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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 g/ml instead of her 
measured brine densities to calculate empirical ~s for Pu, Am, U, Th, and Np in 
the absence of organic ligands. Therefore,- 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 ~sin 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 ~s for Nd (Table C-5) correctly. 
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prior to submission of the original ranges and distributions by Brush ( 1996). 

Comparison of Table 1 in Brush (1996) and Table 1 in this memorandum ~· . r 
reveals that revising the empirical and.mechanistic ~s changed many, but not all, 
of the upp~r cmd lower ii~ts of these ranges. We did not change the (up.ifo.z:r.n) 
probability distributions of any of the . ranges (see Methods Used to Estabii§h 
Probability Distributions of Matrix ~s below). 

. . : . . . 

We realize that it is too late for performance-assessment (PA) personnel tore­
run their transport calculations with the revised ranges. However, P A can still use 
these KJs to assess the impact of the erroneous values on their chlculations. 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 K!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 Kos), 
and inserted the word "revised" as appropriate. 

INTRODUCTION 

This memorandum contains revised ranges and probability distributions of 
m3;trix 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 Kd is the equilibrium ratio of 
the ~s ofPu, Am, U, Th, C?r Np adsorbed on the solid phase(s) per unit mass of 

· solid(s) divided by the concentration of that element in the aqueous phase (see, for 
example;· Freeze and Cherry, 1979). PA personnel required ~s ·for Pu,-Am, U, 

· and Th for their calculations to support the Waste Isolation Pilot Plant (WlPP) . 
. 

Compliance Certification Application (CCA) (see Ramsey, 1996). (We will 
.:, ' include this memorandum, the original ranges and distributions submitted by 
~- B~sh (1996), and all of the other memoranda cited herein iiJ. the parameter and 
;·. analysis records packages for these revised ~s.) Actually, PA required Kcis for 

;_._~. various .isotopes of these elements, but Ramsey (1996) did not speeify them. 
However, Garner (1996) stated that PA needed Kos for 239Pu, 241 Am, 234U, and 
23<Th. It is reasonable to assume that, in view of the small differences among the 
ma.Sses of different isotopes of these elements, one can apply a Ko determined for 
one isotope to any other isotope of the same element. We are resubmitting K!s 
forNp in case PA requires them for sensitivity calculations to show that omitting 

. this element did not affect the long-term performance· '- of the repository 
_ significantly. 

We, the Sandia-National-Laboratories (SNL), and SNL-subcontractor 
personnel working on or familiar with the dissolved-actinide Retardation 
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Research Program . ~)- or related aspects of PA, established the ranges and · distributions· subi:nitted. by· Brush (1996) from' results obtained by the RRP · through May 3i:' 1996:';: In this memoi·andum, we have used the same methods . • • .._. . ~- \!:. .. ., ,.::~ ~.~~· ~ ·~t' ~- ·~ ·ti!i:;..::.; ..... : . _. . . .. · e .. ~ ...... .,.. . . • • • . . •t : • . ! !--· ·· ~. ~ . . "' ~ .. -·:,),along .~tth_th~<~vt~~d. ~~~pmcal and mecharustic sorption· data to establish the . revisedrange·s 'and distributio.ns showri in Table 1 (see Revisions of Pre¥iou.sJy , Submitted Ranges 'of Matrix ~s above). Both the original and the revised . , ranges and distributions_ pertain to dolomite~rich rock in the matrix (intact rock . .. betw~~ 'ili~ --fi~~tiiresYi'b{ the Cuiebr~·~·; ewe use the terms ''matrix" and "fracttii-es~'"' ifi·; ·''a' .. ' g~rieial . sense, . corresp·~~ding to traru;port pathways with relatively low and high ·transmissivities, respectively. Our us~ of these terms is consistent with the double-porosity conceptual model of the Culebra proposed by L. Meigs and hC?i colleagues at SNL and its subcontractors.) Neither the original nor the revised . ranges and · distributions include ~s for . the clay-rich rock associated with fractUre surlaces arid disperseci in the matrix of the Culebra. We believe that, based on Sewards (1991) and Sewards et al .. (1991, 1992) and Fecent, yet-to-be published studies of Culebra mineralogy, clay minerals such as . corrensite (an ordered mixture of chlorite and saponite) are present on fracture surfaces and in the • matrix of the Culebra at concentrations high enough to increase the retardation of Pu, Am, U, Th, and Np relative to that observed in laboratory studies with dolomite-ric!l rock (see Description of Laboratory Studies Used t_o Determine Matrix ~s below). However, we have not i?cluded ~s for clay minerals in these ranges and distributions because we do not have sufficient laboratory data for day-rich rock under expected Culebra conditions at this time. _ Furthermore, we have not taken any · credit for sorption ·by day minerals on · fractures.: We believe that omitting Kcis for clays is conservative.-. _ . 

. .:. . 

· ,.··· .... ,: . 

_-, ;~). . --~-< ·~.: · : l ~ '··· ·; ~~i • ·- ~ ;:-:· ;-:_ . 

, ·: ~ .. : We recommend that PA personnel:~~~t the fracture-surface ~s (~tually, Kas) :. . for Pu, Am, U, Th, and Np in the Culebra equal to zer:o~ A distribution. coefficient expressed on a per-unit-surface-area basis, ·or Ka. is' 'the eqUilibrium rntio of the mass of Pu, Am, U, Th, or Np ·adsorbed On the solid phase(s) 'per Unit area of solid(s) divided by the concentration. of that element in t:Jle aqueous phase '(Freeze and Cherry, 1979). We· also recorrimend that PA not intlude .. soiption by a discrete layer of material associated with fracture sui:faces. Setting· these Kas 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. Illiilerals on fracture · . surfaces; (2) the surface area of the dolomite-rich rock lining the fractures is very . : small relative to that of the dolomite-rich rock in the matrix. WlPP Performance Assessment Department (1992) discussed sorption on fractures in detail . 

. : 
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REVISED~TRIX~s . 
. ; . •;:·;~.;: ··:·~- --~-· -:-:;:~~~ ~:·~·.:~ .. :· ::'< ~ ' .. ~;/.·~ ~ 

· . Thi~ 's~tio~ -bri~fly~~d~scrl~s· th~--}cili~h~ory studies ns~ to determine matrix 
~s for .diss6ived. Pti~ Ani:'u~~n:· ahd N'i(and ilie modeling study used to:,p~_ct 
the oxidcition-state distributions of these ~lements under conditions expected in 
the cUiebra:," It theildiscussesthe~ meth.ods.used to :establish revised ranges and 
pro~~~ilitY -~~~~ti?~:.C,~ -~~~-~ -~~- :/.:;_;' ~--~.:· ~ . · ::' ·.: . . ·. • · ' 

- . 
D~scription of Laboratory Studies 

Used ~6 :Determine Matrix ~s 

· The RRP. ~airied out several laboratory studies of the sorption of Pu, Am. U, 
Th, and Np by doloiillte-rich-rock. from. the. Culebra. Papenguth and Behl ( 1996) 
described these ·studies in detail ... These studies used different experimental 
methods and considered the effects of several factors on actinide sorption in the 
Culebra. The results _used to establish 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 and/or 
SNL subcontractor reports after submission of the CCA. 

-
l Triay and her group at Los Alamos National Laboratory (LANL) carried out 

an empirical study of ~e sorption of Pu(V), Am(Ill), U(VI), Th(IV), and Np(V) 
by samples of doloffiite-rich rock from the Culebra. Triay used four synthetic 
fluids, Brine A. ERDA-6, AISinR, and H-17~ for her experiments with dolomite­
rich rock. Brine A, describ¢ by Moiecke (1983), simulated fluids equilibrated 
with K- and Mg-bearirig :ii:rinerals 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 flo~ from the_ repository into the Culebra in the event of human intrusion into 
the -repository> ERDA-6 simulates brines that occur in isolated but occasionally 
large reservoifs'in the _underlying Castile Formation (Popielak et al., 1983) . . These 
brines could flow thfough 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 
C02 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 C02 partial pressures in these runs were 10"3

·5, 10"2·73, 10-1.98, 

and 10-t.so atm, respectively, the range of Pco2 calculatea for Culebra 
groundwaters by Siegel et al. (1991). Furthermore, Triay studied the effects of 
dissolved actinide concentration on sorption. These experiments yielded sorption 
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. _is~th,~~~ P!~ts ___ of th~ quantity_ of ~dipnuclide sorbed _by_ the solid phase or •- . .. 
' 

_ .... p~~e~]:Y.e~~-:- ~~ fi.!j~ ~,di~~plvedj:~~~~:clide;'concentiation~ or ·plots · of ~s _versus the final- dissolved radionuclide ci>neentration.'- (We will include these 
.... .. ·.~ • • .; .. J · ~ .. =--;-: _,;~.;.~l· .~· ·· ·, · -.. _ . . ... . ·~:·;._~· · :.;.. ~:;:._r.'! ·:.:,·.: ..... _., .-·. · • .. •. . ·~· .. ,, .... ~;:;, .. ~:-....-:.::· .· . · .· ... · · · -. ...... ~ . ~ . · . . · ... - .. · ·"-· ,,;,:~-~..i~~$$.~--~;Sf$.)~~~*-~ -~-~ ~~al~~~- -F~~~- P~O.ge~}<?~-- ~ese··:evised ~s.) .. · .: ·1J.:i.~~~=: P!~~ : . ~ ~nl proy1d~~; mf~rmation. ?n the·· nature of the · re~~ti<;>I).!_,s) .. responsi~le f~~ ~Illoyal of radionuclides from solution; Finally, Triay studied the 

~. . ' 

• 

•• ·. / 

; •... _. .. ,._,e~~~~,,'?f,~~~~eD.:-:B.ffi~-.-~J.~Y:~;-~~4::~~~·. 3-, ~6-~ 9r _.8~_\Vee~) ;~d direction of . ,.. ; ~3:C!i~J.l (S<?Ip~~~--o~ -~~~<?rp~~n) .. P~- ~OI:P~,~~:r Tnay crushed_the samples~ selected · · .. ~ th·e 75-t~5~J.nn ;si.U.fiactioii (signmcantly laiger th·an· the· mean· doloinite grain diameter of about 2 lJ.m), washed tliese · subsamples with dilute HCI' to remove crystallogrnpbically strained sinfaces, fine particles of dolomite':· and Fe- and Mn­oxyhydroxides, 'anci pretreated iheii1 with the same type of brine to be used for the . acnial ·eXperiinent for ~riods_ of tinie .for. the most part identical to those of the so!J)fionaild desoq,fioii runs:: Triay earned out each of the pretreatments and the actual experiments with 20 m1 of brine and 1 g of rock. Dur.ing 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 lJ.m, analyzed. the solutions by liquid scintillation counting (LSC), and determined ~s from the differences between the initial and the final nidionuclide concentrations in tl;le solutions.· She carried out most of her experiments, ' and all of the runs that_yielded 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-diffraction analysis of this rock failed to detect clay . :minerals in most cases.· Because the detection limit of this technique is about 1 %, the 'rock that yielded the ~s for PA contains a lower concentration of clay min~rals them. the _Culebra as a whole (estima~ based on previously -published . an( ongoing snidie_s of Culebra mineralogy, to be about 1 to 5%). Triay also -· carried out a few experiments.with dolomite from the H-19 Hydropad and clay­': : · . . rich rock fr<;>m· the lower, unnamed member of the Rustler. (The clay minefals in ... ,·· ,_the J(Jwer,member.are identical to those lining fracture surfaces and dispersed in . : .. ~ ihe'mairix of the_ Culebra.y This study yielded a large nuniher of Kds for actual .. ·samples of-nearly.pure _Culebra dolomite and actinide-bearing synthetic fluids .· , closely,~sembling tho?e that could actually flow through the ·culebra after human ·:' in~si_Q~_\" . ,~ _;:-:·! . >_,:_.;.;-_. _ ,~ .r:~ ~:- · , ·_ . -
.,. • • 

•• 
,It , 

P. V. Brady and his colleagues at SNL and LANL carried out a ·mechanistic ·. ···study of the sorption of Pu(V), Am(ITI), Nd(ITI) (a nonradioactive · analog of _ 'Am(ID) md Pu(ITI)), U(VI), Th(IV), and Np(V) from synthetic 0.05, 0.5, and 5 M NaCl. solu'iions by samples of well characterized, pure dolomite -from Norivay. Brady used a ill?ii.ed-residence-time (1 min.) reaction vessel to minimize the extent of dolomite .. dissolution, . actinide precipitation, and -·other reactions unrelated to sorption during his experiments.- . This allowed him to . study the effects of pH (from about 3 or 4 to 9 or 10 in most cases), the C02 concentration of the headspace (atmospheric, 0.5, and 5%), and the concentrations of potentially significant cations and anions . on sorption in the absence of complexities caused by other reactions. Brady crushed the samples, selected the <106-lJ.m size 
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. . _ . fraction, washed them with dilute HCl, and pretreated them overnight in an NaCl 
~f~,·~i;i:tJ;, .:-. . ~ "Tjit:::sol~tion With the SaiDe COncentration tO be USed fOf the actual experiments, and a 
. t:· · -~ · -: · ·:.. . : ~ __ , , . ;· s~iutio~.:t~solid ratio of 100 m1 per g of ·dolomite.· · He. calried out the actual 

. .-;•·J··'~S> . ·· . ~,,.-::<,Jio:::·~~-~XPi~~!ltS. ~ith. S~Vera}. ac?ID~e elements_ at a· tiixie{1fud a SOlUtiOn:t<>:_solid ratiO 
. · .-_>;<; .of 200 ml/g. After his runs,.l~rady separated the aqueous and solid phase& "Yit4 a 

0.22-J.Lm filter, analyzed: the.. solutions by · inductively· 'coupled· ·plaSma 

::J:: .... ,;,. ~:~'~':.:·:,.·"'~tpi~s~qnl~.s~s~tr~~etry;_~d detennined ~s from the· differences between 
f:_t::' ''::.},-;;~·-/:::~ .. ::·\;::/;' the'.iiiitial and th((firial radionuclide concentratioils'in the solutions. Although 

· • : ·;· ::}-·tbiS·study. did il.otyield ~s for actual· saniplesof Culebra rock nor for synthetic 
Culebra fluids, it did· yield results that have proven highly USf?ful 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 1 0)' _expected to 
resu}t from use of an MgO backfill in WJPP 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 AI core 
holders, morinted them vertically in a glove box, and pressurized them to about 
50 atm, the in situ pressure at the depths (716 and721 ft.) from which these cores 
were . .obtained .... Lucero carried out spike injections or, in a few experlnients, 

-~··i:}~~~tin~op~ ·injections. of Pu(V), Am(III), U(VI),:_Th(IV),·· and/or Np(V) by 
.. introducing synthetic AISinR or, in a few runs, synthetic· ERDA-6 with low 

~- ~:. conCentrations of the radionuclide(s) futo a cavity cut fu the top of each core: He 
.,~.:··the~ p~p~cfadditional brine through these cores at low flow iates (O.l'ml/min 
'~ c. - - . .. . . . • ..... ' .. 

. and. fu. a few runs,- 0.05 ml/min) for periods of up to237.days (equivalent to 
... p~pi.rtg ~p to 34.2 pore volumes of brine through these c'ores). These. flow rates 
· · are at ·or close to the. upper limit of the range of in situ fluid velocities: He 
·. collec~ tl!e effluent continuously and analyzed it every's "infby y 'spectrometry 
. or LSC. He also used scanning y emission tomography to image the cores .. By 

injecting different radionuclides at different times and, in some cases, by using 
different ,brines, Lucero carried out multiple, sequential experiments with each 
·core. B~cause this study quantified actinide sorption from fluids flowiTig through 
intact.- samples of Culebra · rock,· it. complements the static empirical·· and 
mechanistic sorption studies · with· crushed Culebra · rock or pure dolomite . 

. , ~owever, this study did not yield ~s diiectly. For U and Np, which were 
moderately retarded by sorption, the observed delays betWeen the elution peaks 

.. of nonsorbed radionuclides (such as.3H or 22Na) and those of U and Np yielded 
discre~ values for the retardation factor R, which were then. used, along with 

. porosities determined with the nonsorJ:>ing tracers, to calculate l(ds. For Pu, Am, 
. and Th, which were strongly retarded, Lucero did not observe breakthrough,· even 
after pumping brine through these cores for 61; l18, and 211 ctays (Pu and Am) 
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and 133, 146, and 237 days (fh), equivalent to 8.83, 17.0, and 30.4 pore volumes ·. · .. : ·'. (Pu .. and Ai) and . l9.1~ 21.0, and 34.2 pore volumes · (Th).: Therefore, he was ., ·.: :_'only 'able io'·~alcui~te -minimum. values of R and Kci for these elements.· These ' · .. . D:iiniiniim', v~ueS7 

depend on factors such as the initial con~ntration of each . radioiiuclide, the volume of 'Qrine pumped through the core, and the ana)~~ detection limit for the radionuclide in addition to the extent of retardation. ·· · · .,. 
·. ; .. · .... ·>.:. .· : - ~ . . . . ~ ' . .. . · .... ..,.... . ~- .. ~ .,:_ ..... · .... ~ . ::: ·. 

Predictions of Actinide Oxidation States in the Culebra 
-. 

. Because oxidation state significantly affects the chemical behavior, including sorption, of the actinide elements, predictions of the oxidation~state distributions of Pll, U, and Np in the Culebra were necessary to establish ranges arid probability distributions ofmatrh Kcis for use in the PA calculations. For Pu, U, and Np, the ··following oXidation states are possible in low-temperature, geochemical systems: Pu(ill), Pu(IV), Pu(V), and Pu(VI); U(IV) and U(VI); and Np(IV), Np(V), and Np(VI). For Am and Th, only one oxidation state, Am(ill) or Th(N), respectively, is possible. · 

We have used experimentally based predictions of the oxidation-state distributions of Pu, U, and Np in WIPP disposal rooms from the Actinide Source Term Program (ASTP) to specify the oxidation states of these elements in the Culebra Based on a laboratory study carried out under expected WIPP conditions by D. Clark and his colleagues at LANL and previously published results obtained ... for applications other than the WIPP Project, ASTP personnel predicted that Pu .. . will speciate ·as Pu(TII) or Pu(N), but not as Pu(V) nor Pu(VI)~ that- U will : .•. speciate ~ U(IV) and U(VI), and that Np will speciate·as Np(IV) and Np(V), but ~ -.,' not as Np(VI), in deep (Castile and Salado) brines in the repository. To evaluate . .. the applicability of these predictions to the Culebra, H. W. Stockman of SNL ·.-·_carried 'out a modeling study of the oXidation states of Pu, U; and Np in''the ·:· . .., Culebra (see below) . . This study showed that Culebra fluids are pooriy poised ·: ~ (have~t~d capacity to' either oxiclize or reduce actinide elements) .. Therefore, it .. . ~as reasonable to use the oxidation-state distributions of Pu, U, and Np predicted :~ · · for WIPP dlsp9sal room t~ specify the oxidation states of these elements in the .·. Culebia .,.: Using the . ASTP predictions for the Culebra ensured ' consistency . • 1· - · ' - · • . ~: between the. oxidation-state. distributions of these · elements in WIPP disposal · . ~. rooms and" at i:lie poin.t of injection of deep (Castile or Salado) brines into the -.- !·Culebra 'following huma:n intrusion into the repository. This in tum obviated the need to specify redox reactions in the Culebra, and the need to incorporate possible, concomitant dissolution ~dlor precipitation reactions in SECO, the PA code for Culebra flow and transport. 
.. . ,..-~ . . . 

. ASTP and P A personnel calculated solubilities for either Pu(lll), U(IV), and 
. . 

. Np(N), or .Pu(IV), U(VI), and Np(V) in any given vector. PA specified the · oxidation states of .these elements by sampling "oxstat," a parameter with a uniform probability distribution of 0 to 1. · If the sampled value of oxstat was 0.5 or less, PA used the solubilities predicted for Pu(III), U(N), and Np(IV). (These 
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- _ solubilities were also sampled parameters.) · If oxstat . was greater than 0.5, PA 
. used solubilities for Pu(IV), U(VI), "and NpM. : We recommended that PAuse 
~ the ranges and. distributions of ~s for the oxidation states . of Pu,· U, and Np 

-~~sampled for e~~h vector:,.~:::.:. . - . - :, .' ._. ~ - . . ·_- -- . 

. .. . rus . ~p~;6~~h - ~as ~u~vale~t to assuming that the oxidation-state distri~uti~s 
_ of Pu, l], . and,, Np predicted: for WIPP disposal ro~ms will ~e maintained along the 
entire· off~site transport pathway in the Culebra-', (Previous PA calculations have 
predicted tha~ iti' the absence of cliniatic change, fluid will flow from the point of 

· injection into the Culebra to the south or the southeast, and that __ the distance from 
the point of injection to the boundary of the Land WithdrawafArea 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. ·- Beeause, in general, redox equilibrium: is not observed in low­
temperature aqueous solutions (see, for example, Lindberg and Runnells, 1984), 
the oxidation states of Pu, U, and Np predicted for the repository could persist 
along the entire flow path in the Culebra. At some point, however, the oxidation­
state distributions of these elements might equilibrate with ambient conditions in 
the Culebra. 

To evaluate the applicability of ASTP predictions to the Culebra; Stockman 
.used the . EQ3/6 geocbeln.ical software package- (Daveler and Wolery, 1992; 
Wolery, 1992a, 1992b; Wolery and Daveler, 1992) to predict -the oxidation-state 
distributions of Pu, U; and Np after mixing deep (Castile and Salado) brines 
containing these elements with Culebra brines. Stockman made various • 
assumptions as to: (1) which natUrally occurring or waste-deriv~ 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 
. ; _ conditioris,ln Culebra brines; (3) whether to use the data base in-EQ3/6: 'or to 
_.: modify - it, based on recently published studies: of actinide chemistry.· · By 

~alculating oxidation-state distributions of Pu, U, and Np before and after :ri:rlxing 
deep brines with Culebra brines under all possible combinations of these 

.. assumptions, Stockman showed that Culebra fluids are poorly _" poised (have 
limited capacity to either oxidize or reduce actinide elements).' Therefore; it is 
reasonable to assume that the .oxidation-state distributions of PU, u,·· and Np 
predict¢ for WIPP disposal rooms will be maintained along the entire off-site 

- transport pathway .. · ... · · · ' 
• ,. ' I 

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 an~ .. obtain an overall range and distribution for a· given element or elemental oxidation 'state . ... ,.' ' . ;:·':·'-.ft-;. ' . ' .· · .. ·· :. -. ·'·:·::: . . ; r:· . ( 
~ '-)·· ; :·: : : ~:~;: :_t: :.-:~.~ .. ~ ~:- ti;~;-t · .. :"~' ... .. ·_· . ~ ., ~ . _,.,. . --~ · .. . . ~:,._;· .. _ ,; :Op!ffions.differ. ~ignificantly on the · extent to which deep and Culebra brines . . . will mix in the Culebra One extreme of a range of possibilities is that. becau~ .. of the· density difference between deep and Culebra brines and/or limited st)~acfutg . . ~u.~ J~-.~~~x:e>g~~eity,}l . '.'slug·~- ~t-.. ~P .. brine will flow along . the entire off-site ·- . ~: tr~P?rt :P~ffi~ay with()ut.significanfn:llXing;·· The other extreme is that, because of rela~yeJY:, ,'high heterogeneity~ hydrodynamic dispersion will result in rapid mixing, and the composition of the injected fluid will resemqle that of Culebra groundwater on ~~order of hundreds .of meters from the pomt of injection . .. - . -~ ::-. . .. . .. . . . . . ~ 

. 

. . V{~·. ~~britted these ranges and .distributions to PA concurrently with the ' subnnssion ' of Culebra hydrologic parameters by persoruie1 from Geohydrology Department 6115: Therefore, we were unable to carry out brine-mixing calcuiations with the current hydrologic parameters prior to establishing these ranges and distributions. In the absence of mixing calculations, E. J. Nowak. . Manager of Chemical & Disposal Room Processes Department 6831~ instructed us to take the following, conservative .approach: (1) establish separate ranges and distributio?s for deep and the Culebra brines for each actinide element or elemental' oxidation state; (2) recommend that PA personnel use the range and distribl}tion th~t results in less retardation for each element or elemental oxidation state . 

Methods Used to Establish Revised Ranges of Matrix ~s 

This subsec~on briefly describes the methods used to establish reyised ranges of matrix Kc!s for dissolved Pu, ~ U, Th, and Np under conditions expected in -~~ -~.e _ <;UI;~r~. ~We carried out wost. of the work described in this subsection. at a . .} 11?-eetll,lg _held l~.pril · 1 and 2; 1996, here at the BDM Building. Sixteen SNL and , . SNL-subcontractor personnel working on ·or familiar with the RRP or ·related . ~- aSpects 'of p A participated in all or part of this meeting. Two us DOE carlsbad- . ·. Area-Office and · Carlsbad-Technical-and-Administrative-ContraCtor ~ peiS.oD.nel • ! . . . . 

