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ABSTRACT

N ([ METHODS

The legacy humic colloid model for tetravalent actinides (Th(IV), U(IV), Np(IV), and Pu(IV)) in the Databases

performance assessment (PA) of the Waste Isolation Pilot Plant (WIPP) is highly conservative. The
model structure is feasible, but substantial reductions are needed for two constants, PHUMSIM and
PHUMCIM, that represent the equilibrium aqueous concentration ratio of humic-bound An(IV) to
non-colloidal An(IV) for the Salado and Castile formations. In the WIPP PA model, both constants

The non-humic reaction database used in this analysis are shown in TABLE I. The humic reactions
adopted (HsH), conservatively assumed (CaHs+ and MgHs+), or fitted (ThHs+) for this analysis are
shown in TABLE II.

are set at 6.3 based on observed colloidal partitioning of Th(IV) in seawater. Humic partitioning in TABLE I. Th(IV)-Ca-Mg-EDTA-CO,-H,0 reaction database.

WIPP brines is expected to be significantly lower than in seawater because the pH of WIPP brines
(~9) is higher, concentrations of competing cations (e.g., Mg”") are higher, and concentrations of

aqueous humic substances may be lower.

In this work, competitive humic complexation is simulated under WIPP conditions. The resulting
PHUMSIM and PHUMCIM values are calculated to be well below 0.01. These values would reduce

mobile An(IV) concentrations in the WIPP PA by as much as 85%.
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colloids are substantial contributors to the mobility of tetravalent actinides, An(IV) (i.e., Pu(IV),
Th(IV), Np(IV), and U(IV)).[ 1] An(IV)-humic complexation is currently based on Baskaran et al.

(1992) which reported concentrations of colloidal and non-colloidal Th(IV) in seawater.[2, 3] Mg** + Edta® = MgEdta™

Assuming analogous behavior in WIPP brines, a proportionality constantsof 6.3 was adopted. This
constant in the WIPP PA is known as PHUMSIM for brine from the Salado formation and

PHUMCIM for brine from the Castile formation.

The legacy 6.3 proportionality constant is highly conservative.:

1. Aqueous humic substances may be unstable under WIPP conditions;[4]
2. The brines in the repository are expected to be more alkaline than seawater, [6] and TABLE II. Th(IV)-Ca-Mg-Hs-H,0 reaction database.

3. Mg from the MgO buffer will strongly compete with actinides for humic complexation sites.

Since the mid-1990s when the original humic colloids model was developed, a number of studies of
An(IV)-humic complexation have been published.[5, 7-12] These studies examine complexation
over a broad range of pH and include laboratory measurements of humic complexation with Th(IV),
Pu(IV), and U(IV). In addition, studies of the humic complexation of Ca and Mg over broad ranges
of pH and salinity have been published.[13, 14] These studies were used in this work to assess
Th(IV)-humic complexation for WIPP conditions. This work is documented in detail in Mariner

(2016).[15]

MODEL

Reaction Source

Ca?* + Hs™ = CaHs* 3.0 Based on [13, 14, 19]
Mg?* + Hs~ = MgHs*

Derivation of ThHs* Stability Constants

The ThHs" stability constants in TABLE II were calculated using a four-step process:

1. Reproduce the Th(IV)-humic-EDTA-CO,-H,0O system of Stern et al. (2014) [12] using
PHREEQC version 3.1.7.[18]

The WIPP humic colloids model calculates the aqueous humic-bound actinide concentration (AnHs)

from the non-colloidal aqueous concentration (An) and a proportionality constant H:

(AnHs) = H(An)

2. Remove CO, from the Stern et al. (2014) [12] system.
3. Calculate proportionality coefficient H over pH range.
4. Derive log B1-Th4+ values vs. pH for DATA.FM?2 database by fitting to observed H values.

Application to WIPP Brines

With the complete set of reactions in TABLES I and 1I, PHREEQC was used to predict humic
complexation in the WIPP brines of Brush and Domski (2013) whose compositions are shown in

TABLE II1.[6] The results were used to provide new estimates for proportionality constants
PHUMSIM and PHUMCIM.

