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Application of Characterization of the Aqueous and Solid Phase Chemistry of Closure 
Grouts 
This memorandum summarizes aqueous and solid phase characterization of candidate closure 
grouts by Savannah River Ecology Laboratory, discusses implications for radionuclide solubility 
assumptions in tank farm Performance Assessment (PA) analyses, and identifies opportunities to 
validate and/or calibrate the equilibrium chemistry Waste Release Model supporting tank farm 
PAs. 
Background 
The Savannah River Site (SRS) F-Area Tank Farm (FTF) and H-Area Tank Farm (HTF) 
Performance Assessment (PA) Integrated Conceptual Models (ICMs) simulate radiological and 
chemical contaminant release from the waste tanks and ancillary structures.  An independent 
conceptual Waste Release Model (WRM) was used to simulate stabilized contaminant release 
from the grouted waste tanks based on various chemical conditions in the waste tank which control 
solubility and thereby affect the timing and rate of release of contaminates from the residual waste 
layer (designated as the contamination zone (CZ) in the PA modeling).  The current WRM is 
described in detail in Evolution of Chemical Conditions and Estimated Solubility Controls on 
Radionuclides in the Residual Waste Layer during Post-Closure Aging of High-Level Waste Tanks 
(SRNL-STI-2012-00404). [SRS-REG-2007-00002, SRR-CWDA-2010-00128] 
The WRM has not been updated since 2012 and there are several Nuclear Regulatory Commission 
(NRC) Monitoring Factors (MFs) regarding WRM chemistry dynamics that would be best 
addressed through an update of the WRM.  In the FTF Technical Evaluation Report (TER), NRC 
staff recommended DOE perform experiments to verify validity of The Geochemist’s Workbench 
calculations used to determine solubility-limiting phases, solubility limits, and chemical transition 
times.  These experiments should study (i) 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ evolution of the grout pore water over time, 
(ii) controlling solubility-limiting mineral phases, and (iii) the mobility of Highly Radioactive 
Radionuclides (HRRs) through static and dynamic leaching tests, including consideration of 
alteration of tank residuals following chemical cleaning with reagents, such as oxalic acid.  In the 
HTF TER, NRC staff reiterates its FTF recommendation that DOE conduct waste release 
experiments to (i) distinguish between releases from high solubility compounds and low solubility 
compounds via semi-dynamic leach tests and (ii) determine constant concentrations of elements 
of concern under conditions of exposure to local groundwater and grout leachate via static tests.  
In the HTF TER, the NRC staff recommended that DOE include dissolved oxygen concentrations 
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in its modeling that are consistent with measurements of unimpacted groundwater across SRS or 
collect additional dissolved oxygen measurements within the HTF at locations and elevations that 
are in closer proximity to the tanks.  [ML112371715 and ML14094A496]  In the 2013 technical 
review of the waste release testing documents, the NRC staff recommended that DOE provide 
additional information to support assumptions regarding longevity of reducing conditions in the 
contaminated zone.  Recent studies suggest that the reducing capacity of the tank grout could be 
depleted much earlier than assumed in the FTF PA (SRS-REG-2007-00002) and in more recent 
plutonium solubility modeling performed for Tank 18.  Uncertainty in the normative mineralogy 
assumed in geochemical modeling should be considered under this action.  The NRC also 
recommended that DOE provide additional support for the assumption that the 𝐸𝐸ℎ of infiltrating 
water will remain below a critical threshold at which plutonium solubility will increase to a risk 
significant value (e.g., updated geochemical modeling indicates a dramatic increase in plutonium 
solubility occurs at 𝐸𝐸ℎ greater than +0.45 V).  Uncertainty in the critical threshold and the 𝐸𝐸ℎ of 
infiltrating groundwater should be considered under this action. [ML12272A082] 
In the 2018 technical review of the waste release testing documents, the NRC staff stated that “In 
addition to providing information about key radionuclide solubility, the Tank 18F waste release 
experiments provided useful information about the capability of the reducing tank grout 
components to condition the ground water to 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ values assumed in DOE’s geochemical 
modeling.  The extent to which reductants in the waste form are capable of influencing 𝐸𝐸ℎ and the 
solubility of key radionuclides is not yet apparent.  The real waste release experiments demonstrate 
uncertainty in the capability of the system to achieve the PA-assumed high and low 𝐸𝐸ℎ endpoints.  
An inability to achieve the targeted 𝐸𝐸ℎ endpoints in the laboratory may partially explain the 
differences in observed versus modeled results.  Additional testing focusing on the capability of 
the reducing tank grout to condition infiltrating ground water would be beneficial to reducing the 
uncertainty associated with the chemical performance of reducing tank grout”.  [ML18242A259] 
The issues touched on in the MFs are areas where additional empirical data would be useful in 
reducing WRM uncertainty.  To achieve this, WRM chemistry dynamics testing was performed 
on various grout paste formulations to provide additional information regarding: 1) the impact of 
infiltrating ground water on grout pore water chemistry (e.g. 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ) through time, 2) the 
ranges of tank grout pore water 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ to be expected in waste tanks, initially and through 
time following many pore volume flushes, and 3) the mineralogy of tank fill grouts, initially and 
through time following many pore volume flushes. 
Waste Tank Fill Grout Testing Purpose and Scope 
The SRS FTF PA and HTF PA analyses assume solubility control for several key radionuclides, 
including neptunium (Np), plutonium (Pu), and technetium (Tc). The assumed solubility limits are 
based on recommended 𝐸𝐸ℎ and 𝑝𝑝𝑝𝑝 ranges predicted by geochemical modeling of waste tank fill 
grout exposed to soil moisture and groundwater and informed by field and laboratory observations. 
Specifically, geochemical modeling indicates an 𝐸𝐸ℎ range of –0.47 to +0.56 V (𝑝𝑝𝑝𝑝 11.1, Region 
II in the parlance of SRNL-STI-2012-00404) or +0.68 V (𝑝𝑝𝑝𝑝 9.2, Region III). However, field 
observations extrapolate to lower values of +0.24 V (𝑝𝑝𝑝𝑝 Region II) and +0.29 V (𝑝𝑝𝑝𝑝 Region III), 
which were used to assign radionuclide solubilities. [SRNL-STI-2012-00404] 

