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Summary 

This report summarizes the work performed under FY23 LDRD “Evaluation of HLW Sludge 
Processing Behavior”. The U.S. Department of Energy’s (DOE) Hanford Site has 177 
underground storage tanks that contain wastes from past nuclear fuel reprocessing and waste-
management operations. Over 20% of this waste is in the form of an insoluble sludge that will 
require slurry modification before its transfer to the Waste Treatment and Immobilization Plant 
(WTP). Specific WTP acceptance criteria for waste feed delivery describe the physical and 
chemical characteristics of the waste that must be met before the waste is transferred to the 
WTP. One challenging requirement relates to the undissolved solids (UDS) composition in a 
waste feed because the waste contains solid particles that settle, and their concentration and 
relative proportion can change during the transfer of the waste in individual batches. A key 
uncertainty is the ability to transfer and mix wastes with large variations in UDS concentrations 
and resulting settling rates. To address this uncertainty, a number of small scale mixing and 
settling tests have been conducted to determine the mobilization performance of variable 
chemistry simulants.  

Comparison of the size and density of the particulate for each simulant to that of southeast area 
Hanford sludge was made using metrics for particle mobilization, suspension, settling, and 
pipeline transfer where dependance on particle size and density may be different, including:  

1. Settling velocity 

2. Critical shear stress for erosion 

3. Just-suspended impeller speed 

4. Pipeline critical transport velocity  

Existing high-level waste sludge data has shown the effect that increasing Al concentration has 
on resulting settled solids. This differential settling of particles in the sludge has the possibility of 
resulting in solids segregation during feed preparation and uneven particle distribution during 
pipeline transportation or mixer jet pump operations. Understanding the predictive capabilities of 
HLW solids settling and transport as well as potential remedies for addressing disparate sludge 
behaviors can help provide technical guidance during HLW flowsheet planning. 
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1.0 Introduction 

 The Hanford site currently houses 56 million gallons of hazardous and radioactive waste 
stored in underground tanks. Hanford’s tanks contain a mixture of supernate, water-soluble 
saltcake, and water-insoluble sludge. The saltcake and supernate will be processed to remove 
cesium, and then immobilized as low-activity waste. The tank sludges, on the other hand, 
contain the bulk of the radionuclides and will be pretreated separately and disposed of as high-
level waste (HLW).  

Olson (2011) includes WTP acceptance criteria that describe physical and chemical 
characteristics of the waste that must be certified as acceptable before the waste is transferred 
from the tanks to WTP. At present, significant challenges exist relative to the preparation and 
delivery of feed directly from waste tanks to the treatment plant. Recent advances in glass 
formulation have limited the need for sludge leaching and washing prior to transferring to the 
WTP. Specifically, the quantity of aluminum that can be accommodated in HLW glass has more 
than doubled, significantly diminishing the benefits of sludge leaching to glass production. 
However, aluminum phases, in particular gibbsite, still pose a substantial challenge to the 
mixing and transport of slurries from HLW tanks.  

Sludge waste in the SE area of the Hanford site is rich in gibbsite and pose challenges to slurry 
sampling and transport requirements to meet the vitrification facility waste acceptance criteria. 
These waste streams may test the slurry mixing capabilities to effectively re-suspend the waste 
after deposition or may be susceptible to depositing in pipelines thus restricting the ability to 
transfer to the WTP. Addressing these challenges will be key to the success of deploying a 
direct feed HLW approach for sludge processing. 

The focus of this LDRD project is to understand undissolved solids mixing, solids suspension, 
fluid blending and settling performance of Hanford tank waste sludge to address challenges 
associated with the preparation in delivery of HLW sludge to the WTP. Additionally, methods 
have been developed that can be effectively deployed on actual waste samples.  
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2.0 Background and Metrics 

The delivery of Hanford tank waste to the WTP is governed by specific waste acceptance 
criteria to certify the waste is in an acceptable composition before being delivered to the WTP. 
The critical velocity (Vcr), shown in Equation (1), is a key parameter that must be accurately 
characterized to determine if the waste is acceptable for transfer. 

