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ABSTRACT 

Savannah River Site (SRS) is currently immobilizing the 
radioactive, caustic, high-level waste sludge in Tank 51 into 

a borosilicate glass for disposal in a geologic repository. 
A requirement for repository acceptance is that SRS report 

the concentrations of certain fission product and actinide 

radionuclides in the glass. This paper presents measurements 

of many of these concentrations in both Tank 51 sludge and 
the final glass. The radionuclides were measured by 
inductively coupled plasma - mass spectrometry and a, p, andy 
counting methods. Examples of the radiorhclides are Sr-90, 

Cs-137, U-238, Pu-239, and Cm-244. Concentrations in the 
glass are 3.1 times lower due to dilution of the sludge with 
a nonradioactive glass forming frit in the vitrification 

process. Results also indicated that in both the sludge and 

glass the relative ccncentrations of the long lived fission 

products insoluble in caustic are in proportion to their 
yields from the fission of U-235 in the SRS reactors. This 
allowed the calculation of a fission yield scaling factor. 
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This factor in addition to the sludge dilution factor can be 

used to estimate concentrations of waste acceptance 
radionuclides that cannot be measured in the glass. Examples 

of these radionuclides are Se-79, Zr-93, and Pd-107. 

INTRODUCTION 

Savannah River Site (SRS) is currently immobilizing its 

radioactive high-level waste (HLW) sludge into a borosilicate 

glass in the Defense Waste Processing Facility (DWPF). This 

glass will eventually be placed in a geologic repository for 

permanent disposal. The J3LW resulted from operations at SRS 
to produce Pu-239 and other special isotopes for the U. S. 

It is stored as caustic sludge slurries or supernates in 

underground steel tanks. In the waste management practices 

at SRS, the sludge slurries and supernates are separated and 

stored in separate tanks. As a result the sludge slurries 
contain those radionuclides that are primarily insoluble in 
caustic, and the supernates contain those that are soluble. 

The main radionuclides in the sludge slurries are Sr-90 and 

actinides. In the supernates, ,the primary radionuclide is 

Cs-137 which has an appreciable solubility in caustic. 

Eventually all the HLW at SRS will be immobilized into a 

borosilicate glass. Currently the DWPF is immobilizing the 

sludge slurry from SRS Tank 51. One of the requirements for 

repository acceptance and final disposal of the glass is that 
SRS report how many Curies of certain fidsion products and 

actinides are in the glass. This specification states that 

the glass producer shall report the amount or concentration 
of each radionuclide in the glass that has a half life longer 

than 10 years and will be present in concentrations greater 

than 0.05 percent of the total radioactivity in Curies out to 
approximately 3000 years.I- The purpose of this specification 
is to provide a radionuclide source term necessary to assess 
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the long term performance of the repository. Examples of 

radionuclides that need to be reported are shown in Table 1. 

All of the radionuclides in Table 1 can be measured in 
Tank 51 sludge and glass except Se-79, Zr-93, and Pd-107. 

This paper reports results of these measurements. The 

principle analytical technique was inductively coupled plasma 

- mass spectrometry. Resuits for many other fission products 
and actinides are also presented. For the fission products, 

the results indicate that for the long lived and stable 

products that are insoluble in caustic, their respective 

concentrations are in proportion to their yields from fission 

of U-235 in the SRS reactors. Lastly, based on this 

information and on the composition of the sludge and glass, a 
method is presented for determining the concentrations of the 

waste acceptance radionuclides that could not be measured in 

the glass (Se-79, Zr-93, and Pd-107). 

EXPERIMENTAL 

G l a s s  Preparation 

In the Shielded Cells of Savannah River Technology Center, 

10 lcg of Tank 51 radioactive sludge (on a d r y  basis) were 
used to demonstrate the DWPF process for vitrification of HLW 
sludge. Details of this campaign have been published.2 The 
sludge was washed to lower its Na content and the washed 
slurry mixed with 19 kg of nonradioactiveFSRS Frit 202 in 

order to make glass. The final slurry (40 wt% solids) was 
fed to a joule heated, remotely operated melter 5n the 

Shielded Cells. The temperature of the melter w a s  1150OC. 
Approximately 31 kg of glass were produced. The sludge for 

the demonstration was fully characterized, which included 

measuring the concentrations of sixty-four radioactive and 

nonradioactive isotopes. The glass produced in the 
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demonstration was also fully characterized, including 

measuring the sixty-four isotopes. 

