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Summary

- This report describes the sludge washing and caustic leaching tests conducted at Pacific
Northwest Laboratory in FY 1995 under the Sludge Treatment Technology Development Task
of the Tank Waste Remediation System (TWRS) Pretreatment Technology Development

. Project. The highlights from this work were as follows.

. Sludge washing and caustic leaching tests were performed on sludge composites from six
Hanford single-shell tanks (B-111, BX-107, C-103, S-104, T-104 and T-111) and one
double-shell tank (SY-103). The studies, designed to evaluate the current baseline
pretreatment flowsheet, involved contacting the sludges once with 0.01 M NaOH/0.01 M
NaNO,, followed by two contacts with "3 M NaOH, and finally three washes with
0.01 M NaOH/0.01 M NaNO,. Except for the final washes, each step was performed at
100°C. The settling behavior of the solids at each step, the elemental composition,
radionuclide composition, and anion composition of the initial solids, the treated solids,
and all aqueous solutions were measured to evaluate the effectiveness of the sludge
washing and caustic leaching treatment.

®  Particle sizes for the untreated sludges typically ranged around 1 um according to the
number distribution, or between 1 to 5 um according to the volume distribution. In
general, little change in particle size was observed as a result of sludge washing and
caustic leaching.

®  Solids settling behavior ranged widely from tank to tank. In general, the initial wash
suspensions, containing 2.3 wt% solids, settled well. But poor settling behavior was
observed for the caustic leach and final wash step, which contained "8 wt% solids.

®  For the single-shell tank sludges, the only radionuclides removed to any great extent
were *’Cs and *Tc. Small fractions of the transuranic elements (TRUs) and *’Sr were
removed from the double-shell tank sludge SY-103.

. e  If the wash and leach solutions from a given tank were combined and concentrated to
20 M Na in the final low-level waste form, most of the resulting materials would be
below the limits for Nuclear Regulatory Commission Class C low-level waste. An

& exception to this is seen for C-103 sludge, which (if no futher pretreatment is performed)
would have a tranuranic concentration in the low-level waste near the 0.1 ug/g Class C
limit.
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e  The removal of bulk nonradioactive sludge constituents varied widely from sludge to
sludge as indicated in Table S.1.

e  The washing and leaching results were compared to phenomenological assumptions
commonly used to describe P and Al leaching from tank sludges. In general, on a tank-
by-tank basis, these assumptions appear consistent with the observed behavior.
Exceptions include the removal of Al from tanks C-103 and S-104, and the removal of P
from Tank T-104.

e  The concentrations of the treated tank sludges were combined with the total mass of the
sludges in their respective tanks together with Hanford Waste Vitrification Plant feed
specifications to calculate the number of high-level waste glass canisters (1650
kg/canister) that would result from treated and untreated sludges on a tank-by-tank basis.
On this basis, caustic leaching will result in reductions ranging from 7% to 91% in the
amount of glass required to immobilize the waste, when compared to sludge washing
alone.

®  Two sludges responded poorly to the sludge washing and caustic leaching tests. When
‘considered on a tank-by-tank basis, the high concentration of Al in treated S-104 sludge
and the high concentration of Cr in treated SY-103 sludge could lead to large volumes of
high-level waste glass. Alternative pretreatment methods for these specific tank sludges
are currently being investigated.

Reference

Colton, N. G. 1995. Sludge Pretreatment Chemistry Evaluation: Enhanced Sludge Washing
Separation Factors. PNL-10512, Pacific Northwest Laboratory, Richland, Washington.
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Table S.1.  Summary of Sludge Components Removed by
Sludge Washing and Caustic Leaching

Amount of Component Removed, %

Tank Al Cr Fe Na @ P S
B-111 2 40 0 91 91 100
b - BX-107 68 29 0 91 93 95
C-103 48 1 0 2 66 ®
S-104 38 97 1 92 © 100
SY-103 ) 12 25 99 98 ®
T-104 62 27 0 0 55 100
T-111 13 63 0 85 72 67

Concentration of Component in Untreated Studge, g/g Dried Sludge

Tank ‘ Al Cr Fe Na P s

- B-111 3.0E-03 | 3.1E-03 4.6E-02 2.4E-01¢ 4.1E-02 1.3E-02
BX-107 3.5E-02 2.3E-03 2.‘8E-02 2.1E-01 5.6E-02 6.6E-03
C-103 1.4E-01 1.6E-03 2.0E-01 4.6E-02 5.CE-03 ®
S-104 1.5E-01 4.7E-03 3.4E-03 2.0E-01 o 6.7E-03
SY-103 4.7E-02 1.3E-02 4.1E-03 2.8E-01 . 7.8E-03 ®
T-104 4.7E-02 3.1E-03 2.8E-02 1.9E-01 6.9E-02 1.0E-02
T-111 4.9E-03 " 4.5E-03 6.0E-02 3.7E-01 2.6E-02 5.7E-03

(a)  Because Na was added in the form of NaOH during the leaching process, the amount of Na removed from
the sludge could not be determined per se. The value reported here is the amount of Na found in the dried,
leached, residue relative to that in the untreated shudge, i.e., 100-[100(f/i)], where f is the amount of Na in
the dried, washed, sludge and i is the amount in the dried, untreated, sludge.

(b)  Due to matrix effects, analyte could not be accurately determined.

(c) No P was detected in this sludge sample.

(d  Due to analytical difficulties, reliable data for Na are not available for these untreated sludges; the Na
concentrations reported here were taken from Colton 1995.

.
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1.0 Introduction

During the past few years, the primary mission at the U.S. Department of Energy’s
Hanford Site has changed from producing plutonium to environmental restoration. Large
volumes of high-level radioactive wastes (HLW), generated during past Pu production and
other operations, are stored in underground tanks on site. The current plan for remediating the
Hanford tank farms consists of waste retrieval, pretreatment, treatment (immobilization), and
disposal. The HLW will be immobilized in a borosilicate glass matrix; the resulting glass
canisters will then be disposed of in a geologic repository. Because of the expected high cost
of HLW immobilization and disposal, pretreatment processes will be implemented to reduce
the volume of borosilicate glass produced in processing the tank wastes.

This document describes sludge washing and caustic léaching tests conducted in FY 1995
at the Pacific Northwest Laboratory (PNL)® at the request of Westinghouse Hanford
Company. These tests were performed using sludges from seven Hanford waste tanks—B-111,
BX-107, C-103, S-104, SY-103, T-104, and T-111. The primary and secondary types of waste
stored in each of these tanks are given in Table 1.1. The data collected in this effort will be
used to support the March 1998 Tri—Part).'r Agréement decision on the extent of pretreatment to
be performed on the Hanford tank siudges (Ecology, EPA, and DOE 1994);

According to the baseline sludge pretréatment flowsheet, the sludge will be retrieved
from the tanks by' sluicing and pumping with inhibited water (0.01 M NaOH/0.01 M NaNO,),
leached with caustic (3 M NaOH), then washed with inhibited water to remove the added
NaOH and the components dissolved during the caustic leaching step. The retrieval, leachate,
and wash solutions will be combined and processed to remove '*’Cs (and possibly other
radionuclides). The decontaminated solution will then be routed to the low-level waste (LLW)
stream, where it will be immobilized in a glass matrix. The leached solids, which will contain

the transuranic (TRU) elements and *Sr, will be handled as HLW (Orme 1994).

@ Pacific Northwest Laboratory is operated by Battelle Memorial Institute for the U.S. Department of Energy
- under Contract DE-AC06-76RLO 1830, )
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Table 1.1. Primary and Secondary Waste Types Stored in

the Tanks Investigated®
~ Tank Primary Waste Secondary Waste
B-111 2C 5-6
BX-107 1C TBP
C-103 SRS ‘ SR-WASH
®
S-104 R
®)
SY-103 CC
®)
T-104 1C
T-111 2C 224
(&) The waste types are defined as follows (Hill, Anderson, and
Simpson 1995).
CC Complexant concentrate
R Reduction oxidation (REDOX) process high-level
waste .
SRS Sludge feed for the Sr extraction process at B Plant
SR-WASH Particulates from Sr wash of plutonium uranium
extraction (PUREX) wastes in AR Vaulit
TBP Waste from the tributyl phosphate (TBP) uranium
extraction process at U Plant
1C First-cycle decontamination waste from the bismuth-
phosphate process
2C Second-cycle decontamination waste from the
bismuth-phosphate process )
224 Lanthanum fluoride decontamination waste from the
bismuth-phosphate process
5-6 High-level waste from Tank 5-6 at B Plant

(b)  No major secondary waste type.

Caustic leaching is expected to remove a large fraction of the Al, which is present in

large quantities in Hanford tank sludges (Weber 1982). A significant portion of the P is also

expected to be removed from the sludge by metathesis of water-insoluble metal phosphate salts

to insoluble hydroxide salts and soluble Na,PO,. Removing Al and P from the sludge solids

could have a large impact in reducing the volume of HLW glass produced during tank waste

disposal operations.
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Previous studies on leaching sludges with highly caustic solutions (both in the presence or
absence of other Cr-solubilizing agents) suggest that Cr might also be removed from the
sludges (Lumetta et al. 1994; Lumetta and Swanson 1993b). Enhanced Cr dissolution has
been observed at highly caustic vs. mildly basic solutions and may be due to the increased
solubility of Cr(III) at high-hydroxide concentrations (Rai, Sass, and Moore 1987). For
certain sludges, leaching such key components should result in a greatly decreased volume of
HLW glass produced without resorting to more aggressive dissolution and separation methods
(Straalsund et al. 1992). For example, removal of Cr from Plutonium Finishing Plant (PFP)
sludge alone is estimated to decrease the number of glass canisters from 2500 for washed-only
sludge to 500 for Cr-free washed sludge (Lumetta, Swanson, and Barker 1995).®

Previous studies of washing and caustic leaching of Hanford tank sludges have been
reported (Lumetta and Rapko 1994; Lumetta, Rapko, and Colton 1994). Although the
previous tests were not performed under conditions identical to those of the current baseline
flowsheet, the results indicated 83% removal of Al, 62% removal of Cr, and 89% removal of
P from the total quantities present in the five tanks investigated.

@ These HLW glass canister projections are based on 1650-kg glass logs and it is assumed that the PFP sludge
is not blended with other wastes before immobilizing.
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2.0 Experimental

The materials and methods used in the sludge washing and caustic leaching screening

tests are discussed in this section.

2.1 Materials

- Sludge washing and caustic leaching screening tests were performed on sludges from
seven Hanford tanks. The seven tanks are listed in Table 2.1 along with the details of the

individual samples investigated.

Table 2.1. Description of Tank Sludge Samples Used
Tank Core Number Description

B-111 29 and 30 Composite sample comprised of 2.65 g of
Core 29 composite 1 {Analytical Laboratory
Operations (ALO) Number 93-04314},®
1.96 g of Core 29 composite 2 (ALO
Number 93-04315), 2.64 g of Core 30
composite 1 (ALO Number 93-04322), and
2.57 g of Core 30 composite 2 (ALO

Number 93-04323)

BX-107 41 Composite from Core 41 (222-S Jar
Number J941)®

C-103 . 63 Composite sample of segments 2-4 from
core 63 (222-S Jar Number 6770)

S-104 43 Composite of segments 4 and 5 from Core

S 43 (222-S Jar Number 6588)

SY-103 62 Composite of segments 10 through 14 from
Core 62 (222-S Jar Number 6590)

T-104 46 Composite of segments 2, 3, and 4 from

Core 46 (222-S Jar Number 6555)

- T-111 33 Composite of segments 1 and 3 from Core
: . : 33 (222—8 Jar Number 6591) A
(@) The ALO Number is a unique identifying number used by the PNL Analytical
- Chemistry Laboratory to track samples.

(b) Identifying number used at the Westinghouse Hanford Company (WHC) 222-S
laboratory for tracking samples.



Solutions were prepared using reagent grade NaOH, NaNO;, and NaNO,. The

concentrations of the NaOH solutions were confirmed by titration with standard HCl.

2.2 Sludge Washing and Caustic Leaching Procedure

The same general procedure was used for each sludge washing and caustic leaching test;

specific details for each test are given in schematic figures in the appendices (Figures A.1,
B.1, C.1, D.1, E.1, F.1, and G.1). The procedure consisted of the following steps.

A portion of the sludge was placed in a high-density polyethylene (HDPE) or
polymethylpentene bottle.

The sludge was slurried in water (4 g water/g sludge); then four aliquots of the slurry
were removed. '

One of the aliquots was dried to a constant weight at 80°C; this dried aliquot was
submitted for analysis.

Two of the aliquots were saved. One was used for particle-size measurements; the
second was dried and used for microscopy studies.

The fourth aliquot was washed with three 5-mL portioris of 0.01 M NaOH/0.01 M
NaNO, at room temperature, and was then dried to a constant weight at 80°C. This

- weight was assumed to represent the water-insoluble solids in the sludge, and was used to

determine the weight percent of such solids in the sludge sample.

The weight percent of water-insoluble solids determined in step 5 was used to determine
the total volume of "retrieval” solution needed to yield a slurry containing 2.3 wt%
solids.® Water, NaOH, and NaNO, were added to the sludge slurry to give the
appropriate volume of 0.01 M NaOH/0.01 M NaNQ, retrieval solution. The resulting
mixture was stirred and heated at 100°C for 1 h.

After cooling to room temperature, mixing was stopped, and the solids were allowed to
settle under the force of gravity.

(a)

The first siep in the process was designed to mimic the retrieval process outlined in the baseline sludge
treatment flowsheet (Orme 1994). )
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10.

11.

12.

13.

14,

15.

16.

17.

Once the sludge had stopped settling, the mixture was centrifuged, and the solution was
decanted. Hereafter, this solution will be referred to as the "retrieval wash" solution.

The weight percent of water-insoluble solids determined in step 5 was used to determine
the total volume of caustic leach solution needed to yield a slurry containing 8 wt%

. solids (assuming that 30% of the water-insoluble sohds dissolve in the caustic leaching

step).

At this point, the sludge was transferred to a smaller container that was more consistent
with the volume of the caustic leach solution to be used. Typically this smaller container
was a 20-mL HDPE vial or a 30-mL polypropylene Oak Ridge-type centrifuge tube. The
sludge was transferred using portions of the retrieval wash solution that was collected in
Step 8. Upon quantitative transfer of the sludge, the slurry was centrifuged; then the
supernatant solution was decanted and combined with the rest of the retrieval wash
solution.

Water and 10 M NaOH were added to the sludge to give a caustic leach mixture with the
volume determined in Step 9, and an initial hydroxide concentration of nominally 3. 2 M
The resulting mixture was stirred and heated at 100°C for 5 h. -

After cooling to room temperature, mixing was stopped, and the solids were allowed to
settle under the force of gravity.

Once the sludge had stopped settling, the mixture was centrifuged, and the solution was
decanted. Hereafter, this solution will be referred to as the first caustic leach solution.

A second caustic leach step was performed by adding enough 3 M NaOH to give a total

‘volume equal to that determined in Step 9. Again, the leach mixture was stirred and

heated at 100°C for 5 h.

After cooling to room temperature, mixing was stopped, and the solids were allowed to
settle under the force of gravity.

Once the sludge had stopped settling, the mixture was centrifuged, and the solution was
decanted. Hereafter, this solution will be referred to as the second caustic leach solution.

The leached sludge was successively washed with three portions of 0.01 M NaOH/

0.01 M NaNOQO,; the volume of each portion of wash solution was equal to the volume of
the second caustic leach solution decanted in Step 16. For the first two portions, mixing
was stopped after mixing for at least 0.5 h at room temperature, and the solids were
allowed to settle under the force of gravity. In the case of the third wash, two aliquots of
the suspension were removed before the solids were allowed to settle. One aliquot was
saved for a particle-size measurement; the second was dried and used for microscopy
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studies. In each case, after gravitiy settling the mixture was centrifuged then the wash
liquor was decanted.

18. Finally, the remaining residue was dried to a constant weight at 80°C.

Some of the weights measured in the course of the tests had inconsistencies. This was
especially true for the C-103 test, which was performed in a hot cell due to the high *°Sr
content of that material. For example, when a portion of the slurried sludge (C103-2B in
Figure C.1) was dried to determine the wt% solids in the sludge, the amount of dry sludge
solids (0.54 g) was greater than the amount of sludge expected to be in the slurry (0.47 g).
This might have resulted from inadequate stirring of the slurry during sampling; that is, if the
sludge solids were not homogeneousiy dispersed in the slurry, the portion withdrawn in C103-
2B could have contained >0.47 g. During an earlier test with the same C-103 sludge sample,
the sludge was found to consist of 43 wt% solids.® Using the latter value, the dry weight of
the solids leached was determined to be 6.3 g, which is the value given in Figure C.1.

The amount of retrieval wash solution obtained for the C-103 test was also inconsistent
with the amount of materials added. Correcting for the mass of samples taken and the mass
lost due to evaporation during heating, the mass of the retrieval wash slurry was 99.8 g. Yet
only a total of 87.9 g'of material (76.9 g of retrieval wash solution an‘d 11.0 g of centrifuged

solids) was recovered. The reason for this discrepency is unknown.

2.3 Analytical Methods

Portions of the sludges were analyzed before and after the sludge washing/caustic
leaching treatment. The solid samples were solubilized for analysis by a well established KOH

fusion method.® Samples of the retrieval wash, the first and second caustic leach, and the

@® This earlier test was aborted during the first caustic leaching step due to a suspected loss of containment of
the vial being used.
® Analytical Chemistry Laboratory Department. Analyticai Chemistry Laboratory (ACL) Procedure

Compendium. PNL-MA-599. Pacific Northwest Laboratory, Richland, Washington.
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final wash solutions were analyzed after acidification with HNO;. The majoi' metallic
elements (Al, Bi, Cr, Fe, Na, etc.) as well as P and Si were determined by inductively
coupled plasma/atomic emission spectroscopy (ICP/AES). Ion chromatography (IC) was
perfdrmed to determine the anions present. Alpha spectroscopy was used to determine the
transuranic elements present, and gamma spectroscopy was used to measure the gamma-

emitting radionuclides such as '¥’Cs. Uranium concentrations were determined by laser

~ fluorimetry. A proportional beta counter was used to determine **Sr and *Tc after chemical

separation of these isotopes from the other radionuclides. Established procedures were used
for all these analyses.® |

Particle-size measurements were made using a Brinkmann Instruments Model PSA 2010,
which measures particle diameter based on the time required for a fixed-velocity scanning laser
beam to traverse the particle. The samples were dispersed for the measurement in 1:1 (v:v)
mixture of water and glycerin. ,

* Free hydroxide concentrations in the caustic leach solutions were determined by titration
with standard HCl. The titrations were performed potentiometrically using a Mettler DL21
automatic titrator equipped with a .ROSS® combination pH electrode (Orion Research Inc.,
Boston, Massachusetts). Work by others at PNL using simulated Tank SY-101 simulant
indicated that the free hydroxide concentration in complex ‘matrices can be determined by the
Gran plot method.® 1In the course of this work, it was found that a simpler way to determine
the free hydroxide concentration in the sludge leach solutions was to equate the first inflection
point in the titration curve to the free hydroxide concentration. The latter method assumes that
hydroxide ion is the strongest base in the leach solution and thus is consumed first by the HCl
titrant. A typical titration curve and corresponding Gran plot are given in Figure 2.1. In this
examplg, a 0.1-mL aliquot of the first caustic leach solution from the S-104 test was diluted
with 10 mL of water and titrated with 0.103 M HCI. The first inflection point in the titration
curve was at 3.70 mL, which corresponds to 3.8 M free hydroxidé ion. The Gran plot reveals

@ . Karl Pool. 1994. Unpublished data. Pacific Northwest Laboratory, Richland, Washington.
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the equivalence point for free hydroxide ion to be 3.62 mL, giving 3.7 M OH". Table 2.2
presents a comparison of free hydroxide ion concentrations determined by both methods.