- -. ... · observed all or -part of it. - Appendix A (see below) contains the irivitation to, . ' : B:g~ndi for:· and list of the participants and observers at this meeting. · (This and . . : ·th~·~otlier six appendices are available on request to anyone who did not receive ':. -· th~in .;;ith this memorandum.) Detailed descriptions, including all of the revised ·_-·-·. emp¢.cal-sorption, revised mechanistic-sorption, and original column-transport data co~sidered 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 ~s. -

At. ·this meeting, we decided to establish experimentally obtained ranges for : - Am(III), U(VI), Tb(IV), and Np(V), and to use the experimentally' obtained ranges -· for Am(TII) and Tb(IV), and the oxidation-state analogy to establish ranges for · · Pu(III), and Pu(IV). U(IV), 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 
· ,-_: Stockman· s predictions for the Cwebra:~r}nosf·~j the~p~ssible ·coTnbinations 

of assumptions . (see Predictions of Actiliide Oxi~ti()n. States in the Culebra 
,._ -~~,·a;p9ye) •.. ~e did not plan to -establish .. 311;exiern,l~*~j;':()1:>tained range for.Pu(V), 

· ' .. · _nor. to use the experimentally. obtained ·rarige for U(VI) ·and the oxidatioo.-:s~te 
analogy to establish ranges for Pu(VI) and Np(VI). '\. · · 

..,_. . . 
. :: ... ,.::··~t>~:~~t.'-,.:-~~:-:;~_;;f.>,- .. ·, .. :~ ·. ·.. . .. _.- . . ... ' :·: .... ~~~;·.: ~:·{~:;::.~:_::; .. _.~~ .. _-.· ~~~~-.:~~~~_:.~~;--:<:~::1~~~i::?:~~ ',':~~-~:\~-:~~ ~-~- ...... \ ~ ' .. 
. . :: • ,: :."J', .~:,_We. established separate ranges· for, the ·.:deep ··(Castile· and· Salado)· and the 

CUJ~bra brines ·for ·each actinide ·element·: or 'eleiiientill oxidation· state (see 
. Predictions of Brine Mixing in the Culebra above). However, ~e did not establish 

separate ranges for the_ two deep· brines studied by Triay . anci her group in the 
LANL ··~mpiri-;;al smption study (Brine A and ERDA-6) because the PA 

....... calculationS carried out with the multiphase .flow code· Brine and·. Gas Flow to 
. support. the WIPP CCA have predicted that, in some' vectors, the briDe in WIPP 
disposal rooms· will comprise mainly Castile brine; · in other vectors, it will 
comprise mainly Salado brine; and in the rest, it will comprise various proportions 
of these and Culebra brines that will seep into the repository from above. (The 
latter brines will resemble Castile brines after reacting with Salado minerals.) 
Therefore, we established one range for Brine A and ERDA-6 to simulate these 
compositional. variations. Similarly~ the Culebra off-site transport pathway 
predicted by previous PA calculations (see Predictions of Actinide Oxidation 
States in the eulebra) 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), Th(IV), and Np(V) (see Appendices D, E, and· F), we used the· 
following methods to establish separate, experimentally obtained rang~s f<;>r the 

· deep and the .9uJebra brines; First, we considered all of the 6-week soq>tion' data 
·from i:h~ empirical study by Triay, ·the .only ex:perinients· in 'which she has 

. e~nsively studied the effects of dissolved actinide concentration on soq>tion. 
. . Because these are the . only experiments carried out using: a range of dissolved 
,_, ramonuclide concentrations, they are the only rims for which soq>tion isotherms 
.. ·. have provided information on the nature of the reaction(s) responsible for removal 

.. -.. ofradionuclides from solution. (Wewill include these isotherms in the parameter 
····and analysis records packages for these revised Kc!s.) At the time ·of this ·meeting, 
· Triay had not completed the 6-week desoq>tion experiments. We would not, 
however, have included the results of the 6-week desoq>tion runs; and did not 
include any data from the 3-day, nor the 1- nor 3-week desoq>tion runs because 
these data could be artificially higher than those obtained from the soq>tion 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 KcJ followed 

.. by removal of the dissolved actinide after a soq>tion experiment, thereby resulting 
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. in sorption of a higher proportion o~-.th~. _actiniqe on the sorption site with a high Kct during th~ ~sorpti.ori. ~-.. .. · _ . _" ~' , ~ _ .. -' T~~ .. ~ : - •• ~ ~. - • • • • : • • -~. :-:_ • • 

. .. - · . . :1 · __ ··,, ":'}:. ~-.?~. :,~·:~ -.:;.~. : ·· : ~;;:· :·-... : ..... :,<;_;_~: 7.:. ~;-~- ·~:-. ~ - -... ·, .• ·· . ; .. '· .-~'. ~- . . · : ..... To establisb.tb(dnitial ranges for. the. deep brines, we_ first considered all the ... · cUrta obtained. :fiO~th~: ~w~k soq,tion. ~xpexfuients earned out with Brine;1\ and ERDA-6 · ori the. bench )op·.· (in . .contact.: with, ambient atmospheric co;) . ... · ... ;:: Atmospheric COi h~_apaitiai .pre5st.ire~of.ab.ou~1Q·i~~1 ~,the lowest C02 partial ·. pressiire used,in .the):~AN.J_:-·:sb.Jdy;·:;? This p_3rti3}~pressur{iit6q·uivalent to a C02 content·. of o.o33%.iri · tiie-~-- LANL···study:: ·we did''noi use data from runs 
equilibrated with higher partial press~es of C02 for the initial ranges for the deep brines_becausew~ .. :an~cipate .. ~at ·an_ ¥g~1 backfi.ll will be emplaced in WIPP disposal rooms to ieinove. C02. Next. we discarded the data from runs in which the difference . :1Je~een the. -~tivity 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 3cr, where the standard deviation cr equals the square root of the total number of LSC co~nts. Discarding these data yielded the initial range~ 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 · earned out on the bench top (0.033% C02) and in glove boxes with atmospheres containing 0.24 and 1.4% · C02. These three atmospheres had C02 partial . pressures of 10·3·5, -10'2·
73

, and 10·1.98 atm, respectively. Siegel now considers this range more likely for · groundwaters in the predicted off-site transport pathway than the previous .range of 10·!.5 to 10'15? atm calculated for the Culebra as a whole b_y Siegel et al. (1991):,, We also discarded the data from runs in . .which the differencebetween th;·aetivicy. or't.he ~raclionuclide in a standard and that in a control exceeded 3cr to obtain the initial ranges for Culebra brines.' , :A .. : ·:.~: " . ·. :. ... · .. ~' - ~- ·· - ~ 
. . .. . ... ... .. . { . . -· .: . -~ ~ . _ ... ,- · . . ~ .:~7 : ~~ - -. .. . -:~ · -:: . . . ::.~~~ t :.r~: .. r:· ·. -~; ~ . : : ~ ~ ".i . . · - ~ _ :-h . :_·~ · . · we· tlien ~ompared these initial ranges . with the data · from the mechanistic . . sorption s~dy_ by Brady. and his coll~agues at SNL and LANL. For the most part, · ·we used Bci.dy's d3ta io 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 :wJPP disposal rooms.. We assumed that. if mixing is sufficient to produce fluids with compositions similar to those of Culebra brines, the pH of these mixtures will also be similar to those of Culebra brines. Therefore, we did not use Brady's data to ·extend Triay's data for the Culebra brines to basic conditions. So far, Brady has reported data .obtained with 0.05 and 0~5 M NaCl solutions, but not with -~ M. NaCl. · 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. This comparison yielded our revised ranges for the deep brines. 

Next, we compared the revised ranges with the data from the· transport study with intact Culebra cores by Lucero and his colleagues at SNL. Lucero carried out his experiments under ambient atmospheric conditions; therefore, the C02 
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content of these experiments was probably similar to that in the .LANL bench-top 
runs. Because Lucero did not observe brealctlirougli of Th(IV) (nor of Pu(V) nor 
Am(Ill)), it wasonly possible to dete~~ 1Il.inimum y~~e.s of.~ fo~ Th(IV) (and 
for Pll(V) and Am(Ill)).:;, This mii)imwn Kd: (an(fihose1 foi'PU(V)fare consistent . 
withthe.riuiges based on.the ·empir:ical and meeharustic .,.s.ori)tion studies:·;-Lti~o 
did observe breakthrough of U(VI) and Np(V) m his' experiments. Therefore, it 
WaS possible to 4etel'IIliiie' ac~al J{ds ~~f th~S~~ ~~~ni_en~:.~·-~-InOSt~ Cases, the ~S 

· determined for U(VI). and Np(V) from· the' transport sfudy. are less thaD the lower 
limits of the ranges {'obtained . for . these~ eJenients .from' the sorption studies . 

. Therefore,. we extended the ranges where necessary to ob~ final ranges for 
U(VI) and Np(V} m the'.dee{bnnes (Castile and Salado) 'and Culebra brines 
(see Table 1): · :· .:. ' 

. ' ·~· : . ',. . _, . .'. . :.:.:. :_~ ·:: . ,. . . 

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

We attempted to use the same methods to establish experimentally obtained 
ranges for Am(ITI) (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 Am(lll) concentration: (We did not observe significant trends 
such as this in the isotherms for U(VI), Th(IV), nor Np(V)). These trends suggest 
that sorption of Am by the container walls, precipitation of an Am-bearing solid 
phase, coprecipitation of Am by another ·phase, incoin.plete separation of the 
aqueous and the solid phases. at the end of"ai:t experiment, or some combiltation of 

. these processes · occurred in the runs with ' AiD.(lii). Triay cam~ out additional 
posttest analyses of the brines from some of her 6-week sorption. experiirients with 
Am(lll) 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 occ'\)Ifence of processes other 
than sorption. · Therefore, we recommend ·using tlie· experimentally·· obtained 

, ~ ... . 
ranges for Pu(V) (Appendix B) for Am(lll) by assuming that the ~s for Am(lll) 

· .. . are greater than or equal to those for Pu(V). . This assumption is reasonable in 
: view of re~ults su~h as those in Figure 5 of Canepa ·(1992). In tbis _case, the 

Am(ill) . ~ obtained for the Yucca Mountain ·Project is about ~ne 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(III) and 

Pu(V) in future reports and presentations.) We have not used the oxidation:.state 
. analogy to justify the tise of Pu(V) data for Am(lll); instead, this approach is 
.. based on differences in the behavior of these oxidation states. Furthermore, we 
recommend using the range for Am(lll) for Pu(ill) (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 Ranges of Matrix ~s 
above). · 
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. : . , . . . _,. Methods Used to Establish Probability Distributions of Matrix KGs • .>~: · :~· ;'~c:::;:-~ .~~-~:·4;1:~;~:;.-l:'{~;'~:~:;: : · ~-- "< ' 'c; .. :> •' · >Y' ·t : · · · / - ~ · "::. : .· .. · . ·\ ;,~h~-M~:·. s~·~~;;Tie~~y,-. the,"PA· Parameter . Task Leader, :provided guidarice on . . · ':? .es~ll.slimg:probabilicydistributi6ns of parameters for use it{thePA calculations ·· to 'suppo~ -tli~ ¢c.A (see Tierney, 1996a; 1996b). · - ·· · -~~- .- :~~7 
.. ··h.Th'~-_i~@.'J;:~;:~~rudied ~~ e~ects of several factors ori sorption. (see Description : ·- o{ LabOratory}, StUdies· Used to Determine Matrix ~s~ Predictions of Actinide · oriiiati6rista:~s· k the :Cwebra, and Predictions of Brine Mixing in ·the Crilebra ·above) . . _Papenguth and Behl (1996) designed these studies- to encompass the range~- ~!.th~~6.factors :expected in the Culebra. .. Therefore, ihe' revised ranges of matrix KGs established above correspond to the expected ranges of these factors in t.be ~_CUJ~~r~}:Jiowever,-.because of uncertainties ·about the extent to which deep (castiie.~d Satado) and Culebra brines will mix, there are uncertainties as . to the probabiJ!.ty distributions of these factors (especially brine type, the partial pressure of C02, . ~d the resulting pH) in the Culebra Therefore, we do not recommend that P A use a Srudent 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 shownin Table 1. 

· Tierney (1996a) states that use of the uniform or log-uniform [probability] distribution "is appropriate when all that is known about a parameter is its range." Because we cannot specify probability distributions for the factors that affect sorption,' ~~ . . recommend that PA personnel use a uniform or a log-uniform · distribution. Tierney (1996a) specifies use of a log-uniform distribution "when the range ... spans many orders of magnitude." Inspection of the revised ranges for deep and Culebra brines in Table 1 reveals that they span 1.30 and 2.65 orders of plltgnitlJde (deep and Culebra brines, respectively) for Pu(III) and Am(III); 1.15 orders of magnitude (deep brines only) for Pu(IV), U(IV), Th(IV), and Np(IV); 2.82 orders of magnitude {deep brines only) for U(VI); and 2.00 and 2.30 orders of magnirude (deep and Culebra brines, respectively) for Np(V). · (Each of these values is. the common logarithm of the maximum value of each . range divided by its minimum value. We could not calculate this parameter for Th(IV) and Culebra brines because we were unable to establish this range; see Appendix E below. We could not calculate this parameter for the revised range for_p(Vb ~d Cul~br~. brines because its minimum value is 0.) Because these revi~ed ranges all_ span three orders of magnitude or less, we recoiiUiiend that P A use a uniform distribution instead of a log-uniform distribution for all of them. . 

Methods Used for Final Selection 
of the ~evised Ranges of Matrix .KGs 

. ~. . ·• ) 

We r~cnn~end the revised range and probability distribution of matrix ~s for deep (Castile and Salado) or Culebra brines that results in less retardation for each element or elemental oxidation state (see Predictions of Brine Mixing in the Culebra above). Because we recommend a uniform distribution for all of the 
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revised ranges (see Methods Used to Establish ProbabilitY Distributions of Matrix 
~ -- .. ~s-ab~ve), the average~ that PA woUid sam.Plefor all ofits vectors is_the mean 

. of the m.axmium: and minimum values of each range:::, Therefore:-wct compared the 
._ ..... ' .:··-.. · t '. ·:-: . . : ~ - . . .. .. . .. ·:- · ::. -.. _,.· ·- · · -.:..····- -·- ··-····· .• _ ·.:·.;-".~ - - ..:. :-~-~~_ .. .. .. ~;--"":· ... - :jl~-::.~ -.: : : "t:.;.~~--:- ::;·}.· • ·. · .. : 
· means ofthe reviSed ranges for deep and Culebra bnnes to determme which range 

woUld result in less retardation for ea~h : :element or 'ele'"meiihu oiidatio'n:. 'sUi~. 
Inspection of the revised rariges in Table 1 reveals 1:h~ the -~e~ _"are 210 and 
2004.5 ml!g (deepimd Culebra brin~~;"reSpee;tivCiy)for-·J>U(JJI)-·andA:ffi@); 5,350 . 

-, "~'- :mlii (deep_brilies·'oniy) for Pli(Iv)::,-u{IVrTli{Iv): '~tfN~®,;'.~}o~o15 ·and 3o 
:mUg {deep 'and Culebra brines, respectively) for U(VI); and 1<)1 and 100.5 ml/g 

(deep and Culebra .brines, respectively) for Np(V). (Eac~ of ,thes~ values is the 
. ;_ .. .. ·sum 0~ the maximum and 1he 'm1ninirii:ri. values of -each reVisea range divided by 

.· two; to facilitate this comparison, _-wedid not round each ~sulttO one-·significant 
· figure. ~ we· could not calculate this·paiameter-for ·Th(IV) ~and Clll~bra brines 

because we could not establish this range; see Appenclix. E below.) · Therefo~e, we 
recommend a revised range of 20 to 400 ml/g (the revised range for deep brines) 
for Pu(III) and Am(Ill); a revised range of 700 to 10,000 ml/g (deep brines) for 
Pu(IV), U(IV), Th(IV), and Np(IV); .a revised range of 0.03 to 20 mllg (deep 
brines) for U(VI); and a revised range of 1 to 200 ID.l!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), th~ revised range and distribution for each specified oxidation state 

• 

woUld constitute the range and distribution for each of these elements during a • 
given vector. · _ 
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Table 1.. Revised Ranges of Matrix ~s (ml/g) for Pu, Ani, U, Th; and Np, and Dolomite-Rich , :_, :: Culebra Rock. . Ranges in bold font to be. used by P A. · Oxidation state of Pu, U, and . ,Np,to be SpeCified by the value of ."oxstat" parameter sampled"t6 calculate dissolved · .":: .. actinide coneenirations in WIPP disposal rooms:;, 'All probabilitY distributions are . ··uniform (see text). Table compiled by L. H. Brush 01i April3~ 1996, based·.on-~sults · of meeting held April 1 and 2, 1996 .. Table checked by Brush and Y. Behl on . ·;.'j"~'· April3,c199§~'· > Table ~vised by Brush on· April . 6~· 1996,7, based . on Lucero and · :··:';? Broym (1996)5·Table checked by B~hl -oil' 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. 

Oxidation 
State 

VI 

v 

ill 

Pu 

NA 

NA 

700to 
10,000;A, D ' 

NE 

Am 

NA 

NA 

NA 

20 to 400;A, H 20 to 400;A, 1 

9 to 4,00QB, H 9 to 4,oooB.I 

·Element 

u 

0.03 to 20A, c 

0 tO 6QB,C 

NA 

700 to . 
10,000;A,E 

NE 

NA 

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). · 

Th 

NA 

NA 

700to 
10,000;A,c 

NE 

NA 

Np 

NA 

2 to 2QQ;A,C 

1 to 200B,C 

700to 
10 OOO·A,G 

' ' 

NA 

D: experimentally obtained range for Th(IV) applied to Pu(IV) by oxidation-state analogy. E: ·experimentally obtained range for Th(IV) applied to U(IV) by oxidation-state analogy. F: experimentally obtained range for Th(IV) and deep brines applied to Th(IV) and Culebra brines. G: experimentally obtained range for Th(IV) applied to Np(IV) by oxidation-st~te analogy. H: experimentally obtained range for Pu(V) applied to Pu(lli) (see text). ~.I: experimentally obtained range for Pu(V) applied to Am(DI) (see text). 
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Table 1. Revised Ranges of Matrix Kcis (mllg) for Pu,·Am, U, Th, and Np, and Dolomite-Rich 
Culebra Rock;.'. (contin~ed). :·. ~. . · ·. . . - '· . 

- '• ;:_._,.,; =~·/ .. ':-· · . .:::;-. 
. . '" . ,.;. -~ . ..-' ... 

... ,-, t.. • ~~ :·. -. 

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: ~GTO ESTABLISH RANGES AND PROBABILITY 
DISTRIBUTIONS OF "ACTINIDE ~s FOR THE WIPP PA . . 

. CALCULATIONS AND THE CCA 
.~ - t · - . 

. ·~ ... 

Invitation 

March 25, 1996 

Dear Colleague: 

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

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

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

·. ~ ·• ,.. " 
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Thank you very much m advance for taking time out of your busy schedule to 
participate in this meeting. I am looking forward to your input next week. 

. Best regards, 

Larry Brush 
WIPP Chemical & Disposal Room 

Processes Department 6748 

Distribution: 

R. J. Lark, DOE/CAO 
I. Triay, LANL 
MS 0750 P. V. Brady (Org. 6118) 
MS 0750 H. W. Stockman (Org. 6118) 
MS 1320 E. J. Nowak (Org. 6831) 
MS 1320 Y. Behl (Org. 6748) 
MS 1320 G. 0. Brown (Org. 6748) 
MS 1320 K G. Budge (Org. 6748) 
MS 1320 R. V. Bynum (Org. 6831). 
MS 1320 R. Holt (Org. 6748) . 
MS 1320 D. A: Lucero (Org. 6748) 
MS 1320 H. W. Papenguth (Org. 6748) 
MS 1320 W. G. Perkins (Org. 6748) 
MS 1320 M. D. Siegel"(Qrg. 6748) 
MS 1328 M. S. Tierney (Org. 6741) , 
MS 1328 M.'A. Martell (Org. 6749) 

. I 
MS 1335 M. S. Y: Chu (Org. 6801) 
MS 1337 W. D. Wean (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) 

• . ,~·' ... ··- .l - •. 
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9:00-9:30 

9:30- 10:30 

10:30- 10:45 

10:45- 11:45 

11:45 - 13:00 

13:00- 15:00 

• 15:00 - 15:15 

15:15- 17:15 

• 

21 
July 24, 1996 

:•.:,Agenda · 

Monday an~J:uesday;Apri11 and 2, 1996 
. ·- .· ... BDM Sandia Vista Building 

2301 Buena Vista SE -
Albuquerque, NM 

,., •• 'oo '• 'P·•''o 0 

Introduction 

"" 

Predictions of Actinide Oxidation States 
_ in the Culebra 

Break -

Proposed Use of Ranges and Distributions 
of~sbyPA 

Lunch 

Discussion. of Range and Distribution 
of ~s for Pu(V) 

Break 

Discussion of Range and Distribution 
of ~s for Am(III) and Pu(III) 

L. H. Brush, SNL 

H. W. Stockman, 
SNL· 

M. S. Tierney, 
SNL . 

- BDM Cafeteria 

All participants 

All participants 
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8:00- 10:00' 

22 •i: 

Agenda· (continued) 

Tuesday: April 2 : · 

Discussion of Range and Distribution 
of ~s for Th(IV), Pu(IV), and U(IV) . .. '• -··. ' ;. 

10:00-10:15 Break 

10:15- 11:45 

11:45- 13:00 

13:00 - 13:30 

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

Lunch 

Discussion of Range and Distribution 
of ~s for U (VI) (continued) 

13:30- 13:45 Break 

13:45 - 15:45 Discussion of Range and Distribution 
of ~s for Np(V) 

July 24, 1996 

All participant$~. · · ·-::•·;; 

All :participants 

BDM Cafeteria 

All participants 

All participants 
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. . · :· ~ - .~' ·, ;·,.. ·, _.:.. 
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'. ~ .. •.• ~ .. ~- ... ~t..: ·· ... ~ . 
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Research Program (RRP) · ·- ·: . 
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W. G. Perkins, SNL (Retardation Research Program management) 
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APPENDIX B: RANGES AND PROBABILITY DISTRIBUTIONS OF 
· MATRIX ~s FOR Pu(V) AND DOLOMITE-RICH 
CULEBRA ROCK 

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

. . 

To establish the initial ranges for Pu(V) and the deep brines, we first considered 
all of the data from the 6-week empirical sorption experiments carried out with Brine A 
and ERDA-6 on the bench top (0.033% C02) by Triay and her group at LANL (see 
Methods Used to Establish Ranges of Matrix ~s 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 239Pu in a standard and that in a control exceeded 3cr, where a is the standard 
deviation (see Methods Used to Establish Ranges of M~trix ~s.) Discarding the data 
from these three runs yielded an initial range of 19.1 mllg (from #6004) to 387 ml/g . 
(#6005) for Pu(V) and the deep brines; . .:· . ::. '·, . .· 

To establish the initial ranges for Pu(V) and the Culebra brines, we flrst 
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 ~s). These were: #6006, 
#6026, #6046, #6066, #6086 •. #24006, #24026, #24046, #24066, #24086, #12006, 
#12026, #12046, #12066, and #12086 (Table B-3), and #6007, #6027, #6047, #6067, 
#6087,#24007,#24027,#24047,#24067,#24087,#12007,#12027,#12047,#12067, and 
#12087 (Table B-4). We then discarded the data from #6006, #24006, #24066, and 
#6007, the runs in which the difference between the activity of the 239Pu in a standard and 
that in a control exceeded 3cr, to obtain the initial range of 8.70 ml/g (from #12007) to . 
3,517 ml/g (#12046) for Pu(V) and the Culebra brines. · 

Next, we -compared these initial ranges with the data from the mechanistic 
sorption study by Brady and his colleagues at SNL and LANL. We used Brady's data to 
extend Triay's empirical sorption data for the deep brines to the basic conditions expected 
to result from the use of ·an MgO backfill in WIPP disposal rooms, but not to extend 
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Triay's data for the. Culebra brines to basic conditions (see Methods Used to Establish Ranges of Matrix -~sf: Brady's data for 0.5 M NaCl, atmospheric C02, and the highest pH value under. these conditions are 82 and 69 ml/g at a pH of 9.9 (Table B-5). Because these values are wi~hin -~e initial range for Pu(V) and the deep brines (see above), and because ~e _did n,ot -~~e this comparison-to extend the initial range for' Pu(V) and the·~~., Culebra brines to basic conditions. our revised ranges for Pu(V) remain 19.1 to 387 ml/g · . and 8.70 to 3,517 ml/g for the deep and Culebra brines, respectively. . 
. ' 

• ·.~ .. L : ·} :~· ~:. · ;• • o ' 

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 Ka 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 AprilS and 16, 1996, respectively (Tables B-7 and B-8). The minimum Kas 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 ml/g and 8.70 to 3,517 ml/g for the deep and Culebra brines, respectively. However, we rounded these ranges to 20 to 400 ml/g and 9 to 4,000 ml/g, · respectively prior to inclusion in Table 1 above. 

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

Furthermore, we recommend that PAuse the range of 20 to 400 ml/g (the range for deep brines) for Pu(V) because this range results in less retardation of this element than the range for Culebra brines (see Methods Used for Final Selection of the Range of Matrix Kas for Use in P A Calculations above) . 

