WSRC-ST1-2006-00072

Revision O

Tailoring Inorganic Sorbentsfor SRS Strontium and Actinide
Separ ations. Optimized M onosodium Titanate
Phasell Interim Report for External Release

D. T. Hobbs, SRNL
M. D. Nyman, SNL
M. R. Poirier, SRNL
M. J. Barnes, SRNL
M. E. Thompson, SRNL

August, 2006

Washington Savannah River Company
Savannah River Site
Aiken, SC 29808

Prepared for the U.S. Department of Energy Under
Contract Number DE-AC09-96SR 18500

®

savannah river site



WSRC-STI-2006-00072, Revision O

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, nor any of their
contractors, subcontractors or their employees, makes any warranty, express or implied, or assumes any legal
liahility or responsibility for the accuracy, completeness, or any third party's use or the results of such use of
any information, apparatus, product, or process disclosed, or representsthat its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof or its contractors or
subcontractors. The views and opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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1.0 Executive Summary

This document provides an interim summary report of Phase |1 testing activities for the
development of a modified monosodium titanate (MST) that exhibits improved strontium
and actinide removal characteristics compared to the baseline MST materials. The
activities included determining the key synthesis conditions for preparation of the
modified MST, preparation of the modified MST at alarger laboratory scale,
demonstration of the strontium and actinide removal characteristics with actual tank
waste supernate and characterization of the modified MST. Key findings and
conclusions include the following.

Samples of the modified MST prepared by Method 2 and Method 3 exhibited the
best combination of strontium and actinide removal.

We selected Method 3 to scale up and test performance with actual waste
solution.

We successfully prepared three batches of the modified MST using the Method 3
procedure at a 25-gram scale.

Performance tests indicated successful scale-up to the 25-gram scale with
excellent performance and reproducibility among each of the three batches. For
example, the plutonium decontamination factors (6-hour contact time) for the
modified MST samples averaged 13 times higher than that of the baseline MST
sample at half the sorbent concentration (0.2 g L™ for modified MST versus

0.4 g L™ for baseline MST).

Performance tests with actual waste supernate demonstrated that the modified
MST exhibited better strontium and plutonium removal performance than that of
the baseline MST. For example, the decontamination factors for the modified
MST measured 2.6 times higher for strontium and between 5.2 to 11 times higher
for plutonium compared to the baseline MST sample. The modified MST did not
exhibit improved neptunium removal performance over that of the baseline MST.
Two strikes of the modified MST provided increased removal of strontium and
actinides from actual waste compared to asingle strike. The improved
performance exhibited by the modified MST indicates that fewer strikes of the
modified MST would be needed to successfully treat waste that contain very high
activities of *°Sr and al pha-emitting radionuclides compared to the baseline MST.
Reuse tests with actual waste confirmed that partially loaded MST exhibits
reduced removal of strontium and actinides when contacted with fresh waste.
Samples of modified MST prepared by Method 3 and the baseline MST exhibited
very similar particle size distributions.

Dead-end filtration tests showed that the modified MST samples exhibited similar
filtration characteristics as the baseline MST sample.

Performance testing indicated no change in strontium and neptunium removal
after storing the modified MST for 6-months at ambient temperature. The results
suggested that plutonium removal performance may be decreased slightly after 6-
months of storage. However, the change in plutonium removal is not statistically
significant at the 95% confidence limit.
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Based on these findings we recommend continued development of the modified MST as
areplacement for the baseline MST for waste treatment facilities at the Savannah River
Site.

2.0 Introduction

MST is an inorganic sorbent material that exhibits high selectivity for strontium and
actinide elements in the presence of strongly alkaline and high sodium containing salt
solutions.>? The Savannah River Site (SRS) selected this material for strontium and
plutonium removal from high-level waste solutionsin the early 1980s as part of the In-
Tank Precipitation (ITP) process.® In 2001, the Department of Energy (DOE) selected
MST for the strontium/actinide separation step within the Salt Waste Processing Facility
(SWPF).* Subsequently, Salt Processing Program Engineering selected MST for usein
the Actinide Removal Process (ARP) to treat waste solutions low in cesium activity in a
treatment facility located in 512-S.°

Original development of MST at Sandia National Laboratory (SNL) produced a dried
powder. Unpublished studies conducted by L. L. Kilpatrick and D. T. Hobbs during the
1980s indicated that air drying of the MST at elevated temperature (>100 °C) adversely
impacted strontium removal performance. Principally due to the poorer sorption
characteristics of MST dried at elevated temperature, procurement of MST at SRS for the
I TP process specified that the vendor prepare and isolate the material without drying and
deliver the MST as an agueous sol ution containing 10 — 20 wt% MST solids.®

The proposed SWPF and existing ARP facilities have significantly different reactor
configurations and process cycle times than that in the abandoned I TP operation. In
particular, contact times between the MST and the alkaline waste solutions in the SWPF
and ARP will be less than 12 hours versus approximately 2 weeks in the I TP process.
Increased waste characterization data indicates that alpha removal characteristics (and
principally plutonium removal) represent a greater challenge than that for Sr removal.
Based on recent testing at SRNL, the performance of MST to efficiently and rapidly
remove a pha-emitting radionuclides serves as the limiting factor in sizing the equipment
and operational throughput. Even higher alpha activities are projected for the SWPF and
ARP operations as aresult of initiatives to accelerate the disposal of HLW at the SRS.
Due to the limited solubility of titanium in HLW borosilicate glass, there are limits on the
amount of MST that can be used in SWPF and ARP facilities.” Consequently, the need
exists for an improved Sr/alpha removal material that exhibits increased actinide capacity
and removal kinetics.

In 2003 the DOE Office of Cleanup Technologies (EM-21) funded a project to develop
improved sorbent materials for strontium/actinide separations at SRS? Thiswork
identified a methodology for modifying the synthesis of MST that produced materials
that exhibited significantly improved performance for strontium and actinide removal.
Improved performance included both increased capacity and sorption kinetics.
Preliminary evaluation of the use of the modified MST materials for use in the treatment
of SRS high-level waste (HLW) in the ARP facility suggested that the throughput could
be increased by as much as a factor of three. With these promising results, the DOE
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Office of Cleanup Technologies funded SRNL to continue development of the modified
MST materials under a Phase 11 project. Thisinterim report provides a summary of work
completed to date on Tasks 1 — 4 as specified in the Task Technical and Quality
Assurance Plan for Phase I testing.**°

3.0 Experimental

3.1. Preparation of Modified MST Samples

We prepared modified MST samples by one of three methods identified as Method 1,
Method 2 and Method 3. These methods are variations on the synthesis of MST by the
published sol-gel technique.>?** Specific details about the syntheses are not reported in
this document as this technology is currently in patent prosecution.

3.2. Performance Testing with Simulated Waste Solution

Testing of combined strontium and actinide remova performance occurred at the
Savannah River National Laboratory (SRNL) using the ssmulated waste solution
composition as shown in Table 1 including plutonium, uranium, and neptunium in
addition to ®Sr. Strontium and actinide removal testing occurred at 25 + 2 °C at aMST
solids concentration of 0.4 g/L. Sampling of the test bottles occurred at 4, 24 and 168
hours of contact. We filtered the samples through 0.45-micron syringe filters (nylon
membrane) to remove MST solids. Gamma spectroscopy measured the *Sr and
neptunium content while alpha spectroscopy measured the total apha activity. We
measured the 2#2*%2%py content by radiochemical separation of the plutonium followed
by alpha counting of the extracted plutonium.

Table1l. Composition of Simulated Waste Solution

Target Measured Analytical

Component Concentration Concentration Uncertainty
NaNO3 2.60 M 2.44 M 0.24 M
NaOH 1.33M 1.36 M 0.14 M
NapSO4 0.521 M 0.551 M 0.055 M
NaAl(OH)4 0.429 M 0.503 M 0.050 M
NaNO» 0.134 M 0.116 M 0.012M
NapCO3 0.0260 M 0.016 M 0.010 M
Total Na 5.6 M 52M 0.52 M

Total Sr 0.6mgL™ 0.484 mgL™ 0.032mgL™

Bgr >1000 dpm mL™ 1.65E+05 dpm mL™ 3.22E+03 dpm mL™

Total Pu 02mgL™ 0218 mg L™ 0.013mg L™

“'Np 05mgL™ 0.461mgL™ 0.090 mgL™

Total U 10mg L™ 955mgL™ 033mgL*

" Value at time solution was first prepared. ®Sr has a 64.8 day half-life
and, therefore, the ®Sr activity in the solution is continuously decreasing.
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3.3. Performance Testing with Actual Waste

Closure Business Unit (CBU) supplied SRNL with athree liter sample of supernate taken
in May 2005 (Sample ID: HTF-049). Upon receipt, the sample was vented and allowed
to stand undisturbed overnight. In preparation for characterization, we pumped the
supernate sample from the 3-L sampler into a4-L carboy using a Masterflex® peristaltic
pump and Tygon® tubing. The total volume of supernate measured 3.18 L.

Visua inspection of the supernate composite showed the material to be clear and light in
color with no observable solids. We determined the density of the as-received material at
1.265 + 0.0071 g mL ™ using 10 mL glass Class A micro-volumetric flasks. We
determined chemical composition of the material by diluting an aiquot of the as-received
waste sample in either 2 M nitric acid or deionized water.

The as-received material measured 5.48 + 0.37 M in sodium, which is consistent with
measured density and within the desired range for performance testing in Task 3 (see
Table 2). We then measured the 2#2**2%py content by radiochemical separation of the
plutonium followed by alpha counting of the extracted plutonium. *Sr was determined
by chemical separation and beta counting of the extracted strontium. **’Cswas
determined by gamma spectroscopy. Stable strontium and actinide isotopes were
determined by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS). Free and
total base, other base excluding carbonate, carbonate, nitrate, nitrite, sulfate, phosphate,
halides, and oxalate were determined by titration and ion chromatography. Table 2
provides the measured composition of the as-received waste sample.