 

𝑉𝑀 = 1.85√𝑔𝑑𝑠 (
𝜌𝑠

𝜌𝐿

− 1)𝐶𝑉
0.1536(1 − 𝐶𝑉)0.3564 (

𝑑𝑠

𝐷
)

−0.378

[
 
 
 𝐷𝜌𝐿√𝑔𝑑𝑠 (

𝜌𝑠

𝜌𝐿
− 1)

𝜇𝐶

]
 
 
 
0.09

𝜒0.30 (1) 

Critical velocity is defined as the fluid transport velocity at which solid particles begin to deposit 
on the bottom of a straight horizontal transfer line during slurry transport (Poloski et al. 2009). 
The critical velocity depends on the physical properties of the solid particles and carrier fluid as 
well as the geometry of the slurry transport system (Oroskar 1980). Critical velocity has not 
been directly measured for actual waste samples and instead require the settling and deposition 
of solid particles to be correlated with the fluid transfer velocity that resulted in that condition. 
Operationally, the settling of solid particles in transport piping at the critical velocity are 
undesirable during waste-transfer operations because they are precursors to pipeline plugging 
that is potentially irreversible. Therefore, the critical velocity of each tank waste feed campaign 
should be accurately identified to determine if the waste feed will challenge the designed fluid 
transfer velocity. Due to the scale of material and waste characterization needed to measure the 
symptoms of critical velocity as well as challenges using a critical velocity model to capture the 
complex slurries at the Hanford site, a consideration of the just-suspended impeller speed Njs 

can be used to correlate the behavior. The Njs metric has been used in numerous studies that 
have evaluated the mobilization of non-cohesive particles under various flow conditions as is 
given in Paul et al. (2004) and is described as  

 
𝑁𝑗𝑠 = 𝑆𝑧𝑣

0.1[
𝑔(𝜌𝑠 − 𝜌𝐿)

𝜌𝐿

]0.45𝑋0.13𝑑0.2𝐷−0.85 (2) 

where SZ is a dimensionless number that is a function of impeller type, X is the mass ratio of 
solids to liquid, and D is the impeller diameter. There are similar dependencies for both the 
critical velocity and just-suspended impeller speed on dimensional parameters such as density 
of the solid (𝜌𝑠) to density of the liquid (𝜌𝐿) that conclude changes in particle size density 

distribution (PSDD) should warrant a similar response. PSDDs for Hanford waste have been 
constructed and described in Wells et al. (2007 and 2011), however, this has shown to be very 
challenging as less than 20% of the Hanford sludge inventory is currently characterized by 
PSDDs. For this LDRD work, simple sludge simulants with known PSDDs were measured for 
their Njs value in an effort to establish a method to infer PSDDs for actual Hanford waste.  
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3.0 Experimental Methods 

 The equipment and methods described in this section were used to obtain experimental 
results for the physical property behavior of blending disparate waste streams and the minimum 
agitation speed for complete solid suspension, Njs.  

3.1 Characteristics of SE Area Sludge 

 Of the 28 double-shell tanks at Hanford, 25 are in the 200 East Area of the site. Figure 1 
shows the sources of sludge in the SE quadrant along with the sludge volumes that are in the 
waste tanks in the SE quadrant from the best basis inventory (Tank Waste Information Network 
System, 2021) shown in Table 1. 

 
Figure 1 Sources of Sludge in the SE Quadrant 

Table 1 Sludge Volumes in Waste Tanks in the SE Quadrant 

Sludge Waste Type Volume (kL) 

NA 2140 

Zr Cladding 2001 

PUREX Cladding 1777 

PUREX 1124 

SRR 438 

Bi-phosphate 411 

FeCN 260 

U Recovery 163 

Thoria 149 

Balance 142 

The primary identified sludge layer is from the Zr cladding waste that is stored predominantly in 
tanks AW-103 and AW-105. The primary constituents of this waste are zirconium and uranium 
left from the fuel decladding. The next largest identified phase is from the PUREX cladding that 
was originally stored in the C-farms, but subsequently was transferred to tanks AN-101 and AN-
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106. This stream consists predominantly of aluminum from the PUREX cladding in the mineral 
form of gibbsite. The NA sludge type is associated with waste phases for which the designation 
was lost as transfers were made, but the majority of the waste in this category originated as 
either PUREX cladding or Bi-phosphate waste. By volume, AN-101 and AN-106 contain most of 
the waste in the SE quadrant, followed by AW-103 and AW-105. 

