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EXECUTIVE SUMMARY 

Between 2012 and 2019, significant research and development (R&D) efforts were directed towards 
evaluating the potential of removing the minor cement component from the standard (and currently 
utilized) saltstone composition that contains 45 wt% ground granulated blast furnace slag (GGBFS), 45 
wt% Class F fly ash (FA), and 10 wt% ordinary portland cement (OPC) (termed GGBFS/FA/OPC 
45/45/10). When these three components are mixed with the highly caustic (pH > 13) Tank 50 salt 
solution (at a water-to-premix (w/pm) mass ratio of approximately 0.6), the predominant reaction 
mechanism responsible for the formation of a rigid, low-permeability saltstone grout is the alkali-
activation of GGBFS rather than hydraulic activation of the OPC. Hence, the benefit of the minor OPC 
component has been questioned, in particular because a grout formulation composed of only two dry 
feed components (i.e., GGBFS and FA) offers simplified material handling logistics at the Saltstone 
Production Facility (SPF); enhanced logistics will allow the SPF to better support the increased saltstone 
production rates envisaged following the start-up of the Salt Waste Processing Facility (SWPF).  

The aforementioned R&D was firstly used to establish the viability of removing the OPC component 
from saltstone, and subsequently to optimize the cement-free saltstone to ensure it exhibited 
comparable properties to the standard GGBFS/FA/OPC 45/45/10 formulation. Ultimately, the R&D 
culminated in the recommendation of a single cement-free composition containing 60 wt% GGBFS and 
40 wt% FA (also mixed with salt solution at a w/pm ratio of 0.6); this composition is referred to as 
GGBFS/FA 60/40. During the down-selection of the GGBFS/FA 60/40 formulation, it was noted that 
much of the R&D directed towards establishing the viability of cement-free saltstone utilized samples 
prepared with a Lafarge Grade 120 GGBFS whilst the Grade 120 GGBFS currently used in the production 
of saltstone is procured from Lehigh. As such, it was recommended that key properties influencing the 
near-term processing, early stage emplacement, and long-term performance of saltstone be evaluated 
for a GGBFS/FA 60/40 composition prepared with Lehigh Grade 120 GGBFS.  

With respect to near-term performance properties (minutes to hours after the saltstone slurry has 
been prepared), data defined in this report demonstrates that properties related to the processing of 
grout in the SPF and subsequent transfer to the Saltstone Disposal Unit (SDU) (i.e., grout flowability 
and set time) are not adversely impacted when using Lehigh Grade 120 GGFBFS. Tests defined by the 
American Society for Testing and Materials (ASTM) indicated a slump flow >36 inches (noting that the 
slump flow requirement for tank fill grout is 26 to 30 inches), and a set time (transformation to a non-
flowable solid) of approximately 22 hours. These data are analogous to both the cement-free 
formulation prepared with Lafarge GGBFS and the standard saltstone formulation, and indicate that 
the use of the cement-free saltstone (prepared with Lehigh GGBFS) would not compromise the ability 
to pump saltstone from the SPF to an SDU or its capacity to flow to the SDU extremities once emplaced.  

With respect to early stage saltstone emplacement within the SDU (hours to months), the bleed water 
(i.e., interior saltstone liquids that collect on the grout surface), and the reactive hydration heat 
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generated after a cement-free saltstone (containing Lehigh GGBFS) is emplaced in an SDU, are both 
comparable to the Lafarge GGBFS-containing counterpart. Bleed water generation must be kept low 
since any bleed must ultimately be drained and reprocessed through SPF. Cement-free samples 
prepared with Lehigh GGBFS exhibited 1.4 wt% bleed, which is comparable to the 1.2 wt% previously 
measured when using Lafarge GGBFS. Regarding reaction heat after placement, previous experiments 
have indicated that cement-free saltstone generates more heat than the standard GGBFS/FA/OPC 
45/45/10 composition, and that was confirmed when comparing cement-free and standard saltstone 
samples both prepared with Lehigh GGBFS (12-day heats: cement-free – 97 J/g; standard – 75 J/g). 
However, the 12-day heat for Lehigh GGBFS-containing cement-free samples was less than that 
previously measured for its Lafarge counterpart (12-day heats: Lehigh – 97 J/g; Lafarge – 125 J/g). 
Despite the higher reaction heat for the cement-free saltstone (with Lehigh GGBFS) in comparison to 
the standard saltstone, the SDU thermal model (a computer simulation used to predict SDU 
temperatures for different saltstone pour schedules) indicates that the maximum SDU 6 grout 
temperature limit of 75 °C, would not be compromised even when using aggressive (and likely 
unattainable) pouring scenarios.  

With respect to long-term performance (years to 1000s of years), the key properties of concern are 
saturated hydraulic conductivity (Ksat) (i.e., the rate of liquid transport through the saltstone monolith) 
and contaminant leaching characteristics. Ksat measurements were only conducted on cement-free 
samples, and initial data for samples cured for approximately 135 days and tested at an off-site 
laboratory indicated an average Ksat of 5.7E-09 cm/sec. This value is slightly higher than the value of 
2.0E-09 cm/sec defined in the Saltstone Disposal Facility (SDF) Performance Assessment (PA) and used 
to model the transport of liquid through the saltstone monolith. Additional Ksat measurements were 
made by the Savannah River Ecology Laboratory (SREL) on samples from the same saltstone batch. 
These samples had cured for approximately 180 days and the average Ksat was measured at 1.7E-09 
cm/sec, which is aligned with the value utilized in the SDF PA. Saltstone continues to cure for months 
and even years, and the process may result in fine structure development that serves to reduce the 
volume of connected pores, to increase the sample tortuosity, and to ultimately reduce the rate of 
liquid transport through the saltstone matrix. Additionally, continuous flow-through experiments 
through intact saltstone samples have indicated that Ksat may decrease by an order of magnitude as 
liquid continues to be transported through saltstone. 

Technetium-99 (Tc-99) and iodine-129 (I-129) are the main radionuclide contaminants that influence 
dose for the Saltstone Disposal Facility (SDF), and mercury (Hg) is the primary toxic chemical of concern 
since it has sporadically challenged (but not exceeded) leachate concentration limits when saltstone 
samples (produced with quarterly Tank 50 samples) have been subjected to Environmental Protection 
Agency (EPA) Test Method 1311, Toxicity Characteristic Leaching Procedure (or TCLP test). Radionuclide 
leaching behavior was assessed according to EPA Test Method 1315, Mass Transfer Rates of 
Constituents in Monolithic or Compacted Granular Materials Using a Semi-Dynamic Tank Leaching 
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Procedure, and a novel dynamic leaching method (DLM) co-developed by the Savannah River Ecology 
Laboratory and Savannah River Remediation LLC. EPA Test Method 1315 and DLM experiments 
comparing cement-free and standard saltstone (both produced with Lehigh Grade 120 GGBFS) confirm 
no significant difference in the leaching characteristics for either Tc-99 or I-129. Similarly, comparative 
TCLP measurements confirm analogous Hg leaching characteristics for the cement-free and standard 
formulations, and all samples indicated Hg TCLP concentrations lower than the Waste Acceptance 
Criteria (WAC) defined limit of 0.1 mg/L.  

