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SRS Savannah River Site

SRTC Savannah River Technology Center

TMP Transmembrane pressure

Summary

The authors performed cross-flow filtration tests using supernatant (5.6M [Na]) from Tanks 37H and 44H, MST, and
sludge from any of three waste tanks (Tanks 51H, 11H, and 8F). The tests occurred in the SRTC Shielded Cells using
the Cells Unit Filter (CUF). The experiments varied the axial velocity and transmembrane pressure in a statistically
designed matrix to mimic conditions in previous cross-flow filtration tests performed with simulated waste using the
Parallel Rheology Experimental Filter and the Filtration Research Engineering Demonstration. The insoluble solids
concentration varied between 0.06 wt % and 6.0 wt %. The authors also conducted differential scanning calorimetry
(DSC) and rheology tests on concentrated sludge and MST samples. Testing yielded the following conclusions.

The filter flux for the real waste shows a positive bias relative to predictions based upon tests with simulated
waste. The variance remains within the statistical accuracy of the predictive correlation except for slurries with
the highest concentration of solids tested (i.e., 6.0 wt %)
The simulated sludge used in previous cross flow filtration testing serves as a reasonable representative of actual
Savannah River Site sludge. Data from these tests provide a conservative estimate of equipment size and
required operating conditions.
We observed no significant difference in the filtration rates with Tank 51H sludge and Tank 8F sludge.
Feed solutions prepared with dried sludge had higher filtration rates than feed solutions prepared with slurry
sludge. Only a limited number of waste tanks contain dried sludge. Hence, the authors recommending using the
behavior of the slurry samples as more representative of expected behavior for the process.
The concentrated sludge and the sludge plus MST slurries (6.0 wt % insoluble solids) had yield stresses less than
3.5 Pa. The data agreed well with previous data where available.

Introduction

The Salt Disposition Systems Engineering Team selected three cesium removal technologies for further development to
replace the In Tank Precipitation process: Small Tank Tetraphenylborate Precipitation, Non-elutable Ion Exchange
using crystalline silicotitanate as the sorbent, and Caustic-Side Solvent Extraction.

As a pretreatment step for the CST and solvent extraction flowsheets, the operation contacts the incoming salt solution
containing entrained sludge with monosodium titanate to adsorb strontium, plutonium, and other actinides. The process
then filters the resulting slurry to remove the sludge and MST. Cesium removal occurs by contacting the filtrate with
CST in an ion exchange column or processing through a solvent extraction system. Testing performed by SRTC and
the University of South Carolina with simulated waste demonstrated filtration rates of 0.03 – 0.08 gpm/ft2. , A systems
engineering study identified one technology risk as whether the sludge used to prepared the simulated waste for
filtration testing adequately represents SRS waste. Because of this risk, High Level Waste Process Engineering
requested SRTC to conduct cross-flow filter tests with real waste.

Experimental

The authors conducted cross-flow filtration tests using a 0.5 m pore size, 3/8" ID Mott cross-flow filter in the SRTC
Shielded Cells. The feed for the tests contained SRS High Level Waste supernatant, SRS High Level Waste sludge, and
Aqua Air MST. The tests used a solution concentration of 5.6 M sodium and an insoluble solids loading of 0.06 – 6.0
wt %. The testing varied the axial velocity and transmembrane pressure (TMP) to repeat test conditions used
previously at the Filtration Research Engineering Demonstration (FRED) and with the Parallel Rheology Experimental
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Filter (PREF).,

Cross-flow Filtration Equipment

Figure 1 shows the Cells Unit Filter (CUF) used to perform these tests. The equipment contains a sintered stainless
steel 0.5 m pore-size Mott cross-flow filter of 3/8" inner diameter and 2-ft length. The filtration unit contains a feed
vessel, a feed pump, a heat exchanger to control solution temperature, a magnetic flow meter to measure the filter feed
rate, and three calibrated pressure gauges to measure feed, concentrate, and filtrate pressure. A graduated glass
cylinder located down stream of the filter allows measurement of flux. Personnel determined the filtrate flow rate, or
flux, by measuring the time to collect a known volume of filtrate. The working volume of the equipment measures
approximately 800 mL.

Personnel have used the equipment previously to evaluate cross-flow performance with actual radioactive waste from
the Savannah River Site and the Hanford Site.

Figure 1. Filter Equipment Shown Prior to Installation in Shielded Cell

Experimental Approach – Actual High Level Waste

We obtained samples of SRS High Level Waste supernatant collected in September 2000 and received in the SRTC
Shielded Cells on October 1, 2000. The solution came from Tanks 37H and 44H. The authors also obtained SRS High
Level Waste sludge from samples archived previously at SRTC and samples delivered shortly before the current test.
The sludge samples came from the Tank 51H, Tank 8F, and Tank 11H. The Tank 8F sludge came from slurry, the
Tank 11H sludge came from a dried sample and the Tank 51H sludge came from either a slurry or dried sample.

