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EXECUTIVE SUMMARY

The primary source of waste solids received into the F Area Tank Farm (FTF) was from
PUREX processing performed to recover uranium and plutonium from irradiated
depleted uranium targets. In contrast, two primary sources of waste solids were received
into the H Area Tank Farm (HTF): a) waste from PUREX processing; and b) waste from
H-modified (HM) processing performed to recover uranium and neptunium from burned
enriched uranium fuel. Due to the differences between the irradiated depleted uranium
targets and the burned enriched uranium fuel, the average compositions of the F and H
Area wastes are markedly different from one another.

Both F and H Area wastes contain significant amounts of iron and aluminum compounds.
However, because the iron content of PUREX waste is higher than that of HM waste, and
the aluminum content of PUREX waste is lower than that of HM waste, the iron to
aluminum ratios of typical FTF waste solids are appreciably higher than those of typical
HTF waste solids. Other constituents present at significantly higher concentrations in the
typical FTF waste solids include uranium, nickel, ruthenium, zinc, silver, cobalt and
copper. In contrast, constituents present at significantly higher concentrations in the
typical HTF waste solids include mercury, thorium, oxalate, and radionuclides U-233,
U-234, U-235, U-236, Pu-238, Pu-242, Cm-244, and Cm-245. Because of the higher
concentrations of Pu-238 in HTF, the long-term concentrations of Th-230 and Ra-226
(from Pu-238 decay) will also be higher in HTF.

The uranium and plutonium distributions of the average FTF waste were found to be
consistent with depleted uranium and weapons grade plutonium, respectively (U-235
comprised 0.3 wt% of the FTF uranium, and Pu-240 comprised 6 wt% of the FTF
plutonium). In contrast, at HTF, U-235 comprised 5 wt% of the uranium, and Pu-240
comprised 17 wt% of the plutonium, consistent with enriched uranium and high burn-up
plutonium.

X-ray diffraction analyses of various FTF and HTF samples indicated that the primary
crystalline compounds of iron in sludge solids are Fe;Os, Fe;04, and FeO(OH), and the
primary crystalline compounds of aluminum are AI(OH); and AIO(OH). Also identified
were carbonate compounds of calcium, magnesium, and sodium; a nitrated sodium
aluminosilicate; and various uranium compounds. Consistent with expectations, oxalate
compounds were identified in solids associated with oxalic acid cleaning operations.

The most likely oxidation states and chemical forms of technetium are assessed in the
context of solubility, since technetium-99 is a key risk driver from an environmental fate
and transport perspective. The primary oxidation state of technetium in SRS sludge
solids is expected to be Tc(IV). In salt waste, the primary oxidation state is expected to
be Tc(VII). The primary form of technetium in sludge is expected to be a hydrated
technetium dioxide, TcO,-xH,0, which is relatively insoluble and likely co-precipitated
with iron. In salt waste solutions, the primary form of technetium is expected to be the
very soluble pertechnetate anion, TcOy .

v



SRNL-STI-2012-00479
Revision 0

The relative differences between the F and H Tank Farm waste provide a basis for
anticipating differences that will occur as constituents of FTF and HTF waste residue
enter the environment over the long-term future. If a constituent is significantly more
dominant in one of the Tank Farms, its long-term environmental contribution will likely
be commensurately higher, assuming the environmental transport conditions of the two
Tank Farms share some commonality. It is in this vein that the information cited in this
document is provided — for use during the generation, assessment, and validation of
Performance Assessment modeling results.
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1.0 Introduction

Approximately thirty-seven million gallons of liquid radioactive waste are currently
stored in the F and H Area Tank Farms at the Savannah River Site.! This waste was
generated through decades of nuclear material processing activities targeting recovery of
U-235, U-238, Np-237, Pu-238, Pu-239, and other key radioisotopes. The F Area Tank
Farm (FTF) contains a total of twenty-two underground storage tanks, of which sixteen
are still active and in use (the others are closed or in preparation for closure). In contrast,
the H Area Tank Farm (HTF) contains a total of twenty-nine underground storage tanks,
of which twenty-eight are still active and in use.

The composition of waste in the F and H Area tanks is a function of the processing
activities, and as such, varies from tank to tank. Furthermore, the waste exists in three
distinct forms — sludge, supernatant, and saltcake — and the proportions of the forms vary
from tank to tank. As a consequence, both the distribution and quantities of waste
constituents in any one storage tank can differ significantly from those of another.
However, certain compositional trends can be projected for any given waste phase, given
knowledge of the processing activities leading to generation of the waste.

Of particular importance from the tank closure perspective is the sludge phase, since it
contains high concentrations of insoluble solids which typically drive the residual
radioactivity that will ultimately remain in a tank after completion of bulk waste removal
and cleaning. Utilizing knowledge of the processing differences impacting the
composition of the sludge, expectations for compositional differences between F and H
Area tank waste residues (after tank cleaning) can be developed. This includes
differences related to distributions of radionuclides, stable constituents, and residue
minerals. Such knowledge provides a basis for anticipating and projecting differences
related to F and H Area environmental constituent fate and transport.

The goal of this document is to provide chemical information regarding F and H Area
nuclear material processing and waste generation to make clear expectations regarding
the relative abundances of stable and radiological constituents in the Tank Farm sludge
solids. Specifically, this document will focus on the primary differences between sludge
solids stored at the F and H Area Tank Farms. Such differences provide a basis
anticipating differences between the F and H Area Tank Farm residual waste solids
remaining after tank closure.

It should be noted that the chemical differences addressed in this document are based on
expectations applicable to the average sludge solids received into FTF and HTF. Given
that compositional waste variations are known to exist, and that the compositions of
waste solids can be changed by mechanical and chemical cleaning operations, the
differences identified in this document are not expected to be representative of any one
individual FTF or HTF waste residue. As such, the results should only be used for
anticipating general chemical trends between typical FTF and HTF waste, not specific
chemical differences between waste residues in individual tanks.
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This document was generated in accordance with the protocols identified in Task
Technical and Quality Assurance Plan (TTQAP) SRNL-STI-2012-00296 (TTQAP for
HTF Performance Assessment Revision 1 Support).

2.0 Objectives

e Summarize F and H Area nuclear materials processing and waste characteristics

e Summarize primary FTF and HTF receipts

e Identify major differences between FTF and HTF waste

e Address mineral phases in FTF and HTF waste solids

e Address impacts of ancillary waste processing operations and chemical tank cleaning
e Address solid/liquid phase technetium partitioning

3.0 Discussion

3.1 F and H Area Nuclear Materials Processing and Waste Characteristics

Tank Farm waste is generated through two primary nuclear material recovery processes:
the PUREX process and the H-modified process.”® A description of each process is
given below.

3.1.1 PUREX

The PUREX process is used to recover uranium and plutonium from irradiated targets or
fuel slugs containing a core of depleted or natural uranium (or slightly enriched uranium,
in some limited cases). The acronym PUREX is taken from the words Plutonium
URanium EXtraction.

In the PUREX process, aluminum cladding surrounding the targets is dissolved in a
solution of sodium hydroxide, with sodium nitrate present to suppress hydrogen
generation. The dejacketed targets/slugs are then dissolved in hot nitric acid solution,
and the resulting digest solution is processed through a clarification process to remove
the aluminum activation product silicon. The principal component of the digest solution
is U-238, with smaller amounts of U-235 and various fission and activation products,
including Pu-239 and Np-237.

The clarified digest solution is chemically adjusted and then processed through a series of
cycles of liquid-liquid extraction, for the purpose of removing and purifying uranium and
plutonium. The digest solution being fed to the first organic extraction cycle is referred
to as the “head end” solution. The organic phase of the liquid-liquid extraction cycle is
comprised of tributylphosphate (TBP) extractant mixed with n-paraffin diluent. The TBP
concentration is typically 30 percent, by volume.
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After organic extraction, the resulting aqueous high activity waste stream (the stream
from which uranium and plutonium were extracted) is processed through anion exchange,
for recovery of neptunium and additional plutonium.

Following completion of the separations, the recovered nuclear materials are converted to
forms conducive to subsequent use: a) UOs; b) Pu metal; and c) NpO,, fabricated into
aluminum clad NpO,-Al targets for Pu-238 production. In contrast, the aqueous waste
streams are prepared for storage through concentration via evaporation, alkalization to pH
> 13 using NaOH (often referred to as neutralization), and subsequent transfer to the
Tank Farm. It is the alkalization step that partitions most of the metals to the solid phase
as metal hydroxides, oxides, or oxyhydroxides. The resulting insoluble metal solids are
referred to as sludge solids. In contrast, the supernatant phase of the waste contains the
soluble metal salts, primarily the sodium salts.

The most dominant metals in the waste stream are iron, aluminum, and uranium, and the
second most dominant metals are sodium, manganese, nickel, calcium, and silicon. The
principal sources of the metals are: a) for iron — use of ferrous sulfamate as a reducing
agent in the organic extractions and the anion exchange separations; b) aluminum — from
the cladding; ¢) uranium — residual target material not recovered during solvent
extraction; d) sodium — from sodium hydroxide and sodium nitrate used for dissolution of
the cladding, and from sodium hydroxide used to alkalize waste prior to storage; ¢)
manganese — from manganese dioxide particles utilized to sorb/remove fission products
from the “head end” solution, and from potassium permanganate used for equipment
decontamination; f) nickel — from use as a bonding agent between the uranium target and
the aluminum cladding; g) calcium — from plutonium scrap recovery; and h) silicon —
from activation of aluminum.

A vast array of radionuclides is present in the waste stream, including the uranium
isotopes associated with the original target, as well as the fission and activation products
generated through irradiation of the target, and the associated decay products. On an
activity basis, the most dominant radionuclides are a function of the time elapsed since
irradiation of the target, due to the range of radionuclide high-lives. For typical SRS
Tank Farm waste (that is currently one to six decades old), the primary activity
contributors are Sr-90 (and its short-lived decay product Y-90) and Cs-137 (and its short
lived decay product Ba-137m). In contrast, on a mass basis, the most dominant
radionuclide is U-238, and the uranium isotope distribution follows that of the target,
which is usually either depleted or natural uranium. In most cases, the plutonium isotope
distribution is consistent with that of weapons grade material. The exceptions are cases
where targets were irradiated for production of higher plutonium isotopes or other
specialty isotopes. On an activity basis, the most dominant plutonium isotope at this
point in time is typically Pu-238.

The PUREX process was performed at both F and H Area Canyon/Recovery Facilities.
As such, PUREX waste was received into both the F and H Area Tank Farms.
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3.1.2 H-modified (HM)

The H-modified (HM) process is similar to the PUREX process, but is tailored for
recovering and separating uranium and neptunium from burned enriched uranium fuel (as
opposed to irradiated depleted or natural uranium targets). The primary differences in the
HM process are the manner that material is dissolved and the criticality safety
requirements associated with the enriched uranium.

In the HM process, the aluminum cladding and the aluminum-uranium fuel alloy are
dissolved simultaneously using a nitric acid solution catalyzed with mercuric nitrate.
(This is considerably different than dissolution in the PUREX process, where aluminum
cladding is dissolved in caustic solution, and target material is subsequently dissolved in
uncatalyzed acid solution).

As in the PUREX process, the digest solution in the HM process is chemically adjusted
and then processed through a series of cycles of liquid-liquid extraction, utilizing TBP
extractant mixed with organic diluent. However, in the HM process, the TBP
concentration used for uranium extraction is significantly lower, typically 7.5% (as
opposed to 30% for PUREX). This lower extractant concentration assures a lower
uranium concentration, which is necessary for nuclear safety control, due to the enriched
U-235.

Following completion of the organic extractions, the purified uranium solution was sent
offsite for conversion to uranium metal, and then recycled for use in fuel tubes. In
contrast, the purified neptunium was concentrated by anion exchange, converted to oxide,
fabricated into aluminum clad NpO,-Al alloy targets and returned to the reactors to
produce Pu-238.

Irradiated neptunium targets were dissolved using a nitric acid solution catalyzed with
mercuric nitrate, just like the approach for dissolving burned uranium fuel. The Np-237
and Pu-238 were then purified and separated by multiple cycles of anion exchange, and
converted to oxides.

Although HM processing was primarily used for uranium fuel and neptunium targets, it
was also used for processing a limited number of Th-232 targets irradiated for U-233
production, and for processing a limited number of other targets producing specialty
isotopes.

Identical to the PUREX aqueous waste streams, the HM aqueous waste streams are
prepared for storage through concentration via evaporation, alkalization to pH > 13 using
NaOH (often referred to as neutralization), and subsequent transfer to the Tank Farm.