In conclusion, the aforementioned experiments have demonstrated that the down-selected cement-
free formulation of GGBFS/FA 60/40 (when prepared with the Lehigh GGBFS currently utilized in 
saltstone production) exhibits acceptable and comparable near- and long-term performance to the 
corresponding cement-free material prepared with Lafarge GGBFS and to the standard GGBFS/FA/OPC 
45/45/10 composition (Table ES-1). 

Table ES-1: Property comparison for standard (GGBFS/FA/OPC 45/45/10) and cement-free 
(GGBFS/FA 60/40) formulations. All formulations made using w/pm of 0.6. 

Formulation Variables Processing Short-Term Storage Long-Term Storage 

GGBFS/FA/OPC 
(wt%) 

GGBFS 
Vendor 

GGBFS 
Grade 

Gel Time 
(min) 

Set Time 
(hr) 

Yield 
Stress (Pa) 

Viscosity 
(cP) 

Pass/ 
Fail 

Bleed 
Water (%) 

12-Day 
HoH (J/g) 

Pass/ 
Fail 

Ksat 
(cm/sec) 

Pass/ 
Fail 

45/45/10 Holcim 100 56 13 9.5 86.5 Pass 0.7 83 b Pass 2.00E-09 Pass 

60/40 Lafarge 120 36 20 7.3 58.1 Pass 1.2 125 Pass 2.00E-09 Pass 

60/40 Lehigh 120 NM 22 NM a NM a Pass 1.4 97 Pass 5.70E-09 c / 
1.7E-09 d Pass 

NM = Not Measured 
a Slump flow test >36 inches 
b 12-day HoH measured at 75 J/g for 45/45/10 formulation using Lehigh GGBFS Grade 120 
c Average Ksat for 3 samples measured at Wood Environment & Infrastructure Solutions, Inc. 
d Average Ksat for 3 samples measured at Savannah River Ecology Laboratory 
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1.0 INTRODUCTION 

Saltstone is a cementitious waste form utilized for the stabilization of low-level (radioactive) waste 
(LLW) at the Savannah River Site (SRS).  Saltstone slurry is formed at the Saltstone Production Facility 
(SPF) by currently combining the LLW (i.e., caustic salt solution contained in Tank 50) with a powder 
blend (termed the dry feeds or premix) of 45 weight percent (wt%) Lehigh Grade 120 ground granulated 
blast furnace slag (GGBFS) (http://www.lehighhanson.com/sites/lehigh-cement-company), 45 wt% 
Southeastern Fly Ash Company (SEFA) thermally beneficiated Class F fly ash (FA) 
(http://www.sefagroup.com), and 10 wt% Holcim Type I/II ordinary portland cement (OPC) 
(http://www.lafargeholcim.us).  The liquid and solid components are mixed at a water-to-premix 
(w/pm) mass ratio of approximately 0.6 (equivalent to a salt solution-to-premix mass ratio of 
approximately 0.82); this formulation has typically been designated as the standard GGBFS/FA/OPC 
45/45/10 saltstone mixture. The slurry is subsequently pumped into enclosed concrete structures, 
termed Saltstone Disposal Units (SDUs). Within the SDUs, the cementitious materials cure 
predominantly via the production of calcium silicate hydrate (CSH)-based gels that serve to bind the 
saltstone structure, ultimately producing a low-permeability saltstone waste-form, which is capable of 
encapsulating and retaining the hazardous salt waste constituents.  

The benefit of the minor (10 wt%) OPC component has been queried since the predominant mechanism 
associated with the formation of the aforementioned CSH gels is the dissolution and reaction of GGBFS 
in the highly alkaline salt solution (pH>13); referred to as alkali-activation of the GGBFS. Removing the 
OPC component from the saltstone formulation offers the significant advantage of increased dry feed 
silo utilization at the SPF, which in turn would enhance material handling logistics and support the 
increased saltstone production rates envisaged following the start-up of the Salt Waste Processing 
Facility (SWPF). Based on the perceived benefits of removing the OPC component, significant research 
and development (R&D) was conducted between 2012 and 2019 (summarized in SRR-CWDA-2019-
00003) to initially establish the feasibility of a “cement-free” saltstone and to subsequently determine 
if a preferred cement-free formulation provided equivalent performance to the currently utilized 
GGBFS/FA/OPC 45/45/10 saltstone mixture. The following three performance elements are key to the 
processing and application of saltstone: 

1. Saltstone Processing and Transfer to SDU (minutes to hours): The formation of a cohesive, low-
viscosity slurry that can be transferred a maximum distance of approximately 2000 ft. from the 
SPF to the mega-SDUs (SDU 6 and beyond) [G-AES-S-00004], and remain flowable (once inside 
the SDU) for a sufficient length of time to enable the movement of saltstone to the SDU 
extremities. As such, the saltstone slurry should not undergo significant gelation (formation of 
CSH-gel structure) or setting (transformation from a flowable slurry to a solid) during the SPF-
to-SDU transfer process and post-processing line clearing/flushing. 

http://www.lehighhanson.com/sites/lehigh-cement-company
http://www.sefagroup.com/
http://www.lafargeholcim.us/
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2. Early Stage Emplacement in the SDU (hours to months): Once inside the SDU, it is desired that 
the saltstone cures without producing significant bleed water or generating significant reaction 
heat. Bleed water is the water that migrates to the surface of saltstone due to the settlement 
of solid particles within the flowable slurry. Once the material has set, particle settlement is no 
longer a concern. Thus, while a longer set time might be advantageous from the perspective of 
transferring the saltstone slurry from the SPF to the SDU, it can be detrimental with respect to 
bleed water formation. Excessive bleed water is problematic since it must be drained from the 
SDU and ultimately reprocessed through the SPF.  

Heat is generated in saltstone as the dry feed components react with the caustic salt solution 
via hydraulic (OPC + water) and alkali-activated (GGBFS and FA + hydroxide) reaction 
mechanisms. Higher reaction heats result in higher temperatures within the SDU, which in turn 
might compromise the saltstone curing process (due to the loss of reaction water via 
evaporation) and increase the volatilization of organic components contained within the 
original salt waste. The latter contributes to the vapor space flammability within an SDU, and 
the maximum allowable grout temperature in a mega-SDU is 75 °C [SF-I-SD-0017]. 

3. Long-Term Emplacement in the SDU (years to 1000s of years): Saltstone is an example of a 
solidification/stabilization (S/S) technology, in which hazardous contaminants are physically 
encapsulated and/or chemically stabilized within a cementitious matrix after it solidifies (cures) 
via the formation of CSH gels. The gel material serves to bind the internal components of 
saltstone to produce a rigid structure with low permeability that ultimately decreases the 
exposure of the waste to infiltrating fluids. Saltstone is designed to facilitate the long-term 
retention of radioactive and toxic chemical contaminants. Of these, the radionuclides 
technetium-99 and iodine-129 and the heavy metal mercury are of particular concern. 