Table 2. Composition of the As-Received Waste Supernate Sample

Analyte Unit Concentration Standard Deviation
Na M 5.48E+00 3.67E-01
OH M 2.10E+00 7.00E-02
NOs M 2.47E+00 1.51E-02
NO, M 6.48E-01 6.33E-03

AlI(OH)4 M 4.23E-01 6.79E-03

COs* M 5.66E-01 7.85E-03
SO” M 5.18E-02 1.01E-03
PO,> M 2.17E-03 4.23E-05

F M bdl -

Cl M bdl -
B¥cs pCi/mL 2.26E+08 0
Ogy pCi/mL 3.37E+05 3.64E+04

Total Pu pCi/mL 8.25E+04 7.43E+02

bdl = below method detection level



WSRC-STI-2006-00072, Revision O

Analytical results revealed that the tank waste sample was much lower in *°Sr and alpha
activity than expected (see Table 2). Therefore, we adjusted the composition of the tank
waste solution to increase plutonium and strontium content to provide a more challenging
matrix for evaluating the MST performance characteristics.

Plutonium and strontium adjustment proceeded by adding three different solutions

(1) 2*8Py, (2) 2%%%Py and (3) natural abundance strontium into 2.5 L of the waste
solution. A concentrated, nitric acid solution of ?®Pu (3.3 mL of 1.3 E+09 dpm/mL in 15
M HNOs) from the Actinide Technology Section of SRNL served as the source of *®Pu.
After analyzing the ?*®Pu solution for purity we added 25 mL of 0.05 M Na,COs solution
sowly while stirring to obtain adightly alkaline solution. We prepared a dlightly
alkaline solution of wegpons-grade plutonium by slowly adding 10 mL of a0.019 M
Na,COj3 solution to a concentrated, nitric acid solution of weapons-grade 2¥*°py (1.05
mg PumL™in 1.3 mL of 0.5 M HNOs). We prepared the natural abundance strontium
solution by dissolving the desired quantity of strontium nitrate (0.066 g) in distilled,
deionized water (10 mL). All solution volumes were minimized to reduce the level of
dilution of the waste solution.

We added the spike solutions in the following order with indicated hold times

(1) strontium solution followed by stirring for 2 hours, (2) “®Pu solution followed by
stirring for 1 hour and (3) 292*°Pu solution followed by stirring for 1 hour. We continued
mixing for 13 days at ambient temperature. We collected aliquots and analyzed aliquots
of the spiked solution after 6 and 13 days. Results, shown in Table 3 below, indicate that
all analytes except strontium were at or near equilibrium. Prior to use we filtered the
spiked waste sample through a cartridge filter (Whatman Polycap™ 75 TF unit with 0.1 m
PTFE membrane). We analyzed additional aliquots at the start of testing and included a
test bottle without added M ST to serve as control samples to account for the decreasing
strontium concentration and the lead time between these analytical results and the
initiation of the performance tests.

Table 3. Analysis of Waste Super nate after Spiking with Strontium and Plutonium

6 day 13 day

Analyte | Method Units Sample Sample
S | Radchem| pCi/mL | 3.73E+04 +3.8E+03 | 2.75E+04 + 2.8E+03
Tota Sr | ICP-MS | g/l | 2.14E+03 +4.3E+02 | 1.58E+03 + 3.2E+02
Tota Pu| PUTTA | pg/ll | 254E+02 +1.3E+01 | 2.54E+02 + 1.4E+01
Tota Pu | ICP-MS | pg/ll | 1.97E+02 +3.9E+01 | 2.06E+02 +4.1E+01
“Np | ICP-MS| pglL | 149E+02 +3.0E+01 | 1.29E+02 + 2.6E+01
Total U | ICP-MS | pg/L | 9.99E+03 + 2.00E+03 | 1.02E+04 + 2.05E+03
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Table 4 provides alisting of the first set of seven tests carried out to evaluate the
performance of the modified MST (Test Set #1). Testing included a single control test
(no added MST), a single test with the baseline MST sample (Optima Chemical
Company, Inc. Lot #00-QAB-417) at 0.2 g L™, duplicate tests with modified MST at 0.1
and 0.2 g L™ MST and afinal test to determine if the presence of the solvent mixture
planned for use in the Caustic Side Solvent Extraction (CSSX) process influences the
performance of the modified MST. For this test we mixed 0.02 grams (0.2 g L™) of
modified MST with 0.050 mL (500 ppm) of the CSSX solvent.

Researchers poured 100-mL of the filtered and spiked waste into test bottles equipped
with magnetic stirring bars. The test bottles were placed into a temperature controlled
waterbath (25 + 3 «C) and incubated overnight. Individually, we removed each bottle
from the waterbath, added a preweighed amount of the appropriate MST, and returned
the test bottle to the waterbath.

We sampled each test bottle after 2, 4, 6, 12, 24 and 168-hours of contact. At the desired
sampling time, we removed a 3-mL aliquot from each test bottle. We filtered the aliquot
through a syringe filter (Millex® VV 0.1-nm PVDF membrane) and collected the filtrate
in aclean sample bottle. Personnel then pipetted 1-mL portions of the filtered sample
into a second set of sample bottles containing 19 mL of 2 M nitric acid. The acidified
samples were shaken for approximately 15 seconds and then allowed to equilibrate with
periodic shaking for a minimum of 2 hours prior to submittal for analysis. The acidified
samples were analyzed to determine the following, 2¥292py, 95y stable strontium and
actinides.

Table4. Test Conditionsfor First Set of Actual Waste Performance Tests

Test # MST ID [MST], g/L Contact Time, hours
1 modified 0.0 0,2,4,6,12, 24 and 168
2 modified 0.1 0,2, 46,12, 24 and 168
3 modified 0.1 0,2, 46,12, 24 and 168
4 modified 0.2 0,2, 46,12, 24 and 168
5 modified 0.2 0,2, 46,12, 24 and 168
6 baseline 0.2 0,2, 4,6,12, 24 and 168
7 modified 0.2* 0,2, 46,12, 24 and 168

*with 500 ppm CSSX solvent

We conducted a supplemental set of actual waste tests evaluating the efficiency of
modified MST in both multiple strike and reuse configurations using the same equipment
as described for Test Set #1. The supplemental tests consisted of seven tests, which we
performed in two stages. Tests S-2, S-3, and S-1C preceded Tests S-4, S5, S-1A, and
S-1B by two weeks. Tests S-1A, -1B, and -1C served as control tests (i.e., no modified
MST were added). Tests S-2 and S-3 served as multiple strike tests which were
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facilitated by filtering the test solutions approximately 6 hours after first contacting with
modified MST and then recharging the filtrate with fresh modified MST to simulate a
second strike. Samples were obtained at approximately 2, 6, 8, 12, 30, and 174 h after
the addition of the first strike with MST. Tests S-2 and S-3 were contacted with 0.1 g L™
and 0.2 g L™ MST, respectively, in each strike. Samples were prepared and analyzed as
described previoudly.

Tests S-4 and S-5 evaluated the reuse of the modified MST sample. In these tests, we
contacted the modified MST with 200-mL of the filtered, composited, residual waste
solution from Test Set #1. After approximately 6 hours of contact, we separated the
liquid and M ST solids and then added the recovered MST solids to fresh, spiked waste
solution. Samples were obtained at approximately 2, 6, 8, 12, 30, and 174 h after the first
MST contact. Control testsincluded S-1A (fresh spiked waste) and S-1B (filtered,
composited, residual waste solution remaining from Test Set #1). Tests S4 and S-5
featured MST concentrations of 0.1 g L™ and 0.2 g L™, respectively. Samples from these
tests were prepared and analyzed as described previoudly.

3.4 Filtration Testing

We performed filtration tests in a stirred cell filtration apparatus (see Figure 1) with a
simulated waste solution having the chemical composition as reported in Table 1 without
the radioactive components. We added the appropriate MST sample to the solution to
provide a concentration of solidsof 0.55 g L™. We poured approximately 60 mL of the
feed suspension into the stirred cell, agitated the cell contents, pressurized the cell to 30
psi, and measured the filtrate volume as function of time. Tests evaluated the filtration
characteristics of the MST samples with the following filter media: 0.1 mTruMem”®
ceramic (typical of the SpinTek rotary filter), 0.1 mMott sintered SS (as used in the ARP
design), 0.1 mPall sintered SS (typical of the SWPF design), and 0.5 mPall sintered SS
(as contained in the SRNL modified rotary microfilter). The Mott and Pall pore sizes are
nominal. We performed two sets of tests with the 0.1 mMott and 0.1 mPall media using
afresh feed suspension for the 2nd set of tests.
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Fiure 1 Stirr I &et aratus

4.0 Results and Discussion
4.1 Task 1 — Identify Key Synthesis Conditions

The objective of this task was to identify the synthesis conditions that provide a modified
MST material with the best strontium and actinide removal characteristics. Performance
testing emphasized plutonium removal characteristics since the isotopes of this element
serve as the limiting radionuclides in defining processing conditions and equipment
sizing in the ARP and SWPF.

Previous Phase 1 testing identified severa conditions that produced samples that
exhibited improved strontium, plutonium and neptunium removal characteristics.® We
prepared modified MST samples by three general routes identified as Method 1, Method
2 and Method 3. Within each method, we investigated arange of conditions appropriate
to the particular method.

Figure 2 provides a plot of the 4-hour normalized decontamination factors (DF) for
strontium, plutonium and neptunium, respectively, as measured upon contact with 0.4 g/L
of the modified MST samples produced in Tests 1 — 9 using Method 1. Normalized DF
factors are calculated by dividing the measured DF value of the modified MST sample by
that of the baseline MST sample at the same sorbent concentration and sampling time.
Attachment 8.1 provides alisting of the 4-hour normalized DF values and the
uncertainties. Normalized strontium DF values ranged from alow of 0.85 to a high of
1.85. Normalized plutonium DF values measured over the range 0.60 — 3.05 and those
for neptunium from 1.14 to 4.46.
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The results indicate that this synthesis method produces samples with much improved
neptunium and plutonium removal and modest improvement in strontium removal.
These results are consistent with findings from Phase | testing. The sample with the best
combination of strontium and actinide removal performance was that produced in

Test #2,
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Figure 2. Normalized Decontamination Factors (DF) for Modified M ST Sample
Produced by Method 1

Figure 3 provides aplot of the 4-hour normalized decontamination factors (DF) for
strontium, plutonium and neptunium, respectively, as measured upon contact with

0.4 g L™ of the modified MST samples produced in Tests 1A — 9A using Method 2.
Attachment 8.2 provides alisting of the 4-hour normalized DF values and the
uncertainties. In general this synthetic route produced samples that exhibited improved
sorbate removal, particularly for strontium, compared to the baseline MST sample.
Compared to the samples prepared by Method 1, these samples featured better strontium
removal and, in general, better plutonium, but poorer neptunium removal. Note that the
sample prepared in Test 7A exhibited the highest normalized neptunium DF value (5.19)
of al of the samples prepared by Methods 1 and 2.
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Figure 3. Normalized Decontamination Factors (DF) for Modified M ST Sample
Produced by Method 2

Figures 4 —6 provide plots of the measured DF values for strontium, plutonium and
neptunium, respectively, produced by Method 3. Attachment 8.3 provides alisting of the
DF values and the uncertainties for each of the samples prepared by Method 3.