Sludge and Glass Dissolution Methods 

Samples of both sludge and glass from the demonstration were 

dissolved by two different methods. This ensured that all 
the elements (excluding 0 2 )  could be determined. 

Dissolutions were performed remotely in the Shielded Cells. 
Prior to dissolution, the sludge slurry was dried at 100°C. 

Pieces of the glass were crushed, ground, and then sieved 

through a 200 mesh sieve, The -200 mesh fraction was used 

for the dissolutions. In both dissolution methods, 0.25 

grams of sample were dissolved. Both the sludge and glass 
were dissolved by a Na202 fusion technique. Experience showed 

that this method was best for Si and noble metal fission 

products. For this method, 0.25 grams of sample were mixed 
with 1.5 grams of Na202 and 1 gram of NaOH in a Zr or Ni 

crucible. The mixture was then heated at 6OOOC for 15 

minutes. The fused material was allowed to cool and then 
quantitatively transferred with deionized water toFa<250 mL 
volumetric flask. After the transfer, 25 mL of conc. HNO3 or 

HC1 was added to the flask and then the solution was diluted 

to 250 mL with deionized water. It was found that 20 I& of 

this solution could be removed from the cell without causing 
excess radiation exposure to personnel performing the 
analyses. The samples of sludge were dissolved using aqua 
regia (9 mL of conc. HCL and 3 mL of cond. HN03) that was 

prepared in the cell just prior to use. 
place in a sealed Teflon vessel at 95OC in 2 hours. The 
mixture was allowed to cool, transferred to a 250 mL 

volumetric flask, and diluted with deionized water. Again, 

The dissolution took 

20 mLI were removed from the cell for analyses. The samples 

of glass were dissolved in sealed Teflon vessels using 5 mL 

each of conc. HF and conc. HC1. This mixture was heated at 
100°C for 1 hour, allowed to cool, and then transferred to a 
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250 mL volumetric flask. Five milliliters of conc. HC1 along 
with 40 mL of 0.6M H3B03 were added to the flask. Boric acid 

was used to complex the F- ions. After dilution, 20 mL were 

removed from the cell for analyses. Concurrent with each of 

these dissolutions, a standard glass was dissolved to 
determine if the dissolutions were complete and the resulting 

analyses accurate. In all cases more than 6 aliquots of 

sampie were used for both dissolutions. 

Analytical Methods 

The major nonradioactive elements in the sludge and glass 

were determined by inductively coupled plasma - atomic 
emission spectrometry (ICP-AES). The instrument was modified 
to safely analyze radioactive solutions. The spectrometer 
was an Applied Research Laboratories Model 3580 with a 27 

channel polychromater and a 12 meter Paschen-Runge scanning 
monochromator. The response of the instrument was calibrated 

using NIST traceable standards. Prior to analysis, the 

dissolution solutions from the Shielded Cells were further 

diluted 1OX with 1% HN03 to put the analytes in the ppm 

range. 

Inductively coupled plasma - mass spectrometry (ICP-MS) 
analyses were made using a Fisons/VG PlasmaQuad ICP mass 
spectrometer operated in the scanning mode. This instrument 
was also modified so that radioactive solutions could be 
analyzed. Because we were analyzing for !fission products and 
actinides, special isotopic menus were created and abundances 
set at 100% rather the relying on a natural abundance menu. 
Indium was used as an internal standard and calibrations were 

performed with NIST traceable standards. Prior to analysis, 
the dissolution solutions from the Shielded Cells were 
further diluted with 1% HN03 to put the fission products and 

actinides in the ppb range. Two dilution factors had to be 

used because of the range of concentrations in the solutions. 
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For U-238 a factor of 2000 had to be used. For the others a 

factor of 20 was used. 

Radioactive counting techniques were used to analyze for 
Cs-137, Sr-90, Pu-238, and Am-241. All other radionuclides 

were determined ICP-MS. 

RESULTS AND DISCUSSION 

Major Nonradioactive Composition and the Sludge Dilution 
Factor 

The average concentrations of major nonradioactive elements 

(excluding oxygen) determined in Tank 51 sludge, glass, and 

SRS Frit 202 are given in Table 2. All the elements were 
measured by ICP-AES. The last column of Table 2 gives the 

sludge dilution factor (SDF). This is the factor by which 
the elements specific to the sludge were diluted by the 
addition of the Frit 202 in order to make glass. The 

concentrations in Table 2 for the sludge are averages from 

dissolution of 12 to 24 aliquots of the dried sludge slurry 

or glass. The relative standard deviations of these results 

are given in the Table in parentheses. 

composition in Table 2 is in excellent agreement with earlier 
measurements of that composition.3 When the sludge or glass 
was dissolved and analyzed, a standard glass was dissolved 
and analyzed concurrently as an analytical control check. 

