able.checked by 
. . ;'storz 6; ~ ~ e '  10; i996: ; ~ab ld  ;e,yiied by s t o n  on July 1; 'i 996,' based . . . .  .,:.-, ..... :... ..-..pi.'.."" '.-.;+:fS,-'*\:-. ..-.. . . . . . . . . . .  .- ........... 

on informalion ...;.. ...L- -.-.. . . . . . .  provided ..-..> by LANL on ~ u n e  28,vl.996;~~able - . checked by . . . . . . . . . . . . .  
: A':C Peters,oh on JU$ 10, 1996 ..:. , . :  - . , . :  - : 

. . . . . . . .  . . .  . . .:;.:-.-.:-- . . . . . . . . .  .*. . . .. . . .  .; ..?> .. -'--. ,-a . 
. . .  

. . 

Brine 

Range of 
Initial 2 4 3 ~ m  , &I (dg), 
Conc. (M) 0.033% COz 
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NA: not applicable. 
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NA: not applicable. 
NR: not reported. 
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C-3 VPX- AIS. 0.1 211 30.45 1,420 3.7' 11 NA 
28-6C 

VPX- MS. 
25-8A 

VPX- AIS. 
27-7A 

AIS:  AISinR. 
D: dual porosity assumed. 
Nk. not available yet. 
S: single porosity assumed. 
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, . 
. . .  , . . . .  - . - . . . . .  . , .  ...... .:.. -. 

:+ . .... ':. ...... . ck. . ..,--: ........ _ ..... :-:-w.. . < . rate'.!.:; ..':.'i' Run . <.-$ fluent ,.+ .-. :.;. . .  :. ' ,.:."-.: . poio- , . 
. . . / Range : ..,. Solid' . (d ;!:.: . ' ~ i m e  '1 : Vol: . 

., . . sity. K q m i n . . ( M  
j : . .  :, -; Run # . (core) 1; Brine": min)'- (days) -,;, ' : :':a< R . . . . .  (7 : : (mg) . . .  rmn 

. . 0 )  g) 

c-3 VPX- MS. 
28-6C 

D-3 VPX- . AIS. - 0.1 
, . 118 17.02 '. - .  350 9.1' 

25-8A . 

E-2 VPX- AIS. 

AIS: AISinR. . ---. . - . - . .  

NA: not available yet. 
S: single porosity assumed. 
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': .;.+ ;. '"iCJ. 
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::;. , :..;- - .... . . :..:,. : ~ : ~ ~ c ~ ] ~ ~ . T ~ ~ ~ ~ ~ ~ ,  .. S~dy)::, cumn< bf M&& 26, ~ ~ b l ~  ' .: ;* -::.. & .-a: . . . . . . . . . . . . .  . . .  . - ..-.. ., . >,-- ?.T. ;.<;,? .-. '. . . . . . . .  .z?, <. - -*,s -- " -  
. . . . . . . .  . . -  ; .  COmPil&' . b -a z';?'~.; Brush -'$ - March : -30 . ,:, 1996. . based ;, on .._- . . :,;..>. *-. . ..... . . .  . ...I... 

-. L: :,,.<,s ifiz;.$:.+xi<sr.>~.5~.:, ;-:::.. .:<,.. .: ' .::. ' ,> 

k, .,... . .  .. , .  . , , : . ,  . . .  I:;: . . ? $ ; ' L ~ ~ ~ ~  . . . .  .. .... .. et&<(1996):<iTab]e =heck& by:- Blush 'on: March' 3 1 ,  1996, ' .' : . . .- .........>.>.. :>-.as..;...I" * .  ....--. .... . .- : I: -.: ~able:: n ~ & j  by: ~ r & ~ h l , : &  : ~ ~ d l  6, 1996, based in Lucen, an& :. -3 . . .  

. :~.'B$G -............ i1996):. : T&$e,:c~ecked by: Y- Bebl' 8, 1996. T~~~~ 
. . i-. .,S. - 2 -  

).- i. .. . . .  . . .  ... . . : : :   revised ... ".. .F: .....'...,+. by ~ ' G h b x i  .. ?sl :.. ~ * d  17,1996, based 0; Brown (1996). 
. 

.. . - ~ . .  ... . - . : : . ! . .  . . . . . .  , . s,,, . . . .  -.. . . . . . . . . . . . .  : . . . . . . . . . . . . . .  
. . 

.. . . . . . . .  . .  . . 
., : ;, .. -. .;. .-.' L '. '- ' L  -. 

............... ..'.I .........?.... ."si;.:- ?,.' . . . . . . . .  2:. ... : ....... . . . . . .  
. . . . .  ., . - . .:. '. :.. ; . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  

. .  , 
I.... .: ........... ..:: ..... -. ..... 

. 
. . ' . . . . . . . . . . . .  now . . 

- . . . . . . .  . . . . . .  '.-;. . Ef- . . 
( .. . \ - )  

. . . . . . . .  . . . ,,... i,::,. . rate .:, '1. Run fluent . . Poro- 
.> . ,. .. . . .  solid- 1: !- ,< :~<~.~~'.;-.~'(fl, ?.;:.:: T h e  1 VOl . . . .  .: .:. : 

Range 
. . . . . . .  . . .  . - . % .  . . . .  ~..'e:..i-';., . , . :  ;... sity.. ~* . (M. 

# (con) Brine ' min) (days) R& (%) ((m~g) g) 

C-3 VPX- AIS. 0.1 
28-6C 

D-3 VPX- AIS. 0.1 
25-8A 

E-2 VPX- AIS. 
27-7A 

NA: not available yet. 
S: single porosity assumed. 
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APPENDIX D: RANGES AND PROBABILITY DISTRIBUTIONS OF 
. . 

- .  MATRIX* &S FOR U(V1) 'AND' DOLOMTTE~UCH 
CULEBRA ROCK " a .  

' I 
, . . . 

.. * - -*. 

Based on experimental results, ASTP personnel have predicted that U will 
speciate as U O  or U(vr) in deep (Castile and Salado) brines in WIPP disposal rooms. 
Furthermore, a modeling study of the effecd 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 Kds for U(V1) and used the 
experimentally obtained ranges for Th(TV) (see Appendix E below) and the' oxidation- 
state analogy to establish ranges for U(IV) (and Np(TV)). 

To establish the initial ranges for U r n )  and the deep brines, we first considered 
all of the data from the 6-week empirical sorptio'n experiments carried out with Brine A 
and ERDA-6 on the bench top (0.033% C02) by Triay Ad 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'(~able D-2). Next, we discarded 
the data from #6008, #6028, #6048, #6068, and #6009, the runs in which the difference 
between the activity of the " 3 ~  in a standard and that in a control exceeded 30, where o 
is the standard deviation (see Methods Used to Establish Ranges of Matrix Kds). 
Discarding the data from these five runs yielded an initial range of 3.20 ml/g (from 
#6029) to 18.4 ml/g (#6088) for U O  and the deep brines. , . . . . * - - 

To establish the initial ranges for U(VI) 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 - - 
1.44 C02 (see Methods Used to Establish Ranges of Matrix Kds) ~ h & e  were: #6010, 
#6030, #6050, #6070, #6090, #24010, li24030, #24050, li24070, #24090, li12010, - 
#12030, $12050, #12070, and #I2090 (Table D-3), and #6011, #6031, #6051, #6071, 
#6091, #24011, $24031, $24051, #24071, #24091, #12011, #12031, #12051, #12071, and 
#I2091 (Table D-4). We then discarded the data from #6010, #6050, 86070, 824010, 
#24030, 812010, #6011, #6031, #605 1, #6071, 81201 1, 'and #I205 1, the runs in which 
the difference between the activity of the " 3 ~  in a standard and that in a control exceeded 
30, to obtain the initial range of -1.50 ml/g (from li12091) to 62.4 mVg (#24091) for 
U O  and the ~ulebra brines. However, we set the lower limit of this range equal to 
0 ml/g because there is no reason why a Kd &uld 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 NaC1, atmospheric COl, and the highest 
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. . . . . . . . . .  . . . . . . . . .  . -  . . . .  . . .  . . . . . . . .  .' i I. : . . 
-., . > 

, .  /.: 
pH value under these .... ,:;cl'.:- tonditibnsiiee2 . .-..J..":.(.-..i- . . . . . .  and, 6 mVg at a pH of * . . A .  9.9 . . -  (Table ......- D-s):.. Because 

... 
r.+ . . . .  one of thgse i a e s  . .  is.Z&ste tc .....;.... .... I,; thi,lower limit o f  the . ,  initial .., range. -,.- , for ,.. . U(W) - .-. 2i.nd the deep 
,.- brines ( k e , a b o ~ e ) ~ . ~ e  .... ?. . .  ' . . . . .  ejrtcnded'&s I&& to obtain a [evised . . . . . . . .  range . for. U(V1) . a ,  . . . . . .  and deep 
i-,: . .  brines o f 2  toJ 8.4 ml/g:.i ~ t k a u s e  we did not use this comparison t o  eiteddithd initial 
. . . . range for . U(VI) .. &d the Culebra brines to basic conditions, this reiised range remains 040. .2,. 

. . .  . 7  

62.4 mVg. - 
. ' . . . . .  . . .  . . -  . . . . . .  .... ..L . -  

. : * .  . . ., . . .  . . ' .  . . . _ .  . . .  . . . . .  . . . . . . . . . . . . . . . . . . . .  : ;. . . .  ..... . . .  . . .  . . . . . . . .  :,.;,.<, . . . . . . . . . . . . . .  . . , .  -. . ; c - . , ,  - . . . . . . . . . .  . . .  i - _ . .  . . . . . . . . . . . . # . . .  . . 
: 

- -  <.,L%:: r > : .  ;.::,,.<,* % : * . L  , _.. . .  . . . .  .-i , 

. . .  . . - . ,~i  tbeh. &dinbared ... .-.. bo.th'bf . . .  these &vised raniiswith the data from . . . . . .  the transpofi ' . ,  . 
. - 

study with intact Culebra-.c&s by ~ u c e &  andbis colleagues at SNL. L u i i o  carried but 
his experiments'-underr;mbieG at&ospherjccoxkiitions; therefore, the Cot content of 
these experimleig was $roiaply,.similar. to-that in the L& bench-tob"(0.033% C02) . . . . . . . .  *.. . :**.::. -c ,"* , . ,d- '  >r,..-.. 

runs. ~ u c e s d i d  :I. obi&; .lL . , .  b&akthrough . . of U(V1) in his experiments. Therefore, it was 
. . .  possible _ to determine .. .-."=, . actual K,JS for this element.; Lucero et al. (1996) submitted their ;- .+-t . . . .  

res& on March 28,1996, (see Table D-6). Lucero &d Brown (1996)-&d ~ r o w n  (1996) 
then revised them on April 5 and 16, 1996 (Tables D-7 and D-8, respectively). The Kd 
reported for Experiment C-7 with the deep brine ERDA-6 (Table D-8) is less thm the 
lower limit of thh revised range of Kds for U(W) and the deep brines obtained- the 
empirical and mechanistic sorption studies (see above). Therefore, we extended this 
range to obtain'afi&l.ra& for U(VI) and deep brines of 0.029 to 18.4 mVg, and rounded 
it to 0.03 to 20 'di 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 
~evised range for U(V1)and the Culebra brines (see above), ourfinal range remains 0 to 
62.4 d g ,  rounded to 0 to 60 d / g  for' inclusion in Table 1. . . . . . . . . . . .  . .- 

We recommend tdat PA p'iisbnnel use a.unif6rm probability distribution for both 
of these ranges (see Methods Used to ~stab1ish'~ribability Distributions of Matrix &S 

above). 

Finally, 'we reco&eod that PA use the range of 0.03 to 20 &g (the range for . . 
deep brines) f6r U O  b&cause,thii:'x-mge ksults in less ietardation of this element than - . I- 

the range for Culebra=brines (see Methods Used for Final Selection of the Range of 
Matrix &S for Use in PA Calculations above). - c .." b - 

- > . -  * a .  . - .  - .  
- - 
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. . . .  Table D-1. Effects ...... of .. Initial Radionuclide ... Concentration and Pcoi on M e  &S for . .  
~ . .  :-.,-; .:.... ,,!. .i;i.,.~**"~~. .......=.. .I.. 

I '. ..I. 2'. ,. . I.. . ..; : ! :I .-; . .'Gj,:.x2$- um;.I)bl&ite-~ichh -cul=bra Rock, . and 'B&~:~~A.(LANL ~ & ~ i ~ i ~ ~ l  ..:: ! . . . . . . .  
~ ,<.,.,.< : :, ;",+::~.<y~? .:, i,-.-.. * . . . . 

i. . . 
' - : . ,:,;;n-S~rptlon Swdy)$ ~ h g ~ ~ ~ k ~  &pion '- with ~ x - 2 5 ~ ~ 3  GS in bold :+ -3  . , ' - - : . .; -. . . . . . .  . . . .  ..................... . ..... . -'> ...... ... J.... . . . . . . .  <!<,: 2-?.*'++ ,.>-L'.i:,: c.:..p-. ,:: .; :< . ;;,-; ,' ' . . .  ....A,. I ".:<i :+,. .. .. ........ - :.; . ..........-..... . . . . . . . .  .L,rq .,. font;excluded~:from' ranges- and: diskbutions be~ause'.,:bf ~i&c&$tab]& 

...... ' 7  A. .... .,::t, :,<+ :.- <: ... *,: . . .  ,.: ... . . . . . . .  . ., , .-. . : ;. ::; differencesptietyeeni standards ;: and ~&~trbls.!::. bata: c-nt as ' of+. :: .& - ' 
. . . . . . . . . . .  . . . .  ..& . ,..Z". . . . . . .  . , . . .  

- . : .x- ;,!..April.' 3 :~-19~~.;:-':I,. T*l 
....;... . . . . . .  :. $2, ., ,:Li..,- 9.. -..:;:>..!::. e ' .. ' compiled..:;.; by ,i ' L>' :.:: H. :- Brush on ..... . . .  :=. . . . .  . . . . . . . . . . . .  ... 

. . . . ;.-:,;& ........ -h .,:,x:....- 23!&d . %G .......... 30. :19?6,. info&&&.,-*rdVid&d by- on .. . . . . . . . . . .  <*,a:.... 
'5 - , - - . . . . . . .  ; : . . ,  $..- ." - ,';z$< a .;<*.. M~&.; l9 ;and .... ..F:. .. 2621996i1!: Table ch&ked' by .Brush. and sj Boone' on : ............... -' ""';.;,>, ,. . ' , ..,; ' - . 

":-:'~plil3,*-fi96::-  able revised by Brush-'on June 7, 1996, based on 
- .  . . information provided by L. J. Ston on June 6, 1996. Table checked by 

-2. ' , 

+, . . . . .  . . . . . . . :  :.r- . C I  Storz on June 10, ,1996.-;Table revised by Storz on July 1,1996, based 
. . .  . on'infonnationprovided by LANL on June 28,1996. Table checked by 

. . . .  ,A ~. '~e terson on Tuly,lO, 1996. ... -.--..  . . . ,  . . . . . .  . . .  

Range of 
XtiaJ "U KI ( d g ) .  Kd ( d g ) ,  Kd (Mg), K .  (mllg), 

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

Brine A - 1.09 x 10" 14.1, 
to #6028 

1.39 x lo4 

Brine A 1.13 13.9, 
to #6068 

1.34 x 

Brine A 
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. Table D-2.,: Efflctsof Initial Radionuclide ,." , ~onk~t ra t ion  .. -.. ,and pco; v on "..-.. ~atr ix '&s for 
. . 

