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ABSTRACT 

Pretreatment processes at the Savannah River Site will separate 90Sr, alpha-emitting and 

radionuclides (i.e., actinides) and 137Cs prior to disposal of the high-level nuclear waste.   

Separation of 90Sr and alpha-emitting radionuclides occurs by ion exchange/adsorption 

using an inorganic material, monosodium titanate (MST).  Previously reported testing 

with simulants indicates that the MST exhibits high selectivity for strontium and actinides 

in high ionic strength and strongly alkaline salt solutions.  This paper provides a 

summary of data acquired to measure the performance of MST to remove strontium and 

actinides from actual waste solutions.  These tests evaluated the effects of ionic strength, 

mixing, elevated alpha activities, and multiple contacts of the waste with MST.  Tests 

also provided confirmation that MST performs well at much larger laboratory scales (300 
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– 700 times larger) and exhibits little affinity for desorption of strontium and plutonium 

during washing.  
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INTRODUCTION 

Monosodium titanate (MST), NaTi2O5
.xH2O, is an amorphous white solid that exhibits 

high selectivity for the ion exchange/adsorption of many metallic ions in both acidic and 

alkaline waste solutions.[1]  Interestingly, MST exhibits high selectivity for strontium and 

several actinides in highly alkaline solutions making the material an attractive candidate 

to treat high level nuclear waste solutions produced from fuel reprocessing operations.[2,3]     

The Savannah River Site contractor selected MST for use in the In-Tank Precipitation 

(ITP) Process in the early 1980s.   

 

Savannah River National Laboratory (SRNL) personnel developed a slightly modified 

synthesis of MST that produced a material tailored for deployment in the ITP process.[4]  

A recent study using high resolution transmission electron microscopy of the SRNL-

developed MST revealed a spherically-shaped particle that featured an amorphous glass-

like core and outer fibrous region.  Analysis of the strontium-sorbed MST located the 

strontium only in the outer fibrous region of the particle suggesting that the inner 

glasslike region is not readily accessible for sorption/ion exchange.[5]   

 

After abandoning the In-Tank Precipitation Process for waste pretreatment in 1998, the 

SRS went through a lengthy technology selection process and once again selected MST 

as the preferred method for strontium and actinide separations.[6]  Pretreatment facilities 

planned for the Savannah River Site that will use MST include the Actinide Removal 

Process (ARP) and the Salt Waste Processing Facility (SWPF).  The ARP facility is 

scheduled to begin operations in FY07 and SWPF beginning in FY09.   
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SRNL conducted a number of tests on the performance of MST to remove strontium and 

actinides in support of the design of these facilities.  These studies focused on the effects 

of ionic strength, temperature, mixing and solution composition.  A recent publication 

provides a summary of the key findings from these studies using simulated waste 

solutions.[4]  This paper provides a summary of research data acquired on the 

performance of MST using actual tank wastes.  Tank waste solutions are much more 

complex chemical mixtures than the simulants and include trace components such as 

transition and main group metal ions and lanthanides.   These trace components as well as 

minor chemical components such as phosphates, silicates, halides and organics may 

influence sorption/ion exchange of the strontium and actinides with the MST.   

 

EXPERIMENTAL 

Monosodium Titanate (MST) 

All testing used one of three batches of MST prepared by Optima Chemicals, Inc. 

(Douglas, GA).  The preparation of the MST follows a laboratory procedure developed 

by the Savannah River National Laboratory (SRNL).[4]   Batch numbers for the MST 

samples included 95-QAB-451, 96-QAB-281 and 00-QAB-417.  MST Batch #00-QAB-

417 derives from Batch # 95-QAB-451.  WSRC returned a portion of Batch #95-QAB-

451 material to Optima Chemicals, Inc. in 2000 for repackaging in new drums.  The MST 

is supplied as aqueous slurry containing approximately 15 wt% MST solids, 0.10 – 0.15 

M NaOH and 100 – 150 mg/L NaNO2.   
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Actual Waste Samples 

The Closure Business Unit of the Westinghouse Savannah River Company provided all 

of the waste samples used in these studies.  For small samples (0.1 L), the tank sampling 

method consisted of lowering a stainless steel bottle into the waste. After filling the 

sample bottle, the bottle was capped and transported to SRNL in a shielded container.  

For larger samples (38L), a specially designed sampler was lowered into the tank in an 

open configuration to allow waste to fill the container.  After filling, the sampler was 

closed, the sampler lifted out of the waste and the external surfaces sprayed with water to 

remove external contamination.  The sampler was then lifted from the tank, placed in a 

shielded container and transported to SRNL.    