The results for the standard glass were ih excellent 
agreement with the known composition of the glass, indicating 
that the dissolution methods were complete, and that the 
ICP-AES instrument had been calibrated correctly. 

The measured sludge 

Values for the SDF should all be equal if the analyses were 
completely accurate and if the dissolutions were coinplete. 
For the four major elements in the sludge, Fe, Al, Mn, and 
Ca, the average SDF is 3 . 0 7  with a %RSD of 6.8% indicating 
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good agreement. Nickel and phosphorous are specific to the 

sludge stream, but their results gave a lower value for the 

SDF. A possible reason for this may be the poor precision of 
the glass analyses for these two elements. Use of the SDF to 

estimate the concentrations of waste acceptance radionuclides 

that could not be measured in the glass will be discussed 

later. 

Radioactive Composition and the Radionuclide Dilution Factor 

Table 3 gives the radioactive composition of the sludge and 
glass. All the results except Sr-90, Cs-137, Pu-238, Pu-241, 

and Am-241 were determined by ICP-MS. Sr-90 was determined 

by beta counting, Cs-137 and Am-241 by gamma, and PU-238 by 

alpha. 
counting and ICP-MS. The last column of the Table presents 
the radionuclide dilution factor (RDF). This is the factor 
by which each radionuclide is diluted by the addition of 

nonradioactive Frit 202 to the sludge. The concentrations in 
Table 3 are averages of six or more samples of the dried 
sludge or ground glass. Relative percent standard deviations 

ranged from less than 10% for major radionuclides to 32% for 

Pu-241. The lack of precision for  Pu-241 is because it is 

Pu-241 was determined by a combination of gamma 

determined by the difference for the ICP-MS result for mass 

241 and the contribution of Am-241 to that result determined 
by gamma counting. 
accounts for only a small fr.action of the total mass 241 
detected. The most intense radiation fr& the sludge or 
glass is due to Sr-90 and its daughter Y-90. For example, 

the concentration of Sr-90 in the sludge is 100 mCi per 100 
grams of dried sludge. The concentration of Cs-137 is much 
lower (only 6 mCi per 100 grams) because most of the Cs-137 
is not in the sludge slurry but is in the supernate tanks at 

SRS . 

As can be seen in the Table Pu-241 



8 WSRC-MS-97-0011 

All values for the RDF should a 
the SDF since the radionuclides are specific to the sludge 

and the frit is nonradioactive. Values for Sr-90, Cs-137, 

and Am-241 determined by beta of gamma counting are within 
experimental error of 3.1. The value U-238, the major 

isotope determined by ICP-MS also agrees with 3.1. 
of twelve of the other values for the isotopes determined by 
ICP-MS are low suggesting that there may have been a systemic 

bias in determining these concentrations either in the sludge 

or glass. Such a bias could result from a matrix effect on 

the analyses since the actual solutions analyzed for these 

actinides in the ICP-MS were more concentrated than the 

solutions used to analyze for U-238. This is being 

investigated. Use of the RDF for estimating the 
concentrations of waste acceptance radionuclides that could 
not be measured in the glass will be discussed later. 

be equal and should equal 

Ten out 

U-235 Fission Products in Tank 51 Sludge and Glass 

The fission products in SRS HLW primarily result from the 

fission of U-235 used the SRS reactors to make neutrons. 

The concentrations of the low mass fission products measured 
in Tank 51 sludge and glass are plotted 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 except for Cs-137 which was 
determined by gamma counting. 
circles indicate concentrations in the sludge and the solid 
squares indicate concentrations in the glass. It can be seen 

that for most of the isotopes,. the concentrations in the 

glass are lower than those in the sludge by a constant 

factor. The open circles in both Figures are the fission 
yields of the respective isobaric mass chains from U-235 

In both fibres the solid 

fission normalized to the concentration of that respective 
mass in the sludge. This normalization method is discussed 
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below. For the low mass data in Figure 1, data below mass 88 

are not presented because they were unreliable either due to 

the low concentrations of the fission products themselves 

(for example Rb-87) or due to interferences from other 
elements at that respective mass such as the Kr isotopes 

present as impurities in the Ar plasma of the ICP-MS. The 

same argument applies to the high mass data in Figure 2 below 

mass 137. In this case it is the isotopes of the Xe impurity 
in the Ar that hinder accurate determinations. 