. . 
, ,-: .,-. ,:-. u ~ ; , ~ D o i ~ & & ~ R i C ~ ~ C u l e ~ i $  Rock;-&d - E R D ~ - ~  

. . . _ _ . . . .  & .  

; . . . . . .  , -  ..:s,&rp^ti6;i'~~~j~;;i';i'~&-w&k s&$i& G* with-~~~-25-g:' &-; in Gold . . . . . . . .  . 6 . .  . . . . . - . . . . .  . . . . . .  . , _ -  5.- .; - :i '.... . . . . . . . . . .  ....-. .. .. .::-- ::;~':,..c;,,-:.i,. iir 
. . .  . :...: . . - ., . . ,. . :$*,. t ; f ~ t ~ & ~ ~ l ~ d & : ~ ~ ~ ! ~ r a n g e S i  . . . . . . . . .  iand 'd*&&ti&: because '.of unacceptab]c',, . . . . . . . . . . . .  . , . &ffe&&ces-i .&.tw&.i- .;Stan&& :rrr&d,. 'coi;'troli::; ~&::&&h~ .. as of--, ... --?; 

........ .......................... . :, April 3, 1996. ,".: " -  ' Table-' co@&led . , ~ r u s h  - .  on . , " 

. . . . . . . . . . . . . . . .  . . t. ' : ;:-~&~h'23 -&d.30;1996,;b&& : ! ~ ~ ~ , i n f o & ~ ~ ' " p ~ i d ~ d  b i  L m , ' o n  . . . .  , - .. . : 
. . <:.t~archii19 ~ d . : 2 6 , ' ~ 9 g ~ ~ : ~ a b l e i ' C ~ + k &  ,by Blush add S. BooneS on , 

. . . . .  
, .. m. . . . . . . . . . .  

3,1996: < Tab]& &ised :%$ ~ h ~ h ^ h ~  7, i9b6, based on  
information provided by L. J. Storz:on June 6,1996. Table checked by 

. . Ston. on Ju.ne:lO, 1996.' Table 1evised by .Ston' on 3uly.l;' 1996, based 
on i n f o d o n  provided by LANL on June 28,1996. Table checked by 

. . . .  :C. Peterson :bn July 10, 1996. .: .:.,... : .:... ' . .  . . . . .  - .* 

Range of 
233u Kd (mug), Kd ( d g ) .  Kd (Idg), Ks (mug), 

Brine . Conc. (M) 0.033% C02 0.24% C02 1.4% C02 4.1% C02 
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-. . . . . . . . . .  .Table D-3.; -. ,.... Effects .. ..,,.-. of .... Initial ,...-. Radionuclide . .,,. ~o&entration . .i,l ....... .> ... and PCOi on Matrix Kds for . .  . . . ,". . . _ I  ). 
. . .  . . .  . . . . . . . .  :;,--;: 2,  u(vI),~ ~blblomi&~i~h Cdkb& ~ ~ ~ k , ; % d  AS& FANL; ~ b p i ~ i ~ a l  . . . . . . . . . . .  . . . . . .  -,,;.:;..- >., ._^ .  . . . . . . .  . 

. , :..> . . . .  . -: ; : . . , . - ~ ; : . ~ ~ r ~ o n  .Shdy). .:s&.&& . .... s&pticjx-niis . witb.~~~&-8;!:&i ... bold . 
..A. 7 . .,k .\<.I . - . . . .  .;,--.:, -?';+r.. ..,- :- ::: i ...A r t.2' ?;*< < .  . :s;;,?:-.;2<. (.r~,s:::..., f ., + . 

. . .  , .:,. . . .  :,.: .:i!.gii~.kiLi . . -  . -...: ifont':excl,uded from ranges :.and, ,distributions because: of, iinacceptable 
..- . . .. .,*. ,;c.:.. .<;,>L ,: . - ,  - ' . -. . ' - . - . - I  ... 

. , . . . - .;,- ,,-; ;;*-@ _,, diffeknces.:- ,&'&reen :‘;. .,. , :. ..,r..2- . ' .-- and.. I 

 control^;^^:^,' - . a D a ~ l  .=&&it -:&', of.,, .: 3 
*., : 

. . Table compz&j .'I.', by,. . - . L: ........ ] j  H. . $ j ' ~ ~ ~ h ! ; ;  : .... , . .  on 
5 I . . . . . . . . . . . . . .  . . . .  ;:::i:!?'March 23 and 30, 1996, based!&n i6fo&atibn, prbbi,d&d, by : ~~i 'on . 

. _ . . . . . . I .  . . . . . . . .  ::\ .:... 
...... . . . . .  .-'March 1 9  26,<1996i +T&le checkkd by- Brush and ~ j j ~ b & d  on Q " .--.-,,--..... . . . . . . .  . ... : . . . . . . . . . . .  ... ........ . .- .- - - .  .?. & .' '.:Apdl 3, ib9i.: .' Tabie:&vised, sGhon 7, 1996, on 

inforination provided by L. J. Ston on June 6,1996. Table ;checked by 
.- . .::L, . :  :.tc4::;~Ston on 10,1996. -. ~able'&vised by Ston o n ~ u l ~  1 ;1996, based , . . . . . . .  

on infd-tion provided by LANL on June 28,1996.   able .checked by 
- ,.. . . .....:. ......... . A. C. Peteison 'on July 10,1996. ., .- , , . _ .  . . . . a $ 7  ..,,:,..&. ?. . . .  *,.. . .  

Range of 
hitial"" U ( d g ) ,  Kd (d-49, 

Brine Conc. (M) 0.033% C02 0.24% COz 
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:h >.  . .  .:. .;: Table D-4. Effects of Initial Radionuclide Concentration and PCO2 on Matrix ~~k for . ..... . ; - ,  . . . . . .  .*'.'I .<- ... > ',:A,> <:<.:* c .<... . . . . . . . . .  ,,* . . . . . . .  
, . :.:'.i!.! - 5 U(VI);:Db]&&.e-Rith a e b S  Rock;' &: H-17-, (LANL' J7Gpiricd 

. .. ... .......::...... ?%> ..PZ ..;.. <:& --.,- L.$,PLL.+..*=:"<+.:~$ I . . . I . ,  ::;;I .--.<-. .......... > ,> ' :.i .+w -.. 
,....;-,'.~;:5. .... ..-.,. Sorpgon ..-,.-*.. ..LLji.L. 2a-Ig:-...9r Study):., A-. Six-week.sorption . . . .  ......... runs,;with VPX-25-8:: Kds in bold . . . . . . . .  -:-.+>;5:Zz:?"..i .::.%;$;,*,.. 6 . . . . . . .  1.. " . . . .  . : : ,, . - . .=!font ............ : excluded:~ frbm; ...... ranges: and : distributi6n~.~b&&se'~f .... .... '&~a&~table '3.;. . . . . . . . . . .  Li..':--:*- -.r.-~IT.>,*IUI;.&~..Pr,- , ,L .I- *I.^-*" ,,. .&b;>*-a .--*.+-.. .va* >-.;:; 2,. . . . . . .  

! ' ."," , . . . . . . .  . . . . . .  . .  '1 differen~s:, ....... betweeny .... standakdr;S . and < c06trols. .... . . . . . .  - Data; kmeh, of ,: ;. . . . . . .  . . ,..... .-%-&"@,<+. 2 .  A. ... .* . . . , - . . . . ~ t . . t M l .  - . l - '  -;: ;> .. .-j ".-.-r .,,:. - ,.-,... 
.... . . . - . . . ~ ~ d . 3 ' '  .. 1996 . .i"":r.:+-' Table . ~i.-'~ompiled 5; by ..': L. H. .: : , ~~~~h . . . .  . . . . . . . .  . . ' .,?... :::, : :.:; Z-'i:-. - . ." on 

,< ..- . - .. : ... - .+".> . . .  . . . . . . . . . . . .  .. . . . . . . .  z , .  ........I.. . .  ........ ..... , ;. ,..r:-: ...: A /  ~ & c h  .Ir..,.., 23I.ind ..-.;=-: *.,-. 30'-N96+ !.,.;. T?,.~.. ?'..r.. based -,. .,..* on :-,' information .-,.. - prokded by. LANL on -i. . . ,t-. .r.  ,,.,-,.,.a. . . . . .  .-. . .  
>...- . . ,. 
? '  

.... . .... ................. .. .... .. ....... .: ...:..~:,.;,.i; March 1 9 m d  :26,?1996$,~.~abehked b y  Brush and S; BOO& on ,* - >  . . . .  : .;-. ::-7..> .n., .,,.?w,*,::;:-.>~,.. -.:a : ,,,,%, :*2,a:.!,-y '..* ,..*2;., ..>.,. ...... ... . . . . . .  : ,  . . -  . , . ;'A*,' 3,.19g6:.,j:~ab]<:kyi&d . . ,  ,. . 59: BA&" . .  On June -7, 1996, b& on 
informati6nprckided by L. J. ~ to rz  on June 6, 1996. Tablechecked by 

S ' .  . . . :  
i.. ..... . ... . . .  ....:... . . . . .  . Ston . on June 10, 1996.: Table revised by sto'rzon July 1; 1996, based . . . . . . .  . . . .  :,. .: A .  ,.TL.*" ; .:.> ."-.- "i... - 

- .  
:. . ,- on information . . . . . . . . . . . . .  provided ,.? ............ by LANL on June 28, 1'996. Table checked by 

i ' . . .... . .  -. , ._ -.. A. ~. '~eterson on July 10, 1996..:>.-.-!2.:.f .-..'; :- . .  . .  . . .  . . . . .  . . . . - .  . ,  . . . . . . . . . . . . . .  . .  . . .. _ -  -. :: . 
, . . - - .  .-. . . . - 

Range of 
Initial z3u Kd (mug), Kd W g ) ,  . Kd (mvg), 

Brine . Conc. Ovl) 0.033% C02  0.24% C02 1.4% C02 
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- Table D-5. ~ffects, of p~ and P b 2  on Matrix &;for UCVI) pure Dolomite 
, ' 

. .  .................... ............ .,J "'.a. -.-,,..= . ..,: .-,- 
<.Y. . : . . . .  ,..'. - , 

. . .%.; . . . .  , .'.,.,.: . . . . . . . . . .  ., i;;:.:.. : : : . ; ? ; ~ : ~ { ? ( s - ~ &  ,ri=.... . 
i ,  M&.hanistic Sorption study). .... s&$ti&: iiindy,~~i;ith . .  . .  , . - . ,  - .  :,, , .,...;.... .:" ..... \' . ..-'.. .. . . .  ." , " . ,...,y...:.. ...... , . .,,. 

a , . . .  
..r-. 

. . .  . .;.... : . . .  ?; ;.:, .L.;;~:.,$<r&. i' dolci;mjtk! and 0.5 :'M:.-N&~;:.I,: D ~ M . ~ '  &i+$-s!, '.bi; ... .  . . .  . . ........ . . . . . . .  . ....... - 1 .  : :  ..............." ! - ...... :-....b . . . . . . . . .  --- . . .......... ...... . ,!.. . . .  . , . , 
.;. .- ,.. ,.-;. ;:. .,:+::-i?;b M a  31; 1996:: Table retyped by L;. H: B$;~ s ~ ~ : f ~ ~ & + ~ ~ ~ i 9 $ ~ 6 : .  .: . _ . . . . . .  . . .  . . . .  .>.. .- ,:, . ; . .  

. . . . . . . . . . .  . . . . .  - . .  . . 
- .  ..2,c,~.,~:': ,.; .:. " u. . ... ... . . . . . . .  . .  able checkid by Y:, BLM on-April' 28, 1996.;' Table revi~& by > . .:!; . ,. .:,..-..- 

. - 
. . 

. . - - . . . . .  I .  ' . . 
rP. - . ............ : : ...... 2: B G h o n  .... .-. ........ ~uli.5, f ,.,.. .. 1996, based 6b Brady (1996). , Table checkededby 

, . ;;;:::;,.:;; , . ,  : . 
: . . . . . .  .. , . . . . . . . .  .: < >:.-.,.-.., . (-,. pet&-.6fi.-.n Jhli 19g6.,-.; .';I;+ *,,;,. . : r : ;  <' , 2 .- . . .- . .; . - . . t..,. .. ... . . .  >, . . . . . . .  . . .  . . . . . . . . . . : .  .:.:, . '":;. -I:-. ..:.;,:::.. .....-... - .. ,,.';.3. . . . .  . . . . . . . . .  . 

. < . . . . . . . . .  .. -.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  .:. , .  . . . . .  . .  ...... .... . . .  , ' .  . . . . . . . . .  . " . . . . .  . ., . .., <,; ;.." 
. . . . . .  

< .,;, +;,;, ;:,.... (,;:::".;.:'* ..:.:-;:,<%% :. ; .  : :. a 

. . .  r .,:2,:.... 
.: , ,,,.,; ,:,. :I::,, -;;;5;: ,.:::..A;. '.,'< ; 

. .  , .. 
. . .  . . . . . . . . . . . .  < .  ...I. " , > . .  . . . . . . . . . . . . .  . . . . . . . . .  . . 

. . . . . . . .  . . . . . . . . . . . .  : 
; . . . . . . . . 

.. , . 
. - .  ..,. . . . .  .^.. ;'., . . . . . . . : .  

. ,: . . . .  ..,..: .-., .;:.; ; ;I;':. ; . :~::,,ris~~:~~;;~~~:i;~;>';. - .. . . . .  .....,..... '-: \-.. ..,  . . .  ; .~..-&(mVg), . 
i, Kd ( d g ) ,  

. . pH . ... . (standard - .- units:,: .:- . . . . . . . .  .::-, ,;: atmospheric Co2 
. . . . 

. , 0.5% COz 
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- Table:~-5,. Effegof p~ and.Pc$zon Matdx Kds for U(V1) and p& - . ,... .... ". 

" ' " ., (',: * (Sw "'  ,-, .... .,: ,..-. ..-,,-:. .. .,:- .a--.a",..,,, . M&fi&&c SGrpti& Study) (continued)..$< ,.,', ..:':;* ' , . ' . . , . . ....... ,., '. . . . . . . . . .  ......... : - .;,., . -:,...-.* . . . . . .  ;. <,... ...: .::.:.4?*.:-:, . . .  . * ;. . . . . . . .  . . . . . . .  ..... . . .,,;: . -  .;-.,>. :,'.., .*..::,:. . . . . . . . . . . .  . . .._. . , - . . . . . . .  
- -; :': ' ' 

. . . . . . .  * .. . . . . . . . .  
- . 

, . .: > . . . .  
. . 

.......... ;. . . .  .................. . . . . . . . . . . . . . . . .  . . . . . .  . .. , : .: . . . . . .  :. ,;. .:.:<,:.: : . . .  . . . . *  ..........-......... . . . . .  . .  . . - .  - 
. .:._. . . . . . .  .... .... . . . . .  . . . . . . .  . . .  - .  . . . . .  . . . ,' 

i . ... . . . 1.:: :..-. 
v . .-.. 

. . . . .  -. . . . . . . . . . : . . . . .  . - 8 : . y .. -a. 
....- . . . 5 (mllg), 

K d ( d g ) ,  
. '  

-: +.+;!::, * .-! ' . .  
......- - ....... .. . <  

: -... ~d (mljg), ' 

. , .-:pH (standard units:::s&:%.: :::<.-> atm&$bdc co *:- .;< :I<::; 0 5% .co2;<-. : 
,-- - 56 COz 

. . . . .  . ?  . . . . . .  . . . . . . . .  . . . . . . . .  . I . '  . - .  . . . .  2 ' .  . . . . -.  . . ........... . . . . .  '._: ;.>.;. . y,.,., ::<:.-f:.:,:: : . -?::;;., -:* .;,,.r;,. .,;-:,,:,ez .c:'. ... :.+.:.- . . . . .  . . . . ... . . . . . . . . _ .  . . . . . .  . . ~' , . . .  . . .  .............. . . . .,:. . i .:'. y .  
. . . . . . . . . . .  ...... - . ..: . . . . .  . . .  ...' . . . , 
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., Table D-5. Effects of pH and PC02 on MatrixQs f& U(V1) and Pure Dolomite , . . . .  
> .  