. Finally, we recommend that PA use a range of 20 to 400 ml/g for Pu(Ill) and Am(Ill) (see Methods Used to Establish Ranges of Matrix Kas and Appendix C). 
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Table B-L Eff~ts of Initial Radionuclide Concentration and P co2 on Matrix ~s for 
. -:: Pu(\r),. p~l~rrnte-R.ich _ Culebra Rock, and Brine A (LANL ·Empirical 

.. · Sor!>tion Study). Six-week sorption runs with VPX-25-8. No ~s in 
: •,;; this.s table:: exclu"ded- from:~· ranges~'f. and:,;" distributions'' ·beCause:·· of 

. u~acceptabl~ differences. between standards and controls. Data" CUrrent:;_ ·. ~~ 

Brine 

Brine A 

Brine A 

Brine A 

Brine A 

Brine A 

:. as ~of April ---3, 1996. · - Table compiled by L. H: Brush on · . 
· ·, •. March 23 and 30, 1996, based on information provided by LANL. on 

: ~~ Mafch j9 'and 26~ 199.6. :· Table checked by Brush: and· S. Boone· on 
·April 3,1996. ~- Table revised by Brush on June 7, 1996, based on 

infonmtti<;>n 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 239Pu Kci (ml/g), ~ (ml/g), Kci (ml/g), ~ (mllg), 
Cone. (M) 0.033% C02 0.24% C02· 1.4% C02 4.1% C02 

4.73 x w-7 19.1, 19.9, 26.8, 23.8, 
to #6004 

4:87 x 10·7 
#24004 #12004 #18004 

1.31 x w-7 46.1, .. 219.2, -32.4, 30.2, 
to . #6024 #24024 -#12024 #18024 

1.37 x w-7 

6.97 X 10'8 23.5, ·. 29.0, . 36.9, 33.2, 
.. to #6044 . -#24044 -#12044 #18044 
7 ~o4 x 10·8 

1.42 x w-s . 22.9, - 25.6, 54.6, . 26.9,· 
to : #6064 #24064 -#12064 #18064 

1.51 x·I0-8 

1.22 x w-9 24.0, 25.6, 26.2, 25.4,. 
to #6084 -#24084 -#12084 #18084 

7.65 x w·9 
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Table B-2. EffectS of Initial Radicinuclide Concentration and Pc62 on Matrix ~s· for 
. Pu(V)~-Dolomite-Rich Culebra .Rock,· and ERDA-6 (LANL Empirical 

'' 

:~~_$.orptiOii Study).;. Six-week sorption runs with VPX-25-8. Kds in bold A 
... :.:-~~fon(_~x<:luded from. ranges and . distributions becarise of unacCeptable .., 

-~differences between sta.Ddards and controls. ·-Data- ctirren( as' of.- :""'i;...j 

.. April3, 1996. Table_ compiled by L. H. Brush on 
. .-.<-:;.-March 23 and 30,1996, based on information provided by-"LANL. on 

: ]d~h19 an~ 26; 1996. ·Table checked by Brush ·and S .. Boone· on 

Brine 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

· Apri13, 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 239Pu K<i (mllg), K<i (ml/g), K<i (ml/g), K<i (ml/g), 
Cone. (M) 0.033% C02 0.24%C02 1.4% C02 4.1% C02 

4.52 x w-7 387,_ 5,789, 5,940; 127, 
to #6005 #24005 #12005 #18005 

4.93 X 10'7 

1.29 X 10"7 3,297, :5,460, . 5,853, 172, 
to #6025 #24025 #12025 #18025 

1.35 x w-7 

8.34 X 10"8 2,454, 2,556, 6,340, 212, 
. to #6045 #24045 #12045 #18045 

8.49 X 10"8 

1.49 x w-8 569, 958, 1,657, 143, 
to. #6065 #24065 - #12065 #18065 

1.53 x w-8 

9.58 x w-Io 124, 990, 1,231, 3,820, 
to #6085 #24085 #12085 #18085 

1.01 x 10·9 

Information nly 

• 
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Table B-3 .. Effects of Initial Radionuclide Concentration and Pco2 on Matrix Kcts for -~ -~M~ · D~lomi~-Rich -Culebra Rock." and AISinR (LANL· Empirical ~9_rptio~: Study)~· Six-week sorption runs with VPX-25-8. -~~- ~hold . .. · ., .. ion(exchided from ranges· and distributions becarise· of ·unacceptable differences between standards and controls. -Data . current. · as ·. o~. •· ·;:..7 

Brine 

AlSinR 

AlSinR 

AISinR 

AlSinR 

AISinR 

April3,.1996 . . · · Table compiled · by L. H. Brush · on . . . ,,.March 23 and 30.; :1996, ·based on information provided by· LANL on · · ;_ Maich 19 and 26,~ 1996.: Table checked by Brush and S. B:oonfon April 3, 1996. Table .revised by Brush ori June 7, 1996, based on information 
provided by L. J . Storz on June 6, 1996. Table checked. by Storz on _ Jun_e, . .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 239Pu ~ (ml/g), ~ (ml/g), ~ (ml/g), Kc! (ml/g), Conc.(M) . 0.033% C02 0.24%C02 1.4% C02 4.1%C02 

1.77 X 10-7 338, 60.3, . 1,833, 3,980, 
to #6006 -#24006 4t12006 #18006 4.17x10-7 

1.05 x w-7 1,930, 36), 1,024, 4,905, 
to #6026 #24026 #12026 . #18026 1.11 x w-7 

5.72 x w-8 .215, 38.6, 3,5i7, 6,076,' 
· to , . #6046 #24046 #12046 #18046 5.86 X 10"8 

1.i1 x w-8 422, 48.9, 823, 1,850, 
to #6066 #24066 -#12066 #18066 1.15 x io-s 

5.66 x w-9 484, 41.7, 1,037, 1,320, 
to . #6086 #24086 #12086 #18086 6.11 x io-9 

Information Only 

0. • . ··: :: ••• :: · • • • • :· 
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Table B-4~ Effeets ofinitialRadionuclide Concentration· and Pco2·on :MatriX ~s for · 
,. _ . ; :Pn(\r), ,. Dol~inite~R.ich'·,. Culebra -Rock, . and ·. H.: 17-.· (LANL Empirical 

Brine 

H-17 

H-17 

H-17 

H-17 

H-17 

. . Sorption-StUdy).~ S~-week sorption nms with VPX-25-8.; .. ~s in bold 
.. : -.. :font)~xduded from' rangeS and· distrlbutioris .beeatise''of Unacceptable 

differenres ~tween · standards and·· controls; . . i::>ata curr~nt as on . . ·. -~~ 
April3, 1996: · Table compiled by . L. H. :. Brush ·· on 

: ... -.March 231md 30,-1996; based on ' infomiatioii . provided . by LANL on 
Mai-ch.19 ·and26~· 19Qq:- ':; _ Table · checked _ b:{ Biush; .. and~: s:· Boone . on 

·April 3~ 1996. Table .'revised by Brush· on · June · 7, 1996, baSed on 
information provided by L. J. Storz on June 6, 1996. Table._ checked by 
Stoi:z 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 239Pu ~- (mllg), ~ (mllg), ~ (mllg), ~ (mllg), 
Cone. (M) 0.033% C02 0.24%C02 1.4% C02 4.1%C02 

4.72 x w-7 143, 81.3, 8.70, 24.3, 
to #6007 . #24007 #12007 #18007 

4.S1 X 10-7 

4.45 X 10"8 174, 141, . 12.1, 30.5, 
to #6027 #24027 #12027 #18027 

1.20 X 10"7 

5.71 X 10-8 302, 167, U~9, . 33.2, 
, to #6047 #24047 #U047 #18047 

6.l 7 X 10"8 

1.20 x w-s 233, . 165, 22.9, 39.7, 
· _ to #6067 #24067- #12067 #18067 

1.25. X 10"8 

6.21 X 10'9 214, 579, 85.4, 41.5, 
to #6087 #24087 #12087 #18087 

6.29 X 10'9 

Information Only 
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•
~ 

0. 

• 

• 

• • ... ... • 1 ~ •• 

·Table B-5. Effeets of pH and Pco; o~ MatriX·~~ for Pu(V) and Pure Dolomite 
0 

-.... ,~ .. :..::::····· .- (SNIJLANL Mechanistic Sorption·· Study).- Sorption 'runs with 
· ··. Norwegian. dolomite and 0.5 M NaCl. .· Data current as of 

:- .;-.'

0 

- ••• • '-~·--·-:-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 ·• ... ·:··~~ 

. . Brush on Juli5, 1996, based on Brady (1996). _Table checked by . 
·. · · ·· · ··A. C. Peterson on July 15~ 1996.' · · ~ 

. . ... -,- '.; ..... - . ~ 

~ (ml/g), ~ (mllg), ~ (mllg), pH (standard units atmospheric C02 0.5% C02 5%C02 

9.9 82 NA NA 

9.9 69 NA NA 

. 8.4 25 NA NA 

6.7 -8 NA NA 

6.2 6 NA NA 

5.8 6 NA NA 
... ·• 

5.2 6 NA NA 

4.6 25 NA NA· 

4.1 ---22-· NA NA .. 

3.5 -8 NA NA 

3.1 -62 NA NA 

Information Only 
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Table B-5. Effects of pH and Pc02 on Matrix ~s for Pu(V) and Pure Dolomite 
· (SNIJLANL ~echanistic Sorption Study) (continued). 

. . 
. . ' .. Kci (ml/g), . 

pH (standard units · atmospheric C02 ' 

6.9 NA 

8.5 NA 

7.3 NA 

7.2 NA 

7.0 NA 

6.9 NA 

6.6 NA 

6.2 NA 

5.3 NA 

4.0 NA 

3.1 
, 

NA '· 

Kci (ml/g), 
·o.5%co2 

93 

742 

205 

232 

193 

83 

63 

114 

39 

19 

19 

Inti rmation Only 

· ~ . .. ·-:::.t .. 
·;:-

~ (ml/g), 
5%C02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• 

• 

• 
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Table B-5~ Effects of pH and Pc02 on Matrix ~s for Pu(V) and Pure Dolomite 

• . (SNULANL Mechanistic Sorption Study) (continued) .. .. . -' ' ' ... 
,,_ .. 

~ (mlfg)~ ~ (mllg), K;; (rntig), 
pH (standard uni~ atmospheric co2 0.5%COz 5%COz 

6.4 NA NA 24 

6.9 NA NA 99 

6.9 NA NA· 92 

6.8 NA NA 99 

6.7 NA NA 104 

.6.8 NA NA 74 

6.5 NA NA 84 

• 6.1 NA NA 44 

5.8 NA NA . 29 

4.9. NA NA 4 

3.6 NA NA 24 

NA: not applicable. 

-' 
Information Only 
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..:: 

Table B-6. Minimum Values of Rand~ for Pu(V) in Intact Culebra Cores (SNL 
Column Transport Study). Data current as of March 26,-1996. Table 

'; compiled by L . H. Brush on March 30, 1996, -based 
. _ .,. ~l)~ro e~ al. (1996) .. Table checked by Bru~h on March 31, _1996. 

: ...... ~::..- ·-: ..... 

Solid 
Run# (core) Brine 

--
C-3 VPX- AIS. 

28-6C 

D-3 VPX- AIS. 
25-8A 

E-2 VPX- AIS. 
27-7A 

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

Flow .. 
rate Run 
(ml/ Time 
min) (days) 

0.1 211 

0.1 118 

0.1 61 

L),' 

.~ .... - -

Ef-. • 
fluent Poro-
Vol. sity ~min 
(L) Rmin (%) (ihlJg) 

--

30.45 5,200 3.7s 84 

17.02 1,140 9.1,s 46 
5.3° 

8.83 405 23,5 40 
15.7° 

Information Only 
·• 

on 

-~. ,,-~ 

Range 
(±mll 

g) 

NA 

NA 

NA 

' . 'I 

• 

• 

• 
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- Table B-7. Minimum Values of R and ~ for Pu(Vj in Intact Culebra Cores (SNL 
0 Column Trarisport Study):·' Data·curren(as of March~ 26; ·1996. Table 

. compiled'~ by -~ L. . H.-.:: Brush._ on7 -~ March·· 30,:~:··1996, . based 
. Lucero et al. (1996). (Table checkoo''l)j/Brusli on: Much .. -31:· 1996 .. 
. Table. revised by Brush··_on Apri(6~- i99K~· based' on. Lucero and.. . -~. 
·.Brown (1996):· Table checked by Y Behlon:April 8, 1996. · -, ... ·'!. ·· :--; 

~., • ..<"-_1_;_ .... ~.·:;~:-.·. (.:::·.:_ ... , ~:· 
.. ·-· ... 

.. . .... ~---~- .. ·• .. - --· · .. ; 

Flow Ef-
Run fluent .. Poro-

" .. 
Range rate 

.. Solid · (mil Time Vol.' sity ~min (±mil 
Run# (core) · Brine · min) . (days) (L) Rmin (%) (ml/g) g) .. 

,... 

-- ---
C-3 VPX- AJS. 0.1 211 30.45 5,200 3.7s 84 NA 

28-6C 

D-3 VPX- AJS. 0.1 118 17.02 1,140 9.1s 46 NA 
. 25-SA · 

E-2 VPX- AJS. 0.1 61 8.83 405 23s 40 NA 
27-7A 

AJS: AJSinR. .. . -
NA: not available yet. 
S: single porosity assumed . 

Informa . ion Only 

' . 
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Table B-8; Minimum V ai~~s ofR and K<t ~or Pu(V) in Intact Culebra Cores (SNL 
·_· Colurim TranSJ)ort Study) .. Data. cl:ll!eil~.~ of}v.tarch 26-~ 1996. Table 

.. ·~compiled .. by 'L:'·'. H. ,. Brush. 'o~~'::'M:'3i-'Cli::.': 3o~:-: 1996, based 
.:·/. :Lueero ei ~1. (1996). ~-Table checkbc(iiyiB~si(~D:, :Mirrcb,31; :1996. 
··~.---~ .... , .... -. ·- --~-- J •. • ;'_ .; .- ...... ;._ .. -·-:·:··--.---............ -..,;..,..,J.~.~-.... • .. - .. ,._.··.:. .... ~:· .... -. __ -· ·.· . 

:· Ta~le 'revised by.: Brush .on _Ap~:- 6~~)?96~).bas'efi· on· Lucero and~_.:~~ 
· Brown (1996). Table ch~ke~ by Y: Behl.on_ April 8,,.1996 .. Table 
__ revised by Brush on April17, 1996;based on Brown (1996). 

- . . . -- ·. .. .·· .• •:·,·, .. ~-~-;·:.~~---~:7·~~){:::~0~}.,~;_,_: . . . 
-· ..... _'(;./,, ... · ..... _ 

Flow Ef-:- · ': ··-:: 

--;:::·· .. 
rate Run fluent · Poro- Range 

Solid (ml/ Time . Vol. .. sity . ~min (±mll 
Run# (core) Brine min) (days) (L) .. R :· .. : (%) (ml/g) g) mm 

-- -- -- --
C-3 VPX- AIS. 0.1 211 30.45 5,200 3.7s 84 NA 

28-6C 

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

E-2 VPX- AIS. 0.1 61 8.83 405 23s 40 NA 
27-7A 

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

- .. ,:,.·,;; 

Information Only 

•• 

• 

• 
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. -.. . ··-~ APPENDIXC: :2RANGES·AND PROBABILITY DISTRIBUTIONS OF ·· ;•. ::~:,;£l~j~~;~,~~E~!~~{~S;q;~p~~cH·_ :~; ·.:·· •- .. 
_ · · .. ·-'JI,.~-:. '{_ -~!.: ·.: .;. ; ~i:·!.~~~." - ~.:("}">_":.-:~.. : ~ -

n. 

.. .. 

• 
. . . . . . ' . . , .. : . ,. . - . ... . .•. -' ·~ i· :•. :. -~ , . For.·Am.;-: only : one oxidation state~: Am(lll), is possible · in. :the 'Culebra_ (see __ 

; .•. .. c· · • . l'f~5~~~~p{~£~~~'"Q~P,~ti,§A .. $~s in the Culebra ~ove);.-Thereforef\Ve -~itenipted . 
;.,, __ > • • •.•• ~o.es~lish_~experirD.entallY:obtained ranges _of matrix-~s for Am(III); and use them and ,. the- ~x1d.ation~Staie aiialogy'io· e~iablisli Iilllges for Pu(III): · · - · :· ,: :i_- ~ · - - · : 

• 

• 

. . . . · .:c.To establish the initial ranges for Am.(III) and the deep brines, ~e ·fu-5't considered . . · ·au oftlle~ diiiidromtile'_n2wee1C"empiri~al sorptio~ experiments carried ~ut with Brine A 
and£RI)A-6 on .the bepch top · (0.033% C02) by Triay and her group at~ (see 
MethodS Used to Establish _Ranges of Matrix kcis above for the reasons for considering 
thes~ data). These runs were: #6012, #6032, #6052, #6072, imd #6092 (see Table C-1 
below), and #6013, #6033;-#6053, #6073, and #6093 (Table C-'2). We discarded the data 
from #6012, #6032, #6013, #6033, #6073, and #6093, the runs in which the difference 
between the activity of the 243 Am in a standard and that in a control exceeded 3cr, where 
cr is the standard .deviation (see Methods Used to Establish Ranges of Matrix ~s.) Even 
after discarding the results of these· six runs, however, the defensibility of the remaining 
data is questionable because the ~s retained for Brine A increase significantly as the 
fmal dissolved concentration of 243 AID increases. (We will include these isotherms in the 
parameter and analysis records packages for these ~s. · However, tpis trend is also 
apparent in Table C-1.) Furthermore, the isotherm obtained by plotting the · quantity of 
radionuclide sorbed by the solid phase or phases versus the final dissolved radionuclide ·· 
concentration does not.appear to pass through the origin. The ~s are also proportional to 
the final dissolved 243 Am concentration iri the runs carried out in the glove box with an 
atmosphere containing 1.4% C02 , and, based on the trends observed with both retained 
and discarded data, appear to increase similarly in the runs conducted in the glove boxes -
with atmospheres containing 0.14 and 4.1% C02 (Table C~1)? · Morebver, bas'ed '-o·n the·'. 
trends observed with both retained and discarded data, these ~s also; appear proportional 

. ~:-:. 

to the final _dissolved 243Am concentration at all four C0.2 concentrations in the'runs with -· 
ERDA-6 (Table C-2). ·These trends suggest that sorption of Am by the container walls, _ precipitation of an Am-bearing- solid phaSe;"• coprecipitation . of Am by another: phase;--~ - . · .. ' ~- . ; incomplete separation of the aqueous and the solid phases at the end of an experiment, or ·· .-~ ~,;:~ some combination of these processes occurred in the runs with Am(Ill). We thought we . . .·:!.:, had eliminated reactions other than sorption by the rock in these experiments because: .. (1) LANL personnel had filtered the brines-sequentially, with a minim_um.filter size of 0.2 , . ~m, after these runs; (2) We had discarded results from the niDS in ~bich the difference . 
between the activity of the radionuclide in the standard and that in the control exceeded 
3cr before examining these data; (3) the final Am(III) concentrations m .these runs were 
less than the solubilities -predicted by FMT for these brines. Triay carried out additional 
posttest analyses of the brines from her 6-week sorption experimentS with Am(III) with 0.033% C02 to determine, if possible, what caused these trends, and to redeteiinine 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 

Information Only 

.• -
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the original runs, thus exposing the~ to conditiQns different from those during the runs: 

Triay first recoun~d the brines t9 ·determin_e i~ ~staken sample identification or improper 
·data entry had cau5&f the. trends described above. She then refiltered, centrifuged, and/or 

ultracentrifuged the . brines . to remove any suspended particles, and recounted them. 

Finally, she recalculated the Kc!s using the controls instead of the standards to specify ·tl:l~ :;_-. . 
initial dissolved ~~Am concentrati_on. Despite these efforts, the data continued to display · ~ 
trends similar to those described above. • . . .... · · 

. ·' 
~ ··~ --·· .· : . ... w • 

The 6-week .LANL sorption ~xperiments carried out with Am(lll) 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_G·l and C-2). Therefore, we could not use 
them to' establish a range for Am(TII). ' 

We did not use the data fr~m the mechanistic sorption study by Brady and his 

colle~oues at SNL and LANL, nor the column transport study by LUcero and his 

colleagues at SNL to establish a range for Am(lll) for several reasons. First, Brady had 

usedpure Norwegian dolomite and pure NaCl solutions, not actual Culebra dolomite and 
synthetic Culebra fluids. (Although we used his data to extend the initial ranges 

established with Triay's empirical data to the basic conditions expected to result from the 

use of an MgO backfill in WIPP disposal rooms, we did not believe this would be 

defensible in the absence of any empirical data for actual Cu.lebra dolomite and synthetic 

Culebra fluids.) Furthermore, Bracty did not report data for Am(lll) with atmospheric and 

0.5% C02 (see Table C-6), _the headspace concentrations corresponding to C02 partial 

pressures within the range . that Siegel now considers· likely ·for groundwaters in the 
Cu.lebra off-site. trmspo;ft pathway (see Methods Used to Establish Ranges of Matrix 

Kc!s), above a pH of a~out 5 or 6." Moreover, although Brady did report data for Nd(lll) . 

with atmosp~eric and 0.5% C02 at neutral or nearly neutral values of pH (Table C-5), he 

also obtained them with pure NorniegiaiJ, dolomite and pure NaCl solutions, not actual 
Culebra dolomite.and .. synthetic Culebra fluids. Finally, because Lucero did not observe :. 

breakthrougll of AID(lll), it · is only possible to determine minimi.Im ~s for this element·: ·' 

(Tables C-7 t:hioug(C-9). These minimum values are significantly lower than actual 

Am(ill) ~s tjpically obtained for ~ppli~ati<?ns other than the WIPP Project (see below). 
:.~ .. •' --- . . . 

. ' '· - : ~ - -·~; ... . -· ~ ~ - . \ .· 

Therefore,' we . recommend using the experimentally obtained ranges for Pu(V) . ' ' 

(see Table 1 and Appe~clli. B above) for Am(ill) by assunrlng that the ~s for Am(Ill) are 

greater than or equal io ,those for Pu(V). This ass~ption is reasonable in view of results ··, · . 

such as those in Figure 5 of Canepa (1992). In this case, the Am(Ill) ~obtained for the 
Yucca Mountain · Project is about one-order of magniWde higher than that obtained for 
Pu(V) under the ·same conditions· . .. ! ·(We will Cite additional examples of differences 

between the Kc!s for Aln(Ill) and Pu(V) in future reports and presentations.) We have not 

used the oxidation-state analogy to justify the use of Pu(V) data for Am(DI); instead, this 
approach is based on .differenc,_es in ~e behavior of ~ese oxidation states." .Furthermore, 

we recommend using the range for AID(Ill) for Pu(ill); for this recommendation, we have 
used the oxidation-state analogy. · · 

·Information Only 
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· , · ::_ .·· TableC-ii;Effects of Initial Raclionuclide Concentration and Pco; 3ii Matrix ~s for . 
r~-,.~,:i~:,·.zj~,;,~;~i.ij~>.·;,;~~ii~~~;~tW?~~}>?N~~::-~-~~- ~!~bra}{¥~''rui_d :B. rifle. A' (14.~ E~pirical 
f;~ · :: ·: >~· " ,, _,;, :.:. ~ ._· ,.;::;;~:::·. Sg:rptiql) .~~dy );:;;: ~I?t -::~~k sorption runs .with YP.X:~ 25;::8.;: ~s m bold 
f~ ·.· ,· - ·,·_···_·-: . . '-~- _.;:-·::;-~·.:· ·-., .. , •:.': ·;_·,.\•, ... ~,-.,.. <·!~:~ . ...:.·._,,~~ :· •,·"_'·;·~_·., ••_·, ·:·· ~ • ''' ,~ .. _,I•''·.··· ,_..,.-.....,:, .... ''\•;"";'.:._~·:•~-··-.,._-

0 
',. •?' 

s:·E:C: ··<"·~- .• :·< ·. <-, :":.s;~k font ·excluded. from rariges~.and ·distributions·.· beCause~ of, una.Cceptable ;: . , 

~~::~;:";~_-"\!llll.~~i~tt~ilii~~,r~·[::: ~ 
r·.; ' .. , .·' - ': L'i:::;;:AprilJ;::t996~~-~~~Table revised by: Brush'oh'·June :7~:)996, based on ' 
. -._· lilfo!inatimi provided by L. J. Storz on June 6, 1996: TatJle .checked by 

-<;; ·: .:<:::7~¥.:::,~t<;>rz,9!1J~~)9, J.99.6. .. Tal;>le ~yised by_Storzon.July;_t-·1996, based 
. _.·:::·,:····on kr~rffia~qn.proyldedby L~ on Jwie 2.8, 1996._-Table checked by 
... :-:f~i:~~··A:·c::Pet~is.ononJuiy 10,1996. · · ·· ·: .. ·~,:,<-:;~-.. ":· 

·- · ~-- r>:_:<·;·· :·-:;.-~;·~.;: ~- ~- · ·:.--.:::~---~- ::_F .-.. ~-- -~ ... -:- __ _ .. ~ .. _-_... ~ 

• 

Range of 
Initial 243 Am ·. ~ (ml/g), ~.(ml/g), ~ (ml/g), ~ (ml/g), 

Brine Cone. (M) ·_. 0.033% C02 0.24%C02 1.4% C02 4.1% C02 

Brine A · 1.10 x 10-7 
811, 876, 1,109, 1,061, 

to #6012 #240U . #12012 #180U 
1.24 x 10-7 

• . 

5.45 X 10~8 .. Brine A .. ; 779, 937, 955,'. . 902, 
to #6032 #24032 #12032 #18032 

6.18 x 10-8 

Brine A 1.1s x io-8 429, 436, 465, 502, 
to #6052 #24052 #12052 #18052 

1.24 X 10-8 

Brine A 5.86 x 10-9 278, 299, 329, 291, 
to #6072 #24072 #12072 #18072 

6.25 x 10-9 

Brine A 1.25 x 10-9 57.1, 64.3, 73.0, 65.4, 
to #6092 #24092 #12092 #18092 

1.31 x 10-9 

• 
·Information nly 
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, : ,, ... , .•.. ·., ... ,. Table C-2~t :Effects ofinitialRaclloriuclide Concentration m;d Pco2 ~~MatriX ~s for : ....... ·.: :'. : ''· ' .. ~ ~ ~ ~. ·=-··..... ·~ ,·,:·t •• · .. #-·(.:,· ... ..... : ;... •··' --·k ... -~ ... ~.,..:14 .:!""'"·· ~··:· · -.. ,~:.:·"'l .. -·~ .. r.o· • • -.... ' •.,;.¥ · ~·-:...,!. . • '~:"..:::. ,-:·~::~···.•j·t..r.:;~ ... ..,. :~· ~ ...... ~~~= ... . ,.,. t ( • ·1.:~·· =·~·- ~ ":·: ·- .. , .. .j'·~" ; . . . · .: .;,:;. ,;:· .. ,J..< ~ • .: .. :, ,,·-~--~;-'.AID(III) ·c Dolorilite~JUch Cillebra Roek;' and ERDA:6 · <+ANL Em irical · 

H~~·· ··: ·~;,~<·: ' ·, .. >··· · - .,.~.-,~'!;; ~h';.-J~, .and ~·26;:r1996:r•,:Table~:ch~~~~by;_Bru.sh':"and ".S;; Boone: on · ·r:· . . · :.;~<A.:Prn3: 1996:.: tabi~:reVi-seti-·l>y:~riish:;:~~·;jiiDe~::7~~:y9~6;· bag6d·· on · 
·, information provided by L. J. Storz ·on June 6,'1996: Tabie::checked by 

.. _::,Storz 6n JuneJO, ·1996::.TablereViS¢ b}t:Stofz onJU!y') /J~996::based 
.. ··: oli'kfoi:matio~~ pro~ided by LANL' o~)une' 28: i996:;' T~ble' ~heck~ by 

; __ :•, ,' .. . . . :- ,. , .. ~ ·.·;~-·- . : : .. A C. P~~rson on July 10, 1996. · .• 2 __ :J)::i;i.' ~:~i~\':~,;:·;,_,_,~,~ ... ~,:: .. ~.; :;:_.\ \;:~:· ~:·:/:~:, , · . .· 

~ :, .... • .. 