The dominant metals in the waste stream are very similar to those of the PUREX process,
with a couple of exceptions. The iron and uranium contents of the HM waste are lower
than those of the PUREX waste due to the lower relative quantities of uranium processed
through HM because of the U-235 enrichment. The aluminum content of the HM waste
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is higher than that of the PUREX waste due to additional aluminum contributed by the U-
Al fuel alloy and the use of aluminum nitrate as a salting agent in the HM process. The
mercury content of the HM waste is significantly higher than that of the PUREX waste
due to its use as a dissolution catalyst in the HM process. The thorium content of Thorex
waste is high. However, due to the relatively small number of Thorex campaigns,
thorium was received into only a few of the Tank Farm tanks, and its concentration in
those tanks is generally low, due to being consolidated with typical
non-thorium-containing waste.

Like the PUREX waste, the HM waste contains a vast array of radionuclides, including
those of the original fuel and targets, as well as those generated through fission,
activation, and decay of the fission and activation products. Consistent with the PUREX
waste, the primary activity contributors in typical Tank Farm HM waste (currently one to
six decades old) are Sr-90 (and its short-lived decay product Y-90) and Cs-137 (and its
short lived decay product Ba-137m). In contrast, on a mass basis, the radionuclides that
dominate include U-235, U-238, Np-237, and Pu-239. In tanks that received thorium
waste, Th-232 is another radionuclide that dominates from the mass perspective. On an
activity basis, the current most dominant plutonium isotope by far is Pu-238.

The HM process was performed solely at the H Area Canyon/Recovery Facility. As such,
HM waste was received solely into the HTF.

3.2 F and H Area Tank Farm Waste Receipts

Tank Farm waste receipt records provide a technical basis for projecting waste
compositions as a function of the corresponding nuclear processing activities. Such
records have been compiled, summarized, and coupled with process knowledge to
estimate the quantities of chemical and radiological constituents comprising the sludge
solids.”"" This information has been captured in SRR’s Sludge 1.5 electronic
spreadsheets,'? and provides compositional breakdowns of the sludge solids of each
waste receipt as a function of the receiving waste tank and the waste receipt date.

Projected quantities of thirty-six metal compounds and thirty-seven radionuclides in each
waste receipt are given in the Sludge 1.5 spreadsheets. The metal compounds that are
addressed include: silver hydroxide (AgOH), aluminum hydroxide (Al(OH)s), barium
sulfate (BaSQy,), calcium phosphate (Ca3(POs),), calcium oxalate (CaC,0y4), calcium
carbonate (CaCOs), calcium fluoride (CaF,), calcium sulfate (CaSOy), cerium hydroxide
(Ce(OH)3), cobalt hydroxide (Co(OH)3), chromium hydroxide (Cr(OH)s), copper
hydroxide (Cu(OH),), iron hydroxide (Fe(OH);), mercuric oxide (HgO), potassium
nitrate (KNO3), lanthanum hydroxide (La(OH)3), magnesium hydroxide (Mg(OH),),
manganese dioxide (MnQO;), sodium sulfate (Na,SO,), sodium phosphate (Na3;PO.,),
sodium chloride (NaCl), sodium fluoride (NaF), sodium iodide (Nal), sodium nitrate
(NaNOs), sodium hydroxide (NaOH), nickel hydroxide (Ni(OH),), lead carbonate
(PbCO:s), lead sulfate (PbSOy), praseodymium hydroxide (Pr(OH)s3), ruthenium dioxide
(Ru0y), silicon dioxide (Si0,), strontium carbonate (SrCOs), thorium dioxide (ThO,),
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uranyl hydroxide (UO,(OH),), zinc hydroxide (Zn(OH),), and zirconyl hydroxide
(ZrO(OH),).

The radionuclides that are addressed include: carbon-14 (C-14), cobalt-60 (Co-60),
nickel-59 (Ni-59), selenium-79 (Se-79), strontium-90 (Sr-90), yttrium-90 (Y-90),
technetium-99 (Tc-99), ruthenium-106 (Ru-106), rhodium-106 (Rh-106), antimony-125
(Sb-125), tin-126 (Sn-126), iodine-129 (I-129), cesium-134 (Cs-134), cesium-135 (Cs-
135), cesium-137 (Cs-137), barium-137 metastable (Ba-137m), cerium-144 (Ce-144),
praseodymium-144 (Pr-144), promethium-147 (Pm-147), europium-154 (Eu-154),
thorium-232 (Th-232), uranium-232 (U-232), uranium-233 (U-233), uranium-234 (U-
234), uranium-235 (U-235), uranium-236 (U-236), uranium-238 (U-238), neptunium-237
(Np-237), plutonium-238 (Pu-238), plutonium-239 (Pu-239), plutonium-240 (Pu-240),
plutonium-241 (Pu-241), plutonium-242 (Pu-242), americium-241 (Am-241), americium-
242 metastable (Am-242m), curium-244 (Cm-244), and curium-245 (Cm-245).

Estimated quantities of the metal compounds in each waste receipt are presented in
Sludge 1.5 spreadsheets in terms of mass, in units of kilograms (kg). In contrast, the
estimated quantities of the radionuclides are given in terms of activity, in units of Curies
(Ci). The radionuclide activities have been adjusted for decay that has occurred from the
time the waste was received. For each tank that has received waste from the canyons,
Sludge 1.5 identifies the history of the waste receipts, specifying the type of waste and
composition of sludge solids associated with each waste receipt. This history identifies
fifteen F Area tanks that received PUREX (P) waste from F-Canyon: Tanks 1-8, 17-19,
26, 33, 34, and 47; and seventeen H Area tanks that received PUREX and/or HM waste
from H-Canyon: Tanks 9-16, 21, 22, 30, 32, 35, 36, 39, 41, and 43. Tank 9 received
PUREX waste only, Tanks 10-14 received a combination of PUREX and HM waste, and
the remaining H Area Canyon receipt tanks received HM waste only. Although the
majority of F and H Area waste receipts were high metal content sludge waste, some of
the receipts were liquid canyon flushes and/or ancillary process discards with negligible
sludge/metal content.

The total quantity of each metal compound and each radionuclide received into a tank
was calculated by summing the contributions of the individual waste receipts. The results
are given in Tables 3-1 to 3-4, with: a) Table 3-1 identifying the total estimated masses of
metal compounds received into each F Area Canyon receipt tank; b) Table 3-2

identifying the total estimated masses of metal compounds received into each H Area
Canyon receipt tank; c¢) Table 3-3 identifying the total estimated activities of
radionuclides received into each F Area Canyon receipt tank; and d) Table 3-4

identifying the total estimated activities of radionuclides received into each H Area
Canyon receipt tank.

Also included in Tables 3-1 and 3-2 are: a) the total mass of each metal compound
received into the Tank Farm (second to last row); b) the total mass of sludge solids
received into the Tank Farm (last column); and c) the percentage of the Tank Farm
sludge mass that is contributed by each metal compound (last row).
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Table 3-1. Estimated Kilograms of Metal Compounds in Sludge Solids (SS) Received into the F Area Waste Tanks

< o < & g o o < @ @ o N o - o N N

Tank # | Receipts S S % g S § % % S S 3 S 3 % e 3 S e

< = & 3 8 S S S 3 8 5 3 £ < 3 g =
1F P 6.9E+01 5.7E+03 1.9E+02 9.0E+01 0.0E+00 1.3E+03 5.9E+01 1.0E+02 1.0E+02 4.0E+00 1.9E+02 6.5E+01 1.6E+04 | 5.5E+01 1.8E+02 5.4E+01 1.4E+02 | 8.2E+03
2F P 3.2E+01 6.4E+02 5.9E+01 3.0E+01 0.0E+00 5.6E+02 2.9E+01 5.4E+01 4.0E+01 2.1E+00 6.4E+01 2.6E+01 | 5.9E+03 1.6E+01 | 8.1E+01 2.2E+01 | 4.1E+01 | 4.9E+03
3F P 7.1E+01 1.6E+03 1.3E+02 6.5E+01 0.0E+00 1.2E+03 6.4E+01 1.2E+02 8.8E+01 | 4.6E+00 1.4E+02 5.7E+01 1.3E+04 | 3.5E+01 1.8E+02 | 4.9E+01 | 9.2E+01 1.3E+04
4F P 4.5E+01 6.7E+03 3.3E+02 1.4E+02 0.0E+00 1.3E+03 3.1E+01 3.1E+01 1.2E+02 1.2E+00 2.9E+02 7.2E+01 2.1E+04 | 9.9E+01 1.4E+02 | 5.6E+01 | 2.4E+02 6.5E+03
5F P 1.1E+02 3.4E+03 2.8E+02 1.3E+02 0.0E+00 2.0E+03 9.2E+01 1.6E+02 1.5E+02 6.2E+00 2.8E+02 9.8E+01 2.4E+04 | 8.0E+01 | 2.8E+02 | 8.2E+01 | 2.0E+02 | 5.5E+03
6F P 1.5E+01 6.3E+03 1.7E+02 6.8E+01 0.0E+00 5.8E+02 8.2E+00 0.0E+00 5.4E+01 0.0E+00 1.4E+02 3.2E+01 1.0E+04 | 5.0E+01 | 5.2E+01 2.5E+01 1.2E+02 2.4E+03
7F P 1.2E+03 8.9E+04 1.2E+03 7.2E+02 0.0E+00 1.9E+04 1.1E+03 2.2E+03 1.2E+03 8.5E+01 1.6E+03 8.3E+02 1.7E+05 2.9E+02 | 3.0E+03 7.3E+02 | 8.4E+02 | 3.1E+04
8F P 4.5E+02 3.8E+04 | 6.3E+02 3.4E+02 0.0E+00 7.3E+03 | 4.1E+02 7.8E+02 5.0E+02 3.0E+01 7.4E+02 3.3E+02 7.2E+04 1.6E+02 1.1E+03 2.9E+02 | 4.4E+02 6.7E+03
17F P 1.7E+03 7.3E+04 1.5E+03 9.2E+02 0.0E+00 2.6E+04 1.6E+03 3.2E+03 1.7E+03 1.2E+02 2.1E+03 1.1E+03 2.3E+05 | 3.3E+02 | 4.2E+03 1.0E+03 | 9.9E+02 | 8.9E+03
18F P 1.9E+03 9.4E+04 1.6E+03 1.0E+03 0.0E+00 2.8E+04 1.7E+03 3.5E+03 1.8E+03 1.3E+02 2.2E+03 1.2E+03 2.5E+05 | 3.6E+02 | 4.5E+03 1.1E+03 1.1E+03 | 9.6E+03
19F P 1.1E+01 | 4.6E+02 9.6E+00 6.0E+00 0.0E+00 1.7E+02 1.1E+01 2.1E+01 1.1E+01 8.0E-01 1.4E+01 7.4E+00 1.5E+03 2.2E+00 | 2.7E+01 6.6E+00 | 6.5E+00 | 5.7E+01
26F P 5.0E+02 | 4.4E+04 | 4.3E+02 2.7E+02 0.0E+00 7.6E+03 | 4.7E+02 9.3E+02 4.9E+02 3.6E+01 6.1E+02 3.3E+02 6.7E+04 | 9.7E+01 1.2E+03 3.0E+02 | 2.9E+02 | 5.3E+03
33F P 4.0E+02 1.2E+04 | 7.9E+02 3.9E+02 0.0E+00 7.0E+03 3.6E+02 6.6E+02 5.1E+02 2.5E+01 8.4E+02 3.3E+02 7.7E+04 | 2.1E+02 1.0E+03 2.8E+02 | 5.6E+02 7.6E+02
34F P 3.3E+01 6.4E+03 3.7E+02 1.5E+02 0.0E+00 1.3E+03 1.8E+01 0.0E+00 1.2E+02 0.0E+00 3.2E+02 7.1E+01 2.2E+04 1.1E+02 1.1E+02 54E+01 | 2.7E+02 | 9.3E+00
A7F P 4.6E+02 3.7E+04 | 4.0E+02 2.5E+02 0.0E+00 7.0E+03 | 4.3E+02 8.6E+02 4.6E+02 3.3E+01 5.6E+02 3.1E+02 6.2E+04 | 8.9E+01 1.1E+03 2.7E+02 | 2.7E+02 | 4.5E+03
Total kg 7.0E+03 | 4.2E+05 8.1E+03 | 4.6E+03 0.0E+00 1.1E+05 6.5E+03 1.3E+04 7.4E+03 | 4.9E+02 1.0E+04 | 4.9E+03 1.0E+06 2.0E+03 1.7E+04 | 4.3E+03 | 5.6E+03 1.1E+05
% of SS 2.9E-01 1.7E+01 3.4E-01 1.9E-01 0.0E+00 | 4.6E+00 2.7E-01 5.2E-01 3.1E-01 2.0E-02 4.2E-01 2.0E-01 | 4.3E+01 8.3E-02 7.1E-01 1.8E-01 2.3E-01 | 4.5E+00

3 3 _ - < ~ - < o N N o - % o~ % Total
Tank # 2 5 2 L = E S 3 3 5 S g Q S e e S o SS
; E = = = = S % 2 2 E & n 5 = § E’ g MI?SS,