TABLE Ill. Compositions (mole L) of GWB and ERDA-6 predicted by Brush and
Domski (2013) in the repository.[6]

Element or Property Units

cli(-) (aq)
lonicstrength | M | 644 | 641 | 599 | 594

Acetate | M | 230x10% | 461x10° 2.30 x 102 4.61 x 10°

RESULTS

The proportionality constant H is PHUMSIM or PHUMCIM in the WIPP PA.[3] To calculate the . . .
“mobile” actinide concentration in the WIPP PA, (AnHs) is added to (An) and to the concentrations Four-Step Calculation of Th-Humic Stability Constants for DATA.FM2

of actinides in other colloids (intrinsic, microbial, and mineral fragment).
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where An™" is the free actinide species (e.g., Th**) and Hs™ is an available humic substance Fig. 1. Reproduction of Stern et al. (2014) [12] Fig. 2. Simulation of Stern et al. (2014) [12] in the
complexation site. The conditional stability constant ($,.,,m+) for this reaction is represented by the absence of CO,
following equation:
(ADHS) o ; 23
B An™" - m+ - 08 - 22 | -
L (An"")(Hs") . o7 | B o
= ] |
Only 1:1 binding of An™* and Hs™ is assumed to occur. This treatment of the reaction does not % oo ] = -
conserve charge and assumes homogeneous complexation sites with no acido-basic properties. This £ 04 1 ~ o . = =
. g .. ~— 0.3 -
approach is acceptable when stability parameters such as ;.,,m+ are conditional.[&] 02 o g ™ -
The calculation of (AnHs) accounts for competition by Ca?* and Mg?* and assumes that Ca>" and %o ‘ . . oL : . ‘ .
2+ . . . 5 6 7 8 9 7 7.5 8 8.5 9
Mg=" behave similarly: pH pH
m+
(AnHs) = B1;Anm+ (An™") (Hstot) Fig. 3. Calculated proportionality constants for Fig. 4. Derived log B1-Th4+ values for DATA.FM?2
B ot (AD™T) + B o2+ [(Ca®T) + (Mg*)] + 1 Step 2 results database

RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

Application to WIPP Brines

The databases of TABLES I and II were applied to the WIPP brines of TABLE III. The results are
shown in TABLES IV and V.

TABLE IV. Predicted concentrations (mole L) for WIPP PA.

Parameter

8.38 x 10711 7.23 x 1011 4.20 x 1010 3.63 x 10°10

TABLE V. PHUMSIM and PHUMCIM for Th(IV).
PHUMSIM PHUMCIM Source

0.0016 (1 x Min?) 0.0056 (1 x Min)

4 CONCLUSIONS N

The ranges of Th(IV) PHUMSIM and PHUMCIM calculated in this work for the direct brine release
scenario are 0.0013 to 0.0016 and 0.0047 to 0.0056, respectively. (TABLE V) These values are much
lower than the legacy 6.3 value because new humic complexation data are available and WIPP
conditions are applied. These values are lower because they account for:

1. A higher concentration of Mg?" in WIPP brines compared to seawater (3 to 11 times higher),
2. A higher pH of WIPP brines (~9) compared to seawater (~8), and
3. The effect of a low free Th*" concentration at high pH.

The calculated PHUMSIM and PHUMCIM values may still overestimate Th(IV)-humic
complexation because the stability constant adopted for competing Mg-humic complexation likely
underestimates the affinity of humic complexation sites for Mg”* at the pH of WIPP brines. In
addition, the assumption that humic colloids may be present in WIPP brines at a concentration of 2
mg L' may be conservative based on possible instability of humic colloids in WIPP brines in the
presence of MgO.[4] Regardless, the newly calculated PHUMSIM and PHUMCIM values imply
negligible Th(IV)-humic complexation in WIPP brines and would reduce mobile Th(IV)
concentrations in the WIPP PA by as much as 85%. Details of this work and recommendations for
An(IV) PHUMSIM and PHUMCIM values for future WIPP PA simulations are documented in
Mariner (2016).[15]

REFERENCES

1. MARINER, P.E. AND D.C. SASSANI, Analysis report for WIPP colloid model constraints and performance assessment
parameters, SAND2014-1961, Sandia National Laboratories, Carlsbad, New Mexico (2014).

2. BASKARAN, M., P.H. SANTSCHI, G. BENOIT, AND B.D. HONEYMAN, "Scavenging of thorium isotopes by colloids in seawater
of the Gulf of Mexico," Geochimica et Cosmochimica Acta, 56, 9, pp. 3375-3388 (1992).

3. DOE, Title 40 CFR Part 191 Compliance Certification Application for the Waste Isolation Pilot Plant, DOE/CAO-1994-
2184, U.S. Department of Energy, Carlsbad, NM (1996).

4. WALL, N.A. AND S.A. MATHEWS, "Sustainability of humic acids in the presence of magnesium oxide," Applied Geochemistry,
20, pp. 1704-1713 (2005).