Range of 
. Initia1 243 Am ~.\ K"<i (mllg), K<J(mllg), . ~ (mllg), ~ (mllg), 

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

ERDA-6 1.11 x w-7 4,717, 8,056, 9,061, 4,393, 

• to -#6013 -#24013 #12013 #18013 
1.24 x w-7 

ERDA-6 · · 6.08 X 10-S - ~ .·· 4,288, 3,992,. .·· 6,818, 1,748, 
-~! to .#6033 #24033 #U033 #18033 

7.25 X 10-8 

1.04 x w-8 ' ERDA-6 · . ·1,389, . 1,351, . 1,692, 1,013, 
; --..,1, 'to #6053 #24053 #12053 #18053 

1.11 x w-8 

ERDA-6 5.19 X 10'9 . . 822, ~-- 737, 699, -
- 633, 

; <: to #6073 #24073 #12073 -#18073 ~.-· 

5.96 x 10·9 

ERDA-6 1.20 x 10·9 ," 177, 228, 209, 217, 
to -#6093 #24093 #U093 -#18093 

1.61 x w-9 

• 
Information Only 
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Table C-3.-,Effects of Initial Radionuclide Concentration and Pco2 on Matrix Kds for · -
; ___ ~:~_. -~ _ . : :;:_·~-. -·- -:·: :::::~~Z&1f@.il~~9!~~!f£~~9jj~~iK-[~!S:~~--As~!l~,. ~--,E¥P,mcal. 
-~ ~-- · · _· .: c._;;~~ SQ.~goii .. ~fuf}yX$:~ii;}Y~k.~~rpti.o11.~~ 'Yith .yP~~ 2~:-~& Kd~,innbold 

.. " ---···: .. ~ :~~ 
.... -- . ''"·':i ~t,March~-19~:-an~:26i:!l996~,,~~Table checked __ by Brush ··arid s~~_-Boone ._on 

- .: .:_?A.i)~3!'i9~-~,~;::ttr3b~~~fo0~ed::~f BiiiSi<on·'1un~'-:.J/' i9~6;:·- based .. on .. 
infoririatiori provided by L. J4 Storz on June 6, _1~96.-.-Table.checked by 

. ''storz on)~~Jo:·I9963_, Ta]jle'revised by.Storz on July t;'1996~based 
•· • ~ .,,_ '> ;'-• .,.·~ 1 ·-';~·-u- _• '--~f-:"'~-:·~··· ': . .:i·:'-'!!-";,.. ~~~f·· ,·,~··· · .· •••. · •· .. ··• •: ... : .. _ ;. '"•'o, ···~ · · ... • ·• ; .. • 

on inf'o~on.pr<;>y~~d by LANL on June 28, 199~.: T!Jble checked by 
. _- A.:f.'-P.e'fe~o~ .. ~n,_{~~ 1 ~._1~9tc~:. - · · ·-- · ~ -~ ~.. - .. · . ::> . .> 

Information nly 

,_ f 

••• 

• 
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tL .-':- _- . ;"._Table~~?:_~~~~ ~rlni_J.~~ildlo~iiclide ~oricentraiio~:~~d Pro2 o~ ¥atrix ~s for 

•

r- · ::--> . · -~>: -.- ~:-~:I,~::>!:~A:m(ilij~n1lioiiillt":rucb.':··CUi~bii"" :RO'Citt"antfR:~n (LAN'L Empirical·· .,.,-.~.t' _:;~ ~:··'· ··> ·,_., ...... ;':h'-?.. ;,~:1; •.. · •. - ~ '. · .• ':,>"'··--·-~· <'"''"~ .. _ ...... ,,,,., ._., ., ''- . :.:.-~. . •. •· ·-- •.::·- •· --· "·. ..... . - ~ ,_, '·' . ~<-- ·, /._.;_;;;~~~~;~\--: -::: : · . ,~:2!~\J::~~?~~g~~-~~g~)li§~;~~Kf:g~~-~~-:.~.s.;~i~ -YP.?t ~~~::?:f,;}f.~_s.: f!l. ~old ~~·.;;:.'·\z..,~;;-~~-:~~f~(:: .. : ,_ ,: · ,;~;:~~~~~ti~fon~,; excludedrfrom · ranges~·and: distnbutions . beCause_· of unacceptable 

t:~~ g~ 
'· · ·" ·. · . .-:_. . :_;,~~~:: , ~~·Apri13,-1996;::~Table; revised by Brush. on June 7, 1996, based on 
.. . . ·'\·;;;:.: information.provideclby L. J. Storz on June 6,1996. T~ble, 9hecked by 
r:.>.~:· , ·. _· ·:::.:..::~· .. ,::~ . _ __:. :-:. Storz _onJune 10, 1996.:-· Table.revised by Storz on July 1,:1996, based 

. . ... ~ ·. _on'lilroiiD.ation'provided by LANL on June 28, 1996. Table' checked by 
.... · :~ .. /::. /:-/:·A. c:·Peter8on on July :io,1996. ~ . . · . , , ·_ _<: .; :-:- . ... . ''; . : . :· . :· . ~-- · . ~- : .. _ ... ·:· ·' . .:. ' ·.-. '• . . . 

Range of · 
lnitial 243 Am ~ (ml/g), ~ (ml/g), ~ (ml/g), ~ (ml/g), 

Brine· . . . .. Cone. (M) 0.033% C02 0.24%C02 1.4% C02 4.1%C02 

H-17 4.01 X 10-8 1,445, 1,190, 626, 497, 

• .· . to #6015 #24015 #12015 #18015 
4.86 X 10-8 

" 

. H-17 , ,i-c _. 2.38 X 10-! · 1038 ... 
' ' . 1,017, 565, 440, 

to #6035 #~035 #12035 #18035 
4.14 X 10-8 . .. . . • 

/ -~.~ ,· 

H-17 8.76 x w-9 793, 760, . 454, 576, 
!~. }t to #6055 #24055 #12055 #18055 

9.39 x w-9 

~'. ".-'· .. ... 
H-17 5.67 x w-9 752, 568, 380, 349, 

to #6075 #24075 #12075 #18075 
6.19 x w-9 _ 

H-17 1.36 x w-9 69.2, 170, 172, 141, 
to #6095 #24095 #12095 #18095 

1.54 x w-9 

• 
Information Only 
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· · : /tr~,~;rgtr,;t;§f~~~t*Ji~~. · ,, :: · .. "' · · · , ,. ,. < •.• · 

pH (standard units · .. ··. atmospheric C02 
. ~~]'_--· ~- .-. -_. . - . . ~ 

~ (mllg), ~ (mllg), 
0.5%C02 

. ~~. :o.: .. 
5%C02 

._ ... .:. .. -... _-• 

. 2,864.3 .,_:,;;:·NA .. . NA t . '~ • -

8.41 1,619.2 NA NA 

7.52 1,225.2 NA NA 

6.72 1,141.4 NA NA 

6.49. 571.49 NA .NA 

6.19 497.91 NA - NA 

5.74 546.24 NA NA • 5.25 272.78 NA NA 

4.63 
··.'.······ - 241.5 NA NA 

. ' . - '-

4.2 
. 

279.24 NA NA 

3~75 202.2 NA NA 

3.35 141.3 . NA NA 

• 
· Infi rmation Only 
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I . •-- __ · __ .. 
• ,.:• .; 

~ '~:' ' . :,_ " ... 

Table C.·5. Effeets· of pH aiid Pco2 on Matrliit~;1if~dom' and,PureDol~mlte. 
--~-'-- ·'"·~ .. -.. - (SNIJLANLMechamsticSorptioi:i·srudy)"(coriililued):·.:_;_.· : · ·· 

' . . :. .. ' .. ' .. ~- .. 
_,, __ .··';.":.'5.· 

~ t. ~ -· ·: .~·;_:·· 
~----~----------~--------------------~--------------------

,, ': . ~ .·- ;· ... -~~·:.~; ~~ .. ·._ .. ·1.~::.;..,-r~~;.:::--;~·: .. ;i ... ;S;~~:t. ... ::~~-~: ..... -:·!_:_-~·· .. .:. .• -..;:.: '".~~•.-:-···· .; •. •· r" --~-- "' - ....... ::. 
•. ~' . . ' 

~ .· ., ·-·· . ·; ~- ..... 7'--$ 

' . ~ (mllg), . ~ (ml/g), ~ (mllg), . 
r ~-- ... ,,:"~_,_,;pH (standard units ·· · · - atmospheric CO_i"·· :_ · . :'?;p~:-:.~ 0.5% C02 . . :· -~· · ·-··· . 5% C0

2 
. , 

•.. ,_..- .. .---.-~_.,._,,..,,;,._., ., _.,.. •••• ... ~:.---!•-:_ , . • ··•·• , , . .'.- .. ••~·•'.' .: _ ·. •-~·~:·., .. r:'~~:·~··:~_:,~~;~~~~.:.,;~:{;~::t::;:.._~!:,;:!..,_:,.•···~:·~·."""'. ,,',·::·,' •. • 0 •''•' ' ,._, •'•• ·-·" • 

7.08 NA 538.93 ·:.:, NA 
.. , ..... ::~:···¥·· .. .:, . 

6.81 NA 403.05 NA 

6.45 NA 261.86 NA 

6.26 NA 386.81 NA 

5.92. NA 149.45 NA 

5.18 NA 84.721 NA 

4.35 NA 55.485 NA • 3.64 NA 51.358 NA 

• 
Information Only 
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l";,· 

,-·~_,.,, _._.,..;;~:'···.;"·-:.:··: \:~~-

Table C-5. Effects of pH andPco2 on :M~trii~ ~~'io~ Nd(DI) and Pure Dolomite ·. · .. · 
..... .. . . . ..-.. ~o.:: csNULA.Ni M6cliailfstic_-soiJ)iio~ siUdy} c~~ntiriued)/:: ··:_.;·::.J..-:.<:\ .·. 

. - .. ·: ... :~:. .... ~:.:> ~~ :.- -~~\~~. ·~· . .. ".'··:· ·-· ... --· ... ·. . ' . ' 

. ·:... ·- .; ; ;.L::~/;_\:·~ .. · ·.:: .. ; i·~:~,~--.:;_-i:;~::<: .. : .. :,:~- _,_ --.<·:: -·~::.~:.:.~·.::· -~:.·_:~- .... • 
;. __ _ 
r 

K<t (ml/g); . - . Kci (mllg), Kci (mllg), 
pH (standard units··~:···-~-~-: atmospheric CO{•;·<:_:'·.· ·: .:\; .. ~ 0.5% C02•. ~- ... · .. -: ::.;~:.· · 5% C02 ·-· · 

...... ··---·-~----- __ · : .. _,. __ ~- .... -.. __ ·: .... ·: ... -.. : ..... ~~-~i-:;- .. ::_..·-~·: . .;~:_.:_. : ..... _.·_r.,····<•:-····'·:·:~;." .. -·~.:. ... :..._~~-<~;:_~.:.·._:·_~:;-·-:- ...... ~.; .. ·-- · ··; · '· ·· .·· 
.. .. ... -----

. 6.33 NA NA 226.71 
-· : -· -, . -.:. ·;:' -~ ... 

6.24 NA. NA 179.19 
· .. 

6.15 NA NA 182.28 

6.01 NA NA 169.89 

5.88 NA NA 168.9 

5.76 NA NA 111.58 

5.54 NA NA 72.6 

NA NA 

---· NA. NA 34.636 

5.21 206.36 

3.42 • 
NA: not applicable. 

• 
Information On y 
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9.9 

9.9 

8.4 

6.7 

• . 6.2 

5.8 

5.2 
. , .... 

4.6 
:1 

~ .. 
4.1 

3.5 

3.1 

• 

47 . ....... 

•'i. 

··. 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

158 

126 

57 

18 

Kci (ml/g), 
O.S%C02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

July 24, 1996 

Kci (ml/g), 
S%C02 

NA 

NA 

NA 

NA 

NA 

' NA .. 

NA 

NA .. 

·· NA 

NA 

· NA 

Information Only 
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Table C-6.~ Effects of pH and Pco2 on Matrix ~s for Am(Ill) and Pure Dolomite 

t(. , .... "', ";~.: .•• c'::;t{~~-~~{£!;~{~~:;k$1~J~~;;:~*L.--~· .. ·::_:·.· , . 
• l • ·• 

. • . . i·.r_ ... '~-. ,. ·-. '!.··_.. .. ,_ ::. . ··-· . . . ·~· ... 

:~ ...•.. ···-···" pH c·~~~~~itil£fi;§t~~l~o,-·_·_· .· 
.. ' . 

6.9 .- ·NA 
-~ •• '.f' 

85 ... NA 
.. ..,.·.-· .. :;-.< 

-7.3'' --- --- -· NA 

7.2 NA 

7.0 NA 

6.9 NA 

6.6 NA 

6.2 NA 

5.3 
. :. 

NA 

-. ·.-.. NA 4.0 

3.1 NA 

~-~~\~:_;;:::-..-,_~.. . ·~-. -<:~- .-: ·. 4.' 

; . ~ (IDYg), -~ _; c-,~' 
. :· 0.5% C02 -:" 

NR --:-~ 
! 

. -~". ··. ~ .. : ... ~.; ... 

NR ·-
·-

··· . 

NR 

NR 

NR 

NR 

NR 

NR 

226 

13 

31 

Info mation Only 

~-~- :. '7?~ 

K<t (ml/g), 
5%C02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

'l 

• 

•• 

• 
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6.4 
-:.'> • .:.· .•.• ,_ •. -~·. - ---. • .. -· .... ~ 

• 

• 

6.9 

6.9 

6.8 

6.7 

6.8. 

6.5 . 

6.1 

5.8 

. 4.9 

3.6 

NA: not applicable. 
NR: not reported . 

49 
~-

NA NA 
... ' '" -~· 

NA ··-·· .. NA 
. '. -~-. ':,.. .... 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

·:.·;. 
.. . .; · . 

July 24, 1996 

.:;, :. -~ 

.. ~ (ml/g), 
· S%C02. 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

386 

66 

-2 

Information Only 

. . 
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-._ ...... 
.: ·" ·: ... ·-~ ., ·• "'· .. ~ 

Table C-7; Minimum Values ofR,.and K<t for Amdri) in Intact Culebra Cores (SNL . 
"'· .. :·• .. ~r···.., .. :--:'" 1-,w ... •.·.:-.·,~·1 .;:~~ .... "· • , · ·-· ... • ~ 

1 
7 '(''':::- ... ~ .. ,

1 
.. ·{ .: ,., 

- · · . ., ... :::·. Column _Transpo~. ~tudy); . · Data current as of March 26';; 1996.;. Table 
·.··compiled-:, by-:;· L:;.:·H.-: Brush·· .. on •.. March·· 30,',1996;~>.based. on 
. Lucero "et'aL (1996);:;~Table:checked by Brush onM~cli 31{1'996: ···.···:.:. · ........ . 

... ... •· .. • .... : • . .,_,._'" . . . . ... .... . . ."-i-. :. ~ 

. . . - .. . . -=-~ . :_ ·: . : .:"- -- .... :_ .. -~-
. -. • • . . . -~ ·- ' ..: . -.. ,.•.. -.:_ ... :: ~ . -<~~~ :'··: . · :<?Ef-

;,~ ::·-~_,•• : "'· ·.: ·r. -~ '•• .. ~~-~t=~~~:· 

• 0 ' ~ ·' --~-~- :. -·-

..-; ~ ... -~· .-: . .. 

rate ~un · · fluent 
Solid (mll . Time Vol. 

_,_'>.Run # ..... (core) ... Brine ,:-:·.:.min)·~·,:,;: (days) (L) 

... 
Poro- Range 
sity ~min . (±mil 

· Rmin .· (%) - ·. (ml/g). g) 

- -·-:. -· .. ··, 

C-3 VPX- AIS. 0.1 211 30.45 1,420 3.7s 11 NA 
28-6C 

D-3 VPX- AIS. 0.1 118 17.02 350 9.1,5 14 NA 
25-8A 5.3° 

E-2 VPX- AIS. 0.1 61 8.83 200 23 s 
' 20 NA 

27-7A 15.7° 

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

Information Only 

-· 

• 

• 
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Flow Ef-.· 
;c..~ • • •. · .•. ~· .... ·:::. ·.<. . .•.. " .. · · ..... · ... ~· ::,,:~·< rate\; ( Rllri'::~~;;:f:fuen(~t~ :: 

Solid ' ... , (~:-~::· . Time. :Vol.· 
i ~ • ~·. ,; Run#. (core) :: Bnne,:-l· mm):·::;· (days) · : (L) .:: 

.. : · Poi-0- Range 
sity ·. ~min · . (±mll 

Rurin'. . (%) ·: .· (ml/g). g) 

--- --
C-3 VPX- AIS. 0.1 211 30.45 1,420 3.75 11 NA 

28-6C 

D-3 VPX- . AIS. · 0.1 118 17.02 ' ·. 350 9.ls 14 ... 'NA 
25-8A · 

· E-2 VPX- AIS. 0.1 61 8.83 200 235 20 NA • 27-7A 

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

• 
Informafon Only 



M. S. Tierney 52 July 24, 1996 

~ ;.: . . . ... 

~{'-:". .-'- --~. • 
~ . .: .... 

.... . 

l',,, 

_. , : , . Flow 
. . ' ·~ ~ Ef-:-

_ _ __ . _ _:: .. :)::.rate ·' Run fluent Poro- Range 
-. : Solid- .; .,r·c-'-?~:--~ (mll Time : . Vol. : · · - '· ·' sity-" Kci, ~; · (±ml/ 

Run-# , (core) • . Bfbi~'· '""''lni.D.)·. · (days) (L) Rmin (%) (ml/g) g) 

C-3 VPX- AIS. 0.1 211 30.45 1,420 3.7s 23 NA 
28-6C 

D-3 VPX- AIS. 0.1 118 
25-8A 

17.02 350 9.15 14 -NA 

E-2 VPX- AIS. 0.1 61 8.83 200 23s 20 NA · 
27-7A • AIS: AISinR. 

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

• 
Information Only 
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APPENDIX D: RANGES AND PROBABILITY DISTRIBUTIONS OF 
MATRIX' Kc!s FOR U(VI)'AND,.DOLOMITE-RICH - . 
CWJffiRAROCK ' -

Based on experimental . results, ASTP personnel have predicted that U will 
speciate as U(IV) or U(VI) in deep (Castile and Salado) brines in WIPP disposal rooms. 
Furthermore, a modelirig study of the effects' of mixing deep and Cuiebra 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 Kc!s for U(VI) and . used the 
experimentally obtained ranges for Th(IV) (see Appendix E below) and the. oxidation­
state analogy to. establish ranges for U(IV) (and Np(IV)). 

To establish the initial ranges ·for U(VI) and the deep brines, we first considered 
all of the data from the 6-week empirical sorption experiments carried out with Brine A 
and ERDA-6 on the bench top (0.033% C01) by Triay ~d her group at LANL (see . 
Methods Used to Establish Ranges of Matrix Kc!s above for the reasons Jor considering 
these data). These runs were: #6008, #6028, #6048, #6068, and 4/:6088 (see Table D-1 
below), and #6009, #6029, #6049, #6069, and #6089 .(Table D-2).' Next, we discarded 
the data from #6008, #6028, #6048, #6068, and #6009, the runs in which the difference 
between the activity of the 233U iDa standard and that in a control exceeded 3cr, where cr 
is the standard deviation (see Methods Used to Establish Ranges of Matrix ~s) . 
Discarding the data from these five runs yielded an initial range of 3.20 ml/g (from 
#6029) to 18.4 ml/g (#6088) for U(VI) and the deep brines. 

. ..f- ., I 

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% C02) and · in glove boxes with atmgspheres ,co~taining _0.24 and 
1.4% C01 (see Methods Us~d· to Establish Ranges-of MatriX ~s): 'Tb~se were: #60IO, 
#6030, #6050, #6070, #6090,- #24010, #24030, #24050, #24070, #24090, #12010, 
#12030, #12050, #12070, and #12090 (Table D-3), and #6011, #6031, #6051, #6071, 
#6091,#24011,#24031,#24051,#24071,#24091,#12011,#12031,#12051,#12071,and 
#12091 (Table D-4). We then discarded the data from !f6010, #6050, #6070, #24010, 
#24030, #12010, #6011, #6031, .#6051, #6071, #12011, and #12051, the runs in which 
the difference between the activity of the 233U in a standard and that in a control exceeded 
3cr, to obtain the initial range of -1.50 ml/g (f!om #12091) to 62.4 ml/g (#24091) for 
U(VI) and the Culebra· brines:· However, we set the lower limit of this range equal to 

' 0 ml/g because there is no reason why a ~ could have a value less than 0. 

Next, we compared these initial ranges with the data from th-e' mechanistic 
sorption study by Brady and his colleagues at SN_L 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 \VIPP disposal rooms, but not 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 NaCl, atmospheric C01, and the highest 

Information ny 
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.. ~ . ,. . .... .'. 

pH value under these conditions. are 2 and 6 ml/g at a pH of 9.9 (T~ble D-5): .. -Because 
one o(~ese vait1~~-.:~l:~flr?z¥: !.iz~~lqwe,i Jimitof th~ 4ritial.raiiie.~[<?r ljeyn ··and the deep 
brines (see above),·:.we·extfmded.this range to obtain a·revisecrrange for.U(\'I) and deep 
brlnes of.i i~·_,JS.4 '~g.{ Becaus~ we did not use this'compari.son.to' ~ite~d-th~·:lnitial 
range for U(VI) ~d the Culebra brines to basic conditions, this revised range remains D--to. -~-; 
62.4 milg.. .. . . . 

. ·· : ~~~1; OOiiip.re;i 1~fu' ~i iliese ;.~~ ;~geswith the data fr£;' ;;;~·~~~~ :. 
study with intact Clllebia-· c6tes by Lucefu and his colleagues at SNL. Lucero ·earned out 
his experimentS- under 'ambient atniospheric . co~ditions; therefore, the CQ2 content of 

.· ... tl?ese.~~~~~~~~,~-~ pr~g-~ly .. si.plllar.to_that in the LA.NLbench-top~'(0.033% .C02) 

runs. Lucero did observe bfeakt:bi-ough of U(VI) in his experiments. Therefore, it was 
possible to deterrofne a~tuaJ ~s for this element: Lucero et al. (1996) submitted their,- _ . _,_, 
results on M~di .28, 1996, ·(~~Table D-6). Lucero and Brown (1996) -chtd Brown (1996) 
then revised them on April 5 and 16, I996 (Tables D-7 and D-8, respectively). The~ 
reported for Experiment C-7 with the deep brine ERDA-6 (Table D-8) is less than the 
lower limit of thi revised range of Kds for U(Vl) and the deep brines obtained from the 
empirical and mechanistic sorption studies (see above). Therefore, we extended this 
range to obtain.Afimzlrange forU(VI) ~d deep brines of 0.029 to I8.4 ml/g, and rounded 
it to 0.03 to 20 inl(g prior to inclusion in Table I itbove. Because Lucero's ~s for U(VI) 
and the Culebra brine AISinR (B-3, B-6, C-2, D-5, and D-6 in Table D-8) are within the 
revised range for U(VI) and the Culebrabrines (see above), our final range remains 0 to 
62.4 ml/g, rounded to 0 to 60 ml/g for inclusion in: Table I. 

. ...... . - ... -· 

We recoriunend th~t PA pe;sonnel use a -~nifci~ probability distribution for both 
of these ranges (see Methods Used to Establish Probability Distributions of Matrix ~s · 
above). · 

' '. • ,·w· '-'••: '·:• ~. • ~; . f 0 : • ...... ~ •• ...:_ ··~ • .·:. ~ 

Finally, we recommend that PAuse the range of 0.03 to 20 ml/g (the range for 
deep brines) for :U(VI) because.~ 'rang~ ~esults fu less ;eurrdation 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). - -

. - •·. ' . ~:.. .. '. . 
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Table D~I. Effects of Initial Radionuclide Concentration and Pco2 ori Matrix ~s for · -
i~i·- ... ,,._ •· ·:· ,-:,· ".< .-.·.:.~;:I;g(u&i)':~.~~!ofui~~rucl{:·_¢uiibra Rock;··an.d_.Briile:~A·{LANL· Empirical ::· \ 

i.- .• . - -: .;:~'- _. :_;:;:;~};' Soxptioitsttiay)::{)ix::w.eek~ sorption I11IlS v\Tith VPX-25~8.:·~ ~s in bold ~,n; ·, . !:-· < •. • • ', " ••• ••·• ·.··,:..,!--.,-'::~·~,.._,:;.~_· .. :1:~·:;":.,,·.:.:-:J_~•·~~.O<j-•~zr',,.< ·"''',.·.:~\-,~ ... ~ ... ·<t' ... •·.-;f ·; ... , .. ._:.: , :.·I • ..,_·• ~··;.f:·.~-:1: ··.·--" ' •, _.:.. ,._ .. ·~, •; ... ~. · · ··, 

+;,,-~: · : ·. : ~-~-:·-:;··-r~'!.~i~lonLex~lt!4ed_~.fr<?m:· fa.Oges- and-. distributions. because·. of unaCceptable . 
..... . ·:. ,:.·-·· .. -~--l·· ..... f--·'1~:-:·-,'!i:''·····,.- ' --- ~ . . '•. .... - . - . -

. .. · .-;·. differences-;_ between·. standards ·and controls.::. Data· current as of... :: -~ 

~: ·• ~. . . 