Clearly, the two methods are essentially equivalent.

Table 2.2, Comparison of Free Hydroxide Ion Concentrations Determined
by Gran Plot Method and by First Equivalence Point Method

Free Hydroxide Concentration, M

Solution Gran Plot First Inflection Point
B-111 First Caustic Leach 2.2 2.3
B-111 Second Caustic Leach 4.0 4.3
BX-107 First Caustic Leach 2.0 2.0
BX-107 Second Caustic Leach 3.5 3.6
C-103 First Caustic Leach 0.61 0.60
C-103 Second Caustic Leach 1.0 1.0
S-104 First Caustic Leach 3.7 . 3.8
S-104 Second Caustic Leach 2.9 3.0
SY-103 First Caustic Leach ‘ 2.2 2.2
SY-103 Second Caustic Leach 2.7 2.8
T-104 First Caustic Leach 0.32 0.31
T-104 Second Caustic Leach 2.2 2.2
T-111 First Caustic Leach 3‘.3 3.5
T-111 Second Caustic Leach 3.2 3.4
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Figure 2.1. Titration of the First Caustic Leach Solution from the S-104 Sludge Washing and
Caustic Leaching Test. (a) Titration curve: vertical line indicates the first
equivalence point. (b) Gran plot.




3.0 Results and Discussion

Data obtained from the sludge washing and caustic leaching screening tests are discussed
in this section. The presentation is organized according to the type of measurements
performed; that is, the results of each type of measurement or observation are discussed
regarding the entire series of sludges investigated. The following subjects are covered in this
section: 1) general observations, 2) settling behavior of sludge solids, 3) particle size before
and after leaching, 4) behavior of nonradioactive sludge components, 5) behavior of anionic
components, 6) behavior of radionuclides, 7) impacts of the data on the planning assumptions,

and 8) impact of sludge washing and caustic leaching on the HLW glass volume.

3.1 General Observations

This section describes basic changes that occurred during the sludge washing and caustic
leaching tests. Table 3.1 summarizes such features as the pH of the retrieval wash solutions
following contact with the sludges, weight percent insoluble solids found for each sludge, and
the mass loss accompanying the sludge washing and caustic leaching pretreatment tests.

A tank—by-tank comparison of any‘of the features described in Table 3.1 indicates
considerable variability—a common theme throughout this work and one that is not unexpected
given the disparate processes by which these sludges were generated. The second column
reports the percentage of the sludge mass attributed to the solids present in the as-received
- composites (including the mass of dissolved salts in the interstitial liquid) and compares this
- measured value to that reported during the initial sludge characterization. The sludge samples

varied from very wet materials (e.g., T-104 and T-111) to fairly dry solids (e.g., S-104).
These values correlate with the general appearance of the sludges: T-104 and T-111 sludges
appeared as runny slurries, while S-104 appeared as more of a thick dry paste, or even as tar- -
like in consistency. Agreement with the tank characterization reports for these sludges was
reasonably good, and the general trend appeared to be the same in that the tank |
characterization data also indicate T-104 and T-111 sludges have the highest water contents.

Reasons for the lack of close agreement where discrepancies are apparent include possible
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Table 3.1.  Summary of General Sludge Characteristics During Sludge Washing and

Caustic Leaching
Wt% Water- Estimated Mass pH of Retrieval
Wit% Insoluble : Loss During Wash Solution .
Tank Solids® Solids® Leaching, % (pH of sludge)®
B-111 45 (36) 22 0 9.7 (11)
BX-107 53 (43) 34 36 9.8 (9.7) )
C-103 42 (39 31 na 10.2(9.8)
S-104 87 (65) 4 33 12.2 (13)
SY-103 64 (na) 1 56 13.2 (na)
T-104 28 (29) 56 1 9.8 (10)

T-111 22 (24) 62 10 11.4 (10)

na = data not available

(a) Values in parentheses are taken from Colton (1995), which in turn were compiled from original tank
' characterization data.

®) Based on the dry weight of the sludge solids.

differences in the composite used or, more likely, some drying of the materials during storage.
The latter possibility is supported by the fact that in every case except T-104 and T-107, the
weight percent solids measured in this work is greater than that measured in the tank
characterization work.

The third column in Table 3.1 reports the weight percent water-insoluble solids, based on
the dry weight of the sludge solids. The amount of insoluble material as a portion of the total
solids ranged over a factor of ~6 for the sludges examined, with T-104, T-111, and S-104
having high portions of water-insoluble solids. Tank SY-103 contains complexant concentrate
waste and thus would be expected to have some of the metallic elements present in a
complexed water-soluble form. Indeed, the SY-103 sludge had the lowest fraction of water
insoluble solids for the sludges investigated in this work.

The fourth column in Table 3.1 reports on the mass lost during the washing and caustic

leaching steps. This was calculated by taking the final dried solids weight (after compensation
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for the aliquots removed for particle-size determination and microscopy) and dividing by the
calculated amount of initial water-insoluble solids present. To estimate the volume of leach
solution required to give 8 wt% solids at the end of the caustic leach step, the test procedure
assumed 30% of the water-insoluble solids would be removed during the caustic leach step.
Table 3;1 indicates that while 30% appears as a reasonable median value, actual mass losses
ranged from 0% (T-104 and B-111) to almost 60% (SY-103). The function of the caustic
leach step is both to dissolve some major nonradioactive components (primarily Al), and to
metathesize insoluble phosphate and sulfate salts to the corresponding insoluble hydroxides and
soluble sodium phosphate and sodium sulfate. Qualitatively, the observed trends of mass loss
during the caustic leach step were consistent. Sludges with relatively high amounts of Al (SY-
103, S-104, BX-107) showed the most substantial mass losses during the sludge washing and
caustic leaching tests.

The final column in Table 3.1 reports the pH of the retrieval wash solutions, as well as
the reported épproximate pH of the 'sludge (Colton 1995). With 0.01 M OH' in the retrieval
wash solutions, the initial expectation would be that the pH of the retrieval wash solution upon
contact with the sludge solids should be a value between the sludge’s reported pH and that of
the retrieval wésh solution (pH ~12). This expectation was borne out in all cases but B-111,
where the observed pH of the retrieval wash solution (9.7) was much less than either the wash
solution itself or the sludge. The reason for the unusual behavior for B-111 is unknown, but
could be due to differences in the sample used in the previous characterization work to that
used here. In all other cases, the pH of the retrieval wash solutions were indeed bounded by
the sludge and the wash solution before sludge contact. In most cases, the sludges exhibited a
substantial buffering effect as indicated by the retrieval wash solution’s final pH being closest
to the initial pH of the sludge, even at the relativély high volume/solids ratio of 2.3 %
insoluble solids used.. However, for sludges T-111 and S-104 the impact of the sludge on the
solution’s final pH was markedly less.
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3.2 Séttling Behavior of the Sludge Solids

The settling behavior of the sludge solids during the retrieval wash step is summarized in
Figure 3.1. Data for six sludges, B-111, BX-107, S-104, SY-103, T-104, and T-111 are
included. The sludge washing and caustic leaching test with C-103 was performed in the hot
cell. Poor visibility vitiated gathering settling data for this test. As Figure 3.1 illustrates,
different sludges had very different settling characteristics, ranging from the rapid settling
observed with SY-103, BX-107, and T-104 sludges to the very poor settling of S-104 sludge.
For T-111 sludge, an induction period was observed before the onset of rapid settling; such
behavior was not observed for the othér sludges investigated in this work, but has been .
observed in other studies (Lumetta and Swanson 1993a). In general, these sludges settled to
vnearly their final sludge volumes within the first few hours, S-104 being a noticeable
exception.

Figures 3.2 to 3.4 summarize the extent of the solids settling (generally, after 18 h), as
well as the extent of solids compaction by centrifugation at up to 1700 G for 15 min. In
selected cases, longer centrifugation times were employed with little, if any, additional
decrease in the sludge height. Tﬁe solids concentrations in the gravity-settled and centrifuged
sludges (indicated at the bottom of the figures) were derived from the initial solids
concentrations in the starting slurry (indicated in the middle of the figures) and the
corresponding decrease in the solids volume (indicated at the top of figures). Figure 3.2
focuses on the final solids characteristics during the retrieval wash step. The centrifuged solids
compacted to within a fairly narrow range of around 10% of the original volume of the
retrieval wash slurry, giving a solids concentration of around 15 to 25 wt% in all cases. Very
different values were found for the gravity settled solids in the retrieval wash solutions. While
some sludges such as T-104 and SY-103 settled by gravity to 20% of the original volume, S-
104 settled by gravity to only 70% of the original volume. This led to solids loading in the
settled sludge ranging from around 3 to 15 wt% under the conditions employed here.

Figures 3.3 and 3.4 describe the final solids characteristics in the first and second caustic

leach steps, respectively. The behavior was very similar between each leach step. In all
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Figure 3.1. Settling of the Retrieval Wash Suspensions

cases, the solids compaction by gravity settling during the leaching step was much poorer than
during the retrieval wash. Indeed, half of the sludge suspensions examined showed no clear

liquid at all and the ones that did showed much less settling than in the retrieval wash step. In

most cases, the solids concentrations in the centrifuged solids after the second caustic leaching
¥ step were similar to those in the centrifuged solids following the retrieval wash step. This
suggests much of the settling difference observed for the retrieval wash and caustic leaching

. steps simply reflects the higher initial solids concentration used in the caustic leach steps.
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3.3 Particle-Size Analysis of Sludges Before and After Washing and Leaching

Particle-size distributions of the sludge solids were measured both before and after sludge
washing and caustic leaching. Plots of the results, expressed as both a number and a volume |
percent distribution, are given in the Appendices. The samples were prepared for‘analysis by
suspension in a 1:1 water/glycerin matrix, and it is unclear if this matrix yields an accurate

measurement of the particle-size distributions that would be encountered in processing.

Because of primary particle agglomeration phenomena, solution variables, such as ionic
strength and hydroxide concentration, can dramatically affect the apparent particle-size -
distributions in these types of materials when measured in this manner. Furthermore, the
methods. of transferring and mixing the sludge will likely have significant effects on the
particle size distribution. Thus, the values presented here should be used with caution,
especially if . attempting to extrapolated to behavior to try to predict particle size distributions
during actual processing. A summary of the median particle-size, mean particle-size, and the
standard deviation of the mean particle-size (which provides a sense of the width of the
distribution) is provided in Tables 3.2 and 3.3. In most cases, the initial sludges appeared
similar in size and distribution, with mean number distribution on the order of 1 um. Values
for the volume distributions were higher and over a larger range, with measured mean values
of 1 to 6 um. _

Several types of chaﬂges in the particle-size distributions as a function of sludge washing
and caustic leaching were seen. In some cases, sludge washing and caustic leaching caused
little change in the measured distributions of particle-size; C-103 and T—iO4 are examples of
this first type of behavior. On the other hand, SY-103 showed a decrease in the measured
particle-size as indicated both by volume and by number. A third type of behavior was shown
by B-111, which showed a modest increase iﬁ the distribution by number, but a major increase
in the particle-size by volume. Tanks BX-107, S-104, and T-111 sludges were similar to
B-111. In these éases, the most modest increase in the particle—sizé by number translated into
a major change in the particle-size distribution by volume. Overall, under the conditions of

the particle size measurements, little change in the particle-size was measured as a result of
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Table 3.2.  Number Distribution Summary for Particle-Size Analysis of
Sludge Composites

Sludge " Median (um)  Mean (um) SD®
B-111 Untreated 0.86 L3 07 )
B-111 Treated 0.92 1.43 2.48
BX-107 Untreated 074 0.93 0.77 ’
BX-107 Treated 073 0.97 1.08
C-103 Untreated 0.84 0.86 0.25
C-103 Treated 0.88 0.90 0.27
S-104 Untreated 0.81 095 053
S-104 Treated | 0.69 0.87 078
SY-103 Untreated 0.87 1.07 0.83
SY-103 Treated 0.76 0.82 027
T-104 Untreated 0.71 0.90 0.80
T-104 Treated 1.11 146 116
T-111 Untreated 1.03 1.52 1.30

T-111 Treated 0.84 0.97 0.67

‘(@ SD = Standard Deviation of the Mean

sludge washing and caustic leaching. An exception was SY-103, where some decrease in

particle-size was found.




Table 3.3.  Volume Distribution Summary for Particle-Size Analysis of

Sludge Composites

Sludge Median (um) Mean (um) SD®
B-111 Untreated 3.70 3.66 1.82
B-111 Treated 45.12 42.38 16.26
BX-107 Untreated 4.71 5.67 3.77
BX-107 Treated 22.22 20.70 11.60 .
C-103 Untreated 1.07 1.06 0.25
C-103 Treated 1.12 1.13 0.28
S-104 Untreated 3.37 2.78 1.28
S-104 Treated 26.98 23.18 15.80
SY-103 Untreated 5.73 9.71 8.35
SY-103 Treated 1.09 1.13 £ 0.40
T-104 Untreated 4.48 4.85 2.64
T-104 Treated 4.69 4.82 2.11
T-111 Untreated 4.44 4.82 2.22
T-111 Treated 4.62 7.39 6.71

(@) SD = Standard Deviation of the Mean

3.4 Behavior of Nonradioactive Components During
Sludge Washing and Caustic Leaching

3.11

Tables are provided in the appendices listing the concentrations of the nonradioactive
sludge components in the process solutions, the concentrations of the nonradioactive sludge
components in the leached sludges, and the distribution of the nonradioactive sludge

- components into the various process streams. Mass-balance between the nonradioactive sludge

components found in the process solutions plus the leached solids and those found by direct




analysis of the untreated sludges are also given in the appendices. In general, the mass balance

between the elemental composition of the untreated sludge and the elemental composition
derived from the composition of the treated sludge together with the elemental composition of
the wash solutions agreed well, typically within 20% and often within a few percent. |
Substantial deviations were found in selected cases: these usually involved elements present
near their analytical détection limits, which added appreciably to the uncertainty of these
values. Fortunately, such instances rarely include elements of most interest regarding the
sludge washing and caustic leaching process (e.g., Al, Cr, P). In the case of BX-107,
however, a general tendency existed towards lower elemental concentrations based on
summation of the individual steps in the process as compared to the direct measurement of the
elemental composition of the initial sludge. The reason for this is unknown, but incomplete
drying of the final solid or the presence of a small amount of undissolved material in the
analysis of the final solid are two possible explanations. |

Table 3.4 summarizes how effectively several key nonradioactive elements were removed
during sludge washing and caustic leaching for the seven sludges investigated. As expected for
- highly alkaline solutions, elements such as Bi and Fe did not generally dissolve. A significant
fraction of the Fe was removed from SY-103 sludge. As noted previously, this complexant
concentrate waste would be expected to contain chemical agents capable of solubilizing metal
cations even in alkaline solutions, consistent with the observed result. Other key elements,
such as Al, P, and Si, showed highly variable dissolution behavior in response to sludge
washing and caustic leaching. The extent to which this variable behavior is consistent with the
planning assumptions made in the baseline pretreatment flowsheet will be discussed in Section
3.7.

3.5 Behavior of Anionic Components During Sludge Washing and Caustic Leaching

Tables are provided in the appendices listing the concentrations of key anions in the
process solutions, the concentrations of key anions in the leached sludges, and the distribution

of key anions into the various process streams. Results of a mass balance calculation for key
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Table 3.4. Summary of the Effectiveness of Sludge Washing and Caustic Leaching in
Removing Key Nonradioactive Components

Amount of Component Removed, %

Tank Al Bi - Ca Cr Fe P Si
B-111 2 0 12 40 0 91 47
BX-107 68 0 27 29 0 93 2
C-103 48 @ 1 1 0 66 1
$-104 38 0 36 97 1 ® 0
SY-103 90 0 76 12 25 98 80
T-104 62 0 27 27 0 55 1
T-111 13 0 1 63 0 72 59

(a)  Bismuth was present at less than its detection limits for both the initial and leached sludges and at close to its
detection limits in the leach solutions.
(b)  Phosphorus was not detected in this sample.

anions and its comparison to the directly measured concentrations in the untreated sludges are
also provided in the appendices. The anions measured were NO,,, NO;, PO,*, SO,%, F, CI,
and Br'. Table 3.5 summarizes these results for two anions of special importance, phosphate
and sulfate. Quantification and mass-balance calculation for the other anions proved to be
impractical for differing reasons. Nitrate, nitrite, and occasionally chloride could not be
measured in the solids due to the overwhelming contributions of the HNO,; and HCI required
to dissolve the solids. Consequently, mass balance calculations could not be performed, and
the percent removed in each process step could not be determined. Indeed, the analysis of all
anions is affected by the dilutions required to keep the total anion concentrations low enough
to avoid overwhelming the column’s capacity. Fluoride in principle 6ught to have been
detectable in the solids by IC, but is masked by the presence of elements such as Al. The IC
results measure only free fluoride concentration, but Al, Zr, and some other metallic elements

complex fluoride so strongly that fluoride will not be found by IC in their presence. However,
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Table 3.5. Summary of Phosphate and Sulfate Removal by
Sludge Washing and Caustic Leaching

Amount of Component Removed, %

Tank Phoéphate“’ Phosphorus® Sulfate®
B-111 96 91 100
BX-107 97 93 95
C-103 © 66 ®
S-104 @ @ 100
SY-103 o 98 ©
T-104 89 55 100
T-111 76 7 67

(a) Determined by IC analysis.

(b)  Determined by ICP/AES analysis.

(©)  Due to matrix effects, accurate determination of these analytes could
not be performed.

(d)  The species was not detected in this studge.

its presence in the sludges is indicated by its detection in the retrieval wash solutions. The
metallic elements that mask fluoride generally are not soluble under such conditions. Finally,
the amount of bromide in these samples appears to be so small that it was simply not detected.

Overall, the phosphate removal as measured by IC analysis agreed remarkably well with
that indicated by ICP/AES analysis, especially considering the high detection limits of the IC
method. The only significant deviation in the results obtained by these two methods was found
in T-104; the reasons for this discrepancy are unknown. No such check is available on the
sulfate analyses, but the close agreement in the P values lends confidence as to the validity of
the sulfate values.

In general, the anion concentrations determined by direct IC analysis agreed (within
20%) with those determined by summing the components found in the treated sludge and in the

wash and leach solutions. The major exceptions were the T-104 phosphate (55% recovery)
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and sulfate (41% recovery) analyses and the sulfate analyses for S-104 (9% recovery). The
sulfate recovery for S-104 assumed no sulfate in the treated sludge because this component was
below the detection limit. If the sulfate were present in the treated sludge at close to the
detection limits, better agreement would be obtained. Even so, the high detection limit for
sulfate in the treated sludge provided only a partial explanation: if the detection limit was used

for the sulfate concentration in the treated sludge, the mass balance agreement increased only

to 26%. The source for the discrepancy remains unknown.

Table 3.6 compares the concentrations obtained by IC for phosphate with those obtained
for P by ICP/AES for the treated and untreated sludges. With the exception, as noted above,
of the treated sludge of T-104, reasonable agreement between the two methods is seen. Sucha
result corroborates the assumption that the P measured in the ICP/AES is actually present in

the sludges as phosphate.

3.6 Radionuclide Behavior During Sludge Washing and Caustic Léaching

Table 3.7 summarizes the behavior of the radiochemical components during the sludge
washing and caustic leaching tests. Ideally, no radionuclides would be removed from the
sludgé because the sludge solids are to be routed to HLW disposal. Analysis of the total alpha
content as well as the gamma-energy analysis confirm that the transuranic elements were not
removed to any significant extent during sludge washing and caustic leaching. Analogous
results were séen for *°Sr. Tank SY-103 is a modest exception: it showed a small amount of
TRU removal (1%) as well as a small amount of *°Sr removal (4 %), consistent with the
présence of metal-solubilizing complexing agents in this complexant concentrate (CC) waste.
As expected, ®'Cs and *Tc generally were readily removed by sludge washing and caustic
leaching; perhaps the most interesting result is how much the removal of thesé radioelements
varied. For example, '¥’Cs removal ranged from quantitative for SY-103 to only 13% for
T-104. Technetium-99 removal also varied from quantitative for S-104 and B-111 to 12%
removal with T-111.