Recent simulant testing (Russell et al. 2009) using gibbsite and a precipitated hydroxide 
simulant indicated that blending materials with a drastically different physical properties can 
significantly alter the final slurry properties, potentially improving the slurry transport properties 
of wastes (such as those in the SE quadrant). As an important parameter to slurry transport, the 
settled solids measurements can help indicate slurry resuspension and transport challenges as 
it is reasonable to assume that slurries that settle to high solids loadings will be more difficult to 
suspend in a million gallon tank. This is partly due to the fact that at the same solids loading, 
these slurries will settle at significantly faster rates (Spearman and Manning, 2017). Thus, 
blending wastes that settle to high solids loadings with wastes that settle to low solids loadings 
should improve the slurry suspension and transport properties.  

Characterization on waste from AW-105 and AN-106 indicated the Zr cladding material settled 
to a much lower solids loading (11 to 19%) in contrast to the PUREX cladding waste (29 to 67 
wt%) (Sasaki, 1997). Based on the observed difference in physical parameters between the 
waste types, simulants were prepared to mimic these waste type behaviors and were blended to 
determine the resulting physical properties.   

3.2  Settling Velocity 

 Hanford waste UDS particles are more dense than waste liquids are therefore will gravity-
settle upon suspension in the liquid. A zirconium hydroxide simulant was prepared to represent 
AW-103 and AW-105 sludge waste by precipitating zirconium oxide with NaOH. Gibbsite 
(Al(OH)3) was added to the Zr hydroxide sludge (Zr(OH)4) in 3 M NaOH to prepare 8 different 
feed concentrations bounding initial solids concentrations between 1 and 20 wt%. Table 2 
shows the specific components for each slurry feed.  

Table 2 Zirconium Hydroxide and Gibbsite Slurry Compositions 

Slurry ID Zr(OH)4 Sludge wt %  Al(OH)3 wt %  Total wt% 

Zr-A-1 1.4% 0.0% 1.4% 

Zr-A-3 2.8% 0.0% 2.8% 

Zr-B 0.4% 0.5% 0.9% 

Zr-C 1.4% 4.0% 5.4% 

Zr-D 1.9% 8.0% 10.0% 

Zr-E 2.8% 16.2% 19.0% 

Zr-F 8.5% 4.0% 12.5% 

Zr-G 8.7% 1.4% 10.2% 

Slurries were prepared in 125 mL bottles and shaken until homogenous. Samples were then 
transferred to a graduated cylinder and allowed to settle. The height of the sediment bed and 
total sample height were recorded as a function of time. As the samples settled, an interface 
developed between the turbid solution and clear supernate. The final sediment bed volume was 
measured after no significant change was observed in the height of this sludge layer over 1 
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hour. The volume percent settled solids were then determined by dividing the final sediment bed 
volume by the total volume of the slurry. 

3.3 Shear Strength Measurements 

 Shear strength measurements of the Zr hydroxide sludge (Zr(OH)4) sludge was determined 
with and without the presence of gibbsite (Al(OH)3). Slurry rheology of the samples were 
measured using a Rotovisco RV20 Measuring System M equipped with an M5 measuring head 
(HAAKE Mess-Technik GmbH u. Co.) and an MV1 cup and rotor. Prior to the first measurement, 
the samples were mixed to uniformly suspend solids. Another measurement was taken after 
leaving the slurries undisturbed for 2 weeks. The test was performed by controlling the shear 
rate and measuring the shear stress. All tests were conducted at ambient temperature (22 °C).   

3.4 Mixing Evaluation 

 The mixing tank used in this work was a cylindrical vessel fabricated to include stainless 
steel baffles. The material of the vessel was made of high-impact, SAN plastic to minimize any 
leaching or interaction with the caustic waste streams during mixing. The internal tank diameter, 
T, was 155 mm and its total height was 172 mm. A three-blade curved impeller was used as an 
agitator. Dimensions were measured with a caliper and were as follows: impeller diameter, D = 
98.8 mm; radius of curvature of the blades = 20.1 mm; height of the blade = 14.4 mm; and 
thickness of the blade = 1.4 mm. The impeller diameter-to-tank diameter ratio, D/T, was 0.63. 
The impeller was mounted on a shaft centrally located inside the mixing tank and was rotated by 
a Scilogex 20 L digital overhead stirrer. The tank was fully baffled made up of four stainless 
steel plates mounted from the top with the following dimensions: baffle width = 13.0 mm; baffle 
length = 147.6 mm. The baffle clearance was 16.7 mm from the vessel bottom and was placed 
3.3 mm from the wall. A photograph of the mixing tank set up is shown in Figure 2.  

