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Summary 
 

The River Protection Project-Waste Treatment Plant (RPP-WTP) baseline for pretreating Envelope C 
low-activity waste (LAW) at Hanford includes a precipitation step for removing radioactive strontium 
(Sr-90) and transuranic (TRU) isotopes before the waste is vitrified.  The current design basis for the 
Sr/TRU removal process is the addition of strontium nitrate (0.075M), for isotopic dilution, and sodium 
permanganate (0.05M), for TRU removal, at 50°C and 1M additional sodium hydroxide.  Section 5 of the 
Research and Technology Plan (a) identifies further research needs.  One need shown is to determine 
optimal conditions for the Sr/TRU precipitation reaction (SOW Ref.:  Sec. C.6 Std.2(a)(3)(ii)(B) and 
WBS No.: 1.2.10.03 and .05).  Abnormal process condition assessment for the Sr/TRU removal process is 
addressed in Scoping Statement B-40, which is included in Appendix C of the Research and Technology 
Plan.  In accordance with Scoping Statement B-40, Test Specification 24590-WTP-TSP-RT-02-014, and 
Test Plan TP-RPP-WTP-218, studies were conducted with AN-102 tank waste samples to assess the 
impact of abnormal process conditions on the Sr/TRU removal process. 

Objectives 

This report discusses results of testing designed to assess the impact of abnormal process conditions for 
removing Sr-90 and TRU from Envelope C tank supernatant destined for immobilization as LAW.  
Experiments were conducted with actual waste samples from Tank AN-102.  The purpose of these studies 
was to determine the impact of various process conditions on the overall Sr/TRU decontamination and on 
the treated supernatant composition.  Of specific interest is the importance of varying reagent 
concentrations; precipitation temperature; reaction time; and deviation in process sequence, such as no 
mixing for 24h after reagent addition, reversing the order of reagent addition, and split reagent additions. 

Previous studies with actual tank samples have shown that reagent concentration, precipitation 
temperature, and reaction time have significant impact on the Sr/TRU removal process.  These conditions 
were varied over a wider range, with samples of the same diluted waste, to allow direct comparison of the 
results and assess the impact of the process variables.  The matrix of tests conducted with actual waste 
samples was developed from results of tests with waste simulant solutions.  The results from the actual 
waste tests are provided in this report. 

Conduct of Testing 

Small-scale radioactive tests (~20-60 mL) were conducted with tank waste samples from AN-102.  In all 
experiments, both Sr(NO3)2 and NaMnO4 were added for Sr/TRU removal, because earlier tests 
demonstrated that additions of both reagents are required for Sr-90 and TRU removal.  The baseline 
process is addition of 0.075M strontium followed by 0.05M permanganate to well-mixed waste heated to 
50°C.  The treated waste is mixed for 4h at 50°C, and then cooled to 25°C before filtration.  In the waste 
treatment plant, the cooling is expected to take approximately 18h.  The overall process time, from start of 

                                                      
(a) Bechtel National, Inc. (BNI).  2002.  Research and Technology Plan.  24590-WTP-PL-RT-01-002, Rev. 1, 

U.S. Department of Energy, Office of River Protection, Richland, WA. 
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reagent addition to transferring the first waste to the filtration receipt vessel, would be approximately 24h.  
In the tests discussed here, reagent addition was reduced to 0.01M and 0.03M to assess the impact on Sr-
90 and TRU decontamination.  One variation of the baseline process conditions involved addition of 
permanganate first, followed by Sr addition 24h later.  In one experiment, the reagents were added as 
separate additions of 0.01M, then 24h later, 0.02M reagents were added.  One experiment was conducted 
where reagents were added without mixing for a period of 24h, then the mixture was well mixed and 
sampled after 24h of mixing.  Waste samples were treated and digested at 15°C, 25°C, and 50°C to assess 
the impact of temperature.  All samples were filtered at 25 ± 5°C (ambient hot cell temperature).  Most 
experiments were sampled 24h after reagent addition; selected experiments were sampled at 4h, and one 
was sampled after 6 days.  Two samples of filtrate were also stored for a week and then re-filtered and 
analyzed to examine if post-filtration precipitation had occurred.  Samples of the initial waste mixture and 
baseline treated wastes were also analyzed for ammonia to assess the fate of ammonia in the Sr/TRU 
removal process. 

The decontamination of Sr-90 was examined as a function of treatment conditions.  The decontamination 
factors (DFs) were very high (>10) for baseline treatment conditions.  Reducing the amount of added Sr, 
reducing the reaction time, and reducing the temperature all resulted in significant reductions in Sr-90 DF.  
Reducing the amount of added nonradioactive Sr reduces the isotopic dilution; more Sr-90 remains in 
solution.  Reducing the reaction time and reaction temperature increases the [Sr] in solution, which results 
in lower Sr-90 decontamination.  Other abnormal process conditions examined (reverse addition, no 
mixing for 24 hours, and split reagent addition) had little impact on Sr-90 removal.  The results are 
consistent with the mechanistic understanding of the Sr removal process, Sr-90 removal by isotopic 
dilution and SrCO3 precipitation. 

The decontamination of TRU elements was not nearly as sensitive to the changes in process conditions as 
the Sr-90 DF.  At the lowest level of added permanganate, 0.01M, reduced TRU removal was noted, but 
0.03M and 0.05M permanganate addition yielded similar TRU DFs.  Reaction time, temperature, and 
other changes to process conditions had little impact on TRU removal.  TRU removal was also much less 
sensitive to abnormal process operations than Sr-90 removal. 

Results and Performance Against Objectives 

The experimental data can be used to predict the loading of Sr-90 and TRU (sum of alpha) expected in the 
immobilized low-activity waste (ILAW).  The levels of both Sr-90 and TRU are well below the ILAW 
requirements of 20 Ci/m3 of Sr-90 and 100 nCi/g of TRU for the baseline Sr/TRU removal process.  The 
Sr-90 glass loading was most sensitive to variation of the process conditions.  Reduced Sr addition of 
0.01M, reduced temperature of 15°C, and reduced reaction time of 4h resulted in high Sr-90 ILAW 
loading.  However, conditions less than baseline, 0.03M reagent addition at 25°C for 24h, met the target 
of 50% below the Sr-90 and TRU ILAW limits. 