Samples prepared by this method exhibited an increase in the DF for strontium of about
2 —5times (see Figure 4), for plutonium of about 6 — 31 times (see Figure 5) and for
neptunium of about 1.2 — 5 times (see Figure 6) compared to the baseline MST sample.
These increases in strontium and actinide removal are consistent with those measured for
samples prepared by this method during Phase | testing.

10
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Figure 4. Normalized Strontium Decontamination Factors (DF) for Modified M ST
Samples Produced by Method 3
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Figure 5. Normalized Plutonium Decontamination Factors (DF) for Modified MST
Samples Produced by Method 3

11
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Figure 6. Normalized Neptunium Decontamination Factors (DF) for Modified M ST
Samples Produced by Method 3

After further review of the results from Task 1 including the findings from samples
prepared by Method 3, we conducted additional preparations of modified MST samples
using Method 2, but with a change in the isolation method of the precipitated solids that
omitted drying of the solids. Previously, we isolated the precipitated solids by filtration,
washed with deionized, distilled water and air dried at room temperature. Note that
thermogravimetric analysis of the solids prepared by Method 2 and air dried contained
15 — 30 wt% water.

We tested the performance of these new samples in the same manner as before. Figure 7
provides a plot of the normalized DF for each of the samples along with that measured
for the dried sample prepared in Test 1A. These slurry samples exhibited improved
removal performance for three sorbates compared to both the baseline MST sample and
the modified MST sample prepared earlier in Test 1A. Thus, we conclude that drying the
modified MST reduces the performance of the MST as measured by the DF after 4-hours
of contact. Thisresult is consistent with previous findings with MST samples, which
showed reduced sorption kinetics upon drying MST at elevated temperatures.*?

The sample prepared in Test 13A proved to have the best combined performance for

strontium, plutonium and neptunium. Plutonium removal matched that of the best
performers prepared by Method 3. Strontium and neptunium removal performance of

12
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this sample exceeded that of any prepared by Method 3. Thus, this preparative route
should be considered as a method for preparing modified MST materials.

The particle morphology of modified MST samples prepared by Method 2 is
considerably different that that by Method 3. At this time we have not determined the
particle size distribution or the filtration characteristics of materials prepared by Method
2. Scanning electron micrographs (SEM) suggest that the materials prepared by Method
2 may exhibit a higher fraction of particles having small particle sizes than materials
prepared by Method 3. A higher fraction of small particles may adversely impact
filtration characteristics. Thus, we plan to measure the particle size distribution and

filtration characteristics of samples prepared by Method 2 for comparison with those
prepared by Method 3.

40 + Osr
L Normalized to Baseline M ST (Optima 00-QAB-417) Eru
ONp
| 316
30 +
LL
@]
E 21.3 207
©
S
o]
2

5.20

1A 10A 11A 12A 13A
Sample D

Figure 7. Normalized Decontamination Factors (DF) for Modified MST Samples
Prepared by Method 2 without Drying

4.2 Task 2 — Reproduce Performance at Larger Laboratory Scale

Based on the results from Task 1, we selected Method 3 to produce samples at a larger
laboratory scale. For thistask we increased the previous laboratory procedure to prepare
25 grams of modified MST per batch. This represents a 25 — 100 fold increase in batch
size from previous tests.

We prepared three separate batches of the modified MST material, designated asLS-1,
LS-2 and LS-3 using conditions identical to Test 14P. Performance tests used the same

13
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simulant used in evaluating samples prepared under Task 1. The performance tests added
the MST samples at two different sorbent concentrations, 0.1 and 0.2 g L™. Each
performance test with the modified MST samples was performed in duplicate. A single
test evaluated the performance of the baseline MST sample at each sorbent concentration.
We also analyzed these materials for avariety of chemical and physical properties and
filtration characteristics. Results of these analyses are presented in Task 4.

Figures 8 and 9 provide plots of the normalized 4-hour DF values for strontium and
plutonium, respectively, with the three modified MST samples. The normalized DF is
calculated by dividing the DF of the modified MST sample by the DF of the baseline
MST sample. For strontium and plutonium, the results indicate that the modified MST
samples show significantly improved performance compared to the baseline MST
sample. These results are consistent with those determined with modified MST samples
prepared at the smaller laboratory scale. There was very good agreement among the
three different batches of modified MST indicating that the synthesisis reproducible at
this scale.

Normalized to Baseline M ST at Same Concentration
49 E}l 5.0
47 46 {—
4.4 %_ 4.5
Toa2 el i
o .
54 3 o ¥
o h
<
<
3
N
g [0.1 g/L sorbent 0.2 g/L sorbent
82
O T T T T T T T T T T 1

LS1 LS1 LS2 LS2 LS3 LS3 LS1 LS1 LS2 LS2 LS3 LS3
Sample D

Figure 8. Normalized 4-Hour Strontium Decontamination Factors (DF) for
Modified M ST Samples Produced by Method 3 at the 25-gram Scale
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Figure 9. Normalized 4-Hour Plutonium Decontamination Factors (DF) for
Modified MST Samples Produced by Method 3 at the 25-gram Scale

For neptunium, the normalized 4-hour DFs for the modified MST samples measured
around 1.3 indicating better removal than the baseline material. However, considering
the uncertainty in the normalized DF values (see Table 9), we cannot conclude that the
modified MST samples exhibited improved neptunium removal after a contact time of 4
hours at the 95% confidence limit.

The uranium removal characteristics for the modified MST samples proved indeterminate
inthistest set. Given the analytical uncertainty in the uranium measurement by ICP-M S
and the variance among duplicate tests, we observed no statistical difference among the
uranium concentrations measured in samples from tests with and without MST. Note that
we did not analyze for uranium in the samples from tests with 0.2 g/L M ST at contact
times other than 4 hours. At longer contact times (e.g., 168-hours), there may have been
sufficient uranium sorption by the MST samples to provide a measurable difference in
the uranium concentrations remaining in solution.

In addition to the 4-hour sample, we aso pulled and analyzed samples after 2, 6, 12, 24
and 168 hours of contact with the MST samples to evaluate removal kinetics. Table 9
provides a summary of the average strontium, plutonium and neptunium DFs for the
modified and baseline MST samples at each sampling time and each sorbent
concentration. Table 10 provides the average normalized DF value for the modified MST
at each sampling time and sorbent concentration.
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Comparison of the baseline MST and modified MST samples at each time and
concentration revealed that the modified MST consistently exhibited very high DF values
for strontium and plutonium. For strontium, the DF value for the modified MST
consistently measured between factors of 4 to 5 higher than that of the baseline MST (see
Table 10). The modified MST exhibited exceptionally good plutonium removal with DF
values of 24.0 and 49.3 upon contact with 0.1 g L™ of at 6 and 12-hours, respectively at a
sorbent concentration of 0.1 g L™ and values of 95.7 and 172, respectively at a sorbent
concentration of 0.2 g L™ (see Table 9). Thus, the modified MST samples exhibited
plutonium DF values between 10 and 50 times higher than those of the baseline MST
sample (see Table 10).

The average neptunium DF values for the modified MST samples measured higher than
the baseline MST sample at both sorbent concentrations at each sampling time. In some
cases, however, the difference between the modified and baseline DF values was not
statisticaly significant. Thus, the modified MST samples exhibited a small increase of
no more that about a factor of 2 in neptunium remova compared to that of the baseline
MST sample. Thistrend is consistent with that previously measured for samples
prepared by Method 3.2
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2
4
6
12
24
168

Time (h)
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Table5. Average Strontium and Plutonium Decontamination Factorsfor Modified M ST Samples
Produced by Method 3 at the 25-gram Scale

BaselineMST @ 0.1 g/L

Average
5.42
6.19
8.50
6.88
8.45
111

Std Dev
0.13
0.16
0.21
0.18
0.22
0.30

BaselineMST @ 0.1 g/L

Average
1.52
1.73
1.85
211
254
7.15

Std Dev
0.13
0.13
0.13
0.16
0.20
0.49

BaselineMST @ 0.1 g/L

Average
1.13
1.19
1.30
0.89
1.30
1.72

Std Dev
0.067
0.096
0.270
0.143
0.265
0.419
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Modified MST @ 0.1 g/L

Average
20.6
254
274
30.6
374
47.6

Modified MST @ 0.1 g/L

Average
5.44
151
24.0
49.3
89.6
119

Modified MST @ 0.1 g/L

Average
1.43
1.55
1.64
1.62
2.06
3.00

BaselineMST @ 0.2 g/L

Std Dev
0.45
0.60
0.56
0.71
0.87

1.2

BaselineMST @ 0.2 g/L

Std Dev
0.16
0.20
0.20
0.24
0.35
0.49

BaselineMST @ 0.2 g/L

Strontium
Std Dev Average
1.18 17.8
1.28 21.7
157 214
1.36 24.8
1.88 29.9
2.09 37.7
Plutonium
Std Dev Average
0.38 2.29
0.87 2.83
2.60 2.85
2.69 321
7.32 4.23
11.3 7.49
Neptunium
Std Dev Average
0.056 122
0.146 1.29
0.170 1.05
0.234 1.25
0.102 147
0.319 2.07

Std Dev
0.070
0.098
0.063
0.100
0.118
0.229

Modified MST results are average and standard deviation of six trials

Baseline MST results are single determinations with reported analytical uncertainty
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Modified MST @ 0.2 g/L