 

Figure 2 Baffled Mixing System 
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During a typical experiment, the mixing vessel was placed on an acrylic stand with cameras set 
up to the front and bottom so all necessary angles of the mixing tank could be clearly monitored. 
A dilute (0.1 M) NaOH solution at room temperature was always used as the liquid phase in the 
mixing tank. The slurries used in the solid suspension experiments were comprised individually 
of gibbsite (Al(OH)3), boehmite (AlOOH), iron oxide (Fe2O3), and zirconium hydroxide (Zr(OH)4). 
The solid mass to solution mass in the tank remained constant for all mixing experiments and 
was nominally 20 wt%.   
  
A typical experimental run consisted of allowing the solids to settle in the tank for approximately 
24 hours and then starting the agitation at low impeller speed and gradually increasing the 
speed in 25 rpm increments. The movement of the particles near the bottom of the tank as well 
as the flow pattern throughout the tank was carefully observed at each agitation speed. Solids 
suspension was observed visually via the camera set up below and front facing to the mixing 
tank, and the value of the agitation speed for complete off bottom suspension, Njs, was obtained 
and recorded. The criterion here to visually determine Njs was defined by Zwietering (1958), as 
the speed which no particles were visually observed to be at rest on the tank bottom for more 
than one or two seconds. This procedure was followed to obtain Njs in all experiments. This 
procedure was applied from repetitive experiments as well as spin down operations to 
determine when solids began to settle at the bottom of the tank to acquire consistent data. The 
digital cameras focused on the mixing vessel’s front and bottom was also used to create a 
permanent record of the observations. Njs was experimentally obtained for different values of the 
following operation variables: 

• Impeller off-bottom clearance (40, 50, and 60 mm) 

• Solids particle size  

• Identical experiments are different times to determine experimental reproducibility. The 
reproducibility experiments were typically found to be ±5%.  

4.0  Results 

 Simulant slurry experiments were conducted to determine the physical property behavior in 
terms of undissolved solids mixing, solids suspension, fluid blending and settling performance. 
Below are the results from the executed tests.   

4.1 Impact of Al Content on Settle Solids 

 The eight matrices described in Table 2 were settled to assess the impact of increasing Al 
concentration on settling rate and final settled solids concentration. The behavior of interface 
separation across different solids loadings for the Zr(OH)4 sludge without the presence of added 
Al is shown in Figure 3. 
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Figure 3 Interface Separation for Zr(OH)4 sludge in 3 M NaOH at 1 and 3 wt% 

 
Both of the level-versus-time profiles for the Zr(OH)4 sludge (without added gibbsite) exhibited a 
linear decrease in level (constant interface velocity during settling), followed by a period of 
smaller change in level as compaction proceeded. The “fast” interface velocities of the initial 
settling periods of the tests were calculated as 6.1E-1 cm/min for the 1-wt% sludge and 2.9E-2 
cm/min for the 3-wt% sludge. The fact that the interface velocities in these two tests with 
equivalent particulate had two distinct values is assumed to be due solely to the different solids 
concentrations (i.e., hindered settling effects only).   
 
A summary of the final compacted sediment with mass fraction of gibbsite is tabulated in Table 
3 with a graph of the data displayed in Figure 4. As can be seen from the data, there is a 
reasonable trend between increasing mass fraction of gibbsite and increased settled solids 
concentration. This data was compared to previous settling tests by Westesen et al. 2023 that 
determined the change in physical properties of an iron rich sludge containing FeOOH with 
various concentrations of gibbsite as well as as-found Hanford tank samples from AN-106 in 
Figure 5. In all cases, increasing wt% Al in the slurries resulted in an increase in the final settled 
solids concentration, suggesting that gibbsite particles will pack to a very dense layer prior to 
slurry mobilization. An overall deviation of nominally 30% in the settled solids wt% is seen 
between the AN-106 waste samples and the tested Zr and Fe simulants. After gibbsite, the 
largest insoluble components in the AN-106 waste are natrophosphate and clarkeite. These 
constituents have large particles that dominate the settling properties when the mass fraction of 
gibbsite is low and settle to nominally 25 wt%. Note that an increase in settled solids loading 
directly leads to faster settling rates (Williams et al. 2023). Thus, adjusting the gibbsite mass 
fraction appears to directly affect the physical properties of the slurry and in particular the 
settling rate. In regard to WTP operations, slurries that settle too fast and cannot be effectively 
sampled or transferred, appear to be remediated by blending with waste streams of disparate 
behaviors. 
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Table 3 Zirconium Hydroxide and Gibbsite Settling Results 

