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CHARACTERIZATION OF AND WASTE ACCEPTANCE RADIONUCLIDES TO BE 

BEING VITRIFIED IN THE DWPF MELTER 
REPORTED FOR THE SECOND MACRO-BATCH OF HIGH-LEVEL WASTE SLUDGE 

T.L. FELLINGER, N.E. BIBLER, W.T. BOYCE, and J.J. OLSON 
Savannah River Technology Center, Westinghouse Savannah River Company, Aiken, S.C. 29808 

ABSTRACT 

The Defense Waste Processing Facility (DWPF), at the Savannah River Site (SRS), is currently 
processing the second million gallon batch (Macro-Batch 2) of radioactive sludge slurry into a durable 
borosilicate glass for permanent geological disposal. To meet the reporting requirements as specified in 
the Department of Energy's Waste Acceptance Product Specifications (WAPS), for the final glass 
product, the nonradioactive and radioactive compositions must be provided for a Macro-Batch of material 
[l]. In order to meet this requirement, sludge slurry samples from Macro-Batch 2 were analyzed in the 
Shielded Cells Facility of the Savannah River Technology Center (SRTC). This information is used to 
complete the necessary Production Records at DWPF so that the final glass product, resulting from Macro 
Batch 2, may be disposed of at a Federal Repository. This paper describes the results obtained from the 
analyses of the sludge slurry samples taken from Macro-Batch 2 to meet the reporting requirements of the 
WAF'S. Twenty eight elements were identified for the nonradioactive composition and thirty one for the 
radioactive composition. The reportable radioisotopes range from C-14 to Cm-246. 

INTRODUCTION 

High level liquid waste generated, by F and H Canyon operations, over many years is stored at SRS 
in double walled underground steel tanks as a caustic slurry. The DWPF is processing and immobilizing 
this high level liquid waste into a durable borosilicate glass for permanent geological disposal. The 
current radioactive sludge slurry batch that DWPF is processing is called Macro-Batch 2. Macr+Batch 2 
consists primarily of Tank 42 sludge slurry that was transferred to and mixed with the remaining small 
heel of the frs t  Macro-Batch. 

Six samples (-80 mL each) were taken of Macro-Batch 2 and sent to SRTC Shielded Cells for full 
chemical and radionuclide analysis. The sludge slurry samples were combined, dissolved, and analyzed 
for nonradioactive elemental composition by lnductively Coupled Plasma- Emission Spectroscopy 
(ICP-ES) and Atomic Adsorption (AA). Twenty eight nonradioactive elements for Macro-Batch 2 were 
identified. The radioactive elemental composition for the sludge slurry was determined by Inductively 
Coupled Plasma - Mass Spectroscopy (ICP-MS) and counting techniques. Special separation 
techniques were used to detect C-14,1-129, Cm-246 and Cm-247 in the sludge slurry. This is the fust 
time these radionuclides have been detected and measured in radioactive sludge slurry at the SRS. The 
WAF'S states that all radioisotopes that have a half-life longer than 10 years and contribute greater than 
0.05% of the total radioactivity (Becquerels or Curie basis) during the frst 1100 years after production 
must be reported [I]. The DWPF has extended the criteria to include all radioisotopes that have a half- 
life longer than 10 years and contribute greater than 0.01% of the total radioactivity during the frs t  
1100 years afier glass production. The radioisotopes from these analyses that met the WAPS criteria of 
having a half life longer than 10 years were decayed by a computer program from time zero (May 1999) 
to 2000 years (May 3999). This was completed in order to determine the radioactivity of the glass 1100 
years after production in the DWPF as required by the WAF'S. Thirty one radioisotopes were identified 
as reportable for Macro Batch 2. 
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Combination of the Sludee Slurrv Samples 

Six samples of MacrwBatch 2 sludge slurry from SRS Tank 5 1 were received at SRTC in 80 mL 
stainless steel bottles. These sludge slurry samples were placed into the SRTC Shielded Cells and then 
combined into a oneliter container. To ensure all of the sludge slurry solids had been removed from 
adi siaiuiess steei boiiie, each bottie was carefuiiy rinsed. Tie find voiume of the combined siudge 
slurry was -454 mL with about 19 wt. % solids. 