. . 
: .- : ~.,:, .> . (S-ANL Mechanistic Sovtio~ sNdy j (&s&;ied); " .?:. '" . . .  ... .*.. - --.. .... ".i,-*f...'-.c..-.- 

. . . -  . . . . . : .  _ .. _ . . . . . . . .  . . . . .  ..... . . 
. . . . 1 .  . . . . . . . . .  ........ ...... .:,:-:;.;;.;':,.:;;':;? .,:; .-.- . . : .  

. .  ...... ...; . . . . . .  . . . . . . . . . . . . . . . .  ....;.............. ; - .  '?f*:< :.:"'.,;. /.. %., $ .' :. 
. . . . . . . . . . . . . . ~  . . . :; ..,, ::,<..: ,<.. ..... .:. ...-..,. >.-: . . . . . . . . .  ...I ....... 

. .  & (mug), . . . . . . . .  Kd ( d g ) ,  . . . . . . . . . . .  . . . . .  
, . pH (standard Units . .\ . iy L atmospheric COz 1. - .  1.:::{, . -r..;::- ?:S. 0.5% .COi *;; ' -: . . .  . 

, . . . 
. . . . . . .  . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . :  .............. - . - ' j . . i "  ...,, . - .  . . .  

5% co2 
. . , .  . - . . . . . . . . . . . . .  -. . , 

. . . .- 

NA: not applicable. 
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;. .,. -:,.< ..+':.: ,.,:... p ..!.!. t:.. ~ - 6 : ~ & u r e d - ~ & & s  rw.:+,d:-l;p dfw -... , .. df c.z...  add ! .... -. rr,.c. . . ~alcilAi6d :.,.t2:.x;, valuki < ; a  ,k.;y.+.%. of ... K~ for U(VI) in ~~t~~~ ... , , .., . -,? ..,-, :. .+ .., .?.: .Jq,Lr4..::.. .i:.,+, Cu1ebra:Cores (sNL' Columxi Transport Study).. Values in bold font 
. . .  ....* . ^ .  - .....i...<l'.'P .....:..... ; -..;- 

. ;, . . : :;.~i,:<~~~i to be exdud&, fidm m&$s' and distdbutions because fits to elution :,::.--:;:::'i;?.... %., :y$.. 1 , -~+ .593~F~- .~ : , . .? :  :?;>:. - . . , -  ........ _^ L~:;., . . . .  .. L .  . ..... . . . . . . .  .. . ..,:.. .. .... :'...:.;.. ..i-.,: ... -. . . .  ..... ......." ..' - . ' s . . .  .....) ...-:.-.. '"'.>~.b. data w e ~ m f e n o r t ~  those &su-&lngle porosity and dual porosity 
. . . ..,,, T:'*. ....... i. >,--" - -:2.&-:,;.:.. ,.-. , . ; \  

..I. _.I ' .. ....... . . .  . . . .  .- . . . . . . . y: : with 'fractup retardation.:.. Data current as of March 30, 1996. Table :i : -3 . . . . . . . . .  L '  :-:,- '.<. .- . . . . . . . . . .  
:. : . : : . compiled i.  by,^ 1:; H .  Brush .od-  arch :: 30, 1996, based on 

...... .Y..,.... - - A .  

. . .  . . ;- ; ,:!,, Luc&-=c-d: 996fi: che&a 6' gii~.bn M&cg 996. . . . . .  .,: ...... -.2. ,. ..*.Q . !. .. A'.. ... .. .... ... ,....... .... . ‘  . . .  ;:',* .:.." .;: ..................... ..,i.;;i:.. . .  ....... . . . . . a .  . . . . - . . .  ............... ..:,. ...; .-. ---.--;--. .ri--',?: -..- . . > , - - ..".---'..- :.:. * - . . . . . . . . . .  ..; . . . .  . . . . , . " ; , .  . . ' - - -  . . -. . 

. . .  ....... ........ . . . .  . . .  .... . ..* <. ? 4 ,.. .. .:.; ;,,...r. ,.:, 
. ~ 

. . . . . . .  . . . .  ,:: I.;? !::;.' :,;.:. :*'.:. r r, . . .  

. . . . .  .- 0 

, , 
. . . .  ......... . . .. , ...-. . ............. 

........ . . . .  .. - . . :: :.FJow...i' Ef-, 
. . . . :. . , . . . .  

. . . . .  ..... m& : . R ~ ~ ,  , fluent . 
! . .  Poro- Range 

. .. . . . .  Solid :. :. . .: : :.:: :.. :... (d .,.::;1. Time -; Val. . ... % ..... sity (w 
Run # (c&=) Brine min) (dais) R % )  ( d g )  g) 
-- - - - - -  
B-3 VPX- MS. 0.1 NA NA 3.4;' 9.8S .084' .022' 

26- 1, 
11A. - 18.3;~ 5.2DN 0 . 6 8 ~ ~  .(JDN 

3.1, 
5.2DF 5.2DF .03gDF 0 . 0 3 ~ ~  

. . 

B-6 VPX- , ' AIS. 0.05 NA NA 13.1;' 4.8' 0.25' 0.07' 
26- -. - 

. .- -1, IIA N A ; ~ ~  N A ~ ~  N A ~ ~  N A D ~  ., 
NA, 

N A ~ ~  N A ~ ~  N A ~ ~  N A ~ ~  

10.4;' 5.7' 0.23' 0.08' 
1 9  

2 6 0 ; ~ ~  - 3.5DN . 3.gDN YDN 
12.0, 
0 . 6 ~ ~  3SDF 0 . 1 7 ~ ~  0 . 0 6 ~ ~  

2 2.7;'- 3.9' .02gs .022' 
1, 

0 . 6 ; ~ ~  2.1DN - .06gDN 0 . 1 3 ~ ~  
2.7, 

0 . 7 6 ~ ~  2.1DF . 0 1 6 ~ ~  - 0 0 5 ~ ~  
. . 

. . :.. L 

. . 

L 
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. .. : : . .  Table D-6. Measured Values of R and Calculated Values of K,, f o r , ~ ( ~ o  in ~ ~ t ~ ~ t  , 
?;.$............. .7... .- ..-,P.G.-.':.:..' ... : " . "  - . ., ., .._....... .._ .. .... A .  . . L,.;~~~~.~~~~;:::~,-.> ... ::::::,;: ~ ' 5 '  ale$* cores (SNL Column ~ ~ g i ~ ~ ~  Study)' *; ;;I . . ... !f * .- r ..-. r,. .L. -... .*. ................ ... .-. . . . . . .  . ..: ... . . . . . . . .  i : " . '  ."- - . ._ .  , .  . . . . .  :.?: : * ..';:.,.., . . I <  . '  . . . . .  _ "_ .  . I . ,. . 

, :.: . ; . .i. . , ...: . . . . . . . . . . . . . . .  . -. .' . ' 
.::. . . . . . .  . . . .  . . . 2 

. . . .  . . .  - _  ._ . . . . . . .  ; I,'. '. .. . . .  . . .  .. . . . . . ,  
; - . a : ,  . . . . . . .  > ..,. 5+-+::.:.. ..: : . . .  .....................~~ , , ,  , ' ; , , . ;  , ' . . . . . . . . . . . . . . . . . . . . .  --.- ...? .;-..,. 'h".!.' yJ-" . . , -  . . "  : .* . . . . . . .  ....... < .: :,< ...-.* . . _ . . . . .  . -,,. ; ' C - , . , I , ,  ' 

7 ; : :  . - .  . . .  ..... . . . . .  .- . . ...... :. .:;....... 
>' ;: . . 

. . . . . . . . . . .  . . . . . , .: - . . . - . . -  . . . . .  . -. . . , . * . .  

. . . .  
. . . *  . . . . .  

. - :  - ,, . . . . . .  . . . . . .  . T .,.,,... . . . . .  .:,: .... ..,,*: .... . ................... , - i . : :  , -  rate . .  Run : . ,  'fluent . . . . . . .  . .  pofo-;:-: ,.... . .  .. : . .::.-:: - , : ;+':.; . . ;.: .; -, , , , . . . . .  <:: . - -,. . I  . . '. . '*. 
:,,.. , . - .  . . . .  :.. . .  -- , . . .  ... . . , . Range 
, . . . . . . . . . . . . .  S o d  .. : : . , ' 1::: ... : (my :: , ' .  Time ;~.; Val. . , ., . . , , . . .  ; sity..;;i ::. [d 

.. \_  :,, : .-..>i . . "..!a. . . . . .  ,:..,- 
. . . . . . . . . .  . . .  , . , 

?. : > - '  <: , - ,. .- > *. 
- 

.......... Run # .. .  (core) .. ; Brine min) - . (days) . : 'Q . . . .  
'i:,. . '. 

. ,. . %) - ( d g )  
(M 

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 5SDN 

D-6 VPX- MS. 
25-8A 

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

2 10.1;' 15.5' 0.61' 0.15 
1, 

N A ; ~ ~  7.iDN N A ~ ~  N A ~ ~  
12.3, 
71DF 7.1DF 0 . 3 5 ~ ~  O.lgDF 

AIS: MSinR 
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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q. ,.i, ....,-,+. ..ti:, ;.:;?,-<a-c.:.:. ..-- ,?. .:, ..- .:- . .:-; ! . . . -,:.:-.- .- . - . s  . ,; ..> *. . b&.d;bn':$ , ;' s .. , .'. . Lu-Tet$ '&+ (1996y;$ ~ ~ b l ~ . ~  c ~ & ~ d 7 :  sGShcr 6. , ! .  .. , . : a  <,.. - :  *,. ... r : . .  ...... 

14 . 
C.. .. . , .. . ';. . . . . . . . . .  . , ,: 

t:;:,., F 
. . Marrh.31; 1996~:.:~~~ble~revised by B~shon.April 67 1996:$&&& i ?+ 
. . Lucero~s:'&d B&G& (1 996): .- . (  ~Bble. ''&&kea ;%? ?;$ Bkhl . on 

.' 1 ...... . . . . . . .  . '>.  '- .- . ,:. . - . .: April 8 - 1996'.....: :!- f -'., "j' :- i!..:.i-:+:F ;;-5;.~.h'+&:!;':t,.:: :",." -;-- ' ;- -'.,... ...... . ... L .. 
9 2 ._; , -, ..,.., ,.%,,,, , .,.< :r::;:;;:;;<2?-~2..s::3 

,:-.%<: - .:. 
.. - I ,:.$ ,; 5."5." r - ~ w  

-;..:ti2 . . . 1 9 7 7 : - 3 - ' r  .:. .... . . . . . .  . . .  .....? .............. ;--., .... . . . . . . . . . . . . . . . .  
.: ..;....<?f %, 

. . . .  > '  .,.< . . . . . . . .  - - .  . .:> ~;&~::;<.>;.;.&, - - , . . .  - : ::,-: ,,. '1 ....... .... . . . .  . .  . . .  
'. . : . .. - .  . ,- ,_.: 

. . ,  . .  . ;..... . :,;:,: .'.... -: '?;j ;::y$7!5,,2, ,* , 
. . . . .  . . . . . . . . . . . . .  .. . . . . . .  . . ..;-.... ..,,*..,: ..-.. -i'..:'c.. :. . . . . . . . . . . . . . . . . . .  . . .  . . .  . . . . .  . . . . . .  < . . . . . .  

. . . .  . . . . . . . .  . . .  i'.; . . . .  , . 
. . . . . .  . :' HOW Ef- . . . . . . . .  

rate . RUII fluent',. , pore 5: . ' . . . . Range 
, , , , 0 :; . . ( :  h e  , V0l .:,,;*: -. -.-.;,.;-.; siry'<<Z!'. Kd . ' 

Run # (core) - Brine . min) (days) (L) 
(M 

R ' (%I ( d g )  . g) 

MS. 

C-2 VPX- MS. 0.1 
28-6C. . 

D-5 VPX- AIS. 0.1 
25-8A . 

D-6 VPX- MS. 0.05 . 60 
25-8A , . 

AIS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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.... ... . - .  
. 

: Table D-8.. Measured.Va1uesof.R and Calculated Values of f(d for U(VI) io Intact .... ...... ...... . . .  . . . . . . .  . . 
-"  ' 6 .  .:>..:*: d . . .  +. liZ 

. . 
- .?. '" ..,, 

. . , . ' : ;.- .. , ,. 

. ,: . . . . . . . .  ....: . . . . .  Culebra _ Cores, (SNL. ~61'- :~rinsport ~6d i  j:y):. ~ ~ w . c ~ ~ t : &  'of 
,' . . . . . . . . . . . . . . . .  L I.. ,: .......&.. - . .  ~an:h'30,1996. ... , . A -   able ....... c<mpilkd'Iijr . . . . . . . . . . .  L. ~i ~rush-&,M&~ 30;. 1996, , , ... . . .*  ' - ' !. r.:........ .-. 

.. i - . . ..;. . . . .  + .  , 1 , + .:<;;.based ion<~wro<&,~:  ,ali$L (1996)~~~;.~~bl'<'~h-&k~d$b;j B&&';-,& . . .  . . . . . . . . . .  ......... . . . ' , . t , . . . .  
. . . . . .  .- M e h  .... .,<. 3 ; . 1,1996~..~~able. . . . . . .  ,~vi'sed. b ~ y ~ ~ ~ s h  &&.A$I 6,:1996 b&ed on:+ ... -;. 

' 2  Lucercj and ; Broyn? (1996):j3 Table,; k k e d  ''..bjif Y. BeH .on 
... i-; .: . . . . . . .  . . . . . .  . . . . . . . . . .  ....... . - . . . . ;....;.....A@ 8; ) _ . .  1996:i . -  ~ab]e&iid ,b i  .& . ~ & h  on: April: 17, 1996, b & d  on 

. 
. . . .  : Brow (1996)- ,{;:;.:.. ::)> ~ ~ ~ : ~ I ~ ~ { Y ~ . < . ~ ~ ~ ~ $ ~ : ; ~ ( ~ ~  :;':*? :';:- .. :: . ;-.;,.. ,.,:,;::: *: . . .  i ........... . .  :.... .... ..... . . . . . .  .......... 

< .. . . . .  . . 
-: 

. .  ............. . . . . . . : . . . . .  . . . . . ;  ,,; : -*::,::,.,:;.: Y... ' .:\;.- .:.-:!. .::., :,<<:. - 
. . .  . . . .  . . . - . .  . .  . . . .  .. _. . - -l. : ,.". 

. . .  
..,; ::: 

.... . : .  '1 ..' . . 
. .  _ -  . . . . . . . . . . . .  I- . , . . . . .  

. . 

. . . .  . - 
. . . . .  . . . -  . . -. , + .  