1F 0.0E+00 0.0E+00 3.6E+02 0.0E+00 5.9E+00 | 4.9E+02 1.6E+03 5.2E+03 8.9E+01 7.8E+01 5.4E+01 1.7E+02 4.6E+02 | 6.7E+01 0.0E+00 | 7.3E+03 1.2E+02 | 2.3E+02 | 4.9E+04
2F 0.0E+00 0.0E+00 1.8E+02 0.0E+00 3.1E+00 1.8E+02 5.9E+02 1.1E+03 2.1E+01 3.5E+01 2.2E+01 7.1E+01 1.9E+02 | 2.1E+01 0.0E+00 | 7.7E+02 | 4.8E+01 | 9.0E+01 1.6E+04
3F 0.0E+00 0.0E+00 3.9E+02 0.0E+00 6.8E+00 | 4.1E+02 1.3E+03 2.5E+03 | 4.6E+01 7.8E+01 4.9E+01 1.6E+02 4.3E+02 | 4.6E+01 0.0E+00 | 2.4E+03 1.1E+02 | 2.0E+02 | 3.8E+04
4F 0.0E+00 0.0E+00 1.8E+02 0.0E+00 1.8E+00 6.0E+02 2.2E+03 1.1E+04 1.9E+02 5.9E+01 5.6E+01 1.8E+02 4.6E+02 1.1E+02 0.0E+00 1.3E+04 1.1E+02 | 2.7E+02 6.5E+04
S5F 0.0E+00 0.0E+00 5.5E+02 0.0E+00 9.2E+00 7.3E+02 2.5E+03 5.5E+03 1.3E+02 1.2E+02 8.2E+01 2.6E+02 7.0E+02 | 9.8E+01 0.0E+00 | 9.5E+03 1.7E+02 | 3.5E+02 5.8E+04
6F 0.0E+00 0.0E+00 | 4.3E+01 0.0E+00 0.0E+00 2.8E+02 1.1E+03 7.1E+03 1.0E+02 2.2E+01 2.4E+01 7.9E+01 2.0E+02 | 5.7E+01 0.0E+00 | 9.5E+03 | 4.9E+01 1.2E+02 | 3.9E+04
7F 0.0E+00 0.0E+00 6.9E+03 0.0E+00 1.3E+02 5.5E+03 1.7E+04 7.3E+03 1.3E+02 1.3E+03 7.3E+02 2.4E+03 6.5E+03 | 4.4E+02 0.0E+00 | 3.5E+04 1.6E+03 | 2.8E+03 | 4.1E+05
8F 0.0E+00 0.0E+00 2.5E+03 0.0E+00 | 4.5E+01 2.3E+03 7.2E+03 6.9E+03 1.6E+02 4.8E+02 2.9E+02 9.2E+02 2.5E+03 | 2.2E+02 0.0E+00 | 2.6E+04 | 6.3E+02 1.1E+03 1.8E+05
17F 0.0E+00 | 0.0E+00 | 9.9E+03 | 0.0E+00 | 1.8E+02 | 7.5E+03 | 2.2E+04 | 0.0E+00 | 0.0E+00 | 1.8E+03 | 1.0E+03 | 3.3E+03 | 9.0E+03 | 5.4E+02 | 0.0E+00 | 1.6E+04 | 2.3E+03 | 3.8E+03 | 4.4E+05
18F 0.0E+00 | 0.0E+00 | 1.1E+04 | 0.0E+00 | 2.0E+02 | 8.2E+03 | 2.4E+04 | 0.0E+00 | 0.0E+00 | 2.0E+03 | 1.1E+03 | 3.5E+03 | 9.8E+03 | 5.9E+02 | 0.0E+00 | 2.0E+04 | 2.4E+03 | 4.2E+03 | 4.9E+05
19F 0.0E+00 0.0E+00 6.5E+01 0.0E+00 1.2E+00 | 4.9E+01 1.5E+02 | 0.0E+00 0.0E+00 1.2E+01 6.6E+00 2.1E+01 5.9E+01 | 3.5E+00 | 0.0E+00 | 7.0E+01 1.5E+01 | 2.5E+01 | 2.8E+03
26F 0.0E+00 | 0.0E+00 | 2.9E+03 | 0.0E+00 | 5.4E+01 | 2.2E+03 | 6.6E+03 | 0.0E+00 | 0.0E+00 | 5.3E+02 | 3.0E+02 | 9.5E+02 | 2.6E+03 | 1.6E+02 | 0.0E+00 | 1.2E+04 | 6.6E+02 | 1.1E+03 | 1.6E+05
33F 0.0E+00 0.0E+00 2.2E+03 0.0E+00 3.8E+01 2.4E+03 7.7E+03 6.6E+03 2.9E+02 4.4E+02 2.8E+02 9.0E+02 2.4E+03 2.8E+02 0.0E+00 1.2E+05 6.1E+02 1.1E+03 | 2.5E+05
34F 0.0E+00 0.0E+00 9.5E+01 0.0E+00 0.0E+00 6.2E+02 2.3E+03 1.0E+04 2.3E+02 4.9E+01 5.4E+01 1.7E+02 4.4E+02 1.3E+02 0.0E+00 | 3.1E+04 1.1E+02 | 2.7E+02 7.7E+04
ATF 0.0E+00 0.0E+00 2.7E+03 0.0E+00 | 4.9E+01 2.0E+03 6.0E+03 | 0.0E+00 0.0E+00 4.9E+02 2.7E+02 8.8E+02 2.4E+03 1.5E+02 0.0E+00 | 5.6E+03 6.1E+02 1.0E+03 1.4E+05
Totalkg | 0.0E+00 | 0.0E+00 | 4.0E+04 | 0.0E+00 | 7.2E+02 | 3.3E+04 | 1.0E+05 | 6.3E+04 | 1.4E+03 | 7.4E+03 | 4.3E+03 | 1.4E+04 | 3.8E+04 | 2.9E+03 | 0.0E+00 | 3.1E+05 | 9.6E+03 | 1.7E+04 | 2.4E+06
% of SS 0.0E+00 0.0E+00 1.7E+00 0.0E+00 3.0E-02 1.4E+00 | 4.3E+00 2.6E+00 5.8E-02 3.1E-01 1.8E-01 5.8E-01 1.6E+00 1.2E-01 0.0E+00 1.3E+01 4.0E-01 7.0E-01 | 1.0E+02
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Table 3-2. Estimated Kilograms of Metal Compounds in Sludge Solids (SS) Received into the H Area Waste Tanks

. o < & 3 o N < @ o o o o o 2} N4 o

Tank # | Receipts 1= 5 % g S § % 3 5 ) S S S % e S S e

< < a g S o © S 3 3 5 3 K < G =] —
9H P 3.1E+01 6.1E+02 5.6E+01 2.8E+01 0.0E+00 5.3E+02 2.7E+01 5.1E+01 3.8E+01 2.0E+00 6.1E+01 2.5E+01 5.6E+03 1.5E+01 | 7.7E+01 2.1E+01 | 3.9E+01 | 4.5E+03
10H P and HM 5.3E+01 1.3E+03 9.6E+01 | 4.8E+01 0.0E+00 9.1E+02 4. 7E+01 8.8E+01 6.5E+01 3.4E+00 1.0E+02 4.2E+01 | 9.7E+03 2.6E+01 1.3E+02 3.6E+01 | 6.8E+01 1.2E+04
11H P and HM 0.0E+00 1.1E+05 | 4.1E+02 2.2E+02 5.2E+03 1.8E+03 | 0.0E+00 0.0E+00 6.0E+02 0.0E+00 6.1E+02 1.3E+02 | 4.3E+04 | 8.1E+03 | 6.1E+02 2.5E+02 | 8.9E+02 7.4E+03
12H P and HM 5.9E+01 7.6E+04 | 3.8E+02 2.4E+02 | 4.4E+03 1.0E+03 5.3E+01 9.9E+01 1.8E+02 3.8E+00 5.8E+02 1.5E+02 | 3.2E+04 | 6.1E+03 | 6.0E+02 1.3E+02 | 6.2E+02 2.3E+04
13H P and HM 0.0E+00 3.1E+04 | 8.4E+02 2.5E+01 6.1E+02 1.6E+04 | 0.0E+00 0.0E+00 4.3E+03 0.0E+00 6.2E+02 1.6E+02 1.7E+05 8.6E+03 | 7.1E+02 1.3E+03 | 2.3E+03 | 3.2E+01
14H P and HM 8.0E+00 | 4.4E+03 1.1E+02 | 4.2E+01 1.3E+02 | 4.8E+02 4.4E+00 0.0E+00 7.8E+01 0.0E+00 9.6E+01 2.2E+01 7.8E+03 3.0E+02 | 4.8E+01 3.0E+01 1.1E+02 7.4E+03
15H HM 0.0E+00 8.6E+04 | 3.0E+02 1.8E+02 | 4.2E+03 7.7E+02 | 0.0E+00 0.0E+00 3.1E+02 0.0E+00 | 4.7E+02 1.0E+02 2.8E+04 | 6.3E+03 | 4.7E+02 1.5E+02 | 6.3E+02 6.6E+03
16H HM 0.0E+00 | 4.1E+04 1.2E+02 | 4.6E+01 1.1E+03 9.6E+02 | 0.0E+00 0.0E+00 2.8E+02 0.0E+00 1.5E+02 3.4E+01 1.5E+04 | 2.0E+03 1.5E+02 9.8E+01 | 2.7E+02 | 3.2E+03
21H HM 0.0E+00 1.5E+03 1.2E+02 5.2E-02 1.3E+00 2.6E+03 | 0.0E+00 0.0E+00 6.7E+02 0.0E+00 | 8.7E+01 2.3E+01 2.6E+04 1.2E+03 1.0E+02 2.0E+02 | 3.5E+02 2.4E+00
22H HM 0.0E+00 | 1.9E+03 | 1.9E+02 | 0.0E+00 | 0.0E+00 | 3.9E+03 | 0.0E+00 | 0.0E+00 1.0E+03 | 0.0E+00 | 1.3E+02 | 3.4E+01 | 3.9E+04 | 1.8E+03 | 1.5E+02 | 3.1E+02 | 5.4E+02 | 0.0E+00
30H HM 0.0E+00 3.3E+02 9.1E-01 6.0E-01 1.4E+01 | 0.0E+00 | 0.0E+00 0.0E+00 3.7E-01 0.0E+00 1.5E+00 3.3E-01 6.8E+01 2.0E+01 1.5E+00 2.9E-01 1.8E+00 | 3.0E+01
32H HM 0.0E+00 6.9E+04 | 5.9E+02 3.7E+02 9.0E+03 5.6E+02 | 0.0E+00 0.0E+00 3.7E+02 0.0E+00 9.7E+02 2.1E+02 | 4.8E+04 1.3E+04 | 9.5E+02 2.3E+02 1.2E+03 | 5.7E+03
35H HM 0.0E+00 | 4.5E+04 | 4.4E+02 2.9E+02 7.0E+03 | 0.0E+00 | 0.0E+00 0.0E+00 1.8E+02 0.0E+00 7.4E+02 1.6E+02 | 3.3E+04 | 9.8E+03 | 7.2E+02 1.4E+02 | 8.8E+02 | 4.6E+03
36H HM 0.0E+00 1.0E+02 2.8E-01 1.8E-01 | 4.4E+00 | 0.0E+00 | 0.0E+00 0.0E+00 1.1E-01 0.0E+00 4.6E-01 1.0E-01 2.1E+01 6.1E+00 4.5E-01 8.9E-02 5.5E-01 7.2E+00
39H HM 0.0E+00 2.7E+04 | 5.7E+02 2.1E+02 5.1E+03 5.1E+03 | 0.0E+00 0.0E+00 1.5E+03 0.0E+00 7.1E+02 1.6E+02 7.6E+04 | 9.5E+03 | 7.2E+02 5.1E+02 1.3E+03 1.9E+04
41H HM 0.0E+00 1.1E+02 8.1E+00 0.0E+00 0.0E+00 1.7E+02 | 0.0E+00 0.0E+00 4.3E+01 0.0E+00 5.7E+00 1.5E+00 1.7E+03 7.8E+01 | 6.6E+00 1.3E+01 | 2.3E+01 | 0.0E+00
43H HM 0.0E+00 3.5E+04 1.9E+02 3.7E+00 8.8E+01 3.8E+03 | 0.0E+00 0.0E+00 1.0E+03 0.0E+00 1.4E+02 3.6E+01 | 4.3E+04 1.9E+03 1.6E+02 3.0E+02 | 5.4E+02 1.1E+02
Total kg 1.5E+02 5.3E+05 | 4.4E+03 1.7E+03 3.7E+04 | 3.9E+04 1.3E+02 2.4E+02 1.1E+04 9.2E+00 5.5E+03 1.3E+03 | 5.7E+05 | 6.8E+04 | 5.6E+03 | 3.7E+03 | 9.8E+03 | 9.3E+04
% of SS 8.9E-03 3.2E+01 2.6E-01 1.0E-01 2.2E+00 2.3E+00 7.9E-03 1.4E-02 6.3E-01 5.5E-04 3.3E-01 7.7E-02 | 3.4E+01 | 4.1E+00 3.3E-01 2.2E-01 5.8E-01 5.6E+00