Personnel prepared the first supernatant sample by blending 400 mL of Tank 37F/44H supernatant with 600 mL of 2 M
NaOH, and mixing by shaking with the manipulator for 15 minutes. We measured the solution density by weighing an
empty 100 mL calibrated graduate cylinder, adding a known volume of solution to the graduate cylinder, and
measuring the mass. The density of this solution measured 1.227 g/mL.

We collected a sample of this solution, diluted it to reduce the radiation level, and submitted it to ADS for sodium
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analysis. The sodium concentration measured 4.7 M by AA and 6.2 M by ICP-ES. After reviewing the results with
Doug Walker who had also used this material in other tests, reviewing the ADS analytical procedures, and considering
the measured solution density, we accepted the concentration of sodium to be 6.2 M. We then added 167 mL of 2 M
NaOH to the solution to reduce the sodium concentration to 5.6 M Na. We prepared additional samples by mixing 274
mL of Tank 37F/44H solution with 528 mL of 2M NaOH.

Table 1 shows the target insoluble solids concentration for each test. Personnel prepared the feed for the first test by
taking the solution sample and adding sludge (Tank 51H) to bring the concentration to 0.06 wt % insoluble solids.
They mixed the feed and processed it through the cross-flow filter. The testing varied the axial velocity and TMP for
comparison with previous filter test data.1,2,5 As in the earlier reference study, experiments followed a statistically
designed matrix. Table 2 shows the target axial velocity and TMP for the tests. Personnel combined additional sludge
(Tank 51H) with the slurry to bring the concentration to 0.29 wt % insoluble solids and measured filter performance.
Following the filtration test, personnel again increased the insoluble solids concentration to 1.29 wt %. A final filter
test occurred with 6.0 wt % insoluble solids. The solids levels were selected to repeat conditions tested at FRED.

Table 1. Targeted Insoluble Solids Concentration for Real Waste Filter Tests
Tank 51H Tank /8F Tank 11H* Tank 51H* FRED Feed

0.031 wt % sludge
0.029 wt % MST

0.031 wt % sludge
0.029 wt % MST

0.031 wt % sludge
0.029 wt % MST

0.06 wt % sludge N/A

0.15 wt % sludge
0.14 wt % MST

0.15 wt % sludge
0.14 wt % MST

0.15 wt % sludge
0.14 wt % MST

0.29 wt %sludge N/A

0.67 wt % sludge
0.62 wt % MST

0.67 wt % sludge
0.62 wt % MST

0.67 wt % sludge
0.62 wt % MST

1.29 wt % sludge N/A

3.1 wt % sludge
2.9 wt % MST

3.1 wt % sludge
2.9 wt % MST

3.1 wt % sludge
2.9 wt % MST

6.0 wt % sludge 4.7 wt % Tank 8
Simulated Sludge

* These experiments used a previously dry sample of sludge from the respective tanks.

Table 2. Target Axial Velocity and Transmembrane Pressure
0.06, 0.29, and1.19 wt %

(nominal) Insoluble Solids
6.0 wt % (nominal)

Insoluble Solids

Axial Velocity (ft/s) TMP (psi) Axial Velocity (ft/s) TMP (psi)

6 15 6 30

6 41 6 41

12 15 12 30

12 41 12 41

9 28 9 36

9 28 9 36

Personnel repeated this procedure for the Tank 51H sludge, the Tank 8F sludge, and the Tank 11H sludge. In these
tests, the insoluble solids included both sludge and MST. A final test used 4.7 wt % Tank 8F simulated sludge,
obtained from personnel at the University of South Carolina, to allow a direct comparison of performance between the
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CUF and the FRED facility.

The MST (AuqaAir) initially had a mean particle size of 7.3 m, 12.26% of particles larger than 44 m, and 1.29% of
particles less than 0.972 m. Since this material did not meet the HLW specification for MST, personnel crushed the
material in a grinder. The resulting slurry had a mean particle size of 5.3 m, 2.76% of the particles larger than 44 m,
and 1.66% of the particles less than 0.972 m. The treated material still failed to meet specifications but did contain
significantly less large particles. We wanted to avoid the large particles to avoid positively biasing the measured filter
flux.

Prior to the test at each operating condition, researchers backpulsed the filter to remove solids that had accumulated on
the filter surface during previous tests.

Prior to performing tests with a new feed solution, personnel cleaned the filter with 0.5 M nitric acid or 0.5 M oxalic
acid.

