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Executive Summary

CH2M HILL Hanford Group, Inc. (CH2M HILL) is identifying and developing supplemental
process technologies to accelerate the tank waste cleanup mission at Hanford. One such tech-
nology targets the disposal of Hanford transuranic (TRU) process wastes stored in single-shell
tanks (SSTs). Ten Hanford SSTs are candidates for designation as contact-handled TRU waste:
the B-200 series tanks (B-201, B-202, B-203, and B-204), the T-200 series tanks (T-201, T-202,
T-203, and -T-204), plus T-110 and T-11 1.9 The retrieval of these tanks is intended to be a
“dry” process in which these wastes will be retrieved from the tanks as is or with a recycled
liquid stream to help mobilize the waste in the tank and through transfer lines and vessels.
Subsequently, the retrieved waste will be dewatered to remove excess liquid and transferred to
waste packages in a form suitable for disposal at the Waste Isolation Pilot Plant (WIPP).

An understanding of waste physical properties is needed to support design and procurement
of the SST TRU handling and packaging system and to produce suitable physical simulants to
test such a process. Pacific Northwest National Laboratory (PNNL) has been tasked with
developing these waste simulants. This report summarizes PNNL's assessment of available
waste physical property information for the 10 candidate TRU SSTs. Data sources include the
Hanford Tank Waste Information Network System (TWINS) database, technical reports, and
visual observations from reviewing photographs and videotape recordings taken during the
extrusion of various SST TRU waste core samples.

While the retrieval process is expected to alter certain waste physical properties such as shear
strength, the effects of this process on waste properties cannot yet be quantified. Therefore, the
scope of this report is to describe the properties of SST TRU wastes as they are known for
unprocessed wastes or, in some cases, for diluted waste samples. The report focuses on the
rheology, particle properties, settling characteristics, bulk density, and water content of the
waste. Because some physical properties of the waste are related to the chemistry of the waste
(e.g., particle hardness), a brief overview is provided of the process and chemistry resulting in
the TRU waste. Other properties, including the potential for gas retention in the waste, are
discussed briefly. Qualitative descriptions of how waste properties might be affected by retrieval
and subsequent processing are also noted.

To provide a broad understanding of the waste rheology in all the TRU SSTs, photographs
and videotapes of core extrusions were analyzed for seven of the ten tanks (B-203, B-204, the
T-200 series, and T-110). Typically, waste ranged from very wet near the waste surface to a
ductile, moderate-strength sludge below the surface, progressing to more brittle and stronger
waste toward the bottom of the tank. Methodologies were developed to use extrusion length and

(a) Hanford waste tanks are designated with the prefix 241-. In this report, as in common usage, the prefix is
omitted.
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slump measurements obtained from the videotapes to estimate the waste shear strength using
previously reported extrusion data for ductile (bentonite clay/water) and brittle (kaolin
clay/colloidal silica/water) simulants as reference. Applying these methods, the shear strength of
the sludge in the seven tanks was estimated to range from <30 to ~4000 Pa. The bulk of the
waste was categorized as ductile solid to moderately brittle with a shear strength range of 200 to
2000 Pa. Observed waste rheology was similar across the set of TRU SSTs. The only notable
difference was that the T-110 waste was somewhat more ductile up to higher shear strengths.

Limited amounts of rheology data have been previously reported for B-201, B-202, and
T-111 waste samples, and these shear strength and viscosity data are discussed in this report.
Measured shear strengths for six samples from B-201 and B-202 ranged from 200 to 1410 Pa,
consistent with the shear strengths estimated from core extrusions of other B- and T-200 series
wastes. Similarly, the shear strength of undiluted T-111 samples was 500 + 230 Pa. Viscosity
results for B-201 and B-202 waste samples diluted 1:1 (volume basis) with water are reported in
the form of yield power-law function parameters and shown graphically. Ata 100 s strain rate,
the viscosity of the diluted waste ranged from 5 to 15 ¢P for B-201 and from 2.1 to 4.5 cP for
B-202. Diluted T-111 samples also exhibited pseudoplastic behavior, but results were not corre-
lated to yield power-law functions because the viscosity was near the system detection limit
(2 cP).

