WSRC-RP-99-00436, Rev. 1

Page 1 of 34
’)55,‘[3,0‘
Task Technical Request HLW/DWPF/TTR-930005:
Characterization of and Waste Acceptance Radionuclides to be Reported
For DWPF Macro Batch 2 (ESP 215-ESP 221) (U)
Authors: T.L. Fellinger, N.E. Bibler and J.R. Harbour
Immobilization Technology Section
March 8, 2004
CORDS ADMINISTR THO:LV'\
BKIB
PREPARED FOR THE U.S. DEPARTMENT OF ENERGY UNDER CONTRACT DE-AC08-96SR18500



WSRC-RP-99-00436, Rev. 1
Date: March 8, 2004
Page 2 of 34

DISCLAIMER

This report was prepared by the Westinghouse Savannah River Company (WSRC) for the United States
Department of Energy under Coniract No. DE-AC09-89SR 18035 and is an account of work performed under th
contract. Neither the United States Department of Energy, nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness, of any information, apparatus, or product or process disclosed herein to any specific commercial
product, process, or service trademark, name, manufacturer or otherwise does not necessarily constitute or imply
endorsement, recommendation, or favoring of the same by WSRC or by the United States Govemment or any
agency thereof. The views and opinions of the authors expressed herein do not necessarily state or reflect those

of the U.S. Government or any agency thereof.
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1.0 INTRODUCTION AND SUMMARY

FaTale) FaYaVala)

During the period from 1989 through 2002, the Defense Waste Processing Facility (DWPF) received and
processed radioactive sludge slurry from High Level Waste Tank 51. The radioactive sludge slurry in Tank 51
was a blend of the remaining sludge slurry from Sludge Batch 1A (Macro Batch 1) and sludge slurry that had
been transferred from Tank 42. The combination of these sludges formed Macro Batch 2 or Sludge Batch 1B.

The Savannah River Technology Center (SRTC) has analyzed samples of Sludge Batch 1A [1] and Tank 42
sludge slurry [2] (before Tank 42 was combined with the sludge slurry from Sludge Batch 1A). To meet the
reporting requirements as specified in the Waste Form Compliance Plan [3] and the Department of Energy s

{NNEY Wacta Arnmontanca Dradn Cranrifinatinne IAMADCY [A] far tha final alace nradiiat rardain anabstisnal
(WAL YWWaole AVLCalive T IUUU'«JI WPTUIHLALID [YVAD ) 5] IRE NS 1hial Yidao Pluuubl, UCI Laijit allalyllbal

information must be provided for a given Macro Batch of material. The DWPF has requested the analyses of
sludge slurry samples from Tank 51 {Macro Batch 2) be completed in the Shielded Cells Facility of SRTC to
obtain this analytical information [5, 8]. This information wilt be used to complete the necessary Production

Records so that the final alass nrndllr'f resulting from Macro Batch 2. may be disposed of at 2 Federal

AR T s Al a YITOY PV T DT IR WU &) R WO Widpudieu W J G o

Repository.

The Waste Acceptance Product Specifications (WAPS) [4] 1.2 require that “The Producer shall report the
inventory of radionuclides (in Cunes\ that have half-lives longer than 10 years and that are, or will be, nresem‘ in
concentratlons greater than 0.05 percent of the total mventory for each waste type indexed to the years 2015
and 3115”.  As part of the strategy to meet WAPS 1.2, the Defense Waste Processing Facility (DWPF) will
report for each waste type, all radionuclides (with half-lives greater than 10 years) that have concentrations
greater than 0.01 percent of the total inventory from time of production through the 1100 year period from 2015
through 3115. The initial listing of radionuclides to be included is based on the design-basis glass as identified
in the Waste Form Compliance Plan (WCP) [3]. However, it is required that this list be expanded if other
radionuclides with half-lives greater than 10 years are identified that meet the greater than 0.01% criterion for
Curie content.

Specification 1.6 of the WAPS, IAEA Safeguards Reporting for HLW, requires that the ratio by weights of the
following uranium and plutonium isotopes be reported: U-233, U-234, U-235, U-236, U-238, Pu-238, Pu-239,
Pu-240, Pu-241, and Pu-242. Therefore, the complete set of reportable radionuclides must also include this set
of U and Pu isotopes.

After sludge slurry in Tank 51 was thoroughly mixed, seven dip samples (~80 mL/each) were taken from Tank
51 and sent to the Shielded Cells Facility. Upon receipt of these samples, six of the seven samples (one
stainless steel sample bottle was empty) were combined and the final composite was used for the requested
analyses [5, 6, & 7).

This report describes the results obtained from the analyses of the combination of six sludge slurry samples
taken from Tank 51 and the reportable radionuclides for this Macro Batch of sludge slurry. The combined
sludge slurry sample and the supernate were also analyzed for nonradioactive and radioactive elemental
composition, weight percent solids and density. The radioactive composition was calculated based on input
from time zero {(May 1999) to the years 2015 and 3115 in order to determine the reportable radionuclides as
required by the WAPS.,
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Highlights from this report are found befow.

A
I.

seven radioisotopes met the criteria of having a half-life longer than 10 years and contributing greater than
0.01% of the total radioactivity during the first 1100 years after glass production {3]. Two additional uranium
isotopes {U-235 and U-236) were added to the list of reportable radionuclides in order to meet WAPS 1.6.
This brings the total number of reportable radionuclides for Macro Batch 2 to twenty-nine.

The radionuclides C-14, 1-129, Cm-246 and Cm-247 were detected in the sludge slurry. This is the first
time these radionuclides have been detected and measured in the high level waste sludge slurry.

The weight percent soluble solids of the supernate for Macro Batch 2 was 2.63 wt. %.
The density of the supernate for Macro Batch 2 was 1.03 g/mL.

The weight percent total solids of the sludge slurry for Macro Batch 2 was 18.8 wt.%.
The density for the sludge slurry for Macro Batch 2 was 1.10 g/mL.

The concentrations (weight percent based on total solids) of noble metals in Macro Batch 2 are:

Ru 2.18€-02
Rh 4.97E-03
Pd 1.11E-03

Ag  1.40E-02
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20  COMBINATION OF THE SLUDGE SLURRY SAMPLES

et o et I = Ao

Seven samples {(ESP 215 - ESP 221) from Tank 51 were received in 80 mL stainiess steel botties on 1/14/98.
These sludge slurry samples were placed into Cell Block A of the Shielded Celfs and then combined into a one-
liter container labeled “ESP 215-ESP-221 Composite Sample”. Prior to the combination of the samples in the
one-liter container, the sludge slurry samples were individually mixed by shaking each stainless steel bottle for
approximately 5 minutes. To ensure ali of the sludge slurry solids had been removed from each stainless steel
bottle, the sludge slurry-slurry was allowed to settle in the one-liter container for 2 days. After two days the
sludge slurry had settled into two layers, one being a clear supernate layer and the other being a sludge slurry
layer. Approximately 5 mL of clear supernate was carefully pipetted into each stainless steel bottle. The

h hetla far 5 Jt 728 Th £ th
stainless steel bottles were recapped and mixed by shaking each bottle for 5 minutes. The caps of the

stainless steel bottles were removed after 5 minutes and the volume was returned to the one-liter container.
The final volume of sludge slurry was ~454 mL (the sample labeled ESP 215 was empty).

The combined sludae elllrm sample was then analyzed as specified in the :\pnl\.rhr-nl study plan [7]. Samnles

S RS R o D g FEva QO Spuwinned Uudi Swuay Fiprive g

required for the analyses were obtained after mixing the sludge slurry for apprommately 30 mmutes using a
magnetic stirrer and new magnetic stir bar. The majority of the analyses were performed by the Analytical
Development Section (ADS) with the exception of weight percent solids, calcined solids and density
determinations which were performed by qualified Shielded Cells Technicians.

3.0 RESULTS OF THE ANALYSES PERFORMED ON THE SUPERNATE OF THE COMBINED
SLUDGE SLURRY SAMPLES

Provided below are the results from the analyses of the supernate of the combined sludge slurry sample. A
mixed sample of the combined sludge shrry was filtered through a Nalgene® filter resulting in a clear
supernate. A portion of this supernate was diluted and removed from the Shielded Cells along with elemental
standards to check the analytical methods. These diluted samples were sent to ADS Sample Receiving so that
analyses could be performed by ADS. The dilution of the supernate samples was required so that only a small
portion of the radioactivity was removed from the Shielded Cells. The results for the elemental standards
submitted with the supernate indicated good agreement with the known values of the standards. This indicates
that the analytical methods were complete and performed correctly.

Presented below are the results of the Inductively Coupled Plasma- Emission Spectroscopy (ICP-ES) data,
Atomic Adsorption (AA} data, Inductively Coupled Plasma — Mass Spectroscopy (ICP-MS) data, lon
Chromatography (IC) data, lon Selective Electrode (ISE) data, Total Organic Carbon (TOC} data, Cold Vapor
Mercury (CV Hg) and counting techniques. Also presented below are the weight percent dissolved solids and
density determinations of the supernate that was performed in the Shielded Cells Facility.