Prior to the addition of sludge or MST, we measured the density of each solution.

During the tests, personnel collected solution samples for sodium and anion analyses. If the feed solution contained no
insoluble solids, we collected the sample from the feed vessel. If the feed solution contained insoluble solids, we
pulled the sample from the filtrate sample valve to the right of the filtrate pressure gauge on the CUF.

Researchers collected samples to measure insoluble solids content during the tests by circulating the feed solution and
collecting a sample from the feed-side sample valve upstream of the magnetic flow meter.

At the end of the tests with each feed solution, personnel collected samples for differential scanning calorimetry
(DSC), rheology determination, and particle size analysis. The samples collected for particle size analysis had radiation
levels too high to allow for removal from the cells and particle size analysis by Microtrac. The authors continue to
evaluate other methods to measure particle size of the sludge in these tests.

Thermal Analyses

The Differential Scanning Calorimetry (DSC) analyses occurred in the following manner. Personnel took between 20
to 50 mg of liquid sample and placed it in a stainless steel cup. They then sealed the cup with a Viton™ o-ring and
placed it in a 550E Differential Scanning Calorimeter from ISI (Instrument Specialist Incorporated). The DSC
calculates the heat given off or taken in by the solution by measuring the temperature difference between the sample
and a reference sample. We used an empty stainless steel cup as a reference. Personnel preheated the samples to 40 °
C for 10 minutes to reduce any gas super saturation in the solution. After cooling, personnel then heated the sample
from 15 ° C to 100 ° C at 10 ° C/min and weighed after the DSC measurements to determine a mass loss.

Rheology Measurements

Personnel measured the rheological properties of six radioactive samples containing sludge from Tank 51H, Tank 8F,
and Tank 11H with a Haake RV30/M5 system. The Haake RV30/M5 system is a controlled rate rheometer that can
operate remotely in the Shielded Cells environment. A water-bath/circulator uses water to maintain the temperature of
the water jacket that surrounds the sample cup. Measurements occurred at 25 ° C. The M5 measuring head can use
different sample cups and rotors depending on the type of fluid analyzed. Some of the samples contained only sludge,
while other samples contained sludge and MST.

The solids present in the samples suspended easily upon shaking, and did not appear to settle quickly. For this reason,
we selected the MV1 ("medium viscosity 1") rotor and used this configuration for all of the flow measurements.
Personnel typically use the MV1 rotor for fluids working in the medium shear rate range. We used a Newtonian oil
standard (95.6 cp @ 25° C) to check the instrument’s response prior to the start of the measurements and at the end of
the last measurement. The oil standard check ensured that the instrument responded as expected. Appendix 2 contains
additional detail related to the equipment and the control standard.
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Results and Discussion

Demonstration using SRS High-Level Waste

Figure 2 through Figure 5 show comparisons between the filter flux in the current test and that measured in previous
engineering-scale filtration tests performed at the FRED facility. The separate plots display filter flux (in gpm/ft2)
plotted against the transmembrane pressure (TMP) at each concentration of insoluble solids. The concentrations in the
figure titles are the target concentrations or the test. In the most recent tests at FRED, the flux depended strongly on
TMP and concentration, with much less influence from axial velocity. The filter flux measured with actual SRS waste
in this test equals or exceeds the flux measured with simulated waste at FRED. The filter flux with the simulated Tank
8F sludge slurry (from FRED) also proved significantly higher in the CUF than in the FRED facility.

Figure 2. Comparison of Cross-flow Filter Flux between 
FRED and CUF with 0.06 wt % (nominal) Insoluble Solids

 

Figure 3. Comparison of Cross-flow Filter Flux between 
FRED and CUF with 0.29 wt % (nominal) Insoluble Solids
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Figure 4. Comparison of Cross-flow Filter Flux between 
FRED and CUF with 1.13 wt % (nominal) Insoluble Solids

 

Figure 5. Comparison of Cross-flow Filter Flux between 
FRED and CUF with 6.0 wt % (nominal) Insoluble Solids

Many of the flux measurements in the tests performed with either the Tank 51H sludge slurry or the combined MST
and Tank 11H sludge slurry proved higher than the flux in other tests. Both samples used sludge from a dry archived
sample. The flux values remained high for all the experiments using the slurry containing Tank 51H sludge. The
discrepancy seemed less apparent in the tests using slurry containing MST and Tank 11H sludge as the MST
concentration increased. The authors believe the higher flux values resulted from larger solid aggregates in the slurries
containing previously dry sludge. The technicians preparing the samples reported large aggregates and noted that
grinding only seemed to marginally reduce particle sizes when compared against slurries containing previously wet
sludge. In the case of the Tank 11H material, perhaps as the MST concentration increased, these solids helped abrade
the sludge aggregates and reduced mean particle sizes. Alternatively, the MST solids simply reduced the mean particle
size by diluting the average particle properties. Also, the presence of MST likely increased the particle size variability
in the feed solution. The increased particle size variability would allow the solids to pack more tightly in a filter cake
and reduce the filter flux. The experiment using the slurry containing only Tank 51H sludge solids also represented the
first test with a new filter element. Flux measurements for a new filter element always prove higher than that for a
cleaned filter, but past experience shows a minimal offset as the testing proceeds.