Quality Requirements 

Testing began in January 2003 and continued through May 2003 to assess the impact of abnormal process 
conditions.  Battelle—Pacific Northwest Division (PNWD) implemented the RPP-WTP quality 
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requirements by performing work in accordance with the quality assurance project plan (QAPjP) 
approved by the RPP-WTP Quality Assurance (QA) organization.  PNWD addressed verification 
activities by conducting an Independent Technical Review of the final data report in accordance with 
procedure QA-RPP-WTP-604.  This review verified that the reported results were traceable, that 
inferences and conclusions were soundly based, and that the reported work satisfied the Test Plan 
objectives. 

Issues 

None. 
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1.1 

1.0 Introduction 

This report summarizes work performed by Battelle—Pacific Northwest Division (PNWD) in support of 
the River Protection Project-Waste Treatment Plant (RPP-WTP) at Hanford.  Before the liquid 
(supernatant) fraction of Envelope C(a) wastes (Tanks AN-102 and AN-107) can be disposed of as low-
activity waste (LAW), pretreatment is required to remove radioactive strontium (Sr-90) and transuranic 
(TRU) elements in addition to Cs-137 and the entrained solids.  The Sr-90 removal process consists of 
isotopic dilution by nonradioactive Sr(NO3)2 addition and precipitation of SrCO3.  The TRU removal 
process involves addition of permanganate, stepwise manganese reduction, Mn(VII) to Mn(VI) to 
Mn(IV); precipitation of MnO2; and concomitant TRU precipitation.  Entrained solids and Sr/TRU 
precipitate are to be removed via crossflow filtration; Cs-137 is to be removed by ion exchange.   

Optimized treatment conditions were identified in small-scale tests (20 mL) with AN-102 waste samples 
(Hallen et al. 2002a).  Hallen et al. (2002b,c) conducted additional small-scale and bench-scale tests with 
a waste blend consisting of AN-102 waste and C-104 high-level waste (HLW) pretreatment streams.  This 
additional testing verified that the optimized process conditions, which minimized reagent addition 
(0.02M) and reduced the process temperature to ambient (~25°C), provided adequate Sr-90 and TRU 
removal to meet immobilized low-activity waste (ILAW) requirements.  However, the waste treatment 
plant’s process baseline for the Sr/TRU remains as demonstrated in earlier work at PNWD and the 
Savannah River Technology Center (Hallen et al. 2000a,b; Nash et al. 2000a,b):  addition of 
0.075M Sr(NO3)2 followed by 0.05M NaMnO4 at 50°C and precipitate digest time of 4h at 50°C. 

The Sr-90 decontamination factors (DFs) have been shown to increase significantly with increased 
temperature (Hallen et al. 2002a) and time (Hallen et al. 2003a).  However, this increased 
Sr-90 decontamination was not a result of increased isotopic exchange, but, rather, continued 
precipitation, i.e., reduction of total soluble Sr concentration.  Isotopic exchange was found to be 
complete 18 min after reagent addition was complete (Hallen et al. 2002c).  Therefore, the kinetics of the 
Sr precipitation reaction was shown to be important; more than 4h was required to approach the final 
equilibrium concentration.  The Sr concentration is known to increase as temperature is reduced as a 
result of the retrograde solubility of SrCO3 (Felmy and Mason 2003).  Therefore, in addition to isotopic 
dilution, the other important factor in decontamination is the total Sr concentration (distribution of Sr 
between the solution and solid phases), which is a function of the carbonate concentration, complexant 
concentration, temperature, and time.  Envelope C wastes have such high levels of soluble carbonate 
(>0.5M) that small changes in soluble carbonate concentration have little impact on SrCO3 solubility 
(Felmy and Mason 2003). 

The TRU removal from AN-102 diluted waste (Hallen et al. 2002a) and the AN-102/C-104 waste blend 
(Hallen et al. 2002b,c) was consistent.  The TRU decontamination in the AN-102/C-104 waste blend 
occurred after the permanganate was added.  The TRU removal exceeded the requirements for ILAW 
glass by a factor of 5.  These results suggested that reaction temperature and time had much less impact 
on TRU removal.  TRU removal was also not impacted by no mixing for 1h after reagent addition (Hallen 

                                                      
(a) Envelope designations are explained in DOE (2000). 
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et al. 2003a).  Hydroxide levels in the waste feed have been examined, from none to as much as 1M 
added, with little noticeable impact on either Sr-90 or TRU DF. 

The objective of the work reported here was to use a sample of actual tank waste to determine the impact 
of various important process conditions on Sr-90 and TRU decontamination.  The experiments discussed 
in this report were performed in radioactive hot cells using approximately 20- to 60-mL samples of waste 
with various amounts of added reagents, reaction temperatures, and changes to other process conditions. 

The results from the assessment of abnormal process conditions on treatment of actual waste samples 
from AN-102 are presented in this report.  Test conditions and experimental procedures are described in 
Section 2.0.  Results from the tests are discussed in Section 3.0.  The major conclusions and 
recommendations are given in Section 4.0.  The appendices include the quantities of samples and reagents 
used for the test matrix, and provide the analytical data. 

 



 

2.1 

2.0 Test Conditions and Experimental Procedures 

Experiments conducted to assess the impact of abnormal process conditions on Sr-90 and TRU removal 
used actual samples of AN-102 waste that had been shipped to PNWD for integrated process testing.  The 
waste samples, test conditions, experimental procedures, and chemical analyses are described below.  
Additional details are provided in the appendices. 

2.1 Description of Waste Samples 

PNWD received 27 bottles of tank waste from Hanford’s 222-S Laboratory that were taken by grab 
sampling of AN-102 from riser 022 over the period August 7 through 11, 2000.  Eight of the samples 
were designated for process testing.  Only one, partially full, 125-mL bottle of waste remained after all 
other process testing had been completed.  This volume was insufficient to run all of the tests required for 
this study, so two earlier samples (Caustic A and B) that had been caustic adjusted for solubility studies 
(Burgeson et al. 2002) were combined with approximately 100 mL of as-received waste.  The as-received 
waste sample was assumed to be similar in composition to the earlier AN-102 samples characterized by 
Urie et al. (2002).  The composition of Caustic A and B was determined by chemical analyses, including 
free hydroxide determination by titration (Burgeson et al. 2002).  The sodium and free hydroxide 
concentrations of the combined waste samples were calculated.  The concentration and quantity of NaOH 
added to the waste to give the target of 5.5M Na and 0.3M additional free hydroxide were also calculated.  
The waste was diluted accordingly with an appropriate amount of 0.3M NaOH to give a diluted feed of 
approximately 5.5M Na and 0.3M additional hydroxide prior to reagent addition.  Free OH- in the diluted 
waste was determined by titration to be 0.4M. 