Particle size and solids settling data are of value for developing waste dewatering and
handling processes. Particle size distribution results from earlier studies of B-201 and T-111
waste samples are summarized, and volume basis size distribution plots are shown for B-201.
While the mean density particle size is consistently <2 um for both tank wastes, the mean
particle size in terms of volume fraction ranges from ~7 to 66 um for segments taken from two
core samples of B-201 and from ~8 to 65 pum for T-111 samples. There were no apparent trends
in particle size distribution with vertical location in the tank.

Gravitational and centrifugal settling data for as-received (undiluted) and water-diluted (1:1
and 3:1 volume basis) samples of B-201, B-202, and T-111 wastes are presented. Essentially no
settling occurred in the small undiluted samples at 1 G (gravitational force on Earth), whereas
centrifugation at more than 1000 G produced 2 to 12 vol% free liquid in B-201 samples, 30 to
40 vol% free liquid in B-202 samples, and 28 to 34 vol% free liquid in T-111 samples. The rate
of gravity settling in diluted samples decreased significantly after two days, but centrifugation
clearly indicates that settling was not complete. For example, gravity settling for two days
produced free liquid of 8 to 19 vol% in 1:1 (by volume) diluted B-201 samples, whereas
centrifugal settling increased the free liquid to 42 to 58 vol%.

The estimated shear strength of the wastes generally increased with depth in the tank,
possibly because of waste self-compaction due to lithostatic loading. The water content (and
bulk density) of the waste also appears to vary with location in the tank, with lower moisture
content near the tank bottom. On the whole, the water content of waste sludge was found to
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range from 70 to 85 wt%; the reported water content is somewhat higher in Tank T-111 (85 to
90 wt%) and lower in a few samples from T-201 (~65 wt%). Most of the data for bulk solids
samples, a matrix of waste solids and interstitial liquid, show bulk densities of 1.15 to 1.30 g/mL,
and the density generally increases with decreasing water content. The shear strength estimates
obtained from the extrusion methods were compared with the water content and bulk density of
waste samples from the same core segments. The shear strength and, to a lesser extent, the
density show some tendency to decrease with increasing water, but significant scatter exists in
the data.

The physical properties of in situ and diluted SST TRU waste described in this report and
summarized in the discussion above are tabulated in Table ES.1. In many cases, the expected
range of properties is estimated from limited data. However, in those instances where data are
available for many tanks and multiple locations within tanks, the data do not indicate major
differences among individual tanks. Therefore, it appears reasonable to treat individual tank
results as typical of Hanford SST TRU waste.

Table S.1. Expected Range of Physical Properties of In Situ and Diluted SST TRU Waste

Property Expected Range Comments

Estimated from data obtained from core
200 to 2,000 Pa (majority of waste)  |extrusions (Sections 3.1 and 3.2) and

Shear strength 0 to 4,000 Pa (range, including liquid) |reported shear vane measurements
(Section 4.1).
Results for 1:1 dilution with water; higher
Viscosity 2to25cPat 10 s'l1 viscosities expected for waste diluted less
2t0 15¢cPat100s and at lower strain rates. Waste exhibited
pseudoplastic rheology. Section 4.1.
Undiluted waste, >200 Pa shear strength.
Waste settling ~0 vol% free liquid (1 G) Weaker waste (liquid in the extreme) is

2 to 40 vol% free liquid (>1000 G, 1 hr) |expected to produce more free liquid on
settling. Section 4.2.

1:1 diluted waste, >200 Pa shear strength
prior to dilution. See comment above.
Section 4.2.

3:1 diluted waste, >200 Pa shear strength
prior to dilution. See comment above.