Average
84.6
104
113
128
147
200

Std Dev
2.57
5.26
14.0
5.80
12.0
14.8

Modified MST @ 0.2 g/L

Average
26.9
72.6
95.7
172
276
528

Std Dev
2.86
8.22
17.6
6.16
20.8
39.0

Modified MST @ 0.2 g/L

Average
1.60
1.65
177
1.83
246
5.34

Std Dev
0.114
0.271
0.252
0.155
0.338

1.27
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Table 6. Average Normalized DF Valuesfor Modified M ST Samples

Normalized DF - Strontium

[MST]=0.1¢g/L [MST]=0.2¢g/L
Time (h) Average Std Dev Average Std Dev
2 3.80 0.22 4.75 0.14
4 4.10 0.21 4.79 0.24
6 3.23 0.18 531 0.66
12 4.45 0.20 5.16 0.23
24 4.43 0.22 4.93 0.40
168 4.30 0.19 5.30 0.39

Normalized DF - Plutonium

Time (h) [MST] =0.1g/L [MST] =0.2 g/L
2 3.59 0.25 11.8 1.25
4 8.69 0.50 25.6 2.90
6 13.0 1.41 33.6 6.18
12 23.3 1.28 535 1.92
24 35.3 2.88 65.3 4.92
168 16.7 3.16 705 5.20

Normalized DF - Neptunium

Time (h) [MST] =0.1g/L [MST] =0.2 g/L
2 1.26 0.049 131 0.094
4 1.30 0.123 1.28 0.211
6 1.26 0.131 1.70 0.241
12 1.81 0.262 1.46 0.124
24 158 0.079 1.67 0.230
168 1.75 0.186 2.58 0.611

Normalized DF va ues calculated by dividing the measured DF value for the modified MST to that measured for the
baseline MST sample (Optima 00-QAB-417) at the same test condition.
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Figures 10 — 12 provide plots of solution concentrations of strontium, plutonium and
neptunium, respectively, versus time upon contact with 0.1 and 0.2 g L™* MST. For the
modified MST samples, we observed excellent agreement among the duplicate for the
different preparation batches at each sample time. The concentrations plotted in Figures
10 — 12 are average concentrations of the six tests at each sorbent concentration. Error
bars in these figures —shown, but not easily discernible - are the single standard deviation
of the six values for the modified MST samples, the pooled single standard deviation of
the six control samples taken over the entire test and the analytical uncertainty reported
for each sample measurement in the baseline MST test.
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Figure 10. Strontium Removal Kineticsfor Modified and Baseline M ST Samples

The modified MST samples exhibited faster strontium removal kinetics than the baseline
MST sample. For example, after two hours of contact the modified MST samples had
removed more than 95% and 99% of the strontium at concentrations of 0.1 and 0.2 g L™,
respectively, compared to 82% and 94% for the baseline MST sample. After two hours
both the modified and baseline MST samples show a decrease in the rate of removal,
which istypical behavior for adsorption of solution species onto solids.
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Figure 11. Plutonium Removal Kineticsfor Modified and Baseline M ST Samples

As with strontium, the modified MST samples exhibited much faster plutonium removal
compared to the baseline MST. For example, at aMST concentration of 0.1 g L™, we
observed that the modified MST samples removed on average 56% of the plutonium after
2 hours compared to 34% for the baseline MST. At aMST concentration of 0.2 g L™, the
removal of plutonium increased to 96% for the modified MST samples compared to 82%
for the baseline MST sample after 2 hours of contact. Note that after 12 hours of contact,
the modified MST samples removed on average 98% and 99% of the plutonium,
raspectivelyi compared to 53% and 69%, respectively at MST concentrationsof 0.1 g L™
and0.2gL™.

Figure 12 provides a plot of the neptunium concentration versus time for the tests
conducted at a sorbent concentration of 0.1 g L™. The modified MST samples
consistently removed neptunium faster than the baseline MST sample. Furthermore, the
neptunium concentrations measured for the tests with the modified MST samples
measured consistently below those of the baseline MST sample. Two of the data points
for the baseline MST tests (6-h at 0.2 g L™ and 12-h at 0.1 g L™) measured higher than
expected based on the other time samples. The corresponding data for #Sr and
plutonium data at these times did not exhibit asimilar increase. Thus, we have no basis
for excluding these results.
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Figure 12. Neptunium Removal Kineticsfor Modified and Baseline M ST Samples

4.3 Task 3 — Verify Performance with Actual Waste

We carried out two sets of tests with actual waste to evaluate the performance of the
modified MST material. Test Set #1 evaluated the performance at MST loadings of 0.1
and 0.2 g L™ and in the presence of the CSSX solvent. Test Set #2 (Supplemental Tests)
evaluated the performance of the modified MST in multiple strike and reuse
configurations. These tests used a 3-L sample of waste supernate (HTF-049) taken in
May 2005.

We selected this tank waste for testing since previous samples from this tank proved high
in *°Sr and plutonium.*® Analysis of the supernate sample revealed that the supernate
was much more dilute in salt content, *°Sr and plutonium than the supernate sample
analyzed in 2003. A review of tank transfer records revealed that most of the supernate
present in the tank when sampled in 2003 had been transferred to other locations. Over
the time period of 2003 — 2005 the tank received fresh canyon waste, which was much
more dilute in salt content and contained much less *°Sr and plutonium.

The sodium concentration of the supernate measured 5.48 + 0.37 M, which is the desired
concentration for testing. Therefore, the waste did not require any dilution. To increase
strontium and plutonium content we added a solution of strontium nitrate and two
separate solutions of plutonium(1V) nitrate to the waste sample with stirring and allowed
the material to equilibrate (see Section 3.3 for details).
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4.3.1 Actual Waste Test Set #1

In this set of tests we contacted the actual waste supernate with the LS-1 modified MST
sample and the Optima #00-QAB-417 baseline MST sample at the conditions detailed in
Table 1. The modified MST tests were conducted in duplicate at 0.1 and 0.2 g L™. The
baseline MST test featured a sorbent concentration of 0.2 g L™. We also included a test
in which a small amount of the solvent planned for use in Caustic Side Solvent Extraction
process was added in addition to the modified MST.

Table 11 provides a summary of the measured DF values for strontium, plutonium and
neptunium in the actual waste tests. Table 12 provides the normalized DF values at each
sampling time. Greater than values are reported when the measured concentrations for a
sorbate fell below the analytical method detection value. The values for the tests with the
modified MST samples at the 0.1 and 0.2 g L™ concentrations are the average of
duplicate tests. The uncertainties for tests with a single replicate are the reported
analytical uncertainties.

Figure 13 provides aplot of the total strontium concentration (mg L™) versus time for the
actual waste tests. For the tests with the modified MST sample, we plot the average of
the duplicate trials. For these plots, the total strontium concentration derives from the
ICP-MS analytical results. We also analyzed the filtrate samples for °Sr. However, the
%05y proved very scattered as the values were very close to the analytical method
detection limit. Consequently the **Sr data provided no insight into the performance of
the MST samples for strontium removal.

The graph indicates that similar strontium removal occurred when the waste was
contacted with 0.1 g L™ of the modified MST or 0.2 g L™ of the baseline MST. Ata
modified MST concentration of 0.2 g L™, the test results indicated strontium
concentrations about 2 — 3 times lower than those of the baselineMST at 0.2 g L™ or
modified MST at 0.1 g L™, Unfortunately, the strontium concentration fell below the
analytical method detection limit at sampling times after 4 hours. Thus, we cannot
provide a quantitative value as to the performance of the modified MST at 0.2 g L™ for
these times.

At the sorbent concentration of 0.2 g L™, the strontium DF values for the modified MST
sample measured about 2.7 times higher than those of the baseline MST sample. Tests
with the modified MST at a sorbent concentration of 0.1 g L™ resulted in strontium DF
values comparable to those of the baseline MST sample. We also observed that the
strontium DF values in the test with the modified MST and CSSX solvent proved very
similar to those without the CSSX solvent. Thus, we conclude that the presence of the
CSSX solvent did not adversely influence strontium removal by the modified MST
sample.

In earlier tests with ssmulated waste solution, the modified MST exhibited a factor of

about 5 higher strontium removal than the baseline MST sample (see Table 6). We
attribute the lower increase in strontium removal performance in the actual waste tests to
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the higher initial total sorbate concentration, which results in greater overall loading of
the sorbent. The actual waste solution contained a total cation equivalent concentration
for the four sorbates of 128 + 21 nM, which is 32% higher than that of 97 + 15 niM for
the ssmulated waste solution.
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Figure 13. Total Strontium Concentration versus Timein Actual Waste Test Set #1

Figure 14 provides aplot of the total plutonium activity (pCi mL™) versus time for the
actual waste tests. For the tests with the modified MST samples, the plot provides the
average of the duplicate trials. Aswith strontium, the modified MST sample exhibited
increased plutonium removal compared to the baseline MST. Within 12-hours, the
plutonium activity decreased to below the current Waste Acceptance Criteria (WAC)
limit of 22,500 pCi mL™ when the waste solution was contacted with 0.2 g L™. At this
time the plutonium activity in the test with the baseline MST sample remained more than
an order of magnitude higher than the WAC limit. Contact of this actua waste with
0.1 g L™ MST produced plutonium concentrations above the WAC limit at all contact
times, but still about 2 — 3 lower at the 6 and 12-hour sampling times than that of the
baseline M ST sample, which was added at 0.2 g L™.

The 168-hour result for the baseline MST tests showed a significant decrease in
plutonium activity compared to the earlier sampling times. Additional analyses
confirmed the low plutonium result. We have not observed this type of behavior with the
baseline MST in other tests with simulants or tank wastes. Thus, we believe thisresult is
in error.
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Figure 14. Total Plutonium Activity versus Timein Actual Waste Test Set #1

At a sorbent concentration of 0.2 g L™ the plutonium DF values for the modified MST
sample measured between 5 and 11 times higher than those of the baseline MST sample
(see Tables 11 & 12). Testswith the modified MST at a sorbent concentration of

0.1 g L™ resulted in plutonium DF values between 1.5 and 3.5 times higher than those of
the baseline MST sample at 0.2 g L™. Given these results, we conclude that the modified
MST sample clearly demonstrated improved plutonium removal performance compared
to the baseline MST sample.