2.2 Development of Test Conditions 

Experimental conditions were defined using the results from earlier tests with AN-102 simulant (Hallen et 
al. 2003b) and actual waste studies (Hallen et al. 2003a).  The addition of 0.02M Sr(NO3)2 and 
permanganate showed adequate Sr-90 and TRU decontamination (Hallen et al. 2002a).  Based on these 
studies, minimum levels of reagent addition were set at 0.01M.  The mid-point concentration was defined 
as 0.3M reagent addition, and the baseline conditions were set as the maximum levels.  The added free 
hydroxide was the same in all tests, 0.3M.  Three temperatures were evaluated, 15°C, 25°C, and 50°C.  
Not all test conditions were run at all temperatures.  The total number of tests was held to a minimum to 
limit the volume of waste used and to keep associated analytical costs within the budget.  This 
information was used to construct the test matrix shown in Table 2.1 for AN-102.  The target 
concentrations listed in the test matrix are based on the final composition after addition of all reagents.  
The matrix had tests designed to assess processing conditions such as no mixing for the first 24h after 
reagent addition, reverse reagent addition with a 24h delay, and split reagent addition.  The quantity of 
each reagent to add to the waste to achieve these values, as well as the actual quantities that were used, 
are listed in Appendix A. 
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Table 2.1.  Test Matrix for Experiments Using Tank AN-102 Waste Samples 

Sample 
ID 

Temp. 
(± 5oC) Sr(II) Mn(VII) Other/Comments Stir 

Sample 
Time 

AC-01 25 None None Initial waste No 24h; 168h 
AC-02 50 0.03M 0.03M Filter at 25°C Yes 4h; 24h 

AC-02 25 No 
Additional  

No 
Additional 

Continue to mix AC-02 for 
6 days at 25°C 

Yes 168h  

PP-02 25 No 
Additional  

No 
Additional 

Post-filtration precipitation Yes >48h after  
AC-02 24h 

AC-03 50 0.01M 0.01M Minimum reagent at 
0.3M OH- 

Yes 24h 

AC-04 50 0.075M 0.05M Maximum reagent at 
0.3M OH- 

Yes 24h 

AC-05 25 0.03M 0.03M Proposed optimized 
conditions 

Yes 4h; 24h 

PP-05 25 No 
Additional  

No 
Additional 

Post-filtration precipitation Yes >48h after  
AC-05 24h 

AC-06 25 0.03M 0.03M No mix for 24h No(a) 48h 
AC-07 25 0.01M  0.01M Add 0.01M Sr and 

0.01M Mn stir 24h/sample, 
then add 0.02M more 

Yes 4h; 24h 

AC-07A 25 + 0.02M + 0.02M Add 0.02M more reagent 
to exp. 7, stir 24h/sample 

Yes 48h (after start of 
AC-07) 

AC-08 25 0.03M 0.03M Reverse addition, add Mn 
stir 24h, then add Sr(b) 

Yes 48h 

AC-09 15 0.03M 0.03M Filter at 25°C Yes 4h; 24h 

(a) Mix sample after 24h of reaction. 
(b) Reverse addition, but delay second reagent addition for 24h. 

2.3 Experimental 

The waste samples, AN-102 AR, Caustic A, and Caustic B, were mixed and diluted with 0.3M NaOH just 
prior to waste testing in the Shielded Analytical Laboratory (SAL) hot cells (in the Radiochemical 
Processing Laboratory).  The small-scale experiments were conducted in 120-mL sample jars using 
between approximately 20 mL and 60 mL of the diluted tank waste.  The reagents were added rapidly to 
the wastes with an adjustable pipette, in the order listed in Table 2.1 (from left to right), at the specified 
temperature, and mixed with magnetic stir bars when specified.  The 25°C experiments were conducted at 
ambient hot cell temperatures ranging from 26°C to 28°C on the days of these tests.  The experiments 
were conducted over a 2-week period.  Samples were collected at the specified times, allowed to 
equilibrate to ambient hot cell temperature, and filtered with a 0.2-µm disposable syringe filter.  Multiple 
samples of initial waste, AC-01, were taken as controls and filtered, along with the other samples, but no 
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chemical reagents were added.  The samples for chemical and radiochemical analyses were acidified and 
diluted to the appropriate levels for the analytical method.  Samples for titration were submitted without 
any chemical addition. 

Stock solutions of the reagents were prepared for addition to the waste.  The tests used 0.22M, 0.44M, or 
1.65M solutions of Sr(NO3)2; and 0.22M, 0.44M, or 1.1M solutions of NaMnO4.  This allowed the 
addition of reagents to remain constant at 1 mL per 20 mL of initial waste.  For AC-07, the split reagent 
addition test, the volume of reagent was adjusted to account for the removal of two samples (4h and 24h) 
before the remaining 0.02M reagent was added.  The actual quantities of waste and reagents used are 
given in Appendix A. 

The test specification stated the temperature for these tests as 15, 25, and 50 ± 5°C.  For the 15°C and 
50°C experiments, a shaker table in the hot cells was connected to an external, temperature-controlled 
thermostatic bath.  A bottle was filled with water and fitted with a thermocouple to both record the 
temperature and control the set-point on the heater block.  No external heating or cooling was provided 
for the 25°C samples during this testing, because the ambient hot cell temperature, 26°C to 28°C, was 
within the temperature requirement of 25 ± 5°C.  All samples were filtered at ambient hot cell 
temperature, which was within the specified filtration temperature range, also 25 ± 5°C. 

2.4 Chemical Analyses 

All of the chemical analyses were conducted at PNWD.  The test specification designated the analytes of 
interest and minimum reportable quantities (Abodishish 2002).  Alpha energy analysis was used to 
determine the TRU content based on the reported sum of the alpha emitters.  The Sr-90 concentration was 
determined by chemical separation followed by beta counting.  Sodium concentration was determined by 
inductively coupled plasma-atomic emission spectrometry (ICP-AES), as were the other metals listed in 
the test instructions.  Selected samples were analyzed by direct titration with 0.2M HCl to determine the 
free hydroxide concentration (free hydroxide in the sample corresponds to the first equivalence point).  
Two samples were submitted for ammonia analysis by an ion selective electrode (ISE) method.  All of the 
analytical results are included in Appendix B. 

