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Summary

A number of Hanford tanks received waste containing organic complexants, which increase the solubility 
of Sr-90 and transuranic (TRU) elements.  Wastes from these tanks require additional pretreatment to 
remove Sr-90 and TRU for immobilization as low activity waste (Waste Envelope C).  The baseline 
pretreatment process for Sr/TRU removal was isotopic exchange and precipitation with added strontium 
and iron.  However, studies at both Battelle and Savannah River Technology Center (SRTC) have shown 
that the Sr/Fe precipitates were very difficult to filter.  This was a result of the formation of poor filtering 
iron solids.  An alternate treatment technology was needed for Sr/TRU removal.  Battelle had 
demonstrated that permanganate treatment was effective for decontaminating waste samples from 
Hanford Tank SY-101 and proposed that permanganate be examined as an alternative Sr/TRU removal 
scheme for complexant-containing tank wastes such as AN-107.

Battelle conducted preliminary small-scale experiments to determine the effectiveness of permanganate 
treatment with AN-107 waste samples that had been archived at Battelle from earlier studies. Three series 
of experiments were performed to evaluate conditions that provided adequate Sr/TRU decontamination
using permanganate treatment.  The final series included experiments with actual AN-107 diluted feed 
that had been obtained specifically for BNFL process testing.  Conditions that provided adequate Sr/TRU 
decontamination were identified.  A free hydroxide concentration of 0.5M provided adequate 
decontamination with added Sr of 0.05M and permanganate of 0.03M for archived AN-107.  The best 
results were obtained when reagents were added in the sequence Sr followed by permanganate with the 
waste at ambient temperature.  The reaction conditions for Sr/TRU removal will be further evaluated with 
a 1-L batch of archived AN-107, which will provide a large enough volume of waste to conduct crossflow 
filtration studies (Hallen et al. 2000a).
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1.1

1.0 Introduction

This report summarizes work performed for BNFL Inc. by Battelle in support of the Privatization
Contract for treatment of Hanford underground storage tank wastes.  The privatization work is part of the 
River Protection Project-Waste Treatment Plant (RPP-WTP).  Under Part B-1 of the privatization effort, 
Battelle is conducting technology development and demonstration of various process flowsheet steps for 
BNFL with actual waste samples.  Three candidate low-activity waste types have been identified for 
initial treatment: Envelope A, Envelope B, and Envelope C.  Each of these represents compositional
envelopes as defined in the privatization contract (Specification 7 of the TWRS privatization contract, 
http://www.hanford.gov/doe/contracts/de-ac06-96rl13308/index.html).  Before the liquid (supernatant) 
fraction of Envelope C wastes (e.g., Tank 241-AN-107 waste) can be disposed of as low-activity waste, 
pretreatment is required to remove transuranic (TRU) elements and radioactive strontium.  Because of the 
high concentration of organic complexants in this waste, conventional separation processes (e.g., ion 
exchange) are not effective. 

During Part A-1 of the privatization effort, the Savannah River Technical Center (SRTC) developed a 
Sr/TRU removal process involving isotopic dilution and precipitation with added strontium and iron 
(SRTC 1997a-d).  While this treatment process provided the necessary supernatant decontamination, the 
resulting precipitate could not be filtered.  Tests with waste simulants identified the iron precipitate as 
causing the difficulty with filtration (SRTC 2000).  The search began for an alternative treatment process.
Battelle proposed permanganate be examined as an alternative because it had been demonstrated to work 
with waste from Hanford Tank SY-101, which also contains high levels of organic complexants (Orth et 
al. 1995).