𝐸𝐸ℎ conditions of +0.56 V (𝑝𝑝𝑝𝑝 11.1, Region II) and +0.68 V (𝑝𝑝𝑝𝑝 9.2, Region III) were attempted 
in the laboratory but not achieved; rather the realized 𝐸𝐸ℎ values were lower at +0.34 V (𝑝𝑝𝑝𝑝 Region 
II) and +0.41 V (𝑝𝑝𝑝𝑝 Region III). Similarly, the predicted lower extreme of –0.47 V was attempted 
in the laboratory, but the lowest observed value was around –0.07v. [SRR-CWDA-2016-00086] 
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Uncertainty in the 𝐸𝐸ℎ range led to the following key questions concerning radionuclide solubility, 
based on inspection of 𝐸𝐸ℎ-𝑝𝑝𝑝𝑝 diagrams of radionuclide solubility contained in SRNL-STI-2012-
00404: 

1. Is the range of credible 𝐸𝐸ℎ values under realistic conditions tighter than assumed, such 
that different solubilities for key radionuclides could be predicted? 

2. Is 𝐸𝐸ℎ > +0.45 V a realistic possibility, such that Pu solubility is orders of magnitude 
higher than assumed in PA modeling? 

3. Can 𝐸𝐸ℎ < –0.29 V be achieved with slag-bearing cementitious materials, such that Tc 
is controlled by solubility under reducing conditions? 