341 IC, ISE, AlQz, COs%, Free OH-, TIC / TOC and Total OH- Results for the Supernate

Presented below in Table 1 are the results for the supemnate cbtained from the following methods: iC,

ISE, AlO2, COs%, Free OH-, TIC/ TOC & Total OH-. The results are an average of 4 samples and the
standard deviation and the percent relative standard deviation are atso provided for each determination.
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Table 1 - IC, ISE, AlOz, COs%, Free OH-, TIC / TOC and Total OH- Results for the Supernate

Method Average of StDev of % RSD of
Results? Results Results
IC Results for Chloride 3.29E-04 M +7.4E-05 23
IC Results for Fluoride 2.03E-03 M +1.2E-04 6.0
IC Results for Formate <1.04E-03 Mo - -
IC Results for Nitrate 5.00E-02 M +6.2E-04 1.2
IC Results for Nitrite 1.66E-01 M + 3.0E-03 18
IC Resuits for Phosphate <4.92E-03 Mp - -
iC Resuits for Suifate 6.92E-03 M +4.7E-04 6.8
IC Results for Oxalate 6.06E-03 M + 5.1E-04 8.5
ISE Results for Chloride 5.20E-04 M + 1.8E-04 35
ISE Resuits for Fiuoride 1.92E-03 M +52E-05 2.7
Results for AlOy < 1.28E-02 Mp - -
Results for CO32- 3.69E-02 M + 2.1E-03 5.6
Resuilts for Free OH- 3.35E-02 M + 1.1E-03 3.4
Results for TIC 5.58E02 mg/L + 2,501 4.5
Results for TOC 3.12E02 mg/L + 5.9801 19
Results for Total CH- 7.56E-02 M + 2.56-03 3.3

a Average of four sample results.
b Detection Limit of the Instrument.

3.2  ICP-ES, AA and CV Hg Results for the Supernate

Presented below in Tabie 2 are the resuits obtained from the ICP-ES, AA and CV Hg for the supemate.
The results in Table 2 are the average of 4 sample results {unless otherwise indicated) and are
presented in the units of Molarity {(moles/Liter) and mg/L. The standard deviations are provided in the
parentheses next to each value and percent relative standard deviation for the values are presented in
a separaie column,
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Table 2 - Concentration of Elements Detected by ICP-ES, AA and CV Hg in the Supernate

Presented in Units of Moles/Liter and mgiL

Molarity2 mg/La
Element (Stoev!; (St%ev) % RSD

Ag 2.55E-06 (x 4.5E-07) 2.76E-01 (+4.8E-02) 18
Al 3.33E-03 (x7.2E-05) 9.00E01 (+1.9E00) 2.2
Bd <2.0E-04 <2.7E00 -
Bae 8.13E-07 (+ 9.1E-08) 1.12E-01 (+1.3E-02) &
Ca 6.66E-05 (+ 1.6E-05) 2.67E00 (x6.2E-01) 23
Cde 5.11E-07 (+ 9.6E-08) 574E-02 (+ 1.1E-02) 19
Co 3.45E-06 (i 7.18E-07) 2.03E-01 (J_r 4 2E-02) 21
Cr 5.56E-04 (+ 1.12E-05) 2.89E01 (+5.8E-01) 20
Cu 3.60E-06 (£ 6. 15E-07) 2.29E-01 {(+ 3.9E-02) 17
Fed <3.0E-06 <1.90E-01 -
Hgv 4.08E-05 (+ 2.59E-06) 8.18E00 (£ 5.2E-01) 6.3
Ke 3.34E-04 (+6.79E-06) 1.31E01 (£ 2.7E-01) 20
Lad <3.0E-06 <4 96E-01 -
Li 2.98E-05 (+4.53E-06) 2.07E-01 (£ 3.1E-02) 15
Mg <1.58E-05 <3.84E-01 -
Mn¢d <8.0E-07 <4 63E-02 -
Mo 6.55E-06 (+ 2.5E-07) 6.28E-01 (£ 2.4E-02) 3.8
Na 3.61E-01 (+7.5E-03) 8.29E03 (£ 1.7E02) 2.4
Na¢ 3.51E-01 (+ 1.2E-02) 8.07E03 (& 2.8E02) 35
Ni 4.39E-06 (£ 1.5E-06) 2.58E-01 (+ 9.0E-02) 35
P 1.13E-04 (£ 1.2E-05) 3.49E00 (+ 3.8E-01) 11
Pb 5.66E-06 (+ 14E-06) 1.17E00 (+ 2.8E-01) 24
Si 9.98E-05 (£ 7.5E-06) 2.80E00 (+ 2.1E-01) 75
Sn 4.02E-06 (+ 6.7E-07} 4.77E-01 (+ 8.0E-02) 17
Sre <B.0E-07 <7 45E-02 -
Tie 3.17E-06 (+ 4.6E-07) 1.52E-01 (£ 2.2E-02) 15
V 4.88E-06 (+7.4E-07) 2.49E-01 (+ 3.8E-02) 15
Znd <7.0E-06 <4.76E-01 -
Zré 3.20E-08 (+ 2.9E-07) 2.92E-01 {+ 2.7E-02) 9.1

a Majority of the sample results are determined by ICP-ES unless otherwise indicated. Average of 4 sample
results unless otherwise indicated.

b Result determined by Cold Vapor Hg method.
¢ Results determined by AA methed

d Detection Limit of the Instrument

e Average of three sample results only. Fourth sample result was at the detection limit of the instrument.
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3.3 ICP-MS and Counting Data Results for the Supernate
Presented in Table 3 are the results for the ICP-MS and counting data for the supemate. The results in
Table 3 are the average of 4 samples {unless otherwise indicated). The standard deviation and the

relative standard deviation are provided in parentheses.

Table 3 - ICP-MS and Counting Data Results for the Supernate

Element Results Units
Sr-90 7.83E-03 (+ 4.0E-03, 54) uCifmL
Tc-99b 2.68E-01 (+ 9.8E-03, 3.7) mg/L
Cs-1372 2.44E00 (+ 6.6E-02, 2.7) uCifmL
U-235b.¢ 3.14E-03 (£ 2.0E-04, 6.4) mg/L
U-2380 4.21E-01 (£ 2.6E-02, 6.1) mg/L
Cs-133b 7.17E-02 (£ 7.3E-04, 1.0) mg/L
Cs-1350 1.14E-02 (+ 4.1E-04, 3.6) mg/L
Cs-137bd 3.21E-02 (£ 9.3E-04, 2.9) mg/L
Total Wb.e 9.65E-02 mg/l.
Total Alpha 1.30E-02 (& 7.3E-04, 5.6) uCifmL
Total Betaf 2.98E00 (+ 1.5E-02, 0.51) uCifmL

a Detected by Gamma Scan.

b Detected by ICP-MS.

¢ Average of only 2 sample results.

4 A trace amount of natural Ba was detected in the supernate. Natural Ba has a small amount
of Ba-137 in it; however that amount of Ba-137 was so small that it did not significantly affect
the calculation of Cs-137 concentration.

& Values for W isotopes (180, 182-184, and 186) were added together.

t Tank 50 Liquid Scintillation Method.

In Table 3, Cs-133, Cs-135 and Cs-137 were detected in the supernate by ICP-MS. The known fission
yields of Cs-133:Cs-135:Cs-137 are 6.77%:6.60%:6.26% respectively. Normalizing the known fission
yields to Cs-133 gives the normalized ratios of 1.00 : 0.97 : 0.93. Using the isotopic Cs results
obtained for the supernate of the combined sludge slurry sample (7.17E-02 : 1.14E-02 : 3.21E-02),
yields a normalized ratio (normalized to Cs-133) of 1.00 : 0.16: 0.45. This ratio is in agreement with
ratios that were previously calculated for 4 salt tanks (1.00 : 0.14 : 0.57) and Tank 42 sludge slurry
supernate (1.00:0.22: 0.61) [1}. Assuming the loss of Cs-137 is solely due to decay, the age of the
sludge slurry supernate can be calculated. Based on the ratio of 0.45/0.93 for Cs-137, the average age
of the supernate for the combined sludge slurry sample was calculated to be 32 years out of the
reactor. This implies that the average age of the sludge slurry could be 32 years old. Note that the
concentration of Cs-135 is lower than that expected from its fission yield. The reason for this is that
isobaric decay chain to Cs-135 decays first to Xe-135 that has a half life of 9.17 hours and a thermal -
neutron cross section >1000 bams. It thus has time during the irradiation in a reactor to absorb a
neutron and become stable Xe-136. Consequently only a portion of the Xe-135 decays to Cs-135.
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34  Weight Percent Dissolved Solids Determination for the Supernate of the Combined
Sludge Slurry Sample

Four 10 mL samples of supernate were pipetted out of the 100 mL bottle containing the filtered
supernate and placed into four labeled stainless steel beakers. These stainless steel beakers were
weighed and then placed into a drying oven at 115°C overnight. Three 10 mL samples of 15 wt.%
NaCl standard solution were also weighed and dried (in labeled stainless steel beakers) along with the
supernate samples to check the accuracy and precision of the method. All of the samples were
removed from the oven and were allowed to cool for ~5 minutes before they were weighed. The results
of the standard solutions showed good reproducibility and good agreement with the known value of the
standard. The average of the calculated results of the weight percent solids for the supernate and 15
wt. % NaCl standard solution are presented in Table 4. The standard deviations (StDev) and the
percent relative standard deviations (% RSD) for the data are also presented in Table 4.

3.5 Density Determinations for the Supernate of the Combined Sludge Siurry Sample

Four density determinations of the supernate sample and three density determinations of a standard
(water) were completed in the Shielded Cells Facility. An 8.25 mL heat sealed pipette tip was used to
perform the density measurements. The sealed pipette tip was first weighed and then a mixed sample
of supernate was pipetted into the sealed pipette. The sealed pipette tip with the supernate sample
was weighed and a density calculated. The same steps were followed for the standard. The results of
the standard showed good reproducibility and good agreement with the known value of 1 g/mL. The
results of the supernate sample and standard are presented in Table 4. The standard deviations
(StDev) and the percent relative standard deviations (% RSD) for the data are also presented in

Table 4.