 

Sample bottles were removed from the shipping containers and placed into the Shielded 

Cells Facility (SCF) at SRNL.  We opened the small sample bottles transferred the liquid 

samples into plastic bottles.  We transferred the contents of the 38-L sampler into 

stainless steel tanks.  In some cases we combined the contents of several sample bottles 

from a single tank or from multiple tanks to provide sufficient volume of waste for 

testing.  As necessary, we also diluted the tank samples with deionized distilled (DDI) 

water or 1.66 M sodium hydroxide solution to the appropriate concentration for testing.  

Aliquots were taken from each storage bottle or tank and analyzed for radiochemical and 

chemical composition.  Table 1 provides a summary of the sodium, strontium and 

actinide concentrations for each of the seven tank wastes solutions used in the following 

tests.    
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Batch Ion Exchange/Adsorption Tests at Different Ionic Strengths 

These tests used a composite of tank wastes from more than twenty SRS waste tanks.  

We treated the composite material with two separate additions of 0.55 M sodium 

tetraphenylborate solution (0.147 L and 0.035 L, respectively) seventeen days apart to 

remove radio-cesium.  Removal of the radio-cesium decreased the gamma activity in the 

material to a very low level allowing contact handling of the material.  After mixing for 

additional 10-days, we filtered the mixture through 0.45-µm filter.  We collected the 

filtrate into a clean plastic bottle and transferred the bottle from the SCF to a radio-hood.        

 

We added 75-µL of 85Sr radiotracer (Perkin-Elmer Life Sciences, specific activity = 

7.992 Ci L-1) and 100-µL of 237Np (0.671 mg L-1 in 0.1 M nitric acid) to the composite 

waste solution.  After mixing overnight, we filtered the waste solution through a 0.45-µm 

filter and collected the filtrate in a plastic bottle.  The sodium concentration of the waste 

solution measured 7.5 M (Waste Solution 1).  We diluted a portion of the 7.5 M waste 

solution with DDI water to decrease the sodium concentration to 4.5 M (Waste Solution 

2).  After mixing the diluted waste solution for 2 days, we filtered the diluted solution 

through a 0.45-µm filter and collected the filtrate in a plastic bottle.       

 
We placed 120-mL of each of two waste solutions into 250-mL plastic bottles.  After 

incubating at 25 + 3 ˚C overnight in a Lab Line shaking waterbath (Cole Parmer Catalog 

#E-01290-20), we added the appropriate amount of MST slurry (#95-QAB-451) to 

provide a MST concentration of 0.2 g L-1.  Aliquots of each test bottle were taken after 

0.25, 0.50, 0.75, 1.0, 1.5, 2, 4, 8, 24, 96 and 168-hours after the MST addition.  Each 
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aliquot was filtered through a 0.45-µm syringe filter.  We collected the filtrate in a plastic 

sample bottle.   

 

We prepared samples of the filtrates for radiochemical analysis by pipetting 4-mL of the 

filtrates slowly into 4-mL of 5 M nitric acid solution.  We gently mixed the acidified 

samples and allowed the samples to stand with occasional mixing for a minimum of 2 

hours to produce a clear colorless solution for analysis.  The 85Sr activity was measured by 

gamma pulse height spectroscopy.  We determined concentrations of 237Np, 238U, 239Pu 

and 240Pu by Inductively Coupled Plasma Mass Spectroscopy (ICP-MS) analysis.  The 

239/240Pu and 238Pu activity determination relied on alpha spectroscopy after chemically 

separating the plutonium from neptunium. 

 

Large Scale Demonstrations 

Large scale demonstrations used supernate samples from each tank farm that were 

obtained using 38-liter samplers.  The first demonstration used a solution formed by 

mixing supernates from two waste tanks.  We diluted the composite solution to a sodium 

concentration of 5.6 M using 1.66 M sodium hydroxide solution and stored the diluted 

solution at ambient cell temperature (Waste Solution 3).  The second demonstration 

featured supernate from a single tank diluted to a sodium concentration of 6.2 M    

(Waste Solution 4). 

 

We conducted the large scale demonstrations in a 100-L stainless steel cylindrical tank 

equipped with an air-driven mixer.  We placed approximately 66-L of the waste solution 
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into the reactor.  With mixing we added sufficient MST slurry (#95-QAB-281) to provide 

a MST concentration of 0.5 g L-1.  The mixing speed was adjusted to provide a surface 

vortex of about 1 – 3 inches compared to a total waste height of about 23-inches.  

Aliquots were taken from the reactor 1, 2, 3, 8, 12, 24 and 30-hours after the addition of 

the MST.  We prepared the samples for analysis as described above except we performed 

a 100-fold dilution into 0.2 M nitric acid.  The larger dilution reduced personnel exposure 

from the high gamma activity in the waste solutions.     