<« <« _ - o - < o o - % o~ o Total

Tank# | g g g s 5 < S s g 2 s g 8 S g S s s | =
9H 0.0E+00 0.0E+00 1.7E+02 0.0E+00 2.9E+00 1.7E+02 5.6E+02 1.0E+03 2.0E+01 3.3E+01 2.1E+01 6.8E+01 1.8E+02 | 2.0E+01 0.0E+00 1.1E+03 | 4.6E+01 | 8.5E+01 1.5E+04
10H 0.0E+00 0.0E+00 2.9E+02 0.0E+00 5.1E+00 3.0E+02 9.7E+02 2.2E+03 3.4E+01 5.7E+01 3.6E+01 1.2E+02 3.2E+02 | 3.4E+01 0.0E+00 | 2.2E+03 7.9E+01 1.5E+02 | 3.1E+04
11H 7.8E+02 7.1E+01 5.7E+02 5.7E+02 0.0E+00 7.9E+03 | 4.5E+03 | 4.8E+02 2.6E+01 2.5E+02 2.0E+02 7.6E+01 1.1E+04 1.7E+02 6.2E+02 | 9.5E+02 1.2E+02 | 8.2E+02 | 2.1E+05
12H 6.6E+02 6.0E+01 3.3E+02 | 4.8E+02 5.7E+00 6.9E+03 3.8E+03 | 4.0E+03 3.8E+01 8.8E+01 1.3E+02 2.0E+02 9.8E+03 1.7E+02 1.4E+04 | 2.6E+03 1.9E+02 | 6.8E+02 1.9E+05
13H 9.1E+01 8.3E+00 5.2E+03 6.7E+01 0.0E+00 2.2E+03 1.2E+04 8.5E+01 2.3E+02 2.0E+03 8.7E+02 8.9E+00 1.3E+03 1.8E+02 9.6E+02 1.5E+03 1.4E+01 | 2.0E+03 | 2.6E+05
14H 2.0E+01 1.9E+00 7.8E+01 1.5E+01 0.0E+00 3.6E+02 7.7E+02 1.7E+03 5.7E+01 3.4E+01 2.5E+01 4.4E+01 4.0E+02 | 3.6E+01 7.3E+02 | 2.0E+03 2.9E+01 1.0E+02 | 2.7E+04
15H 6.3E+02 5.8E+01 2.4E+02 | 4.6E+02 0.0E+00 6.4E+03 3.2E+03 3.9E+01 1.1E+01 1.2E+02 1.3E+02 6.2E+01 9.2E+03 1.3E+02 1.7E+04 | 5.5E+01 9.5E+01 | 5.9E+02 1.7E+05
16H 1.7E+02 1.5E+01 3.0E+02 1.2E+02 0.0E+00 1.7E+03 1.4E+03 | 0.0E+00 1.4E+01 1.3E+02 7.3E+01 1.6E+01 2.4E+03 | 4.2E+01 5.1E+01 | 2.0E+01 2.5E+01 | 2.4E+02 7.1E+04
21H 1.9E-01 1.7E-02 8.1E+02 1.4E-01 0.0E+00 2.0E+02 1.8E+03 | 0.0E+00 3.6E+01 3.2E+02 1.3E+02 1.8E-02 2.7E+00 2.5E+01 0.0E+00 1.8E+01 2.8E-02 3.0E+02 | 3.6E+04
22H 0.0E+00 | O0.0E+00 | 1.2E+03 | 0.0E+00 | 0.0E+00 | 2.9E+02 | 2.8E+03 | 0.0E+00 | 5.5E+01 | 4.8E+02 | 2.0E+02 | 0.0E+00 | 0.0E+00 | 3.7E+01 | 0.0E+00 | 1.6E+02 | 0.0E+00 | 4.6E+02 | 5.5E+04
30H 2.2E+00 2.0E-01 0.0E+00 1.6E+00 0.0E+00 2.2E+01 9.0E+00 | 0.0E+00 0.0E+00 7.9E-02 2.9E-01 2.1E-01 3.1E+01 4.3E-01 0.0E+00 3.1E-01 3.3E-01 1.7E+00 5.4E+02
32H 1.3E+03 1.2E+02 1.8E+02 9.9E+02 0.0E+00 1.4E+04 | 6.0E+03 1.4E+03 8.0E+00 1.2E+02 2.1E+02 1.3E+02 1.9E+04 2.7E+02 0.0E+00 1.1E+02 2.0E+02 1.1E+03 | 2.0E+05
35H 1.1E+03 9.7E+01 0.0E+00 7.7E+02 0.0E+00 1.1E+04 | 4.4E+03 2.2E+03 0.0E+00 3.8E+01 1.4E+02 1.0E+02 1.5E+04 2.1E+02 0.0E+00 1.5E+02 1.6E+02 | 8.3E+02 1.4E+05
36H 6.6E-01 6.0E-02 0.0E+00 4.8E-01 0.0E+00 6.6E+00 2.7E+00 | 0.0E+00 0.0E+00 2.4E-02 8.9E-02 6.4E-02 9.5E+00 1.3E-01 0.0E+00 3.1E-01 9.9E-02 5.2E-01 1.6E+02
39H 7.6E+02 6.9E+01 1.6E+03 5.6E+02 0.0E+00 8.0E+03 6.9E+03 | 0.0E+00 7.3E+01 6.7E+02 3.7E+02 7.4E+01 1.1E+04 2.0E+02 0.0E+00 | 4.3E+02 1.1E+02 1.2E+03 1.8E+05
41H 0.0E+00 | 0.0E+00 | 5.2E+01 | 0.0E+00 | 0.0E+00 | 1.3E+01 | 1.2E+02 | 0.0E+00 | 2.4E+00 | 2.1E+01 | 8.7E+00 | 0.0E+00 | 0.0E+00 | 1.6E+00 | 0.0E+00 1.9E-01 | 0.0E+00 | 2.0E+01 | 2.4E+03
43H 1.3E+01 1.2E+00 1.2E+03 9.7E+00 0.0E+00 | 4.2E+02 2.8E+03 | 0.0E+00 5.5E+01 4.8E+02 2.0E+02 1.3E+00 1.9E+02 | 3.9E+01 0.0E+00 | 5.6E+01 2.0E+00 | 4.7E+02 | 9.2E+04
Total kg 5.5E+03 5.1E+02 1.2E+04 | 4.0E+03 1.4E+01 5.9E+04 | 5.2E+04 1.3E+04 6.6E+02 4.9E+03 2.7E+03 9.0E+02 8.1E+04 | 1.6E+03 | 3.4E+04 | 1.1E+04 1.1E+03 | 9.1E+03 | 1.7E+06
% of SS 3.3E-01 3.0E-02 7.3E-01 2.4E-01 8.1E-04 | 3.5E+00 3.1E+00 7.8E-01 3.9E-02 2.9E-01 1.6E-01 5.3E-02 4.8E+00 9.3E-02 2.0E+00 6.8E-01 6.4E-02 5.4E-01 | 1.0E+02
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Table 3-3. Estimated Curies of Radionuclides in Sludge Solids (SS) Received into the F Area Waste Tanks (Curies have been adjusted for decay)

Tank # = % % E °o_’ S % § § § § 8. § 5 5 g § § E

© 8 z 3 & > = & £ 8 5 = 8 8 8 2 S & £
1F 5.2E-02 3.3E+02 9.4E+01 6.5E+01 1.9E+06 1.9E+06 1.1E+03 1.8E-07 1.8E-07 8.6E+00 1.2E+02 5.4E-03 4 5E-03 7.6E-01 1.4E+05 1.3E+05 4.4E-11 4.4E-11 1.1E+02
2F 2.9E-02 5.5E+01 3.4E+01 2.3E+01 6.0E+05 6.0E+05 4.0E+02 2.8E-10 2.8E-10 5.8E-01 4.3E+01 1.9E-03 1.6E-04 2.7E-01 4.3E+04 4.1E+04 9.3E-15 9.3E-15 6.9E+00
3F 3.0E-02 7.5E+01 3.5E+01 2.4E+01 6.6E+05 6.6E+05 4.2E+02 2.3E-09 2.3E-09 1.1E+00 4 5E+01 2.0E-03 3.7E-04 2.8E-01 4.7E+04 4 5E+04 1.9E-13 1.9E-13 1.3E+01
4F 3.3E-03 1.7E+03 1.0E+02 7.2E+01 2.7E+06 2.7E+06 1.2E+03 1.9E-03 1.9E-03 2.4E+02 1.3E+02 5.9E-03 4.1E-01 8.3E-01 1.9E+05 1.8E+05 8.1E-06 8.1E-06 3.6E+03
5F 4.4E-02 5.4E+02 9.8E+01 6.9E+01 2.2E+06 2.2E+06 1.2E+03 1.9E-06 1.9E-06 2.2E+01 1.3E+02 5.7E-03 1.5E-02 7.9E-01 1.6E+05 1.5E+05 8.9E-10 8.9E-10 2.9E+02
6F 0.0E+00 8.1E+02 9.3E+01 6.7E+01 2.3E+06 2.3E+06 1.2E+03 1.2E-05 1.2E-05 4.4E+01 1.2E+02 5.5E-03 3.8E-02 7.7E-01 1.6E+05 1.6E+05 1.0E-08 1.0E-08 6.0E+02
7F 6.3E-01 3.8E+02 1.7E+02 9.6E+01 2.7E+06 2.7E+06 1.7E+03 1.4E-07 1.4E-07 8.3E+00 1.8E+02 7.9E-03 4.0E-03 1.1E+00 1.9E+05 1.8E+05 3.6E-11 3.6E-11 1.1E+02
8F 2.0E-01 1.1E+03 1.0E+02 6.7E+01 2.4E+06 2.4E+06 1.2E+03 2.0E-04 2.0E-04 9.7E+01 1.2E+02 5.5E-03 1.2E-01 7.8E-01 1.7E+05 1.6E+05 7.9E-07 7.9E-07 1.4E+03
17F 5.7E-01 5.9E+01 3.4E+01 2.8E+00 1.1E+05 1.1E+05 4.8E+01 1.0E-05 1.0E-05 5.6E+00 5.2E+00 2.3E-04 7.0E-03 3.2E-02 7.5E+03 7.1E+03 2.5E-08 2.5E-08 8.1E+01
18F 6.2E-01 6.4E+01 3.7E+01 3.0E+00 1.2E+05 1.2E+05 5.3E+01 1.2E-05 1.2E-05 6.1E+00 5.6E+00 2.5E-04 7.7E-03 3.5E-02 8.2E+03 7.7E+03 2.7E-08 2.7E-08 8.8E+01
19F 2.1E-03 2.7E-01 1.2E-01 1.0E-02 4.1E+02 4.1E+02 1.7E-01 3.1E-08 3.1E-08 2.6E-02 1.9E-02 8.3E-07 3.2E-05 1.2E-04 2.9E+01 2.7E+01 4.8E-11 4 8E-11 3.8E-01
26F 5.5E-01 3.8E+02 3.2E+01 2.7E+00 1.5E+05 1.5E+05 4.6E+01 6.0E-01 6.0E-01 2.1E+02 4 9E+00 2.2E-04 9.7E-01 3.1E-02 1.0E+04 9.5E+03 6.7E-02 6.7E-02 3.6E+03
33F 1.2E-01 2.3E+04 1.8E+02 1.2E+02 7.0E+06 7.0E+06 2.1E+03 5.9E+01 5.9E+01 1.8E+04 2.3E+02 1.0E-02 9.5E+01 1.4E+00 4.8E+05 4.6E+05 5.2E+00 5.2E+00 3.1E+05
34F 0.0E+00 1.3E+04 1.7E+02 1.2E+02 6.2E+06 6.2E+06 2.1E+03 2.0E+00 2.0E+00 5.6E+03 2.2E+02 9.8E-03 1.9E+01 1.4E+00 4.3E+05 4.1E+05 6.3E-02 6.3E-02 9.1E+04
47F 4.3E-01 2.2E+02 2.5E+01 2.1E+00 1.1E+05 1.1E+05 3.6E+01 1.1E-02 1.1E-02 8.0E+01 3.9E+00 1.7E-04 2.4E-01 2.4E-02 7.6E+03 7.2E+03 1.8E-04 1.8E-04 1.3E+03
Total Ci 3.3E+00 4.2E+04 1.2E+03 7.3E+02 2.9E+07 2.9E+07 1.3E+04 6.2E+01 6.2E+01 2.4E+04 1.4E+03 6.0E-02 1.2E+02 8.5E+00 2.0E+06 1.9E+06 5.3E+00 5.3E+00 4.1E+05
Cilkg SS 1.4E-06 1.8E-02 5.0E-04 3.0E-04 1.2E+01 1.2E+01 5.3E-03 2.6E-05 2.6E-05 1.0E-02 5.7E-04 2.5E-08 4.8E-05 3.5E-06 8.5E-01 8.0E-01 2.2E-06 2.2E-06 1.7E-01
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Tanks | 3 X 3 3 3 8 8 8 5 g g g 5 § | g8 | § g 3 g