Table 4 — Weight Percent Solid Measurements and Density Measurements for
the Supernate and the Standards

Type of Determination Average of StDev of % RSD of
Results Results Results
Weig;fg:;i’:; SOt 263wt % +5.0E-02 176
O o onesof | 15,07 wt. % +£20E02 ° 0.13
Density of the Supemate2 1.03 g/mL + 3.8 E-03 0.37
Density of the Standard? 1.00 g/mL + 6.8E-03 0.68

a Average of four results
b Average of three results
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40  RESULTS OF ANALYSES PERFORMED ON THE COMBINED SLUDGE SLURRY SAMPLES

Provided below are the results of the analyses for the combined sludge slurry samples. A portion of the mixed
sludge slurry sample was taken from the one-liter bottle and dried ovemight. This dried sludge slurry was
dissolved by the Aqua Regia and Sodium Peroxide/Sodium Hydroxide Fusion methods along with appropriate
standards to check the dissolutions and the analytical methods. After performing the dissolution methods on
the sludge slurry, the dissolved sludge slurry was diluted prior to the removal from the Shielded Cells Facility.
These diluted samples were sent to ADS Sample Receiving for analyses to be performed by ADS. Dilution of
the sludge slurry samples was required so that only a small portion of the radioactivity was removed from the
Shielded Cells. The dissolution results of the standards for the nonradioactive elemental composition were in
good agreement with the known values indicating that the analytical methods were complete and performed
correctly.

Presented below in the following sections are the results of the Inductively Coupled Plasma- Emission
Spectroscopy (ICP-ES) data, Atomic Adsorption {AA) data, Inductively Coupled Plasma — Mass Spectroscopy
(ICP-MS) data, lon Chromatography (IC) data, lon Selective Electrode (ISE) data, Total Organic Carbon (TOC)
data, and counting techniques. Also presented below are the weight percent solids, conversion factor for
determining calcined solids, and density determinations of the sludge slurry that was performed in the Shielded
Cells Facility.

4.1 ICP-ES, and AA Resultis for the Combined Sludge Slurry Sample

Presented below in Table 5 are the cation results obtained from the ICP-ES and AA for the dissolved
sludge slurry. The results in Table & are the average of 8 samples {(unless otherwise indicated) and are
in the units of weight percent on a dry basis. The standard deviation and percent relative standard
deviation for each element are provided in parentheses.

Table 5 - Concentration of Elements Detected by ICP-ES and AA in the Combined Sludge Slurry
Sample Presented in Units of Weight Percent

Element Weight Percent *.2 Element Weight Percent 2
Agt 1.85E-02 (+ 8.8E-04,4.8) Mg 1.15E00 (& 3.9E-02, 3.9)
Al 7.66E00 (£ 2.2E-01,2.9) Mn 3.30E00 (£ 1.2E-01,3.5)
Be 5.49E-03 (+ 1.7E-03, 30) Mob 4.61E-03 (= 3.5E-04,7.6)
Bab 4.61E-02 (+ 1.3E-03, 2.7} Nab 5.78E00 (+ 24E-01,4.2)
Ca 2.18E00 (£ 1.1E-01,5.0) Ni 341E-01 (+ 1.4E-02, 4.0)
Cd 1.10E-01 (+ 3.7E-03, 3.4) P 6.55E-01 (+ 1.6E-01, 24)
Cr 1.32E-01 (+ 5.4E-03, 4.1) PbP 7.48E-02 {4 3.8E-03, 5.1)
Cu 2.97E-02 (+ 1.1E-03, 3.8) Sie 1.34E00 (& 1.2E-02, 0.93)
Cod 7.64E-03 (£ 6.3E-04,8.2) Snd 9.60E-03 {+ 7.0E-04,7.3)
Fe 2.15E01 (£ 6.9E-01,3.2) Sre 1.93E-02 (+7.1E-04, 3.7)
Hge.d 8.61E-01 (+4.2E-02,4.9) Tib 1.70E-02 (+ 6.1E-04, 3.6)
Ke.e <5.0E-02 Vb 7.84E-03 (t 6.6E-04, 8.4)
LaP 2.13E-02 (+ 6.3E-04, 3.0) Znd 3.60E-02 (+ 2.1E-03, 5.8)
Lie 6.57E-03 (£ 3.7E-03,5.7) Ay 2.13E-02 (+ 2.2E-03, 11)

" The sludge slurry sample was dried overnight at 115°C in a drying oven. Results are present on a dry total solids basis.
2 Majority of the results are determined by ICP-ES unless otherwise indicated and are the average of eight sample resuilts.
b Average of four results only.

¢ Average of three results only.

4 Results determined by AA method.

¢ Detection Limit of the Instrument.



WSRC-RP-99-00436, Rev. 1
Date: March 8, 2004
Page 15 of 34

The TTR requested estimates for Be, Tl, and Sb. These were not detected. Based on the detection
limits, their concentrations were less than 0.001 wt.% in the dried sludge slurry.

4.2 ICP-MS Results and Counting Data for the Combined Sludge Slurry Sample

Presented in Table 6 are the results for the ICP-MS and counting data for dissolved samples of the dried
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otherwise indicated. The standard deviation and the relative standard deviation are provided in
parentheses. These data will be used as input to determine the reportable radionuclides for Macro Batch

2. Most of the results in Table 6 are from direct ICP-MS analyses of the dried slurry samples dissolved
by aqua regia. The radioactive counting results are from analyses of solutions from both dissolution
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methods For some radionuclides whose concentrations were low, special separation techniques were
necessary in order to detect and analyze these radionuclides. These techniques will now be discussed
for the respective radionuclides.

4.2.1 Separation and Analysis for Pu-241

Pu-241 is a beta emitting Pu isotope that cannot be measured directly in the dissolved sludge
slurry solutions because of its low concentration. Pu-241 has a relatively short haif-life (15
years). Its concentration was determined by isolating Pu from each solution by a
thenoyltrifluoroacteone extraction procedure. The extracted Pu was then analyzed by beta and
alpha counting to determine the ratio of beta activity from Pu-241 to the alpha activity from the
other isotopes of Pu (Pu-238, Pu-239, Pu-240, and Pu-242). In the original dissolution solutions,
the total alpha activity from the Pu isotopes was determined by alpha counting and ICP-MS.
Knowing the total alpha activity from Pu in the solutions resulting from the extraction allows the
concentration of Pu-241 in the original dissolution solutions to be calculated using the beta/alpha
ratio determined in the extracted solution.

4.2.2 Separation and Analyses for Am-243 and Cm-243, Cm-244,
Cm-246 and Cm-247

Am-243, Cm-243, Cm-244, Cm-245, Cm-246 and Cm-247 are neutron activation products
produced in the SRS reactors. These isotopes are difficult to measure because of their low
concentrations in the sludge slurry and the dilutions necessary to get the dissolved slurry
sampies out of the Shielded Cells. These isolopes were not detected directly in any of the
solutions by ICP-MS or any of the radioactive counting techniques. The Analytical
Development Section (ADS) has developed a method for isolating Am and Cm in a dissolved
sludge slurry solution by using a commercially available ion exchange resin. The resulting
solution is then analyzed by gamma spectroscopy for Am-241, Am-243 and Cm-243, aipha
spectroscopy for Cm-244, and ICP-MS for Am-241, Am-243, Cm-244, Cm-245, Cm-246 and
Cm-247. Cm-245 was not detected, but the other isotopes were.
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Table 6 - ICP-MS and Counting Data Results for the Com.bined Sludge Slurry Sample

Element Results " Units* Element Results Units*
C-14 9.91E-08 (+ 5.7E-08, 57) Wt % Ba-137¢ 8.53E-03 (+ 2.9E-04, 3.4) Wt %
Ni-59' 5.92-05 (+ 6.1E-06,10.) Wt. % Cs-1372b 1.84E-04 (+ 5.6E-06, 3.0) Wt. %
Ni-83i 1.63E-05 (& 1.2E-06,7.1) Wi % Ba-138¢ 243E-02 (£ 4.1E-04, 1.7} Wt %

Co-60ab 6.44E-08 (+ 44E-09, 7.1) Wt % La-139 1.63E-02 {+ 5.9E-04, 3.6) Wt %
Sr-86¢ 1.28E-03 (+ 1.3E-04, 10} Wt % Ce-140¢ 6.34E-02 (+ 8.2E-04, 1.3) Wt. %
Sr-87¢ 1.67E-03 {+ 1.1E-04, 6.3) Wi % Pr-141¢ 1.43E-02 (£ 4.4E-04, 3.1) Wt %
Sr-88¢ 1.67E-02 (+ 2.5E-04, 1.5) Wt % Ce-142¢ 2.10E-02 (+ 3.7E-04, 1.8) Wt %
Y-89c 717E-03 {+ 1.8E-04, 2.5) Wt. % Nd-143¢ 1.25E-02 (+3.1E-05, 0.25) Wt %
Sr-g0d 3.10E-03 {+ 7.9E-05, 2.5) Wt. % Nd-144¢ 1.48E-02 (+ 2.4E-04, 1.6) Wt. %