 

Hydraulically Scaled Reactor (HSR) Testing 

This test examined the efficacy of MST in actinide and strontium removal using 

conditions similar to those planned for the Actinide Removal Process (ARP).  We 

fabricated a 30-L working volume reactor to provide equivalent mixing conditions (i.e., 

tip speeds and geometrical similarity) to the 17,700-L reactor installed in the ARP facility.   

The mixing energy of the ARP agitator in the ARP Facility ensured turbulent conditions 

and, hence, will likely resemble that planned for the Salt Waste Processing Facility, 

which features a batch reactor having a working volume of 340,000 liters.  In addition to 

the 90 ˚ baffles, the 30-L reactor had the same sloping bottom as that in the ARP Facility 

reactor.  The 30-L reactor did not contain heating and cooling coils that the ARP reactor 

features.   

 

This test featured the same composite waste solution from the second large scale 

demonstration (Waste Solution 4)  to which we added 85Sr, 239/240Pu, 237Np, depleted U, 

non-radioactive cesium and non-radioactive strontium to produce Waste Solution 5     
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(see Table 1).  We added the actinides as a carbonate solution to reduce the chance of 

sudden precipitation of these components when added to the strongly alkaline waste 

solution.  We detected no visible evidence of solids formation upon the addition of any of 

the added components.  The solution was equilibrated by mixing at ambient laboratory 

temperature for three weeks. 

 

85Sr, 237Np and uranium concentrations remained unchanged over the 3-week period.  

We observed a significant decrease in the 239,240Pu concentrations between the 14-day and 

21-day samples.  The cause of the significant change in plutonium concentration is not 

known.  After the 3-week equilibration time, we added sufficient MST slurry (#96-QAB-

281) to provide a MST concentration of 0.4 g L-1.  We sampled the reactor 2, 4, 12, 18, 

24 and 30 hours after the MST addition.   

 

In parallel, we carried out batch ion exchange/adsorption tests using the same testing 

protocol as described for the ionic strength tests.  This provides for a comparison of 

Sr/actinide separations between the hydraulically-scaled reactor (30-L) and that in 

waterbath shaker (0.12-L).  Sampling and radiochemical analyses for these tests featured 

the same experimental and analytical protocols as described previously. 

 

Elevated Alpha Activity and Multiple Strike Tests 

The initial set of tests featured a composite material composed of supernate samples from 

four different waste tanks to provide waste solution with elevated alpha activity 

principally from plutonium and elevated 90Sr activity (Waste Solution 6).  The combined 
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composite sample was calculated to have a sodium concentration of 5.6 M based on the 

measured sodium concentrations and volumes used to prepare the composite from the 

four waste tank samples.  After allowing the composite to equilibrate for two weeks we 

conducted batch contact tests in duplicate.  For these tests we made three separate 

additions of MST (#95-QAB-451) at a concentration of 0.4 g L-1.  MST additions 

occurred at time 0, 30 and 54 hours.  Sampling of the test bottles occurred at 0, 4, 24, 30, 

54 and 78 hours.  The samples at 0, 30 and 54 hours occurred immediately before the 

addition of the MST. 

 

The second set of multiple strike tests featured a supernate sample from a single waste 

tank diluted to 5.6 M with 1.66 M sodium hydroxide solution (Waste Solution 7).   The 

5.6 M Na waste solution equilibrated for 12 weeks.  After the equilibration time, we 

conducted five tests using the test protocols shown in Table 2.  For each test we placed 

120-mL of the equilibrated waste solution into a 250-mL polyethylene bottle fitted with a 

cap.  We then added the desired amount of MST (#00-QAB-417) at the appropriate time. 

Test bottles were continuously stirred (magnetically) in a water bath at a constant 

temperature of 25 ± 4 °C.     

 

For Tests E and H involving intermediate filtration, the bulk test solutions (post-

sampling) were filtered through 0.1-µm polyether sulfone membrane disposable cup 

filters.  For Test H, the test solution was centrifuged prior to filtration to collect the first 

strike MST solids for desorption testing.  Sampling involved removing a test bottle from 

the waterbath, manually shaking to produce a homogeneous mixture, pulling 
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approximately 7-mL of the test mixture into a disposable 10-mL syringe, and filtering the 

sample mixture through a 0.1-µm polyvinylidene fluoride syringe filter disk and into a 

sample bottle.  Five milliliter portions of each filtered sample were pipetted into a second 

sample bottle containing 20 mL of 2 M nitric acid.  The diluted, acidified samples were 

manually shaken for approximately 15 seconds and allowed to equilibrate for a minimum 

of 2 hours before subsampling for specific radiochemical analyses. 