Orth et al. (1995) examined the removal of radioactive Sr and TRU from complexant-containing
(citrate, glycolate, EDTA, HEDTA, and NTA) tank waste by the addition of metal cations and chemical 
oxidant.  Permanganate was examined as a chemical oxidant to promote destruction/defunctionalization 
of the complexing agents and possible flocculation by the manganese solids.  Permanganate was found to 
oxidize chromium first; then organic carbon; and last, nitrite.  A sample of 3:1 diluted SY-101 waste was 
treated with 0.15M permanganate and decontamination factors (DFs)(a) of >143 were obtained for Sr and 
28.5 for Pu.  Orth et al. recommended permanganate doses of 0.1M for treating complexant-containing
wastes.  For wastes such as in Tank SY-101, the chromium in the sludge consumes as much as half the 
permanganate.  Waste in Tank AN-107 does not have the high chromium values in the sludge, so 
permanganate is expected to be effective at lower concentrations. 

Permanganate is also used as a precursor to MnO2 and/or Mn(OH)2 coprecipitants via the “Method of 
Appearing Reagents” (Krot et al. 1996).  This method requires that a chemical reductant such as formate 
or hydrazine be added to the waste to be treated.  However, for Hanford wastes, it is not necessary 
because reductants are already present in the waste as organic complexing agents or their degradation 
products (e.g., formate).  The resulting manganese solids are effective coprecipitants for Pu and other 
TRU elements, but generally not as effective as iron precipitates.  Decontamination factors of >100 have 
been reported for various simulated waste streams.

The objective of the work reported here was to determine the potential use of permanganate for 
Sr/TRU removal and the optimal conditions for Sr/TRU decontamination.  An archived sample of AN-
107 waste was used because only a limited quantity of the actual AN-107 diluted feed was available.
Tank waste simulants were not used for decontamination studies because the exact composition of 
organic complexants in the waste is not known, nor is the speciation of soluble Sr or TRU components.
Proof-of-principle experiments were performed using approximately 20-mL samples of waste with 

(a) The decontamination factor is defined as the amount of the contaminant in the waste before treatment 
divided by the amount present after treatment.
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various amounts of permanganate, strontium, and/or other metal ions.  Supernatant decontamination data 
were obtained from the test data. The Sr and TRU DFs were compared to determine the efficiency of the 
Sr/TRU removal process.  Preferred conditions were identified for larger-scale testing using 1-L samples.

The proof-of-principle experiments, three series of small-scale Sr/TRU decontamination tests, are 
described in this report.  Test conditions and experimental procedures are described in Section 2.0.
Experimental results from the three series of tests are described in Section 3.0.  The major conclusion and 
recommendations that evolved from this work are given in Section 4.0.  The appendices contain the test 
instructions, data sheets, logbook entries, analytical data, calculation, and staff role/responsibilities for 
this work. 
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2.0 Test Conditions and Experimental Procedures

2.1 Description of Archived AN-107 and AN-107 Diluted Feed 
Samples

Prior to its use for the BNFL project, the archived AN-107 material was diluted, decanted from 
the settled solids, and treated by ion exchange to remove cesium (Hendrickson 1997).  It was collected as 
45 grab samples in 125-mL bottles taken during January 1997.  Approximately 5.4-L of tank waste were 
then transferred to Hanford’s 222-S Analytical Laboratory, and 0.53M sodium hydroxide was added to 
dilute the waste to 5M sodium and a free hydroxide concentration of 0.24M.  The supernatant was not 
filtered prior to cesium ion exchange.  Instead, the solids were allowed to settle, and the supernatant was 
decanted and sent through the crystalline silicotitanate loaded columns.  Analysis of the waste after 
cesium removal indicated the free hydroxide was 0.126M.  Following cesium removal the sample was 
transferred to Battelle in five 1-L plastic bottles where it has been stored in the Shielded Analytical 
Laboratory (SAL) hot cells in the Radiochemical Processing Laboratory (RPL).

In addition to the tests done with the archived AN-107 sample, three experiments were conducted 
with actual AN-107 diluted feed prepared specifically for the BNFL testing.  The diluted feed was 
prepared and characterized at Battelle for integrated process testing (Urie et al. 1999).  Waste samples 
retrieved from AN-107 were diluted and caustic adjusted to target concentrations of 7.7M sodium, and 
1.0M free hydroxide for demonstration of the Sr/TRU removal process (Hallen et al. 2000b). 