- . -  
Flow . . . . . . .  Ef- -.:. . - . .  - 

. ... ;- ... r& :: .. , Run : .:? fluent:: . . . .  ..:: . ': Pore-. . . .  . . .. ,  . . . Range 
Solid .- (ml/ Time- . Vol. . sity 

Run # (core) Brine min) (days) &) R Kd (+ml/ 
(%I ( d g )  g) 

B-3 VPX- MS. 
26- 
11A 

B-6 VPX- AIS. 
26- 
11A 

. . 

c-2 VPX- MS. 0.1 2 1 2 10.4' 5.7' 0.23' NA' . 
28-6C 

D-5 VPX- AIS. 0.1 13 
25-8A 

VPX- AIS. 
25-8A 

AIS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX E: RANGES AND PROBABlLITY DISTRIBUTIONS OF 
MATRIX &S FOR T h o  AND DOLOMITE-RICH 
CULEBRA ROCK ., 

For Th, only one oxidation stafe, T h o ,  is possible in the Culebra (see .% 
Redietions of Actinide Oxidation States in the Culebra above). Therefore, we 
est&Eshed an experimentally obtained range of matrix Kds for ThCVT), and used it and 
the oxidation-state analogy to establish ranges for Pu(N), U O ,  and N p o .  

To establish the initial ranges for Th(TV) and the deep brines, we first considered 
d l  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 
these data). These runs were: n"7011A and #7011B (see Table E-1 below), and +7007A, 
#707B, #7008A, #7008B, #7009A, #7009B, #7010A, and G7010B (Table E-2). Next, 
we discarded the data from #7011A and #7OllB, the runs in which the difference 
between the activity of the z% 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 fiom these two runs yielded an initial range of 726 ml/g (from 
X7010A) to 12,604 d g  (#7$8~) for T h o  and the deep brines. 

For the inirial ranges for T h o  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: #7012A, #7012B, #7054A, 
#7054B, #7026& #7026B, #7040A, and #704OB (Table E-3), and +7013A, x"7013B, 
#7055A, #7055B, #7027A, #7027B, #7041A, and X7041B (Table E4). Unfortunately, 
we had to discard the data £rom all of these the runs because the difference between the 
activity of the 23% in a standard and that in a conrrol exceeded 30. Therefore, we 
assumed that the initial range of 726 to 12,604 d g  for T h o  and the deep brines does 
not W e r  significantly from that for Th(TV) and the Culebra brines. 

Next, w e  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 nor obtain any usable results for Th because of onc 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 T h o  
remained 726 to 12,604 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 ShTL. Lucero carried our his 
experiments under ambient atmospheric conditions; therefore, the COz content of these 
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in the LANL bench-top (0.033% Cot) runs. 
.-. observe , breakthrough of. T h o ,  *.it - wiii'.l^.onlYy pdsdble to 

this elemene Furthermore, the minimum &s'calcula'ted for 
for Pu and Am,+ the other' . elements for 

, ,  . .. 
obieme breakthrough Tables ~-9;" '~&d E-61, 

limit of y-spectiometric arialysis (one:of the &it;-methods uged 3 
effluent ... . is ,. . much ..-.,..-I* ,:.... higher . ... ,. t h k  . .  . th6seTf9r :'pi &d 241~m 

- . *< . ;  (2) although % e&ya 
- 1 

method used in this study), its diukhter products 
the detection limit for % by observing the 

d&ay of itsdaughters, such as * 4 ~ a ,  was not possible because of interference by identical 
;: .. ' ...w - .,;:-+> - :;:. . ' .jl.daugh&'$i&&& bi' the decay of B 2 ~ , '  which . used in all Of the cores. 

,.,. 
Lucero et al. (1996) submitted their results on March 28, 1996, (Table E-5). , Lucero and 

,. ,..-.,*,: *,. . . . 
*I:; :.:-:~~~&"(1996) thenrevised 'them' on April 5, 1996 (Table' E-6).,' . ' m u m  Gs 

reported for experiments C-2, C-5, and D-2 (Table E-6) are consistent with the revised 
r&e obtained from the empirical and mechanistic sorption studies (see above). 
Therefore, ourfinal range remains 726 to 12,604,ml/g, rounded to 700 to 10,000 mVg 
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 &s above). 

Finally, based on the oxidation-state analogy, we recommend that PA use a range 
of 700 to 10,000 mUg for Pu(IV), U(N), and N p w )  (see Table 1). 
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Table E-1. Effects of Initial Radionuclide Concentration and PcO2 on Matrix Kds for 
. . T h o ,  . ~ o l b m i t e - ~ i ~ h  . - . .  . - Culebra Rock G d ~ r i n e  A (LA.NL ~ r n ~ i r i c a l  

Sorption Study):: Six :week sorption Nns with VPX-25-81 &S in bold 
: . . .  font exclhded. frpm ranges. and d i s t~ ibu t io~  ; ....... ,...- .... because of uhacceptablc ' , - 

. . differex&; - ' b i k e d  standards and controls; -Data cukent as of , 

,. ~ ~ r i l 3 , 1 9 9 6 ~ ~ ; , , ~ a b l ~  -c6Gpiled by L. H ;  Brush: on March 30 an$ .' :' 

~ ~ r i l . 3 , ~  1996,. based,on information provided by. LANL on March 28 . . . :  a : .  . . *' . , .  ......... . .  .-. . 
- and A &  1,':.1996. .:-.:, ~abl'e' .  checked: by Bmsh . and S. Boone on . :. ..A . 

,A$ 3, '1996.- - . . .  Table revised by L. J. Ston on July 9, 1996, based on , 
information provided by LANL on June, 28, 1996. Table checked by 
A. C. Peterson on July 10, 1996. . . . I_ 

... 
. . . . . . .  , - .  

Initial 23% (W)C Kd (ml1g), Kd ( d g ) ,  &I ( d g ) ,  
Brine Conc. (M) 0.033% COz 0.24% CO;! 1.4% COz 4.1% C02 

Brine A 

Brine A 

Brine A 

Brine A 

Brine A 
* .  

Brine A NA 

Brine A 

Brine A 

Brine A ND ND ND 

NA: not available yet. 
. . : . a  

ND: not determined. 
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Table E-2. Effects of Initial ~ahionuclide concentration and PC02 on Mavix Kds for 
. . - . -. . : - : . - . a .  , r,:!.::.+,:,.: -:-:"am, ~ ~ l i m i t & & h  Culeba ~ c ~ k ; ! a n d - ~ ~ ~ d - ( j  (L& Empirical 

\ . .  l.,... . Sorption ~hldy). S i x - w d  sorpti&.'&$$i& ~ ~ ~ - 2 5 - 8 i ' : ' & ~  in bhd . ................ ._.. ..*.- 
. . , , ..' .' . font excluded from ranges and, distributions. because .6f .unacceptable 

..... .. ........ ...._. .. . . , .  . -. <s.:*:-:; -,.<; :"?; ::..,? .:,-: '. .-.:., i,.. .'.__ 
:,- differen&' 6; tween,; .. ahd' .controls"";.~Data .current . as of 

April 3,1996.' ~abll:' . i6ri~iled b y  L .H .  ~ m k h  on March 30 and-.' 
, April ........,. 3; 1996, ........ biked. on i~formation','~@ided,b~ L A N L O ~  Mhch 28 . . . .  ..;.: ,.; .,,.,. ,.,.,: .... ? 2. . . . .  ,., . .'., ...... :';-l. ............ 

. . 

. . . . _  .̂. _*,._ ...._.._ ......... .̂  - ..... -..- .. .d' 
'md *'April :, 1,'1996; .'_..,T?bli; 'checked' by. ~ ~ m s h f  and ' Boone on . . 
~ ~ r i l ' 3 ~ 1 9 9 6 .  Table revised by L: J: ~ t o ~ o n :  July 9, 1996, based on 
informati& provided by L A N L ' ~  ~ u n e  28, 1996. Table checked by 

. . .  A. C. Peterson on July 10,1996. .. .. . . . .  :.. : . . : ,  . : , ' . .  , . .  . . _ ___*_ .< . . _ ' .  . A _ .  i: . . . . . . .  . . _,._._.-. . . . . . . . .  

Initial =Yh Kd ( d g ) ,  Kd ( d g ) ,  Kd ( d g ) ,  & ( d g ) ,  
Conc. (M) 0.033% C02 0.24% C02 1.4% C02 4.1% C02 Brine 

High, 
#7024A . . :"' 306, 

#703 8A 
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Table 
- , ,. 

. . 

E-2. Effects of Initial Radionuclide Concentration and PCO2 on Mavix Kds for . 
. ~ h ~ ; , ~ o l o m i t e - ~ i c h :  Culebra i Rock,ihd ' ERDA-6 (LANL Empirical . . . . . . . . . . . .  . . . . .  < . . . + . A . .  c - , .  . . 

- * . 7 -  - ~orptiori,~tud~)(c&tin~ed). . . . . ,.I .:: .: ::. :;:::?.-. .: . . '  .. ..I_ 

. . . . .  . . . . . . : . . .  . . ,.. . . .  . . ,  .,.. _ , - -  . ' -  ...... .. .. - . . . . .  ,..,:,I, .: ..;; ;?,: ,;> ....'r,;.i : ."."', .>,l:. i:.':.~:.'::l..:.t::2~,-~.. - . . . . . .  . . .;. : i :  ,;*: ............... . . .  - 7  - .  . . . . . .  . .I , '  . . , . . . . . .  * .  . . -  . . , . . . . .  . . .  
' 5 .  - . . .  . , 

.I. , :. - -- . -7 . .  .. NA: not available yet. , :.:. 
. . . . .  -3 

, . : 
ND: not determined.. . . . . . .  . . ..-,? . . . . . . . . . . .  .".. .. . . - 7 

. . . .  . . ‘ . . . .  . -. , . . . . .  6 . . . . - I..'.. .... ' ,  . . .  
< . . I  

. . . . . . . . . . . . . . . . . . . .  I .- _ I _; 

. . . + .. . ,. 
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Table E-3., Effects of Initial Radionuclide concentration and PCO2 on Matrix Kds for 

.-'. 
T h o ,  Dolomite-Rich' ~ u l e b r a ~ o c k ,  and AI&R'(LANL ~ r n ~ k c a l  ..:.: \r:.,. . ;: .\ :2,:*;:.,>:::.<*$. - > ? "  ,-. 

. . .  ,....: ..:. :I..; ...... .. =. ..;I Sorption ~ & d ~ ) . :  Six-week sorptiin'iuib with VPx-2%8: I(;ls 'id bold ........ \.:.st 
. I . .  . .  . . . .  

P.' ' .  . . . . . . .  . . . .  .... ,. . 
, 5 - . . :..[. . : ::-., . -.+:font ."i' excluded ....... .;.;,. - . .  from. r&ges ' and-- dist6butio6s . b&&ie . .  ,, ,+. . ...;%. bf'bii&t$table . ..x *. . .  .-s . 

I .  
*- . . . . . .  . . . . . . . . . . . . .  . 

*. r.. . . . . . .  :' :..:: .7',., , I t  :,differences< b~twg&: standar&- contfb]g. :": Data kumnt as ' of 
. . . - - -~.i;Apd 3.1996. .Tables coinpiled by' L. H. Brush on 'March 30 and : 

: . . : . . -  April 3, 1996, based oh information provided by L A N L " ~ ~ .   arch 28 
: . . . . .  .. .... . . -. 

. . . . .- . 
L.. 

" ....... ;;..i.-...l\! . :. ._, ji.; l:AIjdz 1'; 1996; !?: Table:' chWk&d -C by Brudh' and Bdone on .. .... . . .  . . . . .  " .'.' . .  .. ...... .... .. . . - _  . . _  ?,.- .:.. * ...:*.: -.., - ' . I.: 1: April 3,1996.'. Table revised by L. J. Ston- on July 9, 1996, based on 
: information provided by LANL on ~ u n e  28, 1996: ~ab1.e checked by 

A. C. Peterson on July 10,1996. . . . .  , . -. . 
. , . - .  . .  ; . . .  . . . . . .  . . .  . . 

Initial 23?h Kd ( d g ) ,  Kd (fig), Kd (In&), Kd ( d g ) ,  
Brine Conc. (M) 0.033% C02 0.24% C02 1.4% C02 4.1% C02 

AISinR 

AISinR . - ; NA . High, 
, . . ,  . . - . #7012A 

?; fj,871, I .  

High, 
-#70i6B W1040B 

- b ,  NA AISinR , 

. , 

AISinR 

. - 

NA: not available yet. , . 

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

. v i a  .... -. . :. - . . .  .-.: .. .,.: T h o ,  a ., Dolomite-Rich .............................. ~ulebra; Rock.,-,and; H- 17 : (LANL Empirical . . x,:: :::.:.:;. .' :;. . -<.-?.%>,: a .? * ;*! ..:" ..... * . . . . . - . . .  " . . .  ..... ... ..-. .:. :<' s. . . ; , .  S o q o n  _ Study)]'; Six-week. sorpti& '&i:$ith VPX-25-8.* %< bold ... . . . . . . . . . .  
c . : :<..,. ? '  

t - .... .......... ............ ........... . . . . . .  .. : . . . . . . .  - font. excluded , fib;m ranges and dis&buti~ns..becauiti of unacceP&ble 
._I. _ ..:.:;.+?:3'2>-< -. -.., 

; ..:. :: 
.%,- ..:.,.*S.:n. 

....... ,.:.... ......... : . . . . - . .  differences, be~een': '  standar&'' ~d ' i&~~ t ro l s : ' : ' : ~ ' d s~a t a  : current as. of 
. -  . . . 

April 3; 1996. . Table coinpiled by. L. H. Brush on March 30 'anh-??~ 

' . .  . . . . . . . . . . . . . .  . '  ;npri1 ,3; 1996, b&ed on inf~imatioi provided by LANL on March 28 ......... :<. ...-~.2i ...-. --:.. .__ - -._ :.?.,,+ . <,:?.<.a 
i .  ' - -  . . *  . .!.. 
i . ..'- . . . . . . . .  . . . .  .,. . : . . . : ' ~ . ' ' & d ~ ~ ~ ~  .... I-:* ';., 19'96.1 . t. ...,. ................. 1:; TableL --5. check&' ,:-.-, ... by,.: ~ k ~ h ; : ~ ~ d : ~ : i  Boone on . -  . . . . .I  , . -_.. . . . .  P . .  . 
, . . . : A& 3r1996. - Table revised'by L. Ji '~to&'on July 9,"*1996, based on 

. informatiddti$i;b;vidid by L& on June 28, 1996. Table check& by 
... A. C. Peterson on July 10, 1996. . . . . . . . . . . . . . . .  

, . 
, , . . .. , . . 

Initial =?h Kd Kd (m.b), Ks (mug), 
Brine Conc. (M) 0.033% C02 0.24% C02 1.4% C02 

High, 
#7027A 

i . .  . - .  

NA: not available yet. 
ND: not determined. 
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Table E-5. Minimum Values of R and & for Th(1V) in Intact Culebra Cores (SNL 
- .: , . ... i - , ~ 2 ~ ; & . , c ~ ~ ~ ~ : T ~ S ~ S t u d y ) . 5  . . . . .  .. ~ a t a  &rrent'-& bf Mar& 26;1996. L Table 

. . . . .  ... ... .-... . - .,,, "<". ,%.-.. :?.? 
. , ,, . - '- " .- L;' H::,. Bmi I:..: &:yMa;i:h" .A:, jO, . 1996; d-&d .L6n . . . . . . . .  

. - . . . T Luc& - .  ... et, al. (1996) ~ab l t$~h&~ed  by  rush . . .  on MZ& 31; 1996.. . 
. . . . . . . . . . .  , .; ,;.:,c A;.- .:-.- , ... ... ... ", .:. :. ,, , >:. -,=. ,: ..:::. :::. . ...,: . - . - . .  ,'.I ... . . . . .  . . I: 

; ,ji ? ...,...;....... .: 
. . .  