Given the near- and long-term property requirements of saltstone, it was necessary to demonstrate 
performance equivalence between the standard GGBFS/FA/OPC 45/45/10 and proposed cement-free 
formulations.  The aforementioned R&D (conducted from 2012 to 2019) was used to demonstrate the 
feasibility of cement-free saltstone and provide a comparative assessment to the standard formulation; 
a summary of this R&D is detailed in the Cement-Free Formulation Down-Select Report [SRR-CWDA-
2019-00003]. Ultimately, saltstone composed of 60 wt% GGBFS and 40 wt% FA (with a w/pm = 0.6) was 
down-selected as the most viable cement-free formulation; the comparative data between the 
standard and cement-free formulations (using a w/pm ratio of 0.6) that led to this determination (per 
Table 3-15 in SRR-CWDA-2019-00003) is provided in Table 1.  
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Table 1: Property comparison for standard (GGBFS/FA/OPC 45/45/10) and cement-free (GGBFS/FA 
60/40) formulations. 

GGBFS/FA/OPC 
(wt%) 

Key Saltstone Properties 

Processing Short-Term Storage Long-Term Storage 

Gel Time 
(min) 

Set Time 
(hr) 

Yield Stress 
(Pa) 

Viscosity 
(cP) 

Bleed 
Water (%) 

12-Day Heat of 
Hydration (J/g) 

Saturated Hydraulic 
Conductivity (Ksat ) 

(cm/sec) 

45/45/10 a 56 13 9.5 86.5 0.7 83.0 2.0E-09 

60/40/0 b 36 20 7.3 58.1 1.2 125.4 2.0E-09 

a GGBFS used was Holcim Grade 100 

b GGBFS used was Lafarge Grade 120 

With respect to processing, at a grout production rate of approximately 100 gallons per minute (gpm) 
it takes less than 10 minutes to transfer the mixed saltstone slurry 2000 ft. from the SPF to an SDU [G-
AES-S-00004], and thus the gel and set times for both formulations are not anticipated to impact SDU 
emplacement during normal SPF operations. Equally, the viscosities (similar to cooking oils) and the 
yield stress (i.e., the shear stress required to overcome particle-particle interactions and set the fluid 
in motion) are similar for both formulations; low viscosities and fluid yield stresses enhance the ability 
to pump the saltstone long distances from the SPF to the SDU.  

For short-term storage (hours to months after emplacement), bleed water formation and heat 
generation are the key properties of interest. Bleed water contents are virtually identical and both 
approximately 1%. In contrast, the heat of hydration (the joule energy produced by each gram of 
saltstone and hereafter abbreviated as HoH) is significantly higher for the cement-free formulation; 
this is not particularly surprising given the overall weight percent (wt%) increase in the major reactive 
components; i.e., 55 wt% for the standard mix (OPC + GGBFS) and 60 wt% for the cement-free mix 
(GGBFS) (note, that while the Class F FA is activated by the caustic solution, the dissolution and reaction 
rates are much slower in comparison to GGBFS). However, as previously discussed higher heat 
generation may lead to undesirably high saltstone temperatures within the SDU. As such, the down-
select report also summarizes preliminary results obtained from a computer simulation model that is 
capable of predicting grout temperatures in an SDU during the addition of heat-generating saltstone 
[SRR-CWDA-2019-00003]. It is noteworthy that the thermal model was benchmarked against measured 
thermocouple data from SDU 2A during the entire grout-filling process, and though the model matched 
the time-dependent temperature trends within the SDU, it conservatively overpredicted the 
temperature by approximately 5-10 °C. The benchmarked model was subsequently applied to 
estimating the temperatures in SDU 6 during aggressive (and potentially unattainable) cement-free 
saltstone pour schedules, the most conservative of which indicates continuous pouring for 12.3 days 
followed by a 46.6-day idle. Using this particular pour schedule resulted in a modeled maximum grout 
temperature of 75.1 °C (assuming a pour-start date of January 1st) and 76.1 °C (July 1st start date), both 
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of which slightly exceed the 75 °C imposed on SDU 6 [SF-I-SD-0017]. Further discussion and thermal 
model data (not detailed in the down-select report) will be provided in Section 5.0 

For long-term storage, the saturated hydraulic conductivity (Ksat) (indicated in Table 1) provides a 
measure of fluid transport rates through the pores of a fully-saturated cured saltstone monolith when 
subjected to a hydraulic gradient. Both formulations indicate Ksat values of 2.0E-09 cm/sec which is in 
agreement with both the 2009 Saltstone Disposal Facility (SDF) performance assessment (PA) (SRR-
CWDA-2009-00017) and the 2019 SDF PA (SRR-CWDA-2019-00001)1.  Further discussion of more recent 
cement-free Ksat data is provided in Section 3.0. With respect to toxic chemical and radioactive 
contaminant retention, no measurements were conducted on these properties prior to issuance of the 
down-select report, and thus Sections 6.0 and 7.0 provide the required comparative data between the 
standard and cement-free saltstone formulations. 

At this juncture it is important to note one key difference between the saltstone materials 
predominantly studied to ascertain the viability of cement-free saltstone (per Table 1 of this report and 
SRR-CWDA-2019-00003) and the materials currently used in the production of saltstone; i.e., that the 
down-selected cement-free samples detailed in SRR-CWDA-2019-00003 utilized a Grade 120 GGBFS 
supplied by Lafarge (www.lafargeholcim.us) in comparison to the Lehigh Grade 120 GGBFS currently 
used at SRS. Much of the preliminary work on cement-free saltstone validation was conducted between 
2012 and 2016 during which time Holcim Grade 100 GGBFS was used in the production of saltstone. As 
part of the cement-free feasibility study, the investigators sought to increase the reactivity of the 
GGBFS component by using a more reactive Grade 120 rather than Grade 100 material; the 
investigators chose to use Lafarge Grade 120 GGBFS to increase the reactivity [VSL-12R2420-1]. In 
2015, the Department of Energy (DOE) liquid waste contractor, Savannah River Remediation LLC (SRR), 
received notice from Holcim that the Grade 100 GGBFS would be discontinued, and thus a search was 
implemented for alternative GGBFS sources. A study [VSL-15R3740-1] that evaluated a number of 
different GGBFS sources (including both Lafarge and Lehigh Grade 120 GGBFS) determined that the 
Lehigh Grade 120 GGBFS was the best substitute for Holcim Grade 100 GGBFS. A major contributing 
factor in the choice of the Lehigh material was the lower heat generation in comparison to the Lafarge 
material. SRS subsequently commenced saltstone production using the alternate GGBFS in late 2015. 
As such, the property information provided in the down-select report [SRR-CWDA-2019-00003] 
pertains to a specific cement-free formulation (using Lafarge Grade 120 GGBFS) that may not be truly 
representative of the future-implemented cement-free saltstone (likely to be processed using Lehigh 
Grade 120 GGBFS). As such, additional property evaluation of the GGBFS/FA 60/40 saltstone mix 
(prepared with Lehigh Grade 120 GGBFS) was deemed necessary and is discussed in this report.  