-/~~~AP~).~ 1~9~6:_ \~f .. :: Table.·. compiled :;_~_by . L:~· ·.·H.: Brush on . 
· '· . .... : • '.,::.i;~1Marcli23;and 30~ 19~6;· based • ori infoini.anori''j)rovided by .. LANL on ... 

. . . ''-~-- ~ '.:,:.,-":."-··--· ... --"='-.r..t;"t~:~~-:-;•:_~ .. ·:-~~:-•• :.... ..:· . . .- ' . .. . . . 

· ->-:::7~\_March';l_!iE~d 26i~1996/:_-Table checked by Brush· and S.' Boone on · . 

Brine 

. ·-::5.Aprii":fi9~l6~::!~·Tabl~' revised by Brush.·oii June 7, 1996, based on 
. . information provided by L. J. Storz on June 6, 1996. Tabl~ checked by 

: .::,~i_St~rz onJuii_e)O~ 1996:,Table revised by Storz on July 1,-1996, based 
on information provided by LANL on June 28, 1996. Table checked by 

~ - - . A C .. PeterSC?n.~n J._uly,10, 1996. · 

Range of 
Initial 233U ~ (ml/g), ~ (ml/g), ~ (ml/g), ~ (ml/g), 
Cone. (M) 0.033% C02 0.24%C02 1.4% C02 4.1%C02 

Brine A 2.02 X 10-Q 10.5, 4.00, 1.00, 0.600, 
to #6008 #24008 #12008 #18008 

2.97 X 10-Q 

BrineA · 1.09 X 10-Q 14.1, 2.40, 1.00, 2.20, 
to . #6028 #24028 #12028 #18028 

1.39 X 10-Q · 

Brine A 2.87 x w-7 16.7, 4.40, 1.20, 2.10, 
to #6048 #24048 #12048 #18048 

3.44 x w-7 

Brine A 1.13 X 10-7 13.9, 5.70, 0.800, 1.90, 
to #6068 #24068 #12068 #18068 

1.34 x w-7 

Brine A 3.41 x w-8 18.4, 4:00, -4.50, 1.20, 
to #6088 #24088 #12088 #18088 

4.21 X 10-8 

Information Only 

•• 
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. Table D-2 .. Effects of Initial Radionuclide Coiieentration and Pc02 on Matrix ·~s for 
- .· ._,_: . .-u{Vn;·:·rioiomi~-Ricii"eufebra Rock/ and ERDA-6 "{ti\NL Empiric-al 

.-. .. . . . . ·--~ .. :~, sorption: ~dy);;-~ .SiX-~eek sorptioii runs with \TPX-25~sX· K;~. in bold · _ .. . -. . ,.:;_..,_ ~~fo~~~;.~xciud~, ~m:::f3D&-es: :and ~-diStril>utioxis· ·because' t>f~ila~ptabie · . ·: · · _ 
·. differenees-.1. betweeri ····staildafdS ~··and .~ 'controls: .. -· :DB.ta:-'·current;· aS of:'!. · .. · ·7'~ 
" Apri13~ 1996. -_,, - . Table~- colripil~(( 'by'·'!; L~ '. H.-···'' Brush" on . 

· ·· · - ~-·-~¥cJ:r2? jk~.3o;·:t996,'1lased ::.oii'-·infoinfutior(pr&vided,by _ _LANi("on 
··, ··: ·:;,~~March;..:lQ ind:'26~•<:-t996J;;'Table;·checked by Brush arid . S~ Boone on 

· ,. Apri:i3~ l996>'· Table ·reVised· bY' B~sli'' on June 7, 1996;· based ·on 
information provided by L. J. Storz on June 6, 1996. Tabl~ checked by 

.. Storz on JuneJO, 1996. Table revised by Storz on July t i 996, based 
on information 'provided by LANL on June 28, 1996. Table checked by 
A. ·C. Peterson .onJuly 10,1996. , , .. : .: · · · 

Range of 
Initial 233U ~ (ml/g), ~ (ml/g), ~ (mllg), ~ (ml/g), 

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

ERDA-6 3.38 X 10-6 0.500, . 1.10, 3.50, 3.10, 
to . #6009 #24009 #12009 #18009 

3.56 X 10-6 

ERDA-6 ·. 1.18 X 10-6 3.20, ' 1.30, 5.00, 2.70, ' . to . #6029 #24029 #12029 #18029 
1.27 X 10-6 

ERDA-6 3.10'x w-7 . 3.20, 2.00, 6.10, 2.40, 
to . #6049 #24049 #12049 #18049 

3.31 X 10-? 

ERDA-6 1.19 x 10-7 3.30, 3.70, 5.20, 3.90, 
. to . #6069 #24069 #12069 #18069 

. 1.27 x w-7 

ERDA-6 3.39 x w-8 5.50, . 1.80, 5.90, 0.900, 
to #6089 #24089 #12089 #18089 

3.80 x w-8 

.. . ;.- ... 

. ·Information Only 

' - ..,. -. 
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. . _Table D-3. Effects of Initial Radionuclide Con-centration and Pco2 on Matrix ~s for . · 
· : :,~. :-:- ---~.::; ':"- • ~= ::~=· -v(v.I)'~,· D~I~Dlittruch · c~~l>fa: IiO<;k?~l . .AsririR (LAN!f Empirical 

.. ;., ·_ . · -.. ,:,\;:~:'. sorpti6J1 :study). : siX~~~k s~rp~o({ runs.>~·.ith_.Vl;>X~25~.8~·~:~s fu .. bold 
· · · .. _···. . . ..-.:-t _ ..... --~·\.,,,.: _ , , ... -: • • · .~. ,.,. .: •• •;;.¥ .- -~ -~~·;l· . · ~·· ; .. r~.~ t.._r: J.· .. .i"' .·""~.·-. ·- •. -~ -/:·· ~.:_ ~~.: . .! ·L~~·-t - ~_;s.'t" ·· '\-!-" .. :4; : •. ~7 . .. ·~- .. 

·. : ... ·. '"'·''-~ ; /'~;-i.,~~~d.fo..n(,~~~l~ded fro~A .ranges :_~~- _di~tnJ:>u,tH>!J:S - bec.~l:l:~~; ~f. ~acceptable 
. .: ,;: :::: .differences:.~ petWeen: stailElards . and. · controls . •.. Dati~ ·current :~: as '. of.._ .: . ~ 

· · - --- -::April3~)99-6. '>'· ··: Table'.,c-.compiled.;''.': bf ~<L· ;'. H. ,~/::Brush::. ;: ·on · 
.. ->;;;~· .. March 23 ·and 30, 1 ~96,- base<( on iilf:o$~tion_ p~ovi_d~~~ b);,_ LANI/ on 

;; , .... ·. · -·-- -- · : '~-"--: : -=- --,~>:',·-~:~March 'J9 -'and 26~;1996~::f Table .· ch.ecked by;Brush:·anCi 's :: :Boone; on 
. . · ·-·. ··-'April3:··1996. ·' T~ibie· ·:re~lsed :-b)/ Brmh:~:on· June ·7, ·· i996;:· ba5ed on 

inforination provided by L; J. Storz on June ~.1996. Tabl~:~hecked by 
-·~ . -~~ .. ~ , .. ; ; :.;,.,;.;::;:5torz qn ~nile 1 o,' 1996 . .. Table 'revised by Storz on ·July 1: 1996, based 

on infor.nllttionprovided by LANL on June 28,1996. Table checked by 
. A. C. Pete!Son.on July 10, 1996. . ·: - -.. ~ ~-~;-s:~:< . ~ -: . 

Range of 
Initial 233U ~ (ml/g), ~ (ml/g), l«< (mllg), l«< (mllg), 

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

AISinR 3.13 X 10-6 2.50, 0.300, 0.500, 1.60, 
to #6010 #24010 #12010 #18010 

3.45 X 10·6 

AISinR 1.10 X 10-6 -.2.50, 2.60, 2.00, 0.700, 
'· to #6030 #24030 #12030 #18030 

1.i9 x1o-6 

AISinR · 2.89 X 10·7 3.60, . 0.400, 1.60, ' 3.50, 
to -#6050 #24050 #12050 #18050 

3.42 X 10·7 

AISinR 9.70 X 10·8 .3.90, 3.10, . 1.00, 0.100, 
.. to -#6070 #24070 #12070 #18070 

i.17 x w·7 

AISinR . 2.87 x w-s 7.20, 0.100, 1.70, 1.70, 
to #6090 #24090 #12090 #18090 

3.56x·10.8 

Information Only 
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·'~ Table D-4. Effects of Initial Radionuclide Concentration and Pc02 on Matrix ~s for 

~j~; 
.;_. -~- ~ :· · · '· ;~ differences.~ between';, standards< and.: controls.,. ·Data~ current ·as of 
,' ."' ' ·c, . . '' ".' .... -.:~-~··'<-.~ -~•· .... ;:,•;_',!".J'~'.:.,;;.,:·~~~I(i:.f:..i-:..:;;.:·_~:~~···,.,__ ,.. ·_?-.'.'.r)".o'··~"'7"~""~.'~ ...,.../.,·.· ·.r_ ....... ~ ... .' .. ~. '-' . , --. : 7~:j 

April_?;.~~,9.6.}'>t'Zf.:L.I~~l~ <:,c<?.~p~eq_'o'S:~ by L . . ·:H.·':· Brush on 
~-, .. -. -·····-~, ... : ... ""·.t.._i·:::f.~·,.¥.~~h..,t~;~g,~~\l~2?··-~.g~.~ .. ,§n~EHQ~~~9~ ~r~vided .bY: LANL __ on 

<: .. , ... · .. :.::; .. ;..·.~.·March:: 1St and:26;:;1996:,\,;.Tabie· checked by: Brush and S.- Boone on 
. ·_. ~-'· ....... _. .. ,_.~<~XpciL('l996~~~~>ra1Jie~'~;i~eci' .. b');'. :B;us'b' on- June -7, 1996, bas~ on 

. information provided by L. J. Storz on June 6, 1996. Tabl~ .. checked by 
~·- . . . . Storz on-June 10, 1996.;:Table revised byStorz on July1; l996, based 
:'· ... .. . . .. ,. . . on lnfo~:ition prdvided by-LAN:i.' o~-June 28, 1996. Table checked by 

~- _ ~-~C .. Pet~~<>,no~_!~f~o~. ~9?.?:::'~~ . . 

Range of 
Initial 233U K<i (ml/g), . K<i (ml/g), ~ (ml/g), ~ (mllg), 

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

H-17 2.98 X 10-6 3.30, 0.300, -0.700, -0.300, 

I 
to #6011 : #24011 #U011 #18011 

3.30 X 10-6 

H-17 1.20 X lQ-6. · 5.00, 1.20, 0.100, 0.400, 
to #6031 #24031 #12031 #18031 

1.46 X 10-6 
;· .. 

. 7 j:. :,/ 

H-17 2.63 x w·. 6.30, . 2.60, -1.60, 2.00, 
to #6051 #24051 #U051 . #18051 

3.61 x w-7 

H-17 · 9.71 x w-8 4.70, 1.70, 1.40, -1.10, 
to #6071 #24071 #12071 #18071 

·1.23 x w·7 

H-17 2.12 x w-8 9.30, 62.4, -1.50, 2.70, 
to #6091 #24091 #12091 #18091 . 

3.72 x w-8 

Information Only . 
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.. : _, __ · Table J)-5 .. Effects. of pH and Pc02 on Matrix Kds for U(VI) and Pure Doitirite 
~:~- .. --~: . -·, ... -~:,.,:.-;:;::<z:,;·:~:·;;~-'~f~{:;fr~(sNIJLANI:;:; .. Mecharustic · Sozption Study).···· sor,Ptiori' iiins~~itli 

• • - , •• ••• : -·.:.:-.~~·~·-·. --~.-.:"\.\ -~;;.· .... ~·~ # ~.. .:.. • :. ' .. ~~ •• • ' - - '" ··.·~. f;_.;_"'•(i:·:-;~ . 
~ >..·. .~:·. -.~;~:~·f>:ir:-.:rl\Iorweman~·dolorrute·: and 0.5 M· NaCl. ·• Data:·· current as;. of 
;:~· <:;: ,.,:_._. . ~-: .. : .. _.:< -~:-~,~/?)~~a;~h 3i;\i~9_6-.:~·Tat)Ie ~tYPed by L~·H. Brush'9nAprif24} ~996:' 

·- :.:'~ri/{,'-:: 1a~h(chee_l{e~ by Y/Behl on ~Aprif28,' 1996.;;; Table revis~),y -:~. · .. ·:~~ 
· ::_: :/ Brush.oriJuly 5, 1996, based on Brady (1996). Table checked by 

(f~~l§~~;~~~{~~~,t~i~ 15, 1996:• . . . ". ,. " .•• : . - -~ >.' 
.. ~ ·~: ··· ... -

_;;:;_:.:.;;~;-:::::.~;r;-{~-~-,:,"'y ~:.'_ Kd (mllg), 

pH (standard units:·.:-::-· ;, atmospheric C02 
- ..... - - .:-~---~-- - . . -

9.9 6 

9.9 2 

8.4. 1,538 

6.7 958 

6.2 669 

5.8· .. 1,137 

5.2 495 
~' : ~ . . '· , •. -· 

4.6 495 

4.1 524 

3.5 468 
.. 

3.1 379 -

.. \ 

,. ~ (mllg), 
0.5% C02 

.NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
, . 

NA- --

Information Only 

Kd (ml/g), 
S%C02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

• 

• ~,.. . 
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. ~ . . , .. ,,-__ Taple P-5.-.. ~if~~:of pH an~_Pc62 on Matrix ~s for U(VI) and pw:e Dolomite . 
• . _ .. ·, , ...... '·-··· ... -.:-~--~~~~.~: · (S~ ~~liarustic_so?'ti~n Study) (contiriued~.~;· .. :· · ·.·'.···', 

. . ·'·; ':;;_~\iL ... -;.:s.·~~~ ... ~:c'f'.':.·: .. T'.'.· .. ···'· . :.·~: ·. .. . .. -. . . ~- .: ·. . ~·::~'<. ·- ....... .. - ;-

~ . --.. ~-;: - •'• . ~- .. ~~? 

. " .... ~;t~ ~:.: •, • ·_· .!Q (ml/g), Kd (rDlJg), . ' ~ (ml/g), 

~'?'!~f't.~:,n~:~,:;:;:,~~~~~~cS?l · . •'.:' O.S%'C02 ·- ·. · · .· ,, · s~ co~ 
-. . ~ ' 

6.9 NA 155 NA 
- . ~:·~::- . . ....... ·-·- ....... · ..... .•:· ....... -1: ... _. . .;...~ -~·t·-· -~:- ·-:~·-!~ ·-:· ........ 

8.5 NA -"22· NA 

7.3 NA 8 ' NA 

7.2 NA 24 NA 

7.0 NA 57 NA 

6.9 NA 169 NA 

6.6 NA 222 NA • 6.2 NA.··. 91 NA 

5.3 NA·. 354 .NA · 

4.0 NA1 . .-- 322 . NA 

3.1.:- NA:. ,/' 844 

• 
In for ation Only 
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: . Table D-5. Effects of pH ~d Pco2 on Matrix~s f~r.U(VI) and Pure Dolomite 
_, -~--'-~ --~-- --- "·~-~<:::..::::· ... : (SNULANL Mechanistic Sorption· Study) (coiitinued))'::"··- ' -. · 

.· ,._ .. . . ~ ~ ,. . . . ,. ; ··- .... · . ...,._ .,. _ ..... :'. '.... . 

: . . :.: ~ . ··~ : . . . . -· - . . 

~ (ml/g), . . . Kd (ml/g), . . . 
·:···::pH (standard units · ,. 

· atmospheric C02 '-~.: ;:::.\~~~~::?.·_5~--~,?.~~·~ . :. . . 

6.4 NA NA .· . . . 

6.9 NA NA 

6.9 NA. NA 

6.8 NA NA 

6.7 NA NA 

6.8 NA NA 

6.5 NA NA 

6.1 NA NA 

5.8 . NA NA. 

4.9 . NA NA 

3.6 NA _ .. NA·· 

NA: not applicable. 

Information Only 

.:;, :. -~~ 

~ (ml/g), 
S%C02 

95 

13 

3 

8 

13 

13 

59 

303 

411 

615 

334 -

,\_. 

• 

• 

•• 
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.~ .. 

•
. - . -:·-. 1'~b_}~!-_P_;-.'~;,_.:.M~ .. ,._~_ .. '""~.-.~.--. P.~~-.o ... ~.f.~~.;a.n~s>;~cu!~.~~~al.,. ~:~~~~r.~ fo. r UcyJ)-in futact ... - -·.:··~'---·· ··~-::;'j·'·~~~-~£. CW,~b~ ~-~~s __ (~~ ,~ol~- Transport Study). · ·Values m bold font "-"- . : ,·: ',. ) ·. :;_,~,_,:·~s; to' be: excluded. from ranges' and distributions because fits to elution 

. .... :: ;; ':, ~~,-_~'-: ~:'ji~:J;i~~f~<k~~~ci~?-~~rt~?!<{iliose:· assummg·'sin'&le'porosit};'and 'dtiiu porosity· 
· . · . ·-.;~ -- - -i_;::; wiib)riic~ retardation~:._ Data current as of March 30, 1996. Table .-~. :. ·::.;.: 

· ·.: ·. :, _ co'iiipiled'Tby,":,.L :;·:)-i>;· Brush -on~ . March .~ 30, . 1996, based on ··· . -- · --~ -~:: t>n§~ Lueero.efal:· (1996):~:: Table ched.Coo -by Bnisli .on March 31, 1996 . 

• 

• 

. ·-· · :. --<>_R.i:;7.:-~~:;~X)~~9iWf&~:?~t(~:f.~;~:~::?:~;~-+\~:~;- :. ~--- · < :2·:~~~: -· :~;< .. ; .. ; .. .... . . . . . . 

Solid :_.. .~ 

Run# (core) · Brine · 

B-3 VPX- AIS. 
26-
llA· 

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

C-2 VPX- AIS. 
28-6C 

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

. Flo\y 0: _ ... , · _. Ef- . . · 
rate -~ · · Run . ~ . fluent · 

· (mll ._:,·:7- Time ·,; Vol. 
min) (days) (L) R 

0.1 NA . NA 3.4;5 
1, 

18.3;N 
3.1, 

5.2DF 

0.05 NA NA 13.1;5 

l, 
NA;DN 
NA, 

NADF 

0.1 21 2 10.4;5 

1, 
260;DN 
12.0, 
0.6DF 

0.1 13 2 2.7;5
-

1, 
0.6;DN 
2.7, 

0.76DF 

Poro­
sity 
(%) 

9.85 

52DN 

5.2DF 

4.8s 

NADN 

NADF 

5.75 

. 3.5DN 

3.5DF 

3.95 

2.1DN-

2.1DF 

~ 
(ml/g) 

.0845 

0.68DN 

.039DF 

0.25s 

NADN 

NADF 

0.235 

3.9DN 

0.17DF 

.0295 

.069DN 

.016DF 

Range 
(±ml/ 

g) 

.0225 

.67DN 

0.03DF 

0.075 

NA0_N 

NADF 

0.085 

7DN 

0.06DF 

.0225 

0.13DN 

.oos°F 

Information Only 
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. - . . 
Flow .. ' ' ,,. Ef> ' ,..:_ .. ·:..: . ... ~ ."· .. .~ 

• • ,.f ' 

t;·_W'~i.rt'~~;-~~~- ll~: ·.· 'E, · (iS ; fl~r · Porcr:~~- :... · · 
. · siti··t:~ Kc1 ·· 

(%) .• (mi/g) 

~ .. 

D-5 

D-6 

VPX-:-
2S-8A. 

·. '··. 

VPX-
25-8A 

AIS: ·AISinR 

. AIS. 

AIS. 

0.1 13 2 

0.05 60 2 

DF: dual porosity and fracture retardation assumed. 

---- ---- -·---

21·5 
• 

1, 
184;DN 

NA, 
NADF 

. 10.1;5 

1, 
NA;DN 
12.3, 
71DF 

,, .. 

7.1DN 5.6DN 

7.1DF NADF 
15.55 0.615 

7.1DN 

'· DN: dual porosity and no fracture retardation assumed. 
· . . , . · ER-6: ERDA-6. · . 

NA: not available yet 
S: single porosity assumed. 

Information Only 
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·~~.--·-~;; 

Range 
(±mll 

g) 

5.5DN 

NADF 
0.15 

NADN 

' . 

• 

• 

• 



• '' 

M. S. Tierney -

... 
Flow 
rate . Run 

. >·· . " Solid ~ :,~ (ml/ ·; ;-/:i Time . 
Run# (co~e) _ Brine . · min) (days) 

B-3 wx.: AIS. 0.1 NA 
26-
11A 

B-6 VPX- AIS~ 0.05 NA 
26-
llA 

C-2 VPX- AIS. 0.1 21 
28-6C. 

C-7 VPX- ER.-6 0.1 13' 
28-6C ·-

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

D-6 VPX- AIS. 0.05 60 
25-8A" '. 

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

65 

Ef- ... 
fluent­
VoV--~-'~~-
(L). R 

NA 3.4s 

NA 13s 

2 s 
10.4' 

2 2.7s 

2 21s 

2 lOS 

July 24, 1996 

· Pore- :.: · · Range 
-: sitj;zzi1' > Kd · · (±mll 
. (%) (ml/g) . 'g) 

9.85 0.0845 NA5 

4.85 0.255 NAS 

5.7s 0.23s NA5 
..... :. 

3.9s 0.0295
- NAS 

-
<• 

17.3s 1.5s NA5 

15.5s 0.6ls NAS 

Information Only 
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. Table D-8 .. Measured.V alues of R and Calculated Values of~ for U(VI) in Intact 
... -,; .. ~·: __ : .. _,.,. ::-·'tuiel>!a~'cC>ies. csNt~ coihmn:;'fra'nsport stria)r):::c_ naii·:c:Uirent~as ·of 
... . . _. ..· _,;_M.arc~)9-.)9~~:>-:r~bi_~.:~qi:nPP.~~:_~yr;. __ H;,_~~~:~~ ¥arc~ 3o:: 1996, .. 

; ~ . "·-' • ,. L .•• :.:. ·:' ::0.J>a5.e~ ~~-~n ';.Lu~~~:::; et-2 ~al;{_ 0_9_9~;a;~~Tabltf:'ch~~¢d ~'f)y. Brush';~· on 
. March31, 1996;;.Table revised_ by-Brush onApiil6i·J996 ba5ed on·~.·-·~. 

~ -· ..... • • ~ •• • ' - • ·- .,~ ..... . - • - • il' 

Lucerq -~ and Bro\Yn :- (1996). ;;~~ .. Table; checked. by-' Y .. · Behl on 
_: ,;c.::-_--'April8; 1996::t Table ·r,evis~_by __ ~rii~h. o_n: April17, .1996, bas'ed on 

· · ·. Bro~(1~96). ,~ · ··:)~,:< ~:\~~~}~:{:~~}Jt.?/: · ~~ __ .)-~.:: ': .. · · 
: • .. - .. 

.. .;. ~ ._ - " . . - . ..-- <' 
Flow. · · Ef-· 

; . rate :, .·, Run · ·.dluenr-: . ·::; Poro-· · . · 
Solid (mll Time· · Vol. 

Run# (core) Brine min) (days) (L) 
sity ~ 

R (%) (ml/g) 

Range 
(±mll 

g) 

B-3 VPX- AIS. 0.1 NA NA 
26-
llA 

B-6 VPX- AIS. 
26-

0.05 NA NA 4.85 0.255 NA s 

llA 

C-2 VPX- AIS. 0.1 21 2 
28-6C 

... -: 

C-7 VPX--. ER.-6 0.1 13 2 
28-6C 

D-5 VPX- AIS. 0.1 13 2 21s 
25-8A \c 

' 

D-6 VPX- AIS. 0.05 60 2 lOS 
25-8A 

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

Information Only 
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APPENDIX E: RANGES AND PROBABll.JTY DISTRIBUTIONS OF 

MATRIX ~s FOR Th(IV) AND DOLOMITE-RICH 

CULEBRA ROCK 

For Th, only one oxidation staie, Th(IV), is possible in the Culebra (see ·:-.;: 
Predictions of Actinide Oxidation States . in the Culebra above). Therefore, we 

established an experimentally obtained range of matrix ~s for Th(VI), and used it and 

the oxidation-state analogy to establish ranges for Pu(IV), U(IV), and Np(N). 

To establish the initial ranges for Th(IV) and the deep brines, we first considered 

all of the data from the 6~week empirical sorption experiments carried out with Brine A 

and ERDA-6 on the bench top (0.033% 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: #7011A and #7011B (see Table E-1 below), and #7007A, 

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

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

between the activity of the 23~ in a standard and that in a control exceeded 3cr, where cr 

is the standard deviation (see Methods Used to Establish Ranges of Matrix ~s). 

Discarding the data from ~ese two runs yielded an initial range of 726 ml/g (from 

#7010A) to 12,604 ml/g (#7008B) for Th(lV) and the deep brines. 

For the initial ranges for Th(IV) and the Culebra brines, we first considered all of 

Triay's 6-week sorption data obtained with AISinR and H-17 on the bench top (0.033% 

C02) and in glove boxes with atmospheres containing 0.24 and 1.4% C02 (see Methods 

Used to Establish Ranges of Matrix .K!s). -These were: #7012A, #7012B, #7054A, 

#7054B, #7026A. #7026B, #7040A, and #7040B (Table E-3), and #7013A, #7013B, 

#7055A, #7055B, #7027A, #7027B, #7041A, and #7041B (Table E-4). Unfortunately, 

we had to discard the data from all of these the runs because the difference between the 

activity of the 23~ in a standard and that in a -control exceeded 3cr. Therefore, we · 

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

not differ signifiqmtly from that for Tb(IV) and the Culebra brines. 