4. How far above +0.1 V can 𝐸𝐸ℎ rise under realistic conditions, such that Np solubility 
increases rapidly?  [G-SOW-H-00246] 

In addition, characterization of 𝑝𝑝𝑝𝑝 provides valuable data for assessing the ability of a tank fill 
grout to minimize corrosion of adjoining carbon steel, for example a tank liner, through surface 
passivation as part of an overall grout performance evaluation [Huet et al. 2005, SRR-CWDA-
2020-00045].  
To help resolve these questions, the Savanah River Ecology Laboratory (SREL) was subcontracted 
to characterize the aqueous chemistry of three potential tank fill grouts (SREL Doc.: R-21-0001). 
The three grout mixes are:  

• LP#8-16 used in the most recent tank closure, Tank 12H [C-SPP-F-00055]; 

• LP#8-16 with slag replaced by additional fly ash, resembling Controlled Low Strength 
Material (CLSM) / flowable fill mix ZB-FF-8-D being considered for future facility 
closures [C-SPS-G-00096]; 

• CLSM mix EXE-X-P-0-X [C-SPS-G-00096]. 
Three dry cementitious/pozzolanic materials (shown in Figure 1) were used in different ratios to 
make the sample paste formulations.  The three paste formulations are identified respectively 
(SREL Doc.: R-21-0001) as: 

• Tank Closure Grout (TCG) - Ordinary Portland Cement (OPC; 18%), blast furnace slag 
(BFS; 30%) and fly ash (FA; 52%); 

• Tank Closure Grout with No Blast Furnace Slag (TCG-NBFS) - OPC (18%) and FA 
(82%); 

• CLSM - OPC (7.7%) and FA (92.3%). 
The three paste materials, representing the binding and chemically active components of grout, 
were cured for 90 days, size-reduced, and for column testing mixed with quartz sand to requisite 
grout proportions. The granular paste (batch studies) or paste+sand equivalents of cast grout 
(column studies) were then subjected to different atmospheric conditions, including open to the 
laboratory atmosphere (i.e., oxidizing), under a constant ultra-high purity (UHP) N2 purge, and 
within an anaerobic Coy Chamber with anoxic conditions maintained by addition of a 95% N2/5% 
H2 gas mixture to establish a consistent 2% H2 atmosphere. Batch tests consisted of size-reduced 
paste materials equilibrated with pore water simulant for 150+ days, with 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ monitored 
weekly and small aliquots of the pore waters collected for chemical analysis. Column tests were 
also performed in which the size-reduced pastes plus sand were constantly leached under saturated 
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conditions with the pore-water simulant that was either in equilibrium with the lab atmosphere or 
purged with UHP N2 to reduce dissolved O2 levels. [SREL Doc.: R-21-0001] 

Figure 1: Photograph of Dry Feeds Materials (L to R: Type I/II Ordinary Portland 
Cement, Lehigh Grade 100/120 Blast Furnace Slag, and SEFA Class F Fly Ash) 

 

Part 2 of the testing scope was X-ray fluorescence (XRF) and X-ray diffraction (XRD) 
characterization of the solid phase of sample grouts.  The WRM geochemical modeling must either 
assume or predict a set of minerals that are present in freshly cured grout.  The initial mineral set 
depends on the mix ingredients, ingredient compositions and proportions, the degree of 
reaction/hydration of each ingredient, and curing environment (e.g., temperature).  The primary 
goal of the XRD testing was to obtain data to validate and/or calibrate these modeling 
assumptions/predictions to give greater confidence that subsequent model predictions of 𝑝𝑝𝑝𝑝 and 
𝐸𝐸ℎ evolution are accurate.  SRNL-STI-2018-00586, Geochemical Model of Eh and pH Transitions 
in Pore Fluids during Saltstone and SDU Concrete Aging Saltstone Disposal Facility PA Revision, 
provides an example of model validation using XRD.  Author Dyer writes: “The assumed hydrated 
mineralogy was compared to X-ray diffraction (XRD) data reported by Langton and Missimer 
(2014) to ensure consistency. Most importantly, Tables 8 through 10 in their report confirm: (1) 
the absence of Ca(OH)2 (portlandite) in all cementitious material blends that include slag and/or 
fly ash, and (2) the presence of CSH, hydrotalcite, quartz, and possibly Ca-carboaluminate in the 
saltstone waste form (cement + slag + fly ash + salt solution).  One difference between the 
normative analysis and XRD data is the identity of the aluminosilicate mineral. XRD spectra 
identified the presence of mullite (Al6Si2O13), which forms at temperatures above 1200 oC and 
originates with the fly ash, while the normative analysis assumes the presence of kaolinite 
(Al₂Si₂O₅(OH)₄).  Because neither mineral impacts the reducing and neutralization capacities of 
saltstone and SDU concrete to any appreciable extent, kaolinite was retained in the normative 
analysis and GWB model.”  Analogous comparisons will be made between the WRM and SREL 
test data. 
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Summary of SREL Test Results 
As discussed in the previous section, SREL was contracted to conduct a series of batch and column 
studies to address uncertainty in the realistic 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ ranges associated with the grouted waste 
tank systems, including an evaluation of the three candidate TCG paste formulations.  A summary 
of the batch equilibration results compared to previous geochemical modeling values for reducing 
grouts is provided in Table 1.  Relative to 𝐸𝐸ℎ, the “Open Atmosphere” created oxidizing (“Ox.”) 
conditions, the “Reducing Atmosphere” created reducing (“Red.”) conditions irrespective of the 
grout formulation, and the “N2 Purged Atmosphere” was a neutral gas space allowing either 
oxidizing or reducing conditions to occur depending on the grout formulation. “Region II” and 
“Region III” refer to 𝑝𝑝𝑝𝑝 regimes with Region III denoting more aged, lower 𝑝𝑝𝑝𝑝, conditions. The 
“Open Atmosphere” condition exposed samples to carbon dioxide as well as oxygen. The resulting 
carbonation reactions lowered 𝑝𝑝𝑝𝑝 over time such that with enough exposure samples would 
transition from Region II to Region III 𝑝𝑝𝑝𝑝 levels. However, only the CLSM samples approached 
Region III 𝑝𝑝𝑝𝑝 levels through 150 days of exposure. 