Analvtical Methods 

Dissolution of the MacrwBatch 2 sludge slurry sample was performed remotely in the Shielded Cells 
of SRTC. A portion of the sludge slurry sample was dissolved in quadruplicate by two separate 
dissolution methods. Details of these dissolution methods have been published [2]. Prior to dissolution, 
the sludge slurry was dried at 115°C in a drying oven. A standard glass with a composition similar to the 
DWPF glass, Analytical Reference Glass-I (ARG-1) [3], was also dissolved and analyzed concurrently 
with the sludge slurry samples. This was done to confirm that the dissolutions were complete and the 
analytical procedures were performed correctly. 

The dissolved samples were diluted so that only a small potion of the radioactivity was removed from 
the Shielded Cells. The resulting solutions were then analyzed using ICP-ES, AA, ICP-MS and counting 
techniques. 

Identification of Rewrtable Radionuclides for Macro Batch 2 

In order to determine the reportable radionuclides for MaaeBatch 2 all radioactive U-235 fission 

It was evident that some of the radioisotopes in the sludge slurry could not be measured because of 
products and all radioactive activation products that could be in the SRS HLW were considered. 

their low concentration in the sludge slurry. For these isotopes, an estimate of the concentration was 
made by calculating their concentration based on their U-235 fission yields. An estimate of the 
concentrations for Se-79, Rb-87, Pd-107, In-I 15, Sn-12lm and Sn-126 was done in this way. This was 
accomplished by dividing the fission yield (a known yield value from the fission of U-235) for each 
isotope by the average Fission Yield Scaling Factor (FYSF). The average FYSF is determined by 
calculating a FYSF (known fission yield I elemental wt. %) for appropriate low and high mass fission 
products and averaging the results. Details concerning the calculation of the FYSF and the fission 
products that are appropriate have been published [4]. Figures 1 and 2 present the measured and 
calculated concenuations for the low mass and the high mass U-235 fission products that could be 
detected for Macro-Batch 2. Explanations for those concentrations that deviate fiom the calculated 
concentrations have been published [4]. For example, results at masses 88,107.1 10, and 140 can be 
assigned to natural Sr, Ag, Cd, and Ce isotopes in the waste. 

and all of the radioactive activation products that could be present in the sludge slurry, a List of 
radioisotopes considered for the decay calculations was generated. 

spreadsheet using the weight percent reported for each measured or calculated isotope and its specific 
activity. These initial activities were then entered into a computer program and decayed over a time 
period starting with time zero (May 1999) to u x ) O  years (May 3999) for each of the isotopes of concern. 
Excel spreadsheets were then used to calculate the total activity (Gag of dried sludge slurry) at each time 
and the percent of the activity that each of the radionuclides contributed. After these calculations were 
complete, each radionuclide was plotted as percent activity versus time in years. A total of nine plots 
were generated. A check of the decay calculations was performed using another computer program. The 
results of both programs were in g o d  agreement, indicating the calculation of activity over time was 
correct for the isotopes of concern. 

After determining and estimating the concentrations for all of the radioactive U-235 fission products 

The initial activities (Becquerelskg of dried sludge) for the radioisotopes were calculated by an Excel 
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Figure 1.Measured and Calculated Concentrations of U-235 Low Mass Fission Products in Macro-Batch 2 
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Figure 2. Measured and Calculated Concentrations of U-235 High Mass Fission Products in Macro-Batch 2 

RESULTS 

Nonradioactive and Radioactive ComDosition of Macro-Batch 2 

In order to comply with the requirements of the WAPS for this Macro-Batch of sludge slurry, DWPF 
is required to provide the nonradioactive and radioactive composition of the waste form. Table I provides 
the nonradioactive composition of the sludge slurry for Macro-Batch 2. Table I1 presents the radioactive 
composition of Macro-Batch 2 used in the decay calculations. The standard deviation and the percent 
Relative Standard Deviation (RSD) for both tables are provided in the parenthesis. The absence of a 
standard deviation and percent RSD, in the tables, indicates that only one value was obtained. 
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Table I. Nonradioactive Composition for Macro-Batch 2 Sludge Slurry 