Table 3.6.  Summary of Phosphate and Phosphorus Concentrations in
Treated vs. Untreated Sludges

Equivalents P/g Dry Sludge
Untreated Sludge ‘Leached Sludge s
Tank By ‘ By
By IC ICP/AES By IC ICP/AES N
B-111 1.3 E-03 1.3 E-03 2.1 E-04 5.2E-(4
BX-107 1.4 E-03 1.8 E-03 2.1 E-04 5.5E-04
C-103 © 1.6 E-04 © 9.7 E05
S-104 ® ® : ® ®
SY-103 “ 25E04 ® 2.3 E05
T-104 2.5 E-03 22E03 3.2E-04 2.0E-03
T-111 5.3 E-04 - 8.4E-(4 3.2E-04 4.6 E-04

(@  Due to matrix effects, accurate determination of these analytes could not be
performed.
(b)  Phosphorus and phosphate were not detected in this sample.

| The radionuclide content of the wash and leach solutions is of interest regarding LLW
disposal. Because the LLW form has not yet been defined, a rigorous assessment cannot be
performed. However, for the purposes of this discussion, it is assumed that the LLW form
will contain “23 wt% Na,O and have a density of 2.65 g/mL; i.e., the Na concentration will
be 20 M. For most of the tanks examined in this work, if the wash and leach solutions were
combined and concentrated to 20 M Na, the resulting mixtures could likely be classified as
Nuclear Regulatory Commission (NRC) Class C LLW (10 CFR 61). An exception to this is
seen for C-103 sludge, which would have a TRU concentration in the LLW stream close the

the 0.1 uCi/g Class C limit.
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Table 3.7.  Summary of Radionuclide Removal by Sludge
Washing and Caustic Leaching

Amount of Component Removed, %

Tank Total Alpha® "Sr Bics *Tc
B-111 <0.1 <0.02 95 100
BX-107 <0.2 <0.2 94 99
C-103 <0.4 <0.2 73 68
S-104 ' <0.1 <0.08 98 100
SY-103 <0.9 <4 100 85
T-104 <01 <2 13 ®

T-111 <0.1 <0.05 56 12

(a) The total alpha behavior reflects the behavior of the TRU elements.
(b) Radionuclide not detected in this sludge.

3.7 Comparison of the Sludge Washing and Caustic Leaching Results to the Tank Waste

Remediation System Planning Assumptions

In this section, the results of the sludge washing and caustic léaching tests are compared
to the planning assumptions used to design the baseline sludge-treatment flowsheet (Orme
1994). |

One of the planning assumptions in the current baseline flowsheet concerns the amount of
Al removed by sludge washing and caustic leaching. The existing assumption is that Al and Si
form an unleachable material (e.g., cancrinite) having a 1:1 molar qomposition. If thereis a
molar excess of Al over Si, then 85% of the excess Al will be removed by sludge washing and
caustic leaching. Figure 3.5 compares the results of sludge wash and caustic leach testing of
Hanford tank sludges to those expected based on this assumption using data not only from the
work described in this report but also the results of previous studies (Lumetta and Rapko 1994)
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and work conducted in FY 1995 at Los Alamos National Laboratory (LANL) (Temer and
Villareal 1995). |

In almost every instance, the measured removal of Al was more veffective than that
expected from the planning assumption. A striking exception was S-104, where only about
one-half of the expected amount of Al was dissolved. Transmission electron microscopy
(TEM) and scanning electron microscopy (SEM) characterization of S-104 sludge indicated
that the aluminum oxides in this tank exist primarily as boehmite, unlike the other sludges,
where the aluminum oxides generally exist as gibbsite.” Boehmite is much more difficult to
dissolve in alkaline solutions than gibbsite, which could explain the observed results (Weber
1982). Alternatively, it is possible that tﬁe low Al removal for S-104 sludge was due to
saturation of the leach solutions with Al; that is, the Al removal might have been constrained
by solubility rather than by kinetics. This explanation seems unlikely because significantly
higher Al concentrations were achieved in leaching with other sludges (C-103 and SY-103)
under similar conditions. A third possible explanation lies in the fact that the leach solutions
were sampled at room temperature whereas the actual leaching step was performed at 100°C.
It is possible that a fraction of the Al precipitated when the solution cooled, but before the
solution was sampled. Three points can be put forth to refute the latter explanation. First, as
mentioned above, leach solutions from other tests contained significantly higher Al
concentrations than the S-104 sludge leach solutions. There is no reason to believe that Al
would precipitate from the S-104 solution on cooling, but not from the others. Second, the Al
mass balance between the amount of Al revealed by direct analysis of the sludge versus that
obtained by summing the amount of Al found in the wash and leach solutions and that found in
the leached sludge (Table D.4) was within 20%. Indeed the percent recovery of Al was
greater than 100; if Al precipitated upon cooling, the Al mass recovery would be significantly
below 100. Third, microscopy studies of the leached sludge indicated boechmite as the

exclusive Al-containing species. If a fraction of the Al precipicated on cooling of the

@ J. P. Lafemina and others (1995). Report entitled Tank Waste Treatment Science: Report for the
Second Quarter FY 1995. TWRSPP-95-008. Pacific Northwest Laboratory, Richland,
Washington.
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leach mixture, that fraction of Al would not be present as boehmite because boehmite is
formed under more harsh conditions. Thus, the most likely explanation for the low removal of
Al from S-104 sludge is that the dissolution of boehmite is kinetically slow.

Another sludge that displayed low Al removal compared to the baseline assumption was
C-103 sludge; however, in that case, the leach was performed at a free hydroxide
concentration (1 M), wéll below the targeted value of 3 M (see Table 2.1). Presumably, at a
higher hydroxide concentration, additional Al would be removed from the C-103 sludge.
Also, the possibility that low Al removal was due to saturation limits cannot be ruled out for
the C-103 test. The Al concentration in the second leach solution was greater than that in the
first (refer to Table C.1), indicating that the solutions might have been Al-saturated.

The 85% removal of Al in molar excess of Si assumed in the baseline flowsheet is based
on an idealized blend of the tank sludge wastes. Based on the current sludge inventories,® if
sludge from the twelve tanks investigated by PNL to date were blended, the resulting material
would contain 1.50 x 107 moles of Al in excess of the number of moles of Si present. Using
the Al removal factors from tank-to-tank, a total of 1.19 x 10’ moles of Al would be removed
by washing and leaching, which translates to 80% of the Al present in excess of Si. This
value is 5% less than the assumed 85% removal, with the low S-104 Al removal having a
large effect on the overall Al removal from this set of vtanks. When all the Al is considered in
theée twelve tanks (1.84 x 107 moles), the cumulative Al removal would be 65%.

One caveat concerns the interpretation of Figure 3.5—the Al to Si molar ratio used in
Figure 3.5 uses the initial Al:Si molar ratio, and no Si dissolution is assumed. Table 3.8
shows the mole ratio of Al:Si for the final washed and leached solids. If all of the Al and Si
leaching behavior could be explained by formation of a 1:1 Al:Si species together with 85%
dissolution of the excess Al, then the final Al/Si ratio in the treated solids should be around
1.2. A smaller value corresponds to more effective Al dissolution than anticipated in the

baseline assumption while a higher value indicates less effective Al dissolution. Table 3.8

@ All tank-by-tank P inventories were taken from Colton 1995, except for Tank SY-103, which was taken from
Hanlon 1995. In the latter document, only the volume is given for SY-103 sludge (573 kgal), the mass was
estimated by assuming a sludge density of 1.5 g/mL.
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Table 3.8.  Aluminum and Silicon Molar Concentratibns in Treated
Sludges '

Concentration in Leached
Sludge, mole/g -

Tank Al Si Al/Si in Leached Sludge
B-111 6.7 E-04 2.3 E-03 0.29
BX-107 1.5 E-03 1.7E-03 0.87
C-103 3.9 E-03 1.2 E-03 3.2
- §-104 1.2 E-02 1.8 E-04 67
SY-103 3.1 E-03 4.3 E-04 7.2
T-104 1.2 E-03 1.3 E-03 0.9
T-111 2.1 E-04 1.2 E-03 0.18

shows thaf the dissolution behavior of Al and Si is poorly described by this simple model, with
values both appreciably higher and lower than expected. Thus, it appears that the simple
model used to estimate Al behavior in the planning assumption has little validity regarding the
chemistry of the systems.

The planning assumption in the current baseline flowsheet regaiding P removal can be
stated as “70% of the water insoluble fraction of the P is removed by caustic leaching.”
Although this 70% removal factor is applied to an overall blend of the tank sludges in the
flowsheet, it is illustrative to compare this assumption' to the results for each tank studied to
date. The percentage of the water insoluble P in each sludge removed by caustic leaching is
presented in Table 3.9. As might be expected, the actual efficacy of caustic leaching in
removing P varies greatly from tank to tank. However, when the entire P inventory (see
footnote on page 3.20) is considered for the tanks invéstigated to date, the overall removal of
the water insoluble fraction of the P is 65 %, which is near the assumed value of 70%.
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Table 3.9. Water Insoluble Phosphorus Removed by Caustic Leaching

Tank Water Insoluble P Removed by Caustic Leaching, %
B-110® | 81
B-111® ‘ 84
B-201%9 : ' 25
BX-107® 91
C-103® 54
C-109® 13
C-112@® 69
SY-103® 92
T-104® 39
T-111® 45
U-110© : ' 90

()  Data taken from Lumetta and Rapko (1994).
(b) Data from this work.
(©  Average values from tests on cores 26 and 27 used.

An alternative assumption for P removal by sludge washing and caustic leaching
supposes that all of the P (presumed to be present as phosphate) will be removed except that
portion that forms an insoluble and unleachable phase with alkaline earth metals. Unlike most
water-insoluble phosphates, those of the alkaline earth elements are not expected (based on
thermodynamics) to be metathesized to hydroxides (thus releasing the phosphate so that it can
be washed away) in the caustic leach step. '

- The stoichiometry of simple alkaline earch phosphates réquires a 3:2 molar ratio of
alkaline-earth metal to P. In Hanford tank sludges, the amount of alkaline earth metal present
is generally dominated by the amount of Ca and, in some cases, by the amount of Ca and Sr
present. Figure 3.6 compares the results of sludge wash and caustic leach testing of Hanford

tank sludges to that expected based on the unleachable alkaline earth phosphate hypothesis,
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For the most part, the data fall near the curve associated with the hypothesis. Results from the
B-111, B-202, BX-107, C-108, and C-112 tests show slightly poorer than expected removal of
P based upon this hypothesis. The major discrepancy is found for the T-104 sludge.

Two additional concerns are associated with the test results from T-104. First, as
revealed in Tables 3.5 and 3.6, comparing the amount of P removed (based on ICP/AES data
for P) with the amount of phosphate removed (based on IC data) produced results that are very
different for T-104. Only T-104 produced such differences, however, raising a cautionary
note about these values. Figure 3.6 was generated using ICP/AES data in all instances. The P
removal (89 %) indicated by the IC data for T-104 was much closer the value expected by the
unleachable alkaline-e;zrth phosphate hypothesis. In addition, recent work at Los Alamos
National Laboratory (Temer and Villarreal 1995), where the same test was performed on
T-104, gave very different results. The LANL results are much more in line with the
unleachable alkaline-earth phosphate hypothesis, although they too indicate slightly less
effective P removal than expected from the hypothesis. The combination of the LANL T-104
fesﬁlts together with the phosphaté/P discrepancy suggests that the T-104 values should be
viewed with some caution. Be that as it may, quantitative material balance for P was achieved
by the ICP/AES analysis whereas only a 55% recovery for PO,> was achieved by IC analysis
(see Table F.4). Thus, in the case of the work performed at PNL, the value of 55% removal
of P from T-104 sludge seems to be the most reliable.

In an attempt to validate the hypothesis that only the alkaline-earth phosphates are not
removed by washing and caustic leaching, the P/(Ca+Sr) mole ratio in the treated solids was
considered (Table 3.10). If the only P-containing species in the leached residue are Ca and Sf
phosphates, the P/(Ca+Sr) molar ratio in the residue should be 0.67. A lower value would
indicate that the assumption is a conservative one, either because of insufficient P being
initially present relative to Ca, or due to some additional P-removing processes occurring.

The resul;s are clearly mixed regarding the insoluble alkaline-earth metal phosphate
hypothesis. In two cases, with S-104 and SY-103, the P(Ca+Sr) ratio is clearly lower than
expectédif all of the Ca and Sr complexed with the P to form the corresponding phosphates.
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Table 3.10. Phosphorus, Calcium, and Strontium Concentrations in Treated Sludges

Concentration in Leached Sludge, mole/g

Tank P Ca Sr P/(Ca+Sr) in Leached Sludge
B-111 5.2E-04 1.8E-04 2.4E-05 2.7
BX-107 5.5E-04 3.7E-05 1.1E-05 11
- C-103 9.7E-05 2.2E-04 2.3E-06 0.44
S-104 0 4.5E-05 2.5E-05 0
SY-103 2.3E-05 1.3E-04 1.1E-06 0.18
T-104 2.0E-03 4.5E-05 7.6E-06 38

T-111 4.2E-04 5.5E-04 1.5E-05 _ 0.74

In~the case of S5-104, this is because the solids contained little or no P to begin with. The
P(Ca+Sr) ratio of 0.77 observed for the treated T-111 solid is very close to the 0.67 ratio
expected. However, with B-111, BX-107, C-103, and T-104, the P:Ca ratio is just as clearly |
higher than expected, indicating that other P-containing species are present in the treated
solids. Thus, the good correlation indicated in Figure 3.6 is likely based on coincidence rather
than on chemical fact. Nevertheless, this hypothesis has thus far proved to be a remarkably
good assumption, given the complexity of the systems examined.

One aspect of the current sludge pretreatment testing strategy is to divide the tanks into
groups having similar waste types based on the sort on radioactive waste type (SORWT) model
(Hill, Anderson, and Simpson 1995). It is commonly presumed that wastes from tanks within
a given SORWT group will exhibit similar behavior in the sludge washing and caustic leaching
pretreatment process. If this were the case, then it would not be necessary to perform tests on
every tank within the SORWT group, but rather sludges from selected tanks could be tested
and the results extrapolated to the other tanks in the same SORWT groups.

3.25



Several examples exist in which tanks in the same SORWT group have been tested. Table
3.11 summarizes these along with the observed removals of Al, Cr, and P. The general trends
between SORWT groups is consistent. For example, removing Al from tanks in SORWT
groups X and XIII is generally better than from tanks in groups VII and XVI. However,
significant variability is seen for removing certain components within given SORWT groups.
This is Aespecially true for P removal from groups VII and XIII tanks, Al removal from group
XVI tanks, and Cr removal from group VII tanks. Clearly, much more data are needed to
validate the use of SORWT (or other models) for extrapolating test results to tanks that have
not actually been tested. |

3.8 Impact on High-Level Waste Glass Volume

This discussion concludes with the reduction in HLW glass volume achieved by sludge
washing and caustic leaching. Table 3.12 illustrates the calculated amount of glass canisters
(each canister containing 1650 kg of borosilicate glass) expected from vitrifying the sludge
solids in the seven tanks investigated in this work. Three cases are considered: no
pretreatment, washing with inhibited water, and caustic leaching plus washing with inhibited
water. The vitrification feed specifications reported by Swanson (1993) were used to calculate
the number of glass canisters resulting in each'case. To determine the number of glass
canisters, the tqtal mass of each potential glass-limiting component in the untreated sludge was
determined by multiplying the total amount of sludge (on a dry weight basis) by the
concentration of each component in the untreated sludge as reported in the appendices. The
total amount of sludge in each tank was taken from Colton (1995), except for SY-103, which
was obtained from Hanlon (1995). For the “no pretreatment” case, these component masses
were used directly. For the other two cases, the amount of each component in the HLW was
obtained by multiplying the amount of that component originally in the waste by the fraction
left after the inividual treatment. The total mass of each element in the HLW stream was then
compared to its allowable limits in the HLW vitrification feed (Swanson 1993) to determine

the number of HLW glass canisters that would result from each component. The three
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Table 3.11. Comparison of Sludge Washing and
Caustic Leaching Results from Tanks In
the Same SORWT Groups

Cumulative Removal, %

SORWT _

Group Al Cr P
B-110® XVI 18 52 98
B-111 XVI 2 40 91
Mean 10 46 9%
Std. Dev. 11 8 5
B-201¢ VI 27 56 26
B-202¢ vII 19 29 44
Mean 23 42 35
Std. Dev. 6 19 13
C-108© XIII 94 80 80
C-109® CoXxm 81 85 42
C-112¢ X 85 88 84
Mean 87 84 69
Std. Dev. 7 4 23
T-1079 X 78 61 99
U-110¢® X 84 71 98
Mean ' 81 ‘ 66 98
Std. Dev. | 4 7 1

(a) Lumetta and Rapko 1994.
(b) Average of the results from two cores.
(©) Temer and Villarreal 1995.
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Table 3.12.  Impact of Sludge Washing and Caustic Leaching on Glass Required for

Sludge Vitrification
Largest Number of 2nd Largest Number of 3rd Largest Number of
Glass Canisters Glass Canisters Glass Canisters

Tank™ (Limiting Component) (Limiting Component) (Limiting Component)
B-111 (untreated) 29 @ 1600 (S) 1550 (Na)
B-111 (SW) 1300 (@) 160 (Cp) 130 (S)
B-111 (SW+CL) 210 (P 170 (Na) 130 (Cp
BX-107 (untreated) 5210 (P 2260 (Na) 1430 (S
BX-107 (SW) 4170 @) 630 (F) 20 (Cp
BX-107 (SW+CL) 370 @ 350 (Na) 200 (Cp)
C-103 (untreated) 300  (AD 120 (Fe) 9 (Na)
C-103 (SW) 300 (Al 120 (Fe) 600 (P)
C-103 (SW+CL) 160 (Al 120 (Fe) 80  (Na)
$-104 (untreated) 3460  (Na) 2000 (AD) 2300 (S)
S-104 (SW) 2810 (Al 170 (Na) 100 (U)
S-104 SW+CL) 1800 (A) 250 (Na) 100 (U)
SY-103 (uatreated) 14500 (Na) 7540 (Cp) 3500 (@)
SY-103 (SW) 7160 (Cr) 2480  (Al) 910 (@)
SY-103 (SW+CL) 6630 (C) 270 (Al %0 Na)
T-104 (untreated) 5370 (@) 1710 (Na) 1710 (S) .
T-104 (SW) 3970 (@) 470  (A] 260 (Cn)
T-104 (SW+CL)® 2420 @) 980 (Na) 230  (Cr)
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Table 3.12 contd.

T-111 (untreated) 2670 (Na) 1620 (P) 410 (5
T-111 (SW) 810 (P) 410 (5) 280 (C»
T-111 (SW+CL) 50 @ 410 (S 190 (Na)

(a) SW = washing with inhibited water only; SW+CL = caustic leaching plus sludge washing (i.e., the baseline
process).