i = > > > > > > =3 & & & & & 25 £ g 5 5
1F 2.2E+03 0.0E+00 4.6E-02 0.0E+00 0.0E+00 7.7E-02 0.0E+00 1.9E+00 2.8E+00 2.2E+03 5.8E+02 1.3E+02 5.1E+02 2.7E-02 1.9E+02 8.3E+03 1.0E+01 1.2E+00 1.9E-06
2F 5.1E+02 0.0E+00 1.6E-02 0.0E+00 0.0E+00 8.1E-03 0.0E+00 2.0E-01 2.1E+00 1.4E+03 2.0E+02 4.4E+01 1.3E+02 9.1E-03 6.3E+01 2.9E+03 3.5E+00 3.4E-01 6.6E-07
3F 6.3E+02 0.0E+00 1.7E-02 0.0E+00 0.0E+00 2.5E-02 0.0E+00 6.3E-01 4. 7E+00 2.1E+03 3.0E+02 6.6E+01 2.4E+02 1.4E-02 9.6E+01 3.1E+03 3.7E+00 3.9E-01 6.9E-07
4F 5.7E+03 0.0E+00 5.5E-02 0.0E+00 0.0E+00 7.8E-02 0.0E+00 3.3E+00 3.0E+00 6.1E+02 6.0E+02 1.3E+02 8.1E+02 2.7E-02 1.9E+02 9.7E+03 1.2E+01 1.6E+04 6.9E-01
5F 3.0E+03 0.0E+00 5.0E-02 0.0E+00 0.0E+00 1.0E-01 0.0E+00 2.5E+00 4.2E+00 2.9E+03 4.8E+02 1.2E+02 5.5E+02 3.4E-02 1.8E+02 8.8E+03 1.1E+01 1.4E+00 1.9E-06
6F 3.9E+03 0.0E+00 5.0E-02 0.0E+00 0.0E+00 6.6E-02 0.0E+00 2.5E+00 8.6E-01 0.0E+00 2.5E+02 8.8E+01 7.1E+02 1.7E-01 1.9E+02 8.7E+03 1.1E+01 1.4E+03 1.9E-06
7F 2.8E+03 0.0E+00 7.2E-02 0.0E+00 0.0E+00 3.8E-01 0.0E+00 9.2E+00 8.4E+00 2.1E+04 3.7E+03 8.8E+02 7.2E4+02 2.8E-01 2.9E+02 1.2E+04 1.4E+01 1.6E+00 2.7E-06
8F 4.6E+03 0.0E+00 5.3E-02 0.0E+00 0.0E+00 1.5E-01 0.0E+00 6.9E+00 3.1E+00 9.0E+03 2.0E+03 4. 7E+02 3.2E+03 5.9E-01 5.4E+02 9.7E+03 1.1E+01 1.9E+04 3.4E-01
17F 2.2E+02 0.0E+00 7.5E-03 0.0E+00 0.0E+00 6.8E-02 0.0E+00 4.2E+00 0.0E+00 1.6E+04 2.5E+03 6.5E+02 5.8E+03 9.4E-01 1.1E+03 3.4E+01 0.0E+00 1.2E+04 8.0E-08
18F 2.4E+02 0.0E+00 8.2E-03 0.0E+00 0.0E+00 1.1E-01 0.0E+00 5.2E+00 0.0E+00 1.8E+04 3.2E+03 8.3E+02 6.5E+03 9.7E-01 1.4E+03 3.4E+01 0.0E+00 1.2E+04 8.7E-08
19F 9.4E-01 0.0E+00 2.8E-05 0.0E+00 0.0E+00 2.0E-04 0.0E+00 1.8E-02 0.0E+00 7.6E+01 1.1E+01 2.4E+00 2.0E+02 5.0E-03 3.4E+01 0.0E+00 0.0E+00 3.0E-04 2.9E-10
26F 6.6E+02 0.0E+00 8.3E-03 2.7E-08 8.6E-08 2.5E-02 3.3E-03 3.0E+00 7.9E-03 1.6E+04 2.5E+03 5.7E+02 9.6E+03 1.1E-01 7.0E+02 0.0E+00 0.0E+00 1.3E-01 7.6E-08
33F 3.6E+04 0.0E+00 1.1E-01 5.6E-07 2.1E-02 2.1E-01 1.2E-01 3.1E+01 9.5E+00 1.6E+04 8.5E+03 1.5E+03 3.2E+04 1.1E-01 9.4E+02 2.4E+04 2.2E+01 6.4E+00 3.5E-06
34F 2.6E+04 0.0E+00 1.1E-01 0.0E+00 0.0E+00 1.1E-01 0.0E+00 8.1E+00 6.2E+00 0.0E+00 1.3E+03 2.9E+02 4.3E+03 6.0E-02 3.7E+02 1.5E+05 2.1E+01 5.3E+00 3.4E-06
47F 4 5E+02 0.0E+00 6.4E-03 0.0E+00 0.0E+00 1.9E-02 0.0E+00 1.5E+00 0.0E+00 1.6E+04 2.3E+03 5.1E+02 7.1E+03 1.0E-01 6.6E+02 0.0E+00 0.0E+00 9.3E-02 6.0E-08
Total Ci 8.7E+04 0.0E+00 6.1E-01 5.8E-07 2.1E-02 1.4E+00 1.2E-01 8.0E+01 4 5E+01 1.2E+05 2.8E+04 6.3E+03 7.2E+04 3.5E+00 6.9E+03 2.4E+05 1.2E+02 5.9E+04 1.0E+00
Cilkg SS 3.6E-02 0.0E+00 2.5E-07 2.4E-13 8.8E-09 5.9E-07 5.0E-08 3.3E-05 1.9E-05 5.0E-02 1.2E-02 2.6E-03 3.0E-02 1.4E-06 2.9E-03 9.8E-02 4.9E-05 2.5E-02 4.3E-07
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Table 3-4. Estimated Curies of Radionuclides in Sludge Solids (SS) Received into the H Area Waste Tanks (Curies have been adjusted for decay)

Tank # = “OS % % OO_’ S % § § § § § E § E ‘§ E § E

© 8 = 3 5 > = = & 8 & = 8 8 3 E: 3 & 5
9H 3.1E-02 5.9E+01 3.6E+01 2.5E+01 6.5E+05 6.5E+05 | 4.3E+02 3.0E-10 3.0E-10 6.2E-01 4.6E+01 2.1E-03 1.7E-04 29E-01 | 4.7E+04 | 4.4E+04 9.8E-15 9.8E-15 | 7.4E+00
10H 3.2E-02 6.6E+01 3.7E+01 2.5E+01 6.7E+05 6.7E+05 | 4.4E+02 5.6E-10 5.6E-10 7.7E-01 4. 7E+01 2.1E-03 2.2E-04 3.0E-01 | 4.9E+04 | 4.6E+04 2.4E-14 2.4E-14 | 9.2E+00
11H 2.5E-01 | 4.9E+03 2.8E+02 1.5E+02 6.8E+06 6.8E+06 2.6E+03 2.1E-04 2.1E-04 7.7E+01 1.4E+02 8.9E-03 1.9E+00 1.7E+00 3.8E+05 | 3.6E+05 4.5E-06 4.5E-06 1.8E+03
12H 2.5E-01 | 3.7E+03 | 2.8E+02 | 1.6E+02 | 6.6E+06 | 6.6E+06 | 2.7E+03 9.6E-06 9.6E-06 | 4.0E+01 | 1.6E+02 9.6E-03 6.9E-01 | 1.8E+00 | 3.8E+05 | 3.5E+05 4.0E-08 4.0E-08 | 9.0E+02
13H 4.3E-03 6.9E+02 3.4E+01 2.5E+01 1.2E+06 1.2E+06 | 4.3E+02 4.5E-06 4.5E-06 1.1E+01 2.3E+01 1.5E-03 2.2E-01 2.9E-01 6.5E+04 | 6.1E+04 2.2E-08 2.2E-08 | 2.5E+02
14H 7.8E-03 1.5E+02 | 4.9E+01 3.4E+01 9.9E+05 9.9E+05 5.8E+02 4.4E-09 4.4E-09 1.7E+00 5.8E+01 2.6E-03 2.6E-03 3.9E-01 6.8E+04 | 6.4E+04 1.9E-12 1.9E-12 | 2.2E+01
15H 2.7E-01 3.8E+03 2.9E+02 1.6E+02 7.0E+06 7.0E+06 2.8E+03 2.2E-05 2.2E-05 3.7E+01 1.5E+02 9.5E-03 6.3E-01 1.8E+00 3.9E+05 | 3.7E+05 4.1E-07 4.1E-07 | 8.3E+02
16H 6.5E-02 3.5E+02 7.4E+01 | 4.2E+01 1.5E+06 1.5E+06 7.0E+02 1.8E-08 1.8E-08 1.3E+00 | 3.8E+01 2.4E-03 1.1E-02 4.7E-01 8.4E+04 | 8.0E+04 3.0E-11 3.0E-11 | 2.6E+01
21H 1.0E-04 3.2E+02 5.2E+00 | 4.0E+00 2.3E+05 2.3E+05 6.8E+01 1.3E-04 1.3E-04 1.4E+01 3.7E+00 2.4E-04 5.1E-01 4.6E-02 1.3E+04 1.2E+04 2.9E-06 2.9E-06 | 3.4E+02
22H 0.0E+00 | 4.4E+02 8.8E+00 6.8E+00 3.7E+05 3.7E+05 1.2E+02 9.3E-05 9.3E-05 1.6E+01 6.3E+00 4.0E-04 5.2E-01 7.7E-02 2.0E+04 1.9E+04 1.8E-06 1.8E-06 | 3.8E+02
30H 7.8E-04 1.2E+02 8.6E-01 4.7E-01 3.2E+04 3.2E+04 | 8.0E+00 1.4E-03 1.4E-03 9.9E+00 4.3E-01 2.8E-05 6.4E-01 5.3E-03 1.7E+03 1.6E+03 1.1E-04 1.1E-04 | 2.6E+02
32H 2.4E-01 1.4E+04 | 2.7E+02 1.5E+02 8.1E+06 8.1E+06 2.5E+03 1.1E-01 1.1E-01 7.2E+02 1.4E+02 8.7E-03 4.2E+01 1.7E+00 | 4.5E+05 | 4.2E+05 1.1E-02 1.1E-02 1.9E+04
35H 2.0E-01 1.6E+04 | 2.2E+02 1.2E+02 7.2E+06 7.2E+06 2.1E+03 1.3E-01 1.3E-01 8.3E+02 1.1E+02 7.2E-03 4.6E+01 1.4E+00 | 4.0E+05 | 3.8E+05 1.5E-02 1.5E-02 | 2.2E+04
36H 2.3E-04 1.3E+01 2.6E-01 1.4E-01 7.9E+03 7.9E+03 2.4E+00 2.1E-06 2.1E-06 4.1E-01 1.3E-01 8.3E-06 1.4E-02 1.6E-03 | 4.4E+02 | 4.1E+02 3.1E-08 3.1E-08 1.0E+01
39H 2.4E-01 5.1E+04 | 2.7E+02 1.5E+02 1.0E+07 1.0E+07 2.5E+03 3.5E+01 3.5E+01 7.6E+03 1.3E+02 8.6E-03 8.5E+02 1.7E+00 5.6E+05 | 5.3E+05 2.2E+01 2.2E+01 | 2.2E+05
41H 0.0E+00 1.8E+01 2.1E-01 1.6E-01 9.8E+03 9.8E+03 2.7E+00 2.3E-05 2.3E-05 1.1E+00 1.5E-01 9.4E-06 4.9E-02 1.8E-03 5.4E+02 | 5.1E+02 7.0E-07 7.0E-07 | 2.8E+01
43H 2.0E-02 7.5E+03 3.4E+01 2.2E+01 1.6E+06 1.6E+06 | 3.7E+02 8.9E-01 8.9E-01 9.7E+02 2.0E+01 1.3E-03 8.6E+01 2.5E-01 8.4E+04 | 8.0E+04 1.9E-01 1.9E-01 | 2.7E+04
Total Ci 1.6E+00 1.0E+05 1.9E+03 1.1E+03 5.3E+07 5.3E+07 1.8E+04 | 3.7E+01 3.7E+01 1.0E+04 1.1E+03 6.5E-02 1.0E+03 1.2E+01 3.0E+06 | 2.8E+06 2.3E+01 2.3E+01 | 2.9E+05
Cilkg SS 9.6E-07 6.1E-02 1.1E-03 6.4E-04 3.2E+01 | 3.2E+01 1.1E-02 2.2E-05 2.2E-05 6.2E-03 6.4E-04 3.9E-08 6.1E-04 7.3E-06 1.8E+00 1.7E+00 1.4E-05 1.4E-05 1.7E-01