Table 1: Summary of Batch Equilibration Results (SREL Doc.: R-21-0001) Compared to 
Geochemical Modeling Values for Reducing Grouts (SRNL-STI-2012-00404; SRR-CWDA-

2016-00086) 

 
The observed results are consistent to varying degrees with previous laboratory tests aimed at 
defining achievable 𝐸𝐸ℎ and 𝑝𝑝𝑝𝑝 conditions in tank waste grouted systems (SRNL-STI-2015-00446; 
SRNL-STI-2016-00432; SRNL-STI-2018-00484). The 𝑝𝑝𝑝𝑝 results were generally consistent with 
both the values derived from geochemical modeling and more recent laboratory testing. The TCG 
displayed the highest 𝑝𝑝𝑝𝑝 followed by the TCG-NBFS and finally the CLSM, with both the TCG 
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and TCG-NBFS appearing to better maintain a higher 𝑝𝑝𝑝𝑝 (i.e., buffer the system) than the CLSM 
under all three test atmospheres. The observed 𝐸𝐸ℎ values, however, exhibited less range than 
values used in WRMs to represent various stages in the aging of reducing tanks closure grout. The 
lowest 𝐸𝐸ℎ values were observed for all samples equilibrated in the anaerobic Coy Chamber under 
a H2/N2 atmosphere, with the N2 glovebag yielding the next lowest values and the batch samples 
open to the lab atmosphere yielding the highest 𝐸𝐸ℎ values. Even though there was a great deal of 
scatter in the data, the TCG materials containing the BFS generally provided the lowest 𝐸𝐸ℎ values 
(i.e., most reducing) under all batch and column test conditions, followed by TCG-NBFS and then 
CLSM.  
As part of testing, the three TCG formulations and the materials that were subjected to various 
batch treatments were extensively characterized by XRF and XRD analysis. Initial XRF analysis 
evaluated the two most common sample preparation methods, i.e., pressed pellets and borate fused 
beads. Although results were generally consistent for both preparation methods, analysis of 
pressed pellets overestimated CaO levels in fly ash materials while underestimating the SiO2 
content. Thus, all grout and dry feed materials were analyzed as fused beads. Table 2 summarizes 
the mineral phases detected in paste samples before (REF) and after treatments (OPEN, CLOSED, 
N2) and Table 3 summarizes Rietveld quantification results. 
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Table 2: Summary of Mineral Phases Identified Through XRD. 
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Table 3: Summary of Rietveld Quantification Results for the Three Pastes. 
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Implications for Radionuclide Solubility PA Assumptions 

Regarding the questions raised earlier about radionuclide mobility as a function of 𝐸𝐸ℎ, the aqueous 
chemistry testing results have important implications for radionuclide solubilities assumed in tank 
closure PAs, as described below. 