 
1 The 2009 SDF PA (SRR-CWDA-2009-00017) utilizes a Ksat of 2.0E-09 cm/sec for Base Case modeling of liquid transport 
through saltstone while the 2019 SDF PA (SRR-CWDA-2019-00001) defines a maximum initial Ksat of 2.0E-09 cm/sec. 

http://www.lafargeholcim.us/
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Specifically: 

1. A 20-gallon batch of cement-free saltstone was prepared [SRR-CWDA-2019-00044] and 
subjected to specific American Society for Testing and Materials (ASTM) test methods in order 
to evaluate: 

a. Fresh grout properties applicable to processing (e.g., slump flow and set time). 

b. Short-term emplacement properties (e.g., bleed water generation). 

c. Long-term emplacement properties (e.g., Ksat). 

Data associated with this scope is detailed in Sections 2.0 and 3.0. In addition to the 
aforementioned properties, compressive strength was also measured after the cement-free 
formulation had been allowed to cure for 28 and 90 days. 

2. The down-select report [SRR-CWDA-2019-00003] provides details regarding the heat of 
hydration (HoH) for a Lehigh GGBFS-containing cement-free saltstone, and its subsequent use 
in the SDU thermal model to predict the maximum saltstone temperature attained in SDUs 
during complete filling. As part of the scope considered in this report, the HoH of cement-free 
saltstone was remeasured for confirmation. During confirmation testing, the HoH for the 
standard saltstone formulation (i.e., GGBFS/FA/OPC 45/45/10) using the same Lehigh GGBFS, 
SEFA FA, and simulant salt solution was also measured. The purpose for this was to allow for a 
direct comparison of the heat generated by the two saltstone formulations (i.e., standard vs. 
cement-free)2. In addition, the SDU thermal model was re-run using additional (and 
hypothetical) saltstone pour schedules. Data associated with this scope is detailed in Sections 
4.0 (HoH) and 5.0 (SDU thermal model). 

3. The leaching characteristics of Tc-99 and I-129 from intact saltstone samples (both standard 
and cement-free compositions) have been evaluated by an Environmental Protection Agency 
(EPA) prescribed semi-dynamic leaching test (EPA Test Method 1315, Mass Transfer Rates of 
Constituents in Monolithic or Compacted Granular Materials Using a Semi-Dynamic Tank 
Leaching Procedure; available at https://www.epa.gov/sites/production/files/2017-
10/documents/method_1315_-_final_8-3-17.pdf), and a dynamic leaching method (DLM) co-
developed by the Savannah River Ecology Laboratory (SREL) and SRR [SREL-R-14-0007]. Data 
associated with this scope is detailed in Section 6.0. As part of this scope, the comparative 
reduction capacity (i.e., the ability of chemical constituents contained within saltstone to 
donate electrons) of cement-free and standard saltstone compositions was also evaluated. 

 
2 Previous standard saltstone samples prepared for HoH testing utilized different GGBFS materials (i.e., Holcim Grade 100) 
and simulant salt solutions (e.g., Actinide Removal Process – Modular Caustic Side Solvent Extraction Unit (ARP-MCU) 
simulant). 

https://www.epa.gov/sites/production/files/2017-10/documents/method_1315_-_final_8-3-17.pdf
https://www.epa.gov/sites/production/files/2017-10/documents/method_1315_-_final_8-3-17.pdf
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Comparative mercury leaching has been assessed via the Toxicity Characteristic Leaching 
Procedure (TCLP) (EPA Test Method 1311, Toxicity Characteristic Leaching Procedure; available 
at https://www.epa.gov/sites/production/files/2015-12/documents/1311.pdf), which utilizes a 
size-reduced (crushed and sieved) saltstone sample. Regulatory requirements for the 
disposition of saltstone at SRS dictate that the TCLP test be conducted using saltstone prepared 
from salt solution samples retrieved from Tank 50 [X-SD-Z-00004]. In parallel to preparing the 
standard saltstone formulation (i.e., GGBFS/FA/OPC 45/45/10), the Savannah River National 
Laboratory (SRNL) has recently begun concurrent TCLP testing of cement-free samples prepared 
using the Tank 50 samples. Data associated with this scope is detailed in Section 7.0.  

Unless noted otherwise, all data subsequently presented in this report is associated with the 
preparation of cement-free (GGBFS/FA 60/40; w/pm = 0.6) or standard saltstone (GGBFS/FA/OPC 
45/45/10; w/pm = 0.6) compositions prepared using a predicted salt solution simulant associated with 
processing waste through the SWPF (Table 2). In the down-select report this salt simulant is referred 
to as the New SWPF solution [SRR-CWDA-2019-00003]. 

Table 2: Chemical components and concentrations to produce the SWPF salt waste simulant. 

Chemical Components 
Concentration 

M g/L 

Sodium Hydroxide NaOH (50 wt%) 2.391 191.3 

Sodium Nitrate NaNO3 1.475 125.4 

Sodium Nitrite NaNO2 0.583 40.2 

Sodium Carbonate Na2CO3 0.262 27.7 

Aluminum Nitrate Al(NO3)3.9H2O 0.142 53.1 

Sodium Sulfate Na2SO4 0.055 7.8 

Sodium Phosphate Na3PO4.12H2O 0.004 1.7 

2.0 FRESH PROPERTY ANALYSIS 

With respect to future work on the saltstone slurry (fresh) properties, the down-select report [SRR-
CWDA-2019-00003] states that a limited fresh property assessment of the GGBFS/FA 60/40 
composition should be considered since the cement-free viability and optimization studies utilized 
Lafarge Grade 120 GGBFS rather than Lehigh Grade 120 GGBFS. It is noteworthy, however, that the 
2015 study [VSL-15R3740-1] implemented to find a replacement GGBFS when production of the 
historically utilized Holcim Grade 100 ceased, indicated only minor differences in fresh properties for 
the Lehigh and Lafarge GGBFS when used in the preparation of standard GGBFS/FA/OPC 45/45/10 
saltstone. As such, major deviations in the fresh properties of cement-free samples utilizing the two 
GGBFS materials was not anticipated. 

https://www.epa.gov/sites/production/files/2015-12/documents/1311.pdf
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In order to satisfy the requirement of specifically analyzing the fresh properties of cement-free 
saltstone prepared with Lehigh Grade 120 GGBFS, System One (an onsite concrete testing laboratory) 
was tasked with preparing and testing a 20-gallon batch of material [SRR-CWDA-2019-00044]. Figure 1 
presents photos associated with the preparation of the batch, which consisted of approximately 93.6 
lbs (42.5 kg) Lehigh Grade 120 GGBFS, 62.4 lbs (28.3 kg) SEFA Class F FA, and 127.8 lbs (58.0 kg) of SWPF 
salt waste simulant.  

 

Figure 1: Batching of cement-free saltstone (containing Lehigh GGBFS) at System One.  

The following ASTM fresh property tests were conducted on the materials (the consolidated System 
One data sheets are provided in Attachment 1 and the results are summarized in Table 3): 

ASTM C1611/C1611M-18, Standard Test Method for Slump Flow of Self-Consolidating Concrete – This 
test measures the spreading distance that occurs when a retained slurry sample is released. The larger 
the spread the more flowable the sample. Figure 2 indicates the pre- and post-slump cement-free 
samples. Upon release, the sample spread beyond the 36-inch extremity of the measuring board 
indicating a highly-flowable material. It is important to note that the slump flow test does not provide 
a quantifiable value that is directly comparable to the rheological data for viscosity and fluid shear 
stress provided in the down-select report [SRR-CWDA-2019-00003]. Nonetheless the slump flow does 
provide definitive evidence of the flowable nature of the cement-free slurry. As a means of comparison, 
the tank closure grout used to fill emptied waste tanks at SRS is required to have a slump flow of 26-30 
inches [C-SPP-F-00055]. 
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Figure 2: Slump flow testing cement-free saltstone (containing Lehigh GGBFS) at System One. 