2.2 Development of Test Conditions

The Privatization Contract requires that the immobilized low-activity waste (ILAW) product 
contain less than 100 nCi/g TRU and less than 20 Ci/m3 Sr-90.  Supernatant from Envelope C waste 
contains levels of Sr and TRU too high to meet ILAW requirements.  For AN-107 waste, DFs of 
approximately 10 for Sr-90 (90% removal) and 5 for TRU (80% removal) are needed to meet the ILAW 
disposal requirements.  Since over 90% of the TRU in AN-107 is Am-241, a target DF of 5 was 
established for Am-241.

Experimental conditions were defined using the results from the earlier studies by Orth et al. and 
limited studies conducted with AN-107 waste simulant at Battelle and SRTC (1999).  Based on these
studies a permanganate treatment level of 0.05M was expected to yield good decontamination results.
Also results by Orth and others suggested that increased free hydroxide concentration, and/or addition of 
other metal salt precipitants (calcium, strontium, and europium) could improve decontamination of Sr-90
and TRU.  This information was used to construct the first test matrix (see Section 3.1).  The target 
concentrations listed in the test matrix are based on the final composition after addition of all reagents.
The quantity of each reagent to add to the waste to achieve these values, as well as the actual quantities 
that were used, can be found in the test instructions included in Appendix A.  Two controls were added 
for calculating the DFs, one unfiltered containing entrained solids and the other filtered to remove the 
entrained solids.

The results of the first series of experiments were used to define the conditions for the second 
series of experiments (see Section 3.2).  The most significant observation was the lack of free hydroxide 
in the starting waste; consequently, for the second series of experiments, sodium hydroxide was added to 
the waste before the experiments were started.  Also, permanganate alone did not give as high as expected 
DF for Sr-90, so non-radioactive strontium addition at different concentrations was examined for isotopic 
dilution.  The completed test instruction and experimental details of the second series of experiments are 
included in Appendix B.
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Adequate Sr-90 and TRU decontamination was obtained for many conditions in the second series 
of experiments.  The third series of experiments was conducted to verify these results, further optimize 
reagent concentration, and examine the preferred reaction conditions with samples of actual AN-107
diluted feed (see Section 3.3).  The completed test instruction and experimental details of the third series 
of experiments are included in Appendix C.

The heater temperature, hold time, and addition sequence was varied for each series of 
experiments.  The first series of experiments was heated to 40°C and held there for 1 hour after addition 
of all reagents.  This was considered adequate for permanganate treatment, based on results of Orth et al. 
(1995) that permanganate oxidation was complete in a matter of minutes at 30°C.  However, this was a 
lower temperature and shorter time than the conditions identified for Sr/Fe addition from Part A-1
experiments.  As a result, the second series of experiments was heated to 50°C and held for 4 hours after 
reagent addition.  The additional time was expected to allow more isotopic exchange of Sr-90 with added 
nonradioactive Sr.  For the third series of experiments, the first reagent was added and the waste heated to 
50°C and held for 2 hours.  The second reagent was then added, and the waste heated to 50°C and held for 
an additional 2 hours, again to allow for more isotopic Sr exchange.

2.3 Experimental

Battelle had archived approximately 5 L of AN-107 waste that had previously been treated by ion 
exchange for cesium removal (Henderson 1997).  The waste was reported to be 5M sodium and 
0.1M hydroxide.  Experiments were designed on the assumption that the composition had not changed.
However, after the first series of experiments, no free hydroxide was found by titration of waste samples.
Continued organic aging of this waste during storage most likely consumed the free hydroxide.  Later 
tests all included the addition of hydroxide to ensure the presence of free hydroxide during 
treatment/precipitation.  The composition of the other components in the archived AN-107 is reported in 
the literature; the key components of the initial waste were determined for each series of experiments as a 
control, and were used to calculate DFs for the treated waste.