AI 
Bb 
Bab 
Ca 
Cd 
Cr 
cu 
cob 
Fe 

7.66EOO (* 2.2E-01, 2.9) Mn 
5.49E-03 (* l.E-03, 30) Mob 
4.61E-02 (+ 1.3E-03, 2.7) Nab 
2.18E00 (* 1.lE-01, 5.0) Ni 
I.1OE-01 (* 3.7E-03, 3.4) P 
1.3%-01 (+ 5.48-03.4.1) Pbb 
2.97E-02 (It 1.1E-03, 3.8) Sib 
7.64E-03 (* 6.3E-04, 8.2) Sab 
2.15E01 (f6.9E-01. 3.2) Sib . ,  
8.61E-01 (*4.%-02,4.9) 

Hge’d Kd. c I 4OE-02 
L a b  

L i b  

2.13E-02 (k 6.3E-04, 3.0) 
6.57E-03 (* 3.7E-03, 5.7) Zrb 

Weight Percent *” 
1.15EOO (+ 3.98-023.9) 
3.30E00 (+ 1.2E-01, 3.5) 

5.78E00 (+ 2.4E-01.42) 
3.44E-01 (+ 1.4E-024.0) 
6.55E-01 (+ 1.6E-01, 24) 
7.488-02 (+ 3.8E-03.5.1) 
1.34E00 (* 1.2E-02, 0.93) 
9.6OE-03 (k 7.OE-04, 7.3) 
1.938-02 (* 7.1E-04, 3.7) 
1.7OE-02 (* 6.1E-04, 3.6) 
7.84E-03 (k 6.6E-04, 8.4) 
3.6OE-02 (* 2.1E-03.5.8) 
2.13E-02 (* 2.2E-03, 11) 

4.618-03 (+ 3.5E-04, 7.6) 

* The sludge slurry sample was dried overnight at 115°C in a drying oven. Results are present on a dry total solids basis. 

a Majority of the results are determined by ICP-ES unless otherwise c Average of three results only. 

indicated and are the average of eight sample results. 
Average of four results only. 

Results determined by AA method 
e Detection Limit ofthe Instrument. 

Table 11. Initial Radioactive Composition for Macro-Batch 2 Sludge Slurry used in Decay Calculations 

Element ReSUltS units* Element ReSUltS Units* 
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ExamDles of Plots (Percent Activitv vs. Time) Generated from Decav Calculations 

The computer program used to calculate the decay of the radionuclides also calculated the 
daughters of the parent radionuclide which contribute to the total activity. Some of these daughters 
have very short half-lives and are in secular equilibrium with the parent’s activity or in some cases the 
granddaughters and great granddaughters are in secular equilibrium with the daughter’s activity. An 
example of the daughter being in secular equilibrium with the parent can be seen in Figure 3 for Sr-90 
and Y-90. a e r  some rime, these two curves overiap one anotner ana the two activities become quai .  
In Figure 3 it can be seen that the only radionuclide that is not reportable is Rb-87 because it remains 
less than 0.01%. 

An example of the granddaughter being in secular equilibrium with the daughter can be seen in 
Figure 4. Figure 4 is the decay chain for U-233. In this case the daughter of U-233, Th-229, has a long 
half-life (7.3E4 years) and alpha decays to Ra-225 which has a -14 day half-life. The Th-229 and 
Ra-225 activities therefore overlap one another. In this case, no initial activity was assumed for Th-229 
and Ra-225 because of the long half-live of U-233 (1.6E5 years). Note that after 400 years Th-229 and 
Ra-225 contribute greater than 0.01 % of the total activity. However Ra-225 is not reportable because 
of its short half-life (tln = 14.8 days). The same arguments apply to Ac-225 (tln = 10.0 days) and 
Fr-221 (tln = 4.8 minutes) in this Figure. 
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Figure 3. Calculated Percent Activity for Selected Fission Products over Time 
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Figure 4. Calculated Percent Activity for U-233 over Time 

CONCLUSIONS 

1. The nonradioactive and radioactive composition of the DWPF Macro-Batch 2 has been determined. 

2. Thirty-one radioisotopes were identified as reportable for the DWPF MacreBatch 2 sludge slurry. 
The radioisotopes are listed below: 

C-14, Ni-59, Ni-63, Se-79, Sr-90,Zr-93, Nb-93m Tc-99, Pd-107, Sn-126,I-129, Cs-135, 
Cs-137, Sm-15 1,Th-229, Th-230, U-233, U-234, U-235, U-236, Np-237, U-238, Pu-238, 
Pu-239, Pu-240. Pu-241, Am-241, h -242 ,  Am-243, Cm-244, and Cm-246 
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