The quality control limits for matrix spike (MS) recovery have been defined as ± 25%.  The MS recovery 
for Sr-90 in batch 2 of the analytical samples was only 60%, indicating that the Sr-90 in the batch 2 
samples could be biased low.  However, on examination of the data, no data bias appears present.  
Consequently, the low MS recovery is most likely a result of the high uncertainty (10-30%) in the 
counting data, which was caused by a high Sr-90 concentration in the initial, untreated waste, relative to 
the size of the MS.  The quality control limits were met for recovery of Sr-90 from the batch 1 matrix 
spike (117%).  The samples were prepared and digested in two batches (in the SAL), but were analyzed 
(treated, separated, and counted) as one analytical batch.  The Sr-90 data for the control (AC-01-24) in 
batch 1 = 2.7 µCi/g and the control (AC-01-168) in batch 2 = 2.8 µCi/g are essentially the same; no low 
bias noted for the batch 2 data.  Also, the PP-0# samples are repeat analyses of AC-0#-24, to determine if 
post-filtration precipitation has occurred.  The initial samples (AC) are in batch 1, and the PP samples are 
in batch 2.  Comparing AC-02-24 = 1.4 µCi/g and PP-02 = 1.6 µCi/g; AC-05-24 = 1.4 µCi/g and PP-05 = 
1.5 µCi/g, no low bias is seen in the batch 2 data.  All other data in batch 2 are consistent with batch 1 
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data, based on known/expected impact of the various treatment conditions.  We believe the data are 
appropriate to use for assessing the impact of the process conditions, because no data bias is observed.  
The low spike recovery is most likely a result of small spike relative to the initial high Sr-90 
concentration and associated higher uncertainty (5% error in counting total Sr-90, then subtracting a large 
initial Sr-90 level results in a small value for the MS with a high overall uncertainty). 

2.5 Quality Assurance Requirements 

PNWD implements the RPP-WTP quality requirements by performing work in accordance with the 
PNWD Waste Treatment Plant Support Project quality assurance project plan (QAPjP) approved by the 
RPP-WTP Quality Assurance (QA) organization.  This work was performed to the quality requirements 
of NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Subpart 2.7.  These 
quality requirements are implemented through PNWD’s Waste Treatment Plant Support Project 
(WTPSP) Quality Assurance Requirements and Description Manual.  The analytical requirements are 
implemented through PNWD’s Conducting Analytical Work in Support of Regulatory Programs. 

Experiments that are not method-specific were performed in accordance with PNWD’s procedures 
QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration Control System” 
assuring that sufficient data were taken with properly calibrated measuring and test equipment (M&TE) to 
obtain quality results. 

BNI’s QAPjP, 24590-QA-0001, is not applicable since the work was not performed in support of 
environmental/regulatory testing, and the data should not be used as such. 

PNWD addressed internal verification and validation activities by conducting an Independent Technical 
Review of the final data report in accordance with PNWD’s procedure QA-RPP-WTP-604.  This review 
verified that the reported results were traceable, that inferences and conclusions were soundly based, and 
the reported work satisfied the Test Plan objectives.  This review procedure is part of the WTPSP Quality 
Assurance Requirements and Description Manual. 
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3.0 Results and Discussion 

The results of experiments with AN-102 waste to assess the impact of abnormal process conditions for the 
Sr/TRU removal process are discussed in this section. 

3.1 Decontamination of Sr-90 

Each series of experiments using AN-102 waste involved multiple samples, analyzed as two separate 
analytical batches, and provided analytical results to determine the change in waste composition upon 
treatment.  Three samples of the starting waste were collected at various times, filtered, and analyzed to 
determine the initial composition of the supernatant.  The radionuclide composition of the treated samples 
was compared with the initial composition to determine the extent of decontamination.  The 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 during sample treatment: 

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

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 the mass of initial 
waste and all dilutions, adjustments, and/or reagent additions. 

The DFs for Sr-90 from treated AN-102 samples are shown in Figure 3.1.  The Sr-90 removal was 
determined for all experiments, and the DF varied from >50 for the baseline treatment conditions (AC-04) 
to <3 for 0.01M reagent addition, 25°C treatment temperature, and 4h reaction (AC-07).  The results are 
consistent with the mechanism for Sr-90 removal involving isotopic dilution and SrCO3 precipitation. 
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 Figure 3.1. Strontium-90 Decontamination Factors for Treated AN-102 Samples as a Function of 
Reagent Concentration, Temperature, Time, and Process Variables 
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Isotopic dilution is based on the amount of added nonradioactive Sr.  The highest level of reagent 
addition, 0.075M in AC-04, provides the greatest Sr-90 decontamination.  Reducing the level of Sr 
addition to 0.03M (AC-02) and 0.01M (AC-03) results in proportionate reduction in Sr-90 DF.  The 
amount of SrCO3 precipitation is based on the reaction time and temperature, since the concentration of 
chelators and carbonate remain quite constant over the range of treatment conditions.  The Sr-90 DFs are 
greatly increased by the solids digest time of 24h versus 4h and by increased treatment temperature of 
15°C to 25°C (compare AC-09 to AC-05) and 25°C to 50°C (compare AC-05 to AC-02).  The results are 
supported by the thermodynamic work of Felmy and Mason (2003), who studied the SrCO3 solubility in 
detail. 

The no-mix experiment (AC-06, no mixing for 24h of reaction followed by 24h of mixing) showed some 
reduction in DF compared to the same conditions (AC-05) with good mixing when the reagents were 
initially added.  The equilibrium concentration of Sr was the same in both experiments, so the difference 
in DF must be a result of incomplete isotopic exchange, which may require more than 24h of mixing in 
the no-mix experiments because of the rapid Sr(NO3)2 addition (via adjustable pipette) and SrCO3 
precipitation, which only occurred in approximately 10% of the waste volume.  The split reagent addition 
(AC-07A) did not reduce the Sr-90 DF when compared to addition of the same concentration of reagents 
all at once (AC-05).  The reversed order of reagent addition with a 24h delay (AC-08) had little impact on 
Sr-90 DF (compare AC-08 to AC-05). 