ASTM C232/C232M-14, Standard Test Method for Bleeding of Concrete – This test measures the 
proportion (wt%) of the original liquid content in the cement-free mixture that rises to the surface of 
the sample (samples are covered to prevent water loss via evaporation). Figure 3 shows the bleed water 
samples, each approximately 14 liters (3.7 gallons); note that three samples were prepared for testing 
but reactivity between two new (and unconditioned) metal containers and the caustic grout rendered 
these two samples unusable. The bleed water measured for the third cement-free sample (in an older 
conditioned container) was approximately 1.4%, which is comparable to the 1.2% indicated in the 
down-select report [SRR-CWDA-2019-00003] when testing samples prepared with Lafarge GGBFS. 
Bleed water formation ceased approximately 5 hours after the mix was prepared. 

 

Figure 3: Bleed water testing cement-free saltstone (containing Lehigh GGBFS) at System One. 

ASTM C191-18a, Standard Test Methods for Time of Setting of Hydraulic Cement by Vicat Needle – 
This test measures the slurry set (or stiffening) time by allowing a needle (termed the Vicat needle) to 
drop onto the surface of the sample. Setting is considered to have occurred when the contacting 
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surface of the needle fails to completely penetrate the sample surface. Based on this test, the set time 
for the cement-free saltstone (with Lehigh GGBFS) was measured at approximately 22 hours which is 
in good agreement with the 20 hours measured for samples prepared with Lafarge GGBFS (Table 1). 

ASTM C138/C138M-17a, Standard Test Method for Density (Unit Weight), Yield, and Air Content 
(Gravimetric) of Concrete – Sample air content and yield (i.e., the volume of material produced in a 
batch) are not directly relevant to the comparative assessment between cement-free saltstone 
formulations using different GGBFS materials and the standard saltstone formulation. However, slurry 
density (or unit weight) is a property often measured when performing saltstone-related R&D. The 
slurry density of a GGBFS/FA 60/40 sample with a 0.6 w/pm ratio [Mix ID# 1.00M3 in Table 3-9 of SRR-
CWDA-2019-00003] indicates a slurry (or fresh) density of 1.69 g/cm3, which is in excellent agreement 
with the System One measurement of 105.3 lbs/cu.ft (or 1.69 g/cm3) (noting however that the 
comparative samples were prepared with different salt solutions, which might be expected to result in 
marginal density differences).  

Table 3: Fresh property data for cement-free saltstone prepared and tested by System One. 

Slump Flow (inches) 
ASTM C1611/C1611M-18 

Bleed Water (%) 
ASTM C232/C232M-14 

Setting Time (hours) 
ASTM C191-18a 

Fresh Density (g/cm3) 
ASTM C138/C138M-17a 

>36 1.4 22 1.69 

3.0 CURED PROPERTY ANALYSIS 

The batch of cement-free saltstone produced by System One and utilized for fresh property testing was 
also used for pouring cylinders that were cured and subsequently tested with respect to compressive 
strength and Ksat. Compressive strength testing was not specifically identified in the down-select report 
with respect to future work [SRR-CWDA-2019-00003], but it is a simple test and can potentially 
highlight sample anomalies that may impact other key measurements of interest (e.g., Ksat). 
Compressive strength and Ksat data are discussed in the subsequent text and summarized in Table 4.  

Table 4: Compressive strength and Ksat data for cement-free saltstone prepared by System One. 

Average Compressive 
Strength (psi) 

ASTM C39/C39M-18 

Average Ksat (cm/sec) 
ASTM D5084-16a 

28-day 90-day WOOD SREL 

2000 2610 5.7E-09 1.7E-09 

ASTM C39/C39M-18, Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens – 4-inch (diameter) by 8-inch (height) cylinders were cured for 28 and 90 days and tested 
with respect to compressive strength. Figure 4 presents the samples before and after compressive 
strength testing. The average strengths (of triplicate samples) were 2000 and 2610 psi at 28 and 90 



  SRR-CWDA-2020-00008 

  10 of 40  

days, respectively. Compressive strength is not a critical property for saltstone, and the requirement is 
that it merely exceeds 500 psi [T-CLC-Z-00006]; however, compressive strength often correlates 
inversely with Ksat (i.e., as compressive strength increases so Ksat decreases). 

 

Figure 4: Compressive strength samples of cement-free saltstone (containing Lehigh GGBFS) at 
System One before (left image) and after (middle and right images) 90-day compressive strength 

testing. 

ASTM D5084-16a, Standard Test Methods for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using A Flexible Wall Permeameter – As previously stated, Ksat provides a measure 
of fluid transport rates through the pores of a fully saturated cured saltstone monolithic sample when 
subjected to a hydraulic gradient. This property is a key input with respect to the long-term ability 
(1000s of years) of saltstone to resist water ingress and subsequent contaminant migration to the 
surrounding environment.  The maximum initial Ksat value indicated in the SDF PA is 2.0E-09 cm/sec 
[SRR-CWDA-2019-00001] though it is important to note that “initial” refers to the point at which the 
SDF is closed (currently envisaged as 2037). Three 3-inch (diameter) by 6-inch (height) cylinders were 
cured for approximately 135 days and subsequently tested for Ksat by Wood Environment & 
Infrastructure Solutions, Inc. (Atlanta, GA) [SRR-CWDA-2019-00130]. The Ksat values were 3.1, 5.2, and 
8.7E-09 cm/sec (refer to Attachment 2), resulting in an average Ksat of 5.7E-09 cm/sec; this value is 
slightly higher than the 2.0E-09 cm/sec defined in the SDF PA. However, additional Ksat measurements 
were made by SREL on samples from the same saltstone batch; these samples had cured for 
approximately 180 days and the average Ksat was measured at 1.7E-09 cm/sec (refer to Attachment 3), 
which is aligned with the value utilized in the SDF PA. Saltstone continues to cure for months and even 
years, and the process may result in fine structure development that serves to decrease the volume of 
connected pores, to increase the sample tortuosity, and to ultimately reduce the rate of liquid 
transport through the grout. Additionally, continuous flow-through experiments (i.e., DLM – refer to 
Section 5.0) have indicated that Ksat may decrease by an order of magnitude as liquid continues to be 
transported through saltstone. 
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4.0 HEAT OF HYDRATION 