()  Using the value of 89% removal of P that was obtained by IC, the limiting component for T-104 would be
Na, and 980 canisters would result. The next limiting component would be P (590 canisters), and the third
limiting component would be Cr (230 canisters). ’

components that yield the maximun number of glass canisters are reported in Table 3.12 for
each sludge. ‘ ' »

Two caveats must be placed upon the canister numbers in Table 3.12. First, a certain set
of glass specifications was used in the calculations; modified glass specifications could result in
modifications to the values presented in Table 3.12. For example, the P lirﬁit used in a recent

study (Lambert and Kim 1994) is threefold higher than that used by Swanson (1993);
incorporation of this change would give a threefold reduction in the P-limited canister count
values. Second, the canister numbers are based on processing on a tank-by-tank basis.
Implementation of waste-blending schemes could likely reduce the number of glass canisters
required. | |

Several trends are apparent from Table 3.12. The glass-volume-limiting components for
the untreated sludges are primarily Na and P. Only in the case of C-103, which possesses an
unusually low concentration of Na, is another element (Al) the limiting component. Sludge
washing and caustic leaching are of wide and varying effectivenéss in reducing the number of
glass canisters formed upon vitrifying the treated solids. For some sludges, sludge washing
and caustic leaching are very effective at reducing the amount of glass canisters that would be
needed to vitrify the residual solids.” For B-111 sludge, for example, the HLW volume should
be decreased by a factor > 10 if the baseline process in implemented. Tank BX-107 and, to a

lesser extent, T-111, should also experience large decreases in HLW volume. On the other
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hand; with the four other sludges examined in this work, C-103, S-104, SY-103, and T-104, a
decrease of only a factor of "2 in the amount of HLW required after sludge washing and
caustic leaching is indicated. However, the amount of HLW glass required for vitrifying the
leached T-104 solids is dominated by the amount of P remaining in the residual solids. As
noted above, that number is suspect, and if it is in fact sufficiently reduced such that Na
becomes the limiting agent, a decrease in glass of between a factor of 4 and 5 would result.

The reasons for the relatively poor performance in glass reduction for the four sludges
noted above are unique to each sludge type. The case of T-104 was described previously. In
the case of C-103, the final limiting compohent is Al. However, more effective Al dissolution
would have a relatively small impact, since the amount of Fe remaining in the residual solids
- results in almost the same number of glass canisters. Any large additional decreases in glass
from vitrifying treated C-103 solids would fequire effective removal of Fe from the solids or
solids dissolution coupled with a radionuclide separation scheme.

Tank S-104 and SY-103 sludges are both different from each other and from the other
sludges in respect to what determines the amount of glass formed by vitrifying these solids. In
the case of S-104, poor dissolution of Al determines both the poor reduction in glass volume
and the relatively high total number of canistefs,required. Mdre effective Al and Na removal
could further reduce the number of glass canisters by an order of magnitude. With SY-103,
more effective Cr dissolution could reduce the number of glass canisters by more than a factor
of 20, and, if coupled with more effective Al dissolution, a further reduction of approximately

two orders of magnitude might be possible.

3.9 Conclusion

The effectiveness of sludge washing and caustic leaching in reducihg the number of HLW
glass canisters required to immobilize the treated solids varies greatly from tank-to-tank.
Transuranic and Sr dissolutions are minimal in all cases and particularly small, unless the

sludge is likely to contain metal complexing agents. Enhanced Cr, P, Al, and perhaps Fe
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dissolution, when waste immobilization is considered on a tank-by-tank basis, could have a
major impact in the amount of glass produced over and above the current baseline sludge
washing and caustic leaching scheme. Finally, the current planning assumptions regarding
sludge washing and caustic leaching give values that are generally close to the experimental
results to date, even though the planning assumptions appear to have relatively little chemical

basis.
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Appendix A

Results from the Tank B-111 Sludge
Washing and Caustic Leaching Test
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See Next Page

2dd Smi 3 M NaOH 1o the lesch mixture, sur,eenwlgeagaln

then decant.

the SmL 3 M NaOH

Lod ﬁeehydmxidehnootmhﬁonwdﬂnmﬁnedanaaddhg

Figure A.1. Schematic of B-111 Sludge Washing and Caustic Leaching Test
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0.01 M NaOH/ ___p,| Mix0.5h, RT,,
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(0.90 g solid) B111-1.PPT

Figure A.1. (contd.)
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Table A.1.  Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the B-111 Test
Concentration, gg/mL ®
Detection Retrieval Solution First Caustic Second Caustic
Component Limit, pg/mL {E) Leach (G) Leach (D Wash (K)
Ag 0.17 0 0 0 0
. Al 0.85 0 17.85 16 8.5
- As 1.7 0 0 0 0
B 0.34 3.4 4.76 3.2 : 0.60°
Ba 0.17 0 0 0 0
Be 0.08 0 0 _ 0 0
h Bi 1.7 0 204 124.8 8.5
Ca 0.35 17.35 8.5 8 6.0
cd 0.17 0 0 0 0
Ce 1.7 0 0 0 0
Co 0.17 0 0 0 0
Cr 0.34. 71 31 176 41
Cu 0.17 0.77 9.35 54.40 2.13
Dy 0.34 0 0 0 0
Eu 0.17 0 A 0 0 0
Fe 0.17 0.43 16.15 28.30 2.47
Gd 3.4 0 0 0 0
K 25.5 : 85 170 80 0
La 0.51 0 0 0 0
Li 0.34 0 0 0 0
Mg 1.7 0 0 0 0
Ma 0.08 0 0 0 0
Mo ' 0.34 9.35 T 255 1.6 0
Na 17 21250 76500 107200 33150
Nd 0.51 0 0 0 o
Ni 0.51 0 0 0 3.4
P 1.7 1870 1785 1136 4420
Pb 0.85 0 - 29.75 120 7.65
Pd 2.55 0 ' 0 0 0
Rh 1.7 0 0 0 0
Ru : 1.7 0 0 o 0
sb 0.85 0 0 0 0
Se 17 0 0 0 0
si 0.85 74.8 3485 3840 935
Sa 17 0 0 0 0
St 0.08 0 0 0 0
Te 3.4 0 0 0 0
Th 17 0 0 0 0
Ti 0.08 0 0 0 0
Tl 8.5 0 0 0 0
u 0.00003 33.92 5.91 10.18 - 1.60
v 0.17 0 0.34 0 . 0
w 1.7 0 0 0 0
Y 0.17 0 0 0 o
Zn 0.34 0 23.8 48 6.97
Zr 0.17 0 0 0 0
NOy 500 18900 5900 3500 680
NO, 500 11500 4100 2500 800
1 % 100 5300 5700 3500 13000
S0> 50 2890 1000 590 130
N F 25 270 0 0 0
cr 25 300 100 60 0
Be 50 0 <25 <25 <25

(a) Zero values indicate the analyte was below the detection limit.




Table A.2. Concentrations of the Nonradioactive Sludge Components in the Leached Sludge

From the B-111 Test

Component

Detection Limit, ug/g

Concentration, pg/g ®

Ag
Al
As

B
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cu
Dy
Eu
Fe
Gd
K
La
Li
Mg
Mn
Mo
Na
Nd
Ni
P
Pb
Pd
Rh
Ru
Sb
Se
Si
Sn
Sr
Te
Th
Ti
T1
U
\4
w
Y
Zn
Zr

NO;
NOy
PO}
2-
S0,
F
cr
Br’

20
100
100

30
20
8
200
80
20
100
20
30
20
30
20
20
300
(b)
50
30
100
8
30
100
50
©
200
100
200
200
200

100
80
2000

300
1000

800
10000
20
100
20
30
20

()
1C)]

21200

8500

21200

(CY)

21200

50
18000
0

1100
290
0
180000
7300
30
200
40
7000
2300
[
0
180000

(&)

2400
990

100000

@
@
20000
]
0
@
]

(a) Zero values indicate the analyte was below the detection limit.

(b) Potassium values are not reported since the sample was dissolved
using a KOH fusion method.

(c) Nickel values are not reported because a Ni crucible was used

during the KOH fusion procedure.

(d) Measurement impractical due to method of sample preparation.




Table A.3. Distribution of the Nonradioactive Sludge Components Between the Various
Process Streams From the B-111 Test
Amouat of Component Found, %
Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) ’ Leach (D Wash (K) Residue (A)
Ag 0 [} [ 0 100
Al 0 1 0 1 98
- As (a) @ (@) (@) (@)
B 1 2 1 1 84
Ba 0 0 0 0 100
Be @ @) @) (@) (@)
- Bi 0 (] 0 0 100
Ca 9 1 0 1 88
cd ) 0 0 0 100
Ce 0 0 0 0 100
Co 0 0 0 0 100
Cr 27 2 6 6 60
Cu 1 2 9 1 86
Dy @) @) (@) (@) (a)
Eu @) (@) (a) (@) (a)
Fe 0 0 0 0 100
Gd (@) (a) ’ @) @) . (@)
K (b) ®) (b) (b) (b)
La 0 0 0 0 100
Li @) (@) (a) (a) (@)
Mg 0 0 ) 0 0 . 100
Mn 0 0 0 0 100
Mo - 87 3 1 0 8
Na - (c) (<) () (c) ©
Nd 0 0 0 [ 100
Ni (b) ®) (b) (b) (b)
P 43 6 3 39 - 9
Pb 0 1 3 1 94
Pd (@ (@) €] (@) @
Rh (@) (a) (a) (a) (@)
Ru (@) (a) (@) (@) (a)
Sb (@) @) (@) (@) @)
Se : 0 0 0 0 . 100
si 3 .18 14 13 53
8n - @) (a) (@) (@) (@)
Sr 0 . 0 0 0 100
Te @) (a) @) (a) (@)
Th " @ @ (a) (@) (a)
Ti 0 0 0 0 100
T1 (@) (2) (@) (a) (@)
u 57 1 2 1 39
"2 0 100 0 0 0
w 0 0 0 0 100
Y @) (a) (a) (2) (@)
Zn 0 12 17 9 62
Zr 0 .0 0 0 100
NOy 93 4 2 1 . (d)
NO; 91 5 2 2 )
Po,*> 44 ) 7 3 42 4
s 92 (87 5 @)@ 2 2 (1)@ 0 (6)@
F 100 (34)@ 0 0 0 (1)@ 0 (64)°
N cr 94 5 2 - o @
Br (a) () (a) @) (@)

(a) Component was not detected.
(b) K and Ni values could not be determined due to the KOH fusion method used to prepare
the leached sludge for analysis.
(¢) Removal of the Na from the sludge cannot be reliably tracked because the Na from the siudge
cannot be distinguished from the Na added in the washing and leaching steps.
(d) Measurement impractical due to method of sample preparation.
(¢) Values in parenthases represent the values obtained if, for cases where the component
was below the detection limit, the component concentration was assumed to be the detection limit.
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Table A.4. Mass Balance for Nonradioactive Sludge Components From the B-111 Test
Concentration in Dried Sludge, g/g Sludge

Component Direct Analysis Summation Method _Recovery, %
Ag < 9.00E-0S5 1.12E-05
Al 3.00E-03 4.11E-03 137
As < 7.00E-04
B 2.00E-03 2.92E-04 15
Ba < 9.00E-05 6.50E-05
Be < 4.00E-05
Bi 5.20E-02 4.05E-02 78
Ca 1.00E-03 1.85E-03 185
Cd < 9.00E-05 6.72E-06
Ce < 7.00E-04 4.48E-05
Co < 9.00E-05 8.97E-06
Cr 3.10E-03 2.64E-03 85
Cu 4.00E-04 5.97E-04 149
Dy < 2.00E-04
Eu < 9.00E-05 )
Fe 4.60E-02 4.04E-02 88
Gd < 2.00E-03
K (b) (b)
La < 3.00E-04 1.34E-05
Li < 2.00E-04
Mg < 7.00E-04 5.38E-04
Mn 4.00E-04 2.22E-04 55
Mo < 2.00E-04 1.06E-04
Na (c)
Nd < 3.00E-04 4.48E-05
Ni (b) (b)
P 4.10E-02 4.22E-02 103
Pb 4.00E-03 3.33E-03 83
Pd < 1.00E-03
Rh < 9.00E-04
Ru < 9.00E-04
Sb < 4.00E-04
Se < 7.00E-04 6.72E-05
Si 2.60E-02 2.75E-02 106
Sa < 9.00E-03
Sr 5.80E-04 4.71E-04 81
Te < 2.00E-03
"Th < 7.00E-03 :
Ti 9.00E-05 6.72E-05 75
T1 < 4.00E-03
u 6.00E-04 5.86E-04 98
v < 9.00E-05 4.81E-07
w < 7.00E-04 4.43E-05
Y < 9.00E-05
Zn < 2.00E-04 2.79E-04
Zr < 9.00E-05 2.24E-05
NO,” (d) 1.99E-01
NO, (d) 1.28E-01
PO 1.20E-01 1.17E-01 97
so> 4.00E-02 3.08E-02 77
F < 3.67E-02 2.64E-03
Ccr ) 3.14E-03
Br

(a) Blank spaces indicate values below the detection limits.

(b) K and Ni values could not be determined due to the KOH fusion method

used to prepare the solids for analysis.
(c) Reliable value not available due to problems encountered in analytical procedure.
(d) Measurement impractical due to method of sample preparation.
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(@) ND = Not Determined

Table A.5. Concentrations of the Radioactive Sludge Components in the Various Process
Streams From the B-111 Test
Concentration, uCi/mL
Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K)
Total Alpha < 2.55E05 < 2.55E-05 < 4.8E-05 < 2.55E-05
B9.20p,; ND® ND ND ND
Mam + P¥py ND ND ND ND
* Am(y) < 4.00E-04 < 6.00E-03 < 4.00E-04 < 3.00E-04
B¢y 2.02E+01 6.84E+01 4.02E+01 8.76E+00
0gp 8.67E-04 6.32E-03 2.22E-02 1.14E-02
*Te 3.04E-02 9.18E-03 4.82E-03 1.16E-03
Concentration, pCi/g
Component Residue
Total Alpha 2.90E+00
59.20py 1.32E+00
Mam + Zpy 7.74E-01
M Am(y) 1.01E+00
B¢ 7.97E+01
2S¢ 3.03E+03
*Te 1.81E-03

. The low total alpha activity made these separations impractical.




Table A.6. Distribution of the Radioactive Sludge Components Between the Various
' Process Streams From the B-111 Test
Amount of Component Found, %
Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach () Wash (K) Residue (A)
Total Alpha 0 0 0 0 100
B9240py @ @ @ (@) 100
Mam + Ppu (a) (a) (a) (@ 100
21 Am(y) 0 0 0 0 100
B¢ 52 25 10 9 5
“sr 0 0 0 0 100
PTe 93 4 1 1 0

(a) Not determined due to the low total alpha activity of the samples.

Table A.7. Mass Balance for Radioactive Sludge Components From the B-111 Test
Concentration in Dried Sludge, uCi/g
Component Direct Analysis Summation Method Recovery, %
Total Alpha 4.08E-01 6.50E-01 159
#9.240py 2.82E-01 2.95E-01 105
*am + Zpu 1.26E-01 1.73E-01 138
21 Am(y) 2.65E-01 2.25E-01 85
Bcs ' 3.72E+02 3.85E+02 103
0S¢ 6.46E+02 6.78E+02 105
T 2.24E-01 3.20E-01 . 143

A8



N T lIlIllll T ¥ IIl[[Tr T lTIIIH- 40 [ R IITT'I_HI 1 Tlllllll T l!lllll_
- (a) ] - (b) -
30 . 30 .
o I 1 o f ]
%00 k- 1 Paf .
~ : z : z
- ] - ]
O B | 1 ll|ill 1 JIHI i Illlllr 0 B L L Lll 1 Lol ’ 1 IIIIIIT
0.1 1 10 100 0.1 1 10 100
Particle Diameter, um Particle Diameter, um
100 - I Illlllll ] ¥ HII 1 ITIIIH_ 100 _ ! L) IIlHl T 1R IR l 1 IIll[Il_
80E (0 3 g0k (@ E
% S0 F 7 % SOF E
40 - 40 | =
20 | E 20 | =
O ; o I!LLL! ! [l[l!lll 1 lIl}II-I: 0 : 1 Ll 1 Ill!IIII 1 l!l(lll:
0.1 1 10 100 0.1 1 10 100
Particle Diameter, um Particle Diameter, um

Figure A.2. Particle-Size Data for Untreated B-111 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, ¢) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure A.3. Particle-Size Data for Treated B-111 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c¢) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.

A.10



Appendix B

Results from the Tank BX-107 Sludge
Washing and Caustic Leaching Test




BX107-2B | | BX107-2B1 | | BX107-2C BX107-2D
BX107-2 @Ra5gsdury) | | (.08 gslumy) | | (0.21 g duery) 0.21 g durry)
(10.01 g) Dry, sooc+
j Samples BX107-2B
Water i
orom —P{ Mix, then sample (024 g solid)
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0.01 M NaNQ, —P»{ Mix 0.5 b, RT,
Swl) centrifuge, decant
Voo
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0.041 g solid) - oS ok, seatic leach
solution needed to
' yield 8 wi% solids
Water gyl Retrieval Wash Liquid Sample
) Mix 1 b, 100°C, cool, P BXU0TE BX107-2F and -2F1
meastire seitling H =98 .
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(16(_)6% NaOH — g cent.rifuT= decant
Solids (Vol. Settled Sollds ~ 11.1ml)
(Vol. Centrifuged Solide ~ 6.1 mL)
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' |_centrifu, : “S.Ggofma-\vu st 1o
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Figure B.1. Schematic of BX-107 Sludge Washing and Caustic Leaching Test
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. {0.11 g shurry) {0.11 g slurry)
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Figure B.1. (contd.)
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Table B.1.  Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the BX-107 Test
Concentration, ug/mL ®
Detection Retrieval Solution First Caustic Second Caustic
Component Limit, ug/mL (E) Leach (G) Leach (I) Wash (K)
Ag 0.43 0 0 0 0
Al 2.6 26.4 7225 2720 272
As 3.4 0 17 6 0
B 0.85 3.4 2.6 0 0
Ba 0.43 0 Q0 0 [
Be 0.26 0 0 0 0
Bi 4.3 0 17 34 0
Ca 2.6 4.3 8.5 0 6
Cd 0.43 0 0 0 0
Ce 3.4 0 0 .0 0
Co (.43 [} 0 0 Q
Cr 0.85 19.6 18.7 38.3 4.3
Cu 0.43 0 0 0.85 0
Dy 0.85 0 0 0 0
Eu 0.43 0 0 0 0
Fe 0.43 3.4 4.3 4.4 0
Gd 8.5 0 0 0 0
K 68 76.5 0 0 0
La 1.7 0 0 0 4]
Li 0.85 0 0 0 0
Mg 3.4 0 0 0 0
Mn 0.26 0.6 0.43 0 0
Mo 0.85 1.7 0 0 0
Na 3.4 9350 66300 102000 22950
Nd 1.7 0 -0 [ 0
Ni 1.7 0 6.8 0 2.55
P 4.3 740 570 306 4930
Pb 2.6 0 0 0 0
Pd 6.8 0 0 0 0
Rh 4.3 1} 0 0 0
Ru 4.3 0 0 0 0
Sb 2.6 0 0 0 0
Se 3.4 0 0 0 0
Si 2.6 0 29.8 119 8.5
Sn 43 4] 0 [4) \]
Sr 0.26 0 0 0 0
Te 8.5 0 0 0 0
Th 34 Q 4 Q 0
Ti 0.26 0 0 0 0
Tl 26 0 0 0 0
U 0.00003 53.7 39.7 37.4 4.45
v - 0.43 0 V) 0 0
w 3.4 0 (i} Q Q
Y 0.43 0 0 0 0
Zn 0.85 0 23 15.3 3.4
Zr 0.43 0 0 0.85 0
NO, 500 13900 4300 1810 150
NO," 50 2530 790 290 420
PO> 50 2310 1920 790 14600
5042' 50 1440 500 70 20
F 25 550 5200 0 2200
Ccr 25 140 50 20 0
Br 25 0 0 0 0

(a) Zero values indicate the analyte was below the detection limit.
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Table B.2.  Concentrations of the Nonradioactive Sludge Components in the Leached Sludge
From the BX-107 Test

Component Detection Limit, ug/g Concentration, ug/g *
Ag 20 0
Al 100 41000
As 100 0
B 40 4100
Ba 20 60
Be 9 0
Bi 200 350000
Ca 90 . 1500
Cd 20 30
Ce 100 9200
Co 20 30
Cr ) 40 4400
Cu 20 100
Dy 40 0
Eu 20 0
Fe 20 72000
Gd 400 0
K (b) (b)
La 50 0
Li 40 0
Mg 100 . 900
Mn 9 360
Mo 40 50
Na 100 84000
Nd 50 0
Ni (<) (<)
P 200 17000
Pb 100 ) 600
Pd 300 Q
Rb 200 0
Ru 200 0
Sb 90 0
Se i00 : 200
Si . 90 49000
Sn 2000 0
Sr 9 940
Te 400 0
Th 1000 0
Ti 9 70
T1 900 0
U 0.00003 16900
A\ 20 0
w 100 0

Y 20 - 0
Zn 40 300
Zr 20 860
NOy’ ) ()
NO, (@) (d)
PO*> 17900 20000
so > 7175° 4835
F~ 17900 0
cr (d) (d)
Br’ 17900 0

(a) Zero values indicate the analyte was below the detection limit.
(b) Potassium values are not reported since the sample was
. dissolved using a KOH fusion method.