The filter flux with slurries containing real SRS High Level Waste sludge and supernatant proved higher than the filter
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flux measured with simulant during engineering-scale filtration testing performed at FRED in FY00 and FY01.,, Since
the various tests contain three independent variables (axial velocity, insoluble solids concentration, and transmembrane
pressure), one can not readily compare two sets of data on a single graph. Another approach for comparing data sets
uses the cross-flow filtration model developed in FY00 and described by equation 1.

Using the operating parameters from the current test (axial velocity, insoluble solids concentration, and transmembrane
pressure), one can predict the filter flux for each of the experiments performed and compare that value with the
measured filter flux. The model described by equation 1 tends to over-predict the filter flux for these tests. Equation 1
derived from data collected during tests with an axial velocity between 12 and 26 ft/s. The axial velocity in the current
tests ranged from 6 to 12 ft/s.

The authors refined the model using all the available data from engineering-scale tests performed at FRED. During the
FY98 tests, the axial velocity varied between 4 ft/s and 14 ft/s. We analyzed the data from both sets of tests with the
JMPâ software and developed equation 2.

After comparing the data from the FY98 and FY00 tests with the model described by equation 2, the authors calculated
a standard deviation for the data from each test set relative to the model. The standard deviation of the data from the
FY00 test equals 21%, and the standard deviation of the data from the FY98 test equals 27%.

The data from which equation 2 derived used axial velocities between 4 ft/s and 26 ft/s. The majority of the data came
from an axial velocity greater than 10 ft/s. The authors calculated the residual (difference between predicted flux and
measured flux) and plotted it as a function of axial velocity in Figure 6. The figure also shows the axial velocity range
from the present test. The residuals have the largest magnitude at axial velocities between 9 and 14 ft/s, which
overlaps the axial velocity used in the current tests (6 – 12 ft/s).

 

Figure 6. Residual as a Function of Axial Velocity from Model Described by Equation 2

Figure 7 shows the ratio of the predicted filter flux to the measured filter flux from the data points used to develop
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equation 2. This plots shows the model predicts cross-flow filter flux best at axial velocities of 20 – 26 ft/s.

 

Figure 7. Comparison between Predicted Flux and 
Measured Flux for Data Used to Develop Equation 2

Using equation 2, we then calculated the ratio of predicted flux to measured flux and plotted it as a function of
transmembrane pressure in Figure 8 through Figure 11 (measured concentration used to predict filter flux). The plots
compare measured flux at a given concentration of insoluble solids to the predicted values (concentration in figure title
is target concentration). The plots also contain lines showing ± 2 standard deviations (± 54%). In general, the
measured flux exceeds that based on the prediction. At the three lowest insoluble solids levels, the measured flux from
the current test falls within 2 standard deviations of the predicted flux. At the highest insoluble solids concentration,
the agreement between measured filter flux and predicted filter flux proves worse.

 

Figure 8. Comparison between Predicted Flux 
and Measured Flux at 0.06 wt % Insoluble Solids
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Figure 9. Comparison between Predicted Flux 
and Measured Flux at 0.29 wt % Insoluble Solids

 

Figure 10. Comparison between Predicted Flux 
and Measured Flux at 1.19 wt % Insoluble Solids
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Figure 11. Comparison between Predicted Flux 
and Measured Flux at 6.0 wt % Insoluble Solids

In theses figures, the open symbols correspond to feed solutions prepared with wet sludge, and the closed symbols
correspond to feed solutions prepared with dried sludge. In general, the flux from tests with feeds prepared from wet
sludge more closely match predictions than the flux from tests with feeds prepared from dried sludge. Figure 9
provides a good example of this difference. In that figure the average predicted flux/measured flux for feed solutions
prepared with slurry sludge equals 0.94. The average for feed solutions prepared with previously dry sludge equals
0.54.

The goodness of fit – or degree of agreement between measured and predicted values – also appears to vary with
concentration of solids and with TMP. As the concentration of solids increases, the agreement decreases with the
experimentally determined flux from the real waste proving higher than that predicted from equation 2. Similarly,
within a data set for a given concentration of solids, the agreement becomes better at increased TMP. Recall that the
data set used to develop equation 2 included more information at higher TMP and higher axial velocity. Hence, one
expects the accuracy of the predictions to decline at lower TMP and at higher concentration of solids for a relatively
low axial velocity (or TMP).