The small-scale experiments were conducted in the SAL hot cells with samples of approximately 
20 mL of tank waste.  The reagents were added to the wastes with an adjustable pipette, in the order listed 
in the test matrix.  The reagents were rapidly added to the waste at room temperature and mixed by 
swirling of the vials with the remote manipulator hand.  For the first two series of experiments, the 
addition of all reagents was completed before the samples were heated in a heat block that had been 
preheated to the set temperature.  The samples were held for the prescribed time at this temperature, 
removed, cooled, centrifuged, and filtered for analyses.  Stock solutions of the reagents were prepared for 
addition to the waste.  The first round of experiments used 0.4M potassium permanganate as the stock 
solution, and later experiments used 1M sodium permanganate as the stock solution.  The metal addition 
solutions were made up as the nitrate salt in 1M concentration.  Sodium hydroxide was added as solid 
pellets or 10-19M solution.  The actual quantities of waste and reagents used are given in the test 
instructions included as Appendix A, B, and C of this report.

2.4 Chemical Analyses

All of the chemical analyses were conducted at Battelle.  BNFL designated the analytes of interest 
and minimum reportable quantity in a test specification or guidance letter (BNFL 1999a,b).  Because the 
archived AN-107 sample had most of the radioactive cesium removed, Am-241 concentration could be 
determined directly by gamma energy analysis (GEA), along with the Eu isotopes 154 and 155.
Relatively high levels of Cs-137 raise the gamma background level in the detector through Compton 
scattering, thereby making it difficult to detect other, lower-level gamma emitters, especially those having
gamma energies below that of Cs-137.  For the AN-107 diluted feed samples, separation and alpha energy 
analysis (AEA) were required for Am-241 because of the high Cs-137 concentration.  The Sr-90
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concentration was determined by chemical separation followed by beta counting.  Sodium concentration 
was determined by inductively couple plasma-atomic emission spectrometry (ICP-AES), as well as the 
other metals listed in the test instructions.  Selected samples were also analyzed by titration to determine 
the free hydroxide concentration.  All of the analytical results are included in Appendix D.
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3.0 Results and Discussion

Each series of experiments involved multiple samples and each was analyzed to determine the change 
in waste composition upon treatment.  Samples of the initial waste were analyzed with and without 
filtration (0.45 um) to examine the contribution of entrained solids to the overall treatment.  The 
radionuclide composition of the treated samples was compared with the initial composition to determine
the extent of decontamination.  The initial waste composition varied for each series of experiments.  The 
Decontamination Factor (DF) for a specific radionuclide is defined as the concentration of the component 
in the initial waste divided by the concentration after treatment, corrected by the amount of dilution that 
occurred:

DF = [A] i/([A]*MD)

where [A]i is the concentration of component A per mass in the initial sample, [A] is the concentration of 
component A per mass in the treated sample, and MD is the mass dilution, final mass of treated solution 
divided by the initial mass of solution.  The final mass is determined by summing up the mass of initial 
waste and all dilution, adjustments, and/or reagent additions. 

3.1 The First Series of Proof-of-Principle Experiments

The first series of experiments focused on treatment with permanganate alone and in combination 
with added metal cations (Ca, Sr and Eu) using the waste as received (see Table 3.1).  The archived 
AN-107 was expected to contain 5M Na and 0.12M free hydroxide.  However, analyses of the starting 
material showed that there was no free hydroxide remaining in this waste.  Where specified, sodium 
hydroxide was added as a 10M stock solution; metals cations were added as 1M nitrate solutions 
[Ca(NO3)2, Sr(NO3)2, and Eu(NO3)3]; and permanganate was added as 0.4M KMnO4.  The reagents were 
added in the order listed in Table 3.1.  After addition of all reagents, the samples were heated to 40°C for 
1 hour.  The samples were removed from the heat block, cooled, and centrifuged.  The supernatant was 
decanted from the centrifuged solids and filtered through a 0.45-um filter disk. Sample MN-01 was the 
initial waste and was not heated or filtered.  Sample MN-02 was heated and filtered along with the other 
samples but no chemical reagents were added.  Samples were acid digested and analyzed (ICP-AES, total 
alpha, GEA, and separation-beta counting for 90Sr).  The centrifuged solids from one experiment, MN-03,
were acid digested and analyzed (results reported as MN-12 in Appendix D).
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Table 3.1.  Test Matrix for the First Series of Permanganate Addition Experiments.