Question 1. Is the range of credible 𝐸𝐸ℎ values under realistic conditions tighter than assumed, such 
that different solubilities for key radionuclides could be predicted?  
Yes, the open-atmosphere and nitrogen-purge treatments approximately bracket realistic field 
conditions and indicate a smaller range of 𝐸𝐸ℎ conditions than considered in SRNL-STI-2012-
00404.  A tighter range of 𝐸𝐸ℎ values could affect the radionuclide solubilities recommended for 
use in the FTF and HTF PA modeling.  

Question 2. Is 𝐸𝐸ℎ > +0.45 V a realistic possibility, such that Pu solubility is orders of magnitude 
higher than assumed in PA modeling?  

No, at least for the aging durations achieved in open-atmosphere testing. The highest 𝐸𝐸ℎ observed 
was approximately +0.35v, which is consistent with the +0.34 V value realized in previous testing 
under 𝑝𝑝𝑝𝑝 Region II conditions (SRR-CWDA-2016-00086) and slightly higher than the +0.24 to 
+0.29 V values assumed for solubility analysis (SRNL-STI-2012-00404). The potential for 𝐸𝐸ℎ > 
+0.45 V was a concern because geochemical modeling considered 𝐸𝐸ℎ ranging up to +0.56 V 
(Region II) or +0.68 V (Region III) under oxidizing conditions, with solubility increasing 
significantly for 𝐸𝐸ℎ values above +0.45 V (as shown in Figure 2 reproduced from SRNL-STI-
2012-00404). 

Figure 2: Solubility of Pu versus 𝑬𝑬𝑬𝑬 in Region II Conditions (SRNL-STI-2012-00404) 
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Question 3. Can 𝐸𝐸ℎ < –0.29 V be achieved with slag-bearing cementitious materials, such that Tc 
is controlled by solubility under reducing conditions?  

No, at least not for the aging durations achieved in nitrogen-purge testing. The lowest 𝐸𝐸ℎ for slag-
bearing TCG observed by SREL under nitrogen-purge conditions was -0.12v, which is consistent 
with a low around -0.07 V observed in previous SRNL testing (SRR-CWDA-2016-00086). 
Figure 3 (reproduced from SRNL-STI-2012-00404) indicates little to no solubility control of Tc 
for 𝐸𝐸ℎ above -0.1v. Thus, while mildly reducing conditions may be established with the TCG 
formulation, the observed 𝐸𝐸ℎ values are insufficiently low to achieve solubility control at 1.E-8 
mol/L in Reduced Region II as recommended for PA modeling (Table 11 of SRNL-STI-2012-
00404). 

Figure 3: Sensitivity of Technetium to 𝑬𝑬𝑬𝑬 in Reducing Region II (SRNL-STI-2012-00404) 

 

Question 4. How far above +0.1 V can 𝐸𝐸ℎ rise under realistic conditions, such that Np solubility 
increases rapidly?  

The highest 𝐸𝐸ℎ observed for TCG was +0.26v, which is consistent with the +0.24 V value assumed 
for solubility analysis for 𝑝𝑝𝑝𝑝 Region II and +0.29 V for Region III (SRNL-STI-2012-00404). 
However, the maximum 𝐸𝐸ℎ for TCG-NBFS and CLSM (grout formulations without slag) was 
+0.35v. As seen from Figure 4 reproduced from SRNL-STI-2012-00404, 𝐸𝐸ℎ > +0.24 V does not 
impact Np solubility in Region II but 𝐸𝐸ℎ = +0.35 V corresponds to a Region III solubility of 
approximately 1.E-5 mol/L compared to the PA recommended value of 2.E-6 mol/L (Table 11 of 
SRNL-STI-2012-00404). Therefore, the Np solubility for Region III will likely need to be revised 
upward for any tanks that are assumed to be filled with a non-reducing grout. Furthermore, the 
open-atmosphere tests on TCG samples were limited to 150 days or less. Longer exposure to 
oxygen could have resulted in higher 𝐸𝐸ℎ for these reducing grout samples. Therefore, the 
recommended Np solubility for Region III should also be reconsidered for TCG. 
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Based on these observations, a general reanalysis of the range of expected 𝐸𝐸ℎ values assumed 
when modeling radionuclide solubility is recommended with emphasis on Tc and Np.  
 