 

Desorption Tests 

Desorption tests used the residual MST solids from Test A and those from the first strike 

of Test H (see Table 2).  In the case of Test H, the solids were held in 3-mL sample of its 

waste solution until after all adsorption tests completed.  The tests were conducted by 

concentrating the residual MST solids using a centrifuge.  After centrifuging the test 

mixtures, we decanted as much supernate as possible off the settled solids and added the 

desired volume of supernate back to the solids to provide a 2 wt% solids concentration.  

The mass of solids present was calculated assuming the centrifuged volume of test 

solution contained the target concentration of MST added during the adsorption tests (i.e., 

if 0.4 g/L MST was added in the adsorption test, then the residual adsorption test volume 

contained 0.4 g/L MST solids).   

 

The residual test solutions and centrifuged solids were held for a period of 1 to 2 weeks 

between the adsorption and desorption tests.  The decanted residual supernate from each 

test was sampled and analyzed to determine both the amount of strontium and plutonium 

loaded onto the MST during its adsorption testing as well as the residual soluble 
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concentration added back to the centrifuged MST solids.  The residual solids and 

supernate were transferred to a custom-built glass vessel and diluted with distilled, 

deionized water to simulate washing of the solids.  The exact level of dilution was based 

upon the amount of water calculated to reduce the measured sodium concentration (5.6 

M) of the residual supernate to a final sodium concentration of 0.5 M (i.e., approximately 

11-fold dilution).  After dilution, we continuously stirred (magnetically) the suspension at 

a constant temperature of 25 ± 3 °C in the same apparatus as used in the adsorption tests.  

We sampled the tests at 4, 8, 12, and 24-hours using the same methodology as reported 

above for the adsorption tests.   

 

RESULTS 

Effect of Ionic Strength 

Figures 1 and 2 provide plots of the strontium concentration and plutonium activity in 

solution, respectively, as a function of time upon addition of 0.2 g L-1 MST to tank waste 

supernates diluted to sodium concentrations of 4.5 M and 7.5 M.  A plot of the 237Np 

concentration with time exhibited a similar shape to that of plutonium.  Uranium removal 

proved in determinant for both ionic strength solutions given the combination of the low 

MST concentration (0.2 g L-1) and high uranium concentration in the waste solution.     

 

Strontium removal proceeded rapidly at both ionic strengths and approached equilibrium 

within 24 hours (Fig. 1).  Removal of the actinides proved slower than strontium and had 

not reached equilibrium at the final sampling time (168-hours) for plutonium and 
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neptunium.    Plutonium and neptunium removal in the higher ionic strength supernate 

(7.5 M sodium) were not discernible until the 24-hour sampling time (Fig. 2).   

 

Table 2 provides the calculated batch distribution constants (Kd) measured after 168-

hours of contact.  The Kd values decrease in the order, Sr > Pu > Np at 4.5 M sodium 

concentration and Sr > Np > Pu at 7.5 M sodium concentration.  Kd values for strontium 

and plutonium decreased by factors of 3.4 and 7.3, respectively, upon an increase in the 

sodium concentration from 4.5 M to 7.5 M.  Note that the Kd values for neptunium were 

not statistically different at the two different ionic strengths.   

 

Large Scale Demonstrations 

These tests featured waste supernates treated with MST supplied by Optima Chemicals, 

Inc. (Lot #96-QAB-281).  The first test used a composite of supernate samples from two 

waste tanks treated with 0.5 g L-1 MST (Waste Solution 3).  The second test treated a 

supernate sample (Waste Solution 4) from a single waste tank contacted with 0.4 g L-1 

MST.  Table 4 provides the calculated batch distribution constants determined from the 

measurement of 90Sr and plutonium concentrations after 24-hours of contact with the 

MST.  At the time of these tests, both the ARP and SWPF flowsheets set a contact time 

of 24-hours for each batch of waste processed in these facilities.         

 

Hydraulically Scaled Reactor Testing 

This test used Waste Solution 5 recovered from the second Large Scale Demonstration 

and spiked with stable cesium and strontium, 85Sr, depleted uranium, 237Np and 
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plutonium.  We contacted this waste with 0.4 g L-1 MST (Optima Chemicals, Inc. Lot 

#96-QAB-281) at ambient laboratory temperature.  Concurrently with the HSR test we 

carried out a test with this waste at the 0.1-L scale using a waterbath shaker operating at 

175 rpm and temperature maintained at 25 + 3 ˚C.  The waterbath shaker serves as the 

standard method for mixing and controlling temperature during small scale laboratory 

batch contact tests evaluating strontium and actinide removal performance.  