Another possible reason for the disagreement between measured filter flux and model predictions involves the term in
the model describing the effect of axial velocity on filter flux. Many cross-flow filtration models predict filter flux to
increase with increasing wall shear stress (i.e., increasing axial velocity). These models include boundary layer models,
lift velocity models, and lateral migration models. The models described by equations 1 and 2 show the filtrate flux
decreases with increasing axial velocity. In both instances, the terms describing the effect of axial velocity prove much
smaller than the other terms in the models, and the coefficients in those terms prove smaller than their uncertainty.
This axial velocity term causes the models to predict increases in filter flux with decreasing axial velocity, which will
contribute to the difference observed between measured flux and predicted flux in this test. In addition, since the CUF
contains 0.375" ID filter tubes and FRED contains 0.625" ID filter tubes, the wall shear stress in the CUF will exceed
the wall shear stress in FRED at the same axial velocity, exaggerating this effect.

In addition to the mathematical analysis of the data set and equation, an equipment limitation likely contributed the
deviation. During the engineering-scale filtration tests, high insoluble solids and low TMP produced a low filter flux.
In many instances, the flux proved too low to measure with the instrumentation. For instance, Figure 4 and Figure 5
data for the Tank 8F sludge in the FRED include many flux values at the detection limit for the equipment.

Figure 12 shows a comparison of the current results with results of tests performed with the PREF using simulated
waste. The PREF experiment involved a continuous concentration of sludge and MST from 1.15 g/L insoluble solids
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to approximately 7 wt % insoluble solids. The results of the current test show good agreement with results from the
test with the PREF. The overall standard deviation for the data from the PREF test equals ± 0.035 gpm/ft2. The
standard deviation for the tests using samples prepared with wet sludge equals ± 0.031 gpm/ft2. The standard deviation
for the tests using samples prepared with dry sludge equals ± 0.040 gpm/ft2. The comparison also shows a positive bias
for the experiment using slurry containing only Tank 51H sludge, a previously dried material.

Figure 12. Comparison of Measured Flux for 
Similar Slurry Samples in CUF and PREF Equipment.

Table 4 in Appendix 1 shows the insoluble solids level and sodium concentration for each test. Table 5 in Appendix 1
shows the anion concentrations and supernate density for each feed stream. Table 6 in Appendix 1 shows results of
previous analyses of the sludge solids.,

Thermal Analyses

The equipment used for the thermal analyses failed to calibrate correctly when tested with the indium standard. The
equipment gave reproducible trends in the analyses but one can not accept the calculated heat capacities as reliable.
Furthermore, personnel did not perform an analysis to determine the exact amount of solids or the ratio of MST to
sludge in the samples. Hence, theses analyses only give qualitative insight into the behavior of the slurries.

Figure 13 displays the data from the calorimetry measurements. Each curve corresponds to a different sample. The
figure shows the milliwatts of energy absorbed by the samples as a function of temperature. The measurements used
sealed cups to hold the sample so evaporation had negligible influence on the results. As can be seen from Figure 13,
the amount of energy absorbed by the samples (negative values on the ordinate) increased and reached a constant value
with temperature. Energy absorption occurs due to the heat capacity of the sample. The heat capacity of a composite
sample is the mass-weighted average of the heat capacity of each component. In this thermal test, the samples consist
of the supernatant and solids. The solids include a mixture of sludge and MST. A closer look of Figure 13 reveals
slurry samples from Tank 8F and 51H have slightly higher heat capacity than the corresponding sample using
previously dried sludge. This may reflect structural changes in the sludge when it dries. For example, during drying
gibbsite (aluminum hydroxide known to exist in wet sludge) converts to boehmite (aluminum oxide hydroxide).
Boehmite has a lower heat capacity than gibbsite and this may account in part for the variance shown in the data. (A
later report by Fondeur will address the structural changes of these sludge samples during drying.) Also, variance in
the concentration of solids in the samples may also contribute to the observed differences in the measurements.
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Previously, Taylor and Mattus observed a change in the rheology of slurries containing simulated sludge and MST
when stored at 80 ° C for extended time. If a chemical reaction contributed to this change in rheology, one would
expect to observe a thermal event at that temperature. Figure 13 does not contain noteworthy thermal events. The
measurements by Taylor and Mattus occurred following a minimum storage period of one week. Future testing should
include keeping the samples isothermal at 80 ° C (the temperature at which previous testing with simulated waste
showed high yield points) for different length of times and then thermally ramping the samples for identification of
thermal events.