Slurry ID 
Wt% Solids in Final 

Compacted Sediment Mass fraction Gibbsite, % 

Zr-A-1 6% 0% 

Zr-A-3 5% 0% 

Zr-B 16% 58% 

Zr-C 20% 74% 

Zr-D 27% 81% 

Zr-E 38% 85% 

Zr-F 14% 32% 

Zr-G 9% 14% 

 

 
Figure 4 Zirconium Hydroxide and Gibbsite Settled Solids Results 

 
Figure 5 Impact of Aluminum Content of Settled Solids for Real and Simulated Tank Waste 
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The hindered settling rate data normalized to the initial settling rate (w/w0) and the initial volume 
ratio normalized to the maximum solids loading (Φ/Φmax) is shown in Figure 6. Normalizing the 
data in this way allows for a direct comparison of setting rates along a wide array of behaviors. 
Data obtained from the work reported herein was compared against previous LDRD data with 
simulants (Westesen et al. 2022) and settling studies conducted on a variety of Hanford tank 
sludge (Wells et al. 2011). Data points near a Φ/Φmax of 1 are difficult to measure and deviate 
from the fit, however, despite a large distribution of ϕmax values, all samples tested appear to 
align with this general fit.  
 

 
Figure 6 Normalized Settling Data vs ϕ/ϕmax with Westesen et al. 2022 and Wells et al. 2011 

 

4.2 Rheology of Samples 

 An evaluation of the shear stress for the precipitated Fe-rich sludge the zirconium hydroxide 
sludge was determined with and without the presence of gibbsite. Since gibbsite settles to a 
high solids loading, it’s thought the shear strength of the bed is increased with increasing 
amounts of gibbsite. Figure 7 and Figure 8 show visually what the shear vane measurements 
looked like. For this testing “pre” is designated as samples with gibbsite, and “post” are samples 
without gibbsite.  

 
Figure 7 Precipitated Fe-Rich Sludge with (left) and without (right) Gibbsite 
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Figure 8 Precipitated Zirconium Hydroxide Sludge with (left) and without (right) Gibbsite 

In both cases, samples with gibbsite had a lower shear strength. This is thought to be attributed 
to the granular nature of the gibbsite decreasing the rheology of the sticky sludges when 
combined. Both sludges interacted similarly in the absence of gibbsite causing the settled solids 
shear strength to increase. Figure 9 presents shear stress-shear rate-viscosity curves 
characteristic of this data set. The last point highlighted in the figure presents the measured 
shear stress as a function of the controlled shear rate. A two-week settling time was conducted 
on the sludge samples without gibbsite and showed shear strength measurements of 867 Pa for 
the Fe-hydroxide sludge and 230 Pa for the Zr-hydroxide sludge. 

a) Precipitated Fe-Hydroxide Sludge 

 

b) Zirconium-Hydroxide Sludge 

 

Figure 9 Slurry Viscosity versus Shear Rate for Fe and Zr Hydroxide Sludges 

4.3 Solid Suspension Mixing Experiments 

 The values of Njs were experimentally obtained for different 𝐶𝐵 𝐷⁄  ratios for the solid 
suspension system. The results obtained using gibbsite, boehmite, and red iron oxide are 
shown in Figure 10. There is excellent consistency between the volume fraction and RPM value 
needed to suspend the solids for each slurry tested. The Njs values increase proportionately with 
the increase in blade height above the bottom of the mixing vessel. As to be expected, solid 
suspension was more easily achieved at a low impeller clearance. The data presented for the 
lowest impeller clearance value (4 cm above vessel bottom) corresponded to 𝐶𝐵 𝐷⁄  value of 

0.26 while the highest clearance value (6 cm above vessel bottom) corresponded to a  𝐶𝐵 𝐷⁄  
value of 0.39. Solid suspension with larger particles (red iron oxide) resulted in larger Njs values 
than smaller particle suspension (gibbsite). However, the lowest value of Njs for this system (125 
RPM) was obtained for boehmite at a 𝐶𝐵 𝐷⁄  = 0.26. Particle side distribution (PSD) 
measurements of each of the constituents (shown in Figure 11) indicate gibbsite should have a 
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lower experimental Njs value compared to boehmite. It’s possible the dense layer formed by the 
settled gibbsite particles resulted in an increase RPM required to suspend the solids.  