 

Figure 3 provides a plot of the 85Sr and plutonium concentrations versus time in the HSR 

(30-L) and the waterbath (0.1-L).  The results indicate rapid removal of both strontium 

and plutonium from the waste solution in the HSR such that the system appeared to reach 

equilibrium within 2 hours of contact with the MST (see Fig 3).  We observed similar 

behavior for neptunium and uranium (not shown).  We also observed good agreement 

between the measured solution concentrations for both 85Sr and plutonium, as well as 

237Np and uranium (not shown), in the waste solutions treated at both the 30-L and 0.1-L 

scales.           

 

Elevated Alpha Activity Testing and Multiple Strike Testing 

The initial elevated alpha activity test featured three consecutive additions of 0.4 g L-1 

MST at time 0, 30 and 54-hours to a waste supernate diluted to 5.6 M in sodium 

concentration (Waste Solution 6).  This test used a MST sample supplied by Optima 

Chemicals, Inc. and identified as Lot #95-QAB-451.  The waste supernate featured 

elevated concentrations of both plutonium, 90Sr and 237Np compared to previous actual 

waste tests (see Table 1).   
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Table 5 provides a summary of the solution concentrations versus time for 90Sr, 237Np and 

plutonium in addition to the WAC limits for each of these radioactive components in this 

test.  Figure 4 provides a plot of the plutonium concentration versus time over the course 

of the experiment.  Results indicated that a single strike of MST at a concentration of 0.4 

g L-1 and contact time of 4-hours was sufficient to reduce 90Sr and 237Np concentrations 

below the target WAC limit.i  For plutonium, three strikes of 0.4 g L-1 MST were 

required to reduce the plutonium activity to below the WAC limit for alpha activity. 

 

The second set of elevated alpha activity tests featured consecutive additions of 0.2 g  L-1 

and 0.4 g L-1 MST at time 0, 6 and 12-hours with intermediate filtration between the 

second and third additions and single additions of 0.4 and 0.8 g L-1 MST.  For these tests 

we used a MST sample supplied by Optima Chemicals, Inc. and identified as Lot #00-

QAB-417.  The shorter contact times in this test compared to the earlier actual waste tests 

reflect a change in 2004 for the planned contact times in the SWPF.  The reduced contact 

time was adopted to increase facility throughput.   

 

Figure 5 provides a plot of plutonium concentration versus time for the single and 

multiple strike tests according to the testing protocols identified in Table 1 (Tests A, B, E 

and H).  As expected single additions of 0.4 and 0.8 g L-1 MST failed to remove 

sufficient plutonium to achieve the WAC limit within 24-hours.  Note that the 0.8 g L-1 

strike did achieve the WAC limit sometime between the 24-hour and 168-hour sampling 

                                                 
i  WAC Limits as of 2002.  New WAC limits are under development with the Nuclear Regulatory 

Commission in response to new legislation governing the disposal of high level waste produced from fuel 
reprocessing operations within the Department of Energy.   
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times.  Three additions of 0.2 or 0.4 g L-1 MST with intermediate filtration resulted in 

sufficient plutonium removal so that the treated solution meets the WAC total alpha limit 

after 24-hours.  The larger addition test (3 x 0.4 g L-1 MST) exhibited an overall DF at 

24-hours of 120 compared to that for the smaller addition test (3 x 0.2 g L-1 MST) of 33.  

Both are higher than the single strike tests, which measured 7.8 and 15 at 0.4 and          

0.8 g L-1 MST, respectively (see Table 6).   

 

Results for 90Sr, 237Np and uranium show similar trends reported for plutonium above.  

Table 6 provides the 24-hour decontamination factors (DF) values determined for each of 

the sorbates.  The DF values decrease with increasing initial cation equivalents 

concentration.  For example, DF values for strontium measured in the single strike tests 

are about a factor of 7 higher than those for plutonium and a factor of 47 higher than 

those for uranium.  The total cation equivalents for strontium, plutonium and uranium in 

this waste measured 3.96 + 0.18 for strontium, 6.88 + 0.64 for plutonium and 39.6 + 0.44 

for uranium.  Note that even though the decontamination factor for uranium is low (1.3 – 

2.3) compared to strontium and plutonium, the total quantity of uranium sorbed by the 

MST is larger on a mass basis than that of strontium and plutonium combined. 

 

Desorption Tests 

MST solids from two of the 2nd set of multiple strike tests (Tests A and H in Table 1) 

were recovered from the test bottles tested for desorption under washing conditions.  