Sr/Zr-90¢ 4.99E-03 (+ 7.6E-04, 15) Wt. % Nd-145¢ 8.90E-03 (+ 1.5E-04,1.7) Wt. %
Zr-91e 2.12E-03 (+ 5.9E-04, 28) Wt % Nd-146¢ 7.44E-03 (+ 2.9E-04, 3.8) Wt. %
Z2r-92 2.23E-03 (= 6.3E-04, 28) Wt % Sm-147¢ 4 45E-03 (+ 8.2E-05, 1.9) Wt. %
2r-93¢ 3.27E-03 (£ 9.9E-04, 30) Wt % Nd-148¢ 4.51E-03 (+ 2.6E-04, 5.8) Wt. %
Zr-94¢ 2.32E-03 (= 5.2E-04, 22) Wt % Sm-14% 2.41E-04 (+ 2.36-05,9.7) Wt. %
Mo-95¢ 2.91E-04 {+ 6.3E-06, 2.2) Wt. % Nd-150¢ 3.85E-03 (+ 1.2E-04, 3.1) Wt. %
Zr-96¢ 2.60E-03 (+ 7.5E-04, 29) Wt % Sm-151¢ 2.40E-04 (+ 2.2E-05, 9.0) Wt. %
Mo-97¢ 3.32E-04 (+ 2.5E-08, 0.007) Wt. % Sm-152¢ 1.20E-03 (+ 6.5E-05, 5.4) Wi %
Mo-98¢ 2.98E-04 (+ 1.4E-05,4.7) Wit.% Eu-154a» 3.89E-06 (+ 1.2E-07, 3.2) Wt. %
Tc-99e 1.10E-03 (£ 6.7E-05, 6.1) wt. % Eu-15520 3.12E-07 (£ 5.1E-08, 16) WL %

Ma-100¢ 4.72E-04 (£ 1.1E-04, 24) Wt. % Th-232¢! 3.10E-01 (x 1.4E-02, 4.6) Wt %

Ru-101¢ 8.72E-03 (£ 5.4E-04,6.2) Wt. % U-233¢9 4.52E-04 {+ 1.8E-05, 4.0) Wt %

Ry-102 8.57E-03 (£ 2.1E-04, 2.5) Wt % U-234¢0 4.65E-04 (£ 4.3E-05, 9.2) Wt. %

Rh-103¢ 4.97E-03 (+ 5.2E-05, 1.0) WL % U-235¢4 1,30E-02 (+ 4.8E-04, 3.7) WL %

Ru-104¢ 4.50E-03 (+ 1.5E-04, 3.2) Wt % U-2362! 1.14E-03 (+ 8.4E-05, 7.4) Wt. %

Pd-105¢ 6.74E-04 (+ 6.9£-05, 10) Wt. % Np-237¢ 1.83E-03 (£ 9.6E-05,5.3) Wt %

Cd-106¢ 1.89E-03 (& 2.2E-04, 12) Wt % U-238¢f 1.92E00 (+ 7.9E-02, 4.1) Wt %

Ag-107¢ 7.24E-03 (+ 1.9E-04, 2.6) Wt % Pu-238¢ 5.81E-04 (+ 4.8E-05, 8.3) Wt %

Cd-108¢ 1.13E-03 (= 1.1E-04, 9.8) Wt. % Pu-23% 7.87E-03 (£ 2.6E-04, 3.3) Wt %

Ag-109¢ 6.74E-03 (+ 2.6E-04, 3.8) Wt % Pu-240¢ 7.82E-04 (£ 7.5E-05, 9.5) Wt. %

Cd-110¢ 1.31E-02 ( 8.7E-04, 5.1) WL % Pu-241i 2.75E-05 (+ 2.9E-06 11) Wt. %

Cd-111¢ 1.31E-02 (= 7.1E-04, 5.4) Wt % Pu-242c 9.41E-05 (+ 1.7E-05, 18) Wit %

Cd-112 2.47E-02 (£ 1.5E-03,6.0) Wt. % Am-241a 1.94E-04 (+ 1.1E-05, 5.1) Wt %

Cd-113¢ 1.20E-02 (£ 7.3E-04, 6.0) Wt % Am-243 2.84E-05 (+ 2.4E-0B, 8.6) Wt %

Cd-114¢ 2.78E-02 (= 1.0E-03, 3.6) Wt % Cm-243 2.72E-07(+ 1.0E-08, 3.8) Wt. %

8b-12522 '2.58E-08 (+ 3.0E-9, 13) Wt % Cm-244i 5.46E-06 (+ 3.3E-07,6.1) WL %
1-127¢ 1.26E-03 (+ 6.0E-05, 4.8) Wi % Cm-24gie 1.32E-05 WL %
1292 6.16E-04 (= 2.1E-04, 34) Wt.% Cm-247ie 2.48E-06 Wt %

Cs-133¢ B8.49E-04 (= 4.9E-05, 7.5) Wt. % Total Alphai 1.16E0Q2 {+ §.5E00, 4.8) uCifg

Ba-134c 9.16E-04 (+ 2.6E-05, 2.8) Wt. % Total Betal 8.06E03 (£ 3.1E02, 3.4) uCilg

Ba-135¢ 9.94E-04 (+ 8.8E-05, 8.8) Wt %

Ba-136° 1.15E-03 (+ 4.6E-05, 4.0) Wt. %

* The sludge slurry was dried overnight at 115°C in a drying aven. All results presented on a dry totat solids basis.

2 Detected by Gamma Scan.

b Average of eight results.
¢ Detecled by ICP-MS.

4 5r-90 Method. Average of four resuits.

e Only one value obtained.

T Average of four results.

9 Average of two results.

A Calculation based on Total Alpha results.

" Special separation technique. See Section 4.2 for explanation.

i Tank 50 Liquid Scintiltation Counting Method.

k Values taken from WSRC-RP-98-01400 [8] and multiplied by sludge
dilution factor of 3.0 to convert from a glass basis to a dry sludge sturry
basis.
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Am-243, Cm-243 and Cm-244 to the Am-241 in that solution and knowing an accurate
concentration of Am-241 in the original sludge slurry solution by gamma counting, the
concentrations of these isotopes in the original sludge slurry solution could be calculated. The
results of the ICP-MS analysis gave the concentrations of Am-241, Am-243, Cm-244, Cm-246
and Cm-247 in the separation solution, Again knowing the ratio of Am-241 in the separation
solution to that in the original sludge slurry solution allowed the concentration of Am-243, Cm-
244, Cm-246 and Cm-247 to be calculated in the original sludge slurry dissolution. The results
for Am-243 by the two methods (gamma counting and ICP-MS) agreed within 4%. The results
for Cm-244 by the two methods (alpha counting and ICP-MS) agreed within 10%. This good
agreement supports the reliability of the analytical method.

4.2.3 Separation and Analysis for C-14

C-14 is a beta emitter with a half life of 5730 years that could have been produced in the SRS
reactors from a neutron-proton displacement reaction with N-14. This reaction involves hitting
N-14 with a neutron so that it releases a proton to form C-14. In order to detect C-14 in the
waste a special separation technique was developed by ADS [9]. In this method samples of
dried sludge slurry were dissolved with HNOs in glass vessels that were inside sealed Teflon
pressure vessels. The Teflon pressure vessels each had a basic solution in the bottom of the
vessel which acted as a capture agent for the carbon dioxide which was generated from the
dissolving the sample. The basic solutions were then transferred from the Shielded Cells and
purified further. The base was acidified and the liberated carbon dioxide was captured in an
amine-based capture agent. The agent was then slurried over into a liquid scintillation cocktail
and analyzed by liquid scintillation analysis. A C-14 spike solution was run through the
process in parailel with the sample and the sampie was run in fripiicate. The C-14 recovery
result from the spike solution was used to correct the sample results for the separation yield.
Based on the concentration of the spike, the C-14 recovery was 25%. A blank was also run in
sequence with the samples. Results for the blank indicated that it contained a negligible
amount of C-14. The liquid scintillation spectra of the three samples clearly indicated the
presence of C-14 based on detection and counting to the characteristic C-14 beta particles that
have an average energy of 0.0495 MeV and a maximum energy of 0.1565 MeV . The spectra
were solely due to C-14 and were clear of any beta activity from other radioactive isotopes.

424 Separation and Analysis for |-129

1-128 is a long lived fission product (1 = 1.6E07 years) that emits beta particles and gamma
rays. 1-129 was not detected by the ICP-MS or gamma counting in the dissolved dried sludge
slurry samples because its concentration was too low. ADS then developed a special
procedure to determine the 1-129 present [10]. Three samples of the dried sludge slurry were
dissolved in presence of a known amount of Kl carrier. The resulting solution was further
treated to remove Cs-137 and actinide elements. The solution was then treated with AgNOs in
order to precipitate the iodide ion as Agl. The precipitate was removed from the Shielded Cells
and counted by gamma spectroscopy to determine the amount of 1-129 present. 1-129 was
detected by its characteristic gamma ray.
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The amount of 1-129 recovered in the dissolution and precipitation processes was determined
by comparing the amount of iodide ion added originally and the amount precipitated. This
analysis was performed by neutron activation. The average and standard deviation of the
three results for I-129 are presented in Table 6. It was determined, however, that the complete
separation of i-129 from the other gamma emitters in the sludge slurry was not achieved.
Consequently, the value in Table 6 may be biased high.

425 Separation and Analysis for Ni-59 and Ni-63

This separation is based on isolation of Ni from the dissolved sludge using a column containing
dimethylglyoxime as an extractant. Details of this technique have been reported [8]. Nickel
was then eluted from the extractant. The Ni-59 was measured by its characteristic x-rays and
Ni-63 by its beta particles. Total Ni in the eluted sample was measured by ICP-ES. This was
compared to the total Ni measured in the dried sludge slurry (see Table 5} to calculate the total
Ni-59 and Ni-63 in the dried slurry.

426 Separation and Analysis for Sn-121m

The fission product Sn-121m with its 55 year half life needs to be considered as a reportable
radionuclide. Its concentration could not be measured in the dried sludge slurry because of its
low concentration in the solids. The concentration of Sn-121m was estimated based on the
measured ratio Sn-121m activity to Sn-126 activity. This ratio was measured on a sample of
HLW salt supernate using a low energy gamma analysis. This analysis was carried out on a
sample of SRS Waste Tank 37 supernate which had been pre-treated to reduce Cs-137 levels.
This pretreatment took enough Cs-137 out supernate so that the radioactive Sn isotopics in this
SRS supernate could be measured using the low energy gamma assay. The Sn-121m activity
was determined from the 37.2 keV gamma ray, and verified from the 26.2 and 29.7 keV x-rays
arising from the decay to Sn-121m to Sb-121. The Sn-126 activity was determined from the 64.3
keV gamma ray, and the 86.94 and 87.57 keV gamma-ray multiplet. From that measurement, an
activity ratio of Sn-121m/Sn-126 was 81.