Next, we attempted to compare these initial ranges with the data from the 

mechanistic sorption study by Brady and his colleagues at SNL and LANL. However, 

Brady did not obtain any usable results for Th because of one or more of the following 

reasons: (1) the walls of the containers used to prepare Th-bearing solutions sorbed 

essentially all of it prior to his experiments; (2) essentially all of the Th precipitated on 

the walls of these containers prior to his runs; (3) the walls of his apparatus sorbed 

essentially all of the Th during his runs; (4) essentially all of the Tb precipitated on the 

dolomite and/or the apparatus during his runs. Therefore, our revised ranges for Th(IV) 

remained 726 to 12,604 ml/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 Sl\'TL. Lucero carried out his 

experiments under ambient atmospheric conditions; therefore, the C02 content of these 

Information Only 

,,·· · . .. :.·:· .· :· .. 
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;. . · experiments .~a5 probably similar to that in the LANL bench-top.(0.033% C02) runs . 

• ,~f'~;fi~~-~~f;b~~=le:~;:.:~:~,;;;::;:~~~c.ic:l:! f~~ 
1: :':. '>Th-·are- significantly_. lower than those calculated for Pu and Am; the other· elements for 
f;:::. : : ~:- :-:~~:,'~hlch .~ Lucero?: did :: ~oi/obs.erve breakthrough ( cmnpare·'· Tables' B.:.st C~9:·· :ancl E-6) ' . . . ~ . ..... . . . . ... ~ . .....,., ~·· .. . . . .. ' ( .. -~ " because: ' (1) th~_detection limit of y-specttometric analysis (one:ofthetwo methods used ::::j t ... . _,::: : m--:this)nidyf 'for~~h_ m.,-the. effhient is much higher than those'for ~1Pi{_and 241Am 
t:_>-~j~:·:(bg,~~~~.:~t ~e.a~~:·_yi~!~ -~t~ ~~ . ~- ·:y --~n:rli~i9~;. {2r~tbough ~ · ~roi#'~-~ ·particles 
~;::~"7· ·'~ deteetable)y 1S£.'(~e · ()ther 'analytical method used iii this study), its daughter products 
f • ' . have interfering' ix. emissions; (3) lowering the detection limit for ~ by observing the 
, . . decay _of itSdaughters, such as 224Ra, was not possible because of interference by identical 
f.. -• · ~rcttughters ~::prodticed · by :: the decay of 232U,, · which • was used in all ·of the cores. 
•. · · Lucero et al. (1996)_submitted their results on March 28, 1996, (Table E-5) . . Lucero and · 
ti',,o ~ ' .,:Brown·' (1996)'. 'ili~n : revised them ori April 5; . 1996 (Table E-6): ' The 'lriiitimum ~s 

reported for experiments C-2, C-5, and D-2 (Table E-6) are consistent with the revised 
range obtained from the empirical and mechanistic sorption studies (see above). 
Therefore, our final range remains 726 to 12,6041mlfg, rounded to 700 to 10,000 ml/g 
prior to inclusion in Table 1 above. 

We recommend that PA personnel use a uniforn:l 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 PAuse a range 
• of700 to 10,000 ml/g for Pu(IV), U(IV), and Np(IV) (see Table 1). 

REFERENCES 

Lucero, D.A., and G.O. Brown. 1996. ''Elaboration of Column Retardation Results." 
Unpublished memorandum to L. H. Brush, April 5, 1996. Albuquerque, NM: 
Sandia National Laboratories. -

Lucero, D.A., .G.O. Brown, and K.G. Budge. 1996. "Columns Core Tests Summary." 
Unpublished memorandum· to' L. H. Brush, March 28, 1996. Albuquerque, NM: 
Sandia National Laboratories . 
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Table E-1. Effects of Initial Radionuclide Concentration and Pc02 on Matrix ~s for 
.. Th(N), Dolonl.ite-Ri~h Culebra Rock, and Brine A (LANL Empirical 

Sorption s·tudy); siX :week sorption runs· with VPX-25-8~' ~s in bold 
-~. f~nt exc1~~~4. ~ ~P.J?I, _ranges." cmd dis~b.u.~~~-.lJ.ecause _of unaccepiable·~ ' 

differences betWeen standards and controls: . · Data current as · of 
• ~ . - . .-. f:.· ~ .·- • ~ .·~ :. -.~ 

, April3,,19~~~,.:_Ta'ble~compiled by L. H;. Brush: on March 30 and· · ·"' 
,,. , _Apri13., )996~ pased,C>ninformation provided by LANL on March 28 

· .·";,.;.'_and Appt.l , __ ,!996. ) .. ;Table. checked . .' :by· ·Brush-. and S. Boone on 
Apiil 3, i996> Table revised by L. J. Storz on July 9, 1996, based on· 

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

Initial 23<Th ~ (rnllg); 
Brine Cone. (M) 0.033% C02 

Brine A ND ND 

Brine A ND ND 

Brine A ND ND 

Brine A· ND ND 

Brine A ND ND 

Brine A ND ND 
.. .. 

~ (ml/g), 
0.24%C02 

ND 

ND 

ND 

ND 

ND 

. ND 

~ (ml/g), 
1.4% C02 

ND 

ND 

ND 

ND 

ND 

ND 

~ (ml/g), 
4.1% C02 

ND 

ND 

ND 

ND 

ND 

ND 
. ..... . _, 

Brine A NA 263, 173, 284, 583, 
• t,. 

#7011A #7053A #7025A #7039A -

Brine A NA 210, 191, 296, 593 :_· 
' '#7011B #7053B #7025B #7039B · · 

Brine A ND ND ND ND ND 

Brine A ND ND ND ND ND 

NA: not available yet. 
ND: not determined. 

Information Only 
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Table E-2~ Effects of Initial Radionuclide Concentration and Pc02 on Matrix Kc!s for 
· ·'· :.· .. :.<'ii::~;;,.;:'JJi(]Y), Doloinit~:-Ri~h Culebra R~ck(.an.d~ERDA'-6 ·(L~ Empiric,al 

· ···:· ·· ·-·· Sorption Study). Six-week sorption'ririifwith VPX-25-8t~ Kds in bold 
. :•.·,,•:: font~xcluded_,fr.o~ ranges_ a!ld,. ~~fu!J.u4~ns.: ~~use·-~f~unacceptable 

.. :"differences' betweel{'stanrulidS-.:··and''·controis':;::;:_:baci ;current. as of 

Brine 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

April3, 1996.' Table·· compiled bY' r..·H. ·Brush on March 30 and~-· .. -:.-7 
. -.:April ~.!:!~~~-~.,,~~~d_ -~~ ~~~ap?1,1)?f,?,y~~e~ }>Y..~~-·on March 28 

and· ApriJ. ,;_1, ·~.J.~??~·~.:::.~.I~b.!e :. .. ~~~!c¥·~- by: Brush_::_\.and -; S. · Boone on 
··- Apri1.3,"i996: T~ible revised byL. 1: Storz on ~uly 9~ 1996, based on 

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

. . . ... .._ ........ _.. .•• ...:~· .... , . .: ' .· _,..-· .. . 

Initial 23'Th KcJ (ml/g), 
Cone. (M) 0.033% C02 

ND ND 

ND ND 

NA 4,486, 
#7007A 

NA 4,432, 
#7007B 

NA 5,585, 
#7008A 

NA 12,604, 
#7008B 

NA 1,831, 
#7009A 

NA 2,371, 
#7009B 

NA 726, 
#7010A 

Kci (ml/g), 
0.24% C02 

ND 

ND 

5,544, 
#7049A 

7,520, 
#7049B 

7;329, 
#7050A 

5,416, 
#7050B 

1,378, 
#7051A 

3,139, 
#7051B 

1,621, 
#7052A 

Kci (ml/g). 
1.4% C02 

ND 

ND 

10,877, 
#7021A 

13,402, 
#7021B 

7,286, 
#7022A 

6,534, 
#7022B 

11,848, 
#7023A 

6,110, 
#7023B 

High, 
#7024A 

KcJ (ml/g). 
4.1% C02 

ND 

ND 

3,862, 
#7035A 

5,935, 
#7035B 

6,166, 
#7036A 

8,080, 
#7036B 

5,721, 
#7037A 

38,346, 
#7037B. 

306, 
#7038A 

ERDA-6· NA 1,092, 1,497, 949, - 2,398, 
#7010B #7052B #7024B #7038B 

Information Only 
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Table E-2. Effects of Ip.itial Radionuclide Concentration and Pc02 on Matrix ~s for 
. ····Th(IY).~, Do~omite-Rich :_ Culebra: Rop~: :and. ERDA-6 (LANL Empirical 
'" ·s·oiption Study}(coiitiD.ued). ,:_:·::·.'·.;·:·:;:~~·~_-.:· .. . . -· · · , -~-:::·,· 

: ·. .... . ~ . . . . . . .. . 

. . · .. ~~~~: . ~:.-.. ':~~~~---. ·~:-·-_:t':.' ':! .... :~;;·;:.· _;.:-~·.:--:"": ~~ 
:-.~R~~-1·.:-~:-~\·~., · ,· .... . 

NA: not available yet. . . _ . 
ND: not determined.· .. · . · 

;.. ~ ... ~- .. 

........ '! . ' . •· ~ _:: . ·• ,. " -

... ) ;-: '., . . ; r 

. \, 

Information Only 

:=~·- :. -~.: •• 
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Table E-3 .. Effects of Initial Radionuclide Concentration and Pc02 on Matrix Kc!s for 
i' , .... :·: ~-:..::., _, ·' ~;::•,::.;..,;; .. ~k:_{t.J1t_(JY)_, Do~omite-Rich: Culebra. R~k. _and AIS~ ·.~.?~pineal 
• · · -~ · · ·· ·-:::).:~·:':,:··~::!", SorptiC?n Study).} Six~\Vee.~so~ti~n·~ns_',"~th ~~:t5~8:~. ~~- i~ bold 
;~. :. . . . :;:: ... ··:.':i;dont excluded from·ranges·and·distributJ.ons because of unacceptable 
~ ·' ·~· .--~ ~.-;•:_.:.:;-~~~_::)·'. · ··-~·:~.-, .. -···- .. -~· .... ;,· ... . · · -~'· .• ---~. .. ' ·-1--· ·· ,~-~-~-_ ..... -" .... _ ..... _ .. ·--~-i_.::,.-:-. • 't•'-"".-:_.~.,:-~··.-·".1::-t-·· ."' r..;· ·-· • 

t: · .. · ._:· ; .. , :· '"'itt differences,; between·· standards~ and .. controls. ~Data current as of 
'" .. . .. {;:'April3,·1996; . .-Table' compiled by L. H. Bnish' on March 30 and-.: :;:;1 

t April3, 1996, based on information provided by 1_,~:-·on March 28 
r·. . < ':;. andt:·Apiii~~l.'-:1996; ,,.: Table:· checked·~by' Briish·~"'an(Ps~.' Boone on 

·:· 

• 

• 

Brine 

AISinR 

AISinR 

AISinR 

AISinR 

AISinR. 

AISinR 

AISinR 

AISinR 

AISinR 

AISinR 

· :,/April 3," 1996::· Table revised by ·L:·:f· Stor£ on JUly., 9, '1996, based on 
... information provided by LANL on June 28, 1996; · Table checked by 

A. C. P~te~on on July 10, 19~6._ 

Initial 23'1'h Kc! (mllg), 
Cone. (M) 0.033% C02 

ND ND 

ND ND 

ND ND 

>ND ND 

.ND ND 

ND :· ND 

,·;·NA High, 
...... #70UA 

··NA High, 
#7012B 

ND ND 

ND ·:ND 

Kc! (mllg), 
0.24%C02 

ND 

ND 

ND 

ND 

·ND 

·.·ND 

,. 10,439, 
#7054A 

16,375, 
#7054B 

ND 

- ND 

Kc! (mllg), 
1.4% C02 

ND 

ND 

ND 

ND 

ND 

ND 

4,451, 
#7026A 

. ····6 871 
- '- ' ' 
#7026B 

ND 

·ND 

Kc! (mllg), 
4.1% C02 

ND 

ND 

ND 

ND 

ND 

ND 

55,454, 
#7040A 

. High, 
#7040B 

•. ND 

ND 

NA: not available yet. 
ND: not determined . 

Information Only 
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Table E-4 .. Effects of Initial Radionuc::Iide Concentration and Pc
02 

on Matrix ~s for 
, , .... , , .•. : .. ;JbQY), ., Dolomi~-Rich. CuJeb,ra ,Rock;:t,andr H-17: (LANL Empirical 
.. :._~.;._ ~:?~ ~~iP~o~"$iUCiy)::;:sh~~~eef_.sor:Ptioli:tJns·.'\viih VPX-25-8:· ~s m bold 

... ' - ·: _··:. .-:rJ~nf~~c~uded Jr<:?~ ranges ~4. di~tributions,.l?ecause. of_ unacceptable 
.. ~_ ... :-·.·· .. ..;;;•.-f;;;:.~.,~:·-·'...,;, ......... ,•,--:~z./~-·0 '',·' ' ••' ,•e •+ P~·.::.,•,, 0.,'-,J'" :..•;,,~~- •, •• , ........ ~.,:-.,,. ''~•' 

0 0 · · · ·· · ·--· · · _>·differences~ between·· standards· and ··controls. .~ .Data· current as· of 
. Apru3:' "t996.' Table ·coinpiled .. by.· L. H. Brush on March 30 'an(F .:~~ 

_:·:.:~P~-~ .~L~~~:~~J?.~~-,~?~ ~q~~5~~ .. Pr?v!~_.by -~-- ~B.-MaJ:ch 28 

Brine 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

· ·. and.: April~);·" 1996~. :,:/Table~ cl:!e,cked :bY .. :Brush.· and) S;: .Boone on 
· ~ Aprif3;·'i9~6~_':::tii>fe.revise<i))Y" L). ·sto~···on July 9,: i996, based on 

' 

information ·provided by LANL on June 28, 1996. Table checked by 
A. C~_~eterso11pn July 10, 1996._ .. ·. 

Initial 
23

'Th . ~ (mllg), 
Cone. (M) 0.033% C02 

ND ND 

ND ND 

ND ND 

ND ND 

ND .. ND 

ND 
\ ;_ -~ ND ~ •: ~- ' 

NA . ~1,005, .. 
•· if!013A 

NA . High, .. 
.···#7013B ) .': 

ND . . ND 

ND ND 

~ (ml/g), 
0.24%C02 

ND 

ND 

ND 

·ND 

ND 

ND 

' 6,902, 
.#7055A 

High, 
. -#7055B 

ND 

<ND 

~ (mllg), 
1.4% C02 

ND 

ND 

ND 

ND 

ND 

ND 

.. High, 
#7027A 

21,581, 
~#7027B 

.ND 

ND 

~ (mllg), 
4.1% C02 

ND 

ND 

ND 

ND 

::·ND 

ND 

13,140, 
#7041A 

U,961, 
#7041B 

ND 

ND 

NA: not available yet. 
ND: not determined. 

. . . . . . . rmation Only 

< . . . 
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Table E-5 .. Minimum Values of Rand Kc1 for Th(IV) in Intact Culebra Cores (SNL 

. .. -:·,;,:::o:~~:::;i~:.~ol~: T~spp~.§~dy).~: Pati.~ll!E~~(~:.-~f ~arch 26,r~199,_6. •., Table 
·.·· .. ·.:~·compiled -by'': L?·'H:;,_ Brusb~·-"on:':M#li'.'-30~ ·.· 1996: ·.·based ·on 

-~~ Lucero et al. (1996)'.:; Table~:ciieciCed by. B~sli on March 3 t 1996 .. 
.. · -,~: ·;. ;:·: .. :-:·,·~,:.-... ::·;,: .... <:;· '"<'•'~'····-·';'· ; . ~1!<····::'·-· . " .. ·.:/ .. :·"::·.:·' 

C-2 - VPX- · ·. AIS. 
28-6C 

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

D-2 VPX- AIS. 
25-8A 

AIS: AISinR . 

0.1 

0.1 

0.1 

D: dual poro~ity assumed._ .. -
ER.-6: ERDA-6. 
NA: no~ available yet. 
S: single porosity assumed . 

- .. ·:: .. · ..... ,, ::.. :. ":'"i 

237 34.15 35 

146 20.98 22 

133 19.12 8.5 

Range 
Kci. min . (±mll 
(rilllg) g) 

--- ---

5.7,5 0.87 NA 
3.5D 

3.9,5 0.36 NA 
2.3D 

8.2,5 0.25 NA. 
s.sn 

Information Only 
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Table E-6. Minimum Values of Rand Kci for Th(N) in Intact Culebra Cores (SNL 
~.1:·~"!'f;~:'·-"t"'~·-,· ..•. ;,~···,,'·"''<'1•B:~~·i·Col~r.T~sp6n:study)~~Data current.~as· of. March· 26~' 1996: Table . 
1
::. . . . • . . ·. _. . ,.complled · -·by}~j~:;S" H. ~ Brush':,. on. March.< 30, .. ) 996, . based .. on • 

.. . - ·· ... <iuce~o-~tiu.(t996)~-t:·Table checked. by. Brush on· March. 31,:· 1996. 
c .• "· '·'Table. ri;visel'by;':B;osh .. ~~-·April. ·6, 1996, based ~n Lucero and ..... . 

~-~~~~-. 

"~:· :· 

. .:. Brown (1996)~ Table cheeked by Y. Behl on April 8, 1996. -~- .. :~~, 
.• ·. '• ... ·.~::·~-~---:--:~-~#~-.<7~_·:\_~~--:~:-::-~~7;~~~-~:-::·_-~~.· ..... --- _. ' . .: - --. ~_~:-. -· .. 

•• •• ., ... r 

Solid 
Run # (core) . Brine 

C-2 VPX-
28-6C 

C-5 VPX-
28-6C 

D-2 VPX-
25-8A 

AIS: AISinR. 
ER.-6: ERDA-6. 

AIS. 

ER.-6 

AIS. 

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

~ - '· . -....... , 
Flow Ef-
rate. . • Run . . fluent 
(mil ~ Time · Vol. 
min) • (days) (L) 

0.1 237 34.15 

0.1 146 20.98 

0.1 133 19.12 

. .... _. .. / 

Poro-
·, 

· sity . Kci.min 
Rmin (%) (mil g) 

-- --
35 5.7s 0.87 

22 0.36 

8.5 0.25 

Information Only 

Ranoe . t> 

(±mil 
g) 

· NA 

NA 

NA 
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• 
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APPENDIX F: RANGES AND PROBABILITY DISTRIBUTIONS OF 
: MATRIX ~s FOR ,Np(V) AND DOLOMITE-RICH 

CULEBRAROCK::··- . . . 

Based on experimental res~lts, .· ASTP . personnel have predicted that Np -~iii·:-\: 
speciate as Np(IV) or Np(Y), but not as Np(VI), ~ deep (Castile and Salado) brines in 
WlPP disposal rooms.· Furtherm~r.e, a inodeling study of the effects of mixing deep and 
Culebra brines on the oxidaf:ion states of Pu, U, and Np in the Culebra showed that 
Culebra fluids are poorly poised (see Predictions of Actinide Oxidation States in the 
Culebra above). Therefore; we established experimentally obtained ranges of matrix ~s 
for Np(V) and used the experimentally obtained ranges for Th(IV) (see Appendix E 
above) and the oxidatio~-state analogy to establish ranges for Np(IV) (and U(IV)). . . ~ . ·--· . . - . -.· 

. . 
For the initial ranges for Np(V) and the deep brines, we first considered all of the 

data from the 6-week empirical sorption experiments carried out with Brine A and 
ERDA-6 on the bench top (0.033% 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-1 below), and #6021, 
#6041, #6061, #6081 (Table F-2). Next, we discarded the data from #6040, #6021, and 
#6041, the runs in which the difference between the activity of the 237Np in a standard and 
that in a control exce~ded 3cr, where · cr is the standard deviation (see Methods Used to 
Establish Ranges of Matrix ~s). Discarding the data from these three runs yielded an 
initial range of 7.30 ml/g (from #6020) to 40.0 ml/g (#6061) for Np(V) and the deep 
brines. 

J •• • ' J' 

For the initial ;;m~~s-~6~ .Np(V) ~d the .Culebra brines:-we first considered. all of . 
Triay's 6-week sorption data obtililed 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 ~s). These were: #6022, #6042, #6062, #6082 
#24022, #24042 #24062, #24082, #12022, #12042, #12062, and #12082 (Table F-3), and 
#6023, #6043, #6063, #6083, #24023, #24043, #24063, #24083, #12023, #12043, 
#12063, and #12083 (Table F-4). We then discarded the data from #24042 and #24082, 
the runs in which the difference. between the activity of the 237Np in a standard and that in 
a control exceeded.3cr.'io ~bUrin the" initial range of 2.00 ml/g (from #12022). to 159 ml/g 
(#6042) for Np(v) and the. Culebra brines. 

Next, we compared these initial ranges with the data from the mechanistic 
sorption study by Brady and his colleagues at SNL and LANL. We used Brady's data to 
extend Triay's empirical sorption data for the deep brines to the basic conditions expected 
to result from the use of an MgO backfill in WIPP disposal rooms, bu_t. JlOt 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 NaCl, atmC?spheric 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 this range to obtain a 

Information Only 
--·---
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revised range for Np(V) and deep brines of 7.30 to 187 ml/g. Because we did not use 
this comparison to extend the initial range for Np(V) and the Culebra brines to basic 
conditions, this revised range remains 2.00 to 159 'rillfg. · · · · · · · · 

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

We recommend that P A personnel use a uniform probability distribution for both 
of these ranges (see Methods Used to Establish Probability Distributions of Matri.X ~s 
above). · · 

· .... .. . ,. .· .. ~; 
Furthermore, we recommend that PAuse the range of 1 to 200 ml/g (the range for 

Culebra brines) for Np(V) because this range results in less retardation of this element 
than the range for deep brines (see Methods Used for Final Selection of th·e Range of 
Matrix ~s for Use in PA Calculations above). · ' · · 

-~~ •.. . ' 

. : J , . ·~ • r • ' 
. • '-· 
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.. Table F-L Effects of Initial Radionuclide Concentration and Pc02 on Matrix ~s for 

e····"::;~·.:--·~:;;; .. ,~-:~~,.~·:·_:_·::~t~~~!ZJbf;~~~~;rJ%~J~r~~~%~t~rin~~-ts~~in~~~~ 
~.~' ......... ,,··:·- · · · -<-~·;,-:~~}~n(~i~!~~~l~~fr.9~l~~?.~:-,_§~'*¥~~~§~§~~~; ~#.a«~~-,.~r' -~ac&p~ble 
~· · .. :.-differences· between standards and controls ... ·Data current. as of __ 

~~~~0~~ ~~~ 
.. . ~- ·~:.~.Apri13; 19Q6.' _ Table 1reVised by' Bpish on. June. 7, 1996~ based on 

· lnfomiationprovided by L. J. Stori'on .. Jurie 6, 1996. Table __ checked by 
,._._Storz on June 10, 1996.;.Table revised by Storz on July 1;}996, based 
. 0-oii information 'pro~ided .by fANL on June 28, 1996 .. Tabl~-~hecked by 

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

Range of 
Initial 237Np ~ (ml/g), ~ (ml/g), ~ (ml/g), ~ (ml/g), 

Brine · Cone. (M) 0.033% C02 0.24%C02 1.4% C02 4.1% C02 

Brine A ND ND ND ND ND 

• Brine A 1.13 X 10-S 7.30, 4.20, .189, 319, 
to #6020 #24020 #12020 #18020 

1.15 X 10"5 

Brine A 5.92 X 10-6 13_.4, .. 26.8, 9.90, 7.50, 
to - #6040 #24040 #12040 . #18040 

1.08 X 10"5 

Brine A 1.17 X 10-6 17.1, 126, 17.9, 18.4, 
to #6060 #24060 #12060 #18060 

4.88 X 10-6 

Brine A 5.59 X 10"7 31.5, 27.3, 30.8, 22.7, 
to . #6080 #24080 #12080 18080 

5.93 X 10"7 

ND: not determined . 

• 
Information Onl 
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Table F-2. Effects of Initial Radionuclide Concentration and Pco
2 

on Matrix Kc!s for 
·'' ~; .•.. ' • . . .. )_l: Np(Y); Dolomite~ Rich' CUtebra Rock; and ERDA-6' (LANL Empirical. 

·' · ~: ... · - :< s?!Ptic>!l ~~~~);~~),i#~~~g~ph)~C{~:.~~-~~~~;YI'?{~t~;~~ .. :)~:f~f~~~d . 
. . .·. '; :; ~-:font excluded' from' ranges. and. distributioiis.beCause'"of unacCeptable 

-·· · ":~,:·· ::~'cliffri~e-Ii~e~;-~@ee-~:~· .. :stiUl~&;<".~'(I··'·~&Iliroi~:,.,,_:na~H~~~t· ru; -of · 
. 'April3~ 1996.:;·~:'''':~:-.Table·:-.:··c~mpiled··'·by". L ···H::.· .. Brush·. oii- '· -~ 

!"'- , .,._ . . . <>:.;;:::. M.arch:2fand30~~ i9.96, based :.oii· iliforinat:ior1: provicie(f'by' LANL. on 

~~-.:!-· .. ;.' ·· · • • ~~-.:~);)~~~li'J~~~~~fJ~~)J~~.~tii~~1€:~-s~~~¥~r1J~~-~!iisit~f#~J§.~~~~?ne,~··<>n:-. · · ~.':':'' . · .. · ·. · '' Apri13; 1996 .. t:rabie J!eVise(! by Brusjl. o~ June 7; · 1~6. based on 
· · inforination ':Provided b}r L:; J.' Stoiz on June 6,' 1996. Table checked by 

. '. 

Brine 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

. Storz .O!l)une ),0,)_996 ... -:J:a.hl~ _!e"!s.~. by $toq; 01.1: July.); 1996, based 
' ·;on informatioz{:provided byLANLon Jurie28;" 1996.' Table' Ciiecked by 

A.C.Peterson on July 10, 1996. · · · 

Range of 
Initial 

237
Np ~ (mllg), 

. Cone. (M) . 0.033% C02 

ND ND 

6.26 x 10-6 
183, 

to .ft6021 
· f4J X 10·5 

4.01 x w-6 
46.4, 

to #6041 
s.55 x w-6 

1.43 X 10-6 40.0, 
to #6061 

. S.IQ X 10-6 

6.54 x w-7 
26.7, 

.• 

to. #6081 
5.67 x w-6 

Kc! (mllg), 
0.24% C02 

ND 

203, 
#24021 

:; 152, 
#24041 

,_,..,r " 

236, 
.. #24061 

11,782, 
#24081 

~ (ml/g), 
1.4% C02 

ND 

472, 
. #12021 

129, 
#12041 

137, 
#12061 

High, 
#U081 

~ (mllg), 
4.1% C02 

ND 

427, 
#18021 

., . 

99.2, 
#18041 

25.1, 
#18061 

High, 
#18081 

ND: not determined. 

~~-fi rn ation Only 
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..... . Table F-3. Effects of Initial Radionuclide Concentration and Pc02 on Matrix Kc!s for 

• ': : t : ' -,zrt~~~~~r:~~~~t~~i.~~t~~~-~Ko~~ 
:t .. · .. · ·: ~: __ fo~~t..e~s!~~~~t-!I.:Pffi-:.~PB~_:. ~4 .... c!is~R1lt19n.s. because;·of. :unacceptable 
o.' .. -· · differences .. between. standards and . controls. •. Data current as .. of. __ 
. - .:•Apnl.3, 1996:.-"· .. ·-. _; __ Tabl{.~ co~pil~d .. ,_by . -~·L.; . H.- Brush on~-:. :~;;; 
~ .• ~ ., .. . . . ,.;;_,~.;Mo/ch}3-~?,.~g~,~~~6,,_:~-~ed .. on,):~!.9~~!t~~:~P.~P:~t~§- -~y{.L~ on ·~ .. _ ... 
. -. . __ . , ... , ,-,_:J~1~c.h.) 9.~ ~d ~.76,;,_~?-~_6~,:.,~Table, ch~ked_,:by· Brush and ':S: Boone on 
~~~-;:_--~ . · · · · April3, 1996.~ ~Table revised by Biush on June 7, 1996, based on 

~-. 