The time and temperature impacts on Sr-90 decontamination can be examined in more detail by 
comparing tests that were conducted with equivalent isotopic dilution ratios, 0.03M added Sr(NO3)2.  
Figure 3.2 shows the [Sr] as a function of both reaction time and temperature.  Both the increase in 
temperature from 15°C to 50°C and the increase in reaction time from 4h to 24h resulted in a decreased 
[Sr].  The reduced [Sr] correlated directly to an increased Sr-90 DF.  The highest Sr concentrations were 
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 Figure 3.2.  Total Strontium Solubility in the Treated AN-102 Samples as a Function of Temperature 
and Time (0.03M Reagent Addition) 
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noted for the 15°C experiments, two to three times higher than at 25°C and 50°C.  The high [Sr] is likely 
a result of both the increased solubility at lower temperatures (retrograde solubility, Felmy and Mason 
2003) and the slower precipitation kinetics at lower temperature.  The filtration temperature must also be 
taken into consideration, since it will be 25°C in the plant regardless of the precipitation/reaction 
temperature.  Thus, given enough time to reach equilibrium, the Sr will be the same for any precipitation 
temperature. 

A test was conducted with the sample treated at 50°C for 24h to examine the change in [Sr] on cooling 
and allowing the mixture to equilibrate at 25°C for 6 days (25°C data point at 6 days).  This test 
represents a potential plant scenario where the filtration circuit was plugged and not available to start the 
filtration immediately after precipitation and cooling was complete.  After 6 days, the sample had a [Sr] 
of 90 µg/g, a slightly higher [Sr] than the sample at 50°C and 24h but lower than the sample at 25°C and 
24h.  This sample is probably most representative of the final equilibrium concentration of [Sr] to be 
expected in the filtrate at 25°C.  The slow precipitation kinetics of SrCO3 is consistent with the 
observation of Felmy and Mason (2003) that SrCO3/chelator mixtures are slow to equilibrate for complex 
mixtures representative of tank waste solutions. 

3.2 Decontamination of TRU 

The effectiveness of the various treatment conditions for TRU removal from AN-102 can be seen by 
examining the DFs for the sum of the alpha shown in Figure 3.3.  The DFs were significantly higher (>4) 
when more than 0.01M permanganate (AC-03 and AC-07) was added.  At 50°C, 0.03M permanganate 
(AC-02) and 0.05M permanganate (AC-04) gave quite similar results, suggesting that reagent levels over 
0.03M are not necessary for high TRU decontamination. 

Treatment temperature, reaction time, and variation of the process scheme resulted in very little reduction 
in TRU DF.  Little impact on TRU DF was noted in earlier tests with AN-102 between 25°C and 50°C 
(Hallen et al. 2002a).  Reaction time also had little impact on TRU DF for 4h and 24h reaction (Hallen 

0

2

4

6

8

10

12

14

AC-02 AC-03 AC-04 AC-05 AC-06 AC-07 AC-07A AC-08 AC-09

 S
um

 o
f A

lp
ha

 D
F 4 h

24 h

 

Figure 3.3.  TRU (Sum of Alpha) Decontamination Factors for Treated Samples as a Function of Reagent 
Concentration, Temperature, Reaction Time, and Process Variables 
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et al. 2003a).  The split addition experiment, where the 0.03M permanganate was added as two separate 
additions, first 0.01M, then 0.02M 24h later (AC-07A), gave the highest level of decontamination.  No 
mixing for the first 24h (AC-06) appeared to have only a small impact (reduction), but DFs are still within 
the range of 4-6 noted for earlier experiments with AN-102.  No mixing for 1h of reaction had no impact 
on TRU DF in studies by Hallen et al. (2003a).  Reversing the order of reagent addition with a 24h delay 
(AC-08) appeared to have no impact on TRU DF. 

3.3 Change in Chemical Composition 

ICP-AES data can be used to determine the impact of the various process conditions on the chemical 
composition of the supernatant.  The impact of the process condition on the chemical composition of the 
treated supernatant is calculated as a percent removal relative to the starting waste.  Table 3.1 shows the 
composition of the AN-102 starting waste, in µg/g, and the percent change that occurred for the various 
treatment conditions. 

The treated wastes showed similar trends with the analytes that had little or no significant change for the 
various treatments:  Al, Cd, Co, Cu, K, Mo, Ni, and P.  It is important that Al and P both stay in the 
supernatant that goes to the LAW glass melter, because these components can limit waste loading in the 
glass.  Chromium is also an important element that is preferred in the supernatant because it can limit 
waste loading in the glass.  Some Cr is removed from the supernatant with treatment.  The amount 
removed is relatively small, approximately 20%, and changes in treatment conditions appear to have only 
a minor impact on the Cr removal.  Cr removal was not increased by the highest levels of reagent addition 
(baseline conditions). 

As discussed in Section 3.1, Sr addition caused a large increase in [Sr] in the treated supernatant.  The Sr 
addition removed Ca from solution.  The amount of Ca removed varies with the amount of added Sr; 
more Sr addition results in more Ca removal.  This is likely a result of the competition of Sr and Ca for 
the complexing agents (EDTA/HEDTA) and precipitation of calcium carbonate.  The changes in [Sr] 
were most impacted by time and temperature.  Most other elements show little change with respect to 
changes in process conditions.   

Two samples (AC-01-24h and AC-02-24h) from these tests were also analyzed for ammonia using an ISE 
method.  Results gave similar estimated levels of ammonia in the waste and after treatment.  It appears 
that ammonia does not react (is not oxidized) nor does it volatilize from the reaction mixture during the 
Sr/TRU removal process.  This is consistent with model compound studies that showed that oxidation of 
glycine, a potential chelator aging product, gave oxalate and ammonia as the oxidation products (Gauger 
and Hallen 2001).  The ammonia, a product of glycine oxidation, was not oxidized by permanganate but 
remained in the product mixture. 
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Table 3.1.  Chemical Composition Data from ICP-AES for AN-102 Samples 

0.03M Reagents and 50°C 
0.01M 

and 50°C

0.075MSr,
0.05M 
MnO4

- 
50°C 0.03M and 25°C 

No Mix, 
25°C, 24h 0.01M and 25°C 

Add 
0.02M 

More to 7

Reverse 
Addition, 

25°C 0.03M and 15°C Initial 
Waste AC-02-4 AC-02-24 AC-02-168 AC-03-24 AC-04-24 AC-05-4 AC-05-24 AC-06-48 AC-07-4 AC-07-24 AC-07-48 AC-08-48 AC-09-4 AC-09-24