<~ I ~ o o © © r~ © o o - N cd o c% = el

] [= = = = = = = = a a a a a < < E o Is)
9H 5.5E+02 0.0E+00 1.7E-02 0.0E+00 | 0.0E+00 1.2E-02 0.0E+00 2.9E-01 2.0E+00 4.4E+02 6.2E+01 1.4E+01 4.2E+01 2.9E-03 2.0E+01 | 3.1E+03 | 3.8E+00 3.7E-01 7.1E-07
10H 6.0E+02 0.0E+00 1.8E-02 0.0E+00 | 0.0E+00 2.3E-02 0.0E+00 5.7E-01 4.4E+00 2.2E+03 3.2E+02 7.1E+01 2.3E+02 1.5E-02 1.0E+02 | 3.2E+03 | 3.9E+00 3.9E-01 7.2E-07
11H 4.0E+04 6.0E-02 0.0E+00 8.5E+00 | 3.2E+00 6.7E-02 4.3E-01 2.4E-01 1.8E+00 1.8E+05 2.2E+03 1.3E+03 45E+04 | 2.3E+00 | 8.8E+03 1.2E+04 1.4E+01 3.4E+03 9.2E-03
12H 3.4E+04 1.4E+00 1.3E-02 3.8E+01 | 3.6E+00 6.7E-02 2.8E-01 6.8E-01 7.9E+00 1.3E+05 2.3E+03 1.3E+03 2.3E+04 1.8E+00 | 4.9E+03 1.3E+04 1.5E+01 2.1E+03 8.3E-03
13H 7.0E+03 9.3E-02 0.0E+00 3.2E+01 | 3.9E+00 6.4E-02 4.0E-01 3.8E-01 4.8E+00 1.1E+04 6.8E+01 2.3E+01 3.7E+02 2.2E-02 7.1E+01 1.5E+03 1.7E+00 | 8.9E+00 1.5E-03
14H 1.5E+03 7.1E-02 2.0E-02 2.5E+00 3.4E-01 2.8E-02 2.9E-02 5.3E-01 3.7E+00 1.5E+03 | 4.0E+02 1.3E+02 4.7E+02 2.4E-02 1.7E+02 | 4.0E+03 | 4.9E+00 1.8E+00 3.3E-04
15H 3.6E+04 1.7E+00 0.0E+00 2.0E+01 | 4.3E+00 6.2E-02 4.5E-01 1.7E-03 1.1E+00 6.9E+04 1.1E+03 | 4.9E+02 9.1E+03 6.1E-01 2.5E+03 1.3E+04 1.4E+01 1.3E+03 9.8E-03
16H 5.1E+03 4.9E-03 0.0E+00 8.4E-02 1.3E+00 2.9E-02 7.5E-02 4.1E-04 | 4.2E+00 1.1E+04 7.4E+02 3.8E+02 3.9E+03 4.5E-02 1.5E+03 | 3.1E+03 | 3.5E+00 1.0E+01 2.5E-03
21H 2.2E+03 0.0E+00 0.0E+00 | 0.0E+00 9.3E-01 1.2E-02 2.1E-01 1.8E-03 5.4E-01 5.4E+03 2.1E+00 1.7E+00 9.1E+01 4.2E-03 1.2E+01 | 2.3E+02 2.7E-01 2.0E+00 2.4E-04
22H 3.2E+03 0.0E+00 0.0E+00 | 4.4E+00 1.6E+00 2.4E-02 2.6E-01 3.6E-02 9.7E-01 6.2E+03 0.0E+00 0.0E+00 0.0E+00 | 0.0E+00 | 0.0E+00 | 3.8E+02 4.5E-01 3.1E+00 4.1E-04
30H 4.5E+02 0.0E+00 0.0E+00 | 0.0E+00 1.8E-02 3.2E-04 3.4E-03 1.2E-05 8.2E-03 3.3E+03 3.1E+01 2.2E+01 1.6E+03 5.3E-02 1.3E+02 | 3.8E+01 4.5E-02 3.1E-01 2.8E-05
32H 7.3E+04 | 0.0E+00 0.0E+00 0.0E+00 2.8E+00 4.0E-02 6.2E-01 1.9E-02 1.1E+00 3.8E+05 | 3.5E+03 2.6E+03 1.3E+05 | 5.5E+00 1.7E+04 1.2E+04 1.4E+01 6.9E+01 9.0E-03
35H 7.6E+04 | 0.0E+00 0.0E+00 0.0E+00 2.7E+00 4.7E-02 8.0E-01 2.8E-02 9.8E-01 3.9E+05 3.3E+03 2.5E+03 1.4E+05 | 5.7E+00 1.6E+04 | 9.7E+03 1.2E+01 6.4E+01 7.4E-03
36H 7.3E+01 0.0E+00 0.0E+00 | 0.0E+00 7.3E-03 1.4E-04 2.6E-03 4.6E-05 2.0E-03 5.9E+02 4.9E+00 3.9E+00 1.8E+02 8.4E-03 2.4E+01 1.1E+01 1.3E-02 6.8E-02 8.5E-06
39H 1.6E+05 0.0E+00 0.0E+00 0.0E+00 2.2E+01 3.4E-01 3.7E+00 4.0E-02 1.3E+01 6.0E+05 7.9E+03 | 4.9E+03 4.1E+05 1.0E+01 2.6E+04 1.2E+04 1.4E+01 1.6E+05 1.8E+01
41H 1.1E+02 0.0E+00 0.0E+00 | 0.0E+00 1.2E-02 1.4E-04 3.5E-03 9.8E-06 3.7E-02 1.9E+02 0.0E+00 0.0E+00 0.0E+00 | 0.0E+00 | 0.0E+00 | 9.1E+00 1.1E-02 8.8E-02 9.7E-06
43H 2.5E+04 | 0.0E+00 0.0E+00 0.0E+00 | 3.4E+00 4.7E-02 6.5E-01 3.8E-03 3.6E+00 7.8E+04 | 3.3E+02 2.8E+02 5.1E+04 | 4.1E+00 1.7E+03 1.5E+03 1.8E+00 1.5E+01 1.3E-03
Total Ci 4.6E+05 3.3E+00 6.7E-02 1.1E+02 5.0E+01 8.6E-01 8.0E+00 | 2.8E+00 5.0E+01 1.9E+06 2.2E+04 1.4E+04 8.1E+05 | 3.1E+01 8.0E+04 | 8.8E+04 | 1.0E+02 1.7E+05 1.8E+01
Cilkg SS 2.8E-01 1.9E-06 4.0E-08 6.3E-05 3.0E-05 5.1E-07 4.7E-06 1.7E-06 3.0E-05 1.1E+00 1.3E-02 8.3E-03 4.8E-01 1.8E-05 4.7E-02 5.2E-02 6.1E-05 1.0E-01 1.0E-05
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Also included in Tables 3-3 and 3-4 are: a) the total activity of each radionuclide received
into the Tank Farm (second to last row); and b) the concentration of each radionuclide in
sludge solids, averaged over the entire Tank Farm (last row).

The values in Tables 3-1 to 3-4 provide a basis for identifying chemical and radiological
characteristics of the average sludge solids in the F and H Area tanks. As such, they can
be used to identify general differences and trends between typical FTF sludge solids and
typical HTF sludge solids. Similarly, they provide an indication of general differences to
be expected between residual solids remaining in the F and H Tank Farms following tank
cleaning and closure. However, due to wide variations in the canyon waste streams and
the inherent heterogeneity of sludge in any given waste storage tank, the values in Tables
3-1 to 3-4 should not be considered representative of individual tank waste samples.
Clearly, the composition of solids at any one location in a sludge tank could be
significantly different from the composition at a different location. Still, the values in
Tables 3-1 to 3-4 can provide insight into the relative dominance of constituents in F and
H Area waste.

It should be noted that as sludge is dispositioned to the Defense Waste Processing
Facility (DWPF), it is prepared in Tank 51H, and then subsequently fed to DWPF from
Tank 40H. As a consequence, when Tanks 51H and 40H are ultimately cleaned and
closed, any waste residue remaining in these tanks will likely be a conglomeration of
solids derived from both FTF and HTF source material. Although the impact of the FTF
material will likely be small from the perspective of the entire HTF residual inventory,
there is the expectation that the final residual material in Tanks 51H and 40H will be
reflective of both FTF and HTF waste.

3.2.1 Metals

As shown in Tables 3-1 and 3-2, the total estimated mass of sludge solids received into
the FTF was similar to that of the HTF, approximately two million kilograms. The most
dominant metals at both Tank Farms were iron and aluminum, with iron hydroxide
comprising 43% of the FTF sludge solids versus 34% of the HTF sludge solids, and
aluminum hydroxide comprising 17% of the FTF sludge solids versus 32% of the HTF
sludge solids. Given these differences, the iron to aluminum ratio for average FTF sludge
is expected to be about two and a half times that of average HTF sludge. (Note that the
typical iron to aluminum ratio of “HM only” sludge is lower than that of the average HTF
sludge, which contains a combination of PUREX and HM sludge solids).

The third most dominant metal received into FTF was uranium, with uranyl hydroxide
comprising 13% of the FTF sludge solids. In contrast, the uranyl hydroxide content of
the HTF sludge solids is only about 0.7%, a factor about twenty times lower than the FTF
figure.

Other components of the FTF sludge contributing one or more percent of the solids

included calcium carbonate (~5%), manganese dioxide (~5%), sodium hydroxide (~4%),
nickel hydroxide (~3%), sodium chloride (~2%), silicon dioxide (~2%), and sodium
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nitrate (~1%). In contrast, other components of the HTF sludge contributing one or more
percent include manganese dioxide (~6%), silicon dioxide (~5%), mercuric oxide (~4%),
sodium nitrate (~4%), sodium hydroxide (~3%), calcium carbonate (~2%), calcium
oxalate (~2%), and thorium dioxide (~2%). Omitting the readily soluble salts (sodium
hydroxide, sodium chloride, and sodium nitrate) and the environmentally ubiquitous
compounds (calcium carbonate and silicon dioxide) , the most important differences
include the greater dominance of nickel in FTF sludge, and the greater dominance of
mercury, thorium, and oxalate in HTF sludge. The average nickel concentration in FTF
sludge is about three times that of the HTF sludge, and the average mercury
concentration in HTF sludge is about fifty times that of FTF. Per the receipt history,
thorium and oxalate are expected to be absent from FTF sludge. However, given the
recent use of oxalic acid as a chemical agent for cleaning Tanks SF and 6F, and the likely
continued use of oxalic acid for future tank cleaning, there is the expectation that the
oxalate content of the FTF waste is not zero and may increase over time.

Although present at low concentrations (< 1 wt%), the concentrations of silver and cobalt
in FTF sludge are typically thirty to forty times those of the HTF sludge. Other low
concentration metals that are more dominant in FTF sludge include: a) ruthenium, which
is an average of ten times more concentrated at FTF; b) zinc, which is an average of six
times more concentrated at FTF; and c) copper, which is an average of three times more
concentrated at FTF.

3.2.2 Radionuclides

As shown in Tables 3-3 and 3-4, the radionuclides dominating the current sludge activity
(CY 2012) include Sr-90/Y-90 and to a lesser degree, Cs-137/Ba-137m. This is the case
at both FTF and HTF, due to the high fission yields of the mass 90 and 137 isotopes, and
the relatively short half-lives of Sr-90 and Cs-137 (half-life =~ 30 years for both Sr-90 and
Cs-137). The sludge phase activity of Sr-90 is higher than the sludge phase activity of
Cs-137 (by an order of magnitude), because of the relatively low strontium solubility
which partitions most strontium to the solid phase, as opposed to the relatively high
cesium solubility which partitions most cesium to the liquid phase. The Sr-90 and
Cs-137 concentrations of the average HTF sludge are two to three times those of the
average FTF sludge, because of two primary factors: 1) the average HTF waste is
“newer” than the average FTF waste (and therefore has been subjected to shorter periods
of radiological decay); and 2) the burned enriched uranium processed at H Area typically
underwent more fission reactions than the irradiated depleted uranium processed at F
Area.

With respect to radionuclide distributions, several differences exist between the average
sludges at FTF and HTF. The uranium isotope distribution at FTF is consistent with that
of depleted uranium, while the uranium isotope distribution at HTF is consistent with that
of enriched uranium. At FTF, the ratio of U-235 activity to U-238 activity is about 2%,
equating to a mass ratio of about 0.3%. In contrast, the activity ratio at HTF is about
30%, equating to a mass ratio of about 5%. Given that the U-235 content of natural
uranium is 0.72 wt%, it is clear that the average uranium at FTF is depleted and the
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average uranium at HTF is enriched. Additional indicators of the burned enriched
uranium processed include the significantly higher activities of U-234 and U-236
received into HTF. (The mass of U-234 received into HTF is about 2000 times that of
FTF, and the U-236 received into HTF is about 70 times that of FTF).