Figure 13. The Thermal Behavior of Dry and 
Wet Tank 51H and 8F Sludge With and Without MST.

Figure 14 displays the calorimetry data for similar experiments using slurry containing Tank 8F sludge and MST. In
this experiment, sufficient sample existed to make the measurements for the individual slurries and for the composite.
The curves for the Tank 8F sludge slurry and for the composite slurry – containing both Tank 8F sludge and MST --
overlap in the temperature range of 10 to 40 ° C. After 40 ° C the curve labeled "Tank 8F + MST" includes a broad
endothermic peak which starts at 60 ° C. At present, we lack a definitive identification of the cause of the exothermic
event. A similar peak started at an earlier temperature (40 ° C) in the experiment using the MST slurry. The shift in the
temperature for this thermal event suggests an interaction of MST with the sludge. This peak did not reappear upon
heating the same sample (i.e., Tank 8F sludge plus MST) indicating an irreversible process occurred.



Cross-Flow Filtration Demonstration for Slurries Containing High Level Waste Sludge and Monosodium Titanate

http://sti.srs.gov/fulltext/tr2001212/tr2001212.html[7/13/2009 12:47:49 PM]

Figure 14 Thermal Behavior of Tank 8F Sludge With and Without MST.

Figure 15 provides additional calorimetry data for two experiments involving slurries containing Tank 51H sludge and
a composite of Tank 51H sludge with MST. Note that the curve for the slurry containing both Tank 51H sludge and
MST shows an early peak (near 20 ° C) that suggests the analysis occurred prior to achieving stable baseline
conditions. Hence, the magnitude of the determined heat capacity for this test is not reliable.

One noticeable difference between the curves in Figure 15 involves the endothermic transition near 80 ° C due to MST.
The same peak starts near 20 ° C in pure MST. This peak did not reappear upon heating the same sample, again
indicating an irreversible process occurred.
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Figure 15 Thermal Behavior of Slurry 
Containing Tank 51H Sludge With and Without MST.

Figure 16 contains similar data for samples containing Tank 11H sludge and MST. Unlike the data for sludge from
Tank 8F and Tank 51H, the curves indicate only a very minor endothermic event near 60 ° C after addition of MST.
The variance of the energy for this endothermic event for the various composite samples indicates the degree of
reaction differs for the different sludge compositions.

Figure 16. Thermal Behavior of Slurry 
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Containing Tank 11H Sludge With and Without MST.

Rheology Measurements

Appendix 3 contains plots of the data. Measurements occurred at 25 ° C. We regressed the uncorrected data obtained
for all six samples using the Bingham Plastic model. We selected the Bingham plastic model because it provides a
conservative yield stress measurement for these samples.

The regression used the rheological data generated from each sample over the shear rate range of 50s-1 to 1100s-1

except for sample containing Tank 8F sludge for which we evaluated the data over 50s-1 to 800s-1. Table 6 provides
the Bingham Plastic model results for the samples along with previous rheology measurements with Tank 8F sludge.
The rheological data from this test agrees reasonably well with the 1984 data.

Table 3. Bingham Plastic Model Results for the CUF Samples 
Sample Name Insoluble Solids Yield Stress Consistency R2

Tank 51H sludge 6.0 wt % 0.87 Pa 1.86 cp. 0.93

Tank 11H sludge plus MST 9.1 wt % 1.73 Pa 4.51 cp. 0.98

Tank 51H sludge plus MST 4.0 wt % 3.48 Pa 4.65 cp. 0.96

Tank 8F sludge plus MST 4.4 wt % 2.93 Pa 5.27 cp. 0.98

Tank 11H Sludge 6.0 wt % 0.83 Pa 5.78 cp. 0.97

Tank 8F Sludge 6.0 wt % 0.83 Pa 3.67 cp. 0.97

Tank 8F (1984) 5.4 wt % 0.9 Pa 3 cp. N/A

Tank 8F (1984) 7.8 wt % 1.3 Pa 3 cp. N/A

Tank 8F (1984) 8.3 wt % 1.3 Pa 4 cp. N/A

N/A = not available

Conclusions

The conclusions from the testing follow.