The experimentally determined activity ratio was then used to calculate the activity of Sn-121m in
the dried slurry by knowing the activity of Sn-126 in the dried slurry. The Sn-126 activity was
calculated from the estimated concentration (wt%) of Sn-126 in the dried slurry. The method for
calculating this estimate is described later in Section 6.1. The concentration of Sn-121m was
then calculated using its activity in the dried slurry.

4.3 Weight Percent Total Solids Determination for the Combined Sludge Slurry Sample

Four 10 mL samples of mixed sludge slurry were pipetted out of the one-liter container and placed into
four labeled platinum crucibles. These platinum crucibles were weighed and then placed into a drying
oven at 115°C overnight. Three 10 mL samples of 15 wt.% NaCl standard solution were also weighed
and dried (in labeled stainless steel beakers) along with the sludge slurry samples to check the
accuracy and precision of the method. All of the samples were removed from the oven and were
allowed to cool for ~5 minutes before they were weighed. The calculated results of the weight percent
solids for the sludge slurry and 15 wt. % NaCl standard solution are presented in Table 7. The results
of the standard solutions showed good reproducibility and good agreement with the known value of the
standard.
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4.4 Factor for Determining Calcined Solids for the Combined Sludge Slurry Sample

The dried siudge siurry from the weight percent solids determination was used for determining the
calcine factor for the sludge slurry. The platinum crucibles containing the dried sludge slurry were first
weighed and then placed into a muffle furnace that had been heated to 650°C. The crucibles were
heated for 15 minutes, removed from the furnace and allowed to cool. The crucibles were weighed and
a calcine conversion factor was calculated.

The calcine conversion factor is used to convert an element in the sludge slurry on a dry basis to a
weight percent calcined solids basis. Once the calcined solids for the sludge slurry have been
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the glass can be completed. The results of the calcine conversion factor are presented in Table 7.
4.5 Density Determinations for the Combined Sludge Slurry Sample

Four density determinations of the combined sludge slurry sample and three density determinations of
a standard were completed in the Shielded Cells Facility. An 8.25 mL heat sealed pipette tip was used

to perform the density measurements. The sealed pipette tip was first weighed and then a mixed
sample of sludge slurry was pipetted into the sealed pipette. The sealed pipette tip with the sludoe
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slurry sample was werghed and a density calculated. The same steps were fol!owed for the standard.
The results of the standard showed good reproducibility and good agreement with the known value.
The results of the combined sludge slurry sample and standard are presented in Table 7.

Table 7. - Weight Percent Total Solid Measurements, Calcined Solids Conversion Factor and
Density Measurements for the Combined Sludge Slurry Sample and the Standards

Type of Determination Average of StDev of % RSD of
Resuits Results Results
Weight Percent Total Solids
of the Sludge Slurry? 18.80 wt. % + 5.50E-02 0.29
Weight Percent Solids of the
NaCl Standard® 1511 wt. % + 1.20E-02 0.08
Calcined Solids Conversion
Factora 8.48E-01 +7.10E-03 0.84
Density of the Sludge 1.10 g/mL +1.41 E-02 1.28
Slurry?
Density of the Standarda. ¢ 1.00 g/mL + 6.8E-03 0.68

a Average of four results
b Average of three results
cSame value as in Table 4.
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4.6  Calculation of Weight Percent Soluble Solids and Weight Percent Insoluble Solids for
the Combined Sludge Siurry Sample

The soluble and insoluble weight percent solids can be calculated by using the following equations [2]
once the weight percent total solids and dissolved solids have been obtained.

Equation 1:  Wis = (Wis - Was)/ (1- Was) [2]

Equation 22 Wiss = Wis. Wis[2]

Was — Weight fraction of dissolved solids (weight of dissolved solids/weight of supernate)
Wis — Weight fraction of total solids (weight of total solids/weight of sludge slurry)

Wis — Weight fraction of insoluble solids {weight of insoluble solids/weight of sludge slurry)
Wss — Weight fraction of soluble solids {weight dissolved solids/weight of sludge slurry)

Substituting the values of the known components

Was = 0.0263
Wi =0.188

Solving Equation 1:
Wis = (0.188 - 0.0263) / (1 - 0.0263}
Wis = 0.166

Converting to weight percent (multiply 100):

Wis = 16.6 wt %

Solving Equation 2:
Wss = Wis- Wis

Wss = 0.188 - 0.166
Wss = 0.022

Converting to weight percent (multiply 100):

Wes =220 Wt. %
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4.7  Calculation of Total Noble Metals Concentrations in Macro Batch 2 (Sludge Batch 1B)
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ors whlle they were operating. Results |nd|cated that there was also natural Ag and natural Cd in the
Macro Batch 2 sludge. The Ag resulted from Ag being used to scavenge fission product iodine when irradiated
reactor fuels and targets were dissolved. Cadmium was used in some reactor targets as a neutron absorber. The
metals Ru, Rh, and Pd were never used in any chemical processes at the site; thus, they resulted in the waste only
from being formed in the reactors by fission of U-235. The total Ru and total Pd in the waste are comprised of more
than one isotope while Rh has only one. The total Ru in the sludge consists of the three nonradioactive isotopes,
Ru-101, Ru-102, and Ru-104. Thus the total Ru concentration is the sum of the concentrations of these three
isotopes measured by the ICP-MS (see Table 6). The single isotope for Rh is Rh-103, The total Pd is comprised of
five isotopes. These are Pd-105, Pd-106, Pd-107, Pd-108, and Pd-110. Of these, only the Pd-107 is radicactive.
Because of natural Ag and also natural Cd being in the Tank 7 sludge, only one Pd isotope, Pd-105, could be
measured in Macro Batch 2 samples. Isotopes of natural Ag and Cd have masses of 106,107,108, and 110 and
thus interfere with the ICP-MS determination of the Pd isotopes at these masses. The concentrations of each of the
isotopes of Pd that could not be measured was calculated by multiplying the measured concentration of Pd-105 by
the ratio of the fission yield for that specific isotope relative to the fission yield for Pd-105. The total Pd is then the
sum of these five concentrations. The total Ag is comprised of isotopes with masses 107 and 109. The total
concentration of Ag is then the sum of the measured concentrations of Ag-107 and Ag-109. The isotopic
distribution of the Ag agreed very well with the distribution for natural Ag. The total concentration of each noble
metal for Macro Batch 2 sludge is given in Table 8.
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Table 8 - Total Noble Metal Concentration in Macro Batch 2 (Sludge Batch 1B)
(Weight Percent based on Total Solids in the Dried Slurry)2

Metal Results
Ru 2.18E-02
Rh 4.97E-03
Pd 1.11E-03
Ag 1.40E-02

aSee Table 6 in Section 4.2 for results of the individual isotopes of the noble metals.

50  FISSION YIELD SCALING FACTOR (FYSF) AND U-235 FISSION PRODUCTS MEASURED IN THE
COMBINED SLUDGE SLURRY SAMPLE

The FYSF is used to estimate concentrations of U-235 fission products that may be reportable but cannot be
detected. In order to calculate the FYSF, as many as possible of the U-235 fission products were measured in
the four sludge slurry samples. The fission products in SRS high level waste primarily result from the fission of U-
235 used in the SRS reactors to make neutrons or of the U-235 in the uranium irradiated to make Pu-239. The
relative amounts (fission yields) of these products occur in a low and a high mass fraction and their yields are well
known from many studies. A compilation of these yields has been published [11]. The measured concentrations
of the low mass fission products measured in the sludge slurry are plotted as solid circles in Figure 1 as a function
of mass number. Results for the high mass fission products appear in Figure 2. All the concentrations in both
Figures were measured by ICP-MS. The solid squares in both Figures are the weight percent concentration for
the fission product of that mass calculated using the FYSF. Determination of this factor for sludge slurry will be
discussed later.
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Assignment of specific isotopes to these mass numbers is done by considering the half lives of the various
radionuclides in the respective isobaric fission chains from fission of U-235. The isotopes in each of these chains
are originally neufron rich immediately after the fission. They then beta decay - increasing in atomic number while
the atomic mass remains constant. In each chain usually the element with the longest half life is assigned to that
mass. These assignments have been discussed in four other publications 1, 12, 13 & 14] where the fission
product concentrations in the sludges in two other SRS waste tanks as well as Tank 51 were measured and
presented in the same format.

Calculation of the fission yield scaling factor will now be discussed. The FYSF is simply a factor that relates the
concentration of a fission product to its fission yield and the atomic mass of the fission product. The atomic mass
has to be included in the equation because fission yields are given in terms of atoms produced per 100 fissions of
U-235 and the FYSF is defined in terms of weight percent. The equation for the concentration is then

Concentration (wt%)=FYSF (fission yield X atomic mass)
Thus the FYSF for each isotope can be calculated from the equation

FY SF=wt%/(fission yield X atomic mass)

For those isotopes that meet following five criteria this factor should be a constant. The isotopes had to have low
solubilities in NaOH and thus occur predominantly in the sludge. They had to have long half lives and thus had
not decayed significantly since the waste was generated. The isotopes had to have low neutron cross sections
and thus were not transmuted in the SRS reactors during their operation. The isotopes could not be formed in the
reactors by neutron absorption. Lastly, the isotopes had to have masses where interferences such as those from
oxides formed in the Ar plasma did not create a problem. Eleven isotopes meet these criteria, These isotopes are
Ru-101, Ru-102, Rh-103, La-139, Pr-141, Nd-143, 144, 145, 146, Sm-147, and Nd-148. Note that isotopes from
both the low mass and high mass fractions of the fission of U-235 are included. The fission yield scaling factor for
each isotope was calculated. The average FYSF based on the eleven isotopes was

1.67E-05+1.9E-06 wt%/(fy-atomic mass) with a 11% RSD.