(¢) Nickel values are not reported because a Ni crucible was
used during the KOH fusion method.
(d) M easurement impractical due to method of sample preparation.
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Table B.3.  Distribution of the Nonradioactive Sludge Components Between the Various
Process Streams From the BX-107 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (1) Wash (K) Residue (A)
Ag (a) (a) (a) (a) (@)
Al 1 49 11 7 32
As 0 82 18 0 0
B 5 1 0. 0 94
Ba 0 Q 0 100
Be (@) @ @ (@ @
Bi 0 0 0 0 100
Ca 14 4 .0 0 73
cd 0 0 0 ] 100
Ce 0 0 0 0 100
Co 0 0 0 0 100
Cr 21 3 3 2 71
Cu 0 0 4 0 96
Dy @) @) @) (@) (2)
Eu (a) (@) (a) (@) (@)
Fe 0 Q i 0 100
Gd (@) @ @ @ - (a)
K (&) (b) () () (d)
La @) (@) @) (@) @
Li (@) (a) (a) (a) (a)
Mg 0 0 0 0 100
Mn 10 1 0 0 39
Mo 69 o 0 0 31
Na (c) (©) (c) © ()
Nd (a) (a) (a) @) (@)
Ni (b) (b) ) (b) (b)
P 20 2 1 70 7
Pb 0 0 0 i . 0 100
Pd (@) (a) (a) (@) (@)
Rh @) @) (@) @) (@)
Ru (a) (a) (a) (a) (@)
Sh (@) (a) (a) (a) (a)
Se 0 0 0 0 100
si 0 1 i 1 98
Sn (@) @ (@) ] (@) ' (2)
Sr 0 0 0 0 100
Te (@) (a) (@) (@) (a)
Th (@) (@) @) (@) (@)
Ti [ N 0 0 0 100
T! @ (@) (a) (@) @)
u 16 2 1 1 80
v (@) (@) (a) (@) @)
w (@) (@) (@) (@) (a)
Y (@) (@) (@) . (@) @)
Zn 0 29 12 16 . 43
Zr 0 0 1 0 99
NO, 95 4 1 1 @)
NQ, 88 4 1 7 (d)
PO 22 2 1 72 3
so’% 90 4 0 1 5
F 23 2N® 29 (26)® o 47 (4)® 0 (10)®
cr 94 s 1 0 ()
Br (a) (a) @) . (@) (a)

(a) Component was not detected.
(b) K and Ni values could not be determined due to the KOH fusion procedure used
to prepare the leached sludge for analysis.
{¢) Removal of Na from the sludge cannot be reliably tracked because the Na in the sludge
cannot be distinguished from the Na added in the washing and leaching.
(d) Measurement impractical due to method of sample preparation.
(e) Values in parenthases represent the values obtained if, for cases where the component
was below the detection limit, the component concentration was assumed to be the detection limit.
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Table B.4.

Mass Balance for Nonradioactive Sludge Components From the BX-107 Test

Concentration in Dried Sludge, g/g Sludge

Component Direct Analysis Summation Method Recovery, %
Ag < 4.00E-05 -

Al 3.50E-02 2.83E-02 81
As < 3.00E-04 3.94E-05

B 3.50E-03 9.48E-04 27
Ba < 4.00E-05 1.31E-05

Be < 2.00B-05

Bi 4.80E-02 7.64E-02 159
Ca 2.00E-03 4.48E-04 22
Cd < 4.00E-05 6.55E-06

Ce < 3.00B-04 1.96E-04

Co 5.00E-05 6.55B-06 13
Cr 2.30E-03 1.35E-03 59
Cu 6.90E-04 2.28E-05 3
Dy < 7.00E-05

Eu < 4.00E-05

Fe 2.80E-02 1.58E-02 56
Gd < 7.00E-04

K ® ®) ®)
La < 1.00E-04

Li < 7.00E-05

Mg 4.00E-04 1.96E-04 49
Mn 4.40E-04 8.78E-05 20
Mo < 7.00E-05 3.49E-05

Na 2.10E-01

Nd < 1.00E-04

Ni ®) ®) b)
P 5.60E-02 5.13E-02 92
Pb < 2.00E-04 1.31E-04

Pd < 9.00E-04 ’

Rh < 4.00E-04

Ru < 4.00E-04

Sb < 2.00E-04

Se < 3.00E-04 4.36E-05

Si 2.00E-02 1.10E-02 55
Sn < 4.00E-03

Sr 3.70E-04 2.05E-04 55 .
Te < 7.00E-04

Th. < 3.00E-03

Ti 4.00E-05 1.53E-05 38
Ti < 2.00E-03

u 1.42E-02 4.60E-03 32
\'% < 4.00E-05

w < 3.00E-04

Y < 4.00E-05

Zn 5.00E-04 1.52E-04 30
Zr 1.00E-04 1.89E-04 189
NO,’ (c) 2.08E-01

NO, (©) 4.06E-02

PO~ 1.30E-01 1.47E-01 113
50, 1.98E-02 2.26E-02 114
F 3.36E-02

cr © 2.09E-03

Br

(a) Blank spaces indicate that the analyte was below the detection limit.
(b) K and Ni values could not be determined due to the KOH fusion

method used to prepare the solids for analysis.
(c) Measurement impractical due to method of sample preparation.
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Table B.S.  Concentrations of the Radioactive Sludgev Components in the Various Process

Streams From the BX-107 Test

Concentration, uCi/mL

Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach (I) Wash (K)
Total Alpha < 2.55E-05 2.38E-05 1.00E-04 < 2.55E-05
29240py ND® ND ND ND
Mam + Bpy ND ND ND ND

2 Am(y) < 5.00E-05 < 3.00E-04 < 2.00E-04 < 5.00E-05
Bics 4.02E-01 9.01E+00 4.00E+00 4.38E-01
205y 7.49E-04 1.30E-03 3.94E-03 2.11E-03
*Tc 4.73E-03 1.88E-03 6.95E-04 5.29E-05

Concentration, uCi/g

Component Residue

Total Alpha , 1.41E+00
239.2400py 1.26E+00
2Am + **pu 1.45E-01
2 Am(y) - 1.25E-01
B¢y 9.25E+00
Ps¢ 7.57E+01
*Tec ' 4.18E-03

(a) ND = Not Determined. The low total alpha activity made these separations impractical.




Table B.6.  Distribution of the Radioactive Sludge Components Between the Various
Process Streams From the BX-107 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach (I) ‘Wash (K) Residue (A)
Total Alpha 0 0 0 0 100
29240py @ @ @ @ 100
Mam + Ppy (a) (a) (a) (a) 100

21 Am(y) 0 0 0 0 100
B7es 17 . 52 15 10 6

gy 0 0 0 0 100
*Te 92 5 1 1 1

(a) Not determined due to a lack of alpha activity in some components.

Table B.7.  Mass Balance for Radioactive Sludge Components From the BX-107 Test

Concentration in Dried Sludge, uCi/g

Component . Direct Analysis Summation Method Recovery, %
Total Alpha 3.45E-01 3.08E-01 89
239.240py, 3.08E-01 2.75E-01 89
Mam + P¥py 3.24E-02 3.16E-02 98

21 Am(y) < 2.08E-01 2.73E-02

¥7cs " 3.81E+01 3.27E+01 86

sr 2.30E+01 1.66E+01 72
“Tc 5.16E-02 7.25E-02 140
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Figure-B.l.' Particle-Size Data for Untreated BX-107 Sludge: a) Probability-Number
Density Graph, b) Probability Volume-Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Appendix C

Results from the Tank C-103 Sludge
Washing and Caustic Leaching Test




C1032B C1032C C103-2D
C103-2 (2.34 g slurry) {0.21 g slurry) (0.21 g sturry)
(153 g) Dry, 80°C
* C103-1B1 {Note: Separate portion
C1032B 052 ey | Pt i i
Samples 182 g waler )
Water i
Wiped —»{ Mix, then sample 054 g solid)
0.01 M NaOIl/ Wash Liquid
0.01 M NaNQ, — P Mix 0.5 h, RT,
(5 mL) centrifuge, decant
v Solids
0.01 M NaO1l/ Wash Liquid
_ 0.01 M NaNO, Mix 0.5 h, RT, P C103-182
63 g of dry (SmlL) centrifuge, decant
solids remained v Solids
in the slurry.)
0.01 M NaOW/ Wash Liquid
0.01 M NaNO, — P Mix 0.5 h, RT,
(S ml) centrifuge, decant
Dry, 80°C
- Wit% insol. solids = 13.1
- 81 mL retrieval wash
C103-1B1 S?"r:“'" “”m;
oo [yt
solution needed to
v yield 8 wt% solids
Water Retrieval Wash ' Liquid " Sample -
@233¢g) Mix 1 h, 100°C, (',()Ol, ((T,,loni-)ZE _> C103-2F and -2F1
1 M NaNQ, uge, Cea
o560 Sk
Water | Caustic Leach 1 Liquid Sample
@.6g) Mix 5 h, loooc’ 000], —> ((6:12(:3;3(; C103-2H and -2H1
' measure settling 0.60 M OH-
(14(_)4% NaOH — -l centrifuge, decant
Solids  (Volume of seitled solids “8.5)
(Vol. Ceniriluged Solids ~ 6.4 ml)
3MNaOH | Famfie Lo ol ciozar | ST o1 C103-20 and 251
798 g . 7.4ml)
- measure settling 1.0 M OH-
centrifuge decar’n

Solids

(Vohune of settled solicls 9.2)
(Vol. Centrifuged Solids ~ 7.0 mL)

See Next Page

Figure C.1. Schemétic of C-103 Sludge Washing and Caustic Leaching Test
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Wash 1 Liquid
0.01 M NaOH/ g, Mix 0.5 h, RT.,
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¥ s

Wash 2 Lieid o
0.01 MNaOH/ ___p, | Mix0.5h, RT,, au C103:2K g
0.01 MNaNO, measure settling TrseTal e C103-2L and -2L1
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0.01 MNaOH/ —pgu! iy 0.5 b, RT,, Samples
0.01 M NaNO, - shry
(6.5g) sampl v v

v C103-2M C103-2N

Wash 3 (cont.) Liquid (0.16 g slurry) (0.19 g shurry)

measure settling

centrifuge, decant

Dry, 80°C
C103-2A%+ . C1R2PPT
(4.98 g solid)

Figure C.1. (contd.)

c2




Table C.1. Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the C-103 Test.
Concentration, p.g/mLm
Detection Limit,  Retrieval Solution  First Caustic Second Caustic

Component pg/mL® (B) Leach (G) Leach () Wash (K)
Ag 0.085 0.17 0 0 0
Al 0.51 7.23 25500 30600 4505
As 0.68 0 22.95 27.2 5.1
B 0.17 0 0.85 0.6 0
Ba 0.085 0.68 0 0 0
Be 0.043 0 0.17 0.17 0
Bi 0.85 0 2.55 2.55 0
Ca 0.43 34 5.95 5.1 9.35
cd 0.085 0.34 () 0 0
Ce 0.68 ) o - 0 0
Co 0.085 0 0.51 0.51 0.
Cr 0.17 1.7 4.2 34.85 6.38
Cu 0.085 24.65 170 102 10.2
Dy : 0.17 0 0 0 0
Eu 0.085 0 0 0 0
Fe . 0.085 12.75 2.38 2.55 043
Gd 1.7 0 0 0 0
K 17 25.5 170 85 25.5
La 0.26 0 0 0 0
Li 0.17 0.85 0 0 0
Mg 0.68 1.7 0 0 0.85
Mn 0.043 0.94 0 0 0
Mo 0.17 0.85 0.85 0.43 o
Na 0.68 ] 3995 69700 69700 11560
Nd 0.26 0 0 0 0
Ni 0.26 34 1.7 1.7 3.32
P 0.85 153 1530 697 145
Pb ’ 0.51 1.7 0 ] 0
Pd 1.7 0 0 0 0
Rh 0.85 0 0 0 0
Ru 0.85 0 0 0 0
Sb 0.43 0 0 0 4]
Se 0.68 0 2.55 3.4 0
si 0.43 4.93 55.25 47.6 1.7
Sn 8.5 0 42.5 25.5 0
Sr 0.043 0 0 0 [¢]
Te 1.7 0 0 0 0
Th 6.8 0 0 0 0
Ti 0.043 0.05 0 0 0
Tl 0.43 0 4.5 51 8.5
U : 0.00425 334 78.4 64.3 . 8.6
\'s 0.085 0 2.04 0.8 0.26
w 0.68 1.7 15.3 8.5 2.6
Y 0.085 V] 0 V] ]
Zn 0.17 0.6 31.45 23.8 3.91
Zr 0.085 19.55 2.55 2.38 0
NOy . - 05 60 <50 <50 <50
NO; 0.5 1100 440 160 330
PO 0.5 290 2770 . 840 270
SO 0.5 220 <50 <50 <50
F 0.25 © © © ©
cr 0.25 30 © © ©
Br 25 0 0 0 0

(a) The detection limits for two caustic leach solutions (G and I) sclutions are twice the values reported in this column.
(b) Zero values indicate the analyte was below the detection limit.
() Analyte coukl not be accurately determined due to matrix effects.
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Table C.2.

Concentrations of the Nonradioactive Sludge Components in the Leached Sludge
From the C-103 Test

Component Detection Limit, ug/g Concentration, ug/g(')
Ag 60 1200
Al 400 105000
As 500 0

B 100 1350
Ba 60 ) 1500
Be 30 0
Bi 600 0
Ca 300 9000
Cd 60 760
Ce 500 550
Co 60 85
Cr 100 1300
Cu 60 -+ 4500
Dy 100 0
Eu 60 0
Fe 1000 210000
Gd 200 0

K (b) (b)
La 200 650
Li 100 0
Mg 500 850
Mn 30 5550
Mo 100 . 0
Na 500 42500
Nd 200 . 1500
Ni (c) (<)
P 600 3000
Pb 400 6450
Pd 1000 0
Rh 500 0
Ru 600 2000
Sb 300 0 B
Se 500 0
Si 300 34000
Sn 6000 0
Sr 30 200
Te 1000 0
Th 5000 0
Ti 30. ’ 420
Tl 3000 0
U 0.4 1720
v 60 0
w 500 0

Y 60 200
Zn 100 500
Zr 60 21500
NOy (C)] (d)
NO, () (d)
PO @ @
80, @ @
F’ (d) (d)
Ccr (d) (d)
Br’ (d) (d)
(a) Zero values indicate the analyte was below the detection limit.

(b)

()

@

Potassium values are not reported because the sample was
dissolved for analysis using a KOH fusion technique.

Nickel values are not reported because a Ni crucible was used
during the KOH fusion procedure.
Analyte could not be accurately determined due to matrix effects.
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Table C.3. Distribution of the Nonradioactive Sludge Components Between the Various
Process Streams From the C-103 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (D Wash (K) Residue (A)
Ag 0 0 0 0 100
b Al 0 16 23 9 52
As 0 kyJ 45 23 0
B 0 0 0 0 100
Ba 1 0 0 0 99
N Be 0 46 54 0 0
Bi 0 46 54 0 0
Ca 1 0 0 0 99
cd 1 0 0 0 99
Ce 0 0 0 0- 100
Co 0 1 1 0 98
Cr 2 4 4 2 89
Cu 7 4 3 1 85
Dy (@) @ @) @ (@)
Eu (@) (@ () (@ @
Fe 0 0 0 0 100
Gd (2) (@) (a) (@ (@)
K ®) ®) (b) () ()
La 0 0 0 0 100
Li 100 0 0 0 0
Mg 3 0 0 0 97
Ma 0 0 0 ¢ 100
Mo 89 7 4 0 0
Na ©) (©) © ©) ©)
Nd 0 0 0 0 100
Ni ®) ®) ®) . ®) (b)
P 27 21 12 7 . 34
Pb 0 - 0 0 0 100
Pd (@) (a) (a) @ (a)
Rh - @ @ (@ (a) (a)
Ru 0 0 o 0 100
Sb (@ @) @ (@) @
Se 0 39 61 ] 0
Si 0 1] 0 0 99
Sa 0 58 42 0 0
Sr 0 0 0 0 100
Te (2) (a) (a) @ (a)
Th (@ (a) (2) (a) ’ (a)
Ti 0 0 0 0 100
T1 [\} 33 47 21 <}
U 73 1 1 0 24
A 0 53 25 22 0
w 38 28 18 15 0
Y 0 0 0 0 100
Zn 2 7 6 3 83
- Zr 1 0 0 0 99
NOy (d) () C)] ) (d)
NO, ()] (d) 1C)] (D) (D
. PO;” @ @ @ @ @
S0 @ (@ @ @ @
F (d) 1C)] @ @ (d)
cr ) (d) ch (d) (d)
Br () (@ @ (d) (@
N (a) Component was not detected. '

(b) K and Ni values could not be determined due to the KOH fusion procedure used in the analysis of the residue.
(c) Removal of Na from the sludge cannot be reliably tracked because the Na in the sludge cannot

be distinguished from the Na added in the washing and leaching steps.
(d) Values could not be determined because analysis of the leached sludge was unsuccessful.
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Table C.4. Mass Balance for Nonradioactive Sludge Components From the C-103 Test

Concentration in Dried Sludge, g/g Sludge®

Component Direct Analysis Summation Method Recovery, %
Ag 8.60E-04 9.45E-04 110
Al ' 1.40E-01 1.58E-01 113
As < 6.00E-04 7.05E-05

B 1.00E-03 1.07E-03 107
Ba 2.00E-03 1.19E-03 60
Be < 4.00E-05 : 3.66E-07

Bi < 7.00E-04 5.50E-06

Ca 1.80E-02 7.18E-03 40
Cd 8.90E-04 6.04B-04 68
Ce 9.00E-04 4.34E-04 48
Co 1.00E-04 6.81E-05 68
Cr 1.60E-03 1.15E-03 72
Cu 5.70E-03 4.17E-03 73
Dy < 1.00E-04

Eu < 7.00E-05

Fe 2.00E-01 1.66E-01 83
Gd < 1.00E-03

K () ®) ®)
La 8.00E-04 5.13E-04 64
Li < 1.00E-04 1.04E-05

Mg 1.00E-03 6.94E-04 69
Mn _ 5.80E-03 4.39E-03 76
Mo ) < 1.00E-04 1.17E-05

Na 4.60E-02

Nd 2.00E-03 1.18E-03 59
Ni ®) (b) (b)
P 5.00E-03 7.01E-03 140
Pb 7.10E-03 : 5.11B-03 72
Pd < 1.00E-03

Rh < 7.00E-04

Ru 2.00E-03 1.58E-03 79
Sb < 4,00E-04

Se < 5.00E-04 6.49E-06

Si 2.70E-02 2.70E-02 100
Sn < 7.00E-03 7.17E-05 -

Sr 2.00E-04 1.58E-04 79
Te < 1.00E-03

Th < 6.00E-03

Ti 4.10E-04 3.32E-04 81
Tl < 4.00E-03 1.28E-04

u 3.05E-03 5.61E-03 184
v < 7.00E-05 3.76E-06

w < 6.00B-04 5.39E-05

Y 3.00E-04 1.58B-04 53
Zn 7.00E-04 4.73E-04 68
VAS 2.30E-02 1.72E-02 75
NOy’ © © ©)
NO,’ © (©) ©
PO (© © ©
so> © © ©
F (c) () (©)
Cr © () ()
Br (c) ©) ©

(a) Blank spaces indicate that the analyte was below the detection limit.