The filter flux for the real waste shows a positive bias relative to predictions based upon tests with simulated
waste. The variance remains within the statistical accuracy of the predictive correlation except for slurries with
the highest concentration of solids tested (i.e., 6.0 wt %)
The simulated sludge used in previous cross flow filtration testing serves as a reasonable representative of actual
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Savannah River Site sludge. Data from these tests provide a conservative estimate of equipment size and
required operating conditions.
We observed no significant difference in the filtration rates with Tank 51H sludge and Tank 8F sludge.
Feed solutions prepared with dried sludge had higher filtration rates than feed solutions prepared with slurry
sludge. Only a limited number of waste tanks contain dried sludge. Hence, the authors recommending using the
behavior of the slurry samples as more representative of expected behavior for the process.
The concentrated sludge and the sludge plus MST slurries (6.0 wt % insoluble solids) had yield stresses less than
3.5 Pa. The data agreed well with previous data where available.
Thermal analysis shows a chemical reaction between MST and sludge at elevated temperatures (i.e., 60 – 80 ° ),
possibly explaining the cause of previous observations of variance of rheology for such simulated waste slurries
at these temperatures.

Quality Assurance

Laboratory Notebook WSRC-NB-2001-00034 (Poirier) contains filtration data and sample analyses for these
experiments. The thermal analysis data resides in Laboratory Notebook WSRC-NB-99-00232 (P. U. Burkhalter).
Fellinger recorded the rheology data in Laboratory Notebooks WSRC-NB-1999-00060, WSRC-NB-2000-00056, and
WSRC-NB-2000-00165.

This work satisfies the requirements defined in the originating task plan as well as those defined in the feasibility study
for this research. The work complied with "Procedure for Real Waste Test of The Small Tank Precipitation Process"
(Manual L12.1, Procedure IWT-OP-137, Rev. 1) or earlier versions as appropriate. Check procedure title and revision

This report finalizes the work identified by Item 6.4 of "Applied Technology Integration Scope of Work Matrix for
Alpha Removal (Demonstration Phase)," HLW-SDT-2000-00047, Rev. 3, November 9, 2000. The experiments using
samples without MST addresses, in part, Item 6.5.3.
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Appendix 1. Analytical Data

Table 4. Analysis of Sodium and Insoluble Solids in Feed Solutions
Feed Solution Target Insoluble Solids

Level (wt %)
Measured Insoluble

Solids (wt %)
Na by AA

(M)
Na by ICP-ES

(M)

Tank 51H Sludge Only 0.06 < 0.03 4.2 5.6

Tank 51H Sludge Only 0.29 0.087 2.9 3.9

Tank 51H Sludge Only 1.29 0.289 3.9 4.5

Tank 51H Sludge Only 6.0 * 3.8 4.9

Tank 51H Sludge + MST 0.06 < 0.03 3.6 4.7

Tank 51H Sludge + MST 0.29 006 6.9 6.7
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Tank 51H Sludge + MST 1.29 0.97 3.9 5.2

Tank 51H Sludge + MST 6.0 4.0 3.5 4.2

Tank 8F Sludge + MST 0.06 0.26 5.2 4.9

Tank 8F Sludge + MST 0.29 0.29 9.8 9.8

Tank 8F Sludge + MST 1.29 0.59 5.3 5.8

Tank 8F Sludge + MST 6.0 4.35 3.7 5.0

Tank 11H Sludge + MST 0.06 0.203 1.8 2.1

Tank 11H Sludge + MST 0.29 0.473 4.9 4.6

Tank 11H Sludge + MST 1.29 0.936 3.4 4.1

Tank 11H Sludge + MST 6.0 9.12 4.1 3.9

Result not received.

Table 5. Analysis of Feed Supernatant
Species Tank 51H Sludge

Only
Tank 51H Sludge +

MST
Tank 8F Sludge +

MST
Tank 11H Sludge +

MST

OH 10.9 M * * *

NO2 0.73 M 0.33 M 0.39 M 0.33 M

NO3 0.84 M 0.45 M 0.46 M 0.37 M

AlO2 0.14 M 0.14 M 0.19 M 0.11 M

SO4 n.d. n.d. n.d. n.d.

Cl n.d. 0.003 M 0.003 M 0.003 M

F n.d. n.d. n.d. n.d.

PO4 n.d. n.d. n.d. n.d.

oxalate n.d. n.d. 0.01 M 0.01 M

density 1.227 g/mL 1.215 g/mL 1.201 g/mL 1.218 g/mL

* Result not received.
n.d. species not detected

 

Table 6. Analysis of Sludge Used in Real Waste Filter Tests
Species Tank 51H Dried Sludge

(wt %)
Tank 51H Slurry Sludge (wt

%)
Tank 8F Slurry Sludge

(wt %)
Tank 11H Dried
Sludge (wt %)

Ag  0.019 0.015 0.21

Al 5.6 7.7 3.9 24.6
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B  0.0055 < 0.006  