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. 

In each chain usually the element with the longest half life 
is assigned to that mass. These assignments have been 

discussed in two other  publication^^^^ where the fission 
product concentrations in the sludges in SRS waste Tank 4 and 
Tank 15 were measured and presented in the same format. 

In both Figure 1 and Figure 2 the lower concentrations in the 

glass. are clearly evident except at masses 90 to 94 and 

masses 139 and 155. In Figure 1 the higher concentrations in 

the glass at masses 90, 91, 92, and 94 are due to isotopes of 
natural Zr which found to be a slight impurity in the Frit 
202. The ion showing the high concentration at mass 93 in 
the glass is unknown at this time. It is thought to be a 
molecular ion resulting from F- ions used to dissolve the 

glass interacting with the plasma systembr the inlet system 
of the mass spectrometer. In Figure 2 for the high mass 
fission products, the response at mass 139 is due to La that 

was added as a tracer to the melter in the Tank 51 
demonstration. The response at mass 155 is due to the Lao+ 
molecular ion formed in the plasma of the ICP-MS.6 All the 

other isotopes in both mass ranges are diluted in the glass. 
The dilution appears to be relatively the same indicating a 
constant sludge or radionuclide dilution factor. 
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The normalization method will now be discussed. 
circles in both figures were calculated based on the known 

fission yields and the measured concentrations in the sludge 

of those U-235 fission products that meet the following five 

criteria. The isotopes selected had to have low solubilities 

in caustic 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 rare earth oxide ions formed 

in the Ar plasma did not create a problem. Table 4 lists the 
eleven isotopes that meet these criteria. Note that isotopes 

from both the low mass and high fractions of the fission of 

U-235 are included. Table 4 presents the known fission 
yields of the isotopes (taken from Reference 7), their 

average concentrations in the sludge, and the fission yield 
scalicg factors (FYSR) calculated by dividing the fission 

yield by the concentration of that respective isotope in the 
sludge, The average calculated FYSF based on the eleven 

isotopes was 2.7303 with a standard deviation of 0.4E03. 

The open 

Except for some striking deviations, the measured 
concentrations in the sludge closely follow the scaled 
fission yields, as expected. In Figure 1r for the low mass 
fission products in the sludge, the disagreement at mass 88 

could result from natural Sr-88 in the sludge possibly added 

as an impurity with the caustic used to neutralize the waste. 

Masses 89 through 94 and mass 96 are formed with nearly equal 

fission yields. Their concentrations are low compared to the 
normalized fission yield curve. Mass 89 is assigned to Y-89 
and mass 90 to a mixture of Sr-90, Y-90 and Zr-90. Masses 91, 

92, 93, 94, and 96 are assigned to the remaining Zr fission 
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product isotopes. The results for all these masses may be 

low due to incomplete dissolution in sludge samples for Y and 

Zr. We are currently investigating the possibility of 
incomplete dissolution. The isotopes assigned to masses 95, 

97, 98, and 100 are Mo fission products. These are soluble 
in caustic as the molybdate anions (MoO4=). Consequently, 

their concentrations are low in the sludge because they have 

been transferred to a supernate tank. The deviations from 

this curve at masses 106 to 112 are due to natural Ag and Cd 

being present in the waste. Silver results from Ag that was 

used to scavenge radioactive iodine isotopes released when 

the fuel was dissolved at SRS. Cadmium was used in certain 
fuel rods in the SRS reactors to shape the neutron energy 

spectrum. The Cd was then dissolved with the fuel rods and 
eventually added to the waste. In Figure 2 for the high mass 

fission products, the concentration at mass 137 is for Cs-137 

determined by gamma counting. It is low compared to the 
normalized fission yield curve because Cs is soluble in 

caustic and most of it has been transferred to a supernate 
tank. The result for mass 138 is high because of natural Ba 

being in the waste, presumably added as an impurity with some 

process chemical. Masses 140 and 142 are assigned to natural 

Ce - again possibly added as an impurity. Masses 149 and 151 
are assigned to Sm isotopes. Their concentrations are low 

because they have been transmuted in the SRS reactors due to 
their large isotopic neutron absorption cross sections. This 
accounts the relatively high concentrations of Sm-150 and Sm- 
152. At masses 153 and above the concentkations do not agree 
with the scaled fission yields due to the contributions of 
the alkaline earth oxides formed in the plasma. for example 
13*BaO+ with a mass of 154 contributes to the response at this 

mass. Since the yields of the fission products are 

accurately known and since the only source of the radioactive 

fission products is predominantly the fission of U-235, the 
concentrations of the other long-lived fission products can 
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be predicted from the data in Figures 1 and 2. For example, 
the concentration of the waste acceptance radionuclide 

Pd-107 (the long lived isotope resulting from the beta decay 

of the 107 isobaric fission chain) could not be determined in 

Tank 51 sludge or glass due to the presence of natural Ag-107 

in the sludge. From the open circles in Figure 1, the 
concentration of Pd-107 is predicted to be 73-04 wt %. 