The plutonium isotope distribution at FTF is consistent with that of weapons grade
plutonium, while the plutonium isotope distribution at HTF is consistent with that of
higher burned plutonium and heat source plutonium. At FTF, the ratio of Pu-240 activity
to Pu-239 activity is about 20%, equating to a mass ratio of about 6% (typical of weapons
grade plutonium). In contrast, the activity ratio at HTF is about 60%, equating to a mass
ratio of about 17%, which is approximately three times that of average FTF material and
indicative of higher burn-up. Consistent with the higher burn-up is the increased quantity
of Pu-242 received into HTF, about an order of magnitude more than at FTF. Also
apparent at HTF is the much higher Pu-238 concentration, due to processing of heat
source plutonium at H Area (the average Pu-238 concentration in HTF sludge is about
twenty times that of F Tank Farm sludge). Over the next several hundreds of thousands
of years, the higher quantity of Pu-238 will result in a commensurate increase in the
quantities of long-term decay products Th-230 and Ra-226. As such, the long-term
activities of Th-230 and Ra-226 at HTF will be about twenty times those of FTF. Note
that in the shorter-term (over the next several hundred years), the Th-230 and Ra-226
activities at HTF are being driven by the Th-230 present as a Thoria impurity.”> This is
in contrast to FTF, where both the short-term and long-term Th-230 and Ra-226 activities
are driven by Pu-238 decay.

Another difference is the presence of Th-232 and U-233 at HTF, due to the Thorex
campaigns. Thorex campaign processing was limited to H Area, so Th-232 is expected to
be absent from the FTF waste, and the quantity of U-233 at FTF is trivial compared to
that of HTF (the U-233 activity received into FTF is 10® that of H Tank Farm). Th-232
comprises about two percent of the HTF sludge mass — however, its activity is relatively
low (~3 Ci), due to the extremely long half-life (~10'° years). Given that the decay
product of Th-232 is the relatively short-lived Ra-228 (half-life = 6 years), it is clear that
the Ra-228 activity will reach secular equilibrium with the Th-232 over the next couple
of decades.

Also present in greater abundance in the HTF sludge are the quantities of the higher-mass
actinide isotopes such as Cm-244 and Cm-245. At present, the concentrations of Cm-244
and Cm-245 in HTF sludge are about four and twenty times those of FTF, respectively.
However, because the Cm-244 half-life is relatively short (~20 years) and the Cm-245
half-life is relatively long (8500 years), only the differences of the Cm-245 will persist
into the long-term future (beyond a few hundred years).

3.3 Evolution of Metal Compounds

The metal compounds in the freshly received sludge (Tables 3-1 and 3-2) typically fall
into one of a limited number of categories. Most transition metals, lanthanides, and
uranium are assumed to be simple insoluble hydroxide compounds. Alkali metal salts are
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assumed to be soluble salts of nitrate, hydroxide, halides, sulfate, and/or phosphate.
Alkaline earth metals and the heavy metal lead are assumed to exist as insoluble salts of
carbonate, sulfate, phosphate, and/or oxalate. Mercury, manganese, ruthenium, silicon,
and thorium are assumed to exist as oxides.

Over time, and with the advent of performing ancillary waste processing operations and
chemical cleaning of tanks, the metal compounds are subject to change. For example,
with the passage of time, many of the insoluble metal hydroxides are expected to
transform to oxy-hydroxides and/or oxides, which are also insoluble. Absorption of
atmospheric carbon dioxide will facilitate conversion to respective carbonate compounds,
as applicable. Some of the metal compounds may react with other metal compounds to
form complex structures containing multiple metals. Some of the metal compounds will
remain stable over time and thus, unchanged. Understanding the potential for chemical
changes to occur is important from the performance assessment perspective, since
constituent solubility is a function of the chemical conditions.

Examples of chemical processing operations and tank cleaning agents that can potentially
impact the chemistry of the solids are given below. Also given below are examples of
alternative waste streams that have been introduced into the Tank Farms and can also
impact chemical conditions.

Waste Processing Operations

e In-tank precipitation'* — use of tetraphenylborate to partition Cs to the solid phase

15-17

e Aluminum dissolution ~" ' — caustic additions partitioning Al from solid-phase to

liquid phase
Chemical Cleaning Agents

e Inhibited water'®

e Oxalic acid solutions'*?°

Alternative Waste Streams

e (Cesium removal column (CRC)

e DWPF recycle

e Laboratory waste

e Potassium permanganate/nitric acid
e Salt dissolution

e Special discards

The potential impacts of ancillary processing operations and addition of alternative waste
products can be significant or minimal, depending on the frequency of the operations
and/or the quantity of materials that are introduced. The in-tank precipitation operations
that were performed were limited to Tank 48H. As a result, the characteristics of the
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Tank 48H solids are very different from those of other Tank Farm solids — the primary
components of the Tank 48H insoluble solids are potassium, sodium, and cesium
tetraphenylborate. Given the significant concentration of cesium, the Cs-137 activity
content of the Tank 48H solids is significantly higher than that of typical sludge solids.
Aluminum dissolution operations introduce high quantities of sodium hydroxide into
sludge slurries, with the end result of converting solid phase aluminum in the sludge to
liquid phase salt waste. Following aluminum dissolution, the aluminum content of the
sludge is lower, the sodium content of the sludge is higher, and the iron to aluminum
mass ratio of the sludge is correspondingly higher. Since aluminum in the form of
gibbsite (Al(OH)3) dissolves more rapidly than aluminum in the form of boehmite
(AIO(OH)), the ratio of boehmite to gibbsite in post-aluminum dissolution sludge is
higher than that of the original sludge.

Use of inhibited water as a tank cleaning agent following mechanical sludge removal has
a relatively minor impact on the composition of residual solids. The low sodium
hydroxide (NaOH) and sodium nitrite (NaNQO;) content of the inhibited water tends to
dilute the existing soluble sodium salts, and assuming the inhibited water solutions are
removed after cleaning, leads to a reduced sodium content in the washed residual solids.
Use of oxalic acid solution as a tank cleaning agent provides a source of oxalate anions
which results in the formation of metal oxalates. At low pH, the metal oxalates are
typically soluble, which facilitates removal from the solid phase. Oxalic acid is
particularly effective for dissolving iron,” a primary component of sludge solids. Oxalic
acid will also dissolve certain radioactive elements, including uranium. At high pH, the
metal oxalates are typically insoluble. As such, if oxalic acid cleaning waste is alkalized,
metal oxalates will typically precipitate out of solution as a solid.

If Tank Farm supernatant solution is used as a solids transfer medium during the tank
cleaning process, it could potentially introduce additional soluble waste constituents
(primarily sodium salts and soluble radionuclides) into the residual solids matrix. The
magnitude of the impact would be a function of the quantity of soluble waste constituents
added. In cases where the residual solids were relatively free of soluble constituents, the
impact could be significant.

Alternative waste streams received into the Tank Farms can also impact the composition
of the solids. Receipt of cesium-sorbed zeolite solids from the cesium removal columns
(CRCs) is a good example. Tanks that received such waste contain deposits of the
sodium aluminosilicate zeolite matrix scattered amongst the traditional sludge solids.
Given the function of the CRCs, it is expected that such zeolite deposits will be rich in
Cs-137 compared to typical sludge solids. This phenomenon was demonstrated during
characterization of residual waste samples collected following cleaning of Tank 19F, a
tank that received CRC zeolite waste. The Cs-137/Ba-137m activities in the Tank 19F
samples were orders of magnitude higher than the activities associated with any other
radionuclides.*®

The recycle stream from the DWPF is rich in silicates, due to the high silicon content
introduced by the glass frit. When the DWPF recycle stream is received into the Tank
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Farm, there is the potential for the soluble-phase silicates to react with dissolved
aluminum and form solid-phase sodium aluminosilicates, particularly when the resulting
liquid waste stream is heated in the evaporator. A primary issue associated with such
sodium aluminosilicate formation is accumulation of deposits of nitrated sodalite/nitrated
cancrinite (NagAlgSicO24(NO3),-4H,0) on the interior walls of the evaporator pot, and the
corresponding difficulties associated with removing the deposits.

Receipt of laboratory waste into the Tank Farm is another operation which can impact the
composition of tank waste, particularly in the area of radionuclide distributions.

Although the quantities of radionuclides utilized in the lab seem modest compared to
those in the Tank Farms, they can still have significant impact in cases where the nuclides
are typically minor constituents of the tank waste. An example is Pu-238 in FTF waste,
where the contribution from laboratory waste is significant.

The combination of potassium permanganate and nitric acid, used as cleaning agent in

various site operations, is another stream that affects waste composition when received
into the Tank Farms. In addition to contributing potassium, magnesium, and nitrate to

the waste, it can also enhance the redox conditions, due to the oxidizing qualities of the
permanganate.

Other alternative streams (RBOF, 299-H maintenance, etc.) have been received into the
Tank Farms, and each has the potential for affecting composition, depending on the
relative quantities of waste involved and the constituent distributions. Each case must be
evaluated individually to determine the significance of the impacts.

The form and composition of residual waste solids remaining following salt dissolution
are expected to be significantly different from those of sludge solids. Whereas sludge
solids typically contain high concentrations of iron compounds, solids remaining after
salt dissolution have been characterized as containing high concentrations of other
compounds, including gibbsite (Al(OH)3) and burkeite (NagCO3(SO4),).

Salt waste processing activities may also impact the solids compositions. Carryover of
solvent from the Caustic Side Solvent Extraction process could introduce constituents
that are normally absent and/or alter certain solid-liquid phase partitioning behavior.
Monosodium titanate used as a sorbent will be dispositioned to DWPF. However,
monosodium titanate waste generated in the past was received into Tank 48H, raising the
titanium content of the Tank 48H waste.

Special discards of americium/curium, neptunium, and plutonium into the Tank Farm
have been relatively limited to date and therefore have had a relatively minor impact on
the total inventories of constituents. However, their impact with respect to any one
affected tank is clearly greater. Addition of depleted uranium to Tank 41H is an example
where the uranium isotopic distribution within an individual tank was altered
significantly.
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A limited number of inter-area sludge transfers have occurred to date. Examples include
transfers from Tanks 12H to 7F, 11H to 8F, 8F to 21H, and 18F to 42H. Such transfers
introduce the potential for changing the compositions of FTF and HTF wastes,
particularly if the frequency of the inter-area transfers increases in the future. Similarly,
inter-area supernatant transfers could also change the constituent distributions, but will
have clearly most impact on those constituents that are highly soluble (cesium,
technetium, etc.).

3.4 Mineral Phases in F and H Area Tank Farm Waste Solids

A limited number of solids samples from the F and H Area waste tanks have been
qualitatively analyzed for minerals via X-ray diffraction (XRD).?******" The results of
these analyses provide an indication of the dominant crystalline phases existing in the
recent waste solids. A summary of the results is given in Table 3-5. As shown in the
table, the samples were taken from various F and H Area waste tanks, and from a range
of conditions — slurry solids collected during mechanical sludge removal; slurry solids
collected following acid cleaning operations; precipitated solids from alkalized oxalic
acid tank cleaning waste; residual solids following inhibited water cleaning operations;
zeolite mound core solids remaining after bulk sludge removal; and slurry solids
collected before and after aluminum dissolution processing.

Despite the range of conditions, there are many similarities between the minerals of the
solids samples, and the dominant metals are consistent with expectations based on the
relative metal abundance. Minerals of iron were identified in every sample, and minerals
of aluminum, uranium, and sodium were identified in the majority of samples. Minerals
of calcium and magnesium were identified in a smaller number of samples. Consistent
with expectations, oxalate compounds were identified in the solids associated with oxalic
acid cleaning operations.