We also observed that the plutonium DF values in the test with the modified MST and
CSSX solvent proved very similar to those without the CSSX solvent. Thus, we
conclude that the presence of the CSSX solvent did not adversely influence plutonium
removal by the modified MST sample.

In earlier tests with simulated waste solution, the modified MST exhibited a factor of 11
to 70 times higher in the plutonium DF value than the baseline MST sample (see Table
10). For the actual waste tests the modified MST sample exhibited increases in the DF
values of between 5 and 11 times that of the baseline MST sample. Aswith strontium,
we attribute the lower increase in plutonium removal performance in the actual waste
tests to the higher initial total sorbate concentration in the actual waste. Asnoted earlier,
the plutonium DF values for the modified MST sample at 0.1 g L™ measured 1.5— 3.5
times that of the baseline MST at the higher sorbent concentration of 0.2 g L™. Inthe
case of strontium, the DF values were very similar for the two MST samples at the
respective concentrations. The actual waste solution measured about 25% higher in
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plutonium concentration than that in the simulant (275 + 56 versus 218 + 13 ng L ™).
These findings confirm that the modified MST sample clearly exhibits increased capacity
for plutonium compared to the baseline MST sample.

We observed similar neptunium DF values for the modified MST sample in each of the
tests. The baseline MST sample exhibited higher DF values for neptunium than the
modified MST at each of the sampling times (see Table 11). In previous simulant tests
we observed that the modified MST sample exhibited higher DF values than the baseline
MST sample (see Table 9). Theinitia neptunium concentration in the actual waste
solution measured more than one-third lower than that in the ssmulant tests (131 + 19
versus 461 + 90 ng L ™). Given the lower neptunium concentration and the previous
findings with the simulated waste solution, the results with the modified MST sample are
surprising. Perhaps the higher loading of strontium and plutonium reduced the sorption
of neptunium onto the modified MST.

We observed no measurable removal of uranium in any of the tests. Previous testing with
simulated waste solutions at low sorbent concentrations also showed no measurable
uranium removal. Given the similar initial uranium concentrations in both the actual
waste (9,550 + 333 g L ™) and simulated waste (10,200 + 2,040 ng L™) solutions, the
lack of measurable uranium removal is not unexpected. Higher sorbent concentrations
are needed to determine uranium removal performance of the modified MST sample with
actual waste solutions.
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Table 7. Strontium, Plutonium and Neptunium Decontamination Factorsin Actual Waste Tests Set #1

Time (h)
2.6
45
6.4
12.4
245

168.5

Time (h)

45
6.4
124
24.5
168.5

Time (h)
2.6
45
6.4
12.4
245

168.5

BaselineMST @ 0.2 g/L

Value Uncertainty
1.10E+01 3.10E+00
1.78E+01 5.03E+00
1.71E+01 4.85E+00
1.39E+01 3.92E+00
1.71E+01 4.83E+00
2.48E+01 7.02E+00

BaselineMST @ 0.2 g/L

Value Uncertainty
1.84E+00 2.05E-01
2.99E+00 2.12E-01
1.86E+00 1.36E-01
2.35E+00 1.79E-01
4.46E+00 4.43E-01
3.37E+01 5.13E+00

BaselineMST @ 0.2 g/L

Value Uncertainty
2.21E+00 6.26E-01
2.87E+00 8.13E-01
2.55E+00 7.21E-01
3.24E+00 9.17E-01
3.10E+00 8.76E-01
4.84E+00 9.67E-01

Strontium Decontamination Factors

Modified MST @ 0.2 g/L
Average Std Dev
2.86E+01 1.60E+00
4.80E+01 1.29E+01

>4 54E+01

>2.30E+01

>4.02E+01

>3.56E+01

Modified MST @ 0.2 g/L
with CSSX Solvent
Value Uncertainty
2.68E+01 7.57E+00
3.94E+01 1.11E+01
>4 52E+01
>2.33E+01
>4.07E+01
>3.57E+01

Plutonium Decontamination Factors

Modified MST @ 0.2 g/L

Average Std Dev

9.58E+00 5.78E-01
1.66E+01 1.19E+00
1.22E+01 2.09E+00
2.67E+01 9.54E-01
3.96E+01 1.28E+01
2.70E+01 8.99E+00

Modified MST @ 0.2 g/L
with CSSX Solvent

Value Uncertainty
8.69E+00 1.48E+00
1.47E+01 1.43E+00
1.08E+01 1.14E+00
3.32E+01 4.79E+00
4.01E+01 6.26E+00
3.22E+01 4.56E+00

Neptunium Decontamination Factors

Modified MST @ 0.2 g/L

Average Std Dev
1.59E+00 157E-01
2.21E+00 1.03E-01
1.60E+00 6.56E-02
1.88E+00 3.76E-02
1.82E+00 1.66E-01
2.30E+00 1.74E-01

26

Modified MST @ 0.2 g/L
with CSSX Solvent

Value Uncertainty
1.55E+00 4.38E-01
2.42E+00 6.83E-01
1.49E+00 4.21E-01
1.80E+00 5.09E-01
2.00E+00 5.65E-01
2.04E+00 4.07E-01

Modified MST @ 0.1 g/L

Average Std Dev

1.15E+01 5.57E-01
1.49e+01 2.70E+00
1.69E+01 1.84E+00
1.39E+01 7.70E-01
1.80E+01 4.29E+00
1.67E+01 2.22E+00

Modified MST @ 0.1 g/L

Average Std Dev

2.82E+00 1.45E-01
4.96E+00 3.69E-02
3.53E+00 1.95E-01
8.20E+00 4.62E-01
7.87E+00 5.55E+00
7.62E+00 5.36E+00

Modified MST @ 0.1 g/L

Average Std Dev
1.35E+00 3.97E-02
1.64E+00 4.25E-01
1.35E+00 2.05E-02
1.59E+00 2.80E-02
1.38E+00 4.35E-01
1.62E+00 5.13E-02



WSRC-STI-2006-00072, Revision O

Table 8. Average Normalized Strontium and Plutonium DF Values

Normalized DF Value

Strontium Plutonium

Time(h)  Average Std Dev Average Std Dev
2.6 2.61E+00 1.45E-01 5.21E+00 3.14E-01
45 2.70E+00 7.29E-01 5.54E+00 3.99E-01
6.4 >2.65E+00 6.53E+00 1.12E+00
12.4 >1.66E+00 1.13E+01 4.06E-01
244 >2.35E+00 8.88E+00 2.87E+00
168.4 >1.44E+00 8.02E-01 2.67E-01

4.3.2 Supplemental Actual Waste Tests - Test Set #2

Supplemental actual waste tests (Test Set #2) evaluated the performance of modified MST in
both double-strike and reuse configurations. Seven testsin all were conducted in two stages.
Tests S-2, S-3, and S-1C occurred approximately two weeks prior to Tests S-4, S-5, S1A, and S
1B. Tests S-1A, -1B, and -1C are control tests (i.e., no modified MST were added).

Tests S-2 and S-3 are double-strike tests conducted by filtering the test solutions approximately 6
hours after first contacting with modified MST and then adding fresh MST to thefiltrate. Tests
S2and S-3added 0.1 g L™ and 0.2 g L™ MST, respectively, in each strike (see Attachment 8.4
for the measured radiochemical concentrations).

Tests S-4 and S-5 used filtered, composited, residual waste solution remaining from the Actual
Waste Test Set #1 (see Attachment 8.4). These MST reuse tests filtered the decontaminated test
solutions approximately 6 hours after first contacting with modified MST and then added the
collected MST solids to fresh spiked waste solution. TestsS-4and S-5used0.1gL" and 0.2 g
L™t MST, respectively. This test design mimics the proposed operations in the Alpha Finishing
Plant of the SWPF.

Personnel obtained samples from all tests except Control Test 1C at approximately 2, 6, 8, 12, 30,
and 174 h after the first MST contact. Control Tests S-1A (using fresh spiked waste) and S-1B
(using filtered, composited, residual spiked waste from earlier testing) were also sampled at the
start of testing (time =0 h). Control Test 1C (fresh spiked waste) was sampled at 2, 8, and 174 h.
All tests were conducted at 25 + 3 °C.

As with the previous test set, the *°Sr data is scattered and provides no discernible trends in
performance. Thetotal strontium data, while limited by the method detection limit, appears well
behaved. Thetotal plutonium datafrom both PUTTA and ICP-M S methods show reasonable
agreement, although the PUTTA method provides alower detection limit compared to the
|CP-M S method.
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Figures 15 and 16 provide plots of strontium concentration and plutonium activity, respectively,
versus time for the single and double strike tests. We observed good agreement between the 2
and 4-h sample results in the single-strike tests (Test Set #1) and that for the first strike of the
double-strike tests (Test Set #2). Unfortunately, the first sample after the second MST addition
resulted in the total strontium falling below the analytical method detection limit. Thus, we
cannot quantitatively assess the magnitude of the strontium removal upon the second strike of
MST.