5 to 25 vol% free liquid (1 G, ~2 days)

Waste settling |4 4 60 vol9% free liquid (>1000 G, 1 hr)

40 to 65 vol% free liquid (1 G, ~2 days)

Waste settling | 7', 85 vol% free liquid (>1000 G, 1 hr)

Section 4.2.
e | oo [seion 43
Water content 70to 255 ‘Z)t?o(i:;f z‘glnzz)w aste) Section 5.1.
Liquid Density ~1.05 g/mL Section 5.2
Bulk Density 1.15 to 1.3 g/mL (majority of waste) Section 5.2

1.1 to 1.4 g/mL (range)
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1.0 Introduction

CH2M HILL Hanford Group, Inc. (CH2M HILL) is in the process of identifying and
developing supplemental process technologies to accelerate the tank waste cleanup mission. A
range of technologies is being evaluated to allow disposal of Hanford waste types, including
transuranic (TRU) process wastes. Gasper et al. (2002) identified 12 Hanford waste tanks that
may meet the criteria for designation as TRU waste, including three double-shell tanks
(AW-103, AW-105, and SY-102)® and nine single-shell tanks (SSTs): the B-200 series (B-201,
B-202, B-203, and B-204), the T-200 series (T-201, T-202, T-203, and T-204), and Tank T-111.
The SST T-110 has recently received attention as a candidate for designation as a TRU waste
type. If not designated as TRU waste, it might be defined as low-level waste that could be
handled and packaged with the same process used for other contact-handled TRU (CH-TRU)
wastes from the SSTs. -

Originally, a “dry” waste retrieval process was considered for these tanks—that is, no liquid
was to be used to slurry, or soften, the waste for the process of retrieving and transferring the
waste to a packaging system. In such a retrieval and transfer process, air (or other process gas)
would be forced into the in-tank waste to decrease its effective density so that the “fluffed” waste
could be vacuumed out of the tank, and the removed waste would accumulate in a hopper, with
the bulk sludge (possibly still moist and having some entrained trapped gas) being transferred
from the hopper into storage drums. The current retrieval plans call for a modified dry retrieval
process in which a recycled liquid stream (minimal fresh water) flowing at ~1.4 to 5 gpm is used
to help mobilize the waste in the tank and through transfer lines and vessels. This retrieval
approach requires that a significant portion of the liquid be removed from the mobilized waste
sludge in a “dewatering” process such as gravity settling, centrifugation, or drying prior to trans-
ferring it to waste packages. Additionally, adsorbent may be added to the waste packages (e.g.,
drums) to prevent formation of a free liquid layer.

In support of CH2M HILL’s effort to develop a TRU waste handling and packaging process,
Pacific Northwest National Laboratory (PNNL) has been tasked with developing waste simu-
lants. For the SST CH-TRU wastes, the suite of simulants is likely to include a nonradioactive
chemical simulant of the waste liquid that will potentially be separated from the waste solids.
This simulant would be used to evaluate packaging and sorbent material compatibility. Simu-
lants that reproduce the important physical behavior of the waste, including mechanical, flow,
and dewatering properties, are also needed to develop and evaluate the TRU waste handling and
packaging process. To produce suitable physical simulants, PNNL is now evaluating TRU waste
physical properties. This report summarizes PNNL's assessment of available physical property
information for the 10 candidate TRU SSTs, including T-110.

(a) Hanford waste tanks are designated with the prefix 241-. In this report, as in common usage, the prefix is
omitted.

1.1



The information provided in this report will be supplemented in the near future with chemical
and physical property data obtained from actual waste sample composites of Tanks B-203,
T-203, T-204, and T-110. Experimental studies on these samples are ongoing at Hanford. It is
expected that the tests will be completed and the results reported in fiscal year 2003.

The effects of the proposed CH-TRU retrieval and transfer systems on waste properties have
not been quantified. Accordingly, the scope of this report is to describe the properties of TRU
wastes as they are known for unprocessed wastes or, in some cases, for diluted waste samples.
Qualitative descriptions of how waste properties might be affected by retrieval and transport are
noted where appropriate.