·-

• 

Brine 

AISinR 

AISinR 

AISinR. 

AISinR 

AISinR 

information provided by L. J. Storz on June 6, 1996. Table checked by 
·_Storz on _June 10,"_1996. Tablerevised by Storz on July 1,:-1996, based 
-~on iiifor!nati.on.providecfby'i.ANL'onJune 28, 1996. Table checked by 
A. C. Peterson on July 10, 1996. 

Range of 
Initial 237Np 
Cone. (M) 

ND 

9.82 X 10-6 
to 

1.01 X 10'5 

5.09 X 10-6 
to 

6.66 X 10-6 

l._Ol'.X 10-6 
to 

1.07 X 10-6 

5.72 x w-7 

to 
1.15 X 10-6 

Kc! (ml/g), 
0.033% C02 

ND 

5.00, 
#6022 

159, -.. 
#6042 

. 19.8, 
#6062 

31.9, 
#6082 

Kc! (ml/g), 
0.24% C02 

ND 

3.60, 
-#24022 

11.6, 
#24042 

9.30, 
-#24062 

. 45.3, 
#24082 

Kc! (ml/g), 
1.4% C02 

ND 

2.00, 
-#12022 

2.30, .. 
#12042 

3.90, 
-#12062 

9.60, 
#12082 

Kc! (ml/g), 
4.1% C02 

ND 

2.10, 
-#18022 

2.20, 
. #18042 

4.70, 
-:#18062 

10.1, 
#18082 

ND: not determined . 

Information Only 

., 
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Table F-4. EffectS of Initial Radionuclide Concentration and Pc02 on Matrix Kc!s for .. -·. .··· ,_ ~; ;<N~~~},; .. P~~~~!e:.Rf~!\, C}I .. ~_~br~--.~~~~~-~~:.13:-~2 _ (L.~~:§~P.Wf~ . . ..· :., .. ;·;. Sorption Study) . . SIX-week sorption runs w1th VPX-25-8: No Kds m . .. . :::,. :: .•. this f . table L excluded ... from -- ranges· ~- and ·· distributions ·:j beCause· ·. of h,· , .· . .. . . ~:, >~~' Wia6CeptiWI~~differences beiWe6rtsumc1afd5··:and c_ontrois'Y':b'a:ta··cu&ent . , a5 ·~J of :~' Apri13, 1996 . .. -Table> compiled · by L . . H~·~::· Brush'_-- ofi. :. :;.* ;. ·• . : ... . .. · ..• ,y March23.~and30, 1996, based on information Pr<?:Vided.by. ~·on ti~:~~:-:.?:{ · .::~~~·~:l~i;~~fi~f.&~~~~l~~~~~r:~~i:~!~!~~y-~~:~-b~e~:~t~J~~~~i;~b: ···: : . ·· · ·· information"provided by L. J. Storz on June 6,' 1996. Table'cheeked by 

Brine 

H-17 

H-17 

H-17 

H-17 

H-17 

Storz oil June 10, 1996. Table revised by Storz on July 1, ·1996, based . . . . 
I . on information provided by LANL on June 28, 1996. Table ·checked by A. C. Peterson on July 10, 1996. 

Range of 
. Initial 237Np 

Cone. (M) 

ND 

5.56 x w· 7 

to 
1.10 X 10"5 

S.56 X 10-6 
... to 

6.89 X 10-6 

1.11 X 10-'6 . 
to · 

1.15 X 10-6 

5.65 X 10"7 

to 
1.15 x w-s 

Ko (ml/g), 
o.033% co1 

ND 

47.6, 
#6023 

14.3, 
#6043 

36.5, 
#6063 

40.1, 
#6083 

Ko (ml/g), 
0.24% C02 

ND 

17.3, 
#24023 

12.1, 
#24043 

23.5, 
#24063 

7.30, 
if24083 

' . 

Ko (ml/g), 
1.4% co1 

ND 

2.70, 
#12023 

2.90, 
#12043 

42.8, 
#12063 

3.40, 
#12083 

Kc! (ml/g), 
4.1%COl 

ND 

1.30, 
#18023 

2.20, 
#18043 

4.20, 
#18063 

6.00, 
#18083 

ND: not determined. 

.. . , •. ~ 
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Table F-5 .. Effects of pH and Pc02 on Matrix Kds for Np(V) and Pure Dolomite . . . ... , ·. ·i·:·. · - -· . · .... ... .. , • . ·• ·: · -i ... .J'. _;r ~- :...:.. -:;·.,.··i · :-:-. . ,.;_~ · ,~.:: ..• c-t.: ......... - ~~·n . .-• .:..;..,.;:.,: •• · .. · . , < ~ · . • ~ • ·''ii,L:~·-~·9:=-~~·(SNI.JI:;ANI.;·. Mecharustu:;: Sorp~~D: , Study)::; Sorption runs w1th 
. .· . :. -~orwegiaJ?. dololiiite~ . and 0.5_. M·· _:Naq. _.·. Data current as of .: ~ •.... .. _.-.... ~.c· :~2~. ;._; , ,~;;:M.aic~ 31, 19~6.-~ _Table retype~ by_L;·H. Brush on April24, 1996.' 

. . ·. , ~~- · · . Table checked by Y_. B~hl on April 28,-_1 ~~6. ·- Table revised by -,·~ .. ·:·;.:. · 
::· '· ~--- ·. ,:;-::~:Y~i"-~~~~:0-r. Btp~~,on:.-!~Y?;<)~?-~.)~ed ~~-,~~~~- E~?~)_:- .~-:I~?Ie ch~~~by .'.:· _· -~ t~:.: . ·· ::~f,~:¥~~:::~~:~~~~~~:-~-~~:: ~~: -~-c. ~~~~~: ~~- -~ ul~ _1-C~: .,~.9~:~i-:);:7~i1il:~~:Lt1);2#,~~~;:.::::; "~ ,.: : .::- ·;_~;~ :;~;:.: 'l ,:· . ~;~- -,_ -. · · .. · -- .: .. · ~'- : ·::- .· ·· . · . .:. ... .... .. 

. . . 

~ (ml/g), .·· . ·. ~ (mllg), ... 
~ (mlfg), 

. -.~ . . ;~ ~ 
pH ·<stailda.rCi units atmospheric C02 ·· 0.5% C02 S%C02 

9.9 187 NA NA 

9.9 178 NA 'NA 

8.4 64 . NA NA 

6.7 11 NA NA 

6.2 11 NA NA • NA . 5.8 -1 NA 
. . . • 

5.2 11 NA NA 

4.6 11 NA NA · ' · . : -- t- & 

4.1 11 NA NA 

3.5 11 NA NA 

3.1 -1 NA NA 

• 
Information Only 
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Table F-5. Effects of pH and Pc02 on Matrix ~s forNp(V) and Pure Dolomite 
i""·~···~~~,,-,.,.,~~--~.~·: ····,. .. ,:::·.!·~-~~- (SNULANL Mechanistic Sorption ~t.udy) (continued).·. ,:•. ·· ... :·· · · 

. '. ~- . : ' _; :: !'~ ;.,:'' ~ . •.. •... .,. .. _. ·:: .', ;._ .. , . :· . ;· l. • ' • • ·- . '· •• 

• • ~--· ' • 1 ~-- .t.: 

• • ; • • •. ~ ··!:- .... J ~:.:--. :. -~i 

!,~---_.··::::;·:_ •. _ •.... :_".·. __ :_ .. ·_._._:.·_··.;·_·.·.' .• ·.·_::~._.·,_._~_.·_ ... :• __ ··;:_,·_·.· .• ,·:··.·.·.· .. • .. '·:·· .. ·',·.: __ ··.:,·:_ .. _c.. __ ; __ ; __ : __ '.·.· .. · ... P._· .... r.·.,· .... : ... ·.•·_~:s·.· .. ~---... ····,d __ •. _.ar.~ d_ ~iS:.;:_+_._: __ ;_·_·:_.'~.:_:· __ ._:·;:' atm~ __ P~~)~O. i : :' . . . .· ~~~~ . : .. · .' :--.. ~~~J~· :,c~;c •• • _··~. .. -. · ~- ::·c'.'~~~T~'ri :: ;~iJ::::~~:'}.j}?/:::<::.·.·':;'/: ·: · 

6.9 NA 16 NA ..• 
,-.. · 

.. 
8.5 . NA 124 NA 

7.3 NA 70 -NA 

7.2 NA 49 NA 

7.0 NA 49 NA 

6.9 NA 31 NA 

6.6 NA 16 NA 

6.2 NA 31 NA 

5.3 NA 16 NA 

4.0 NA 16 NA 

3.1·. NA 31 NA 

. .. 

Information Only 

.. \ 

~ I 1 

• 

• 

• 
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. · ·Table F-5 .. Effects of pH and Pco2 on Matrix ~s for Np(V) and Pure Dolomite 

·-:'·'·:: ':,:- ·-··:·~-:~:~·<··:.~~;~.,_·::~s~~;-~~~~~~Y~.~~~ti~#.~tiJdyf(contitl~~):\';~~--~·.~· .. · ~·.~. ·~-. 
··-~>· '!, ·; • :~ _ .. · ~<::.:.- ~~::~~:.~~·-: ~~:~-~f-,~;~, ... 0:~~~~-i·~·.-~· . :~ ~>.~~~~-~:~~~. ~~~ :'• 1~~:.~·-~ · .. ~~~·l.:_~-' •:: .< '- • -' " 

, ... 
;.·-

i (ciJ'lg), 
e.~.. . 
~-:·:~: -.. 5%C02 ... 

6.4 NA NA -11 

6.9 NA NA 20 

6.9 :··NA NA 40 

6.8 NA NA 20 

6.7 NA NA 20 

6.8 NA NA 20 

6.5 NA NA 20 

• 6.1 NA NA 3 

5.8 ·, . NA NA 3 

4.9·. 'NA NA 20 

3.6 NA NA 3 .. 
- ... 

NA: not applicable. 
-:· 

• 
Information Only 
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Table F-6. Measured Values ofR and Calculated Values of~ for NpM in Intact · .. ·• ~ 
--.; · . _· : . · Cclebra Cores (~NL. Col~ T~~Ii ~til.~.Y>i. · y alues in. bold font to· · · 

·. be excluded from' ranges and distributions because fits. to elution. data 
. ... "··. ~-~-_were inferior to tpose assuming ~mgle i>orosit}r'and d~al,~ro~ii);;\vith .... -- -

.. . . fracture retardation. Data current ·as of-March .. 3.6, .1996 .. Table. . -~. 
,_ . compiled by L~.· H. Biush. on_ ;_Marc:h.;-._30, -, 1996, .. based o~-:-... :~~ 

· ~:· .. ~;·~~':s~~- Lucero et al~ (19~§)::-.-cTable_checkedlJ~-~~~h.Q~.Ma!C?h 31;)~?.6.~ '-·~; :~· 
·"~>-.t ·.;· - · ~ :· : ': · .·>~:_~:-.:~:~·-'~: .. · "~ • · · · ~ <"; · _, __ ·~·~·-;-.::~:. '·:_:~:-,~ .. -~:::;~::: .. ':';~- :·t ~~ ~~r:_~:~.?;~;~-t-~:~~-~:::;~~~~;?:-:;;\:~~~:·:~.::·· ·_ .1c· .. ~_ • 

Flow Ef-
. rate Run fluent Range 

Solid (mll Time Vol. Poro- ~ (±mll 
Run# · (core)· Brine min) (days) (L) R sity (ml/g) g) 
-- -- -- -- --

C-5 VPX- ER.-6 0.1 13 2 30.8;5 3.95 0.51 5 0.295 

28-6C 1, 
166;DN 2.3DN 1~65DN 1.0DN 

7.0, 
103DF 2.3DF 0.06DF 0.03DF 

C-6 VPX- AIS: 0.1 13 2 58.5;5 4.55 1.125 0.265 . 

28-6C 1, 
30l•DN 1.85DN 2.4DN 1.4DN. .. ' 22, 
158DF 1.85DF .169DF .Q48DF 

--
C-7 VPX- ER.-6 0.1 13 2 119;5 -~-~s- -· 2.05 0.85

. ··-· · 28-6C -· --· -- 1, 
. 910·DN 

' 
2.1DN 8.3DN 11.9DN 

169, 
ODF 2.1DF 1.53DF 38DF 

D-2 VPX- AIS. 0.1 12 2 47·5 8.2s 1.64s 0.585 
' 25-8A 1, 

1670;N 55 oN 40DN 6DN 
6.6, 

NADF 55 oF NADF NADF 

Information Only 

' .. 
j 

• 

• 

• 
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.. Table F-6.: Measured .. Y alue~. of R and Calculated Values of~ for Np(V) in Intact 
• <' :~':-:,;: 5'-~·~i~·::~;~~~:~:~;;~~ofci,c~~s-:~sNL_ ~:~~~-_Tim,sP6!1_stl1Ciy)' ~contffiued)~ -... · .. _ . -~ . 

. -:~ . .. ~ •· . ~·: p: . 

Flow Ef-. -~~ .\ 

·· - ·,,·,.:_~:_,:_,_·;;,~.-~-·;_._;.,~-.:_.~,;·:.:_i_-_., __ .:. ·.. rate . Run · fluent:· ·. · 
::.· · . : .. ,_,:_.,._:,,,·,<{,:~(Solid:: · . ,· ·:. ;;~:_.-,.£ .. ~ (mlJ,~;~·--·T~e-,~---._ VoL~, .. -·· 

• 

• 

Run#. (core)~- Brine---- min)-- (days)~ - (L) ......... -R ·· · 

' . ~ .. 
D-4 VPX- ·· AIS. 0.1 13 2 

· 25-8A< 1, 
340;DN 

AIS: AISinR. 
DF: dual-porosity and fracture retardation assumed. 
DN: dual porosity and no fracture retardation assumed. 
ER.-6: ERDA-6. 
NA: not available yet. 
S: single porosity assumed . 

17.5, 
154DF 

. . '• 

' ~. ''.. 

' ; . ~- ., 

Poro- ~ 
sity· ···· (ml/g). 

-- .. 

1o.os 1.65s 

4.8DN 7.1DN 

4.8DF 0.34DF 

Information Only 

•,• . ·-.. . ·:: . .. :~-; 

•' 

Range 
(±rill/ 

g) 

0.22s-

4.2DN 

0.07DF 



~ . . 

,. 
f;•:;:. 
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Table F-7. Measureq Values of R and Calculated y a}ues of~ for Np(y) in Intact 
. . : · CuleJ>ra··.Cores:·csNL ·col~ :;r:r~spoit_ S~dy). ·Data curren( as of 

. . March 3o:·1996:-" ~Table' Coffipiled by L." H.: Brush on March 30, 1996, 
. . . based on::; Lucero et al. (1996). ·.: -. Table _:'checked by_ . Brush· on 
.. ::~March 3( i996:··: T~ble revised by Brush on April 6, 1996: based on_ . -~. 

Lucero_· ·and Brown (1996). Table checked by_~ Y.: Behl on··~- ·· :"J 
.. AprilS~ 1996; .... ':. . :- . '···-- . ···: . . -- . .. . 

Flow Ef- ·:.: .. 

rate ·Run fluent Range 
Solid (mll Time Vol. Poro- ~ (±ml!. Run# (core) Brine min) . -~ (days) . ;• (L).- R sity (mllg) g) 

--
C-6 VPX- AIS. 0.1 13 2 595 4.5s 1.1 s NA 

28-6C 

' '·1nq is·. C-7 VPX- ER.-6 0.1 13 2 1205 3.95 2.05 NA 
28-6C 

D-2 VPX- AIS. 0.1 12 
·25-8A 

2 475 8.25 1.6s NA 

395 D-4 VPX- AIS. 0.1 13 2 10.05 1.6s NA 
25-8A 

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

. Information Only 

• 

• 

• 
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... . . ~ ~ . ~;;.- .: 
. -·. .·' ~ 

~~'·. ·:. ·.~· .-:··1~<~7,~;d'.;~:JP.iiy;:~ 3Ad ... ger;_ &"~l;lp;.a!;;.b~;£~~~.Q!lt.:~o; se~(<>~rexpe~~!!ts) on :the effects . of four 
~?~~y·•;;~Ai.~§f~~~jil~~:c~~1~·::9~~:·~ili,}{~Ii¥.~.TJ~~~~~~.f~[~~~;g~:E:.Rt~f~{ci)iiCf~te );:o~·tii~·!Gs,;ror · 
~~/_..· -- -.~\':/'' dissol\ied ~ ~u(Y)~:~Ain(Ill);-~,U(VI),\Th(IVX~ and Np(V). under ·coridition5 .expected iri ' the~ ·_Culebra. 
~· . ' , 'Brush -(1~i9b)'conciu.ded that thestt and . six other ·orgaiiic .. anci two inorganic ligandS could affect the 

• 

• 

solubilities of the actinide elements in TRU waste . . Therefore, he estimated the concentrations of 
· .. these 12 ligands in three qiian~.ties''-~(brine: ·ihai"couicJ.:resatWate WJPp'· disposal rooms _after filling 
.- and sealing.:\ Since . 1990, the. ASTP has reduced the number of organic ligands of concern from 

· .. ~~ive.to fom _ (ace~te, citrate;·ED,TA, and oxala~).,- Triay carried out experiments· with -aeetate, 
-- '' 'Citrate, EDTA;~Ci iactate because-the ASTP had not eliminated lactate from consideration' yet, and 

because Triay concluded that oxalate woUld be extremely insoluble given the dissolved Ca 
concentra.tions expected in WIPP brines. Triay conducted the first set of runs with ERDA-6 an<l: H17, 
and acetate, citrate, EDT A, and lactate all ·present at concentrations as close as possible to the 
"minimum'' and "max.imum"concentrations estimated by Brush (1990) (see Table G-1 below). Soon 

. afterTriaystarted theirpreliminary experiments, Weiner (1996) used the quantities of acetate, citrate, 
_ EDTA, and oxalate in TRU waste estimated by Drez (1996) to predict the concentrations of these 

organic ligands in brines in the repository (Table G-1). 

" _ Tables G-2, G-3, G:-4, G-5, and G-6 give the results of the preliminary experiments with 
: ERDA~~ . ~d H-17, .. and Pu(Y),~Am(Ill), U(VI), . Th(IV), and Np(V), respectively. c At · low · 
concentrations, . aeetate, citrate, ~ EDTA, and lactate have little or no effect on the Kds for these 

: elements '(co~p,are the' r~s~ts for ~'l~w-concentration organics" to those for "none," the runs wi~out 
any organic ligands present.) In fact, for Pu(V) and ERDA-6 in contact with ambient atmospheric or 
(about 0.033%) C02; Am(lll), ERDA-6~ and 0.033% C02; and U(VI), ERDA-6, and 0.033% C02, 
low concentrations of these organic ligands actually increase the ~s relative to those obtained 
without any organic ligands. However, at high concentrations, these organic ligands significantly 
decrease the ~s for all of these elements. Note that the low and the high concentrations of .acetate, 
citrate, and EDTA used in these preliminary runs bracket the predicted concentrations of these 

, o~~~c ligan~ (Table G~ 1 ). .·. . . . .. . - · o • " · • ... 

. ~ .. ' . .. .._ .. 
. / . - . . . . . . . 

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. a.D;d 
oxalate on the solubilities of the actinide elements by assuming that all of these organic ligands will 
dissolve ill intergranular Salado brine as it accumulates in WlPP disposal rooms. Novak (1996) used 
FMT to predict that the Mg concentration in SPC brine (Brine A modified by omitting· minor and 
trace constituents, and used by the ASTP to simulate Salado brine in several experimental and 
modeling s.tudies) will be 4:54 mM after equilibration with halite, anhydrite; the actinide elements and 
the organic ligands in TRU waste, ·and an MgO backfill. This Mg concentration is significantly 
higher than that of ERDA-6 before or after equilibration with this backfill ( 19 and 48 mM, 
respectively) and significantly higher than that of H-17 (74.1 m.M). Because we hoped that 
competition among Mg and Pu, Am, U, Th, and Np for the binding sites on these organic ligands 

Information Onl 
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.. would mitigate . the effects of these organics on the ~s for these elements, Triay carried out an rj:, .· . ... additional set o(experiments with acetate~ citrate~ EDTA;-~and lactate : i:it· low~· intermediate, and high r~·· ·. ·. _ .. · . . co?centratt .. _. o~s~ ~se~- !~ble_. G-1) and with B~e.· ~ ~~-~-~~~- : .~o ':snn_: _ ~ul~~~-~ •. ~:~_ ·: _' ·-~o __ ~position of Salado . .. . {t:-. . .. ·. bnne_ after equilibration ~1th at! MgO backfill._,: ... · . , . -: -... . : . · -. : . · ·. . . . :::.: .;;,, : .. , . . : .. . ~!:._:-- :-:. ...... :_ . • -·. -.. ., • • . . • . ... .• . 

'·: · . Table G-7 shows the results of these experiments. Low __ concentratio1s · .. ~: organics ~~*'~[~J~f~i~~i.~@~~g}(~#r~~-~;tll~-Kds/or.~Th re~~y~}o,*~~~~~~~~~ex~~J.ili~\~!.;.~~:~~-•. bu't .,~lld -~~ch ~E-:.,~t~~~~less : effect on . th~ .~s fo~ _the. ·other elements~·;: Intemiedia~::oconcenti'ations:; of.' organics· significantly t .. .. ~ :~·" d~r~as~ci"ili~--~~~for 'an of the elements except ' u(VI). ~ High' concentr;ltions.Si~cantly &~creased . . the ~s for all five of these elements. . 
. 

I 

L 

)(-

' • • • • • : ' ' ·,I : :- ,,, , , .· ' .: •• ·. j~o~•:::. 
.. ·However, we have not revised the ranges and probability distributions' of ~s for Pu, Am, U, Tb, and Np shown in Table 1 (see above) because large quantities of other metals (see below) will be ·~ present to form.complexes with these organic· ligands, thus preventing .them from forming complexes with the actinide elements and decreasing the Kas for the actinides in the Culebra. (These other m~ta1s will also prevent these organic ligands from increasing the solubilities of the actinide elements in WlPP disposal rooms.) These other metals include Fe, large quantities which will be present in WlPP 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 backfill to remove microbially produced C02 (but will be · present as MgC03 and/or Mg(OH)2, and magnesium oxychloride after reaction with C02 and/or brine); and Cr, Mil, Ni, Pb, and V, which will be present in lesser but still sufficient quantities in steel drums and boxes, and in steels, stainless steels, and other Fe-base alloys in the waste, and in other waste constituents. Preliminary modeling of the equilibria among dissolved and solid-phase Pu and Am, Fe, Mg, and Ni, and EDTA imply that, under .the_ conditions expected in WIPP disposal rooms, Ni would form complexes with . 99.8%.of the EDTA expected. to be present in the repository, thus preventing it from complexing . sigirificant quantities of Pu and Am. A detailed description of these calculations, and any additional mod~ling or laboratory studies of these competitive equilibria, will appear elsewhere. . . . 

~ 
l : 

. • .. .. 
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• 
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, . Table G-1. : Concentrayonsof Organic Ligands in Experiments withERDA-6, H-17, and Modified ~.,~:,::~r:-i <::-~·- '< :.:, - - -- ~: - :: -A);-;· :Brin~>~ta'nti .~Pitdicied: conc'~ilihlti~risfor:: organiC1£iganciS~fiD. Brines in WIPP • . _ : · ' :· · • • - . . • : • < . Disp~~iuji'o~~~~:~~:~T;bi;:·c~illpried)y L~ H. Bnish. on May . 10, 1996, based. on fir .- ·. -:- 0:_ -- . inforni~Jionproy~d~ci'by ~-oii .April25, l996> Table checked by L. J. Storz on · :·May 1'7, 1996. · ·-·: .: -:-.;... 
.. · .":' 

. ' : . . :· .. ~ -.. -··· . '• •.··: 

. · .r. - -~~~-~: ........ : .. ;. ~ · : • . .. .. ,. ' " 

.. 