Analyte 
Average 

(µg/g) 
% 

Removal 
% 

Removal
% 

Removal
% 

Removal
% 

Removal
% 

Removal
% 

Removal
% 

Removal 
% 

Removal
% 

Removal
% 

Removal
% 

Removal
% 

Removal
% 

Removal

Al 5000 1 -2 -8 2 2 6 5 -2 5 5 0 -1 0 0 

Ca 224 32 32 23 22 52 35 35 12 21 22 31 26 24 25 

Cd 27.7 2 -4 -8 2 1 5 6 -2 6 6 -2 -2 -1 0 

Co [2.0] -4 -4 -4 8 2 1 7 12 22 12 -10 1 -15 -15 

Cr 80.8 17 31 22 15 13 26 20 28 21 19 9 7 12 11 

Cu 11.2 1 -12 -8 -9 3 2 6 0 -2 4 0 6 0 1 

Fe 9.7 73 76 70 77 74 73 77 71 76 68 69 78 73 72 

K 1010 -5 -6 -7 5 0 5 5 5 15 7 -6 0 -4 -6 

La 6.3 76 >78 >77 73 >77 >78 >79 74 69 54 >76 >77 76 69 

Mn(a) 1.7 31 22 -34 55 59 -109 24 -69 -394 23 45 61 10 50 

Mo 23.5 -1 -3 -10 3 2 6 5 -2 7 6 -1 -2 -2 -2 

Na 101000 0 -2 -10 2 2 6 4 -3 4 4 -1 -3 -2 -2 

Nd [12] >63 >60 58 61 >59 >61 >61 >57 >63 43 47 >58 44 37 

Ni 189 -1 -3 -9 2 2 6 5 -2 5 5 -1 -3 -2 -2 

P 814 1 -2 -8 2 3 7 5 -2 5 5 -1 -2 -1 -1 

Pb 72.7 30 22 6 11 24 24 24 15 15 13 11 20 29 26 

Sr(a) [1.3] -11319 -6362 -7521 -4730 -7529 -13854 -9600 -9603 -17221 -10373 -10049 -9330 -24794 -21650 

W 59.5 1 -4 -3 1 7 7 7 3 4 6 2 2 6 1 

Zr [3.4] 69 81 86 84 85 72 76 79 67 64 71 75 65 62 
(a) Reagent containing this element was added to some samples during testing, which resulted in increased concentration (a negative percent removal).  The small negative percent 
removal values reported for other elements are consider to be zero within experimental and analytical error, since these elements were not added during the treatment process. 
Note:  ># = analyte was below the method detection limit (MDL) and % removal given as greater than the MDL.  
Values in brackets [ ] are greater than the MDL but less than the estimated quantitation limit (EQL), with errors likely to exceed 15%. 
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3.4 Examination of Treated Samples for Evidence of Post-Filtration 
Precipitation 

After the tests were completed, the filtrate samples that remained upon removal of the analytical samples 
were visually examined over approximately 1 week for evidence of post-filtration precipitation.  Three 
different types of behavior were noted.  In most samples, transparent solids were observed forming at the 
air-liquid interface.  In one sample, AC-07-4h, a brown “bath tub” ring was noted at the air-liquid 
interface.  In the samples from the 15°C experiment, AC-09-4 and 24h, white solids were noted at the 
bottom of the vial. 

The transparent solids forming at the air-liquid interface are likely a result of evaporation.  No chemical 
analyses were performed on these solids, but, visually, they are similar in appearance to oxalate and 
phosphate crystals that have been noted in the past.  The fact that the transparent solids only form at the 
interface suggests the samples are near saturation and only a small amount of evaporation causes some 
solids to precipitate. 

The brown “bath tub” ring noted for sample AC-07-4h after 5 days is most likely from Mn precipitation.  
The chemical analysis of this sample showed elevated levels of soluble Mn, approximately four times 
higher than in the initial waste.  The elevated level of soluble Mn for low permanganate addition, 0.01M, 
is likely a result of incomplete oxidation of the organic complexant in solution.  However, given time and 
exposure to air, the organic in the Mn-complex is oxidized and precipitates from solution.  The amount of 
precipitation, although visible (dark ring on bottle), is likely less than 20 ppm (based on total sample 
weight), since the Mn concentrations are so low, <10 µg/g.  After 24h of reaction for the AC-07 sample, 
the Mn was reduced to approximately 20% less than in the initial waste.  This sample showed no distinct 
brown ring.  Examining the Mn percent removal data (Table 3.2), sample AC-05-4h also showed 
increased [Mn], approximately two times higher than in the initial waste.  AC-05-24h showed 
approximately 20% Mn removal.  There was no visible brown ring in AC-05-4h, most likely because only 
2 ppm of Mn solids are expected to form, less than can be visually observed. 

Examining the composition of the 15°C test samples, both samples showed high [Sr], 250-300 µg/g.  The 
final equilibrium [Sr] at ambient hot cell temperature, ~25°C, is approximately 100 µg/g.  The white 
solids noted in these samples are most likely SrCO3, and are in significant amounts (~300 ppm), since the 
[Sr] was so high in the original samples.  These solids would contain significant Sr-90 from the additional 
SrCO3 precipitation. 

In addition to the visual observation, two filtrate samples, AC-02-24h and AC-05-24h, were chemically 
analyzed to determine if post-filtration precipitation occurs after filtration for removal of the Sr/TRU 
precipitate.  Similar chemical analyses were conducted on the filtrate samples collected after 24h of 
reaction and after they had remained in the hot cell for 5 or 6 days, then were re-filtered and analyzed.  
Comparing the Sr-90 and TRU DFs of these samples, shown in Figure 3.4, very little change has occurred 
with no post-filtration precipitation.  In examining the ICP-AES data in Table 3.2, the major difference 
between the samples taken at 24h, then approximately 6 days later, appears to be from evaporation.  
Elements that are not expected to precipitate, like K and P, have increased in this sample. 