Comparative HoH was evaluated for cement-free and standard saltstone formulations prepared with 
Lehigh Grade 120 GGBFS and the SWPF salt simulant indicated in Table 2. These samples were analyzed 
since previous measurements of the standard saltstone compositions utilized either a different GGBFS 
or different simulant salt solution, and thus did not facilitate direct sample comparison. Hydration 
measurements were conducted on an 8-channel TAM Air isothermal calorimeter (TA Instruments, New 
Castle, DE 19720) in accordance with ASTM C1702-17, Standard Test Method for Measurement of Heat 
of Hydration of Hydraulic Cementitious Materials Using Isothermal Conduction Calorimetry. The 
measurement protocol also utilized two ASTM Cement and Concrete Reference Laboratory (CCRL) 
reference cement samples that were run in parallel with the triplicate cement-free and standard 
saltstone samples to ensure the equipment was operating correctly. Figures 5 and 6 indicate the 
cumulative heat generated for cement-free and standard saltstone samples, respectively. After 
approximately 300 hours (12.5 days) of curing, the cement-free samples generate a cumulative 
normalized heat of 97 J/g compared to 75 J/g for the standard saltstone, thereby confirming the 
assertion of previous investigations that cement-free saltstone generates more hydration heat 
(approximately 30% after 300 hours according to the data presented in Figures 5 and 6). The cumulative 
heat of 97 J/g for the Lehigh GGBFS-containing GGBFS/FA 60/40 sample is also less than that recorded 
for equivalent sample prepared with Lafarge GGBFS (Table 1 – 125 J/g after 12 days). As subsequently 
indicated in Section 5.0, the increased heat is not expected to result in SDU temperatures that would 
exceed the SDU 6 limit of 75 °C [SF-I-SD-0017]. Also highlighted in Section 5.0 is the excellent 
agreement between cement-free HoH data measured in 2019 for this report (Figure 5) and in 2018 for 
use in the SDU thermal model [SRR-CWDA-2019-00012]. Figure 7 (in Section 5.0) compares the two 
data sets.  
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Figure 5: HoH data (cumulative heat) for triplicate cement-free saltstone samples (Ch = TAM Air 
channel; L = Lehigh Grade 120 GGBFS; SWPF = SWPF salt solution simulant).  

 

Figure 6: HoH data (cumulative heat) for triplicate standard saltstone samples (Ch = TAM Air 
channel; L = Lehigh Grade 120 GGBFS; SWPF = SWPF salt solution simulant). 
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5.0 THERMAL MODELING 

Included in the down-select report [SRR-CWDA-2019-00003] were results from a computational fluid 
dynamics (CFD) model that was developed using ANSYS FLUENT to model the heat generated and 
transferred during the filling of an SDU with saltstone. The primary purpose of the model was to 
establish the maximum grout temperature within SDU 6 during the addition of cement-free saltstone. 
In the down-select report, maximum temperature data was provided for the most aggressive (and likely 
unattainable) pour schedule of 12.3 days of continuous pouring followed by 46.6 days of non-
processing. This data indicated that the SDU 6 limit for saltstone grout of 75 °C (after SDU 
emplacement) could be compromised with the maximum modeled temperature reaching 76.1 °C. 
However, the down-select report [SRR-CWDA-2019-00003] also noted the following information that 
reflected the conservative nature of the model: 

• The model-predicted grout temperatures associated with the filling of SDU 2A (in 2013/2014) 
were approximately 5-10 °C higher than the actual measured grout temperatures. 

• The current model did not simulate heat transfer via convection in the SDU vapor space; 
convection was omitted in order to simplify the model and increase run-time efficiency. 

• The model utilized extremely aggressive and potentially unattainable grout pour schedules. 

Ultimately, the down-select report [SRR-CWDA-2019-00003] recommended continued development of 
the SDU thermal model to enhance the runtime efficiency and ease of use, and to evaluate the 
sensitivity of input parameters and heat transfer modes (i.e., convection) in determining the cause of 
conservative maximum grout temperatures, and faster rates of grout cooling compared to grout in the 
SDU. Though not necessarily relevant to this report, both the model runtime efficiency and ease of use 
were optimized as detailed in G-ESR-Z-00028, and ultimately, it was decided that including convection 
as a heat transfer mode (in order to reduce the overprediction of the maximum grout temperatures) 
would result in a less conservative and more complex model with longer run-times. The validity of 
model was also reconfirmed by benchmarking against time- and height-dependent temperatures 
measured in SDU 5A [G-ESR-Z-00029], and the model subsequently used (with the cement-free HoH as 
an input) for predicting the thermolytic hydrogen generation rates during the filling of a mega-SDU 
(refer to X-ESR-Z-00045 and S-CLC-Z-00121). With respect to maximum grout temperatures associated 
with filling SDUs with cement-free saltstone, the thermal model was ultimately used to estimate the 
maximum saltstone temperature when adding cement-free saltstone to SDU 6 under the three 
following pour scenarios (with a January 1st start date) [SRR-CWDA-2019-00012]: 

• Long Pour: 12.3 days continuous pouring + 46.6 days idling. 
• Biweekly Pour: 70.35 hours continuous pouring + 265.65 hours idling. 
• Weekly Pour:  35.17 hours continuous pouring + 132.83 hours idling. 
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The maximum grout temperatures (predicted by the SDU thermal model) for each pour scenario during 
the first year of pouring are indicated in Table 5. 

Table 5: Maximum SDU grout temperatures utilizing different pour schedules for adding cement-
free saltstone into SDU 6. 

Pour Schedule Maximum Grout Temperature (°C) 

Long Pour (ON: 12.3 days; OFF: 46.6 days) 75.1 

Biweekly Pour (ON: 70.35 hours; OFF: 265.65 hours) 60.4 

Weekly Pour (ON: 35.17 hours; OFF: 132.83 hours) 52.5 

This data indicates that if the 5-10 °C temperature overprediction is taken into account, then even 
under the most aggressive (and likely unattainable) pour scenarios, saltstone grout emplaced in the 
SDU 6 will not exceed the temperature limit of 75 °C [SF-I-SD-0017]. 

With respect to the SDU thermal model, it is also noteworthy that the HoH data utilized in the model 
for cement-free saltstone was confirmed by the analysis presented in Figure 7 of this report. Figure 7 
indicates excellent data agreement between the data presented in this report (measured in 2019) and 
data utilized in the thermal model (SRR-CWDA-2019-00012 - measured in 2018).  
 

 

Figure 7: Comparison of HoH for cement-free saltstone (utilizing Lehigh GGBFS and SWPF simulant 
salt solution) measured for this report and in 2018 for use in the SDU thermal model. 

 



  SRR-CWDA-2020-00008 

  15 of 40  

6.0 RADIONUCLIDE LEACHING BEHAVIOR 

Regarding future work, the down-select report [SRR-CWDA-2019-00003] recommended that cement-
free saltstone be evaluated with respect to the leaching behavior of key radioactive contaminants 
contained within the salt solution. The two primary dose drivers associated with the SDF PA are Tc-99 
and I-129 [SRR-CWDA-2019-00001]. Cement-free (GGBFS/FA 60/40) and standard saltstone 
(GGBFS/FA/OPC 45/45/10) samples were prepared with Lehigh GGBFS and the SWPF simulant salt 
solution defined in Table 2. The salt solution was spiked with 19,000 pCi/mL Tc-99 and 15 pCi/mL I-129, 
which approximate the concentrations historically measured in Tank 50 [SRNL-STI-2014-00203 for 
1QCY14: where Q = quarter and CY = calendar year]. Samples were cured for approximately 9 months 
and subsequently subjected to two leaching tests; namely, (1) EPA Test Method 1315, and (2) DLM.  