. ." . . ( .  , * . . . < , .. 

Solid (mll Time Vol. sity %min (& 
Run # (core) . Brine min) . (days) Q R- (%) ( d g )  g) 

. . ' .  
*. - - - _ - - _  

I '  

C-2 - VPX- AIS. 0.1 237 34.15 35 5.7,S 0.87 NA 
28-6C 3.5D 

D-2 VPX- MS. 
25-8A 

AIS: AISinR. 
D: dual porosity assumed. . . . .  - 

ER-6: ERDA-6. 
NA: not available yet. 
S: singlL porosity assumed. 
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Table E-6. Minimum Values. of R and & for Th(1V) in Intact Culebra Cores (SNL 
. . . .  . . . .  - ,. . 

$z,,+..ff,i~7:+,vt+ . . . . . : . . . . . . . . . . . .  w.s, ;- -:-,:-- 22.y-:s:..cg:G..,.:: L;, ~olumbi.~qhspdit- ~ t u d ~ ) . ; . ~ ~ a t a  current:as. of ~ a . c h . 2 6 ;  1996: Tabk . .  
I ,  . . . . . . . . ._.. ._. ..,7 . _ . . _ . .  . iL_. )  . C .  . . . .  . . .... 

. .. . . . .  ... ... compiled ........ L : . by& L?$*H... : Brbsh":' 'on March. 30, : 1996, based on 
:.> . . ' " .  
., .. ... . . .  . . .  . . . . a  ..., . i . 2  . . . , .  . . ?.: !:~ucero d a1.(1996$;~~.~able ...!.....r.. ,.-,.-: ,. , checked' - . ~  . by. Bhsh o k   arch * 3 1;- 1996. 

. . ;  ..... . . .  . ,. ~able:&"ised by: Brush .on ~ ~ r i l '  '6, 1996, based on Lucero and. .:. .. --.- 
: Brown (1996): Table che&ed by Y. Behl on April 8,1996. . . .  . .7 

. . . . .  .. . . . "  ..................... ::>-..z&., *.,.-- *. *; r... -.-. . .L.----.--.*. ,-. . . . .  . . - . . - . . 5 . .  . . . . .  . . > .  . . . . .  ..... ....... ... ;:. : " ..:., .,.. :; .:; '..:;.:..';l':-J;;;,i'.;T:i':;,.':;: .I--:',. .': . . . .  . . .  . ., ?.',..,S'. - . . . .  . . . . .  . . .  . . . . . . .  . . . . . . .  ................ . . -- - . . . , . ; : ;. ,- . ... ;; . . . . . . .  - .;. . . .  . , . . 
. . . . .  . . . .  . . . . . . . . . .  I ; . . ~. .... - .  . . . . . . .  

. . 
t:, ' . . . . . .  . - . . ' .  .. , .  . . .  

' .,:' ' . , ... ... , . . - < 
s:;.. -..... 

. . . .  . . ,  . . . . . - _ L  " ,  . . ~ . .  . . . . . - . . 

. . Flow Ef- ... 
t.- :. -: - r e ,  : Run. fluent - .  
i.Li ... . - Poro- .: ' Rgnge 
A:: > . . .  
r;. . . . .  

"-. Solid . (mV -.  Time - Vol. , . - s i t y .  &min (M 
.r Run # (core) Brke min) ' (days) Q R- (%) (mVg) g) 

- .  . , .  - - -  
C-2 VPX- MS. 

28-6C 

C-5 VPX- ER.4 0.1 
28-6C 

D-2 VPX- MS. 0.1 
25-8A 

?.- 

AIS: A1Sin.R. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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APPENDIX F: RANGES AND PROBABILITY DISTRIBUTIONS OF 
* MATRIX Kds FOR Np(V) AND DOLOMITE-RICH 

CULEBRA ROCK ' .. 
. . . z 

Based on experimental r e s k ,  ASTP personnel have predicted that Np Gill -*.--: 
speciate as Np(1V) or N p o ,  but not as Np(VI), in deep (Castile and Salado) brines in 
WlPP 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). ~hereforef we established experimentally obtained ranges of matrix Kds 
for Np(V) h d  used the experimentally obtained ranges for Thw) (see Appendix E 
above) and the oxidatibn-state analogy to establish ranges for Np(IV) (and U(TV)). 

2 . - 

For the initial ranies for Np(V) and the deep brines, we first considered aN of the 
data fiom 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 these data). 
These runs were:' #6020, #6040, #6060, and #6080 (see Table F-l below), and #6021, 
#6041, #6061, #608 1 (Table F-2). Next, we discarded the data from #6040, #6021, and 
#6041, 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, where o is the standard deviation (see Methods Used to 
Establish Ranges of Matrix Kds). Discarding the data f?om these three runs yielded an 
initial range of 7.30 mUg (from #6020) to 40.0 mVg (#6061) for Np(V) and the deep 
brines. , ,  

I . - a  ,* . . .  . . -  * 
, ..-\ 

I -. . 9. 5 

For the ihitial ranges for Npw) &d the Culebra brines, we first considered all of 
Triay's 6-week sorption data bbtaihcd with AISinR and H-17 on the bench top (0.033% 
COz) and in glove boxes with atmospheres containing 0.24 and 1.4% C02 (see Methods 
Used to Establish Ranges of Matrix Kds). These were: #6022, #6042, #6062, #6082 
#24022, #24042 #24062, #24082, #12022, #12042, #12062, and #I2082 (Table F-3), 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 ' 3 7 ~ p  in a standard and that in 
a control exceeded330,'to ob& theinitial range of 2.00 mVg (from #12022) to 159 mU,. 
(#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 SML 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 d~sposal rooms, blct.,~zot to extend 
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 NaCI, atmospheric C02, and the highest 
pH value under these conditions are 178 and 187 ml/g at a pH of 9.87 and 9.88, 
respectively (Table F-5). Because these values are greater than the upper limit of &the @ initial range for Np(V) and the deep brines (see above), we extended tbis range to obtain a 



- -  

M. S. Tierney 7 7 July 24, 1996 

revised range for N p v )  and deep brines of 7.30 to 187 d g .  Because we did not use 
this comparison to extend the initial range for Np(V) and the Culebra brines to basic 

,, . . 
conditions, this revised range remains 2.00 to 159'mllg. .- 

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 iiut :> 
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% C02) 
runs. Lucero did observe breakthrough of N p o  in  his experiments. Therefore, it was 
possible to determine actual &S for this element. Lucero et al. (1996) submitted their 
result. on March 28, 1996, (see Table F-6), Lucero and Brown (1996) then revised them 
on April 5, 1996 (Table F-7). The & 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 187 d g ,  and rounded it to 2 to 200 mllg prior to inclusion in Table 1 
above. Because Lucero's Kds for N p 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 obtainedfrom the sorption studies (see above), we extended this range to 
obtain afinal range of 1.0 to 159 d g ,  rounded to 1 to 200 d g  (Table 1). 

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

Furthermore, we recommend that PA use the range of 1 to 200 ml/g (the range for 
Culebra brines) for N p p )  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 

. t .. . - 
Matrix 16s for Use in PA Calculations above). . . . .  , .  . . . . -<. 

. , -  
. . .., . .  . . . . 

i ... . . . . I . .  
, I  - . _  

." ..~ : .. , , - .  * . . . . .. 
,- . 

* . ,: '. :; ' : , - 
._ .I_ 

. .. , . 
,- ., 
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,, Table F-1; Effects of . Initial . . . Radionuclide l.._,.ll Concentration and Pcoz on Matrix &s for 
2v . . .  . ' .  " .' " . '  . . . .-i$,i ,.:yip,.c..;., . . . ;.;+&'$ -.-:.sz Ni(V) . , . Dolomite-Rich Culebti* R&k;'rnd :A @,~a ~ & ~ j ~ i ~ a f  ' . .. r*....-...-. .--. -.> ,.:.-.* .. . . ..i ,,<:- t ::i,. .,., y ,:.. .:- ..... 

. - 

" 

. ' -  , . . . :-:'. .... ~orption Study)., Six-vkek sorption runs .with VP-X-25-8.;.&s in bold 
. .;: " \ ! <,<>--:*- ::;..:*c:*::::..-:.",.-r ;;,, *,. . . r  .. tj.;. .* .,;,.<',<.;<,&,, 3; ,.-,. :..> ..<. - .-JL.. . -. ":- . , . .  . 

. ::;,: .ii font, excluded. from: rapges agd':distnbutions : because,, of miacceptable . 
g;;. . . . . - ,,i,. ,.::,- .+-;: -. .<:r:,t2.?:<: ,.....,, .. ,..:.,.,a.2.:p. J+> .,.. -*,...:. ;. *,:,, ,~.e<:,:. .  ,, . #.,. ... . ., . .., - . .?, ,? L... - . _  .,- . . - . . . . -  . .... 
- . . . :.  differences ;& -; . . . . ' be*een . . , . .  stsncja.ids _ ifid . , . controls . ... - -Data current . as o£- ,: :=+ 

. . ..&... . .  April -. 3, . 1996. - - ' -: J .,L.7.v - ' .,:  able 7 -. , . ... ' ..., . . compiled ... -, ,,: ,;.j3.1 by c>,l:..::, , L. .. c - i ,  . - .- H. .-.. . I., Brush ?. . .  .. ,LL,, on . .* 

. , , , . .I ; a : ; , c % : , ~ ~ h  23'~'5d.30;.1996~ 'bGed a. information proviw b$:. L A N ~ .  o n , -  .... 
r .  . : . a , : . . . . . .  . , .. . 

- - .. % ..: . - :;.. ,- ?... :. .. ..... 'a,..- .*'.. z--;,c ;,~;~.,?,*~~,>.&~*%~~%,~~~s <-sc?+vxy*4?>;3*. ,.*A. .-..%<,,% .- .-.. . . . 
.:.' ;>s~,2:. . .. 
t.e..... ., . .. -.. ... .....-. . ';i.- >.-:. .. .- M&h. . - , , . +. '19.. ,-: qd,26~.j;19~6:.f~,+Table:checked . . .,. .-:<- .:,, :h:, ... : .+. by'.,Brushr&d ~ I ~ & g i h j i -  .- , . 

. : . 'April 3; 1996.' .. Tabiir\&ised by' Brush d* ..J& ; 7, 1996, based on . . . 

infor&ation$rovidbd by L. J. Ston o k ~ u n e  6, 1996. Table checked by 
..-Storz on June 10, 1996.::. Table revised by Ston on July 1.;1996, based 

, a. .. , . 
on infd&btidn ir&ided by L& bn ~ l h e  28, 1996. . , ~abl~-checked by 
A C. Peterson on July 10, 1996. 

Range of 
Initial Kd ( d g ) ,  Kd W g ) ,  

Brine ' Conc. (M) 0.033% C02 0.24% C02 

Brine A 

Brine A 

Brine A 

Brine A 

Brine A 

ND: not determined. 
. . ;.. i 
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Table F-2. Effects of Initial ~adionuclide Concentration and PCO2 on MaViX &S for . 2.  . .. 

- . _  . . .  . .  

.. . . . 
<.. . . . .  

.. <.<.. . . . ' . . .  . ' 

h .  ::. - 
6- . . . . 
>. . . -:, 

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

Range of 
hitid 2 3 7 ~ ~  Kd ( m w ,  Kd (mug), Kd (mVg), 

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

ERDA-6 ND ND ND ND 

High, 
$1 808 1 

ND: not determined. - - 
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. Table F-3. ,. ~ffGts, .. 5 . of Initig Radionuclide . .. - . . Concentration+and . . PCO2 on Matrix &S for 
. -. i ;..' - ~~(v);,~i&&&-~ic&,, -... -. ,rd-.I''s,, . lc mebra . * .,.. .. .a'... Rock, d. 'kc3 ..?. ..,.:-.... :AIS~~R ( L m  Empirical ., : - 

. . .,..: ." ~06t i0n  ... .,.. , . . -  Study).': .. ;:..h:'-iC2v~cr.l,2!~~.s, Six-week sorption .., . ,- ,..* runs .. --- with,V~~-25-8. . . &S in bOld ' 

. . 
2 . , .  . . .. : .* . . foit . . , " ii%k1bd~d"fr6in:ranges. - , .  . . , , and . ..+. distributiqns,b&&' .. .. -.-.. . . of. . k ' e p t a b l e  

, . . - - diff~en'ces . .,betwey, . ,. ; standards u . -  .and : controls., -. . Data ckrent as . of . .. .-. .-,- , 

"~~r i l ' 3 . 1996  .- , -.Table,. compiled ..;by;.L.; -. . .Hi Brush on.' 
. . ' Mqch 23ahd 30 ' 1996 ,=.:based,: on i n f o d o n ,  provided by; LANL o n  :," , , ,- .- . . . .. * .,':-..-A,%.- ,, " ? .  . * , , , .  ,>. -.:"& '> zs.. . .  :.j..-i,T'1.-. "".:'1<. .,...?..'- '. '.:7..:.:*2,,-.:" .. . '. . . 
. ' March. 19- ajh 26;1926&:~able : c~ecfed.~;by.;Bmsh-&d.:.S:  BOO^ on , _ .... .-.., . .<... ..,". .;. .,.. . - 7  

.. . 
. ,  , . . April 3,1996.:,, Table revised by ~ k s h  on June 7, - 1996, based on 

infohation'provided by L. J. Storz on June 6, 1996. Table checked by 
. . 1 Ston onJune 10,'1996. .. _. Table ..*. . . revised . . _ .  .. . by Stoa on July 1,;-1996, based 

"on infomiationpr&i&d by LANL on June-28,1996. Table checked by 
A. C. Peterson on July 10,1996. 

Range of 
Initial "'NP Kd ( a g ) ,  &I ( d g ) ,  Kd (mug), 
Conc. (M) 0.033% C02 0.24% C02 1.4% C02 Brine 

1.01 '~ lo4 . 19.8, 9.30, 3.90, 
to #6062 #24062 #I2062 

1.07 x lo6 

5.72 x 31.9, - 45.3, 9.60, 10.1, 
to #6082 #24082 #I2082 #I8082 

1.15 x lo4 

ND: not determined. 

AISinR 
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Table F-4. ~ffeck of Initial Radionuclide Concentrationand PCO2 on Ma& &S for 

- . . .  ..... , . .... . . . . . .  a , . .  . . . . . . . .  . ... ...... ... . ......................... 
-2. N p o .  : Dolomite-Rich Culebra Rock, :-and H-17. . . (~&- :~ rn~ i~ i~a l  

.": ..,........... *. ..>...'...'.-p - :,;.. ..,:*>.:{<.,:,< .,-- ,,.? .<.. . . .  c: . .  . '  
. . :. . :-*:$~&ptid . ~ G d j ) .  , six-we, iorptidn m s  with e25-8iA N~ &+Iin 

<. . - . '  - 
. :. ... . . , . .......... - this r table :.:excluded. from :mges'- and   d distribution^ :: : of . . . .  

;: -,,: .... :. . . . . .  
. . 

. . . . . . . . .  :?,re.. - --..> . . r&y. 
. . . , . ,~.ma~~ptabl;;diffe&nces -SSh&ds' .hd ..=ontrols:.' Dara..c.- nt 3 . -  8 

. . 
; as :=. of :.i Apdl 3, 1996. . -Table:' compiled by - L. ' :::.B ' ' '. -o*. :. ;;; 

. . 
. . . . . . .  . . .7 .<-.  . 