For the eleven isotopes that meet the above five criteria, the measured concentration agree well with the
calculated as expected for both the low and high masses in Figures 1 and 2. For the other isotopes the
measured concentrations are above or below the calculated concentrations. Those measured concentrations that
are significantly above the scaled fission yields in the Figures indicate that something of this mass had been
added to waste that is in the this tank. For those isotopes that are below, they may be soluble in caustic and be
primarily in the salt tanks at SRS or they may have appreciable thermal neutron cross sections and be
transmuted while being irradiated in the SRS reactors.
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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
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In Figure 1 for the low mass fission products, the disagreement at masses 86, 87, and 88 resulted from natural Sr
in the sludge possibly added as an impurity with the NaOH during processing at SRS. The low concentrations at
masses 90, 91, 92, 94 and 96 have the relative concentrations of isotopes in natural Zr. The concentrations at
masses 95, 97, and 98 foiiow the relative abundances for naiurai Mo rather than fission product Mo. Perhaps
natural Mo had been added to the tank from some processing impurity. The deviations from this curve at masses
106 to 112 are due to natural isotopes of Ag and Cd being present in the waste. Silver results from the silver
saddles that that were used to scavenge radioactive iodine isotopes released when the fuel or targets were

dissolved at SRS. Cadmium was used in some instances in the SRS reactors to shape the neutron energy
spectrum. The Cd was then dissolved with the fuel or target rods and eventually added to the waste.

In Figure 2 for the high mass fission products, the isotopes at masses 136, 137, and 138 correspond to natural
Ba. Pt:mapa a small amount of Ba was added as an impurity with some process chemical. The concentration at
mass 137 is too high to be only the natural Ba. Isotopes at this mass could also be Cs-137 and Ba-137 resulting
from decay of Cs-137 (ti = 30 years). The concentrations at masses 140 and 142 are in proportion to the

abundance of Ce-140 and 142 in natural Ce, again possibly added as an impurity. The concentrations at masses

149 and 151 result from Sm-149 and Sm-151. Their concentrations are lower than the scaled fission \]nolri

because they have been fransmuted in the SRS reactors due to their large isotopic thermal neutron absorption
cross sections. This accounts for the relatively high concentrations of Sm-150 and Sm-152 compared to the
scaled fission yield curve. At masses 153 and above, the concentrations do not agree with the scaled fission
yields due to the confributions of the heavy metal oxides formed in the plasma. For example, 138 BaO* with a
total mass of 154 contributes to the response at this mass and makes the measured concentration at the mass
higher than the predicted concentration of Sm-154. Also, 139 LaO* with a total mass of 155 contributes to the
response at this mass. Finally the measured concentration at mass 104 is slightly above the calculated value,
possibly due to the formation of the 88 SrO+* ion with a mass of 104.

6.0 IDENTIFICATION AND DETERMINATION OF REPORTABLE RADIONUCLIDES FOR
MACRO BATCH 2

In order to determine the reportable radionuclides for Macro Batch 2, a list of radicisotopes that may meet the
criteria as specified by the Department of Energy’s (DOE) Waste Acceptance Product Specification (WAPS)
was developed [4]. All radioactive U-235 fission products and all radioactive activation products that could be in
the SRS HLW were considered. The WAPS states that all “significant’ long-lived radioisotopes must be
quantified for all waste packages that will be stored in a Federal Repository [4]. “Significant” refers to
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 first 1100 years after production. The DWPF's Waste Form
Compiiance Pian (WCF}) has extended the criteria to inciude aii radioisotopes that have a haif-life longer than
10 years and contribute greater than 0.01% of the total radioactivity during the first 1100 years after glass
production [3].

Table 9 presents the list of radioisotopes considered for the determination. The list was derived from the
analysis of the combined sludge slurry, and the estimation of certain radioisotopes (see Section 6.1), that may
be in the sludge slurry but could not be detected by current techniques. Some of the radioisotopes could be
deleted from the listin Table 9 using the previous arguments as established by reference 15. The

nnnnnnnnnnnnnnnnnnn

IdUIUIbUI.U]Jl;"‘: that were deleted from the list and the digumuma that bupIJUIl that decision are presenteo in

Table 10.
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Table 9 - List of Radioisotopes Considered for Macro Batch 2

Radioisotope Radioisotope Radioisotope Radioisotope
C-14a Sn-126b Ac-2274 Pu-241a
Ni-59a I-1280 Th-229¢ Pu-2422
Co-602 Cs-1350 Th-2304 Am-2412
Ni-632 Cs-1370 Pa-2314d Am-242ma
Se-79b La-138b.c Th-232¢ Am-2432
Rb-87b Ce-142bc U-2322 Cm-2432
Sr-g0p Nd-144bc U-2332 Cm-244a
Zr-93p Sm-147bc U-234d Cm-2452

Nb-93mb Sm-148bc U-235¢ Cm-2462
Nb-94a Nd-150Qp.c 1-2362 Cm-2473
Zr-96be Sm-1510 Np-2362 Cm-2482
Tc-99b Eu-152ab Np-2372 Cf-250a

Cd-113bc Eu-154ab U-238¢
Pd-107° Bi-210m¢d Pu-2382

In-115b¢ Pb-210d Pu-2392

Sn-121mp Ra-226¢ Pu-2403

& Activation Product
b Fission Product

¢ Naturally Oqcurring Radicnuclide that Resulted in the Waste from Processing at SRS
9 Decay Product of an Actinide Isotope in SRS Waste

Table 10 - Radioisotopes Not Considered for the Determination of Reportable

Radioisotopes for Macro Batch 2

Radioisotope Radioisotope
Nb-94: Eu-152!
Zr-962 Np-236°
La-1382 U-2324
Ce-1422 Am-242m?3
Nd-1442 Cm-2455
Sm-1472 Cm-248°
Sm-1492

“Nb-94 and Eu-152 are shielded isotopes: the isobaric fission product decay chain for these stops at a stable isotope
before reaching these. They are therefore produced predominately by secondary processes, and are present only in
very small amounts. They have not been observed in the sludge slurry"[15).

£r-96, La-138, Ce-142, Nd-144, Sm-147 and Sm-149 were deleted because their long half -lives (> 1.05E11 years)
make their activities negligible at all times [15].

“No data was available for Np-236 or Am-242m, but these are known to be made in only very small amounts in reactor
irradiations. Np-236 is a minor product of fast neutron spallation; Am-242m can be produced from neutron capture in
Am-241, but has a high cross-section for neutrons and is rapidly removed. Both were neglected” {15).

“U-232is present only in very small amounts and decays rapidly compared to other actinide isotopes that are much
more abundant (It is primarily obtained as a contaminant at a few ppm from the reactor irradiation of Th-232)" [15].
Cm-245 and Cm-248 were deleted from the list due to the inability of the ICP-MS to detect these isotopes (used the
special separation techniques as discussed in Section 4). This indicates the distribution of Cm for Macro Balch 2 is
different than that assumed for Macro Batch 1. However if Cm-245 and Cm-248 are detected during analysis of a
DWPF glass pour stream sample from Macro Batch 2, a revision to this report will be made at that ime. This scenarip
is unlikely due to the Cm isotopes being dituted (factor of 3) by the addition of frit during the vitrification process.
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6.1 Estimation of Se-79, Rb-87, Nb-93m, Pd-107, In-115, Sn-121m, Sn-126, Cs-135,
Th-230 and Cf-250 Concentrations in the Combined Sludge Slurry Sample

Some of the radicisotopes in the sludge slurry can not be detected by available instrumentation for one or more
of the three following reasons:

4 T
I

P U 1
.

he isotopes have low concentrations and can not be detected by analytical instruments as a result o
the dilution of the samples.
2. There is an interference of another isotope at the same mass.

3. The isotope cannot be detected due to its long half-life and thus its low specific activity.

When an isotope fits the one of the three criteria listed above, an estimate of the concentration of the isotopes
must be made by calculating concentrations based on the information available. Presented in Table 11 are the
values estimated for Se-79, Rb-87, Nb-93m, Pd-107, 1-115, Sn-121m, Sn-126, Cs-135, Th-230 and Cf-250 for

the combined sludge slurry sample.