EPA Test Method 1315 
EPA Test Method 1315 is referred to as a semi-dynamic leaching test in which intact cylindrical 
saltstone samples are immersed in an artificial groundwater (AGW) simulant for a period of 63 days. 
Throughout the testing period, the entire liquid (or leachate) volume is removed at pre-defined time 
intervals and replaced with fresh AGW. Removed leachate is subsequently analyzed with respect to the 
chemical species of interest. For the cement-free and standard saltstone materials the concentrations 
of Tc-99, I-129, and nitrate (NO3-) were measured in each leachate; nitrate is measured since it is 
expected to be poorly retained in both saltstone formulations, and thus serves as a confirmatory 
measurement of the data. A more detailed description of the test is provided in SRRA099188-000010. 
Figures 8 through 10 show the comparative cumulative percentages leached (from cement-free and 
standard saltstone samples) for Tc-99, I-129, and NO3-, respectively. For all species, the leaching 
behavior is fairly consistent between the cement-free and standard saltstone samples. Not 
unexpectedly, the poorly retained NO3- indicates the highest leached % at approximately 20%. I-129 is 
also known to be poorly retained in cementitious matrices since it does not form a stable precipitate 
within saltstone. In contrast, Tc-99 can be reduced in the saltstone matrix from its high solubility 
pertechnetate form (TcO4-) into low solubility hydrated technetium oxides (TcO2.xH2O); hence, Tc-99 
indicates the lowest leached % of the three species. It is also noteworthy that the data for these 
samples is in agreement with data previously reported for simulant GGBFS/FA/OPC 45/45/10 samples 
and actual samples extracted from SDU 2A [SREL Doc No: R-16-0003]. From the leachate concentration 
data measured for EPA Test Method 1315, the effective diffusivity (De) (in cm2/sec) and leachability 
index (LI) (where LI = -log[De]) of each species can be calculated for each time interval. Both parameters 
are generally reported as an average to reflect leaching characteristics over the entire test period of 63 
days (refer to Table 6). A lower De, and therefore higher LI, are synonymous with reduced leaching 
rates. Ultimately, both the cement-free and standard saltstone samples indicate almost identical values 
of De and LI. 
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Figure 8: Cumulative % of total Tc-99 leached from cement-free and standard saltstone during EPA 
Test Method 1315. 

 

Figure 9: Cumulative % of total I-129 leached from cement-free and standard saltstone during EPA 
Test Method 1315. 



  SRR-CWDA-2020-00008 

  17 of 40  

 

Figure 10: Cumulative % of total NO3- leached from cement-free and standard saltstone during EPA 
Test Method 1315. 

Table 6: Tc-99, I-129, and NO3- effective diffusivities and leachability indices for cement-free and 
standard saltstone. 

Saltstone 
Tc-99 I-129 NO3- 

De (cm2/sec) 
(Average) LI (Average) De (cm2/sec) 

(Average) LI (Average) De (cm2/sec) 
(Average) LI (Average) 

Cement-Free 5.7E-11 10.5 4.4E-09 8.5 7.4E-09 8.2 

Standard 5.3E-11 10.4 3.3E-09 8.8 9.2E-09 8.2 

Dynamic Leaching Method 

DLM utilizes a flexible-wall permeameter (typically used for Ksat measurements) to achieve saturated 
leaching under an elevated hydraulic gradient that is intended to simulate and accelerate the transport 
of groundwater through saltstone. The technique has been used to evaluate the time-dependent 
dynamic leaching behavior of simulant materials and actual saltstone cores retrieved from SDU 2A 
[SREL Doc No: R-16-0003]. The method allows the continuous flow (albeit at very slow rates of 
approximately 0.05 – 0.25 mL/day) of AGW through the sample and periodic evaluation of the leachate 
for contaminant concentrations, pH and Eh (reduction potential). Cumulative % of total Tc-99 and I-129 
(for duplicate samples) from SRRA099188-000010 are presented in Figures 11 and 12, respectively. The 
data is plotted against the pore volumes exchanged within each sample. A pore volume is equal to the 
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total pore space within a saltstone sample (approximately 55-60% of the sample’s volume), and the 
concept of pore volumes exchanged, in which infiltrating water replaces the existing pore volume, is 
used to model contaminant release in the SDF PA [SRR-CWDA-2019-00001].  

 

Figure 11: Cumulative % of total Tc-99 leached from cement-free and standard saltstone during 
DLM testing. 

 

Figure 12: Cumulative % of total I-129 leached from cement-free and standard saltstone during 
DLM testing. 
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With respect to the leaching characteristics of Tc-99, in general the data suggests that for a given pore 
volume of liquid transported through the sample, the cumulative % of total Tc-99 leached is higher for 
the standard saltstone samples. However, with less than 2% of total Tc-99 leached for each sample, it 
is perhaps difficult to assert that cement-free saltstone provides enhanced Tc-99 retention since 
previous DLM tests have shown that the Tc-99 leach rate continues to fluctuate as more pore volumes 
are exchanged through the samples [SREL Doc No: R-16-0003]. In contrast, the leaching behavior of 
I-129 appears similar for cement-free and standard saltstone samples, and as anticipated, I-129 is 
leached at a significantly faster rate than Tc-99. Note that this report is intended only to establish 
equivalent leaching characteristics for cement-free saltstone in comparison to the standard saltstone 
formulation; for additional discussion regarding time-dependent variations in species leachate 
concentrations, pH and Eh, the reader is directed to SRRA099188-000010. 

Since DLM testing essentially utilizes the equivalent equipment and methodology used for Ksat 

measurements, it is also possible to evaluate changes in Ksat with pore volumes exchanged. Figure 13 
indicates the change in Ksat with pore volumes exchanged for the cement-free and standard saltstone 
samples. Three of the samples indicate close to an order-of-magnitude decrease in Ksat from E-10 
cm/sec to E-11 cm/sec. In contrast, the fourth sample exhibited an initial Ksat of approximately 5E-11 
cm/sec, which has essentially remained unchanged. Regarding the observed Ksat reduction, it is 
important to acknowledge, however, that mechanisms associated with the phenomenon have not 
been determined. 

 

Figure 13: Variation in Ksat with pore volumes exchanged for cement-free and standard saltstone 
samples. 
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Reduction Capacity 

As indicated previously, a portion of the scope in evaluating the comparative contaminant retention 
for cement-free and standard saltstone materials was directed to measuring the inherent reduction 
capacity of each material. The data in Table 7 reflects the average reduction capacities (in electron 
micro equivalents per gram of saltstone (µeq e-/g)). The values for cement-free and standard saltstone 
are essentially identical and are also in agreement with the values between 500-650 µeq e-/g defined 
in the SDF PA [SRR-CWDA-2019-00001]. 

Table 7: Reduction capacities of standard and cement-free saltstone materials. 

GGBFS/FA/OPC (wt%) 

Reduction Capacity 
(µeq/g) 

Average St. Dev. 