. . : ,.,. 3. March 23jand. 30, 1996, based on information provided by, LANL . .- . ." . .;:- .... :::,*-:,;,.F.>: ...,!=.,.* ::*:.*z.:+- &-&;.lg ;;& ....  g.! .:-. : ........ ...... :.. ._,-L--VC.~:i;~..,~5..*? .-+.-.. . .<.e-**-+~-q ........ -. ....... ; d;,26;.>996." .. - Tab]& ~~&k'~~:.b$,.B&h,~&d$5~$BB~nkl,kl:o&~ , . ' 
........... :;- .......... ,:,. ,<,.:.* '.cu'ht:>vL :*.:*z..-.' . . . . . . . .  . . .  ,,.;* >:>;-:**. .* ..< 

. . . .  : . -  . ,  . .> ....:... ..'Gy"+. &: >.' ,..,* -: :.:+&- *.-"-.2..*-':~*>>~..--~*, s,, -:.A, 

L . .  . !,, , .:-April 33996:F:~bl i  -irevised ,-by B&& ; on : J& 77, 1996,-.b&&..& ' 
, . 

' inf~rrnation~rbvided by L. J. Storz on ~ u n e  6,' 1996. ~abli''dh&k~d by 
Ston on ~ u n e  10, 1996. Table revised by St'on on July 1, 1996, based " . On inf0nhiiti6n provided by LANL on June 28,1996. ~ a b f e  checked by 
A. C. peterson on July 10,1996. 

Range of 

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

ND: not determined. . 
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Table F-5.. Effects of -. PH . and Pc02 ~ I I  Ma& G s  foi NpW and Pure J&lomite 
< ,, . *-; ,. ,!<, ;:i*.- c.;'.,;' 

-. . - ,*" n. .-:;.. . - -... , ,-->.!: .(s:-. ~&.h"&ti~: Sorption*~ stu'dj,):'T s$Gti;-gz';. Wifh 
' .. . .,.1. 

.. - ... . .. . . . .  .. .... ,. I . . _ .  .,.I: Nome@? . .  . dolo&te,- and " 0.5:' M< N~CI.  ..- Data. cment as of 
. . .. . . .  '% . . .  . 

r ,: .-. :,.. . . ..! . .. -.,. i.-.,:..-;:,.. ,- . . + -.. - lr .-.';. ","i .. March . 3 1, 1996.-- ~ & l e  retyped b i . ~  B i s h  'on April 24, 1996.. ' . 
- 

. ' 

. . , .  . , .. :;..- 1 . ~able-checked by ' Y. Bghl on. ~ ~ r i l  28, . 1996. , .- r Table revised by .? . . 
-7. .. -a. ' E3rush on July 5' 1996.based on Brady (1996)., :.,Table checked by  , , . - .7 

,.- . - , . .~ .- ; . , . .. .-.-.:.:G*!<+f: (y*.p :., 
. ,.,,li.v. .. ,..! .h2 !,,: +,cy, ,, ?,;,,';+,, .:* .i':j*3. . i:.;ii - ...?I:'. ...--.- .. - . .. . . . . ..-. _ . . .  . .1 

!?., , ,.: .-Y:..:.:.~... &.-% ,r?;.:::tvff".".: . . ..4r*!z..Ic....:,..--!, . . .  . .  A;.C; . Peteisbn .. . . ~  ... 
'oh ~ ~ 1 7  15, 1996. '~:i:~~,,~,$<:~.''~.~.'"':': :?'?:-" ' , - . " . ' ~. ' " '. . . 

. .  ' . . , .  - .  _. ' 
. >  . . , < ,  . : , , , . : - . ,  . ,:;;- ..---1: -15;., ;.*.. ' . . - . c..,: , :.:,:.,::..{: '-'+.-, . , ,:'". " " , 

, . . , I ._ . .  
. .. . 

.-,.,,,-I-,"" . .  . . , ...,,, .. *,-,*:,-. .,' :...' ,. - --,:.-:,,,, , :; {>r,b - .  ::,.: :::.7".:;..;.<;--:.;;2:i.;.-..:"..:..:;-.. , .~.~.'~:i;~~iiJ.c !.. ...--- - 1.. ., . ' .." ,, .. . ..- ( ..., ', 
. . . , . . ' .  . . .. . . .  . . . .. . .. . . . 

., ~ 

. . .  

-. 
(s&dard units 

Kd (Wg), I Kd ( d g ) ,  
atmospheric C02 0.5% C02 

'NA 

NA 
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Table F-5. Effects of pH and Pc02 on Matrix &S for N~(v)  and Purk Dolomite 
:a\-:.: *,..,<q.- ...,- r-& ............... *,,.:.-. 
p . . . . . . . .  . . . . . .  . . . .  .:..: . . . . . . . . . .  (SNULANL Mechanistic sorption study) (cqntinued):; : .. : . . . . . . . .  

7 .  . :,* <%.<.-. ..... , . : :.:; . r . . . . . .  . . .  
2 -  : ;*. , , , . . . . . .  

. . . . . . . .  , . . . .  : . . ,  . . /  

. 
. ..... . * . . .  . . . .  ; ..,,,..., . . . .  . . .  .%.. .: .... - . .> .: . . .  ' * . .  1 . . . .  -- Kd (mug), 
,i. :.: '. . 

i5;;;:,1.;; .:,:I::ii<~ pH (s&dad units-.[$:$ . '  : atmospheric CO; : . - - . . .  
c ~ . . ~ . ~ . . : . ~ . ~ . ~ . . ~ . ~ ~ > ~  ..... :,,,.+ ..- .>; .. r. . -..*,-<'.--:,0.5%C02 . . . .  . .... .... ............ .::. ;.r.j.;:..:: .. ........ 5%co2 .  . . . .  : . . . .  , .$.I7y7; *.,, :..-. >,*,, *.2t+.:..<,-a ..'..A. - . : > , . , . -. '.. -,' . _  ,. -,: ..;;,.;;::: ;: .....c.;. ' ,  . . . . . . . . .  
r . .  ....... :. ...... .: , :.; ->. . . - 
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- Table F-5.. Effects of pH and PCO2 on Matrix Kds for NpOI) and Pure Dolornik . . . . . .- 
z!i:,, (SNJJJ,, Mehanistic S&iptibn Study j-(don&Ged jf';;;~..? k 3 - - . . . . . .  . . . .  - . i, - . -  . . . .  ..... . . " . L .;: - *:;;:; :;~~-~:,:<-.:.* . . : , . :,: i-.: .:- 

. . . . . . . .  ..... ...... . . . . . '  , ;. :.. ....... ;-*;:: .-';. ,;.* -.. ......... 1' . . . .  . ‘ .  ... . . . .  . .  . . .,;:. . .;, '? ,; .._.<_. :-,.>... :,.. ;<-,. -.:< ;: . . . . .  -, -.,,. ....... s i c  .:'a - -  .'4.- 
. . 

. . 7 -  
6 .  ; ." 

. . -. . . . .  . . . . . . - ,  
-: - ,! ::. ; < . . . .  >.. ... . . -  

. . A .  - . .-._ 
1 

,. :* ,* .. I(d (-$), . .  . . .  . . . .  ; . . . . . . .  ,;. A '. 
-.. . . . .  . . , :  ~ ( d g j . . .  , ..,, -... &.,.. :. . , ~ d . ( m ~ g )  , . .  . . - .  . 

6. $:: . . - :.. ........ .;: .:;.pH ;. .-. (standard .:. .. units c '.&i:.~:;- .a:: I : .  . atmospherjc .z;3:y,. ,:?.... : COz,xk+:J:.-.::, :?.: :. .~ , .s~ . .  -A .. ..., :,. : . .  w 0.5% .c.o2.,j;,, ,<-, '. . .  . . .  . . . . . .  . . .  .... . .... . - ,  . . . . . . . . . . . . . . . . . . . . . . .  ..... .; *,*;.>, ;,.;,;.-, :<- * .  ,.,: :.,.. ..;,.,:,;::,?.:;,;:: . .- L:;:':$?;,::;::::.;: .: ...: ': ..: ..- (. . .- ,  
. t i '" '  .__  . ." - ... : . .,. ,. . . - I  . . . . . . .  .. 

5%COz.. 
. . .  . . .  ........ . . - 

7 .  

NA: not applicable. 
. J 
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. . .  Table F-6. Measuredvalues of R and Calculated &... ....... <(I Values. . ,.' I- of .-. & forNp(V) in Intact;.. .. L 
'I.. 

. . ;  . . .  ........... :, culeb& coies (SNL Transport Sady)::; Val&&<$ 601d f&&o. g.T+::r -..I ......:.:;-....... .. '-.. . - .  
2, ~ . . <  .._ L . _ *  

, < .  . . . .  ........ . . . . .  
be excluded fri@'r&s and di+butions bec&ie fits t i  :":. elution -,.., '&a 

,.-., '> : - . - . ' : , . .  ,. . . . . . . . . . . . . . . .  . . .  ,.,:,:. . . . . . l - i .were  infeh.or to.&ose assuming single @rosi&:and ___........ dual * porosity with,,,. - 
. . 

~. . ' - 
. . fracture retardation.. Datg cuirint' '2 of .March 30. 1996. . Table- . .-..- . . .  .-- 

-. , . ... .. 
:*. 

.... compiled by L,, , H. Brush on, March . . . .  ;.. ..* .: 30, .: 1996,. . .,., . based on ' . . .  .' 
. . 

i .  .- - 2 .  ".;;. . -.mi . I . . . .  ,< 
t : ..... .: - .  . . , . ,,. ;. .: ... .. : ..-. :;:?.c,-?!:- .: 

Lucero et . . . .  al, (1996)*(,~able . .  ....... checked . .. by.Bhsh . on . March .. . 3 1 1996. . . : .. ::; ;!:.,. :,; . i.,: . : :.;;;;:;. ;;+j,:;: .j.: :: . '; ,,. 
... !;%?; y;-,* : ; ;..<:.; .: J--:7.,::, $5 :::.*:-&;<- >,--: :. *;. 8 . 3  ' :-. ..-. .- ..?::. 

... . . .  . . .  ... .? ,._... .. . . . . . . . . . .  t .., . , . : . _ .  . .  . . . . . . .  . . .: ;,..,., >;I.. *:. ,< .,., .;>;.;: ,T+~j, :..!z;,:;.:..;%*:<:.?... 
. . ..< . . . . . : . . .  ; .) . r l  ..-. . . 

. . , .  . . . . . . .  . .  ,,.. - .  . . 
. . , . 

Flow Ef- 
rate Run fluent 

Solid (mil Time Vol. 
Run # (core) Brine min) (days) Q R 

Range 
Poro- Kd (+mV 
'ity (mlfg) g) 

C-5 VPX- ER.-6 0.1 
28-6C 

C-6 VPX- AIS; 
28-6C 

C-7 VPX- ER.-6 0.1 
28-6C - - -- -- 

D-2 VPX- AIS, 
25-8A 



' r -  I 

'.I * 

M. S. Tierney July 24, 1996 

. Table . F-6.; . . . . .  Measured,,Values,of R and Calculated Values of K. for Np(V) in Intact 
\ . . . . . . . . . .  . r .  .- . . . I .  0- .; ;+:. :y:e~~~j;i5~-y.T~ - . . = < .  ,. cule6g cGEi column ~ m ~ m  ~ & d y )  j. . ,. , . , . . . . . . I . . . . .  . . . .  - . -:. < - -. : . . . : . . . .  '..?, . . ~ . . . . . . . . . . . . . . . . ' . . . . .  . . "  " 

. . . .  . . . . .  . i .  
, ,. . , 

. >  . . , ., . . '\ . . .  .-: . - -.:,:: . . .a. . _ . . . . . . . . I . . . .  

. . . '  I' 
. . . .  . . ..+.,. .;... . . . .  ..- . 

i L .  . . .  . 
. . . . . ,  ' . . . . -  . .  

. . .  - 
' . '  -.- _ - -. , ' .. <.. . . . . . . .  

HOW , Ef- ,. - .+ " .- . . . . . .  . . . . . . . .  .A,. .% . . . .  ... !. - " . ." q.. '.. . . . .:: , . . . &.-. . . . . . . . . . .  ...................................... , : . - : - rate !. :. Run -.-:; ,fluent,:'. , :., . . . . .  ..... .. ',:. . . . . . . . . . . .  . . . . . . % :. . . . I .  . . .  . . 1 : . . ,., .. , . _  Range . .-.. 
.. . . . .  : , ;  0 .  .. . : . , .  . ( .. : . v&.: : : . . . .  pore . ;- & ". : . . : Run#  ore):.' Brine . . - .  min) . (days) - - &),)-.:,,,- , .  sity ". (ml/g) - (w. g) 

D-4 V P ~ ,  MS. 0.1 13 2 39;' 10.0' 1.65' 0.22' 
25-8A 1, 

j r _ k  - 3 4 0 ; ~ ~  4.sDN 7.1DN 4.zDN 

17.5, 
1 5 4 ~ ~  4ADF 0 . 3 4 ~ ~  0 . 0 7 ~ ~  

AIS: AISinR. 
DF: dual porosity and fracture retardation assumed. 
DN: dual porosity and no fracture retardation assumed. 
ER.-6: ERDA-6. 
N k  not available yet. 
S: single porosity assumed. 
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Table F-7. Measured Values of R and Calculated Values of K,-J for Np(V) in Intact 
. . . . . . .  

i. - ,  . . . . .  
*:..: : ...: -I:,: :>:: . . .  . . . .  . : . :  :;; ~ulebr i i  CO~~S:(SNL 'Co1ub.n ,T~@s~&,  Study). - ~ A t a  ckent -  as of 

. . . 
Ma& 3‘0,1‘996;:;~gbl>.62$~a;d by L.H.:Brubh on March 3.b, 1996, 

< . .  . . .  ...... . F .  . . .  ;. , . :C . based onIc,Lucero .,.. et al. (1996). :,: : .  Table :' checked b y .   ash on 
. . ' . . :--March 31,1996.- ~abl 'e  revised by Brush on April 6, 1996; based on - , .., 

.. .'f. ' 3 2  

~ucero  .' .'and Brown (1996). Table checked by - Y. Behl on - 
. . .  . .  .. .. .. . . . : - . . . . . . . .  8; 1996: .:'-.-'; . ... !;<;.. : : .-;; :- 2 .  > ..,:: " .> : ::;. 

' . _~ . . . . . . - . . . . . . . .  .. . > , : I .  

. . 
. .  . . . . . . . .  .... - . . . . . . .  g'.. . . .  .& . .  . ,  . , . . . . . . .  . . .  . . . . ,  

,, : , .::::;...; 1 
. . .  . . . . . .  r<..-. . . .  I ,  , ...... 

. . 
. . . . . . . . . . . .  , . -  .. 

, .. , : '.. . - :. . ' ?  . . 
.' . . .-. >. . . - . .  

Flow Ef- 
rate - Run fluent Range 

Solid (mV Time Vol. Poro- Kd (+ml/ 
Run # (core) Brine min) _ (days) , Q R ~'9 g) 

VPX- AIS. 0.1 
28-6C 

AIS: AISinR. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed. 
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ri- 
. . 
r. . ::., APPENDlX G: EFFECTS OF ORGANIC LIGANDS ON RANGES AND 

. . 
. . . .  2 . .  ~ ~ ~ , ~ ~ ; ~ , ~ : ~ ~ : : , ~ ~ : ~ ~ ~ ~ ~ r ~ ~ i . ~ ~ ~ ~ ~ ~ ~ ~ + y . ~ z c ~ : ~  . .  , . -  ..+:.+.~ria~:and.heri .>.! g r o u p , a t ; ~ ~ ~ L .  cp--q4:m~d=~v:vF~3?: canied~out-two; .:-.~.Y-~.Y~:~?~~:~~~.+;;:~~.~:~. A see: ..v.),? ,,.+.:,. oft:experiments:;on;,the =,-.-; . . . . .  ..-&q-j.:-.L ........ -.- efflcts of: four 

.-,. '.,'. 2' "'..." . . . 
. . ,. & ;.;< ...+- oiganic ... ..Ez2:t y.2 hgarids;.(acetate; .... y:ai4q,,,. .:,nR..-K vt: & -.-. . .  - c~@te;ethyl~nedi&e~~eti<dc'id~d'i.~~~~~~&d ...... LLt ,.,,,+.% :3.u,.*.. .... ~-...~.-.-A.m,..d~.3..,. ::-. ..:..*.+..'+:. z y t  . .-".. 1ktate)"cin . .-, the' Q.f& 1 ,  .ti : - .  