The most common iron minerals were hematite (Fe,O3) and magnetite (Fe;04), but
maghemite (Fe,03), lepidocrocite (FeO(OH)), and goethite (FeO(OH)) were also
identified. Aluminum was identified in three mineral forms — gibbsite (Al(OH)3),
boehmite (AIO(OH)), and nitrated cancrinite (Nag(AlsSisO24)(NO3),-4H,0). (Note that
sodium and silicon are also components of the cancrinite). Uranium was identified in
four mineral forms — clarkeite (Na((UO;)O)(OH)-H,0), sodium uranium oxide hydrate
(NapU,07:6H,0), cejkaite (NasUO,(COs3)3), and uranyl hydrogen fluoride hydrate
(UO,HF3:2H,0). Sodium was present in the cancrinite and the three sodium-uranium
minerals identified above, as well as in natroxalate (Na,C,04), thermonatrite
(Na2CO3-H;0), and natratine (NaNOs). The combination of calcium and magnesium was
identified in one mineral form — dolomite (CaMg(COs3),) — and calcium alone was
identified in calcite (CaCQOs3). Given that strontium and radium are chemically similar to
calcium and magnesium (due to being alkaline earth metals), there is the expectation that
strontium and radium currently exist in mineral forms such as XY (CO3), and XCOs3,
where X = Sr or Ra, and Y = one of the alkaline earth metals.
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Table 3-5. Mineral Phases Identified in F and H Area Tank Farm Waste Solids

Tank | Description Mineral Phases Reference
4F Slurry solids obtained Hematite (Fe,O3) 20
during mechanical Magnetite (Fe;04)
sludge removal Clarkeite (Na((UO,)O)(OH)-H,0)
operations
5F Solids obtained Hematite (Fe,O3) 36
following oxalic acid Sodium cobalt oxalate (Na,Co(C,0,),)
cleaning of Tank 5F Magnetite (Fe;O.,)
Nickel oxalate hydrate (NiC,04-2H,0)
6F Solids obtained Hematite (Fe,O3) 37
following oxalic acid Maghemite (Fe,O3)
cleaning of Tank 6F Nickel oxalate hydrate (NiC,04-2H,0)
Goethite (FeO(OH))
7F Precipitated solids Magnetite (Fe;0,4) 21
generated through Clarkeite (Na((UO,)O)(OH)-H,O
alkalization of oxalic Nitrated cancrinite (Nag(AlgSisO24)(NO5),-4H,0)
acid cleaning solution Natroxalate (Na,C,0y)
used for removing Sodium uranium oxide hydrate (Na,U,07-6H,0)
residual solids from
Tanks 5F and 6F
12H Solids obtained during | Boehmite (AIO(OH)) 22
mechanical sludge Hematite (Fe,03)
removal operations Dolomite (CaMg(CO3),)
Thermonatrite (Na,CO;-H,0)
18F Residual solids Cejkaite (NasUO,(COs)3) 23
obtained following Gibbsite (AI(OH);)
inhibited water Uranyl hydrogen fluoride hydrate (UO,HF;-2H,0)
cleaning of Tank 18F | Nitrated cancrinite (Nag(Al¢SigO24)(NO3),-4H,0)
Hematite (Fe,O3)
Calcite (CaCOs»)
19F Zeolite mound core Nitrated cancrinite (Nag(AlsSigO24)(NO3),-4H,0) 24
solids obtained Gibbsite (AlI(OH);)
following mechanical Maghemite (Fe,O;)
bulk sludge removal Lepidocrocite (FeO(OH))
Goethite (FeO(OH))
42H Combined sludge slurry | Gibbsite (AI(OH);) 25
from Tanks 15H & 18F | Hematite (Fe,O5)
S51H Sludge slurry solids Boehmite (AIO(OH)) 26
transferred from Tank Hematite (Fe,O3)
11H. Solids obtained Clarkeite (Na((UO,)O)(OH)-H,0)
prior to aluminum Dolomite (CaMg(COs),)
dissolution Gibbsite (AlI(OH);)
Sodium uranium oxide hydrate (Na,U,07-:6H,0)
51H Sludge slurry solids Boehmite (AIO(OH)) 26
transferred from 11H. Hematite (Fe,O3)
Solids obtained after Clarkeite (Na((UO,)O)(OH)-H,0)
aluminum dissolution Thermonatrite (Na,CO;-H,0)
Natratine (NaNOs)
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A couple of trends are worth noting. Aluminum in the form of boehmite was only found
in the solids originating solely from H Area (Tanks 11H and 12H). Aluminum in the
form of gibbsite was found in both the F and H Area tanks, as was aluminum in the form
of nitrated cancrinite. Differences between the pre- and post-aluminum dissolution
sludge of Tank 11H suggest that the aluminum dissolution process removed gibbsite and
increased the quantities of sodium salts, which is consistent with expectations. A total of
three oxalate-containing compounds (sodium cobalt oxalate, nickel oxalate hydrate, and
natroxalate) were found in the solids that had been in contact with oxalic acid cleaning
solution or had been precipitated from oxalic acid cleaning waste. Of the metals
identified in the various minerals, uranium appeared to be the one present in the largest
number of different chemical compounds.

3.5 Solid/Liquid Phase Technetium Partitioning

Tc-99 is a particularly important radionuclide because of its potential mobility in the
environment and its long half-life (~2E+05 years). Technetium can exist in five different
oxidation states,”’ but the states most prevalent for environmental conditions are Tc(IV)
and Tc(VID).*® In SRS Tank Farm waste, it is assumed that the vast majority of
technetium existing in sludge solids is present as Tc(IV) and relatively insoluble, in the
form of hydrated technetium dioxide (TcO,-xH>0)*’ and/or co-precipitated with iron(II)
sorbed onto iron(IIT) oxide and/or oxyhydroxide particles.*®*" In contrast, the majority of
technetium existing in salt waste is assumed to be present as Tc(VII) and relatively
soluble, in the form of sodium pertechnetate (NaTcO4).** Some portion of the soluble
technetium could also be present as a Tc(IV)-chelant complex” or as a Tc(VII)-solvent
complex,” but these portions are expected to be minor in most SRS waste tanks due to
the very low organic content.

The fraction of technetium that is readily soluble in Tank Farm waste is variable, based
on the tank chemistry conditions and the processing operations that have been performed.
Research activities at SRS and at Hanford have identified soluble technetium portions
ranging from 20 to 95%. Fowler et al.*’ identified that about 60% of the technetium in
the SRS Tank Farm is present in salt waste and highly soluble. Bibler et al.** identified
that up to about 70% of technetium in a simulated high level waste was soluble following
alkalization and sludge washing. In contrast, real waste sludge slurry samples from the
SRS Tank Farm were found to contain only 5-10% of the total technetium, indicating
90-95% of the total technetium was soluble. Extensive washing of a real-waste sludge
slurry, using inhibited water as the washing solution, indicated that the only technetium
that could be “washed out” of the slurry was the portion already dissolved in the
supernatant phase. This suggests that the portion of technetium in the sludge solids
(Te(IV)) was stable and not prone to oxidation during inhibited water washing. The
portions of soluble technetium in two Hanford waste tanks varied significantly from one
another, 20% in one waste tank and 80% in the other waste tank.>

Of greatest potential impact to the technetium solubility are: a) the relative amounts of

iron(II) and iron(III) present during and after waste alkalization; b) the redox conditions
of the alkalized waste; c) the availability of atmospheric oxygen and/or other oxidizing
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agents (which can oxidize Tc(IV) to Tc(VID) ; d) the kinetics for equilibrating the
oxidizing agents with the alkalized waste; and ) the chemical, physical, and thermal
processes impacting the final equilibration state and the kinetics of the equilibration
process.

In assessing solid/liquid phase technetium partitioning, it is probably most useful to
address the cases expected to drive the majority of Tank Farm technetium behavior.
These cases include: 1) Tc(IV) present as TcO; in sludge solids; 2) Tc(IV) co-
precipitated with iron in sludge solids; 3) Tc(VII) present as soluble TcO4™ in supernatant
and/or saltcake; and d) the combination of Tc(IV) and Tc(VII) present in sludge solids
and in supernatant/saltcake.

In the case of Tc(IV)O,, the technetium is expected to remain relatively insoluble unless
one of the two following changes occur. The first is oxidation of the Tc(IV) to Tc(VII),
facilitating formation of pertechnetate (TcO4) (which is highly soluble). Such oxidation
could occur over time via interaction with atmospheric oxygen, oxygen from nitrate
radiolysis, and/or other oxidation agents. Alternatively, in the presence of a reducing
agent, the technetium could remain relatively insoluble in the Tc(IV) state, assuming
stability of the TcO, form and absence of Tc(IV) complexing agents. Presence of an
applicable technetium complexing agent provides an alternative means that relatively
insoluble Tc(IV) forms could be converted to a more soluble form.

In the case of Tc(IV) co-precipitated with solid-phase iron, the technetium is expected to
remain relatively insoluble unless one of the following changes occur. The first is what
was described above, oxidation of the Tc(IV) to Tc(VII), facilitating formation of
pertechnetate (soluble). In order for this to occur, an oxidizing agent must be present and
be given sufficient time to migrate to the solid phase sites where the technetium is located.
Since a large portion of the technetium would be present within the interior of the iron
mineral particles, the time necessary for the oxidizing agents to gain access to the
technetium could be considerable. The second change that could lead to release of
technetium would be dissolution of the iron minerals acting as the carrier. Once released
from the carrier, the fate of the Tc(IV) would be driven by the prevailing redox
conditions — if adequately oxidizing, the Tc(IV) would likely be converted to Tc(VII),
facilitating formation of pertechnetate (soluble); if adequately reducing, the Tc(IV) would
likely take a more insoluble form such as TcO,, and/or possibly become associated with
other available solid phase particles via sorption. As in the first Tc(IV) case, presence of
an applicable technetium complexing agent could provide a means for the normally low
solubility Tc(IV) to become soluble.

In the case of Tc(VII) present as soluble TcOy4', the technetium is likely to retain its form
assuming oxidizing conditions prevail. However, if sufficient reducing conditions prevail,
the Tc(VII) would be reduced to Tc(IV), facilitating insolubility and sorption, assuming
the absence of applicable technetium complexing agents. Of course, subsequent redox
changes back to oxidizing conditions would facilitate conversion back to the more

soluble Tc(VII) form.
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The combination of Tc(IV) and Tc(VII) is expected to be present in cases where sludge
solids (or sludge solids residue) are mixed with soluble salt waste solids. An example is
a sludge slurry, where Tc(IV) is present in the solid phase, and Tc(VII) is present in the
supernatant phase (liquid phase). Another example is the combination of sludge solids
(containing Tc(IV)) and saltcake (containing Tc(VII)). Under normal circumstances in
such cases, it is assumed that both the Tc(IV) in the sludge solids and the Tc(VII) in the
salt waste are relatively stable. However, with the addition of oxidizing agents, reducing
agents, complexing agents, and/or organic solvents, the technetium oxidation states and
associated partitioning would be prone to the same transitions addressed above.

4.0 Conclusions

1) Important differences between the projected average concentrations of metal
compounds in F and H Area Tank Farm waste solids are summarized below:

Metal Descriptor Ratio of FTF value to HTF value
Iron to aluminum concentration ratio ~2

Uranium concentration ~20

Mercury concentration ~0.02

Nickel concentration ~3

Ruthenium concentration ~10

Zinc concentration ~6

Silver concentration ~30

Cobalt concentration ~40

Copper concentration ~3

2) Other differences between the compositions of FTF and HTF waste solids include:
e Uranium isotope distribution
0 Depleted uranium at FTF (~0.3 wt% U-235)
0 Enriched uranium at HTF (~5 wt% U-235)
0 U-234 at HTF = 2000X that at FTF
0 U-236 at HTF = 70X that at FTF
e Plutonium and higher actinide isotope distributions
0 Weapons grade plutonium at FTF (~6 wt% Pu-240)
0 High burned plutonium at HTF (~17 wt% Pu-240)
0 Pu-238 at HTF = 20X that at FTF
= 20X more long-term Th-230 and Ra-226 at HTF
0 Pu-242 at HTF = 10X that at FTF
0 C(Cm-244 at HTF = 4X that at FTF
0 Cm-245 at HTF = 20X that at FTF
e Thoria processed solely at HTF
0 Thorium dioxide = 2 wt% of HTF solids
0 U-233 at HTF = 10® times that at FTF
e Calcium oxalate = 2 wt% of HTF solids

21



SRNL-STI-2012-00479
Revision 0

3) Dominant crystalline components of the waste solids include:
e Iron oxide and oxyhydroxide compounds (Fe,;O3, Fe;04, FeO(OH))

¢ Aluminum hydroxide and oxyhydroxide compounds (Al(OH);, AIO(OH))

e Various uranium compounds (Na((UO,)O)(OH)-H,0, Na,U,07-6H,0,
Na4U02(C03)3)

e A nitrated sodium aluminosilicate compound (Nag(AlSicO24)(NO3),-4H,0)

e Carbonates of calcium, magnesium, and sodium (CaMg(COs3),, Na,COs-H,0)

e Oxalate compounds in the solids associated with oxalic acid cleaning

4) The primary oxidation state of technetium in SRS sludge solids is Tc(IV), existing in
the form of technetium dioxide and/or co-precipitated with iron. In contrast, the primary
oxidation state of technetium in SRS salt waste (supernatant and saltcake) is Tc(VID),
existing in the form of sodium pertechnetate. On a relative basis, technetium dioxide and
technetium co-precipitated with iron are considered very insoluble under typical waste
conditions, as opposed to the sodium pertechnetate which is considered very soluble.
Over time, with changes in redox chemistry, technetium solubilities are subject to change
as oxidation state changes and/or other chemical condition changes occur. In the absence
of reducing agents, the expectation is that technetium in the environment will eventually
become oxidized (and therefore readily soluble), due to the high availability of
atmospheric oxygen. However, the time requirements for this to happen will be variable,
depending on the physical, chemical, and thermal conditions.
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