(b) K and Ni values could not be determined due to the KOH fusion
procedure used in the analysis of the residue.

(c) Analyte could not be accurately determined due to matrix effects.
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Table C.5.  Concentrations of the Radioactive Sludge Components in the Various Process
Streams From the C-103 Test

Concentration, uCi/mL

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K)
Total Alpha 6.67E-03 < 2.55E-04 4.74E-04 1.84E-04 -
29240py 2.36E-03 < 2.55E-04 < 2.55E-04 . 1.09E-04
2 Am + Pipu 4.31E-03 < 2.55E-04 4.74E-04 7.60E-05
2 Am(y) 3.37E-03 < 1.70E-02 < 3.40E-03 < 1.70E-03
Bcs 4.31E+00 2.80E+01 1.94E+01 ~  4.39E+00
905¢ 9.27E-01 - 1.14E-01 1.25E-01 1.90E-02
*Tc , 2.90E-03 1.26E-03 5.71E-04 1.21E-04

Concentration, uCi/g

Component Residue

Total Alpha 2.53E+01
239240py : 4.20E+00
*Am + Z*pu 2.07E+01
M Am(y) 1.95E+01
B¢ 1.88E+02
¢ ~ 9.91E+03
*Te 6.27E-03
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Table C.6. Distribution of the Radioactive Sludge Components Between the Various
Process Streams From the C-103 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K) Residue (A) -
Total Alpha 0 0 0 0 100
239.240py 1 0 0 0 99
*Am + Pfpy 0 0 0 0 100 5
L Am(y) 0 0 0 0 100
1570 20 10 "9 5 56
%0g. 0 0 0 0 100
*Te 83 3 2 1 12

Table C.7.  Mass Balance for Radioactive Sludge Components From the C-103 Test

Concentration in Dried Sludge, uCi/g

Component Direct Analysis Summation Method Recovery, %
Total Alpha 2.79E+01 2.00E+01 72
9.240py 4.85E+00 3.34E+00 69
*Am + Zpy 2.27E+01 1.64E+01 72
21 Am(y) 2.19E+01 1.54E+01 70
Bcs 2.36E+02 © 2.65SE+02 - 112
oS¢ - 9.86E+03 7.82E+03 79
PTe , 2.10E-02 4.26E-02 . 203
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Figure C.2. Particle-Size Data for Untreated C-103 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, ¢) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure C.3. Particle-Size Data for Treated C-103 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Appendix D

Results from the Tank S-104 Sludge
Washing and Caustic Leaching Test




S104-B $104-B1 §104-C $104-D
(2.25 g shury) | | (1.12 g almrry) | | (0-22 g shery) (0.19 g shurry)
Dry, so°c+
$104B
(0.37 g solid)
0.01 M NaOH/ Wash Liquid
0.01 M NaNO, —P»| Mix 0.5 h, RT,
Smi) centrifuge, decant
Voo
0.01 M NaOHY/ Wash Liquid _
0.01 M NaNQ, — Mix 0.5 h, RT, 1 s104-B2
©.1g of dry (Sml) .| centrifuge, decant
solids remained vs,,.“,
in the shurry.)
: 0.01 M NaOH/ Wash Liquid
0.01 M NaNQ, —P»{ Mix 0.5h, RT,
S mL) | centrifuge, decant
Dry, 80°C :
. - W% insol. solids = 43
- 130 mi retrieval wash
$104-B1 solution needed to
omema [P BMRIESE
solution needed to
! yield 8 wt% solide
Water Retrieval Wash Liquid Sample
o | SIME S104-F and -F1
®2p Mix 1 h, 100°C, cool, Q19 >
1M NaOW/ pi = 12.2
1M
1.5¢g) Solids (VoL Settiod Solids ~ BwmL)
. {Vol. Centrifuged Solids ~ 17 wml)
10 MNaOH __ .1 Caustic Leach 1 Liquid Sample
039 Mix 5 h, 100°C, cool, |———] (Ssl.}’:uc ————pp»-| S104-H and -H1
measure settling, 3.8 M OH-
centrifuge, decant -
I Solids  (Solide did not settle)
(Vol. Centrifuged Solids ~ 10 mL)
IMNaOH gl anficlenh? o 2 [ stoa Samele $104-J and -J1
13.6 . .1 mL :
w6 measure settling, S Mo
centrif;T, decant —
Solids  (Solids did not settle)
(Vol. Centrifuged Solids ~ 11 mL)
See Next Page

Figure D.1. Schematic of S-104 Sludge Washing and Caustic Leaching Test
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1 MNaOH/ Mix 0.5 b, RT.,
1 MNaNO,* measure settling
123 centrifuge, decant
’ lh%m nrﬁ.oi M m.nw v Solids
Wash 2 .
0.01 MNaOH/ | Mix 0.5, RT,, S | sk Sample
0.01 M NaNO; measure settling (39.1 i) P> S104Land L1
1.5g) centrifuge, decant A
¥ s
Wash 3 -
0.01 MNaOH/ g, Mix 0.5h, RT,, A .
0.01 MNaNG, measure settling . >
(1159 centrifuge, decam
=
Wash 4
001 M, | Max03m, R, Sarpie :
a13g sample sharry v ) 7
| v S104-1M ‘S104-IN
Wash 4 (cont.) Liquid (0.10 g sharry) (0.09 g slurry)
measure seftling
centrifuge, decant
Dry, 80°C ¢
S104-1A%*
(1.98 g solid) $1641.FPT

Figure D.1. (contd.)

D.2




Table D.1. Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the S-104 Test
Concentration, ug/mL
Detection Retrieval Solution First Causti S d Causti -

Component Limit, ug/mL (E) Leach (G) Leach (I) Wash (K)
Ag 0.17 0 0 0 0
Al 0.85 289 18700 13600 3060
As 1.7 0 42.5 27.2 6.8
B 0.34 0 0 0.425 0
Ba 0.17 [1] 0 0 (1]
Be ©0.085 0 0 0 0
Bi 1.7 0 0 o 0
Ca 0.85 10.2 0 5.1 . 17.85

“cd 0.17 0 0 0 0
Ce 1.7 0 0 0 0
Co 0.17 0 0 0 0
Cr 0.34 195.5 110.5 47.6 11.9
Cu 0.17 0 0 0.85 0
Dy 0.34 0 0 0 0
Eu 0.17 0 0 0 0
Fe 0.17 0.425 17 5.61 0.85
Gd 3.4 0 0 0 0
K 25.5 0 0 0 0
La 0.51 0 0 0 0
Li 0.34 0 0 0 [}
Mg 1.7 0 0 0 0
Ma 0.085 0 0 0 0
Mo 0.34 0 0 0.425 0
Na 1.7 3160 110500 85000 31450
Nd 0.51. 0 0 0 0
Ni 0.51 0 0 0 0
P 1.7 0 0 0 0
Pb 0.85 0 0 0 0

- Pd 2.55 0 0 0 0
Rh 1.7 0 0 0 0
Ru 1.7 0 0 0 0
Sb 0.85 0 0 0 0
Se 1.7 0 0 5.1 0
si 0.85 0 0 0 0
Sn 17 0 0 0 0
Sr 0.085 0 0 0.17 0
Te 3.4 0 0 0 0
Th 17 0 0 0 o
Ti 0.085 i} 0 0 0
Ti 8.5 0 0 25.5 ]
U 0.00255 0.02618 0.80495 0.7004 0.2431
v 0.17 0 0 0 0
w 1.7 0 0 0 0
Y 0.17 0 0 o 0
Zn 0.34 4.25 4.25 2.55 3.4
Zr 0.17 0 0 0 0
NOy 250 11700 6100 2540 580
NO, 100 2600 1220 570 11200
PO* 25 0 0 0 0
50> 25 100 0 0 0
F 12.5 0 0 0 0
cr 12.5 190 60 30 30
Br 12.5 0 0 0 0

(n) The detection limit for the first caustic leach solution (G) was ten times the values reported in the column.

(b) Unless otherwisc indicated, zero values indicate the analyte was below the detection limit.
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Table D.2. Concentrations of the Nonradioactive Sludge Components in the Leached Sludge
From the S-104 Test

Compoacat Detection Limit, ug/g Concentration, pg/g hnd
Ag 7 10
Al 40 330000
As 60 300
B 10 1000
Ba 7 180
Be ' 4 0
Bi 70 80
Ca 40 1800
Cd 7 0
Ce ’ 60 90
Co 7 20
Cr 10 370
Cu 7 240
Dy 10 0
Eu 7 0
Fe 7 12000
Gd 100 0
K ’ (b) (b)
La 20 60
Li 10 [
Mg 60 400
Mn 4 7200
Mo 10 0
Na 50 50000
"Nd 20 100
Ni (<) {c)
P 70 0
Pb 40 [}]
Pd 200 (]
Rh 70 ]
Ru 70 Q
Sb 40 0
Se 50 70
Si 40 5100
Sn 700 Q
Sr - 4 2200
Te 100 0
Th 600 1]
Ti 4 65
T1 400 700
u 90 35450
v 7 Q
w 60 0
Y 7 20
Zn 10 100
Zr 7 160
NOy” @ ()
NOy (@) (d)
PO 25000 0
s0,%* 10000 0
F~ 25000 0
cr (d) (d)
Br’ 25000 o

(2) Zero values indicate the analyte was below the detection limit.
(b) Potassium values are not reported since the sample was
dissolved using a KOH fusion method.
(¢) Nickel values are not reported because a Ni crucibie was
used during the KOH fusion method.
(d) Measurement impractical due to method of sample preparation.
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Table D.3. Distribution of the Nonradioactive Sludge Components Between the Various
‘ Process Streams From the S-104 Test
Amount of Component Found, %
Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K) Residue (A)
Ag 0 0 0 0 100
Al 3 10 12 13 62
As 0 16 19 23 42
B [\ [} 1} 1] 100
Ba 0 0 0 0 100
Be @ @ @ (@) @
Bi 0 0 0 0 100
Ca 21 [ 1 15 64
Cd (a) (@) (a) (@) (a)
Ce 0 0 0 0 100
Co 0 0 0 0 100
Cr 90 2 2 2 3
Cu 0 0 2 0 98
Dy (@) (a) @ (@) (@)
Eu (@) @ @ (a) @
Fe 0 0 0 0 99
Gd @ (a) (@ (a) @)
K (b) (b) (b) (b) (d)
La [} 0 0 0 100
Li (@) (@) (@) (@) (@)
Mg [} o 0 0 100
Mn 0 0 0 0 100
Mo [} 0 100 o 0
Na (c) (e} {©) (©) (©)
Nd 0 [ [\} 0 100
Ni ® (b) (b) ) )
P (@ @ (@) (@) @
Pb @) (@ @ (a) (@)
Pd (@) (@) (@) (a) (@)
Rh @) (@) @) (a) @)
Ru @ (@) (@) (@) @)
Sb (a) (@) (@) (a) (@)
Se [ 0 26 0 74
si 0 0 - 0 0 100
Sn @) (@) @) (@) @)
Sr 0 [ 0 0 100
Te () (@) (@) (@) (a)
Th (a) @) (@) (a) (@)
Ti 0 0 0 0 100
Tl 0 0 15 0 8s
i 1} 0 0 0 100
v (@) - (@ (a) (a) (@)
w (a) (@) (@) (@) (a)
Y 0 0 0 0 100
Zn 54 3 3 18 22
Zr 0 0 0 [+ 100
NOy 94 2 2 2 )
NO, 36 1 1 63 )
PO> @ @ @ @ @
SO 100 (35)°@ 0 0 (1)@ a (4@ 0 (61)@
F’ @) (@) (a) @) @)
cr 91 1 1 6 C))
Br (@) (a) (@) () @)

(a) Component was not detected.

(b) K and Ni values could not be determined due to the KOH fusion procedure used
to prepare the leached sludge for analysis.

(¢) Removal of Na from the sludge cannot be reliably tracked becausc the Na in the sludge

cannot be distinguished from the Na added in the washing and leaching steps.
(d) Measurement impractical due to method of sample preparation.

(¢) Values in parenthases represent the values obtained if, for cases where the component

was below the detection limit, the component concentration was assumed to be the detection limit.
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Table D.4. Mass Balance for Nonradioactive Sludge Components From the S-104 Test

Concentration in Dried Sludge, g/g Sludge

Component Direct Analysis _Summation Mcthod Recovery, %
Ag < 2.00B-05 3.30E-06

Al 1.50E-01 1.778-01 118
As 2.00E-04 2.34B-04 117
B 1.70E-03 3.31B-04 19
Ba 6.00E-05 5.94E-05 99
Be < 8.00B-06

Bi < 2.00B-04 2.64E-05

Ca 2.20E-03 9.35E-04 42
Cd < 2.00E-05

Ce < 1.00E-04 . 2.97B-05

Co < 2.00E-05 6.60E-06

Cr 4.70B-03 4.10E-03 87
Cu 2.10E-04 8.06E-05 38
Dy < 3.00E-05

Eu < 2.00E-05

Fe 3.40E-03 4_.00E-03 118
Gd < 3.00E-04

K (b) (b) (b)
La < 5.00E-05 1.98E-05

Li < 3.00E-05

Mg 2.00E-04 1.32B-04 66
Ma 2.20E-03 2.38E-03 108
Mo < 3.00E-05 6.84E-07

Na 2.00B-01

Nd < 5.00B-05 3.30E-05

Ni b) (b b)
P < 2.00E-04

Pb < 1.00E-04

Pd < 4.00E-04

Rh < 2.00E-04

Ru < 2.00E-04

Sb < 8.00E-05

Se < 1.00BE-04 3.13E-05

Si ) 6.80E-03 1.68E-03 ’ 25
So < 2.00B-03

Sr 6.10E-04. 7.27B-04 119
Te < 3.00E-04

Th < 1.00B-03

Ti 3.00E-06 2.15E-05 715
Tl < 8.00B-04 2.72B-04

u . 1.01E-02 1.17B-02 116
v < 2.00BE-05

w < 1.00B-04

Y < 2.00E-05 6.60B-06

Zn 1.00E-04 1.48B-04 148
Zr < 2.00E-05 5.28B-05

NOy © 2.36E-01 «©)
NO, © 1.39E-01 ()
rPo*> < 3.96E-02

$0.* " 2.00B-02 1.90E-03 9
F < 3.96E-02

cr (©) 3.94E-03

Br’

(a) Blank spaces indicate that the analyte was below the detection limit.

(b) K and Ni values could not be determined due the KOH fusion method
used to prepare the solids for analysis.

(c) Measurement impractical due to method of sample preparation.
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Table D.5.  Concentrations of the Radioactive Sludge Components in the Various Process

Streams From the S-104 Test

Concentration, uCi/mL
Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach (I) Wash (K)
Total Alpha < 1.7E05 < 1.7E05 < 2.55E-05 < 2.55E-05
9.240py, ND® ND ND ND
MAm + P8py ND ND ND ND

M am(y) < 2.00E-04 < 2.00E-04 < 9.00E-05 < 4.00E-05
¥cs 4.16E+00 = 2.91E+00 1.23E+00 2.82E-01
e 2.13E-03 4.51E-02 9.35E-02 2.64E-02
*Tc 1.59E-03 7.48E-04 3.13E-04 7.17E-05

Concentration, uCi/g

Component Residue
Total Alpha 2.72E+00
B924py, : 2.02E+00
Ham + Ppy - 7.00E-01
2 Am(y) 7.29E-01
Bcs 6.01E+00
3¢ 1.63E+03
e < 5.00E-04 )
{a) ND = Not Determined. The low total alpha activity made these
separations impractical.
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Table D.6. Distribution of the Radioactive Sludge Components Between the Various
Process Streams From the S-104 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach (I) Wash (K) Residue (A)
Total Alpha 0 0 0 0 . 100
29:240py @ @ @ @ 100
Mam + Z%py (a) (@) (@ @ 100

2 Am(y) 0 0 0 0 © 100
B7¢s 20 3 2 3 2

9ge ' 0 0 0 ) 0 100
*Te 95 2 | 2 2 0

(a) Not determined due to a lack of total alpha activity in the components

Table D.7. Mass Balance for Radioactive Sludge Components From the S-104 Test

Concentration in Dried Sludge, uCi/ g

Component Direct Analysis Summation Method ' Recovery, %
Total Alpha 7.29E-01 8.96E-01 123
239.240py 5.45E-01 . 6.65E-01 122
Am + Z*pu 1.84E-01 ~ 2.31E-01 126
2 Am(y) 2.49E-01 2.41E-01 97
Bcs 9.16E+01 8.77E+01 96
gy 4.91E+02 539E+02 110

BT 2.70E-02 3.19E-02 118
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Figure D.2. Particle-Size Data for Untreated S-104 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure D.3. Particle-Size Data for Treated S-104 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.