,.-. :; A~~dissol~~edj P"(~)~A~(~),.U(VI)>~T~(N>,: &d Nfi(V) &der7&ditio~ expected &' *$bebra ' 
. ' 

. . . . . .  
k '. . -  ' . . .  :., .,...-. . . , . .', . .7 - .. , ,  . . i 4  - 

~&h-(1990) codciuhed that~thks~8nd'six other .organic and two inorganic ligands could affect the 
solubilities of the actinide elements . . . .  :: in TRU waste. Therefore, he estimated rhe concentrations of .. ..... ><."... ........ 7 .c<. <.,> .........,.. <. - ..*a>:.., .:.. 

I. 

,. these 12 ligands in three qikintities'.of b ~ e  that coi~ld-resaturate . S V P ~ ' d i ~ o s a l  rooms after filli~g 
- and . . . . .  sealing. :. Since. 1990, the ASTP has rduced the number of organic ligands of c6ncern from ,- . 
twelve to four ( a ce t . a&~~c i t r a t&; :~~~~ , ,  and oxalate). , Triay carded out experiments- with-&iate, 

...... 
- .  : ''ik:.&, EDTA,r&d i.-itak 6&'~b;'th. ASTP had not eliminated lactak from and 

because Triay 'concluded that oxalate would be extremely insoluble given the dissolved Ca 
concentrations expected in WIPP brines. Triay conducted the fmt 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 
E R D A ~ ~  and H-17,. and P u p ) , - , A m o ,  U(VI), T h o ,  and NpCV), respectively.- At low 
concehtrations,~acetate, citrate,-EDTA, and lactate have little or no effect on the &s for these .. 
elements (c6kpare the'results for 'clow-concentration organics" to those for "none:' the runs without 

organic lig&ds present.) In fact, for Pu(V) and ERDA-6 in contact with ambient abnospheric or 
(about 0.033%) C02; A m o ,  ERDA-6; and 0.033% COz; and U(VI), ERDA-6, and 0.033% C02, 
low concentrations of these organic ligands actually increase the K.s  relative to those obtained 
without any organic ligands. However, at high concentrations, these organic ligands siflicantly 
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). . . - .- . . . .  .,.- - .,. I LC 

/ - 
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 (l3rine 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 bacHd. This Mg concentration is si&lcantly 
higher than that of ERDA-6 before or after equilibration with this backfi  (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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would mitigate the effects. of these organics on the &s for these elements, Triay carried out an 
&; - , . . additional set of experiments with acetate, citrate; EDTk'and laciatc:iit~~oxb; intermidiate, and high 
EV- ". v>.. ...- ' , ,  . "  _ . ..... . .  

concentrations. (see, Table, G-1) and with Brine A modified' to' 8 h ~ l &  the compositioi of Salado 
.. . . , . - ,. . :. . . . . brine after~eiu&br&o~ with MgO ' b a c ~ - .  :.; 1 i ,,-,:<- ;.; : : ' : . ,. . " ' . . ':::?' . .'.: . + - 
Ci;.'..... ', . . . . - . . . . . Sft,?. : .- . . -'. -. -.  . . ,.; ,;>... ,., . : . , .  . , . . . . . . - 0 
:. . -  . - f- .  --. 

Table G-7 sho'ws the results d these experiments. Low concentrations ofl' organics 
. : . . . ,_ . .*i ..,: . ‘ .: .--..., : ..er-cs- i.&iy;p,;-r.$.7p t,.. . . - 

~"7~'~<*i:si$nifi&aiit_ly~d&reG&~th~-~d~ssfdr.i~h ...- ,., cc.7e:::23. .. relative:to those.jb6tmed :witho~t:any~organi~S; &'t had %..,>-:, ,- , ., --.,. --.( ...:. .-.*- I ... - . . .,. '.-'..-., - .<.. ;+y. ..;+..-. *~)~i .>~.- ' . .  ,+ . .<, ...:,,% - ~$>~t.+.~i-~tA~:~,gb.:%f.~ in';: :..: . ,. . . . ., . 
I~.,, ,~:$g~less~ .... .., -,.. -... effect .a<-.. ..--. o n  .2-..,.r the .--.:.. &s: . t. for ..... .. ,be, 'other e1ements:l I n t e ~ e d i a k ~ c o n c e n ~ o 1 1 s ~ ~ o f ~ s  significantly 
r. .  . , .~ . . ,.. 

. . 1) .... . . -. '. - I-. .." .'; . - 
r a & -  . . , . . . ::; . d&re&ed the &s for all of the elements except U(VI).; ~~hconcentrahonssiflcantl~ decreased 

the'&s for all five bf these elements. - 
... 

1 , _  . . I . . . .  . . 
. ... < . . 

.-- . . . ,  .. - L  -.. .. 
, . 

. - . ~ddever ,  we hnve not revised the ranges and probab'ity distri&ti6iii' of &s for Pu, Am, U, 
. .  - . Th , and N~ shown in Table 1 (see above) because large quantities of other metals (see below) will be 
: . , , ...& . to fori.complexes with these organic ligands, thus preventing .them from forming complexes 

: with the actinide elements and decreasing the &S for the actinides in the Culebm (These other 
metals will also prevent these organic Bgands 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 as steels, stainless steels, and 
other Fe-base materials in the waste; Mg,, large quantities of which will be emplaced in the repository 
as an MgO bacldill to remove microbially produced C02 (but will bepresent as MgC03 and/or 
M~(oH)~,  and magnesium oxychloride after reaction with C02 andlor brine); and Cr, Mn, Ni, ~ b ,  and 
V, which will be present in lesser but still sufficient quantities in steel d m  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 theconditions expected in WIPP disposal rooms., Ni would form complexes with 
.99.8% o f  the EDTA expected. to be present in  the repository, thus it from complexing 
signific&t quantities of Pu and Am. A detailed description of these calculations, k i d  ky additidnal 
modeling or laboratory studies of these competitive equilibria, will appear elsewhere. ' , 

. - . . : . . ,,. . . . 
. . .. -. . . . 
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._ .. ' ,: 

. . .  . . .  . ,: . , : ' . - .  :.- . : '.' ........ :;:.,. ...... :. '.' . . . .  . . . . . . . . . , :11 - . . . . . . . . . .  . . . . .  
. . 

. .  . . . . . . . . . . .  * .  . ., , . - - .  . .: . . . 
? .. . z - c :  .;.= 

- . 
. . 

. . 
..... .:. . - . . . . .  . .. . .  . . . . .  ,. . <.;. ': . . . . ?  ..,. :..,. , .  . . . . . .  .._ . > .  . . . . . .  - ;...:.;".. ...... . . . . . . .  - 

. . 
'.,. .:.;.: '.'!..:.. :: :.:. * 

. . .  . . . . . . .  . . . . .  .... . . .  c .  . . .  
. j .  

. .  . & '  . . . .  . . .  . . .  . . . .  . . 
. . Intermediate 

Low Conc. High Conc. Low Conc. . Conc. .High Conc. 
.. . p;. i- ...*.. .& . . .  J. . . .  _,  _ " ..<_ :. ........ . . .  -*. . -,. , , . : : . (ERDA-6 - . . . . .  (ERDA-6 -;: (Modified ; : . (h40dified::? (Modified Predicted 

organic and H-1'7) , and H-17)  brine'^) Brhe A) Brine A) Conc. in 
Ligand 

. . .  
(mM1 

. . . . . . . . . . . . . . . . . . . . . . . . .  .. - .: 

(mM) 
...... . . . . . . . .  

(mM) (mM) , (mM) m p  (mM) 

Acetate 

Citrate 

EDTA 

Lactate 

0.195 19.5172 
(H-17) (H- 1 7) 

0.0146 
(H- 17) 

0.7956 
(H- 1 7) 

Oxalate NU NU 

2.088 Not 
predicted 

. . :.. G 

NU: Not used because LANL expected Ca-oxalate to precipitate from these brines at very low 
oxalate concentrations. 
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%.. Table G-2: Effects of Brine, Orgagic Ligands, and Pcoz on Matrix &S for Pu(V) and Dolomite- .... . .  ,;-. * .,;-,,%*:>qi'f l - ,..' 5 
4 . .  ..*. ........ . 

$.  F-" . . .  - .... k .,.Lc .-.. -: :.I ..: A. ...,;:, 2..94+,,.y >:.$. :-:< -. .. ~ i c h  c..--YL?F. dulebk Rock* .. &. . , , r .  ( L ~ L  ,. ............... Empirical . . .  Sorption. Study). . ;. O. One-week~~sorption .. .... .. .*.*.... .._% runs .... . . .  - .  :.,;::;... .!;5,..:!:- ~:~.~~..~L,:z~;~.$i~!.~Llg~~~, 0.. . . . . . . .  o i  7." Kds 6i Eold font excluded frombges. 'add distributions ' 
; ;;>., ,:,.. : -" . ,  . . . . . . .  ... . . .  - . ..,:. . >. ' .  ._ . -c:.;. :..;* :, becabs; of unaicceptable differences b&w&n . .  spndards ............ . .  andcontrols. , Still counting . I:,. . . . . . . . . . . . . . . . . . . . .  : :c,! i;:;.. ..--,;".v;:.:;I. i . 5 .  .:.a "2. -., .. , . . . . .  .,*. .*>,. 1.. I.. .'* .....'..I" &. ---.. "... - . . . . I -  

f- %: . . . . . . . . . - . . .  . , .. ;-::... .: . *  .\;~;:<.-?:I... new.:controls- for uider&ed- samples:' Data c u q n t  as  d f  May 30, 1996. Table: 
t :  - . ' compiled by L. H. -Brush-on ~a~ 16, 1996, based on information brot iWd by 

j 

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

None 

None 

Avg. without organics 
. . 

Low-conc. organics 
i - 

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 ~ i ~ i d s ,  . and , .. Pm2 on .. Matrix.Kds . for h ( V )  and ~olomite- 
-z ....-........ .* . . .  

;- .... - - !:. .<i:;~l, ::'::l~:.~~ii;Rich Culebra Rock ( L m  EmpEdal Study) (continued):, :. , ' . . .  . . . . . ,  , " .  , . - .  . . . .  , -. . ,  . . . . *..- 
. . .  . . ' '. 

. ..-............. . ..... ..:. .. . . . .  , . ,  . . " .  . . . . . . . .  . . . . . . .  ,.* .; L ..-),. ."i 7" ....'.L6 

. . - .  . !- ., p : - ' . q ; .  
: ..'. '?.i - 

. . . .  .. -. 
, .' 7 . - . - -  

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 Ligaxids;,and PCO2 on Matrix &s for A m 0  and Dolomite- .*. i . 
. . ( L A N L ~ E ~ ~ @ c ~ ~  ~ o r p t i o ~ ' ~ t u d ~ ) .  One-week sorption runs with . . - 3  \ ..., 

&s'in bold font excluded from rangesand distributions because 
.... _.. . between st&dai& and controls. Still counting new _ _ _ . - .... ...,-..,-... ". '- 

. .* i 
;+ . .- . . .. . . ... : 
& .  

- -;: controls-for underlined samples.': ~i&'&&ent'as of ' ~ a i 3 &  1996. Table compiled 
, .. 

: - -  . :.'%by Li H; Brush on,May-16, 1996; based on inf0nnati6n'~rovided Ey.L&NL on 
. w  . . . .. . May 15,1996.  able checked by L; J. Ston on May 16 and 17, 1996. Table revised 
k.. .:.--*;xi+,,+e.-,.,,l;;,,L: ~;.+&bY:~~iii'sh'~on~~ay~31~and June:-1; 1996;;baied on informatibn provided by LANL on 
? . ,  .y, >.. :. . ., , <v. -+-**l"i~"sJ{ ., ..,, ?? .. . ; ,,.,,-: .,.. C:~>; <:,* Sd*-&,t&k :-':, . ...-*PrY .. ?.,,F-: :"v<.~..'."13'":?=i'ir.ir'.irir - .. . .r. c, . .:.i . ,..A - . ...I... - . 2.. - ..,. 

- . ... . -  ::; +:.:' May 30 and 31, 1996. ,.-Table .checked by L; J.- Ston on June 10, 1996. Table re- 
. + 

' checked by A. C. Peterson on July 16,1996. ' 

Additive 

None 

None 

Avg. without organics 

Low-conc. organics 
..- - .  . 

Low-conc. organics 

Avg. w. low-conc. org. 

~igh-conc. organics 

High-conc. organics 

ERDA-6 Avg. w. high-conc. org. 9.22 6.22 
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.... . . . . . . . . .  . 
Table G-3. .<.. Effects of Brine <,. '.... Organic ~ i ~ i d s ,  and PCO2 on Matrix Kds for Am(m) and Dolomite- 

. . , . .  !<.: . . . . . . . . . . .  . - . :  . .  : .I. ;..-.:.. Rich Culebra Rock. (LANL Empirical Sorption study) (continued). : : .  . ...I......... . . ' .:.. - ......... .. . . . . . . . .  ,."'.. :< ,:;:.', ;.:. . " ,, , .: 
. . . . . . . . . . .  . I.-. . .  ,. . . .  . . . . . . . . . . . . . . . . .  . . 
. . . . . .  . .  . . . . . .  -r..* . . . . ,:. - .  . * . . . . .  . . .  

. . ' . 
. . .  . . . . . . . . . .  . . . . 4 - . < , <  ...-:.<, , -  . * 

.: ' 1  . . . . .  . . . .  . . .  . . . . . . . . .  . , .. .... . ..r... :... _ . "  .. , . .  , . . . . .  . . . . . _  . . . .  , . , . . .  . . . . . . . r . .  
. - ( d g ) ,  

i 
. . . .  , "  K d ( d g ) ,  

Brine , . . Additive : . . . .  0.033% C02 . . . . . . . . . . . . .  . . . .  .. ,.' - . . . . . . :  . . . . . . . .  .. .... . . . .  . . . . . : . . . . . . . . . . . . .  : .-.. ,..$ ...'..i ***. '.;; ' 
4.1% COz 

. . . .  r .  . . . . .  .... . . . . . . . . . . . . . . .  , c , .. 2 ' ; -  : 
. . . . . . . . . . . . .  : . . - .:.. >. . . . . - . .  . . .  . . .  . . . . 

. . . .  .. : . . . . . ,  .. . . . . . . . . .  .. s . _(. ' .  1 I . .  ... 
H-17 None 533, 379, 

#JRF 0-41 :-..- #JR-F' 0-91 

549, 391 d 

. . .  #JRF 0-42 #JRF 0-92 
None 

. . 
. . . .  . . .... 

-, . 

July 24, 1996 
I 

Avg. without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. low-conc. org. 

High-conc. organics 

Avg. w. high-conc. org. . -. 