A Control - Single Strike Tests

10000 - A Control Test - Double Strike Tests

] —@— Single Strike- 0.1 g/L Modified MST

--O - Double Strike- 0.1 g/L Modified MST

—M®— Single Strike- 0.2 g/L Modified MST

- 13 - Double Strike- 0.2 g/lL Modified MST
¢ Single Strike- 0.2 g/L Baseline M ST

1000 f % % % % % % §
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M ethod Detection Limit
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Figure 15. Total Strontium Concentration versus Time for the Single and Double Strike
Testswith Actual Waste

We observe good agreement between the 2 and 4-h sample results for the single strike tests

(Test Set #1) and that for the first strike of the double strike tests (Test Set #2) with respect to
plutonium activity. Upon the addition of the second strike of modified MST, the plutonium
activity decreased to avaue well below the total alpha activity WAC limit at both MST
concentrations (see Figure 16). The 30-h result for the double-strike test indicates a higher
plutonium concentration than the previous two samples and the 170-h sample which is below the
method detection limit. We believe thisvalueisin error, most likely the result of cross
contamination during sample handling.
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Table 13 provides a summary of the measured DF values for srontium, plutonium and
neptunium in the double strike tests. Greater than values are given when the measured
concentrations for a sorbate are below the analytical method detection limit. Uncertainties for
the single replicate tests are determined from the analytical uncertainties. Strontium, plutonium,
and neptunium DFsfor the two double-strike tests (S-2 and S-3) exhibit the expected increase
with time. The large increase in DF between the 6 and 8-hour sampling time resulted from the
removal of the MST solids from the first strike and addition of fresh MST.
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o N A Control Test - Double Strike Tests
8 5 —e— Single Strike- 0.1 g/L Modified MST
P A --O - Double Strike- 0.1 g/lL Modified MST
1000 - N7 N —#— Single Strike - 0.2 g/L Modified MST
] i \ - 3 - Double Strike- 0.2 g/L Modified MST
] \@ ¢ Single Strike- 0.2 g/L Baseline M ST
100 ‘ ‘ — T ‘ ‘ — T ‘ ‘ —
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Figure 16. Total Plutonium Activity versus Timefor the Single and Double Strike Tests
with Actual Waste
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Table 9. Strontium, Plutonium and Neptunium Decontamination Factorsin Double
Strike Actual Waste Tests

Decontamination Factors (DFs)

Total Sr Total Pu* %INp
Test Time Value Uncertainty Value Uncertainty Value  Uncertainty
Description (h)
Supplemental
Test S2 2.1 1.00E+01 2.83E+00 4.18E+00 2.78E-01 140E+00  3.95E-01
Double-striketest 6.0 168E+01  4.74E+00  7.02E+00  4.77E-01  155E+00  4.37E-01
with 0.1 g/L
Modified MST 80  >2.49E+01 1.97E+01 1.36E+00  1.86E+00  5.27E-01
120  >2.62E+01 5.63E+01 3.99E+00  1.96E+00  5.53E-01
300  >2.66E+01 1.69E+03 3.83E+02  221E+00  6.24E-01
174  >8.12E+01 >1.04E+02 241E+00  6.82E-01
S”F%pe'ﬂemsegta' 20  218E+01  617E+00  631E+00  448E-01  134E+00  3.79E-01
Double-strike test 6.0  >2.43E+01 2.59E+01 1.87E+00  1.50E+00  4.23E-01
with 0.2 g/L 8.0 >2.64E+01 >2.31E+02 2.60E+00 7.35E-01
Modified M ST
120  2.20E+01 6.24E+00 8.71E+02 1.06E+02  2.79E+00  7.89E-01
300  >2.64E+01 1.31E+02 1.34E+01  3.29E+00  9.29E-01
174  >8.06E+01 >7.61E+02 4.62E+00  1.31E+00

DF calculated using average concentrations of Control Test 1C

*Calculated from PUTTA data for *#Pu and 292py

Singletests (S-4a 0.1gL™ and S5 at 0.2 g L ™) evaluated the performance of the

modified MST upon reuse. In these testswe first contacted the modified MST with a
filtered composite of the residuals from Test Set #1, which had a reduced radioactivity
compared to the initial waste. After approximately six hours, we recovered the MST
solids from the waste solution, and added the solids to a fresh batch of the waste solution
at the original spiked concentrations (i.e., same material as used in the Test Set #1 and

Supplemental Tests S-2 and S-3). Figure 17 provides a plot of the total plutonium
activity as afunction of total test time for the reuse tests. Included in Figure 17 are the
curves measured for plutonium removal in the single-strike tests (Test Set #1) allowing
for a 6-hour offset from the beginning of the experiment.
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The observed changes in plutonium activity with time during the test met expectations.
Initialy, the plutonium activity decreases for the first two samples. After separating the
solids and contacting the recovered MST solids with fresh waste supernate, the plutonium
activity increased reflecting the higher plutonium activity in the fresh waste versus that of
theinitial strike which had a much lower initia plutonium activity (8.18 + 0.44 E+05
versus 3.02 + 0.16 E+04 pCi mL™). Subsequent samples showed decreasing plutonium
activity with time.

Comparison of the plutonium activity changes with time in the reuse and single strike
tests indicates that less removal of plutonium occurs in the reuse test. Generally, the
plutonium activity is about a factor of 10 higher in the tests with the reused MST
compared to asingle strike of fresh MST. The results indicate that a higher MST
concentration is required to achieve the WAC limit if the material is previously used in
the Alpha Finishing Plant.
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Figure 17. Total Plutonium Activity versus Timein the Modified M ST Reuse Tests

Figure 18 provides a plot of the total strontium concentration versus total test time for the
reuse tests. Included in Figure 18 are the data measured for strontium removal in the
single-strike tests (Test Set #1) allowing for a 6-hour offset from the beginning of the
experiment. Data points that are filled are the method detection values reported by the
Analytical Development Section for that sample and corrected for dilution.
Unfortunately, alarge number of the samples fell below the detection limit. This
prevents obtaining a quantitative measure of the influence of the reuse on strontium
removal.
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From the available data we see that the removal of strontium by the reused MST isless
than that measured in the single-strike tests. This result is consistent with the trend
observed with plutonium. From Figure 18 we estimate that after 2 hours of contact the
reused M ST lagged that of fresh MST by afactor of ten. After 6 and 24 hours of contact
the reused M ST lagged the fresh MST by a factor of about 2 — 3.
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Figure 18. Total Strontium Concentration versus Timein the Modified M ST Reuse
Tests

4.4 Task 4 — Characterization of Modified MST Samples

4.4.1 Particle Size Distribution

We measured the particle size distribution of the three modified MST samples prepared
at the 25-gram scale using a Microtrac S3000 instrument. Figure 19 provides a graph of
the volume distribution data for these three samples as well as a sample of the baseline
MST materia (Optima Chemicals, Inc. Batch #00-QAB-417). For al materias, we
diluted the sample into deionized distilled water for the particle size measurement.

The particle size data indicate very little change in the particle size distribution of the
modified MST samples compared to the baseline MST sample. The modified MST
samples exhibit a similar bimodal distribution of particle volumes as compared to the
baseline MST. Two of the three modified MST samples (LS-1 and LS-3) exhibited a
dightly smaller fraction of particles smaller than 1 micron and larger than 10 microns.
This may indicate some removal of fines and larger particles during the synthesis of the
modified MST samples. However, the amount of change is very small.

32



WSRC-STI-2006-00072, Revision O

B Volume Distribution
PN
7,00
77
,I 1‘ — —— M ST-00-QAB-417 unadjusted
i x‘ LS1
10+ a0 Vo e Ls2
d U R LS3
o Rl
il 3
8 "y i
o o 3
< i 3
S o A
W] k
o \
i 4
v b
51 o 3
.- v 4
- S/ E
e — 5‘
kY
3
r ‘%\
S R
2 N
S e Mtreo.
0 P AR } LNl
01 1 10

Figure 19. Particle Size Distribution of Modified and Baseline M ST Samples

4.4.2. Filtration Characteristics

100
Size (microns)

Previous SRNL work shows that dead end filters, such as the stirred cell, can provide a
reliable qualitative comparison of the filterability of different feed slurries* Using the

stirred cell as a screening tool allows personnel to perform many tests to be run in a short
time and at much lower cost than performing al of the tests with a crossflow filter.

provided in Table 1, but without the added sorbates.

These tests used a simulated waste solution having the same chemical composition as that

Figure 20 shows the results from the tests conducted in triplicate with the TruMem®

modified MST with the TruMem® media.

media. We observed no difference in filtrate rate between the basdline MST and the
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Figure 20. Filtration Rate with 0.1-nm TruMem® Media (each M ST sample tested
in triplicate)

Figure 21 shows the results from the tests conducted with the Mott media. We performed
two sets of tests each in triplicate with this filter media. In general we observe a decrease
in filtration rate in the second test set compared to the first set. However, within each test
set, we observe no difference in filtrate rate between the baseline MST and the modified
MST.
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Figure2l. Filtration Ratewith 0.1 micron Mott Media (each MST sampletested in
triplicate in two different test sets)
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Figure 22 shows the results with the 0.1 micron Pall media. The modified MST shows a
lower filtration rate than the baseline MST for both sets of tests.
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Figure 22. Filtration Rate with 0.1 micron Pall (ach M ST sampletested in triplicate
in two different test sets)

Figure 23 shows the results for the 0.5 micron Pall media. The modified MST shows a
lower filtration rate than the Baseline MST.
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Figure 23. Filtration Rate with 0.5 micron Pall (each M ST sampletested in
triplicate)
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The filter mediawith smaller absolute pore size (TruMem® and Mott) show no difference
in the filtration rates between the baseline MST and the modified MST. The larger pore
size media (Pall) show a decrease in filtrate rate with the modified MST. To determine
whether there is a correlation between filter absolute pore size and filter ability of the
modified MST, the authors plotted the normalized filtrate rate (optimized MST filtrate
rate/baseline M ST filtrate rate) as a function of absolute pore size in Figure 24.
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Figure 24. Normalized Filtration Rate of Modified M ST as a Function of Absolute
pore Size

Figure 24 shows a correlation between absolute pore size and normalized filtration rate of
the optimized MST. When the absolute pore size is less than 1 m there is no significant
difference in filtration rate. When the absolute pore size is greater than 1 m the modified
MST filters more slowly than the baseline MST. This result suggest that the modified
MST may have more fine particles than the baseline MST when dispersed in the
simulated salt solution. Note that when dispersed in water for particle size measurement,
the particle size data do not show a significant difference between the baseline and
modified MST samples (see Figure 19).

4.4.3 Shef-Life

This task measured the strontium and actinide removal performance of the modified MST
samples, LS-1, LS-2 and LS-2, prepared by Method 3 at the 25-gram scale after storage
for six months at ambient laboratory temperature (see Section 4.2 Task 2). We used the
same simulant that we used when we first tested the performance of the modified MST
samples. Prior to the test we added a small amount of ®Sr radiotracer. This addition was
necessary to bring the ®Sr activity to alevel similar to that when we tested the
performance of the samples 6-months earlier. The addition of the ®°Sr radiotracer
provides an insignificant increase in the strontium concentration of the simulant.
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For these tests we limited the modified MST testing to a single sorbent concentration
(0.2 g L™ in duplicate for each sample with sampling events at 6 and 12-hours. For the
baseline MST sample we tested at both 0.2 and 0.4 g L™. Table 14 provides the average
and standard deviation of the strontium, plutonium and neptunium DF values for the
modified MST and baseline MST samples at both testing dates. Note, we did not test the
performance of the baseline MST sample at 0.4 g L™ at the initial time date. Figure 25
provides a plot of the plutonium concentration for the modified MST (average of 6 trias)
and baseline MST (single trial) samples at both the initial test set and the set after 6-
months of storage. Figure 26 provides a plot of the plutonium concentrations for each of
the six trials at the 6 and 12-hour sampling times for the modified MST at both test dates.