Use of the SDF or RDF and the FYSF to Estimate Se-79, 
Zr-93, and Pd-107 Concentrations i n  Tank 51 Glass 

Selenium-79 (a fission product required for waste acceptance) 

could not be measured by ICP-MS in the dissolved sludge or 
glass because of its low concentration and the interference 

of natural Br-79 in the HC1 used to dissolve the sludge and 
glass. Since the only source of Se-79 in the waste is the 
fission of U-235, the concentration of Se-79 in the sludge 

can be calculated from its fission yield and the fission 

yield scaling factor of 2.7303. The known fission yield of 
Se-79 is 0.056%.7 (This is more than 1OOX lower than the 

yield for.Sr-90.) The predicted concentration of Se-79 in 

the sludge is then 0.056/2.7303 or 2.1E-05 wt%. This value 

can be considered an upper limit for the concentration of Se- 
79 in Tank 51 sludge. The actual concentration of Se may be 

lower in the sludge if Se is somewhat soluble in caustic and 

some has been transferred to a salt supernate tank with the 
Cs-137. With a SDF or RDF of 3.1, the predicted 
concentration of Se-79 in the glass is 2.513-05/3-07 or 
6-83-06 wt%. Since the calculated concentration in the 
sludge is a maximum, the concentration in the glass is given 

as 26-83-06 wt%. 

The ccncentration of Zr-93 could not be measured in the Tank 
51 glass because of the appearance of the molecular ion at 
mass 93 from the plasma of the ICP-MS (see Figure 1). The 
concentration of Zr-93 in the sludge was 1.1E-03 wt%. Using 
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the SDF or RDF of 3.1, the concentration of Zr-93 in the 
glass would be 1.1E-03/3.1 or 3-63-04 wt%. It has been 

stated earlier that there may have been incomplete 

dissolution of the Zr which accounts for the low 

concentrations shown in Figure 1 for the Zr isotopes. The 

fission yield of Zr-93 is 6.40%.7 Based on a FYSF of 2,7303, 

a concentration of 2.43-03 wt% is predicted for Zr-93. Based 

on this concentration in the slu6ge, the concentration in the 

glass would be 7-73-04 wt%. The possibility of incomplete 

dissolution is being investigated in an attempt to determine 

the reason for the low measured concentration of Zr-93, 

The concentration of Pd-107 in the sludge was estimated to be 

7E-04 wt% using the FYSF. 

would be 2E-04 wt% based on the value of 3.1 for  the SDF and 
RDF . 

The concentration in the glass 
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Table  1. Examples Of Fission Product and Actinide 
Radionuclides That Need To Be Reported 
for Waste Acceptance 

Fission 
Products 

Se-79 
Sr-90 
Zr-93 
Tc-99 
Pd-107 
CS-137 
Sm-151 

Half Life (v) 

3.3E04 
38 
1.5E06 
2.1E05 
6.5EO 
30 
90 

Actinides 

U-234 
Np-237 
Pu-238 
U-238 
Pu-239 
Pu-240 
Pu-241 
Am-141 
Pu-242 
Am-243 
(31-244 

Half Life (v) 

2 5E05 
2.1E06 
88 
4.5E09 
2.4E04 
6.6E03 
14 
4.3302 
3.8E05 
7.4E03 
18 
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Table 2. 