D.10



- Appendix E

Results from the Tank SY-103 Sludge
Washing and Caustic Leaching Test




SY103-B SY103-B1 sY13-C SY103-D
@-25g shary) | | (.11 g shury) | | (0.23 g sharry) (0.23 g sharry)
Dry, ao°c%
SY103-B
(0.29 g solid)
0.01 M NaOW/ Wash Liquid
0.01 M NaNO, — | Mix 0.5 b, RT,
(Smb) centrifuge, decant
¥ soia
0.01 M NaOIV/ Wash Liquid
0.01 M NaNO, — P> Mix 0.5 b, RT, — Sy103-82
6.05 g of dl'y S ml) eentnfuge, decant
solids remained VSond-
in the slhurry.)
0.01 M NaOH/ Wash Liquid
0.01 M NaNO, —P» Mix 0.5 h, RT,
G ml) centrifuge, decant
Dry, 80°C
- W% insol. solids = 7.1
- 28 mL retrieval ‘:nnh :
SY103-B1 solition needed to -
eocgmi [P| | gzt
solution needed to
v yield 8 wi% solids
; * Bocause 37 i of water aiready
Retrieval Wash Liquid sadded, the retrieval wash mixture
i%NﬂOﬂ/—» Nixlh,loo‘:c,wol, e (S:}%E o actually contained 1.8 wt % solids.
0co centrifge. decn MR i3 F and -1
Solids {(Vol. Settfed Solids ~ 7.6 mL)
(Vol. Centrifuged Solide ~ 4.0 mL)
Water —P Caustic Leach 1** Liquid Sample
a3g Mix 5 b, 100°C, cool, —- (S;ld&-G) p»-| SY103-H and -H1
10 MNaOH —_pp. mensyx"eseuhng, "E;'E_"':... 22 MO
(1.6 mL)
Solids  Solids did not setti
(Vol, Centrifuged Solids ~ 1.1 mL)
-1 Caustic Leach 2 Liquid Sample ‘
SMNaOH — ! Vix 5'h, 100°C, eool, SNGBT | SVI0-Jand 1
measure seftling, MO
| {
Solids  (Vol. Settled Soilds “2.3mlL)
(Vol. Centrifuged Solide ~ 1.3 ml)
See Next Page

Figure E.1. Schematic of SY-103 Sludge Washing and Caustic Leaching Test
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Wash 1 Liquid
0.01 M NaOH/ __pp,, Mix 0.5 h, R’!‘.,
0.01 M NaNO, measure settling
@58 centrifuge, decant
vsaid-
0.01 MNaOH/ __p,| Mix 0.5, RT,, Liquid SY103.K Sample
0.01 M NaNO, measure settling - (10.1 ml) 1 SY103-L and -L1
B39 centrifuge, decant ‘
¥ soice
Wash 3
e R s : .
S sample slarry
G3S5g
v SY103-M SY103-N
Wash 3 {(cont. Liquid .11 gslmj) (0.11 g slurry)
measure seftling
centrifuge, decant
Dry, 80°C¢
~ SY103-A%* -
* (0-29 g solid) :

Figure E.1. (contd.)
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Table E.1. Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the SY-103 Test
Concentration, ug/mL
Detection Retrieval Solution First Caustic Second Caustic
Component Limit, ug/mL (E) Leach (G) Leach () ‘Wash (K)
Ag 0.17 0 0 0 0
« Al 0.85 518.5 43350 15300 1615
As 0.34 3.4 0 15.3 0
B 0.34 11.05 76.5 1.7 0
Ba 0.17 0 25.5 0 o
Be 0.085 0 0 0 0
- Bi 1.7 0 0 0 0
Ca 0.85 10.2 1683 5.1 3.4
cd 0.17 0.255 0 0 0
Ce 1.7 0 0 0 0
Co 0.17 0 1249.5 0 0
Cr 0.34 85 739.5 646 136
Cu 0.17 0 [} 0 0
Dy 0.34 0 0 0 0
Eu 0.17 0 0 0 0
Fe 0.17 0.85 2805 0.85 0.34
Gd 3.4 0 (1 0 0
K 25.5 459 0 34 o
La 0.51 0 0 0 0
Li 0.34 0 0 0.51 0
Mg 1.7 0 -0 0 0
Mn 0.085 0 0 ] 0
Mo 0.34 16.15 0 0 0
Na 1.7 42500 163200 82450 9350
Nd 0.51 0 0 0 0
Ni 0.51 5.78 459 o 0
P 1.7 161.5 510 153 20.4
Pb 0.85 0 0 0 o
Pd 2.55 0 0 0 0
Rh 1.7 0 0 0 0
Ru 1.7 2.55 0 0 0
Sb 0.85 0 0 0 0
Se 1.7 0 0 2.55 0
si 0.85 7.65 5355 0 0
Sa 17 0 0 0 0
Sr 0.085 0 0 0 0
Te 3.4 0 0 0 0
Th 17 o 0 [ o
Ti 0.085 0 0 0 0
TI 8.5 0 0 25.5 0
U 0.00425 5.321 13.94085 17.935 2.9665
v 0.17 0.34 (i 0.51 0
w 1.7 26.35 0 5.95 0
Y 0.17 0 0 0 0
Zn 0.34 0 127.5 0.85 0.425
Zr 0.17 0 ) 0.51 0
NOy 500 22200 130 1910 170
’ NOy 500 13700 90 1200 350
B PO> 20 1750 0 290 0
S0 ©50 1240 0 110 0
F (b) b) (b) ®) b
cr 250 1100 ) ) ®
a Br 250 o 0 () 0

(a) Unless otherwise indicated, zero values indicate the analyte was below the detection limit.

(b) Analyte could not be determined due to analytical difficulties.

(c) The detection limit was 50 pg/mL for nitrate, nitrite, phosphate, and sulfate for the leach and final wash steps;
the detction limit for bromide was 25 ug/mL for the leach and wash steps.
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Table E.2.  Concentrations of the Nonradioactive Sludge Components in the Leached Sludge

From the SY-103 Test

Component

Detection Limit, ug/g

Concentration, pg/Lm

Ag
Al
As
B
Ba
Be
Bi
Ca
Cd
Ce
Co
Cr
Cu
Dy
Eu
Fe
Gd
K
La
Li
Mg
Ma
Mo
Na
Nd
Ni
P
Pb
Pd
Rh
Ru
Sb
Se
Si
Sa
Sr
Te
Th
Ti
T1
u
v
w
Y
Zn
Zr

NO,
NO,
PO
s0 2>

20
100
200

50

20

10
200
100

20

60

20
200

20

50

20

20
500
(&)

70

50
200

10

200
70
)
200
100
300
200
200
100
200
100
2000
10

500 -

2000
10
1000
0.0005
20
200
20
50
20

)
@
@
)
(d)
(d)
<Y

200
83000
500
2300
260
0
2300
5100

1000
30
220000
470

75000

®)
1400
200
1000
23000

41000
2200
©
700
7400
2000

300
12000
0
100
0
0
170
0
31800
60
700
300
860
1900

(@)
@)
()
@
(@)
@
(d)

- (a) Zero values indicate the analyte was below the detection limit.

(b) Potassium values are not reported since the sample was
dissolved using a KOH fusion method.

{c) Nickel values are not reported because a Ni crucible was
used during the KOH fusion method.

(d) Due to matrix cffects, analyte could not be determined accurately.




Table E.3. Distribution of the Nonradioactive Sludge Components Between the Various
Process Streams From the SY-103 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic
Component Solution (B) Leach (G) Leach () Wash (K) Residue (A)
Ag 0 0 0 0 100
"Al 9 48 25 7 10
As 40 0 17 0 43
B 34 15 0 0 51
Ba - 0 46 [H] [+] 54
Be @ @ @ @ @
Bi 0 0 0 0 100
Ca 6 69 0 1 b
Cd 6 0 0 0 94 .
Ce 0 0 0 0 100
Co 0 100 [1] 0 (1]
Cr 5 3 3 2 88
Cu 1] [¢] (1] (1] 100
Dy @ @ @ (@ @
Eu @ @ @ @ @
Fe 4] 25 0 0 75
Gd (@) @ @ @ @
K M) ®) ® ® ®)
La 0 0 0 1} 100
Li 0 0 3 0 97
Mg 0 0 0 0 100
Mn 0 0 0 0 100
Mo 100 0 1] 0 V]
Na © -© © © ©
Nd 0 ] (1] 0 100
Ni ®) ® ®) ®) ®)
P 74 15 .7 2 2
Pb- 0 K] o 0 100
Pd [¢] 0 0 [ 100
Rh @ ® @ @ @
Ru 100 0 [+] 0 (1]
Sb @ @ @ @ @
Se [}] 0 10 1] %0
Si 2 78 0 o] 20
Sn @ @ @ @ @
Sr 0 1] 0 1} 100
Te @ @ @ @ @
Th @ @ @ @ @
Ti 1] 1] 0 0 100
n [1] 0 100 (1] 0
U 2 ] 1 0 96
v 41 0 6 0 53
w 82 0 "2 0 16
Y 0 [} o 0 100
Za 0 56 1 1 43
Zr ] 0 1] (1] 100
NOy @ C)) C] @ )
Noy «@ @ @ @ @
PO )] @ @ @ C)
50, @ @ @ @ @
F @ @ @ @ ' @
cr @ @ @ @ @
Br @ (0] )] @ @
(a) C was not detected ’

(b) K and Ni values could not be determined due to the KOH fusion procedure used
to prepare the leached sludge for analysis.

(c) Removal of Na from the siudge cannot be reliably tracked because the Na in the sludge
“cannot be-distinguished from the Na added in the washing and léaching steps.

(d) Duc to matrix effects, analyte could not be determined accurately.
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Table E.4. Mass Balance for Nonradioactive Sludge Components From the SY-103 Test

Concentration in Dried Sludge, g/g Sludse

Component Direct Analysis Summation Method Recovery, %
Ag 1.00B-05 9.72B-06 97
Al 4.70E-02 3.84E-02 82
As 1.00E-04 5.65E-05 57
B 1.00E-03 2.19E-04 22
Ba 2.00B-05 2.36E-05 118
Be < 3.00E-06

Bi 2.00B-04 1.12B-04 . 56
Ca 4.00E-04 1.05E-03 262
Cd 4.00E-05 2.99E-05 75
Ce < 6.00B-05 4 86E-05

Co < 7.00B-06 5.38B-04

Cr . 1.30E-02 1.22E-02 94
Cu 4.00E-05 2.28BE-05 : 57
Dy < 1.00E-05

Eu < 7.00E-06

Fe 4.10B-03 4.86E-03 118
Gd < 1.00E-04

K (b) () ®)
La 6.00E-05 6.80E-05 113
Li < 1.00E-05 1.00E-05

Mg . 8.00E-05 4_.86B-05 61
Ma . 1.40E-03 1.12B-03 80
Mo 9.00E-05 1.08E-04 120
Na 2.80E-01

Nd 1.00E-04 1.07E-04 107 .
Ni ®) ®) ®
P 7.80B-03 1.46E-03 19
Pb 4.30E-04 3.60E-04 . 84
Pd < 1.00E-04 9.72E-05

Rh - < 7.00B-05

Ru < 7.00E-05 1.70E-05

sb . < 3.00E-05

Se < 5.00B-05 1.62E-05

Si 2.00E-03 . 2.93E-03 . 147
Sn . < 7.00E-04

Sr ' 8.00E-06 4.836E-06 61
Te < 1.00E-04

Th < 6.00E-04

Ti 1.00B-05 8.26E-06 33
Tl < 3.00BE-04 1.60E-05

U 1.61E-03 1.60BE-03 100
v 9.00B-06 . 5.50B-06 . 61
w 2.00E-04 2.13E-04 107
Y 2.00E-05 1.46B-05 73
Zn 7.00E-05 9.78E-05 140
Zr 1.00E-04 9.26E-05 93
NOy (c) () ©)
NO;’ © ©) ©)
PO> © © ©
so* © © ©
F’ ©) ©) (c)
cr © © ’ ©
Br () © (©

(a) Blank spaces indicate that the analyte was below the detection limit.

(b) K and Ni values could not be determined due to the KOH fusion method used
to prepare the samples for analysis, :

(c) Due to matrix effects, analyte could not be determined accurately.
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Table E.5. Concentrations of the Radioactive Sludge Components in the Various Process
Streams From the SY-103 Test

Concentration, uCi/mL
Retrieval First Caustic Second Caustic
_Component Solution (E) Leach (G) Leach (D) Wash (K)
Total Alpha 1.78E-03 5.59E-04 1.79E-04 2.83E-05
29240py, 1.33E-03 5.59E-04 6.94E-05 1.32E-05
MaAm + Z*py 4.45E-04 < 3.57E-04 1.09E-04 1.51E-05
2 Am(y) < 1.70E-02 < 1.25E-02° < 1.70E-03 < 5.10E-04
Blcs 5.73E+01 1.55E+01 5.33E+00 5.73E-01
25¢ 4.35E-01 1.67E-02 2.36E-02 3.30E-03
e 1.72E-02 6.41E-03 5.26E-03 9.69E-04
Concentration, uCi/g
Component Residue
Total Alpha 2.75E+01
29.240py < 3.00E-01
am + P¥py 2.75E+01
2 Amy) 2.49E+01
Bcs 1.91E+01
¢ 1.48E+03
e 4.42E-01
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Table E.6. . Distribution of the Radioactive Sludge Components Between the Various
Process Streams From the SY-103 Test '

Amount of Component Found, %

Retrieval First Caustic Second Caustic

Component Solution (E) Leach (G) Leach (I) Wash (K) Residue (A)
Total Alpha 1 0 0 0 99
29240py 97 3 0 0 0
MWaAm + B8pu 0 0 0 0 100

2 Am(y) 0 0 0 0 100
Bics 97 2 1 0 0

Psr 4 0 0 0 96
*Tc 80 2 2 1 15

Table E.7. Mass Balance for Radioactive Sludge Components From the SY-103 Test

Concentration in Dried Sludge, uCi/g

Component Direct Analysis Summation Method Recovery, %
Total Alpha 1.47E4+00 1.35E+00 2
#9.240py < 4.00E-03 9.19E-03 _
am + P¥py 1.47E+00 1.34E+00 91
2 am(y) 1.31E+00 1.21E+00 92
Bcs _3.61E+02 3.93E+02 109
5r 8.30E+01 7.48E+01 90
e 3.53E-01 1.44E-01 41

E.8

-



i IlllTll' T lTllllll i T P TT i 30 B T ITIIIIII H Illlll]l ¥ IlITTTL
" (a) ] ~ (b) ) ]
20 [ . 20 | .
% _ - % - i
10 | . 10 | .
0 i Ll ponl 1 wul i 1|n||1- O 3 L IIMWM
0.1 1 10 100 0.1 1 10 100
Particle Diameter, um Particie Diameter, um
100 K Ll !ll”lll T Hll 1 ITllll_l_ 100 » T lll]llll 1{ lllTI!ll 1 IIIIIL
80 F (© E 80 | (d =
- : - .
C : - ]
% 60 F 1 % %F E
40 | - 40 | -
20 = 20 £ 3
0 : 1 L LlLlll 1 Illlllll 1 lllllll: O : ] L1 1 Illlllll i lllllll:
0.1 1 10 100 0.1 1 10 100
Particle Diameter, um ' Particle Diameter, um

SY103-C.SPW

_Figure E.2. Particle Size-Data for Untreated SY-103 Sludge: a) Probabilify-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure E.3. Particle-Size Data for Treated SY-103 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Appendix F

Results from the Tank T-104 Sludge
Washing and Caustic Leaching Test




T104B T104-B1 T104-C TI4-D
Q.09 gslury) | | (107 gsiurry) | | (021 g slurry) (0.21 g siurry)
Dry, 80°C +
Samples T104-B
014 g solid)
0.01 M NaOH/ Wash Liquid
0.01 M NaNQO, ——»| Mix 0.5 b, RT,
6 mL) centrifuge, decant
¥ soice
0.01 M NaOH/ Wash Liquid
g(:i)MNaNO,—-F Mix 0.5 b, RT, P> T104-B2
@18 gof dry centrifuge, decant
solids remained 2
in the slurry.)
0.01 M NaOH/ Wash Liquid
0.01 MMNO,—’ Mix 0.5 b, RT,
(Sml) centrifuge, decant
Dry, 80°C
- We% insol. solids = 16
" toltion meeded to
T104-B1 — P! o ‘
(0.035 g solich | Jidd 2.3 weh solics
solution needed to
v yield 8 wt% solids
o] Mo T i 100°C, coo, || TIIE | =7 g [TI041F and -1F1
1 M NaOH/ measure settling, pH = 98
1M d
©.97g) Solids (Vol. Settled Solide ~ 14.8 mL)
(Vol. Centrifuged Solids ~ 73 mL)
Water —— g Caustic Leach 1 Liguid : Sample
678 Mix 5 b, 100°C, cool, [P ;’}40:(); ~ |——pp»| TI04-Hand -H1
10MNaOH _» measuresdﬂmg L o3z mom
X ) ‘
Solids (Vol. Settied Solids ~ 1L.Sml)
{Vol. Centrifuged Solide ~ 4.8mL)
Caustic Leach 2
3MNaOH | pousticlonch? o — g mioar | =™ o [miossand-nt
aidp y (.6 mL)
measure seitling, 22 MOR
Solide (Vol. Settled Solide ~ 16.0 mL)
(Vol. Centrifuged Solids * 11.0mL)
See Next Page

Figure F.1. Schematic of T-104 Sludge Washing and Caustic Leaching Test
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Wash 1 Liquid
0.01 M NaOH/ . . Mix 0.5 h, R'!‘.,
0.01 M NaNQ, measure settling
G99 centrifuge, decant
\ =
Wash 2 .
Mix 0.5 h, RT., Liquid TIM4K Sumple _
g?)i 1\_l\gqa()Nal*IO,H/-_b measure settling (1.9 ml) T104-L and -L1
B9 centrifuge, decant ‘
¥ soie
> e | e
vy sample shurry l v
v T104-M T104-N
Liguid {0.08 g shary) (0.08 g shurry)
Wash 3 (cont.) o
measure settling
centrifuge, decant
Dry, 80°Cl
T104-1A* T104.LPPT
(2.04 g sofid)

Figure 2.6. (contd.)
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Table F.1.  Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the T-104 Test

Detection
Component _Limit, xg/mL

0.17
0.85
1.7
0.34
0.17
0.085
1.7
0.85
0.17
1.7
0.17
0.34
0.17

cQogoooERFRFYR R

0.17

NOy 250
NO; 100
PO,> 100
S0 100
F 50
a : 50
Br 50

Concentration, ngmL"’

Retrieval Solution

—_

0
24.65

o
coco do
]

12.75

oo o

24.65

th

6205

(=

5.865

o &
()

-
o0

n .
WOOO&GQOQOOQCCC’OO

&

£ -

120
<350

(a) Unless otherwise indicated, zevo values indicate the analyte was below the detection limit.
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First Caustic Sccond Caustic
Leach (G) Leach () Wash (K)
0 0 0
5015 4345 1615
8.5 8.5 34
0.765 0 0
0 0 0
0 0 0
2.55 187 5.95
5.95 5.1 7.65
0 0 0
0 0 0
0 0 0
56.1 476 23.8
0 0 0
0 0 0
0 0 0
0.51 238 0.68
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
24650 52700 34850
0 0 0
0 0 2.55
2975 850 4080
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 45,05 295
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
18.19 96.05 28.9
0 0 0
0 0 0
0 0 0
0.51 3.485 3.485
0 0.34 0
4100 1000 260
500 140 8800
9000 3100 12400
500 100 30
3000 80 1480
120 <25 15
<50 <25 <25




Table F.2.  Concentrations of the Nonradioactive Sludge Components in the Leached Sludge
From the T-104 Test

Component Detection Limit, pg/g Concentration, xg/g ®
Ag 10 0
Al 60 33000
As 80 90

B 20 1100
Ba . 10 70
Be 5 0

Bi 100 110000
Ca : 50 ' 1800
Cd 10 -~ 0
Ce 80 1400
Co 10 30
Cr 20 4600
Cu 10 460
Dy 20 0
Eu 10 0
Fe 10 59000
Gd 200 1]

K (v) (®)
La 20 0

Li 20 0
Mg 80 500
Mn 5 440
Mo 20 0
Na .80 230000
Nd 30 0
Ni © ©

P 100 62000
Pb 60 300
Pd 300 0
Rh 100 0
Ru 100 0
Sb 50 0
Se 80 100
Si 50 38000
Sn 1000 [

Sr s 670
Te 200 0
Th 800 0

Ti 5 94
T1 500 0

U 343 7470
v 10 0
w 80 0

Y 10 0
Zn 20 270
Zr 10 250
NOy @ )
NO, (d) ()
PO* 20800 30000
50, 8330 - 0
F : 20800 0
Ccr : @ @)
Br 20800 ]

(a) Zero values indicate the analyte was below the detection limit.
(b) Potassium values are not reported since the sample was dissolved
using a KOH fusion method.

(c) Nickel values are not reported because a Ni crucible was used
during the KOH fusion method.
(d) Measurement impractical due to sample preparation method.
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Table F.3.

Distribution of the Nonradioactive Sludge Components Between the Varlous
Process Streams From the T-104 Test

Amount of Component Found, %

() K and Ni values could not be determined due to the KOH fusion procedure used
to prepare the leached solid for analysis.

(c) Removal of Na from the sludge cannot be reliably tracked because the Na in the sludge
cannot be distinguished from the Na added in the washmg and leaching steps.

(d) Measurement i

th,

prep

P

F.5

() Values in parenthases represent the values obtained if, for cases where the component
ration was assumed to be the detection limit.