Intermediate 
Low Cone. High Cone. · Low Cone. Cone. )!igh Cone . 

. · _. ~ -- , :·> : (ERDA-:6 -· · · (ERDA-:6. :. ·: (Modified · - :. (Modified:.:.<·:·. (Modified Orgrun~ ,- . and H~-17) . :'and H-17) Brin~ A) .. Brine A) Brine A) 
Ligand . (mM) (mM) (mM) (mM) (mM) 

Acetate 

Citrate 

EDTA 

Lactate 

Oxalate 

0.195 
(ERDA-6) 

0.195 . 
(H-17) 

0.0340 
(ERDA-6) 

0.0340 
(H-17 

0.000146 
(ERDA-6) 

0.000146 
(H-17) 

0.00761 
(ERDA-6) 

0.00796 
(H-17) 

NU 

. . . . •. ; - , .. ~-

19.5172 
-(ERDA-6) 

19.5172 
(H-17) 

3.4002 
(ERDA-6) 

3.4002 
(H-17 

0.0146 
(ERDA-6) 

0.0146 
(H-17) 

0.7610 
(ERDA-6) 

0.7956 
(H-17) 

NU 

. , .' ' _:_ .-: .: ·..: ...• :· . .; ~· . . .. .. . . 

0.489 4.89 48.9 

0.03417 0.3417 3.417 

0.00011 0.0011 0.011 

0.02088 0.2088 2.088 

NU NU NU 

Predicted 
Cone. in 

WIPP(mM) 

1.062 

0.465 

0.00416 

Not 
predicted 

7.404 

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

Informa ion Only 

• 

• 
L------------------------------ - ------' 
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~-· Table G-2: Effects of Brine, Organic Ligands, and Pcoz on Matrix ~s for Pu(V) and Dolomite-

•
~-~-- . · ·. ·_·. -~:;;t·~,:-?I_r_·~_{:;!.; · R!~gf.ll1~~~~~£~~-~~~~~~PlQP_& ~P.iliRq#c~:~{y. · );_,.,:9-!l~::~~~;,sorption runs . . ·. ·\.::~;':(~/;.::::~:O.::i_z:fwitli'H:i9;:B4; Box 7.~' Kds iri oofd .. font excluded from· ranges .arid distributions 
f:;~ ~_,::. :.- • · .. ... . ':;.;:: ~':.·::·. ~'h because~of unacceptable differences betw'een standards andcontrols . . Still counting ~~~: .... : < -·· .: <:·L,.;;;~~~);;{:~new:tcontr~Js:' fotuil'Cierlliied: s~les:' · Dili;'C.urr~nt"~as~ o( Ma{36~ . i9-~i6:. Table. 
~ : . · . : · compiled by L. H. ·Brush -on May 16, 1996, based on information 'proVided by 
~: . . . . , ... . . ,: .. ::;;):;_"~r>:·L~ 011 M.ayJS.;-)~9~_.<,T~~~- checked by L . .J~ Storz on May 16 ~d 17, 1996. ~;:;:~fS~~1(~?1:;t:·lf<d~~r?~;~ .• :::":·r>1'ahi¥._£tvj~~~- by~~~~:~~-_May_ 3 f:*:~ _Jt§§:I~:~ ~~§;, €#.e.c!:~~,#oirij~tj·~!l ·i>r~.~ided ,~.-~- _: b·;.·,:,'.~--~ .~ :. .. <t:::· !/\!::·::~:by LANE on May30 and 31; 1996. Table checked byL. J. Storz on June 10, 1996. · . 
U· ' · · · · · .,. ··· Table re-checked by A. C. Peterson on July i 6; 1996. 

- ~·-~ 

. : . · ·· ·. -: ~: ·.:=' BriDe··-_,·_:;;· :_, ·· ··' · 

• 

~. (rilllg), 
0.033% C02 

Information Only 

~ (mllg), 
_4.1% COz 
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-Table G-2. Effects of Brine, Organic Ligands, and Pro2 on Matrix Kess for Pu(V) and Dolomite-
~-': - -. -~- -~;:~:: ;;_z. _: :; :--~·,:,~_:.:\Si.,·ruch Culebra Rock (LANL Empiridai sO'ij)tion siUci:Yf(contiriued)::-·::- ·.-

• • • • - .; . :"' . . • ~ .. •* 

. .- .. 

H-17. None 18.4, --
#JRF0.:31· · ... -... - . 

H-17 None 19.8,-
#JRF0-32 

H-17 A vg. without organics 19.1 

H-17 Low-cone. organics 9.50, 
#JRF0-39 

H-17 Low-cone. organics 17.0, 
#JRF0-40 

H-17 Avg. w.low-conc. org. 13.2 

H-17 High-cone. organics 1.39, 
#JRF0-37 

H-17 - High-cone. organics 0.934, 
#JRF0-38 

H-17- A vg. w. high-cone. org. 1.16 

- : 

Information Only 

.. -::_ .: :~:e 

Kcs (ml/g), 
·· 4.1%C02 

8.51. 
-#.TRF0-81 

9.19, 
#JRF0-82 

8.85 

4.45, 
#JRF0-89 

7.73, 
#JRF0-90 

6.09 

0.315, 
#JRF 0-87 

0.515, 
#JRF0-88 

0.415 

• 

• 

• 
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~ -Table G-3. Effects of Brine, Organic Ligarids; and Pc02 on Matrix ~s for Am(DI) and Dolomite-

• ,,: ' ' 4'. ci .~,~: 'f~i~?tj:~~~~~ ~ i!~PJtj~~:fd~~ :O~!~e~:te~s::;.,t~';,. '":ec:"~! 
~~:- . . . ... .. , · .. ·· .. :.. of unac~eptable differences beV.Veen· _standards and controls. Still counting new 
(f,. -~ · · ·· .. , · - -:;'. :~·!.: 'coiitrols- -for~underlined samples.~:. Data ·current. a5 qf ·May. 30; 1996. Table compiled 

. ,._ · , :. '· by L H: Brush o~ · May . H5, 1996~ based on information · provided 5y LANL on 
- · ~ . May 15, 1996. Table checkedby L: J. Storz OJ1 May 16 and 17, 1996. Table revised 
~<;c;7~;::;'-~~~~~~~~~'i~tj~i~~~~~\P.Pf~~i,8P.:M~:t:f~J.;~~-~~~} :·} ??,~~: P.~~~ ... o~ . information provided by LANL on ,,:'/ ··' ·····":'~''<':··-,·~---~ -~~~ />;:May 30'l>and· 31:· 1996. · Table checked by L; J.- Storz on June 10, 1996. Table re-

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

ERDA-6 

ERDA-6 

• ERDA-6 

ERDA-6 

ERDA-6 -
: 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

• 

Additive 

None 

None 

A vg. v.:ithout organics 

Low-cone. organics 
. : 

Low-cone. organics 

Avg. w. low-cone. org. 

High-cone. organics 

High-cone. organics 

A vg. w. high-cone. org . 

~. (ml/g), 
0.033% C02 

199, 
#JRF 0-141 

1,220, 
#JRF 0-142 

710 

1,390 
#JRF 0-161 

1,470, 
#JRF 0-171 . 

1,430 

10.6, 
#JRF0-147 

7.84, 
#JRF0-151 

9.22 

Information Onl 

~. (mllg), 
4.1% C02 

2.890. 
#JRF 0-191 

2.160. 
#JRF 0-192 

2.525 

1,680, 
#JRF 0-199 

1,880, 
#JRF0-200 

1,780 

7.40, 
#JRF 0-197 

5.05, 
#JRF 0-198 

6.22 
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Table G-3. Effects of Brine, Organic Ligands, and Pc02 on Matrix ~s for Am(III) and Dolomite-
,. . : . : : ' . . ,_ ru·ch. Cul~b~· Ro~'i~ (LANL Empirical Sorption Study) (continued). . 

... ~ __ .. -::- ~ ..... '·: .... ·;·;· _-::-~-~:·r-.:-·.:_:--\·-:~"-.:- ··_, .. --... -.. :-,·_;;,:--~---~-~ .. -- ·.. . ·, .. 
.. ' .-::.. ., .. . ~ 

. ·.··. ··:-;.>· .. . I • . . .. . . . ..... ; --~ .. • .... 
. ~ ... 

~ (ml/g), !G· (iilftg), 
._.-.· . . :: 0.033% C02 4.1%C02 

. ' . . •. ;- ... ~ . .:¢.• .. ! ~:.; ··:· 

Brine 
... 

Additive.· .. , __ ... ..... 
-......... · .. ·;· . 

. . 
- ~-- ... 

. ,,, .... ! .. 

. H-17 None 533, 379, 
#JRF0-41 .#.JRF0-91 

H-17 None 549, 391. 
#JRF0-42 #.JRF 0-92 

H-17 A vg. without organics 541 385 

H-17 Low-cone. organics 503, 311, 
#JRF0-49 #JRF0-99 

H-17. Low-cone. organics 497, 299, 
#JRF0-50 #JRF0-100 

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

H-17 High-cone. organics 7.79, 3.58, • #JRF0-47 #JRF0-97 

H-17 High-cone. organics . 7.37; 3.75, 
#JRF0-48 #JRF0-98 

H-17 A vg. w. high-cone. org. 7.58 3.66 

• 
Information Only 
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· Table G-4. Effects of Brine, Organic Ligands, and Pco2 on Matrix ~s for U(VI) and Dolomite­
··•· -- · - ._:·.::, >:_;, ~ - · -~·>c _Ricli" clllebra -Rock (iANL Empiricai Sorption· Study).-- One:week soiption runs 

-· . : . ·- ~ _ with H19, B4, -Box 7. ~s in bold .font excluded from ranges and distributions ­
_: :: .. · -. : ~~- ;· i7J.~)>~aus~~of'u~a~cep~bi~'-clifferen~s between standaids and tontrols: Still counting 

, .. - , new controls for .underlined_ samples. Negative Kds set to 0.00 before~deteriflining 
.. _ . . - ~'-'the mean. Dat~ cuirent as of May 30, 1996. Table compiled by L. Fi Briish on 

-.... . , ___ ._, __ _ .: .. !.;.c.·: ~- :May_- 16, 1996, - _bas~ on .information proyid~J>.Y~~-on_May,15, .J9~6.~ . .Table ~·· . ~ -~ · ··t•- .. ... •:":. ~ ~~·«~· ~.oof. 1':1'~~--~t"· •~ _ -;·. , ~ ·A - · ·, ' . • ~• · ·~o..-. r ~ . , -, .. · .- . ~:_. .• . :[ .. • .. ~- -· .. • . ~ ... ~ . --.• .-_.~..- .:,, . •t"o:-: J..~. ' • 'I t . 'v_; ,.l · ·. _ • •\ , , ~-~ · . : -•' ··.' .. ' ' ' : ' . • ;;.:,;;;.,;;.; ,.·L~~':>~=NJ;'fi:"}!=::~:~~:.;.~~i:d ch~ked by L. J. Storz on May 16 and 17, 1996f'·•Table reVised by-Brush on May 31 . 
. . _' ··:·::.:.·'and . June -- 1, :,·· 1996, · · based · on information provided by LANL ~n 

- May 30 and 31, 1996 . . Table checked by L . J. Storz on June 10, 1996. Table re-
.. . checked by A. C. Pete~on on July 16, 1996. ' --

~. (mllg), ~. (ml/g), 
Brine Additive 0.033% C02 4.1%C02-

ERDA-6 None -0.148, -0.296. 
-#JRF 0-111 #JRF 0-159 

ERDA-6 None 0.220, 0.275. 

• #JRF 0-112 #JRF 0-160 

ERDA-6 A vg. without organics 0.110 0.138 
.- -

ERDA-6 Low-cone. organics 1.83. :.0.0367. 
#JRF 0-119 #JRF 0-168 

ERDA-6 . ..:. Low-cone. orgarucs -0.371. -0.933. 
#JRF 0-120 #JRF 0-169 

·~ ~,~ .. -~- . . 
- -- · ERDA-6 -- A vg: w. low-cone. org. 0.915 0.00 

ERDA-6 High-cone. organics -0.631. -0.475 
#JRF 0-117 . -#JRF 0-166 

ERDA-6 High-cone. organics -0.638. -0.948. 
-#JRF 0-118 #JRF 0-167 

ERDA-6 A vg. w. high-cone. org . 0.000 0.00 

• 
Information Only 

;.: .... ........ . . 
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Table G-4. Effects of Brine, Organic Ligands, and Pc02 on Matrix ~s for U(VI) and Dolomite-
. · -Rich Culebra Rock (LANL Empiiicaf Sorption _Study) ( co~tmued). . . -

~ . ~ . .. - ,... ... : .·. :"'_ .. ,.,_ -.:. ~. ;::....._.~;. ·; .. ~{>~y~::·~:. -~--~~ .... ).~ ~ .. ·., ... ~-;;_f ·-.. • 

--:---~---:·· -~--=------ .-•. ~·_. -- < ''- ,;, --: :-- ••• '.·- •• -,_ 

. ..,: .... -. : ··- -~·';::..~-~-{-~~ .. ~--=-~-;~_--~~;· ... ~-;~ ,"!_:··-::·•' ~--.,~.~~·~ > "i -. 

Brine 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

,· 

'Additive 

None 

None 

A vg. without organics 

Low-cone. organics 

Low-cone. organics 

Avg. w.low-conc. org. 

High-cone. organics 

High-cone. organics 

A vg. w. high-cone. org. 

-2.11, 
#JRF 0-11 

... , . ~ .. : :· .... . ~ 

-1.79, 
#JRF0-12-

0.00 

-1.27, 
#JRF 0-19 

-1.67, 
#JRF0-20 

0.00 

-1.77, 
#JRF0.;17 

-1.51, 
#JRF0-18 

0.00 

Info mation Only 

-1.69, 
#.JRF0-61 

-0.323, 
#.JRF0-62 

-0.601, 
#JRF0-69 

-1.44, 
#JRF0-70 

0.00 

:-1.81, 
.#JRF0-67 

-1.67, 
#~0-68 

0.00 

. • ....... 

• 

• 
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Table G-5. Effects of Brine, Organic Ligands, arid Pco2 on Matrix ~s for Th(IV) and Dolomite­
·:·-· :-, '· ., ·.:., ·i·" ' .. .. . · · . · .. , :. · :~ Rich Culebni' Rock (LANL .Emp0#~( ~~rP.~o'D ... S-tildy):•· One-week sorption runs 
; · .. with H-19, B:4, Box 7. ~s inbold _fontexcluded from ranges and distributions 
;; . . . • . : ·.: . : · .. ,,·:.,beeause_-of unacceptable differ~lls~~-.b~_tW#eii:stanctards . and controls. Still counting 

· . new controls for under lin~ sainpl~~: ·· Data current . as of May 30, l996 ..... Table 
;. · .-compiled by L. H. Brush on .May:l6, 1996, based on information provided by 
: .•• . · .. ,<;:,-: •..• : _ .~:- :.L:.·.,.~ on May 16, 1996 . . Table checked by L. J. Storz on May 16 and 17, 1996. lo:... ···-: •····w··,;;•·_ ... ·,:--~-~~;:.(:-;.~:.. . . ,., ;_ ",•n.:'l. :".'.~,:'f'·.- _·:;..~1;·.,.·'· .. \•#"'·' ·, .• ~.~ ·:.~. ~~·-~ ·- . . , •. . • • •.• . ,. ff-;~ ::;,:._::;;l:;:::q~~.;;,,~~.::::~:-: ,.f~~:t.?-~t~Table·revised by Brush on May 31. ap.d June 1,_1996, based on information provtded 

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

Brine 

ERDA-6 

ERDA-6 

•• ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

ERDA-6 

• 

Additive 

None 

None 

A vg. without organics 

Low-cone. organics 

Low-cone. organics 

Avg. w.low-conc. org. 

High-cone. organics 

High-cone. organics 

A vg. w. high-cone. org . 

~. (ml/g), 
0.033% C02 

120, 
#JRF0-101 

98.6, 
#JRF0-102 

109 

101, 
#JRF0-109 

99.9, 
#JRF0-110 

100 

30.0, 
#JRF0-107 

32.8, 
#JRF 0-108 

31.4 

lnformati . n Only 

~. (ml/g), 
4.1% C02 

153, 
#.JRF0-148 

169, 
#,TRF0-149 

161 

157, 
#JRF0-157 

166, 
#JRF0-158 

162 

55.0, . 
#JRF0-155 

63.2, 
#JRF 0-156 

59.1 
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Table G-5. Effects of Brine, Organic Ligands, and Pco2 on Matrix Kc!s for Th(IV) and Dolomite­
Rich Culebra Rock (LANL E~pirical Sorption St~dy) (continued) ..... 

. ·~~~··=-;::.t~Yt~~~=.-~~~:··:_:~:~r:-:~-:..· _"i· ~.:: .:~ .. ·\' •· ;·:.<-~r·.~- -~:~, ::: .~: ... ~.; ~ . ~ .... •-..:. ~ . - . 

. Brine· -· 
. . :~ ' .:· KJ (mlfg), 

· .. _:·. • - . 0.03~% C02 
, ·'"C .. ,·,..,c,. , · .. i;:z.;~i'{:;•,,;,<,,1('C,:J'C, ____ _ 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 

H-17 
' .::: __ , ... 

~-- -~ -·· ·~ ... 
...... ; ~. ; . ... 

H-17 

- ... 

·,···· None 

None 

Avg. without organics 

Low-cone. organics 

Low-cone. organics 

Avg. w.low-conc. org. 

High-cone~ ?rganics 

High-cone. organics 

.. ,. : , .. ·,f't· 

Avg. w. high-cone. org. 

........ _ 

,., ... ''\',,' . -:: : :· 

15.0, 
#JRF0-1 

16.6, 

15.8 

13.8, 
#JRF0-9 

14.4, 
#JRF0-10 

14.1 

5.72,. 
#JRF0-7 

8.04, 
#JRF0-8 

6.88 

.. . ;• 

Information Only 

Kd~(in1/g), 

4.1% C02 

12.0, 
#.JRF0-51 

11.3, 
. #JRF0-52 

9.72, 
#JRF 0-59 

9.20, 
#JRF0-60 

9.46 

0.874, 
#JRF0-57 

1.06,-. 
#JRF 0-58 

0.967 

• 

• 
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. . ;..r ·, 
. . T~ble <;J-,6. Effests of Bp~e. Qrganic Ligands, .and Pco2 on Matrix Kc!s for Np(V) and Dolomite-

• ;_ :;e~~,:. ·.~.;,,,'~:~. ":. :. · :. :-~~·'II~§~~_f.·~~~<s~;:p~fa~;:~~~~;:::;~~!: ~:;:e:ds~;!::n: 
.._ . . . because . of 1m acceptable differeriees betv/een'stalidai-d.S ·.and ron trois .. Still counting. ~ .. · - ·:·· '--~--- · ·: :; .... , .. · : :·~~v/~contrC>Is"ior~iinCierliiied · sampi~:~~,n~':;~~~t ... as.:~r .MaY. 3o~ ~.99~= ·Table 
: · · -· .· . ·. compiled by L. H:~ Brush~on May · _~6; i996,: based on information ptovJoed by L ~ _ · __ .:: ·;- ~ : ; . :_ ·::~ .'~ -~,;~~, L~ ,~~:-,¥a~,J.5.:·J~~-9~. -~- :rable ~~~~~~~!~;~:--l~ : ~.~3:~~2~~~X.~l~":>~-'g ,, :~,?.·..!.~~?:~"-·· · ~'f-f.~-~t:.~~r~::$~;:~~~:~"1~~\:(:J:z:~<~able rev~-~-,g~--~~~?. .??. ~ay? 1~~:11:1P.7.;:H13~~~:~ti~ on 'iiiformation JJroVIded · · ;:. · · · · · ··· ·:. -_~· by LANLpn May 30 and 31, 1996:-; Table ch~ked .by L. J. Storz on June 10, 1996. 

. ,.· .•' . ~ 

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

f;T:·.?.:~;\A::~::~ : :;:;.,;;.; ... ,:.;:, :'" . '· :.. .-.. ,~ .... ..... _·. ~ -.-<! ' ~ .-
. Brine Additive 

·. ,· 

. :: -~'. ;~ :::.:.-<>:: :; ·K:~;·:ciriifg). ·' · ,:. · 
0.033% C02 

Kc!. (ni1/g), 
4.1%C02 

,~,. · .. :·--:··· 
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__ Table G-6. Effects of Brine, Organic Ligands, and Pco2 on Matrix ~s for Np(V) and Dolomite-
·, - -___ Culebni Rock (LANL Empirical Sorption Study) (eontimied): ·:. - ; • 

. . ~ . ' -~ .. ' . ~ ' 

. "i_.-. 

Kd (m1Jg), ~-(~g), 
. Additive , :;: ... ''"'· .: 0.033% C02,: ,':,-._:-: .. ,- . _;. 4.1% C02 

., ...... .. ~-~ .. ~. .. . . . .: .. ::·-~>.';·I>··· 
: ~' ._;},:~~~:~~:> .. -~ -.,- '_ ".· .--

._ .. -. ____ _ 
H-17 None 5.17, 0.905, 

#JRF0.:21 #JRF 0-71 

~, .. _4.37,. 1.06, H-17 None 
#JRF0-22 #.IRF0-72 

H-17 A vg. without organics 4.77 0.983 

H-17 Low-cone. organics 4.86, 1.33, 
#JRF0-29 #JRF0-79 

H-17 Low-cone. organics 4.44, 0.694, 
#JRF0-30 #JRF 0-80 

4.65 1.01 • . 1.45,. -0.236, 

H-17 A vg. w. low-cone. org. 

H-17 High-cone. organics 
#JRF0-27 #JRF 0-77 

H-17 High-cone. organics 1.67, -0.433, 
#JRF0-28 #JRF0-78 

: ;: .. 
<I ·-----.. • • ..._ 

H-17 Avg. w. high-cone. org. 1.56 0.00 

• 
Information Only 
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Element and Oxidation State·· 

Additive Pu(V) Am (ill) U(VI) Th(IV) Np(V) 

None 8.73, 528, -19.3, 11,300, 22.7, 
#JRF-233 #JRF-243. #JRF-213 #JRF-203 #JRF-223 

• None 10.1, 501, 19.1, 10,700, 17.1, 
#JRF-234 #JRF-244 #JRF-214 #JRF-204 #JRF-224 

-~·' 

A vg. without 9.42 514. 
organics 

19.2 11,000 19.9 

Low-cone. 7.69, 355, 12.4, 1.70, 11.9, 
organics #JRF-239 #JRF-249 #JRF.,219 #JRF-209 #JRF-229 

Low-cone. 8.84, 325, 17.2, 6.47, 10.5, 
organics #JRF-240 #JRF-250. #JRF-220 #JRF-210 #JRF-230 

Avg. w. low- 8.26 340 14.8 4.08 11.2 
cone. organics 

Intermed.- 5.03, 67.6, 16.6, 1.05, 6.25, 
cone. organics #JRF-237 #JRF-247 #JRF-217 #JRF-207 #JRF-227 

Intermed.- 5.06, 36.7, 16.8, 6.29, 5.89, 
cone. organics #JRF-238 #JRF-248 #JRF-218 #JRF-208 #JRF-228 

Avg. w. inter.- 5.04 52.2 16.7 3.67· 6.07 • cone. org. 

Information Only 
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. ':fable 0~ 7. Effects .of .c?i~ani9. Lig~ds 0~ M~~~ -~S.. (D.JVg) for J>u(V); Am{III), u (VI), Th{IV), and 
''. · · . Np{V),.\Doloiilit~-:Ri~h:._ Culebra· _R~ck, -~ an.d Modified:! Brine A:_ (LANL Empirical 

., ·· ·s6I-ption·s'tt:ci:Y)\co'llti~ued)."··.-~-. ':-·· .' .... ,.: . . ·~ .. . ! .. .. -. · ,: 
• [~-: .1'·'. • ... ; ........ ,' .. _: .. =:· ·'-•'l'"···t~ ----~ • - ~ - ~ 

.,; . ., .. :;o: •. ";>·-----~-:·~l~;·.~~~::~~~:~J~i7·~\i~~~~-;)i:;:·:;/;··;... :- -.·.~- :~i:·::~-~-.~ .. ~: 

- -~-- ~.- ._-. .. 
• ~- ::.> -:~ .:; . _;. ... ,._ - . . -:-

. .' .. ---~: .. -. 

. ~ ........ ··,-

Additive· Pu{V) Am (ill) U(VI) Th.{IV) Np(V) 

10.1, 0.469, 1.93, 
#JRF-215 #JRF-205 #JRF-225 

High-cone. 2.55,-· --~ .. 2.34, 
organics_ - #JRF-235 --- .. #JRF-245 

8.01, 0.467, 2.49, 
#JRF-216 #JRF-206 #JRF-226 

High-cone. 2.22, 2.05, 
organics #JRF-236 '#JRF-246 

Avg. w. high- 2.38 2.20 9.06 0.468 2.21 
cone. org. 

: .·-- ... 

-·· ' ~~-. -.~. 

Information Only 
• 
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Sandia National Laboratories 

Lenny Storz 
Department 6832 
P.O. Box 5800 
Albuquerque, New Mexico 87185-1341 

To: Memorandum to WPO 38231 

From: Lenny Storz, MS1341 (Org. 6832) 

Subject: Transcripti~ Review of Tables B-1,B-2,B-3,B-4,C-1 
C-2,C-3,C-4, -1,D-2,D-3,D-4,F-1,F-2,F-3,F-4,G-2,G-3, 
G-4,G-5,G-6,and G-7 in "Ranges and Probability 
Distributions of KctS for Dissolved Pu, Am, U, Th, and Np 
in the Culebra for the PA Calculations to Support the 
WIPP CCA" by L.J. Storz on June 10, 1996. 

The subject review by L.J. Storz was performed to verify that the 
values used in these tables were correctly transcribed from the 
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