Ba  0.046 0.023 0.16

Ca 2.2 2.2 0.86 0.86

Cd  0.11 0.0062 0.064

Cr 0.16 0.13 0.16 0.25

Cu 0.024 0.030 0.033 0.26

Co  0.0076 0.0099  

Fe 22.1 21.5 21.5 11.0

Hg 0.14 0.86 0.12 4.04

K  < 0.05 -  

La  0.021 0.018 0.36

Li  0.0066 0.063 0.14

Mg 1.1 1.2 0.57 0.13

Mn 2.3 3.3 1.8 5.8

Mo  0.0046 < 0.008 0.060

Na 14.4 5.8 23.5 9.4

Ni 0.27 0.34 1.0 2.3

P 0.48 0.66 0.23 0.32

Pb  0.075 0.037 0.56

Si 0.57 1.3 0.56 0.88

Sn  0.0096 < 0.02 0.086

Sr  0.019 0.012 0.031

Ti 0.013 0.017 0.029 0.095

U 3.1    

V  0.0078 0.008 0.22

Zn  0.0036 0.028 0.13

Zr  0.021 0.052  

Appendix 2: Rheology Equipment Details and Control Standard

The technical specifications for the RV30/M5 system are listed in Table 7.
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Table 7. Technical Specifications for the System

(Date taken from "Haake, "Instruction Manual Rotovisco RV30".)

The error in the measured shear stress is 0.5% of full span (100%Tau) and the error for the measured shear rate is
0.5% of the reading. Table 8 provides the maximum shear rate, maximum shear stress, and physical dimensions
associated with MV1 rotor.

Table 8. Maximum Shear Rate, Maximum Shear Stress, 
and Physical Dimensions Associated with the MV1 Rotor

(Date taken from "Haake, "Instruction Manual Rotovisco RV30".)

Programming of the RV-30

We selected different programming times and shear rate ranges based on the visual observations of the samples. Table
9 contains the different programming times and shear rate ranges for the six samples.

Table 9. Programming Times and Shear Rate Ranges Selected for the Slurry Samples

 Tank 51H
Sludge

Tank 11H
Sludge plus

MST

Tank 51H
Sludge plus
MST

Tank 8F
Sludge plus

MST

Tank 11H Sludge Tank 8F 
Sludge

Shear Rate
Range and
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Time for the
Up Curve

0 - 1100s-1,
4 minutes

0 - 1100s-1,
5 minutes

0 - 800s-1,
5 minutes

0 - 1100s-1,
5 minutes

0 - 1100s-1,
5 minutes

0 - 1100s-1,
5 minutes

Shear Rate
Range and

Time for the
Down Curve

 

1100 - 0s-1,
4 minutes

 

1100 - 0s-1,
5 minutes

 

800 - 0s-1,
5 minutes

 

1100 - 0s-1,
5 minutes

 

1100 - 0s-1,
5 minutes

 

1100 - 0s-1,
5 minutes

Figure 17 contains the response curve for the control standard.

Figure 17. Up Flow Curves for the Newtonian Oil Standard

As shown in the following table, the measurements for the control standard agreed well with the expected values.

Appendix 3: Rheology Data and Figures

Figure 17 through Figure 23 contain the raw data obtained from the rheometer (up flow curves only). Measurements
occurred at 25 ° C. Figure 24 compares the data for slurry samples containing Tank 51H sludge with and without MST.
Figure 25 compares the data for the slurry samples containing Tank 8F sludge with and without MST. Figure 26
compares the data for the slurry samples containing Tank 11H sludge with and without MST. We chose to omit the
measurements of the down flow curves and obtain the fluid property values from the up flow curves.

We measured multiple flow curves for each sample. These flow curves proved repeatable, since they overlaid each
other. Also the viscosity determined for the Newtonian oil standard remained within 5% of its known value, indicating
that the instrument performed as expected.
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Figure 18. Uncorrected Flow Curve for Tank 51H Sludge Slurry Sample

 

Figure 19. Uncorrected Flow Curve for Sample Containing Tank 11H Sludge Plus MST
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Figure 20. Uncorrected Flow Curve for Sample Containing Tank 51H Sludge Plus MST

 

Figure 21. Uncorrected Flow Curve for Sample Containing Tank 8F Sludge Plus MST
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Figure 22. Uncorrected Rheology Flow Curve for Tank 8F Sludge Slurry Sample

 

Figure 23. Uncorrected Rheology Flow Curve for Tank 11H Sludge Slurry Sample
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Figure 24. Comparison of the Uncorrected Flow Curves for Samples 
Containing Tank 51H Sludge and Containing Tank 51H Sludge Plus MST

 

Figure 25. Comparison of the Uncorrected Rheology Flow Curves for 
Samples Containing Tank 8F Sludge and Containing Tank 8F Sludge Plus MST
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Figure 26. Comparison of the Uncorrected Rheology Flow Curves for 
Samples Containing Tank 11H Sludge and Containing Tank 11H Sludge Plus MST
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