5. REILLER, P., V. MOULIN, F. CASANOVA, AND C. DAUTEL, "On the study of Th(IV)-humic acid interactions by competition
sorption studies with silica and determination of global interaction constants," Radiochimica Acta, 91, 9, pp. 513-524 (2003).

6. BRUSH, L.H. AND P.S. DOMSKI, Prediction of Baseline Actinide Solubilities for the WIPP CRA-2014 PA, Sandia National
Laboratories, Carlsbad, New Mexico (2013).

7. WARWICK, P., N. EVANS, A. HALL, G. WALKER, AND E. STEIGLEDER, "Stability constants of U(VI) and U(IV)-humic acid
complexes," Journal of Radioanalytical and Nuclear Chemistry, 266, 2, pp. 179-190 (2005).

8. REILLER, P.E., N.D.M. EVANS, AND G. SZABO, "Complexation parameters for the actinides(IV)-humic acid system: a search
for consistency and application to laboratory and field observations," Radiochimica Acta, 96, 6, pp. 345-358 (2008).

9. EVANS, N., P. WARWICK, T. LEWIS, AND N. BRYAN, "Influence of humic acid on the sorption of uranium(IV) to kaolin,"
Environmental Chemistry Letters, 9, 1, pp. 25-30 (2011).

10. GAONA, X., V. MONTOYA, E. COLAS, M. GRIVE, AND L. DURO, "Review of the complexation of tetravalent actinides by ISA
and gluconate under alkaline to hyperalkaline conditions," Journal of Contaminant Hydrology, 102, 3-4, pp. 217-227 (2008).
11. ZIMMERMAN, T., M. ZAVARIN, AND B.A. POWELL, "Influence of humic acid on plutonium sorption to gibbsite:
Determination of Pu-humic acid complexation constants and ternary sorption studies," Radiochimica Acta, 102, 7, pp. 629-643
(2014).

12. STERN, J.C., D.I. FOUSTOUKOS, J.E. SONKE, AND V.J.M. SALTERS, "Humic acid complexation of Th, Hf and Zr in ligand
competition experiments: Metal loading and pH effects," Chemical Geology, 363, pp. 241-249 (2014).

13. LASZAK, I. AND G.R. CHOPPIN, "Interaction study between Ca2+ and humic acids in brine media," Radiochimica Acta, 89,
10, pp. 653-659 (2001).

14. Lu, Y.F. AND H.E. ALLEN, "Characterization of copper complexation with natural dissolved organic matter (DOM) - link to
acidic moieties of DOM and competition by Ca and Mg," Water Research, 36, 20, pp. 5083-5101 (2002).

15. MARINER, P.E., Actinide(1V)-Humic Complexation in the WIPP Performance Assessment, SAND-xxxxx (in progress),
Sandia National Laboratories, Albuquerque, New Mexico (2016).

16.WOLERY, T.W. AND R.L. JAREK, Software User's Manual EQ3/6, Version 8.0, Civilian Radioactive Waste Management
System Management & Operations, Albuquerque, New Mexico (2003).

17. DoMsKl, P.S., EQ3/6 Database Update: DATAO.FM2, Memo to SNL WIPP Records Center on October 27, 2015, ERMS
564914, Sandia National Laboratories, Carlsbad, New Mexico (2015).

18. PARKHURST, D.L., User's Guide to PHREEQC--a Computer Program for Speciation, Reaction-Path, Advective-Transport,
and Inverse Geochemical Calculations, Water-Resources Investigations Report 95-4227, U.S. Geological Survey, (1995).

19. LEAD, J.R., J. HAMILTONTAYLOR, N. HESKETH, M.N. JONES, A.E. WILKINSON, AND E. TIPPING, "A Comparative-Study of
Proton and Alkaline-Earth Metal-Binding by Humic Substances," Analytica Chimica Acta, 294, 3, pp. 319-327 (1994).

ACKNOWLEDGMENTS

Many thanks to Paul Domski of SN3 Stoller Newport News Nuclear for reviewing this work and for
rerunning and verifying the PHREEQC calculations.

CONTACT
Sandia National Laboratories . : )
P.O.Box 5800 M/S 0747 Email: pmarine@sandia.gov
Albuquerque, NM 87185-0747 Phone: 505-284-3988

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2016-XXXXP



http://www.facebook.com/pages/PosterPresentationscom/217914411419?v=app_4949752878&ref=ts