Retrieval First Caustic Second Caustic
Soluti Leach (G) Leach (D Wash (K) Resid
@ (@) @ @ @
1 24 26 11 38
[ 19 21 11 49
2 0 0 0 98
0 0 0 0 100
@) @ @ @ @)
0 0 0 0 100
23 1 1 2 73
@) @ @) @ @
0 1] 0 0 100
0 0 0 0 100
17 4 4 2 73
0 0 0 0 100
@ @ @) @ (a)
@ @) @ @ @
0 0 0 0 100
@ @ @ @ @
(b) (b) (®) (b) )
@ (@) @ @ @
@ @ @ @ @
0 0 0 0 100
0 [ [} 0 100
@) @) @) @ @)
(©) (©) () ©) ©)
@) @ (@) @) @
) (b) &) () )
26 9 3 17 45
0 0 0 0 100
@ @ @) @) @
@ @ @ @ @)
@ @ (@) @ (@)
@ @ @ @ @
0 0 [ 0 100
0 0 1 0 99
@ @) @ @ @
[\} [\] 0 [\ 100
@ @ @ @ @
@ @) @ @) @
0 0 0 0 100
@) @) @ @ (@)
1 1 s 2 91
@ @) @ @) @
@) (@) @ @ @
@) @ @ @ @
46 0 3 4 48
0 0 1 0 99
@ ) @ (d) )
[O)] (@ @ @ @
43 14 5 27 11
39 (67)(" 8 (6)(') 2 (l)m 1 0 (25)(-#
57 (40)® 25 AN@ 1 18 12)¢ 0 0@
@ @ @ . @ @
(a) (a) @ @ @
t was not det




Table F.4. Mass Balance for Nonradioactive Sludge Components From the T-104 Test

Concentration in Dried Sludge, g/g Sludge

Component Direct Analysis - Summation Mecthod Recovery, %
Ag < 2.00B-05

Al 4.70E-02 4.29B-02 - 91,
As : < 1.00E-04 9.12E-05

B 2.20B-03 5.58E-04 25
Ba < 2.00E-05 3.48B-05

Be < 8.00E-06

Bi 5.20E-02 5.48E-02 ‘105
Ca 1.30E-03 1.22E-03 94
cd < 2.00B-05 '

Ce 4.00E-04 6.96E-04 174
Co 3.00B-05 1.49B-05 50
Cr 3.10B-03 3.12BE-03 ’ 101
Cu 7.00B-05 2.29E-04 327
Dy < 3.00B-05 '

Eu < 2.00E-05

Fe 2.80E-02 v 2.94E-02 105
Gd < 3.00BE-04

K (b) ) (b)
La : < 5.00E-05

Li < 3.00E-05

Mg 3.00E-04 2.49E-04 83
Ma 3.60E-04 2.19E-04 61
Mo < 3.00E-05

Na 1.90E-01

Nd < 5.00E-05

Ni (b b) b)
P 6.90E-02 6.87E-02 100
Pb 2.00E-04 1.49E-04 75
Pd < 4.00E-04

Rh < 2.00E-04

Ru < 2.00E-04

Sb < 8.00B-05

Se < 1.00E-04 4.97B-05 ;
Si 2.30E-02 1.91E-02 83
Sa < 2.00E-03

Sr 3.30E-04 3.33E-04 101
Te . < 3.00E-04

Th < 1.00B-03

Ti 4.00E-05 '~ 4.67E-05 117
Tl < 8.00E-04

U -~ 2.60E-03 4.08B-03 157
v < 2.00B-05 '
w < 1.00E-04

Y < 2.00E-05

Zn 1.00E-04 2.81E-04 281
Zr 2.40E-04 1.25E-04 52
NOjy (c) ) - ©
NO,’ © © ©
PO 2.40B-01 1.33B-01 55
sor 3.00E-02 1.22B-02 41
F < 3.9E-02 2.42E-02

cr ©) 2.91E-03

Br < 3.9B-02

(a) Blank spaces indicate the analyte was below the detection limit.

(b) K and Ni values could not be determined due to the KOH fusion
used to prepare the solids for analysis,

(c) Mcasurement impractical due to sample preparation method.
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Table F.5.  Concentrations of the Radioactive Sludge Components in the Various Process
Streams From the T-104 Test

Concentration, uCi/mL

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K)
‘Total Alpha < 2.55E-05 < 1.70E-05 3.49E-05 = < 2.55E-05
29.20py;° ND® ND ND ND ‘
am + Zpy ND ND ND ND
2 Am(y) < 2.00E-05 < 3.00E-05 < 3.00E-05 < 2.00E-05
B¢ 1.07E-04 7.55E-02 8.07E-02 3.03E-02
¢ < 4.25E-04 9.54E-02 8.46E-04 1.11E-03
ST < 7.65E-06 < 7.65E-06 < 7.65E-06 < 7.65E-06

Concentration, uCi/ g

Component Residue

Total Alpha ' 1.28E+00
25.20py . 1.09E+00
Mam + Z8pu 1.85E-01
2 Amy) 1.79E-01
Bics 3.80E-01

gy 2.56E+01
Te : 7.42E-04

(@ ND = Not Determined. The low alpha total alpha activity made these separations impratical.
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Table F.6.  Distribution of the Radioactive Sludge Components Between the Various
.Process Streams From the T-104 Test |

Amount of Component Found, %

Retrieval First Caustic Second Caustic :
Component Solution (E) Leach (G) Leach () "~ Wash (K) Residue (A)
Total Alpha 0 0 0 0 100
P20y @ @) @ @ 100
Ham + Bpy (@) (@) (@) (a) 100 -
* Am(y) 0 0 0. 0 100
Bics 0 25 30 14 31
0gr 0 1 0 0 98
*Te 0 0 0 0 100

(a) Not determined due to a lack of total activity in the sample.

Table F.7. Mass Balance for Radioactive Sludge Components From the T-104 Test

Concentration in Dried Sludge, uCi/g

Component Direct Analysis Summation Method Recovery, %
Total Alpha 5.22E-01 6.37E-01 122
B940py 3.83E-01 5.42E-01 142
#am + Z'pu 1.39E-01 9.20E-02 66
21 Am(y) 7.18E-02 8.90E-02 124
Yics 2.39E+00 6.17E-01 26
*sr 1.25E+01 1.29E+01 103
3.60E-04.

STc < 7.00E-04
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Figure F.2, Particle-Size Data for Untreated T-104 Sludge: a) Prbbability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure F.3. Particle-Size Data for Treated T-104 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Appendix G

Results from the Tank T-111 Sludge
Washing and Caustic Leaching Test




Ti11-3B Ti11-381 || TH1-3C || T111-3D
. T111-3 @.10gshurry) | | 107 galurry) | | (021 gslarry) | ]| (021 g shurry)
- @0.1g) Dry, arc*
* Sangies | | T111-3B
Water
- @1y P> Mix, then sample (0.09 g wlid)
0.01 M NaOH/ - Wash Liquid
0.01 M NaNQ, —»| Mix 0.5 h, RT,
(mL) centrifuge, decant
¥ seies
0.01 M NaOH/ Wash Liquid
0.01 M NaNO, ——P Mix 0.5 h, RT, P T111-3R2
@27gof dry (5 mL) centrifuge, decant
solids remained . vsom-
in the slurry.)
0.01 M NaOH/ Wash Liquid
0.01 M NaNQ, —» Mix 0.5 h, RT,
Sml) centrifuge, decant
Dry,80°C{
- Wit% imel. solids = 13.6
- 112 ml retrieval wash
T111-3B1 solution needed to
Gygmio || | [s3s el
solution needed to
v yield 8 wt% solids
Water Retrieval Wash Liquid Sample
@99 Mix 1 b, 100°C, cool, | TUISE | TI1-3F and -1F1
B pH =114
TG | S o T111-3H and-1H1
0 mL]
:(;,3 +I\j O)H'
: Caustic Leach 2 Liquid Sample '
?11M731$a0*l Mix S I'I, lwoC, COOI, .—____.» ;l;ol;];ig —> T111-3J and -1J1
. measure settling, . 3.2 MOH: '
centrify -

Solids  (Solids did not seitle)
(Vol. Centrifuged Solids ™ 6.2 ml)

See Next Page

Figure G.1. Schematic of T-111 Sludge Washing and Caustic Leaching Test
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0.0 MNaOH/ __p, | Mix 0.5h, RT,,
0.01 M NaNO, measure settling
w7y centrifuge, decant

0.01 MNaOH/ | Mix 0.5, RT., Dapid THI3K | S o
0.01 ﬁNaNO, measure settling - 9.2 mi) T111-3L and -1L1

13.09 centrifuge, decant , A

0.01 MNaOH/ _p,, | Mix 0.5 b, RT Samples
0.01 M NaNO, ¥ " ;
299 sample shurry v v

v Ti11-3M " T111-3N
Wash 3 (cont.) Liquid : (0.11 g shurry) (0-10 g slurry)

measure settling
centrifuge, decant

D, 80°C¢

T111-3A*
(2.36 g solid) B TUL-3PPT

Figure G.1. (contd.)
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Table G.1. Concentrations of the Nonradioactive Sludge Components in the Various
Process Solutions From the T-111 Test

Concentration, xg/mL®

Detection Retrieval Solution First Caustic Second Caustic
Component Limit, . B Leach (G) Leach (T) Wash (K)
Ag 0.085 0.17 M) 4] [
Al 0.51 0 79.9 78.2 17
As 0.68 0 0 0 0
B 0.17 39.95 29.75 15.3 3.06
Ba 0.085 0 0 0 0
Be 0.0425 0 0 0 0
Bi 0.85 0 25.5 28.5 1.7
Ca 0.425 0.765 0 0 7.905
Cd 0.085 0 [} Q 1]
Ce 0.68 0 0 1] ]
Co 0.085 0 0 0 0
Cr 0.17 41.65 442 280.5 56.1
Cu 0.085 [} 1.7 1.7 0
Dy 0.17 0 0 0 0
Eu 0.085 (1} 0 0 0
Fe 0.085 0 14.45 10.2 1.275
Gd 1.7 0 0 0 0
X 17 153 935 . 510 85
La 0.255 0 0 0 0
Li 0.17 | 0 0 0 0
Mg 0.68 0 0 0 0.85
Ma . 0.0425 ] 0.51 0.425 0.17
Mo 0.17 [} 0 ] 0
Na 34 4335 85000 85000 18700
Nd 0.255 0 0 0 0
Ni 0.255 0 0 0 3.145
P 0.85 476 1360 833 161.5
Pb 0.51 0 6.8 6.8 0
Pd 1.7 (¢} 0 o 0
Rh 0.85 0 0 0 0
Ru 0.85 0 0 0 0
Sb 0.425 ] 0 0 0
Se 0.68 0 0 0 0
Si 0.425 331.5 4250 2720 544
Sn 8.5 0 0 0 o
Sr 0.0425 0 0 0 0
Te 1.7 0 0 0 0
Th 6.8 1) 4] 0 1}
Ti 0.0425 0 0 0 0
T1 4.25 0 0 0 0
U 0.0255 0.1292° 88.4 69.615 119
v 0.085 0 0.595 0 0
w 0.68 0 0 0 0
Y 0.085 1] 0 0 1]
Zn 0.17 0 33.15 26.35 527
Zr 0.085 0 L] 0 - (1]
NO, 250 4500 2900 1030 160
NO,” 250 700 500 130 260
po> 2509 1500 3900 1790 240
50> 250 400 200 70 0
F 125 300 {© (©) ©
Ccr 125 0 © . (c) ©
Br 25 0 0 0 [

(a) The detection limits for the two caustic leach solutions (G and I) are five times the values reported in this column.
(b) Zcro values indicate the analyte was below the detection limit.

(c) Measurement not performed.

(d) Phosphate and sulfate detection limits are 50 ug/mi for 2nd leach and final wash steps.
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Table G.2. Concentrations of the Nonradioactive Sludge Components in the Leached Sludge
From the T-111 Test

Componest __Detection Limit, ug/g  __ Conccatration, pg/g®
Ag 9 420
Al &0 5700
As 200 200
B 20 1100
Ba 9 330
Be 5 [
Bi 90 110000
Ca 50 22000
cd 9 ]
Ce 80 200
Co 9 60
Cr 2 3200
Cu 9 240
Dy 20 0
Ea 9 10
Fe 9 130000
Gd 200 400
K ) ®)
la -30 20000
Li 20 0
Mg %0 4200
Mn 5 96000
Mo 20 40
Na 200 56000
Nd 30 300
Ni © ©
P %0 13000
P 1] 3500
Pd 200 0
Rh 90 100
Ru 90 0
Sb 50 0
Se 7 400
si 50 34000
Sn 900 1000
Sr 5 1300
Te 200 0
Th 800 0
Ti 5 1100
byl 500 0
U 1585 39600
v 9 0
w %0 100
Y 9 0
Zn 20 820
Zs 9 120
NOy @ @
NO, @ (O]
PO 24100 30000
SOF 9600 10000
F 24100 0
cr « @
Br «@ @

(@) Zero velues indicate the analyte was below the detection limit.

{b) Potassium valucs are not reported since the sample wes dissoived
for analysis using a KOH fusion method.

{c) Nickel values are not reported because 2 Ni crucible was used
during the KOH fusion method.

(d) Measurement impractical due to semple preparation method.
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Table G.3. Distribution of the Nonradioactive Sludge Components Between the Various
Process Streams From the T-111 Test
Amount of Component Found, %
Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (D) Wash (K) idue (A)
Ag .2 0 0 0 98
Al 0 4 5 4 87
As 0 0 0 0 100
B 60 3 2 2 34
Ba 0 0 [ 0 100
Be @) (8) (@) @) (a)
Bi (] 0 0 0 100
Ca 0 0 0 1 99
cd 0 [i} 0 0o - 100
Ce 0 0 0 0 100
Co 0 0 0 0 100
Cr 24 15 14 11 37
Cu 0 2 3 0 95
Dy (a) (@) () @ (a)
Eu [ 0 0 0 100
Fe 0 0 0 0 100
Gd 0 0 0 0 100
K ®) ®) ®) ) ()
La 0 0 0 0 100
Li @) (@) (@) (a) (@)
Mg 0 0 0 0 100
Mn 0 0 0 0 100
Mo 0 0 0 0 100
Na ©) (] ©) © )
Nd 0 0 0 0 100
Ni ®) ®) ®) ®) ®)
P 50 9 8 6 28
Pb 0 1 1 0 99
Pd (a) @ @) ® (@)
Rhb 0 0 0 1} 100
Ru (@) ® (@) (® (@)
Sb (2) ® () @) (a)
Se 0 0 0 0 100
Si 20 15 14 11 41
Sn 0 0 0 0 100
Sr 0 0 0 0 100
Te (@) (a) @) (a) (®)
Th (a) @ (@) (a) (a)
Ti 0 0 0 0 100
T (@) (a) (a) (a) (@)
u 0 1 1 0 98
v 0 100 0 0 ]
w 0 0 0 0 100
Y (@) (@) (a) @ (2)
Za 0 9 10 8 73
Zr 0 0 0 0 100
NOy (d) (d) @ @) @
NO; (@) (@) (d) (¢ @
PO> 58 9 6 3 24
$0> 64 2 1 0 33
F (CI @) @ ) ©
Ccr (C)] (d) (CH @ @
Br” (® - (a) (a) (a) (a)
(@) Comp t was not d
(b) K and Ni values could not be determined due to the KOH fusion procedure used to prepare
the leached solid for analysis.

(c) Removal of Na from the sludge cannot be reliably tracked because the Na in the sludge cannot

be distinguished from the Na added in the washing and leaching steps.
(d) Analyte could not be accurately determined due to matrix effects.
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Table G.4. Mass Balance for Nonradioactive Sludge Components From the T-111 Test

Concentration in Dried Sludge, g/g Sludge ®

Component Direct Analysis Summation Method Recovery, %
Ag 2.00E-04 2.40E-04 120
Al 4.90E-03 3.68E-03 75
As < 3.00B-04 1.12E-04

B 7.50E-03 1.84B-03 : 25
Ba 2.00E-04 1.85B-04 93
Be < 2.00E-05 .

Bi 6.30E-02 . 6.13B-02 98
Ca 1.60E-02 1.24E-02 78
cd 5.00E-05 3.36E-05 67
Ce . < 3.00B-04 1.12B-04

Co 1.00E-04 . 3.36B-05 34
Cr 4.50B-03 4.90E-03 109
Cu 3.30E-03 1.42E-04 4
Dy < 9.00E-05

Eu < 4.00B-05 5.61B-06

Fe 6.00E-02 7.30B-02 122
Gd < 9.00E-04 2.24E-04

K ) ®) ®)
La 9.20E-03 1.12B-02 122
Li < 9.00E-05

Mg 2.00E-03 2.36E-03 118
Mn 5.30B-02 5.38B-02 102
Mo < 9.00E-05 2.24B-05

Na 3.70E-01 ;

Nd 3.00E-04 1.68E-04 56
Ni ®) ®) ()
P 2.60B-02 2.63E-02 101
Pb 2.00E-03 1.99E-03 100
pd < 1.00E-03

Rh < 4.00E-04 5.61E-05

Ru < 4.00E-04

sb < 2.00E-04

Se : < 3.00E-04 2.24E-04

si 4.70B-02 4.71E-02 100
Sn : < 5.00E-03 5.61B-04

St 6.30B-04 7.29B-04 107
Te < 9.00E-04

Th < 3.00BE-03

Ti 3.60E-04 6.17B-04 171
Tl < 2.00B-03

i 2.26E-02 2.26B-02 100
v ) < 4.00E-05 9.87E-07

w . < 3.00E-04 5.61E-05

Y < 4.00E-05

Zn 1.30E-03 6.29E-04 438
Zr . < 4.00E-05 6.73E-05

NOy (©) © (©)
NO, © © ©
PO 5.00E-02 7.15E-02 143
so2 2.00E-02 1.72E-02 86
F <3.7E-02 @ @
cr (c) © ©)
Br (d) (d) @)

{a) Blank spaces indicatc that the analyte was below the detection limit.

(b) X and Ni values could not be determined due to the KOH fusion
used to prepare the solids for analysis.

(¢) Mcasurement not performed. ’

(d) Analyte could not be accurately determined due to matrix effects.
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Table G.5. Concentrations of the Radioactive Sludge Components in the Various Process
Streams From the T-111 Test
Concentration, uCi/mL
Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (I) Wash (K)
Total Alpha <2.55E-5 2.21E05 2.10E-05 <2.55E-5
2920py @ @ @ @)
2Am + Py @ . @ @ @
2 Am(y) <200E05 < 3.00E05 < 3.00 E05 < 2.00 E05
Bicg 1.23E-02 9.78E-02 6.04E-02 1.16E-02
sy < 425E-04 < 4.25E-04 1.69E-03 < 4.25E-04
#Te 5.61E-06 < 7.65E-06 < 7.65E-06 < 7.65E-06
Concentration, uCi/g
Component Residue
Total Alpha 3.12E+00
19.240py 2.85E+00
M Am + PPpu 2.67E-01
2 Am(y) 4.74E-01
Bics 1.08E+00
*Sr 7.99E+01
Tc 1.95E-03
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(a) ND = Not Determined. The low total alpha activity made these separations impractical.




Table G.6. Distribution of the Radioactive Sludge Components Between the Various
Process Streams From the T-111 Test

Amount of Component Found, %

Retrieval First Caustic Second Caustic
Component Solution (E) Leach (G) Leach (T) ‘Wash (K) Residue (A)
Total Alpha 0 0 0 0 100
5%0py (@ @ @ @ 100
#am + Ppu (@ (@ (@ (@) 100
2 Am(y) 0 0 0 0 100
B¢ 25 12 11 8 44
0S¢ 0 0 0 0 100
BTc 12 0 0 0 88

a) Not determined due to a lack of total activity in the sample.

Table G.7. Mass Balance for Radioactive Sludge Components From the T-111 Test

Concentration in Dried Sludge, uCi/g

Component Direct Analysis Summation Method Recovery, %
Total Alpha 1.70E+00 1.75E+00 103
59240py 1.49E+00 1.60E+00 107
Mam + By 2.31E-01 1.49E-01 65

M am(y) ~ 2.55E-01 2.66E-01 104
B 1.16E+00 1.36E+00 118
St 4.11E+01 4.48E+01 109
*Te _ < 7E-04 ~ 1.25E-03
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Figure G.2. Particle-Size Data for Untreated T-111 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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Figure G.3. Particle-Size Data for Treated T-111 Sludge: a) Probability-Number
Density Graph, b) Probability-Volume Density Graph, c) Probability-Number
Distribution Graph, and d) Probability-Volume Distribution Graph.
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