Sample
Number

NaOH
Addition

Metal Addition Target
[MnO4

-]
Comment

MN-01 none none none initial waste-unfiltered
MN-02 none none none initial waste-filtered
MN-03 none none 0.05 M base case test condition
MN-04 none none 0.05 M duplicate (of MN-03)
MN-05 none none 0.03M low [MnO4

-]
MN-06 none none 0.08 M high [MnO4

-]
MN-07 to 1M none 0.05 M high [OH-]
MN-08 to 1M none 0.08 M high [MnO4

-], high [OH-]
MN-09 none to 0.05M Ca 0.05 M metal addition
MN-10 none to 0.05M Sr 0.05 M metal addition
MN-11 none to 0.05M Eu 0.05 M metal addition
MN-12 centrifuged solids from MN-03

The effectiveness of permanganate treatment for TRU removal can be seen by examining the DFs 
for total alpha and Am-241 shown in Figure 3.1.  The target DF of 5 was obtained for many of the 
samples.  Decontamination was much higher with added hydroxide, MN-07 and MN-08, and added 
calcium, MN-09.  This is expected because of the high carbonate and lack of any free hydroxide in the 
starting waste (bicarbonate/carbonate complexes of TRU).  The addition of strontium with permanganate 
increased the DF slightly over permanganate alone.  Increasing the permanganate level from 0.03M to 
0.05M to 0.08M continued to increase the DF in a near linear relationship.  The addition of Eu was 
evaluated to help increase the TRU DF.  Unfortunately, because the Eu(NO3)3 was acidic and the waste 
had no free hydroxide, the Eu addition just increased the conversion of carbonate to bicarbonate, 
decreasing the TRU DF compared with permanganate addition alone.  Addition of free hydroxide had a 
greater effect on DF values, suggesting that 0.03M permanganate would be adequate for TRU 
decontamination with added free hydroxide.

Since over 90% of the TRU is Am-241, the good correlation between total alpha and Am-241
was expected.  Decontamination factors for Eu-154 and Eu-155 are also shown in Figure 3.1 and varied 
similarly to Am-241 DFs, but were somewhat lower.  Both Am and Eu were expected to be 
predominantly in the +3 oxidation state, and to have similar chemistries.  No significant decontamination 
occurred for Co-60 or Cs-137.

Permanganate treatment of the waste removed iron from solution.  Am-241 removal correlated 
with iron removal, as shown in Figure 3.2.  Iron is known to be a good co-precipitant/flocculent for TRU, 
so the iron removal/precipitation may contribute to the high TRU removal.  Data are also shown for 
MN-02, the filtered initial waste.  This sample shows that approximately 10% of the Am-241 (and iron) 
removal was associated with filtration of the sample and removal of entrained solids.  Manganese removal 
from solution showed a similar trend to Fe with the exception of MN-11, Eu addition.  Because of the 
lack of free hydroxide, addition of the acidic Eu solution lowered the pH of the waste, and increased the 
soluble Mn.
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The decontamination factors for Sr-90 are shown in Figure 3.3.  Very little Sr decontamination 
occurred with permanganate addition, and little improvement occurred in going from 0.03M to 0.05M to 
0.08M permanganate addition.  The added free hydroxide only slightly improved the Sr DF.  Calcium 
addition provided the highest Sr DF, but was still below the target DF of 10.  Isotopic exchange with 
addition of nonradioactive strontium approximately doubled the Sr DF.  This may be caused by the lower 
temperature and digest time used in these studies compared to the Part A-1 studies, which found Sr 
addition at 0.075M to be effective for decontamination of AN-107 (SRTC).  Higher Sr DFs were expected 
for permanganate treatment based on the results from Orth et al. (1995).  The much higher organic 
complexant concentration in AN-107 than SY-101 must be a significant factor in the low values.  These 
tests indicate that different conditions for increased strontium decontamination are needed.