- r - ,  9 ' 3  
i 4 

M. S. Tierney July 24,1996 

Table G-4. Effects of ~ r i n e ,  Organic ~igands, and P ~ 0 2  on Matrix &S for U(VI) and Dolomite- 
-.; .. .- 

. .. . ,:  ~ u l e b k  k&k (LANL Empirical Sorption'' !&idy). One-week sorption runs 

?,: , ,. . . : .  - - - . ..- with H19, B-~,.Box. 7.. &s in bold font excluded fiom ranges and distributions. 
' -<. - '. ' 

.....: ,, . ,,,; ..-.. :,:;.-..- . * 
' . - ..,.. . . ... . . .  

". . . .  . . . . ,. 
i. 

. .  . ' . .. - ..-. --a:.-:-iyb&G$e~bf . - .:.:.~:5..L-. . .. .. . bnacceppible differen&s between sbdards and bontrols.. Still counting 
. . , . . . .: ,.. . , new controls for underlined samples. Negative &S set to 0.00 before -determining 

. . :: ';-.A 

. . . - . .  . the mean. ~ a t a  current & of May 30, 1996. Table compiled by L. H: ~ g s h  on 
. .. May: 16, 1996 based, on information provided. by LANL,on-May; 15,..1996.2 Table :. . - ;.:-. . ---.-: i:. , . ,. : >: c.+;~ +Js!s ty&yi,.:.. ?.: . '-.. ...- r r  ';.:, . .:::.. i., ., -. s.-. ..%, ;- C'.j;.::;. .. ,:,?.- :"-. : , .  .- - -2.:- . .</, .-t:.;: > :*:.-: * .  , ,,<, ~ .,,, p..<r,' .., ,.?,* 

. ' ' 
.:. .,< .,.,-,., . .?...,.L d- ".. . ..-,' 
,;.; ..-, - 2 ,  - . . : - ~ , ; : , : . ~~&~ ' rc ,>~~ .  - ..-.,.. : #  ... . .  . .,. : .;. . r.-r; :.._ checked by L. J. Stoe on May 16 and 17,1996ic~able rev~sed~by~riish'bn May 3 1 ' 

,- . . 7  

. . a . , ' :,.-. and.  June -: 1, : ' 1996, . ' based on information provided by LAN, on . . .  
- . - May 30 and 3 1,1996. Table checked by L. J. Ston on June 10,1996. Table re- 

.% 

. . : : checked by A. C. peterson on July 16; 1996. ... . . . 

Additive 

None 

None 

Avg. without organics 

LOW-conc. organics 

- - -  ERDA-6 " ' Av~.. W. low-CO~C. 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 Pm2 on Matlix &S for U(VT) and Dolomite- 
.. . . . I  ^ 

.. . . A . ' . . .  , . ; . . - Rich Culebra Rock (LANL . . . . . . .  . ~ m ~ ~ c a l ~ ~ ~ ~ t i o r i  ... . . . . . . .  . .. Study) . (contioued). . , 
1.. . , 

. . , & , .,.*.- ; 
. .... . . - -  - . . . . .  ,. ,,,* $.. .' .:? :. ' 4 '  - ! ""'..:,;'.. i 

. . . . . . . . . . . . . , . :  .;* 3 ;.:. --,; 2 :  -. . . . . 
.-I . . 

Brine 
. . 

- 
Additive 

None -2.11, 
#JRF 0-11 - . -~ 
. . . . . . .  

None -1.79, 
#JRF 0-12 - 

Avg. without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. low-conc. org. 

High-conc. organics 

High-conc. organics 

H-17 Avg. w. high-conc. org. 
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,... Table G-5. Effects of Brine, Organic Ligands, and b.L,,:,:" Pcoz on . _. Matrix ,._ ,.. .. Kds for Th(N) and Dolomite- 
:.. :. ; ,. .. ... . . -. ...: . ..:, . Rich' Culeb* Rock. (LANL ' ~ ~ ~ i r i 6 a l  Sorptiofi Study): One-week sorption runs 

. * . -  .-.  . 
:-. . . . . ". .... with H-19, B-4, Box 7. &S in bold font excluded from _.. ranges and distributions 
. . . .... : . .  . . + . , .. . . .: . .-. ,.''.A-:. ..-, because-of unacceptable differen6ei:tiitu;'iis'~standards . . . ..- . , . and controls. Still counting 
. . . . .. . 

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

. * 
compiled by L. H.  rush o&~a) ; .16 ,  1996,based 'on information proiihed by 

,.... . -;. - -, . L. LANL on May 16, 1996. -. Table checked by L. J. stom' on May 16 and 17, 1996. .;;; <.:.,? :,;ey-.;?. ,- ,:.. .-,.., 5 ;:*: ,.;:;*-,> ,,-,-.,,q-:F ,, ,., ,,.,,x ::,+..>.:;fi.. .--:?-*--::~-.~d. .*.. 
R><;G:* . ?. > m . r . \ .  .-,.. . ..,. *>-<&*!.;;,;:;;:;..;5:Y 

., . ., ~&+$Tabliikivised by Brush on May 3 1 and Junk 1,1996, based on information provided . . . -  , . 
.. . 

...-.- :< . by LANL on May 30 and 3 1, 1996' :~ablecbecked by L. J. Ston on June 10, 1996. 
Table re-checked by A. C. Peterson on July 16, 1996. 

, . 

July 24, 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. hgh-conc. org. 
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Table G-5. Effects of ~ n n e ,  Organic Ligands, and PCOZ on Matrix &s for T h w )  and Dolomite- 
:...... - .  . . .  Rich . . . . . . . . . . . .  . ~ulebra  . Rock (L& . . .  .. ~&&ical . - . .  . A s .  sorption . . . . . . . .  Study) (coikinued). :. 

.. - . ......... . . . . .  . . . . . . . . . . . .  ,.- -:. 
. * 

<;;,; + ',; .:.* > 7:- .; ? ..,;: - ?. -,, 
.> ' I .'.'.!. : ,,: .: & .  ,..;. : , ' . . . . . .  

:. ., . .... 1,- - . . . . . .  ... - - ; , . > .  . . Brine' .-.. .,-... ?..:--s 
. . 7 .  .... r' : . . . . . .  . . , '  ' - - . -  . -.:- q3 ..1'..... .. >,- <;. . . . 

I Additive . . . . p<- . . .  ...,: ?.-. -;.- ..::'- .i..G. . . . .  ;:: <>,,,.&... JiSG'.' ...... " -  - , .  . . . .  . . . . . .  .,, ., ;,; .:.: &..>Z.'. " 
' . ' . - 

:. . . . . . .  . .  . . . . .  . . . . . . .  --.. .. .-<.:~ ..;,, :,.; .... . -.: <..* -, .:-..dL,"h. . - 
........... *.; .......... . . . . . . .  ::... 

. -  
. . . . 

5 - .  

H-17 None 

H-17 . . . . .  None 
z...::.. r -1.:. - . . .  ........................ .... . . .  - 

16.6, 11.3 
. . .  . . . .  . ; :  . ,  : : : :  1 .L_. - __. .;. - , .  ....: # 0-2 . ............ : ,  1. . . .  #m--52 

Avg . without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. low-conc. org. 

High-conc. organics 
. , 

High-conc. organics 

,.= -r. 
' F .  . , : r .  
I I - :  

H-17 Avg. w. high-conc. org. 6.88 0.967 

. -. 



"' ,p; $ 
" M. S. Tierney July 24, 1996. 

!. .. I . .  , _  Table , , . . G-6. , ... Effects of Brine, a,.-, Organic . Ligands, .&b ,pa on Matrix &S for NpCIT) and Dolomite- 
...... Rich Culebra . .Roc~.(LAS&- .. . . ~m~ir~&,~or~tion-~bd~).:: One-wak soqtion runs . d... -." . . . .  ??' ;.- .f ,:7 re., -._. - . . - ,  >... r .i.,... . .  

:-, 
. with H-19, B4, BOX 7. Kds in bold ... ...j. fontexcluded ,! .. .-, .=,.c:.e,.z.::. . . . . . . . . .  from ranges and distributions 

. . . . . . . . .  . . . . .  . becauseof . . . . . .  inacceptabli . . - 
..... difter&i&s . between . standards..kd .... .. . . . . . . . . . .  conmli. . Still counting. 

i: . '  , 
:.. 

, ..,. . , t ..- .: . , , .* ..-. " . .;;> ,-,-. ,.... .....:*rt'-.---.--- ,*>;.., k?-. .:.:.. ::::<..,s c,.;.. :. ..-. 
4 ' . . 

* .  
:newy-cont;bls'for underlined samples. :. Data, current 'as of May 30, 1996. Table . -. ( _ _  _ .; .I .. ! . .  - . .~ . . : compiled by L. ~ ; : . B k s h ~ o n  ,*a ~ a i  -16; 1996; based on. infOr&ti& >fbirU&d by 

i . . 
. .  . . . . . . . . .  . - . "1" LANL on May 15, $1996:- Table ch&ked  by.:^. J- ~ t o n  on May 16 and 17, 1996. i - , . . t , . : - . . s  .:,. . 

, . : ; , .  , ;  . . . .  - ..<." . . .  '."..' . " '  ..,.,. > .!.=.,.i , . : . ' , . , . , , ..r:. ." . 
.. , ......... . ~ . .  .,;.,::;:.+Table ... revised by Brush on May 31 andJihe,.1',~d9~6iibasased o n . & o ~ o n p r o ~ d & j  <-...: ---y-.,.. :.: ::.-JL<J-q-.c..: ........ ....... . . . . . . .  .. 

\ .  3 - ,." r:,&,.'d.i -k. ......-. v.:>..- ...'<. r ._ . ,. I _ 
' .  1 . '  ' .  

I ' 

" by LANL on May 30 and 3 1,1996:: ~able"'dh&Ged by L:J. Ston on June 10, 1996. . . . . 

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

u . .  ~. I.  . . . . , .  , 

. , . - I -  . . . . . . . . .  - -  : .,%. . .?.. ..... . t . . i',.i.. . ...>.. ....'.............. ......... i.' .:..:rc:'.. '"i.'.f.'. '..;-.: -..:.: . .:: . . .  . . - . .  - .. . . . . .  . . ..... ;; ,,.-.; <:-...-.*., ,+,- :.; ........ 1,7,,.,: .-::*; ,.,:., '2: ..,A .,*;:::a -: ... .I A, .-,.,;\ - :... : . . .  - ; . . . i . ; ; . . - ' .  .:.(n'iVg) -.:'.. . I.. . . - . .  ,. L '  ..... , 1 . . . .  , . . , %  %, (mvg), 
s h e  ' ~ddit ive 0.033% C02 4.1% C02 

None 

None 

Avg. without organics 

Low-conc. organics . -. .&.- 
#JRF 0-129 

Low-conc. organics 
i - - A  - 

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 PCM on Matrix &S for NpCV) and Dolomite- 
.. .. . . . . . . . . .  Culebra Rock (LANL Empirical Sorption, Study) (wntinued): . .  ' . . - . ,, -. - 3 

%.. , . . I 

., a .  

. . . . . . . . .  , - - .  '.I . . - . , .  - -  - - .. 
. . .  . .  .. . - . . . . . . .  . % . .  . . - . . .  .... 

. - . . . .  

None 

None . -- ,- . - 

Avg. without organics 

Low-conc. organics 

Low-conc. organics 

Avg. w. low-conc. org. 

High-conc. organics 

High-conc. organics 
. ?  * . 

1 - . , .. . . . . . . . .  

H-17 
. . Avg. w. high-conc. org. 156 
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. ., , .. . . : , 

-.. ..-;.  able,^-7.. , Effects of Organic Lijgands b d ~ & & - & s  .$..*. .,.!. p,.. (ml/g) forPu(V),,Am(III), U(m, ~ h 0 , ' m d  
,';;;d... . 

+qNp(V),L - ." Dolo~fe-&&L' Cu]el$i; Rbck -. and. ~ ~ & f i & T  B'Ae A- && Empirical 
4 I . . . .  . >  .,.,. i r . .  . .  ... .. . ,, ,,. , . - . :A  -,7.<-s.:* %A*..$ ;, *... >,.. : ,~* .~ , :~ , . . ' . 2~ , ! : .  .?L+.. s.>..,- -::.> .-.. - ,. ,. : ..*. . - . * 

". 
Sorption' Study). . One-week. sorption~*runs with H=19, B 4 ,  ~ o x . 7 :  Kds in bold font 

A .  
. . 

: '., . . ... . 
' . : . '.:excluded fibm kgesb&d distributioi6 because: of.unacce$table differences between -., c.'?,> : ,. ..; :,: - ;; .>,: ,;.:,.. , - ,., .. . . . ." ,< . '.I' - '." '"..." -..y .,,:..t;>,,. .); &<.-:... . r , .  *. 

standardsdsds and 'contr6ls:;i Data': c e n t  '& of ~ a y -  30, 1996. Table,com~iled by . -, ' - - . -....- . . - 
T I  

>-. 2 , . . .. -. - 
>'. . J'. H. :--on: ;: 16 ' ;$; ?;. . 9g6$'5~id'' - . . ..... _. . . . . g i ~  ~nformation'.~~~provided by ~;m on 

~ay,,,15, '  1996.: Table chkk'ed 59 EX- s ' a  16 1996 Table revised by Bmih , . .y.-.:-:.d.b- ..--..I ..... . P.,; ~-.,-rw,nvr:k~~ri.2-+i , ,s~j.-i!.:.,.i5L-xgLr=~,i~.... .. ... - . &fT ,?',';".: -n... ,'.'. .I. '* .-.,..".<.. 
. ., ,t~:-~~~.3ia~~qi'5:~r,z~,~~~j10n~MayP3 1 1996, based on, inforbahon:prov~ded .. -p.I.-r - -  . :. -b"'y LMJC'on May 30, 1996. .. Table 

t-. 
. . 

checked by L. J. S~OIZ on- J U D ~ ~ ~ O ,  1996.'c~able re-checked by A. C. Peterson on 
July 16;,1996. 

. p. . 
e ,.- W- -- - Element and Oxidation State 

Additive 

None 8.73, 
- #JRF-233 

None 

Avg. without 
organics 

Low-conc. 
organics 

Low-conc. 
-organics 

Avg. w. low- 
conc. organics 

Interned.- 5.03, 
conc. organics . #JRF-237 

Interned.- 
conc. organics 

Avg. w. inter.- 

a conc. org. 
- 



- 
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-,;. ,: : 

. . 
. . . . . .  . Table G17- Effects of .organic Ligands on Matrix &s (mVg) for Pu(v); ~ m ( m ) ,  UCVI), ~h(m), i d  

. . .,*;., - 
,'< ':. Np(\3,: ~o loGi t= -~ i~h ' , :  Culebra RO&,'' and Modified;: Brine A ; ( ~ m  Empirical 

..;".... . . .  ..: - ‘"~:~..~..%"" . :-.ac . .;-:; . . . . . . . . . . .  ....... ... ... ..S..~. 

.. ' sorption . Stiidyr(continued). -. ' , ..: . . .  . . . . . . . . . .  J ... . .  _ ,  , - ,  
.',- : j.,; ... ... ... . . . . . .  ti.: ..:: .!. ' .ti,- : .::. .c t : . . . . . . . . . . . . . . . . .  ... . . .  . . I . .<._> ; . - .. . . . . - . <. . . ........ - . . . . . . . . .  , .  , : , . , ,  : , . .  : :.,;, . . . . . .  ..',-.. . . .  . ; . ,  ' + " ' . .: .......................................... . . .  . ."  .. , ,  ..;-.:..;:.,.'-.-. 
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