Table 11 - Values Estimated for Se-79, Rb-87, Nb-93m, Pd-107, |-115, Sn-121m,
Sn-126, Cs-135, Th-230 and Cf-250 Concentrations for the Combined Sludge Siurry

Sample Assummu the Sludne Slurru is Annrnxlmatplu 32 Years Old

Element Results Units
Se-792 <5.97E-05 Wt. %
Rb-872 3.74E-03 Wt. %

Nb-93mb 2.28E-08 Wt. %
Pd-107¢ 1.03E-04 Wt. %
In-1152 2.43E-05 Wt.%

Sn-12tm¢ <2.15E-06 Wt.%

Sn-1262 <1.25E-04 Wt. %

Cs-135¢ 6.54E-05 Wt.%
Th-230f 4,70E-08 Wt. %
Cf-2509 2.60E-08 Wt.%

2 Calculated by multiplying the fission yield (a known yield value from the fission of U-235) by the average of the
fission yield scaling factor (FYSF) and the atomic mass of the fission product. The average FYSF is determined
by calculating a FYSF (wt%/(fisson yield X atomic mass) for appropriate low and high mass fission products (See
Section 5.0}, This calculation can give only an upper limit for the concentration. (See discussion in Reference 1.)
° Daughter of decay of Zr-93. Calculated assuming the waste is 32 years out of the reactor.
¢ Calculated by multiplying the measured concentration of Pd-105 by the ratio of fission yields for Pd-105 and
Pd-107

Equation: wi% Pd-105 {(FY Pd-107/Fy-105)
4 Calculated as described in Section 4.2.6 using the measured ratio of Sn-121m activity to the Sn-126 activity and
the upper limit for the weight percent estimated for Sn-128.
¢ The ratio of Cs-135:Cs-137 was used to calculate the amount of Cs-135 in the combined sludge slurry sample.
See the discussion after Table 3 an page 12.
fTh-230 grows into the waste as a decay product of U-234. The concentration was calculated using the
appropriate decay calculation assuming the average age of the waste is 32 years old.
8 Estimated by adding Cm distribution (wt.%) and multiplying by 1.0E-03 as indicated in reference 15.
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6.2 Identification of Reportable Radionuclides

The complete list of radionuclides and their activities that were considered in the determination of
reportabie radionuciides are provided in Tabie 12. For those radionuciides with measured
concentrations, the initial activities were calculated by using the weight percent reported for each
radioisotope (converted to number of atoms), and its half-life by the following equation:

Ag=NgA where: A, = Initial Activity, No = initial number of atoms, and A = 0.693/half-life [16).

Several radionuclides were not included in Table 12 due to their very low concentrations and
insignificant activities. These included Rb-87 {5.97E-03 wt% and a half-life of 4 90E+10 years), Cd-113
(1.20E-02 wit% and a half-life of 9.3E+15 years), In-115 (2.43E-05 wt% and a half-life of 4.40E+15
years), Th-230 {4.70E-08 wt% and a haif-iife of 7.70E+04 years), and Ci-250 {2.60E-08 wt% and a hati-

na
life of 13.08 years).
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Table 12 - List of Radionuclides and Activities used as Input to the Radioactive Decay Calculator.

Radionuclide thries per Beq,.uerels per

Kilogram Kilogram

C-14 4. 41E-06 1.63E+05
Ni-59 4.78E-05 1.77E+06
Co-60 7.27E-04 2.69E+07
Ni-63 8.42E-03 3.12E+08
Se-79 4.16E-05 1.54E+06
Sr-90 4. 24E+00 1.57E+11
Zr-93 8.22E-05 3.04E+06
Tec-99 1.88E-04 6.96E+06
Pd-107 5.30E-07 1.96E+04
Sn-126 1.42E-05 5.27E+05
1-129 1.09E-06 4.02E+04
Cs-135 7.54E-07 2.79E+04
Cs-137 1.59E-01 5.90E+09
Sm-151 6.32E-02 2.34E+09
Eu-154 1.05E-02 3.89E+08
Th-232 3.41E-07 1.26E+04
U-233 4.35E-05 1.61E+06
U-234 2.89E-05 1.07E+06
U-235 2.81E-07 1.04E+04
U-236 7.38E-07 2.73E+04
Np-237 1.29E-05 4. 77E+05
U-238 6.46E-06 2.39E+05
Pu-238 9.95E-02 3.68E+09
Pu-239 4.88E-03 1.81E+08
Pu-240 1.78E-03 6.57E+Q7
Pu-241 2.84E-02 1.05E+09
Am-241 6.65E-03 2.46E+08
Pu-242 3.73E-06 1.38E+05
Am-243 5.65E-05 2.09E+06
Cm-243 1.41E-04 5.20E+06
Cm-244 4. 43E-03 : 1.64E+08
Cm-246 4.05E-05 1.50E+06
Cm-247 2.30E-09 8.51E+01
TOTAL 4.82E+Q0 1.78E+11

The initial activities for 33 isotopes were entered into the “Radioactive Decay Calculator’ [17] and the
results of calculations with time periods 16 years (2015) and 1116 years (3115) are presented in Tables
13 and 14. Those radionuclides that are reportable are indicated by a yes in the reportable column.
Additional calculations were performed for every 200 years up to 1116 years. The results of these
calculations have not been included in this report. Excel spreadsheets were used to calculate the total
activity (Curies/Kilogram of dried sludge slurry) at each time and the percent of the activity that each of
the radionuclides contributed.
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One of the radionuclides (Sn-121m}) is not part of the database within the “Radioactive Decay
Calculator”. Consequently, the calculations for the decay of Sn-121m, with a half-life of 55 years, were
performed separately and then added to the output of the Caiculator for each caicuiation.

The calculations performed by the “Radioactive Decay Calculator” and the calculation for Sn-121m
were verified by R. A. Sigg [18] using a a separate program called “RadDecay for Windows”[19]. A
- comparison between the output of the two programs showed equivaience for ali of the reportable
radionuclides out to 3115.
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Table 13. Activities in Curies/Kilogram of Dried Sludge in Year 2015

Curies

Fraction

Curies

[Ty,
Fracuan

Isotopes per Kg of Activity Reportable
C-14 4.40E-06 | 7.15E-07
Ni-59 478E-05 | 7.77E-06
Co-60 8.87E-05 | 1.44E-05
Ni-63 7.54E-03 | 1.22E-03 yes
Se-79 4.16E-05 | 6.76E-06
Sr-90 2.88E+00 | 4.67E-01 yes
Y-90 2.88E+00 | 4.68E-01
Zr-93 8.22E-05 | 1.34E-05
Nb-93m | 4.37E-05 | 7.11E-06
Tc-99 1.88E-04 | 3.05E-05
Pd-107 | 5.30E-07 | 8.61E-08
Sn-121m | 9.43E-04 | 1.53E-04 yes
Sn-126 | 1.42E-05 | 2.31E-06
Sh-126m | 1.42E-05 | 2.31E-06
Sb-126 | 1.99E-06 | 3.23E-07
-129 1.09E-06 | 1.77E-07
Cs-135 | 7.54E-07 | 1.23E-07
Cs-137 | 1.10E-01 | 1.79E-02 yes
Ba-137m | 1.04E-01 | 1.69E-02
Sm-151 | 5.59E-02 | 9.08E-03 yes
Eu-154 | 2.98E-03 | 4.84E-04
Th-232 | 3.41E-07 | 5.54E-08
Ra-228 | 2.91E-07 | 4.73E-08
Ac-228 | 2.91E-07 | 4.73E-08
Th-228 | 2.867E-07 | 4.34E-08
Ra-224 | 2.67E-07 | 4.34E-08
Rn-220 | 2.67E-07 | 4.34E-08
Po-216 | 2.67E-07 | 4.34E-08
Pb-212 | 2.67E-07 | 4.34E-08
Bi-212 2.67E-07 | 4.34E-08
T1-208 9.60E-08 | 1.56E-08
Po-212 | 1.71E-07 | 2.78E-08
U-233 4 35E-05 | 7.07E-08
- Th-229 | 6.57E-08 | 1.07E-08
Ra-225 | 6.54E-08 | 1.06E-08
Ac-225 | 6.54E-08 | 1.06E-08
Fr-221 6.54E-08 | 1.06E-08
At-217 6.54E-08 | 1.06E-08
Bi-213 6.54E-08 | 1.06E-08
TI-209 1.41E-09 | 2.30E-10
Pb-209 | 6.54E-08 | 1.06E-08
Po-213 | 6.40E-08 | 1.04E-08
U-234 3.31E-05 | 5.38E-06

Isotopes per Kg of Activity Reportable
Th-230 | 4.47E-09 | 7.27E-10
Ra-226 | 1.51E-11 | 2.46E-12
Rn-222 | 1.51E-11 | 2.45E-12
Po-218 | 1.51E-11 | 2.45E-12
Pb-214 | 1.51E-11 | 2.45E-12
Bi-214 | 1.51E-11 | 2.45E-12
Po-214 | 1.51E-11 | 2.45E-12
Pb-210 | 2.20E-12 | 3.57E-13
Bi-210 | 2.19E-12 | 3.55E-13
Po-210 | 1.98E-12 | 3.22E-13
U-235 | 2.81E-07 | 4.57E-08
Th-231 | 2.81E-07 | 4.57E-08
Pa-231 | 8.36E-11 | 1.36E-11
Ac-227 | 1.81E-11 | 2.94E-12
Fr-223 | 2.50E-13 | 4.06E-14
Ra-223 | 1.78E-11 | 2.90E-12
Rn-219 | 1.78E-11 | 2.90E-12
Po-215 | 1.78E-11 | 2.90E-12
Pb-211 | 1.78E-11 | 2.90E-12
Bi-211 | 1.78E-11 | 2.90E-12
TI-207 | 1.78E-11 | 2.89E-12
Th-227 | 1.77E-11 | 2.87E-12
Po-211 | 6.70E-16 | 1.09E-16
U-236 | 7.39E-07 | 1.20E-07
Np-237 | 1.29E-05 | 2.10E-06
Pa-233 | 1.29E-05 | 2.10E-06
U-238 | 6.46E-06 | 1.05E-06
Th-234 | 6.46E-06 | 1.05E-06
Pa-234m | 6.46E-06 | 1.05E-06
Pa-234 | 1.03E-08 | 1.68E-09 | -,
Pu-238 | 8.77E-02 | 1.42E-02 yes
Pu-239 .| 4.89E-03 | 7.94E-04 yes
Pu-240 [ 1.78E-03 | 2.90E-04 yes
Pu-241 | 1.32E-02 | 2.14E-03 yes
Am-241 , 6.98E-03 | 1.13E-03 yes
Pu-242 | 3.73E-06 | 6.06E-07
Am-243 | 5.84E-05 | 9.17E-06
Np-239 | 5.64E-05 | 9.17E-06
Cm-243 | 9.56E-05 | 1.55E-05
Cm-244 | 2.40E-03 | 3.90E-04 yes
Cm-246 | 4.04E-05 | 6.56E-06
Cm-247 | 2.30E-09 | 3.74E-10
Pu-243 | 2.30E-09 | 3.74E-10
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Table 14. Activities in Curies/Kilogram of Dried Sludge in Year 3115