Inspection of Table 14 indicates that the removal of strontium and neptunium was not
atered upon storage of the modified MST for 6-months at ambient laboratory
temperature. For strontium, we observed that the modified MST exhibited an average DF
value 5 times greater than that of the baseline MST sample after 6 and 12-hours of
contact at a0.2 g L™ sorbent concentration for both the initial and 6-month testing dates.
Comparison of the modified MST results at 0.2 g L™ with that of the baseline MST at the
higher concentration of 0.4 g L™ revealed that the modified MST exhibited a strontium
DF vaue of 1.5 times that of the baseline MST.

Testing results indicated lower average plutonium DF values at the 6-hour and 12-hour
sampling times after storing the modified MST samples for six months (see Table 14).
At the 95% confidence level the range of plutonium DF values at the initial and 6-months
dates overlap indicating the DF values are not statistically different. Thus we cannot
absolutely conclude that the plutonium removal performance decreased over the 6-month
storage time. Inspection of Figure 19, which shows the individua data points for each
trial, indicates that the 6-month plutonium concentrations are consistently higher than
those measured immediately after synthesis with the exception of asingle trial result in
each data set. Thistrend suggests that the material has lost a small fraction of capacity.
However, the plutonium removal remains quite high (>98% removal). For example, the
plutonium DF values after 6-months measured between 23 and 43 times higher than the
baseline MST added at 0.2 g L™ and 13 to 23 times higher than the baseline MST added
at 0.4 g L™ Thus, after 6-months of storage, the modified MST continues to provide
excellent removal characteristics for strontium and actinides. We plan to conduct
additional shelf-life tests as the approved work scope for the Phase 11 project includes
measuring the performance of the modified M ST samples after storing for 12 months.?
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Table 10. Strontium, Plutonium and Neptunium DF Valuesfor the Modified and Baseline M ST Samples at the I nitial
Synthesis and 6-month Storage Times

Strontium DF
Modified MST @ 0.2 g/L BaselineMST @ 0.2 g/L BaselineMST @ 0.4 g/L
6-hours 12-hours 6-hours 12-hours 6-hours 12-hours
Average | StdDev | Average | Std Dev Value Uncertainty Value Uncertainty Value Uncertainty Value Uncertainty
Initial 1.13E+02 | 1.40E+01 | 1.28E+02 | 5.80E+00| 8.50E+00 2.09E-01 6.88E+00 1.79E-01 nd - nd -
6-months | 1.10E+02 | 3.50E+00 | 1.37E+02 | 5.74E+00| 2.36E+01 5.97E-01 2.78E+01 7.47E-01 7.35E+01 2.02E+00 9.00E+01 3.44E+00
Plutonium DF
Modified MST @ 0.2 g/L BaselineMST @ 0.2 g/L BaselineMST @ 0.4 g/L
Average | StdDev | Average | Std Dev Value Uncertainty Value Uncertainty Value Uncertainty Value Uncertainty
Initial 9.57E+01 | 1.76E+01 | 1.72E+02 | 6.16E+00 | 1.85E+00 1.27E-01 2.11E+00 1.63E-01 nd - nd -
6-months | 6.38E+01 | 6.14E+00 | 1.43E+02 | 2.66E+01| 2.82E+00 1.82E-01 3.31E+00 2.43E-01 5.08E+00 3.23E-01 6.22E+00 4.66E-01
Neptunium DF
Modified MST @ 0.2 g/L BaselineMST @ 0.2 g/L BaselineMST @ 0.4 g/L
Average | StdDev | Average | Std Dev Value Uncertainty Value Uncertainty Value Uncertainty Value Uncertainty
Initial | 1.77E+00 | 2.52E-01 | 1.83E+00 | 1.55E-01 | 1.30E+00 | 821E-02 | 8.94E-01 | 7.11E-02 nd - nd -
6-months | 1.83E+00 | 3.93E-01 | 1.24E+00 | 2.07E-O1 | 1.10E+00 2.52E-01 7.44E-01 2.19E-01 1.24E+00 1.90E-01 2.37E+00 1.80E-01

nd = not determined

Modified MST results are average and standard deviation of six trials

Baseline MST results are single determinations with reported analytical uncertainty
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Figure 25. Plot of Average Plutonium Concentration versus Timefor Tests with
Modified and Baseline M ST Samplesat the Initial Synthesis and 6-month Storage
Times
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Figure 26. Plot of Individual Plutonium Concentration at the 6 and 12 Hours
Sampling Timesfor Testswith Modified and Baseline M ST Samples at the Initial
Synthesis and 6-month Storage Times
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5.0 Summary of Finding and Recommendations

This document provides an interim summary report of Phase Il testing activities for the
development of amodified MST that exhibits improved strontium and actinide removal
characteristics compared to the baseline MST materials. The activities included
determining the key synthesis conditions for preparation of the modified MST,
preparation of the modified MST at alarger laboratory scale, demonstration of the
strontium and actinide removal characteristics with actual tank waste supernate and
characterization of the modified MST. Key findings and decisions include the following.
Samples of the modified MST prepared by Method 2 and Method 3 exhibited the
best combination of strontium and actinide removal.
We selected Method 3 to scale up and test performance with actual waste
solution.
We successfully prepared three batches of the modified MST using the Method 3
procedure at a 25-gram scale.
Performance tests indicated successful scale-up to the 25-gram scale with
excellent performance and reproducibility among each of the three batches. For
example, the plutonium decontamination factors (6-hour contact time) for the
modified MST samples averaged 13 times higher than that of the baseline MST
sample at half the sorbent concentration (0.2 g L™ for modified MST versus
0.4 g L™ for baseline MST).
Performance tests with actual waste supernate demonstrated that the modified
MST exhibited better strontium and plutonium removal performance than that of
the baseline MST. For example, the decontamination factors for the modified
MST measured 2.6 times higher for strontium and between 5.2 to 11 times higher
for plutonium compared to the baseline MST sample. The modified MST did not
exhibit improved neptunium removal performance over that of the baseline MST.
Two strikes of the modified MST provided increased removal of strontium and
actinides from actual waste compared to asingle strike. The improved
performance exhibited by the modified MST indicates that fewer strikes of the
modified MST would be needed to successfully treat waste that contain very high
activities of *°Sr and al pha-emitting radionuclides compared to the baseline MST.
Reuse tests with actual waste confirmed that partially loaded MST exhibits
reduced removal of strontium and actinides when contacted with fresh waste.
Samples of modified MST prepared by Method 3 and the baseline MST exhibited
very similar particle size distributions.
Dead-end filtration tests showed that the modified MST samples exhibited similar
filtration characteristics as the baseline MST sample.
Performance testing indicated no change in strontium and neptunium removal
after storing the modified MST for 6-months at ambient temperature. The results
suggested that plutonium removal performance may be decreased dightly after 6-
months of storage. However, the change in plutonium removal is not statistically
significant at the 95% confidence limit.
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Based on these findings we recommend continued development of the modified MST as
areplacement for the baseline MST for waste treatment facilities at the Savannah River
Site.
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8.0 Attachments

8.1 Decontamination Factors and Uncertainties for Modified MST Samples
Prepared by Method 1

Uncertainty Uncertainty Uncertainty

Strontium  Strontium  Plutonium  Plutonium  Neptunium Neptunium
Ted ID DF DF DF DF DF DF
1 0.85 0.032 1.48 0.13 2.15 0.46
2 1.03 0.044 3.05 0.40 4.46 0.93
3 1.40 0.060 0.60 0.078 114 0.17
4 1.85 0.081 1.22 0.16 2.00 0.31
5 0.92 0.036 1.56 0.15 2.15 0.46
6 1.30 0.051 1.75 0.15 3.60 0.87
7 1.59 0.069 1.20 0.15 2.39 0.45
8 1.06 0.041 1.00 0.091 244 0.51
9 122 0.052 1.03 0.13 2.58 0.42

8.2 Decontamination Factors and Uncertainties for Modified MST Samples
Prepared by Method 2

Uncertainty Uncertainty Uncertainty

Strontium  Strontium  Plutonium  Plutonium Neptunium Neptunium
Test 1D DF DF DF DF DF DF
1A 4.64 0.204 1.25 0.11 0.91 0.18
2A 6.27 0.305 1.85 0.23 0.91 0.12
3A 1.98 0.082 1.59 0.143 1.59 0.32
4A 4.87 0.230 2.66 0.35 4.20 0.90
5A 6.25 0.305 4.16 0.53 3.46 0.62
6A 2.00 0.081 1.06 0.09 0.91 0.18

A 0.74 0.031 1.61 0.20 >5.19

8A 0.24 0.009 141 0.123 213 0.48
9A 214 0.086 1.34 0.12 1.06 0.21
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8.3 Decontamination Factors and Uncertainties for Modified MST Samples
Prepared by Method 3

Uncertainty Uncertainty Uncertainty

Strontium  Strontium  Plutonium  Plutonium  Neptunium  Neptunium
TestID DF DF DF DF DF DF
1P 3.83 0.18 >215 159 0.46
2P 3.19 0.16 194 3.03 1.68 0.36
3P 3.22 0.16 241 5.29 175 0.39
4P 243 0.11 >8.2 1.48 0.44
5P 2.35 0.11 21.4 3.12 1.34 0.30
6P 2.32 0.10 >20.7 1.40 041
7P 1.78 0.080 16.5 242 151 0.33
8P 211 0.094 >6.5 4.75 162
9P 2.84 0.14 19.0 2.67 2.78 0.65
10P 4.08 0.21 >0.2 162 0.48
11P 3.01 0.15 16.7 2.64 125 0.27
12P 294 0.14 256 4.22 1.15 0.25
13P 4.69 0.24 >20.2 1.66 0.48
14P 3.52 0.18 31.3 457 1.86 0.42
15P 3.85 0.19 >22.0 124 0.36
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Attachment 8.4
%gr, Pu and **’Np Concentrations Measured for Supplemental Actual Waste Tests

Concentration (pCi/mL)