This report focuses on the waste rheology, settling characteristics, particle properties, bulk
density, and water content. Because some physical properties of the waste are related to the
waste chemistry (e.g., particle hardness), a brief overview of the process and chemistry resulting
in the TRU waste is provided in Section 2. Section 3 shows representative photographs of
extruded SST TRU wastes, describes visual observations, and summarizes estimates of the waste
shear strength derived from videotaped core extrusions. Other waste strength and viscosity
measurements, gravity and centrifugal settling data, and particle properties, including size
distribution, are discussed in Section 4. Section 5 summarizes the variation in water content and
bulk density of the waste in the tanks and addresses the relationship of these properties and waste
shear strength. Other properties, including the potential for gas retention in the waste, are
discussed briefly in Section 6. Cited references are listed in Section 7, and the extrusion length
and slump methodologies are detailed in the appendix. Data sources for this report include the
Hanford Tank Waste Information Network System (TWINS) database, technical reports, and
visual observations from the review of photographs and videotape recordings taken during the
extrusion of various tank waste core samples.
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2.0 Overview of the Waste Chemistry

Although the physical simulants being developed are not expected to have the same chemical
composition as the actual waste, this section of the report provides some background on the
waste sources and composition for general information. Knowledge of the history and com-
position of the waste supplements the specific physical property data in the rest of this report.

2.1 History of TRU Waste Transfer

The wastes contained in the B-200 series, the T-200 series, T-110, and T-111 tanks
originated primarily in the 224 Building waste stream, which was derived from the lanthanum
fluoride decontamination step in the bismuth phosphate process (e.g., Gasper et al. 2002).

The tanks in the B-200 and T-200 series are considered to contain only 224 Building wastes
(224 waste), based on waste transfer records. Tank B-201 received waste from the 224-B
Concentration building from October 2, 1946 through October 1948, after which the tank was
considered filled with solids and the 224-B Concentration building waste was diverted to Tank
B-204, which was connected in a cascade with Tanks B-203 and B-202. Liquid was gravity
discharged from the last tank in the cascade, B-202, to the 241-B-1 and 241-B-2 cribs. Solids
contained in the 224-B Building waste were allowed to settle in Tanks B-204 through B-202.
The cascade of Tanks B-204, B-203, and B-202 continued to receive 224-B Concentration
building wastes until September 1952. The history of the filling of T-200 series tanks parallels
that of the B-200 series tanks. Tank T-201 received waste from the 224-T Concentration
building from November 4, 1946 through May 24, 1949, after which the tank was considered
filled with solids and the 224-T Concentration building waste was routed to Tank T-204. Tank
T-204 was connected in a cascade with Tanks T-203 and T-202. Liquid was gravity discharged
from the last tank in the cascade, T-202, to the 241-T-1 and 241-T-2 cribs. Solids contained in
the 224-T Building waste were allowed to settle in T-204 through T-202.

Some 224 waste is also found in Tanks T-110 and T-111, along with "2C" waste, which is
second-cycle decontamination waste from the bismuth phosphate process. Tanks T-110, T-111,
and T-112 initially operated in a cascade, with waste received into the lead tank and allowed to
overflow to the next tank in series. Tank T-110 received only 2C waste from January 1945
through May 1952. From May 1952 through December 1954, Tank T-110 received a mixture of
2C and 224 wastes. Waste was received into Tank T-110 and allowed to overflow into Tank
T-111 until December 1954, when the primary waste stream was directed into T-111 and T-110
stopped receiving waste. Tank T-111 received only 2C waste that cascaded from Tank T-110
from January 1945 through May 1952. From May 1952 through October 1956, Tank T-111

(a) Johnson, ME. January 2003. Origin of Wastes in the B-200 and T-200 Series Single-Shell Tanks. RPP-13300,
draft, CH2M HILL Hanford Group, Richland, WA.
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received a mixture of 2C and 224 wastes. From February 1960 through June 1967, dilute liquid
equipment decontamination waste from T-plant was fed to Tank T-11 1.@

2.2 TRU Waste Composition

In the SST CH-TRU waste being considered for dry retrieval, bismuth (Bi) and sodium (Na)
are the major metallic analytes, and nitrate (NO3) is the major anion (Lumetta and Rapko 1994).
Table 2.1 gives the bulk concentrations (including both solid and liquid phases) of the major
constituents for nine of the 10 tanks; there is no bulk concentration data available for T-110.
Water, which makes up most of the waste mass, is not included as a constituent in the table. The
concentrations given in the table are based on core samples taken between 1991 and 1997. (Core
sampling, in effect, forces a 1.125-in. inside-diameter pipe down through the waste and collects
samples, each one a 19-in.-long segment, over the entire depth of the waste.)