Table 7 provides a summary of the test results as well calculated theoretical maximum 

values assuming complete desorption of 90Sr and plutonium from the MST solids.  For 



17 

both tests, the measured 90Sr, 238Pu and 239,240Pu activities proved very low and often 

below the detection limit for the analytical method.  The 24-hour samples showed some 

evidence of desorption of 90Sr and 238Pu.  However, the amount of activity in these 

samples measured 3 – 4 orders of magnitude below the theoretical maximum value 

suggesting that very little desorption occurred within the 24-hour time period. 

 

DISCUSSION 

Tests conducted with actual tank supernates at two different ionic strengths as measured 

by sodium concentrations indicated decreased sorption of strontium and plutonium with 

increasing ionic strength.  In addition to reduced sorption as measured by batch Kd values 

(see Table 2), the rate of sorption decreased significantly for plutonium.  These results 

confirm trends previously observed with simulated waste solutions.[4]  Based on these 

results, flowsheets developed for the planned ARP and SWPF adopted an intermediate 

sodium concentration of 5.6 M as the baseline sodium concentration for the waste 

processed through these facilities. 

 

Strontium and actinide removal with MST was successfully demonstrated at a larger 

laboratory scale (66-L) using two different SRS tank waste materials.  The treated waste 

solutions met the waste acceptance criteria for 90Sr and alpha-emitting radionuclides.  

Batch Kd values in these demonstrations proved much smaller for strontium and slightly 

smaller for plutonium compared to the values measured in the ionic strength tests (cf. 

Tables 2 and 3).  This is somewhat surprising given the higher MST concentration (0.4 – 

0.5 g L-1 vs. 0.2 g L-1).  We attribute the lower strontium removal in the large scale 
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demonstrations to the MST sample.  The large demonstrations featured a MST material 

(#96-QAB-281) that exhibited a much lower affinity for strontium compared to the MST 

material (#95-QAB-451) used in the ionic strength tests.ii  

 

The HSR test represented a 300-fold increase in scale from that typically used in 

laboratory tests evaluating the performance of MST samples. The reactor design included 

features to provide mixing characteristics comparable to that which will occur in the 

batch contact reactor in the ARP facility.  Comparison of the removal characteristics for 

tests in both the HSR and the waterbath shaker revealed very good agreement for 

strontium and the actinides (see Fig. 3).  This finding confirms that removal 

characteristics measured in the laboratory successfully scaled by a factor of 300.  

Furthermore, we conclude that the rate of sorbate removal is not limited by the range of 

mixing conditions spanned by conditions in the waterbath shaker and the HSR.  The test 

also provides confidence in that removal rates from strontium and actinides that are 

measured in laboratory equipment will translate to the large reactors planned in the ARP 

and SWPF. 

 

Recent characterization of SRS waste supernates indicates increased concentrations of 

alpha-emitting radionuclides, particularly plutonium, in tank waste supernates.[7]  

Consequently, there is increased importance that MST successfully remove increased 

quantities of plutonium.  Extrapolation of the results with simulants at moderate 

plutonium activities to elevated plutonium activities suggested between two and three 

                                                 
ii  Unpublished product acceptance testing of MST samples conducted at SRNL measured strontium DF 

values of 179 + 24, 186 + 3 and 77.7 + 5.1 for MST Batches 95-QAB-451, 00-QAB-417 and 96-QAB-
281, respectively. 
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times as much MST would be required to achieve the required WAC limit for alpha 

activity.   

Increasing the levels of MST by a factor of 2 or more has significant adverse impacts on 

the throughput in the ARP, SWPF and the Defense Waste Processing Facility (DWPF).  

Increased solids in ARP and SWPF operations result in increased filtration times and 

wash water volumes.  The increased filtration times result in reduced facility throughput, 

which extends the operating lifetime of the facility and increases the overall lifecycle 

costs for disposal of the high level wastes.   

 

DWPF throughput is adversely impacted by increased titanium in the feed to the melter.  

The current borosilicate glass formulation can accommodate up to 2 wt% titanium 

dioxide.  Sustained use of MST quantities in the ARP and particularly the much larger 

SWPF above 0.4 g L-1 would result in titanium concentrations approaching and possibly 

exceeding the limit.  To accommodate the higher titanium concentrations, DWPF would 

reduce the waste loading in the glass, which results in decreased throughput, increased 

number of glass canisters and, consequently, significantly higher lifetime operating costs.  

 

Tests with waste solutions containing elevated plutonium activities confirmed that as 

much as 1.2 g L-1 of MST would be required to affect sufficient plutonium removal so 

that the decontaminated waste solution meets the WAC limit for alpha activity allowing 

disposal as a low-level radioactive waste in the Saltstone facility (see Fig. 4).  Thus, the 

throughput of the ARP and SWPF and the downstream DWPF would be expected to 

decrease when processing tank wastes containing high alpha activities.  The quantities of 
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MST required to successfully remove elevated plutonium activities can be lowered by 

incorporating an intermediate filtration step (see Fig. 5).  Multiple strikes with lower 

MST concentrations and intermediate filtration reduces the amount of MST sent forward 

to the DWPF.  However, it does not improve throughput in the ARP and SWPF due to 

the additional filtration stages.   