Test Time (h) Osr + Total Pu* + Total Pu** + Z'Np +
2.1 3.20E+03 3.20E+02 1.80E+05 8.18E+03 3.21E+03 6.41E+02 6.50E+01  1.30E+01
Test S-2 6.0 1.24E+03 1.73E+02 1.07E+05 5.10E+03 1.66E+03 3.32E+02 5.87E+01 1.17E+01
(Restrike Test 8.0 7.84E+02 1.62E+02 3.83E+04 1.89E+03 < 1.76E+03 idl 4.87E+01  9.74E+00
w/ 0.1 g/L MST) 12.0 1.94E+03 2.85E+02 1.34E+04 6.93E+02 < 1.67E+03 idl 4.64E+01  9.28E+00
30.0 3.29E+03 3.91E+02 4.47E+02 9.92E+01 < 1.65E+03 idl 4.11E+01  8.22E+00
174 < 2.37E+02 mda < 7.26E+03 mda <8.11E+02 idl 3.76E+01  7.52E+00
2.0 1.70E+03 2.04E+02 1.19E+05 6.19E+03 2.13E+03 4.27E+02 6.77E+01  1.35E+01
Test S-3 6.0 5.57E+02 1.11E+02 2.92E+04 1.57E+03 < 1.81E+03 idl 6.06E+01  1.21E+01
(Restrike Test 8.0 1.67E+03 2.80E+02 < 3.26E+03 mda < 1.66E+03 idl 3.49E+01  6.98E+00
w/ 0.2 g/L MST) 12.0 1.15E+03 2.14E+02 8.65E+02 9.64E+01 < 1.72E+03 idl 3.25E+01  6.50E+00
30.0 1.09E+03 1.90E+02 5.75E+03 5.15E+02 < 1.66E+03 idl 2.76E+01  5.52E+00
174 2.06E+03 2.39E+02 < 9.91E+02 mda < 8.17E+02 idl 1.96E+01  3.92E+00
Test S-1C 2.2 1.89E+04 1.89E+03 7.39E+05 3.41E+04 1.24E+04 2.48E+03 8.54E+01 1.71E+01
(Control for 8.0 2.06E+04 2.06E+03 7.72E+05 3.64E+04 1.27E+04 2.55E+03 9.41E+01  1.88E+01
Tests S-2 & S-3) 174 1.72E+04 1.74E+03 7.51E+05 3.92E+04 1.19E+04 2.38E+03 9.26E+01  1.85E+01

Average 1.89E+04 1.89E+03 7.54E+05 3.66E+04 1.24E+04 2.47E+03 9.07E+01  1.81E+01

1.9 2.24E+04 2.28E+03 7.82E+05 3.68E+04 1.23E+04 2.45E+03 9.17E+01  1.83E+01

Test S-1A 8.1 2.68E+04 3.48E+03 8.28E+05 4.65E+04 1.25E+04 2.49E+03 8.57E+01  1.71E+01

(Control for 9.3 2.54E+04 2.90E+03 7.65E+05 3.60E+04 1.31E+04 2.62E+03 8.92E+01  1.78E+01
Tests S-4 & S-5) 13.3 bad sample data bad sample data bad sample data bad sample data

31.4 2.34E+04 2.67E+03 7.83E+05 3.77E+04 1.20E+04 2.40E+03 8.84E+01  1.77E+01

175 2.15E+04 2.15E+03 9.32E+05 6.09E+04 1.11E+04 2.21E+03 8.30E+01  1.66E+01

Average 2.39E+04 2.70E+03 8.18E+05 4.36E+04 1.22E+04 2.43E+03 8.76E+01  1.75E+01

0.0 1.72E+03 2.72E+02 3.35E+04 1.96E+03 < 1.68E+03 idl 3.44E+01  6.88E+00

Test S-1B 21 9.08E+03 1.09E+03 2.90E+04 1.64E+03 < 1.98E+03 idl 4.14E+01  8.28E+00
(Control for 7.9 1.93E+03 2.50E+02 2.97E+04 1.50E+03 < 1.65E+03 idl 3.93E+01  7.86E+00
Tests S-4 & S-5) 9.5 3.98E+03 4.78E+02 3.22E+04 1.70E+03 < 1.69E+03 idl 4.01E+01  8.02E+00
13.4 3.36E+04 3.57E+03 3.11E+04 1.66E+03 < 1.65E+03 idl 3.63E+01  7.27E+00

31.4 1.59E+03 2.10E+02 2.80E+04 1.41E+03 < 1.63E+03 idl 4.32E+01  8.64E+00

175 1.42E+03 1.98E+02 2.80E+04 1.39E+03 < 1.69E+03 idl 3.50E+01  7.01E+00

Average 7.62E+03 8.66E+02 3.02E+04 1.61E+03 < 1.63E+03 idl 3.85E+01  7.71E+00

21 4.66E+02 9.31E+01 1.19E+04 6.90E+02 < 1.61E+03 idl 4.02E+01  8.04E+00

Test S-4 6.8 1.56E+03 2.19E+02 3.98E+03 2.71E+02 < 1.59E+03 idl 2.73E+01  5.47E+00
(Reuse Test w/ 9.2 2.37E+04 2.49E+03 8.00E+05 4.17E+04 1.16E+04 2.32E+03 9.13E+01  1.83E+01
0.1 g/L MST) 13.0 6.64E+03 7.43E+02 6.24E+05 2.88E+04 9.22E+03 1.84E+03 7.41E+01  1.48E+01
30.8 5.06E+03 5.82E+02 4.40E+05 2.17E+04 7.41E+03 1.48E+03 7.05E+01 1.41E+01

175 1.09E+04 1.09E+03 2.48E+05 1.29E+04 3.18E+03 6.36E+02 5.98E+01  1.20E+01

21 8.83E+02 1.55E+02 <5.48E+03 mda < 1.61E+03 idl 2.81E+01 5.62E+00

Test S-5 6.7 3.34E+03 4.54E+02 4.27E+03 2.72E+02 < 1.64E+03 idl 3.04E+01  6.08E+00
(Reuse Test w/ 9.0 5.82E+03 6.17E+02 6.46E+05 3.04E+04 1.05E+04 2.11E+03 8.33E+01  1.67E+01
0.2 g/L MST) 12.8 3.67E+03 4.15E+02 5.18E+05 2.50E+04 8.43E+03 1.69E+03 7.93E+01  1.59E+01
30.6 2.20E+03 2.49E+02 1.63E+05 9.23E+03 2.86E+03 5.72E+02 6.09E+01  1.22E+01

175 7.99E+02 1.28E+02 5.40E+04 2.81E+03 < 1.69E+03 idl 4.84E+01  9.68E+00

*Sum of PUTTA data for °Pu and > °Pu
**|CP-MS data for ““Pu only. The mass of *9p; was below the detection limit for all samples.
mda signifies the minimum detectable analysis of a isotope
idl indicates the mass was below the instrument detection limit.

239

45




WSRC-STI-2006-00072 Revision 0

9.0 References

Lynch, R. W.; Dosch, R. G.; Kenna, B. T.; Johnstone, J. K.; Nowak, E. J. Sandia Salification Process: A
Broad Range Aqueous Waste Solidification Method. In Management of Radioactive Wastes from the
Nuclear Fuel Cycle, Vol., IAEA Symposium on the Management of Radioactive Waste, Vienna, Austria,
March 22, 1976, IAEA, Vienna, 1976, p 360-372.

Lynch, R. W. Sandia Solidification Process — Cumulative Report July 1974 — January 1976; Technical
Report Sandia National Laboratory, SAND-76-0105, Albuquerque, NM, January 1976.

Walker, D. D.; Schmitz, M. A. “Technical Data Summary In-Tank Precipitation Processing of

Soluble High-Level Waste,” DPSTD-84-103, May 19884.

Record of Decision: Savannah River Site Salt Processing Alternatives (Salt Processing SEIS, DOE/EIS-
0082-S2), Federa Register, Vol. 66, No. 201, October 17, 2001.

“Actinide Removal Process Alternative Study and Selection (U),” G-ADS-G-00007, Rev. 0, January
2002.

Harris, J. B. “ Specification for Procurement of Monosodium Titanate,” Specification No. Z-SPP-H-
00001, Rev. 2, May 1992.

Lorier, T.H.; Jantzen, C. M. “Evaluation of the TiO, Limit for DWPF Glass’, WSRC-TR-2003-00396,
Revision 0, October 30, 2003.

Hobbs, D. T.; Nyman, M.; Clearfield, A. “Tailoring Inorganic Sorbents for SRS Strontium and
Actinide Separations: Optimized Monosodium Titanate and Pharmacosiderite,” Volume 1 — Technical
Proposal, WSRC-SRTC-PR-02-21-02, February 7, 2003.

Hobbs, D. T.; Poirier, M. J. “Task Technical and Quality Assurance Plan for Phase Il Testing —
Modified Monosodium Titanate (MST),” WSRC-RP-2004-00627, Rev. 1, June 2005.

19 Hobbs, D. T. “Task Technical and Quality Assurance Plan for Phase |1 Supplemental Actual Waste
Testing — Modified Monosodium Titanate (MST),” WSRC-Rp-2005-01614, Rev. 0, May 2005.

1 “gtrontium and actinide separations from high level nuclear waste sol utions using monosodium titanate
1. simulant testing,” Hobbs, D. T.; Barnes, M. J.; Pulmano, R. L.; Marshal, K. M.; Edwards, T. B.;
Bronikowski, M.G.; Fink, S. D.; Sgparation Science and Techology, 2005 (40), 3093-3111.

12 Hobbs, D. T.; Nyman, M. D.; Clearfield, A. “Tailoring Inorganic Sorbents for SRS Strontium and
Actinide Separations: Optimized Monosodium Titanate and Pharmacosiderite Phase 1 Final Report,”
WSRC-TR-2004-00322, Revision 0, July 2004.

 Stallings, M. E.; Barnes, M. J; Peters, T. B.; DiPrete, D. P.; Fondeur, F. F.; Hobbs, D. T.; Fink, S. D.
“Characterization of Supernate Samples from High Level Waste Tanks 13H, 30H, 37H, 39H, 45F, 46F
and 49H", WSCR-TR-2004-00386, Rev. 2, June 15, 2005.

46