The ICP data in Appendix D for MN-09 and MN-10 indicate that the initial waste is below 
saturation in calcium and strontium.  For MN-09, the calcium concentration increased from an initial 
value of 250 ug/g to 665 ug/g after addition of the Ca(NO3)2 and permanganate solutions.  For MN-10,
the total strontium concentration increased from an initial value of 1.2 ug/g to 125 ug/g after addition of 
the Sr(NO3)2 and permanganate solutions.

A comparison of MN-03 and MN-04, repeat experiments at the same conditions, shows that the 
procedure and analyses are reproducible; and the variability noted is caused by differences in reagent 
addition.  This comparison is important since these experiments are difficult to conduct with actual waste 
in the hot cell; are conducted by remote manipulator; and reagent addition and stirring are difficult to 
repeat identically for every sample.

Figure 3.1.  Decontamination Factors for Total Alpha, Am-241, Eu-154, and Eu-155.
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Figure 3.2.  Percent Fe and Am-241 Removal.

Figure 3.3. Strontium Decontamination Factors.
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concentration.  A major change for all these experiments was the digest temperature, which was increased 
to 50°C, and the digest time, which was increased to 4 hours.  These conditions were identified by SRTC 
for Sr/TRU removal with Sr and Fe addition, and were expected to increase the Sr decontamination by 
isotopic exchange/dilution and precipitation as SrCO3.

The DFs for Am and Eu are presented in Figure 3.4.  Results from duplicate experiments, PR-06 and 
PR-07, show good reproducibility.  Samples PR-03 and PR-08 were sampled and analyzed twice; the 
duplicate results indicate good reproducibility of the analytical procedure.  The differences between 
experiments were a result of the change in reagents and reaction conditions.  The Am DFs were above the 
target value of 5 for all conditions except PR-08, high Sr and low permanganate test.  The high 
concentration of Sr actually decreased the Am DF; compare PR-08 to PR-10.  The large adverse impact of 
carbonate on Am (TRU) decontamination can be seen by comparing the results from PR-14 to PR-03,
where the carbonate concentration had been reduced by approximately 50%.  Results from this series of 
experiments confirm the requirement for free hydroxide to obtain adequate Am DF.  This is likely related 
to the shift in carbonate/bicarbonate equilibrium caused by increasing the free hydroxide concentration.
The small amount of Ca addition increased the Am DF, but the Am DFs were well above the target of 5 
without the addition of Ca.

Table 3.2.  Test Matrix for the Second Series of Permanganate Addition Experiments.

Sample
Number

Other
Addition

Target
[Sr]

Target
[MnO4

-]
Comment

PR-01 none none none initial waste-unfiltered
PR-02 none none none initial waste-filtered
PR-03 none none 0.05 M repeat of MN-7
PR-04 none none 0.08 M repeat of MN-8
PR-05 none none 0.16 M 2X [MnO4

-]
PR-06 none 0.075 M 0.05 M base case
PR-07 none 0.075 M 0.05 M duplicate of base case
PR-08 none 0.075 M 0.03 M low [MnO4

-]
PR-09 none 0.05 M 0.05 M low [Sr]
PR-10 none 0.05 M 0.03 M low [MnO4

-] and [Sr]
PR-11 0.01 M Ca 0.05 M 0.03 M Ca effect
PR-12 0.01 M Ca 0.075 M 0.05 M Ca effect
PR-13 1.5 M Na* 0.075 M 0.05 M Na effect
PR-14 1 M H+** none 0.05 M CO3

= effect
PR-15 centrifuged solids from 

PR-06
* Sodium nitrate was added to increase sodium concentration.