45/45/10 640 14 

60/40/0 625 23 

7.0 MERCURY LEACHING BEHAVIOR 

Salt solution is routinely retrieved from Tank 50 for chemical and physical analysis. To meet regulatory 
requirements for dispositioning the SRS salt solution as a solidified, cementitious waste-form, a portion 
of the salt solution retrieved from Tank 50 is used to prepare a laboratory-scale saltstone sample that 
is cured for a minimum of 28 days and subsequently subjected to TCLP testing (EPA Test Method 1311). 
The TCLP test was designed by the EPA to determine the mobility of inorganic and organic hazardous 
constituents in liquid, solid, and multiphase wastes. For solid wastes, like saltstone, the TCLP test 
essentially involves combining a given mass of saltstone (size-reduced to pass through a 9.5-mm (0.375-
inch) sieve opening) with an extractant solution (equivalent to 20 times the mass of the saltstone 
sample), agitating the combined materials for a period of 18 hours, and then measuring the 
concentrations of the various constituents in the TCLP leachate solution. In recent years mercury levels 
in the TCLP leachates have sporadically increased despite little variation in the mercury concentrations 
measured in the Tank 50 salt solution. This is demonstrated in Figure 14 (reproduction of Figure 1 in 
SRRA099188-000008), which indicates the total mercury concentrations in the Tank 50 salt solution 
and the corresponding TCLP leachates for quarters ranging from 3QCY17 to 1QCY19. It should be noted 
that the total mercury concentration in the TCLP extractants for 1Q-3QCY18 did not exceed the limit of 
0.2 mg/L defined by the Resource Conservation and Recovery Act (RCRA) or the lower limit of 0.1 mg/L 
defined by the Waste Acceptance Criteria (WAC) for the SPF that was in place at the time of testing [X-
SD-Z-00001].   
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Figure 14: Total mercury concentrations measured in Tank 50 salt solutions and TCLP leachate 
solutions from 3QCY17 through 3QCY19 (WAC and regulatory limits for Total Hg in TCLP leachates 

indicated). [Adapted from Figure 1 in SRRA099188-000008] 

Based on the variability of the Hg TCLP data, and the fact that a definitive cause for this behavior has 
yet to be determined, it is important to confirm that the cement-free formulation will demonstrate (at 
a minimum) equivalent performance to the standard saltstone. As such, recent samples prepared and 
tested for regulatory compliance have included both the standard and cement-free formulations. Initial 
comparative TCLP testing for cement-containing and cement-free saltstone samples is provided in 
Table 8.   

Table 8: Comparative Hg TCLP data for cement-free and standard saltstone formulations. 

Salt Solution Sample 

Total Hg Concentration in 
TCLP Leachate (mg/L)  

Cement-Free Standard 

Tank 50 2QCY18 [SRNL-L3300-2018-00067] 0.0342 0.0588 

Tank 50 2QCY19 [SRNL-STI-2019-00577] 0.0054 0.0036 

Tank 50 3QCY19 [SRNL-STI-2019-00702] 0.0015 0.0016 

Tank 21 Salt Batch 11 [SRNL-L3300-2019-00031] 0.00428 0.0169 

 
TCLP data for saltstone prepared with Tank 50 solution indicates very similar behavior for cement-free 
and standard formulations. For 2QCY18, the Hg concentration in the leachate of the standard saltstone 
sample was slightly higher at 0.0588 mg/L compared to 0.0342 mg/L for the cement-free sample. This 
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trend was reversed for the 2QCY19 Tank 50 salt solution for which the Hg concentration in the TCLP 
leachate was slightly higher for the cement-free sample at 0.0054 mg/L in comparison to 0.0036 mg/L 
for the standard formulation; note the near order-of-magnitude decrease in Hg concentration between 
2QCY18 and 2QCY19.  For 3QCY19, the Hg in the TCLP leachates was essentially the same at 0.0016 and 
0.0015 mg/L for standard and cement-free samples, respectively. Lastly, decontaminated salt solution 
(DSS) from Tank 21 was also used to prepare cement-free and standard saltstone TCLP samples, and 
for these samples the Hg concentration in the TCLP leachate was shown to be 4 times higher for the 
standard saltstone sample; i.e., 0.0169 mg/L compared to 0.00428 mg/L for the cement-free sample. 
Two of the three comparative TCLP measurements indicate lower Hg TCLP leachate concentrations for 
the cement-free saltstone, though of course it is impossible to assert enhanced Hg retention by the 
cement-free formulation from this limited amount of data. At best, it is possible to claim that both 
formulations indicate similar performance, and for each test the Hg leachate concentrations were 
below the WAC-defined limit of 0.1 mg/L.  

8.0 CONCLUSION 

This report details data related to the comparative performance confirmation of a cement-free 
GGBFS/FA 60/40 formulation prepared with Lehigh Grade 120 GGBFS (as recommended in the down-
select report (SRR-CWDA-2019-00003)) to a correlative cement-free composition utilizing Lafarge 
Grade 120 GGBFS and/or the standard GGBFS/FA/OPC 45/45/10 saltstone composition. Data for fresh 
slurry flowability and set time indicate no adverse performance impacts associated with the GGBFS/FA 
60/40 saltstone formulation prepared with Lehigh Grade 120 GGBFS. Equally, the near-term properties 
demonstrated by the Lehigh GGBFS-containing saltstone, that are relevant after initial grout 
emplacement in an SDU (i.e., bleed and reaction heat generation), were acceptable and essentially 
equivalent to those measured for the corresponding Lafarge GGBFS-containing material. However, as 
previously observed the cement-free saltstone did generate more reaction heat than the standard 
formulation, though the SDU thermal model confirmed that the maximum temperature limit of 75 °C 
for SDU 6 would not be compromised. Long-term properties of interest include Ksat and leaching 
characteristics of Tc-99, I-129, and Hg. Initial Ksat evaluation indicated an average value of 5.7E-09 
cm/sec, which is slightly higher than the 2.0E-09 cm/sec assumed in the SDF PA. However, additional 
testing (following longer curing times of the samples from the same saltstone batch) indicated an 
average Ksat of 1.7E-09 cm/sec, which aligns with the SDF PA assumption. With respect to leaching 
behavior of Tc-99, I-129, and Hg, testing demonstrated equivalent performance between the Lehigh 
GGBFS-containing and the standard saltstone formulations. Hence, this report confirms the viability of 
cement-free saltstone with respect to replacing the currently utilized GGBFS/FA/OPC 45/45/10 
formulation. 
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10.0 ATTACHMENTS 

ATTACHMENT 1: Fresh and Cured Property Data (System One) 

ATTACHMENT 2: Saturated Hydraulic Conductivity Data (Wood Environment & Infrastructure 
Solutions, Inc.) 

ATTACHMENT 3: Saturated Hydraulic Conductivity Data (Savannah River Ecology Laboratory) 
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ATTACHMENT 1: Fresh and Cured Property Data (System One) 
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ATTACHMENT 2: Saturated Hydraulic Conductivity Data (Wood Environment & Infrastructure 
Solutions, Inc.) 
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ATTACHMENT 3: Saturated Hydraulic Conductivity Data (Savannah River Ecology Laboratory) 
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