Figure 4: Solubility vs. 𝑬𝑬𝑬𝑬 for NpO2(am,hyd) and NpO2OH(am, aged) at a) Reduced and 
Oxidized Region II and b) Oxidized Region III (SRNL-STI-2012-00404) 

 

Opportunities for WRM Validation and/or Calibration 
The TF WRM used The Geochemist’s Workbench® (GWB) software to simulate the major 
changes in pore fluid chemistry by modeling infiltrating fluid passing through a hypothetical one 
cubic meter block of tank grout. The simulations were done in the “Flush” mode to simulate plug 
flow through a porous medium so that each pore volume of fluid that enters the grout block 
completely replaces the previous reacted pore volume of fluid.  This results in a reaction path 
model in which each pore volume of reacting fluid changes the mineralogy of the grout. The 
changes are reflected in the chemical composition of the fluid exiting the grout. The nature of this 
type of modeling produces step changes in the major chemical parameters of interest such as 𝐸𝐸ℎ 
and 𝑝𝑝𝑝𝑝.  These occur when a mineral that exerts the dominant control on a parameter is completely 
dissolved from the grout. Minor changes in these parameters may occur when a previously stable 
mineral begins to dissolve or when a mineral begins to precipitate.   
The pore water composition data for the three TCG formulations was captured during testing and 
these results can guide validation or calibration of the WRM assumptions regarding pore solution 
compositions. The aqueous parameters available from testing are 𝑝𝑝𝑝𝑝, 𝐸𝐸ℎ, and concentrations of 
several cations: Na, K, Ca, Mg, Al and Fe. Similarly, the solid phase characterization (XRF, XRD) 
data can be used to validate or refine WRM assumptions concerning cementitious material 
reactivity and hydrated mineral composition. The general approach would be to apply the WRM 
model to the experimental conditions imposed on paste samples during SREL testing and compare 
the simulated liquid and solid phase chemistry to SREL observations. Model attributes that could 
potentially be adjusted to achieve better agreement with observations include degree of hydration 
for each cementitious material (binder), the selection of hydrated minerals, and thermodynamic 
data. Each of these factors is further discussed below. 
The degree of reaction of each binder (cement, fly ash, slag) is uncertain and affects hydrated 
mineral composition. Fly ash, which is rich in silica and aluminum, has low reactivity and a 
significant effect on whether portlandite (Ca(OH)2) and other minerals form.  Portlandite, if 
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present, buffers the solution 𝑝𝑝𝑝𝑝 at 12.4 whereas 𝑝𝑝𝑝𝑝 is lower otherwise. More generally, the overall 
ratio of calcium to silica is affected by the degree of hydration of fly ash, impacts the proportions 
of high Ca/Si minerals formed such as jennite versus low Ca/Si minerals such as tobermorite, and 
has a major influence on solution 𝑝𝑝𝑝𝑝. The new empirical grout data can be used to test reactivity 
assumptions used in the WRM by comparing simulated mineral compositions and solution 
chemistry to SREL observations for fresh and aged material.   
The potential mineralogy of cured grout is partly controlled by the minerals selected for 
equilibrium chemistry modeling. The initial mineralogy of the hypothetical grout block in the TF 
WRM was estimated from the proposed grout formulation using a normative calculation. The 
normative mineralogy is simply a way to assign the chemical components of the bulk composition 
of the grout to selected mineral phases. The actual mineralogy is unknown so representative phases 
used in published cement simulations (e.g., Höglund, 2001; Lothenbach and Winnefeld, 2006) 
were chosen for the normative mineralogy.  The grout formulation used was from 
recommendations supplied by Stefanko and Langton (SRNL-STI-2011-00551). The initial 
mineralogy became an initial guess for subsequent equilibrium chemistry modeling.  
The new empirical grout data can be used to update mineralogy assumptions used in the WRM.  
Information about mineral phases and their amounts observed in samples have been used in the 
past to inform the WRM, as depicted in the tables below from various WRM supporting 
documents. In 2008 for saltstone, in a precursor to the TF WRM, only a few potential hydration 
products in cured saltstone and concrete were considered (Table 3 of SRNL-TR-2008-00283).  For 
example, the only calcium-silicate-hydrate mineral was CSH (using cement chemist shorthand 
notation) when a range of stoichiometries are observed in C-S-H gel. No calcium-aluminum-
silicate-hydrate mineral (CASH) was considered. In 2012 for tank closures (Table 5 of SRNL-STI-
2012-00404), CSH was replaced by four minerals: JenD, JenH, TobD and TobH (tobermorite and 
jennite minerals of varying C, S, and H composition).  Table 5 of SRNL-STI-2012-00404 is 
reproduced in Table 4. 