  ** The initial waste was added to concentrated nitric acid to neutralize and reduce the 
carbonate concentration in half.
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Figure 3.4.  Decontamination Factors for Americium (241) and Europium (155).

The Sr-90 decontamination factors are presented in Figure 3.5.  These results confirm that 
permanganate alone, even at a concentration as high as 0.16 M, will not provide adequate Sr 
decontamination.  The changes made for the combined Sr and permanganate addition increased the Sr DF 
above the target of 10.  The Sr DFs appear to be much more sensitive to reaction conditions; note the 
variability between PR-06 and PR-07, which are results for the same treatment conditions.  Similar Sr-90
DFs results for PR-06, 07, 10, 11, 12, and 13 suggest that the Sr and permanganate mole ratio needs to be 
between 1.5 and 1.7 Sr/Mn, that lower concentration of reagents are effective, and Ca addition has no 
benefit.  Decreasing the carbonate in the waste did not significantly improve the Sr DF; compare PR-03 to 
PR-14.

Figure 3.5.  Strontium-90 decontamination factors for the second series of experiments.
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In contrast to the Fe precipitation for TRU removal, permanganate treatment consumed very little 
of the added free hydroxide.  Whereas iron consumed 3 mole of hydroxide per mole of added iron, 
permanganate consumed less than 1.  Examining the titration data shows that Sr addition reduced the 
carbonate on a basis of 1 mole of carbonate per mole of added Sr, i.e., precipitation of SrCO3.

3.3 The Third Series of Proof-of-Principle Experiments

The third series of experiments used samples of both archived AN-107 and AN-107 diluted feed.
These tests, shown in Table 3.3, were conducted as a final confirmation of reaction conditions prior to 
conducting large-scale precipitation tests.  The Sr and permanganate additions were at the lower 
concentration, and one experiment, OP-02, was a repeat of the earlier concentrations used PR-10.
Reversing the order of addition, permanganate first followed by Sr, was examined (OP-05), as well as 
reduced free hydroxide concentration (LH-07).  Because the change in reaction conditions was so 
successful for the second series, BNFL requested the conditions be changed for these tests also.  After 
each chemical addition was completed, the samples were heated to 50°C and held for 2 hours.  Before the 
second reagent was added, the samples were removed from the heater block and allowed to cool to make 
weighing easier (less balance drift).  Then the second reagent was added, and the vials returned to the 
heating block for an additional 2 hours digestion at 50°C.

Table 3.3.  Test Matrix for the Third Series of Permanganate Addition Experiments.

Sample
Number

AN-107 Waste ID Target
[Sr]

Target
[MnO4

-]
Comment

OP-01 Archived, 1M OH + 1.5M Na none none initial waste-filtered
OP-02 Archived, 1M OH 0.05 0.03 Repeat of PR-10
OP-03 Archived, 1M OH + 1.5M Na 0.05 0.03 low [Sr] and [MnO4

-]
OP-04 Archived, 1M OH + 1.5M Na 0.05 0.03 Duplicate of OP-03
OP-05 Archived, 1M OH + 1.5M Na 0.05 0.03 Reverse addition order
LH-06 Archived, 0.5M OH + 1.5M Na none none initial waste-filtered
LH-07 Archived, 0.5M OH + 1.5M Na 0.05 0.03 Low hydroxide
RW-08 Diluted feed* none none initial waste-filtered
RW-09 Diluted feed* 0.05 0.03 low [Sr] and [MnO4

-]
RW-10 Diluted feed* 0.05 0.03 Duplicate of RW-09
RW-11 Diluted feed* 0.075 0.05 High [Sr] and [MnO4

-]
* See Urie et al. (1999), 7.5M sodium and 0.71M free hydroxide.