 

3.7 

Table 3.2.  Comparison of Supernatant Composition (ICP-AES Data) for Initial Treated Samples (AC 
Samples) and After Extended Sample Storage Time (PP Samples) 

Analyte 
AC-02-24 

(µg/g) 
PP-02 
(µg/g) Analyte 

AC-05-24 
(µg/g) 

PP-05 
(µg/g) 

Al 4730 5020 Al 4370 4750 
Ca 141 150 Ca 134 214 
Cd 26.7 28.1 Cd 24.1 26.2 
Co [1.9] [2.3] Co [1.7] [1.6] 
Cr 52 55.6 Cr 59.3 65.3 
Cu 11.7 11.5 Cu 9.77 10 
Fe [2.2] [2.7] Fe [2.1] [2.1] 
K 996 1040 K [880.0] [820.0] 
La <1.3 <1.3 La <1.2 <1.4 
Mn 1.24 [0.78] Mn 1.21 1.35 
Mo 22.4 24.2 Mo 20.5 22.2 
Na 96200 104000 Na 89300 98600 
Nd <4.4 [4.7] Nd <4.3 <4.8 
Ni 180 195 Ni 165 181 
P 768 834 P 710 781 

Pb 52.5 57.5 Pb 51 53.5 
Sr 76.4 82.7 Sr 114 126 
W 57.4 60.5 W 50.8 55.6 
Zr [0.61] [0.9] Zr [0.75] [0.47] 

Note:  ># = analyte was below the method detection limit (MDL) and % removal given as 
greater than the MDL.  
Values in brackets [ ] are greater than the MDL but less than the estimated quantitation limit 
(EQL), with errors likely to exceed 15%. 
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Figure 3.4.  Sr-90 and TRU DFs for the Post-Filtration Precipitation Samples 
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3.5 Estimated Sr-90 and TRU Levels in ILAW Glass 

The data from these experiments can be used to estimate the Sr-90 and TRU loadings that would be 
expected in ILAW glass made from the treated supernatant.  The Sr-90 data are used directly for the 
calculation with an assumed LAW glass density of 2.76 g/mL.  The TRU activity is calculated by 
summing the individual TRU isotopes (sum of alpha).  The total sodium concentration determined by 
ICP-AES must be converted to waste sodium concentration for the ILAW calculation.  Using the ICP-
AES data for total [Na] and subtracting the amount of added Na from the caustic addition (0.3M added 
NaOH), the waste sodium was determined to be 95% of the total sodium.  The calculated glass loadings 
are listed in Table 3.3 for the current baseline design waste glass concentration of 15 wt% waste Na2O.  
The 15 wt% waste Na2O is conservative because the contract limit is >10 wt% for Envelope C waste 
(DOE 2000).  The results show that all treated samples were below the contract limits, 20 Ci/m3 for Sr-90 
and 100 nCi/g for TRU, for ILAW glass, except for Sr-90 for sample AC-07 at 4h of reaction, 0.01M 
reagent addition.  The target level of 50% below the limit was not met for Sr-90 at 4h of reaction, low 
reagent addition, or at the lowest temperature tested, 15°C.  However, 0.03M added Sr(NO3)2 and ambient 
temperature are adequate to meet the target levels of Sr-90 in ILAW if the reaction time is 24h. 

Table 3.3.  Sr-90 and TRU ILAW Glass Loadings for 15 wt% Waste Na2O 

Sample 
Sr-90 

(Ci/m3) 
TRU 

(nCi/g) 
Contract 

Limit 20 100 
Initial Waste 87 64 
AC-02-4 12 11 
AC-02-24 5 8 
AC-02-168 3 5 
AC-03-24 8 23 
AC-04-24 2 9 
AC-05-4 9 7 
AC-05-24 5 16 
AC-06-48 7 13 
AC-07-4 35 25 
AC-07-24 18 34 
AC-07-24 18 31 
AC-07-48 3 6 
AC-08-48 4 9 
AC-09-4 17 16 
AC-09-24 13 12 
PP-02 5 5 
PP-05 5 14 
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TRU loadings were all below 50% of the contract limit regardless of treatment conditions.  AN-102 waste 
actually is less than the contract limit initially.  The baseline treatment conditions yield a TRU loading 
10 times less than the contract requirement.  Addition of 0.01M NaMnO4 was adequate to give TRU 
levels approximately four times below the contract limit.  The TRU removal process is very robust with 
regard to process variables of time, temperature, levels of reagent addition, and abnormal processing 
schemes. 
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4.0 Conclusions and Recommendations 

Experiments were conducted with actual samples of diluted AN-102 waste with various Sr/TRU removal 
process conditions considered abnormal to the baseline process.  These experiments provided a better 
understanding of the most critical processing parameters as they relate to Sr-90 and TRU removal.  
Conclusions from this work and recommendations to consider for plant operation are presented in this 
section. 

Experiments were conducted to assess the impact of abnormal process conditions on Sr/TRU removal.  A 
primary focus was to assess the impact of temperature, time, and reagent concentrations, since these 
conditions have been shown to have significant impact in earlier studies.  The current studies were 
conducted with AN-102 waste samples that were adjusted to approximately 5.5M [Na] and had the 
addition of 0.3M NaOH.  Reaction temperature was varied over a range that might be encountered in the 
waste treatment plant, 15°C to 50°C.  Reaction times were 4h, the solids digest time defined in the 
baseline process, and 24h, the reasonable time the first waste would contact the filter with the 
precipitation temperature at 50°C.  Reagent concentrations were varied from the baseline conditions of 
0.075M Sr and 0.05M NaMnO4, to new proposed concentrations of 0.03M Sr and sodium permanganate, 
to minimal reagent addition levels of 0.01M Sr and MnO4

-.  Earlier experiments had shown that 0.02M 
added reagent was adequate if the reaction time was 24h.  Variation of the processing scheme was also 
evaluated.  This included no mixing for 24h after reagent addition; reagent addition split into two separate 
events with 24h delay between additions; and reversing the order of reagent addition, i.e., permanganate 
first, then a 24h delay until Sr(NO3)2 is added. 

The important factors for determining Sr-90 decontamination are the isotopic dilution ratio and the [Sr].  
The baseline level of Sr(NO3)2 addition (0.075M) results in the highest isotopic dilution and greatest  
Sr-90 decontamination.  The lowest level of Sr(NO3)2 addition, 0.01M, did not provide adequate isotopic 
dilution to meet target levels of Sr-90 in ILAW.  An additional 0.02M Sr increased the DF to an 
acceptable level.  The nonradioactive Sr addition should be 0.02M or higher to ensure low levels of Sr-90 
in the ILAW. 

The [Sr] is greatly affected by temperature and reaction time.  SrCO3 has retrograde solubility, higher 
solubility at lower temperature.  Lower reaction temperatures also appear to slow the rate for equilibrium 
to be reached, which could lead to post-filtration precipitation at low temperatures and short reaction 
times (~24h).  Attaining equilibrium [Sr] may take as long as a week.  Strontium concentration, and 
therefore decontamination level, is very time dependent.  In all experiments, the Sr concentrations 
decreased significantly between 4h and 24h, including the experiments at 50°C.  In some cases, the 
concentration was halved over this time, i.e., a doubling of the Sr-90 DF.  Although 50°C gave the highest 
Sr-90 decontamination levels, filtration will actually be conducted at 25°C and given enough time, all 
reaction temperatures will eventually give the same [Sr] and corresponding Sr-90 DF, based on the 
isotopic dilution ratio. 