 

After concentrating the MST solids by crossflow filtration, the solids are washed with 

water to reduce the soluble salt content in the waste slurry sent forward to the DWPF for 

vitrification.  During the washing cycle, the sodium content is reduced by approximately 

a factor of 11 from 5.6 M to 0.5 M.  Given this large change in soluble salt composition, 

strontium and actinides sorbed onto the MST could desorb to some extent and dissolve 

back into the diluted waste solution.  Desorption, if significant, would reduce the overall 

separation efficiency resulting in an overall increase in the amount of MST used during 

the operational life of the pretreatment facilities.   

 

To assess the magnitude of desorption we carried out two tests with MST solids 

recovered from the test set in which MST additions contacted tank waste containing 

elevated alpha activities (Waste Solution 7).  The solids would be expected to contain 

particularly high levels of strontium and plutonium.  Thus, these solids would serve as 

good candidates for assessing the affinity for strontium and plutonium to desorb from the 

MST solids during washing.  This test limited the total contact time to 24-hours, which is 

about a factor of three longer than the planned washing sequence in ARP and SWPF.   
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As shown in Table 6, very little, if any of the sorbed 90Sr and plutonium desorbed from 

the MST solids in these tests.  Thus, we conclude that desorption of strontium and 

plutonium is not rapid under the tested conditions and does not appear to be a risk with 

respect to overall removal efficiencies during normal operations.  However, increased 

contact times (>24-hours) or contact with more dilute waste supernates, which could 

occur as a result of a process upset, may lead to increased desorption.  Additional tests 

with longer contact times and more dilute waste supernates are needed to evaluate the 

degree of desorption in off-normal conditions. 
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Table 1.  Sodium and Sorbate Concentrations in the Tank Waste Solutions 
 
 

Waste Solution 
Identification  

1 2 3 4 5 6 7 

Test Description 
 

Effect of 
Ionic 

Strength 

Effect of 
Ionic 

Strength 
Large Scale 

Demonstrations
Large Scale 

Demonstrations 

Hydraulically 
Scaled 

Reactor 

Elevated 
Alpha 

Activity 

Elevated 
Alpha 

Activity 
 Unit        

Sodium M 7.5 (0.75) 4.5 (0.45) 5.6 (0.56) 6.2 (0.62) 6.2 (0.62) 5.6 (0.56) 5.6 (0.56) 

Strontium ug L-1 41.0 (2.0) 24.6 (0.74) <75 <980 175 (44) 3.70 (0.59) 174 (8.0) 

Plutonium ug L-1 13.5 (1.0) 8.22 (0.22) 1.94 (0.14) 3.31 (0.23) 3.66 (0.16) 251 (13) 411 (39) 

Neptunium ug L-1 389 (95.5 174 (22.7) <0.00192 <0.019 320 (80) 105 (26) 136 (2.8) 

Uranium ug L-1 11,500 (876) 5860 (319) 5360 (1340) 727 (182) 12,500 (3120) 9810 (2450) 4690 (51.7) 
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Table 2.   Multiple Strike Tests Conditions 
 

Test ID Description 
A Addition of 0.4 g/L MST with sample analysis at 0, 6, 

12, 24, 48, and 168 h. 
B Addition of 0.8 g/L MST with sample analysis at 0, 6, 

12, 24, 48, and 168 h. 
E Add 0.4 g/L MST (incrementally) at 0, 6, and 12 h with 

filtration (0.1 µm) prior to the second and third MST 
strikes and with sample analysis at 0, 6, 12, 24, 36, 48, 
and 168 h (prior to filtrations and incremental additions 
at 6 and 12 h). 

G Control – no addition of MST with sample analysis at 0, 
6, 12, 24, and 168 h. 

H Add 0.2 g/L MST (incrementally) at 0, 6, and 12 h with 
filtration (0.1 µm) prior to the second and third MST 
strikes and with sample analysis at 0, 6, 12, 24, and 168 
h (prior to filtrations and incremental additions at 6 and 
12 h). 