Element 

Fe 
A1 
Mn 
Ca 
P 
Ni 
Na 
Ms 
Si 
Li 
B 

Major Elements (Excluding 0 2 )  in SRS Washed Tank 51 
Sludge, Frit 202, and Final Radioactive Glass, and 
the Sludge Dilution Facto* 

Wt.% in Wt.% in 
Sludaeb- Frit 

28.50 (4.0) - 
8.38(4.3) - 
3.09 (3.8) - 
2.75t3.7) - 
0.60 (8 -5) - 
0.35 (2.9) - 
2.65(6.7) 4.5 
1.43(4.4) 1.2 
0.67(11) 36. 
~ 0 . 0 5  . 3.3 
KO. 05 2.5 

Wt, % in 
Glass 

9.21 (5 -2) 
2.56 (4.9) 
0.98 (7.3) 
0.99 (7-7) 
0 -26 (18) 
0.23 (14) 
6.96 (8.0) 
1.24 (3.9) 
24.50 (3.3) 
2.10 (2.8) 
2.00(1.2) 

Sludge 
Dilution FactorC 

3.09 
3.27 
3.15 
2.78 
2 -30 
1.50 

aRelative standard deviations (percent) are given in the 
parentneses. 

bSludge dried at 100°C 

=Calculated by dividing the concentration of an element in the 
sludge by its respective concentration in the glass. 
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Radioactive Composition of Washed Tank 51 Sludge and 
Final Radioactive Glass, and the Calculated 
Radionulcide Dilution Factor 

Radionuclide 
Wt,% in 
Sluduea 

Wt-% in 
Glass 

Radionuclide 
Dil, Factorb 

Sr-90 
(3-137 
Sm-151 
Th-232c . 
U-233 
iJ-234 
U-235 
U-236C 
Np-237 
PU-238 
U-238 
Pu-239 
FYI-240 
PU-241 
Am-241 
Pu-242 
Am-243 
(31-244 

7.3E-04 
6.7E-05 
7.OE-05 
4.9E-02 
2.5E-04 
3.4E-04 
1.6E-02 
1.3E-03 
1.5E-03 
5.OE-04 
3.OE-00 
7.8E-04 
7.OE-04 
1.9E-05 
2.4E-04 
8.3E-05 
4.4E-05 
1.9E-05 

2.3E-04 
2.2E-05 
3.5E-05 
1.7E-02 
1.2E-04 
1.6E-04 
7.6E-03 
6.1E-04 
4.2E-04 
1.1E-04 
9.7E-01 
2.2E-03 
3.OE-04 
4.2E-06 
7.4E-05 
3.5E-05 
2 -2E-05 
1.1E-05 

3 -2 

2.0 
2.9 
2.1 
2.1 
2.1 
2.1 
3.6 
4.5 
3.1 
3.5 
2 -3 
4.5 
3 -2 
2.4 
2.0 
1.7 

3 - 0  

aSludge dried at 100°C 

bCalculated by dividing the concentration of an element in the 
sludge by its respective concentration in the glass. 

CNot necessary for Waste Acceptance c 
c 



18 WSRC-MS-97-0011 

Table 4. Calculation of the Fission Yield Scaling Factor 
Based on the Concentrations of Eleven U-235 Fission 
Products Measured in Dried Taak 51 Sludge. 

Isotope 

RU-101 
Ru-102 
Rh-103 
Ru-104 
Pd-105 

Nd-143 
Nd-144 
Nd-145 
Nd-146 
311-147 

Pr-141 

Fission 
Yield (%)a 

5.05 
4.19 
3 -12 
1.83 
0.93 
5.82 
5.95 
5.39 
3.93 
2.97 
2.25 

Concentration 
in Dried Sladcre 

1. SE-03 
1.3E-03 
1-43-03 
7 2E-04 
3.6E-04 
2.3E-03 
2.OE-03 
2.3E-03 
1.4E-03 
1.2E-03 
7.3E-04 

Fission Yield 
Scalinu Factor 

3.37303 
3.22303 
2.23303 
2.54303 
2.58303 
2.53303 
2.98303 
2.34303 
2.81E03 
2.48303 
3.07303 

Average = (2.74+0.37)303 

aTaken from Reference 7- 

i 
t 
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Figure 1, Measured concentrations of U-235 low mass fission 
products and stable isotopes of Ag and Cd in Tank 51 sludge 
and glass conrpared to the known fission yields from Ref, 7. 
The fission yields (in percent) have den normalized to the 
measured concentrations in the sludgeby dividing the yield 
by the fission yield scaling factor (EYSF) calculated as 
described in the text, The FYDF was 2,7303 based on the 
measured concentrations of 11 fission products, 
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Figure 2. 
products and La in Tank 51 sludge and 
known fission yields from Ref 7 .  The $ission yields (in 
percent) have been normalized to the measured concentrations 
in the sludge by dividing the yield by the fission yield 
scaling factor (FYSF) calculated as described in the text, 
The FYDF was 2,7303 based on the measured concentrations of 
11 fission productso 

Measured concentrations of U-235 high mass fission 
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