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1 ABBREVIATIONS, ACRONYMS, AND INITIALISMS 

 Table 1 defines the abbreviations, acronyms, and initialisms used in this 
analysis plan (AP). 
 

Table 1.  Abbreviations, Acronyms, and Initialisms. 
 

 
Abbreviation, Acronym 

or Initialism 
_____________________ 

 
 

Definition 
________________________________________________

  
AP analysis plan 
aq aqueous 
atm atmosphere(s) 
Brine A A synthetic brine representative of intergranular Salado 

brines 
brucite Mg(OH)2 
C carbon 
CCA (WIPP) Compliance Certification Application 
CH4 methane 
CO2 carbon dioxide 
CO3

2- carbonate ion 
CPR cellulosics, plastics, and rubbers (in TRU waste) 
CRA (WIPP) Compliance Recertification Application 
DOE (U.S.) Department of Energy 
EPA (U.S.) Environmental Protection Agency 
EQ3/6 a geochemical software package for speciation and 

solubility calculations (EQ3NR) and reaction-path 
calculations (EQ6) 

ERDA-6 Energy Research and Development Administration (WIPP 
Well) 6, a synthetic brine representative of fluids in Castile 
brine reservoirs 

Fm. Formation or formation, depending on usage 
FMT Fracture-Matrix Transport, a geochemical speciation and 

solubility code 
g gaseous 
GWB Generic Weep Brine, a synthetic brine representative of 

intergranular Salado brines 
H2O water (aq or g) 
hydromagnesite Mg4(CO3)3(OH)2·3H2O or Mg5(CO3)4(OH)2·4H2O 
magnesite MgCO3 
Mg, Mg2+ magnesium, magnesium ion 
________________________________________________________________________ 
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Table 1.  Abbreviations, Acronyms, and Initialisms (cont.). 
 

 
Abbreviation, Acronym 

or Initialism 
_____________________ 

 
 

Definition 
________________________________________________

  
MgO magnesium oxide, used to refer to the WIPP engineered 

barrier, which includes periclase as the primary constituent 
and ~5-10 wt % impuritities 

NP (SNL WIPP) Nuclear Waste Management Procedure 
OH- hydroxide ion 
PA performance assessment 
PAVT (WIPP) Performance Assessment Verification Test 
periclase pure, crystalline MgO, the primary constituent of the WIPP 

engineered barrier 
pH the negative, common logarithm of the activity of H+ 
Rev. revision 
SNL Sandia National Laboratories 
TRU transuranic waste 
WIPP (U.S. DOE) Waste Isolation Pilot Plant 

 

2 REVISION HISTORY 

The objectives and content of any revisions of this AP will be described in this 
section of subsequent versions.  Changes to this AP, other than those defined as editorial 
changes by Sandia National Laboratories’ (SNL’s) Nuclear Waste Management 
Procedure (NP) 9-1 (see Section 9, Applicable Procedures), shall be reviewed and 
approved by the same organization(s) that carried out the original review and approval. 

 
This is the first revision of this AP.  In the current revision, we added an 

additional step in section 7 to evaluate the conceptual model by comparing it to the 
EQ3/6 prediction simulating the reaction path of MgO hydration and carbonation. 

3 INTRODUCTION 

The U.S. Department of Energy’s (DOE’s) Waste Isolation Pilot Plant (WIPP) is 
a deep geologic repository in southeast New Mexico for defense-related transuranic 
(TRU) waste.  MgO is currently being emplaced in pre-packaged, polypropylene 
“supersacks” on top of the three-layer stacks of containers with transuranic (TRU) waste.  
The purpose of MgO is to serve as an engineered barrier in the WIPP disposal system by 
consuming the CO2 that could be produced by possible microbial degradation of 
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cellulosics, plastics, and rubbers (CPR) in TRU waste after the repository is filled and 
sealed.  Significant microbial gas generation in the WIPP is possible, but by no means 
certain.  If significant microbial activity occurs, microbial degradation of the CPR in 
TRU waste could produce significant quantities of CH4 and CO2.  To be an effective 
engineered barrier, MgO must consume essentially all of the microbial CO2 and control 
the fugacity of CO2 (

2COf ) and the pH within ranges that result in low actinide 

solubilities. 
 

The DOE included MgO as an engineered barrier in the repository design 
proposed in the WIPP Compliance Certification Application (CCA) (U.S. DOE, 1996).  
The DOE asserted that MgO, along with panel closures, shaft seals, and borehole plugs, 
would satisfy the requirement for multiple natural and engineered barriers, one of the 
assurance requirements in the EPA’s regulations (U.S. EPA, 1993), which also include 
containment requirements, and individual and groundwater protection requirements. 

 
Wang (1996a, 1996b) used the reaction-path code EQ6, part of the 

EQ3/6 geochemical software package (Daveler and Wolery, 1992; Wolery, 1992a, 
1992b; and Wolery and Daveler, 1992), to predict chemical conditions in the WIPP after 
filling and sealing.  He concluded that equilibria among Brine A or ERDA-6 and brucite 
(Mg(OH2)) and magnesite (MgCO3) will buffer (control) brine composition, 

2COf , and 

pH in the WIPP.  Brine A is representative of intergranular (grain-boundary) brines from 
the Salado Formation at or near the stratigraphic horizon of the repository (Molecke, 
1983); ERDA-6 typifies fluids in brine reservoirs in the underlying Castile Fm. (Popielak 
et al., 1983). 