 
 

 
 
 
 
 

Table 3.  Batch Distribution Constants for Tests at Different Ionic Strengths 
 
   Kd (mL g-1)* 

 [Na], M Strontium Plutonium Neptunium 
 4.5 4.12E+05 4.35E+04 1.37E+04 
  (4.37E+04) (2.24E+03) (1.00E+01) 
 
 7.5 1.20E+05 5.95E+03 9.05E+03 
  (2.99E+03) (1.08E+02) 1.65E+03) 

 *Tank waste supernate contacted with 0.2 g L-1 MST at 25 ˚C for 168-hours. 
                 numbers in parenthesis are single standard deviation 
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Table 4.  Batch Distribution Constants for Large Scale Demonstrations 
 
 Kd (mL g-1)* 
 Waste Solution [MST] (g L-1) Strontium Plutonium 

 3 0.5 8.0E+03 1.0E+04 
   (1.2E+03) (1.0E+03) 

 4 0.4 3.5E+03 4.8E+03 
   5.2E+02) (1.2E+03) 
 
  *Values measured after 24 hours of contact with MST 
    numbers in parenthesis are single standard deviation 
 

 

 

 

Table 5.  Radioisotope Activities in Elevated Alpha Activitiy Tests 

Time (h) 
90Sr             

(pCi mL-1) 
237Np           

(pCi mL-1) 
Total Pu        

(pCi mL-1) 

0 519,000 (130,000) 73.8 (18.4) 612,500 (20,800) 

4 23,300 (8,130) 32.8 (0.71) 166,000 (884) 

24 14,900 (972) 21.7 (5.39) 97,800 (1,860) 

30 60,100 (31,000) 19.6 (2.39) 97,400 (1,330) 

54 7,690 (7,680) <18.1 31,000 (1,860) 

78 26,300 (23,000) <20.9 19,600 (1,400) 

WAC 50,000 37.5 22,500 
 

   numbers in parenthesis are single standard deviation 
   WAC = Waste Acceptance Limit 
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Table 6.  24-Hour Decontamination Factors Measured in Multiple Strike Tests  

  24-hour Decontamination Factor 
Test ID MST Additions (g L-1) Sr Pu Np U 

A 0.4 55 7.8 >2.2 1.3 
B 0.8 98 15 >2.2 1.9 
E 3 x 0.2 660 33 >2.2 1.5 
H 3 x 0.4 260 120 >2.2 2.3 

 
 
 
 
Table 7.  90Sr, 238Pu and 239,240Pu Activities in Diluted Supernate from MST 
Desorption Tests 
 

  Concentration (pCi/mL) 
Test 
ID 

Reaction 
Time (h) Sr-90 + Pu-238 + Pu-239/240 + 

A 0 235 20 <103 DL 33 8.2 
A 4 184 51 <37 DL <120 DL 
A 8 <143 DL <585 DL <38 DL 
A 12 <122 DL 86 17 <156 DL 
A 24 347 61 235 47 <91 DL 

 
Theoretical 
Maximum 5.7E+05  3.5E+06  1.6E+05  

H 0 418 41 <2410 DL <114 DL 
H 4 <112 DL <293 DL <69 DL 
H 8 306 61 <106 DL <37 DL 
H 12 173 51 252 50 <551 DL 
H 20 275 51 560 639 <65 DL 

 
Theoretical 
Maximum 1.6E+06  7.0E+06  3.2E+05  

Blank 4 214 61 <36 DL <148 DL 
Blank 12 143 51 66 13 <65 DL 

 
+ values are single standard deviation  

DL = below minimum detection level of the analytical method 
Theoretical Maximum assumes complete desorption of 90Sr and Pu 
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Figure Captions 
 

Figure 1.  Concentration of Strontium versus Time in Waste Solutions at Different 

Sodium Concentrations:  Ο = 4.5 M and  = 7.5 M. 

 

 

Figure 2. Concentration of Plutonium versus Time in Waste Solutions at Different 

Sodium Concentrations:  Ο = 4.5 M and  = 7.5 M. 

 
 
 

Figure 3.  90Sr and Plutonium Activities versus Time upon Contact with MST: 

Ο = 85Sr in Hydraulically Scale Reactor, • = 85Sr in Waterbath Shaker,                            

∆ = Pu in Hydraulically Scale Reactor, and  = Pu in Waterbath Shaker. 

 

 

Figure 4.  Plutonium Activity versus Time in Elevated Alpha Activity Test #1. 

 

 

Figure 5.  Plutonium Activity versus Time in Elevated Alpha Activity Test #2 :  

Ο = 0.4 g L-1 MST,  = 0.8 g L-1 MST,  ◊ = 3 additions of 0.2 g L-1 MST with 

intermediate filtration, and ∆ = 3 additions of 0.4 g L-1 MST with intermediate filtration. 
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Figure 1. 

0.1

1

10

100

0.1 1 10 100 1000
Time (h)

Sr
 (u

g/
L

)

 
 



29 

Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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