The Am-241 DFs are shown in Figure 3.6 for the third series of experiments.  The DFs exceeded the 
target value of 5 for all of the archived AN-107 experiments.  However, the DFs for Am-241 in the low 
concentration tests with AN-107 diluted feed, RW-09 and RW-10, were below 5.  The AN-107 diluted 
feed is much more concentrated then the archived AN-107 which had been treated by ion exchange, and 
the higher reagent addition was necessary to obtain adequate Am decontamination.  Examining the results
from the experiments with archived AN-107, reversing the order of reagent addition, permanganate then 
Sr, appears to reduce the Am-241 decontamination.  Reducing the free hydroxide addition from 1M to 
0.5M had no impact on Am decontamination.

The strontium-90 DFs are shown in Figure 3.7.  The Sr-90 DFs were all below the target values 
of 10.  The lower DFs appear to be a result of the change in treatment conditions used for these 
experiments since OP-02, a repeat of the reagent concentrations used in experiment PR-10, had a lower 
DF.  The reversed reagent addition order, OP-05, improved the Sr-90 value for these reaction conditions.
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The decreased addition of free hydroxide from 1M to 0.5M had no effect on the Sr-90 DFs.  The Sr-90
DFs for the AN-107 diluted feed were less than for the archived AN-107 samples, as was the case for 
Am-241 DFs.  Sr-90 decontamination appears to be extremely sensitive to reaction conditions, and 
adequate Sr-90 decontamination is more difficult to obtain than Am-241 (TRU) decontamination.

Figure 3.6.  Americium-241 Decontamination Factors for the Third Series of Experiments.

Figure 3.7.  Strontium-90 Decontamination Factors for the Third Series of Experiments.

The AN-107 diluted feed samples were analyzed for Am-241 by separation followed by AEA.  This 
analysis method also detects curium isotopes 242 and 243+244.  The DFs for Cm were calculated and 
found to be equal to those obtained for Am-241.
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4.0 Conclusion and Recommendations

The results of the proof-of-principle experiments showed that free hydroxide was needed for high 
TRU (Am-241) removal using permanganate.  Similar results were obtained for calculated free hydroxide 
levels of 0.5 and 1.0M.  Addition of permanganate alone could not achieve adequate Sr-90
decontamination, and isotopic dilution/precipitation with added nonradioactive strontium was required.
Adequate levels of Sr-90 decontamination were more difficult to attain and more sensitive to treatment 
conditions.  The highest strontium decontamination was obtained when reagents were added to the waste 
at ambient temperature in the order strontium then permanganate.  Adequate Sr/TRU removal was 
obtained with addition of 0.05M strontium and 0.03M permanganate to samples of archived AN-107.
However, because the AN-107 diluted feed is more concentrated, large-scale Sr/TRU removal tests 
should be conducted with 0.075M strontium and 0.05M permanganate.

The addition of low concentrations of calcium increased the Am DF, but had no impact on the Sr-90
decontamination.  Since calcium was found to decrease the filterability of waste simulants, it is 
recommended that no calcium addition be used for the large-scale tests.

Additional tests should be run with AN-107 diluted feed on a larger scale with reduced reagent 
addition; free hydroxide 0.5M, Sr = 0.05M and permanganate = 0.03M.  These tests should examine in 
detail the effects of temperature and digest time.  Since SrCO3 has retrograde solubility (decreases with 
increasing temperature), the digest temperature of 50°C may reduce the Sr-90 isotopic exchange because 
of the lower Sr solubility.  The permanganate reaction is also rapid, complete in a manner of minutes, so 
the 4-hour digest time may not be required. 
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Appendix A:  Test Instruction TI-037 and Data Sheets
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Appendix B:  Test Instruction TI-040 and Data Sheets 
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Appendix C:  Test Instruction TI-043
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Appendix D:  Analytical Data 
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Appendix E:  Calculations 
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Appendix F:  Staff Roles and Responsibilities

Staff Member Role/Responsibility

Richard Hallen Scientist/Technical Leader - Sr/TRU Removal

Sam Bryan Scientist/Hot Cell Experiments - lead and direct hot cell experiments

Vaughn Hoopes Technician/Hot Cell Experiments- conduct experiments and sample 
prep.
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