 
Brush et al. (2009) used the speciation and solubility code Fracture-Matrix 

Transport (FMT) (Babb and Novak, 1997) to show that the brucite and carbonate-bearing 
solids carbonation reaction will buffer 

2COf  in both GWB and ERDA-6.  The carbonate-

bearing solids includes calcite (CaCO3), magnesite, hydromagnesite 
(Mg5(CO3)4(OH)2·4H2O) and nesquehonite (MgCO3·3H2O). Brush et al. also predicted 
that the brucite dissolution reaction will buffer the pH  at 8.98 in ERDA-6; and that the 
phase-5 will buffer the pH  at 8.74 in GWB. They then used FMT to calculate actinide 
solubilities in WIPP brines.  GWB (Snider, 2003), a synthetic Salado Formation brine 
more representative of the intergranular Salado Formation brines  than Brine A, has been 
used for many WIPP laboratory and modeling studies since 2003. 

 
In May 1998, the EPA certified that the WIPP complies with its regulations 

(U.S. EPA, 1998).  However, the EPA recognized MgO as the only engineered barrier in 
the WIPP disposal system.  Thus, MgO is an essential component of the certified design 
of the repository. 
 

SNL carried out a laboratory study of the efficacy of MgO in Albuquerque, NM, 
during the late 1990s (see for example, SNL, 1997).  Since 2000, SNL has carried out a 
laboratory study of MgO in Carlsbad, NM.  The latter study has used mainly MgO from 
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Premier Chemicals in Gabbs, NV and Martin Marietta Magnesia Specialties LLC, the 
current supplier of MgO to the WIPP.   

4 OBJECTIVES 

The objective of the analysis described in this AP is to develop a kinetic model of 
the hydration and carbonation of Premier MgO under conditions expected in the WIPP 
after filling and sealing. 
 
 The laboratory studies of the efficacy of MgO at SNL in Albuquerque and 
Carlsbad have shown that MgO hydrates and carbonates slowly under expected WIPP 
conditions.  Therefore, a kinetic model is necessary to demonstrate that MgO hydration 
and, especially, MgO carbonation will proceed to completion; and that MgO will be an 
effective engineered barrier.  The kinetic model resulting from this analysis  could be 
used to support the PA. 

5 APPROACH 

 The analysis described in this AP will use results obtained from the laboratory 
studies of MgO at SNL in Carlsbad (Bryan and Snider, 2001a, 2001b; Snider, 2002; 
Snider and Xiong, 2002; Deng et al., 2006, 2007; Deng, 2007; Deng et al., 2009a, 
2009b).  These studies, underway since 2000, have used mainly Premier MgO or Martin 
Marietta MgO, the material currently being emplaced in the WIPP.  Therefore, the kinetic 
model developed under this AP will be applicable to Premier MgO or Martin Marietta 
MgO. 
 

The conceptual model of the hydration and carbonation of MgO will include 
solids such as periclase and brucite reacting with H2O and CO3

2- in WIPP brines.  The 
conceptual model may also be extended to include H2O vapor and CO2 in the gaseous 
phase.  Therefore, the model will emphasize experimentally observed reactions such as: 
 

MgO + H2O(aq or g) ⇌ Mg(OH)2;                                       (1) 

 

5Mg(OH)2 + 4CO2(aq or g) ⇌ Mg5(CO3)4(OH)24H2O.                     (2) 

 
 However, the model could also include intermediate hydration products such as 
the amorphous Mg-Cl-OH-H2O phase observed in many of the experiments with 
Generic Weep Brine (GWB) at SNL in Carlsbad, or even to the crystalline solid 
Mg3(OH)5Cl4H2O observed in a few of the experiments with this brine. 
 

The model will include kinetics of these and, perhaps, other chemical reactions; 
and mass transport of reactants and products via fractures or (perhaps) other pathways 
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through the solid hydrated phase(s) and carbonated phase(s) resulting from these 
reactions.  A mathematical description of those processes will be generated and solved in 
terms of model parameters.  These parameters will be quantified by least-squares fits to 
results from the hydration and carbonation experiments at SNL in Carlsbad. 

6 SOFTWARE DESCRIPTION 

Microsoft Excel will be used for least-squares fits of model parameters to the 
results of the hydration and carbonation experiments.  EQ3/6 version 8.0 (Wolery, 2003) 
or the most current version will be used to predict the hydration and carbonation reaction 
path. 

7 TASKS 

 The tasks required to develop a kinetic model of MgO hydration and carbonation 
under expected WIPP conditions are:  (1) generate a conceptual kinetic  model of the 
hydration and carbonation of MgO in WIPP brines such as ERDA-6 and GWB (and, 
perhaps, other aqueous solutions) containing dissolved CO2 reaction products, and 
possibly significant contaminants; (2) generate a mathematical description of the 
conceptual model and solve it for model parameters that can be evaluated by fitting to 
experimental data; (3) quantify all of the model parameters resulting from the second task 
by least-squares fitting to experimental data; (4) evaluate the conceptual model by 
comparing it to EQ3/6 prediction simulating the reaction path of MgO hydration and 
carbonation in a closed system containing WIPP brines and CO2; (5) evaluate the model 
by comparing fitted values of parameters to the values of similar parameters reported in 
the peer-reviewed literature or in other reports, if possible; (5) write up the model in 
summary reports. 

PI conducting the MgO hydration and carbonation research will summarize the 
kinetic models in summary reports by the end of physical year 2010. 

8 SPECIAL CONSIDERATIONS 

 There are no special considerations applicable to this AP. 

9 APPLICABLE PROCEDURES 

 The following NPs are applicable to the work described in this AP.  This list does 
not identify the current version of these NPs; the current versions of these and other 
procedures are provided on the SNL WIPP web site 
(www.nwmp.sandia.gov/onlinedocuments). 
 

 NP 2-1, “Qualification and Training;” 

 NP 6-1, “Document Review Process;” 
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 NP 9-1, “Analyses;” 

 NP 9-2, “Parameters;” 

 NP 17-1, “Records;” 

 NP 19-1, “Software Requirements.” 
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