 

a) 

 
b)  

 
c)  

 
Figure 10 Njs values for Gibbsite (a), Boehmite (b), and Iron Oxide (c) for different 𝐶𝐵 𝐷⁄  ratios 
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Figure 11 Cumulative Particle Size Distribution 

 
The iron oxide was sieved to compare experiments with the as-received 150 μm particles to 60 
μm particles. The results for the sieved iron oxide data obtained at 2 cm, 3 cm, and 4 cm are 
shown in Figure 12. The data showed that the Njs varied consistency with the 𝐶𝐵 𝐷⁄  despite the 
difference in particle size from the as-received. Interestingly, when comparing the experimental 
data between the two sieve sizes at 4 cm, similar to the gibbsite and boehmite experimental 
data, the larger iron oxide particles produced the smaller Njs values (shown in Figure 13) and 
may also be attributed to densely packed bed before mixing.  
 

  
Figure 12 Njs values for Sieved Iron Oxide at different 𝐶𝐵 𝐷⁄  ratios 
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Figure 13 Njs values for 150 μm and 60 μm Iron Oxide Particles 

 Due to the difficulty in measuring PSDD values on actual waste samples, having a capability to 
experimentally determine Njs values with simple simulants and known PSDD’s can be used to 
compare like behaviors with actual waste sludge as a method to experimentally derive PSDD 
values. Additional simulants representing phases in actual waste sludge can continue to support 
filling in the gaps around actual waste behavior to help inform operational flowsheet 
development underway for HLW.  

5.0 Conclusions 

  An assessment of slurry settling, shear strength, and just suspended impeller speed (Njs) 
was conducted on various simple simulants to help understand predictive capabilities of HLW 
solids settling and transport as well as help provide technical guidance during HLW flowsheet 
planning.  

Existing high-level waste sludge data has shown the effect that increasing Al concentration has 
on resulting settled solids. This differential settling of particles in the sludge has the possibility of 
resulting in solids segregation during feed preparation and uneven particle distribution during 
pipeline transportation or mixer jet pump operations. Settling studies conducted on a zirconium 
hydroxide sludge with various amounts of gibbsite added determined increasing wt% Al in the 
slurries resulted in an increase in the final settled solids concentration, suggesting that gibbsite 
particles will pack to a very dense layer prior to slurry mobilization. Normalized hindered settling 
rate to settled solids concentration showed good agreement in behavior between LDRD 
simulant data and a wide variety of Hanford tank sludge. Adjusting the gibbsite mass fraction 
appeared to directly affect the physical properties of the slurry and in particular the settling rate. 
In regard to WTP operations, slurries that settle too fast and cannot be effectively sampled or 
transferred, may be remediated by blending with waste streams of disparate behaviors. 

Shear strength measurements of Fe and Zr hydroxide sludges with and without gibbsite showed 
samples with gibbsite had a lower shear strength than samples without. Although contrary to the 
prediction based on settled solids wt% in the bed, this is thought to be attributed to the granular 
nature of the gibbsite decreasing the rheology of the sticky sludges when combined.  
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Experimental Njs values were obtained in a mixing system at different 𝐶𝐵 𝐷⁄  ratios. In all cases, 
there was excellent consistency between the volume fraction and RPM value needed to 
suspend the solids. Additionally, the Njs values increased proportionately with the increases in 
blade height above the bottom of the mixing vessel. Discrepancies between experimentally 
determined Njs values and predicted Njs values were seen between gibbsite and boehmite, 
where the larger boehmite particles consistently resulted in a lower Njs value than the smaller 
gibbsite particles. This may be due to the densely packed bed that gibbsite forms when settled 
in the bottom of the mixing vessel. Data collected with simple simulants and known PSDDs can 
be used as a method to experimentally determine PSDD measurements for actual waste 
sludge. Additional simulants representing phases in actual waste sludge can continue to support 
filling in the gaps around actual waste behavior to help inform operational flowsheet 
development underway for HLW. 
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