Table 4:  Minerals Allowed in Simulations of Tank Grout Chemical Evolution 

Brucite Gibbsite Monocarboaluminate 
C4AH13 Gypsum OH-Hydrotalcite 
Calcite JenD Portlandite 

Ettringite JenH SiO2(am) 
Fe(OH)3(am) Maghemite TobD 
Fe-Ettringite Magnetite TobH 

The most recent SDF WRM uses a spreadsheet tool described by Herfort and Lothenbach (2017) 
that provides an even larger palette of potential minerals for normative mineral analysis, including 
the strätlingite mineral SREL observed with XRD on CLSM (Table 2 of Herfort and Lothenbach, 
2017).   
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Table 5:  Mineral Set Assumed by Herfort-Lothenbach (2017) 

 

Based on Herfort and Lothenbach (2017), if strätlingite is present in a significant amount then 
strätlingite should be included in the WRM, as should other hydrated minerals.  As an example, 
Table 6 for cement-free saltstone assuming partial hydration of fly ash and slag has strätlingite at 
the highest weight percent at 22.87%.  
Table 6:  Hydrated Mineral Composition of Cement-Free Saltstone Predicted by Herfort-

Lothenbach (2017) Method 

 
For a given amount of reactive material and hydrated mineral set, the other significant influence 
on simulated aqueous and solid phase chemistry is the thermodynamic database used in 
equilibrium modeling. Thermodynamic datasets for cementitious materials are regularly updated 
in the scientific literature. A prominent example is the CEMDATA18.1 database published in 2019 
(Lothenbach et al., 2019). Database refinements will influence the simulated solution and solid 
phase chemistries. 
Having identified mineral phases and quantification to the extent practicable should prove very 
useful for 1) choosing a thermodynamic database, 2) guiding normative mineral composition 
analyses, 3) estimating the amount of reaction with atmospheric gases in the batch tests by noting 
the increase in calcite and any other carbonated minerals, and 4) validating equilibrium chemistry 
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simulations in general.   The new empirical XRD data can be used to deduce wt% of the various 
minerals present in the grout, which can then be compared to predicted/modeled amounts. While 
precise comparisons will not be obtainable, qualitative comparisons can reasonably be achieved 
and these comparisons will provide additional empirical support for PA models. 
Recommended Path Forward 
The new pore solution and grout reactivity/mineralogy data described in the previous sections 
should be used to update the current Tank Farm WRM.  The update should at a minimum address 
the following three topics:  

• The new grout reactivity data should be used in the WRM to better model the impact of 
infiltrating ground water on grout pore water chemistry (e.g., 𝑝𝑝𝑝𝑝 and 𝐸𝐸ℎ) through time; 

• The new grout mineralogy data should be used to better inform and define the mineral 
states to be used in the WRM; and 

• The grout pore solution chemistry observations and updated simulations should be used to 
reexamine the solubility-controlling mineral phase chosen for each element. 

An updated Tank Farm WRM incorporating the new empirical data would address several NRC 
MFs regarding WRM chemistry dynamics while reducing overall WRM uncertainty. 
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