Curies Fraction
Isotopes per Kg of Activity Reportable
C-14 3.85E-06 | 4.56E-04 yes
Ni-59 4.73E-05 | 5.60E-G3 yes
Co-60 1.38E-67 | 1.63E-65
Ni-63 3.71E-06 | 4.40E-04 yes
Se-79 411E-05 | 4.87E-03 yes
Sr-90 7.65E-12 | 9.05E-10
Y-80 7.65E-12 | 9.05E-10
Zr-93 B.22E-05 | 9.72E-03 yes
Nb-93m | 8.22E-05 | 9.72E-03 yes
Tc-99 1.87VE-04 | 2.22E-02 yes
Pd-107 5.30E-07 | 6.27E-05
Sn-121m | 9.02E-10 | 1.07E-07
Sn-126 1.41E-05 | 1.67E-03 yes
Sb-126m | 1.41E-05 | 1.67E-03
Sh-128 1.97E-06 | 2.33E-04
1-129 1.08E-06 | 1.29E-04 yes
Cs-135 7.54E-07 | 8.92E-05
Cs-137 1.17E-12 | 1.39E-10
Ba-137m | 1.11E-12 | 1.31E-10
Sm-151 | 1.17E-05 | 1.39E-03 yes
Eu-154 7.13E-41 | 8.44E-3%
Th-232 3.41E-07 | 4.04E-05
Ra-228 341E-07 | 4.04E-05
Ac-228 3.41E-07 | 4.04E-05
Th-228 3.41E-07 | 4.04E-05
Ra-224 3.41E-07 | 4.04E-05
Rn-220 3.41E-07 | 4.04E-05
Pg-216 3.41E-07 | 4 04E-05
Pb-212 3.41E-07 | 4.04E-05
Bi-212 3.41E-07 | 4.04E-05
TI-208 1.23E-07 | 1.45E-05
Po-212 2.18E-07 | 2.59E-05
u-233 4 34E-05 | 5.13E-03 yes
Th-229 4.34E-06 | 5.14E-04 yes
Ra-225 4 34E-06 | 5.14E-04
Ac-225 4 34E-06 | S5.14E-04
Fr-221 4 34E-06 | 5.14E-04
At-217 4.34E-06 | 5.14E-04
Bi-213 4.34E-06 | 5.14E-04
TI-209 9.38E-08 | 1.11E-05
Pb-208 4.34E-06 | 5.14E-04
Po-213 4 25E-06 | 5.03E-04
U-234 6.44E-05 | 7.63E-03 yes

Curies Fraction
Isotopes per Kg of Activity Reportable
Th-230 | 6.05E-07 | 7.16E-05
Ra-226 | 1.20E-07 | 1.42E-05
Rn-222 | 1.20E-07 | 1.42E-05
Po-218 | 1.20E-07 | 1.42E-05
Ph-214 | 1.20E-07 | 1.42E-05
Bi-214 1.20E-07 | 1.42E-05
Po-214 | 1.20E-07 | 1.42E-05
Ph-210 | 1.13E-07 | 1.34E-05
Bi-210 1.13E-07 | 1.34E-05
Po-210 | 1.13E-07 | 1.34E-05
U-235 2.86E-07 | 3.39E-05
Th-231 | 2.86E-07 | 3.39E-05
Pa-231 | 5.83E-09 | 6.90E-07
Ac-227 | 5.6BE-09 | 6.70E-07
Fr-223 | 7.82E-11 | 8.25E-0S
Ra-223 | 5.66E-09 | 6.70E-07
Rn-219 | 5.66E-09 | 6.70E-07
Po-215 | 5.66E-09 | 6.70E-07
Pb-211 5.66E-09 | 6.70E-07
Bi-211 5.66E-09 | 6.70E-07
TH-207 5.65E-09 | 6.68E-07
Th-227 | 5.53E-09 | 6.55E-07
Po-211 | 2.09E-13 | 2.47E-11
U-236 7.94E-C7 | 9.40E-05
Np-237 | 1.42E-05 | 1.68E-03 yes
Pa-233 | 1.42E-05 | 1.68E-03
U-238 6.46E-06 | 7.65E-04 yes
Th-234 | 6.46E-06 | 7.65E-04
Pa-234m | 6.46E-06 | 7.65E-04
Pa-234 | 1.03E-08 | 1.22E-06
Pu-238 | 1.48E-05 | 1.75E-03 yes
Pu-239 | 4.74E-03 | 5.61E-01 ves
Pu-240 | 1.59E-03 | 1.89E-01 yes
Pu-241 1.34E-25 | 1.50E-23
Am-241 | 1.27E-03 | 1.51E-01 yes
Pu-242 | 3.80E-06 | 4.50E-04 yes
Am-243 | 5.09E-05 | 6.02E-03 yes
Np-239 | 5.09E-05 | 6.02E-03
Cm-243 | 2.31E-16 | 2.74E-14
Cm-244 | 1.26E-21 | 1.49E-19
Cm-246 | 3.44E-05 | 4.07E-03 yes
Cm-247 | 2.30E-09 | 2.72E-07
Pu-243 | 2.30E-09 | 2.72E-07
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Twenty-seven radionucfides have been identified as reportable for DWPF Sludge Batch 1B (Macro
Batch 2) as specified by WAPS 1.2. Consistent with the strategy detailed in the WCP and WQR, each
of these radionuclides has a half-life greater than 10 years and contributes more than 0.01 % of the
radioactivity on a Curie basis at some point from production through the 1100-year period between
2015 and 3115. The 27 reportable radionuclides are:

Table 15 - Reportable Radionuclides in Macro Batch 2 {Sludge Batch 1B)

C-14 Ni-59 - Ni-63 Se-79 Sr-90 Zr-93
Nb-93m Tc-99 Sn-121m Sn-126 1-129 Cs-137
Sm-151 Th-229 U-233 U-234 Np-237 uU-238
Pu-238 Pu-239 Pu-240 Am-241 Pu-241 Pu-242
Am-243 Cm-244 Cm-246

The WCP and WQR require that all of the radionuclides present in the Design Basis glass be
considered as the initial set of reportable radionuclides. For Sludge Batch 1B (Macro Batch 2} all of the
radionuclides in the Design Basis glass are reportable except for three radionuclides: Pd-107, Cs-135,
and Th-230. At no time through the calendar year 3115 did any of these three radionuclides contribute
to more than 0.01 % of the radioactivity on a Curie basis.

Two additional uranium isotopes (U-235 and U-236) must be added to the fist of reportable
radionuclides in order to meset WAPS 1.6. All of the Pu isotopes and other U isotopes (U-233, U-234
and U-238) identified in WAPS 1.6 were already determined to be reportable according to WAPS 1.2.
This brings the total number of reportable radionuclides for Sludge Batch 2 to twenty-nine.

The WQR requires that the relative concentrations of the uranium and plutonium isctopes be provided
from the analysis of each Macro Batch (in this case Sludge Batch 1B) in order to meet the WAPS |IAEA
Safeguards Reporting for HLW Specification (WAPS 1.6). The results are in Table 16.

Table 16 - Uranium Isotopics Macro Batch 2 (Sludge Batch 1B)

Isotope Mass No. % Distribution Wt %
U-233 233 2.34E-02 4.52E-04
U-234 234 2.40E-02 4.65E-04
U-235 235 6.72E-01 1.30E-02
uU-236 236 5.89E-02 1.14E-03
U-238 238 9.92E+01 1.92E+00
Total 1.00E+02 1.94E+Q0
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Table 17 - Plutonium Isotopics Macro Batch 2 (Sludge Batch 1B)

Isotope Mass No. % Distribution Wit
Pu-238 238 6.21E+00 5.81E-04
Pu-239 239 8.41E+01 7.87E-03
Pu-240 240 8.36E+00 7.82E-04
Pu-241 241 2.94E-01 2.75E-05
Pu-242 242 1.01E+00 9.41E-05
Totai 1.00E+02 9.35E-03

| M Wy gy | Pl iy R NoAE S

The total Curie content of ihe dried siudge in the year 2015 is 6.15 Curies/Kilogram. This vaiue is
greater than the 4.63 Curies/Kilogram total represented by the reportable radionuclides in Table 6.
The difference is due to the significant contribution to the activity from radionuclides having half-lives
shorter than 10 years. These radionuclides include Co-60, Y-90, Ba-137m, Pm-147, and Eu-154.

Tha tntal Airia nantant radiiaas ta N ANOE Corac A ibaaramn e 4 o norm e by

1ne {Gia Cune Conenit reduces 0 v.uuwog uum—;arr\nuylanl in the year 3115. This is a reduction oy a

factor of 727 over this 1100 year period.

Conclusions

The composition (radioactive and nonradioactive), density and weight percent solids of DWPF Macro
Batch 2 have heen determined.

The following 27 radioisotopes were identified as being reportable by WAPS 1.2 for Macro Batch 2:
C-14, Ni-59, Ni-63, Se-79, Sr-90, Zr-93, Nb-93m, Tc-99, , Sn-121m, Sn-126, 1-129 Cs-137, Sm-151,
Th-229, U-233, U-234, Np-237, U-238, Pu-238, Pu-239, Pu-240, Pu-241, Am-241, Pu-242, Am-243,
Cm-244, and Cm-246.

Two additional uranium isotopes (U-235 and U-236) must be added to the list of reportable
radionuclides in order to meet WAPS 1.6. This brings the total number of reportable radionuclides to
29.
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