None of the various treatment schemes showed a significant impact to the Sr-90 DF.  It is important that 
the Sr/TRU precipitate is well mixed before filtration, but the rapid, initial mixing during reagent 
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addition, appears to be less important for the overall removal of Sr-90.  However, it is preferred that the 
waste mixture be well mixed during reagent addition, because good mixing of the solids provides similar 
removal efficiency but is much slower and may require more than the 24h time between reagent addition 
and filtration.  The sequence of reagent addition, order in which Sr and permanganate are added, appears 
to have little impact on decontamination.  Sr-90 decontamination is independent of the process scheme, 
given adequate time for good mixing/distribution of the precipitate and SrCO3 precipitation to reach near-
equilibrium levels. 

The TRU (sum of alpha) DFs were quite good for most abnormal process conditions evaluated.  Reducing 
the permanganate concentration to 0.01M had a major impact on TRU DF.  More reagent is required to 
obtain significant TRU removal, DF >3.  Addition of more reagent gave good decontamination.  
Temperature appears to have little impact over the range tested, 15°C to 50°C.  Time has very little 
impact on the TRU removal when comparing the 4h and 24h data.  However, increased levels of Mn were 
noted for two of the samples after only 4h of reaction, whereas Mn was removed by 24h of reaction.   

Some evidence of post-filtration precipitation was observed with abnormal process conditions, and not the 
baseline conditions.  Low precipitation temperature had the most significant impact on post-filtration 
precipitation, where significant quantities of white solids were noted.  This is most likely SrCO3 
precipitation because of the high [Sr] levels found in the 15°C test samples.  Dark precipitation indicative 
of Mn precipitation was only noted for one sample treated with 0.01M reagents at 25°C and 4h of 
reaction.  The precipitation was as a dark “bath tub” ring at the air-liquid interface and likely represented 
<10 ppm of solids.  No ring was observed in a filtrate sample from this test at 24h of reaction. 

These experimental results provide additional support to the recommendation that the treated waste 
should not be filtered after only 4h of reaction, because of the impact on Sr-90 DF and the possible post-
filtration precipitation.  It is recommended that at least 24h of reaction time be allowed before filtration 
begins, which is in line with the baseline treatment process, given that the time to cool the waste mixture 
from 50°C to 25°C would likely be 18h.  The precipitation temperature should be higher than 15°C; it is 
recommended that the minimum reaction temperature be set to the filtration temperature.  Given enough 
time, the treated waste would reach the same equilibrium levels corresponding to the filtration 
temperature; however, it may take up to a week to reach a near-equilibrium state. 

The experimental data can be used to predict the loading of Sr-90 and TRU (sum of alpha) expected in the 
ILAW.   The baseline treatment conditions provided levels of both Sr-90 and TRU that are well below the 
ILAW requirements of 20 Ci/m3 of Sr-90 and 100 nCi/g of TRU at 15 wt% waste Na2O.  Most 
“abnormal” conditions tests met the requirements.  The removal of Sr-90 for the supernatant is more 
sensitive to process conditions, reagent level, temperature, and reaction time.  The permanganate 
treatment for TRU removal is quite robust, with variation in process conditions having little impact on 
meeting the ILAW requirement. 
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Appendix A 
 
 

Sample Data 



 

A.1 

 Table A.1. Mass Dilution Factors (MDF) Used in DF and Percent Removed Calculations 
for AN-102 Tests 

Initial Waste Sr Addition MnO4
- Addition 

Experiment 
Number 

Target, 
mL 

Actual, 
g [Sr], M

Target, 
mL 

Actual, 
g 

[MnO4
-], 

M 
Target, 

mL 
Actual, 

g MDF 

AC-01 20 25.318 -- None -- -- None -- 1.000 
AC-02 60 76.513 0.66 3 2.972 0.66 3 3.03 1.174 
AC-03 20 25.506 0.22 1 0.777 0.22 1 0.942 1.163 
AC-04 20 25.652 1.65 1 1.049 1.1 1 0.991 1.265 
AC-05 40 51.153 0.66 2 2.132 0.66 2 2.208 1.189 
AC-06 20 25.076 0.66 1 (a) 0.66 1 2.137 1.218 
AC-07 40 50.856 0.66 0.63 0.709 0.66 0.63 0.672 1.078 

AC-07 cont. ~30 36.443 0.66 1 1.095 0.66 1 1.041 1.239 
AC-08 20 25.505 0.66 1 1.046 0.66 1 1.075 1.213 
AC-09 40 51.012 0.66 2 2.199 0.66 2 2.049 1.188 

(a)  No individual weight on no-mix experiment. 
 

 



 

 

Appendix B 
 
 

Analytical Data 
 



 

B.1 

 



 

B.2 

 



 

B.3 

 

 



 

B.4 

 



 

B.5 

 



 

B.6 

 



 

B.7 

 



 

B.8 

 



 

B.9 

 



 

B.10 

 



 

B.11 

 



 

B.12 

 



 

B.13 

 



 

B.14 

 



 

B.15 

 



 

B.16 

 



 

B.17 

 



 

B.18 

 



 

B.19 

 



 

B.20 

 

 
 



PNWD-3338 
WTP-RPT-091 Rev. 0 

Distr.1 

Distribution 

 
 

No. of 
Copies 
 
OFFSITE 
 

No. of 
Copies 
 
ONSITE 
 

2 Savannah River Technology Center 
Jim Marra 
Savannah River Technology Center 
Building 773-43A 
P.O. Box 616, Road 1 
Aiken, South Carolina 29808 

 
Harold Sturm 
Savannah River Technology Center 
Building 773-A 
P.O. Box 616, Road 1 
Aiken, SC  29808 

14 Battelle Pacific Northwest Division 
J.G.H. Geeting P7-28 
R. T. Hallen (5) K2-12 
W. L. Kuhn K2-12 
D. E. Kurath P7-28 
M. A. Lilga K2-12 
F. V. Hoopes P7-28 
Project File (2) P7-28 
Information Release (2) K1-06 

 
8 Bechtel National, Inc. 
 H. A. Abodishish (2) H4-02 
 S. M. Barnes H4-02 
 W. L. Graves H4-02 
 H. R. Hazen H4-02 
 R. A. Peterson H4-02 
 W. L. Tamosaitis H4-02 
 WTP PDC Coordinator H4-02 
 

 
 