Table 2.1. Waste Composition Ranges (major analytes)

Tank Bi (wt%) Na (wt%) NO; (wt%) Others (wt%)

B-201 8.7-12 29-6.6 48-55 |[Si, 0.6—6.1 K, 03-1.6
Mn, 1.5-3.2 Al 0.1-14
Fe, 0.6—2.3 B, <0.1-1.5
Ca, 0.5-2.3 P, 0.4—0.8
La, 0.9-1.7 F, 0.6

B-202 14-5.0 3.4-6.5 51-7.1 [Fe, 03-6.6 Al, <0.1-14
La, 0.7-2.6 P, 0.2-1.2
Mn, 0.5-2.6 F, 0.6
Ca, <0.1-2.6 Si, 0.1-0.6
K, 0.6-1.6 B, <0.1

B-203®" 14-56 2.6-32 30-5.6 |[Mn, 0.5-2.4 P, 0.2
La, 0.8—1.5 Si,<0.1-0.1
Fe, 0.2-0.8 Ca, <0.1
F, 0.6—0.7 Al, <0.1
K,0.4-0.5 B, <0.1

B-204® 3.6-6.3 23-29 3.6-56 |Mn, 09-1.8 P, 0.2-0.3
La, 0.8—1.4 Si, <0.1-0.2
Fe, 0.2-1.1 Ca, <0.1
F, 0.5-0.7 Al, <0.1
K,0.5-0.7 B, <0.1

(a) Johnson, ME.

January 2003. Origin and Classification of Wastes in Single-Shell Tanks 241-T-110 and 241-T-

111. RPP-13873, draft, CH2M HILL Hanford Group, Richland, WA.
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Table 2.1 (contd)

Tank Bi (wt%) Na (wt%) NO; (wt%) Others (wt%)
T-201 20-12 23-3.2 4.1-48 (Mn, 0.7-44 K, 0.1-0.5
La, 0.6-2.5 Si, 0.1-0.2
Fe, 0.4-0.9 Ca, 0.1
F, 04-0.5 Al, 0.1
P, 0.1-0.5 B, <0.1
T-202% 2.8-4.4 3.2-3.8 57-6.6 |[Fe, 02-24 P, 0.2-0.3
Mn, 0.9-1.5 Si, 0.1-0.2
La, 09-13 Ca, <0.1
K, 0.6-0.8 B, <0.1
F, 0.6-0.7 Al, <0.1
T-203 2.6-6.2 32-4.5 43-74 (Fe, 02-22 P, 0.2-<04
Mn, 0.5-1.6 Si, <0.1-0.2
La, 0.7-14 Al, <0.1-0.2
K, 0.7 Ca, <0.1
F, 0.5-0.7 B, <0.1
T-204%° 5.2 3.2 5.5 Mn, 1.4 P, 0.3
La, 1.2 Si, 0.2
K, 0.6 Ca, <0.1
F, 0.6 Al, <0.1
Fe, 0.4 B, <0.1
T-110 Only the liquid from this tank has been analyzed; there are no data for the bulk waste.
T-111 0.1-3.5 22-4.1 37-58 (Mn, 03-24 Ca, 0.2-0.5
Fe, 1.2-2.0 F, 0.1-0.5
P, 04-1.7 K, 0.1-0.2
Si, 0.5-0.6 Al, 0.1
La, 0.3-0.5 B, <0.1

(a) In this tank, acid dissolution was used to prepare all samples for analysis. This form of preparation could be
seen to cause considerable underestimation of many constituents in this type of waste in other tanks where other
preparation procedures were used and a comparison was possible. Thus, analyte concentrations that are low in this

tank, compared with other tanks not noted in this way, may be artifacts.

(b) One half-segment of a core sample, 120:10-LH, contained 10 times as much NO;, F, and other anions as other

segments and is ignored in this table as erroneous.

(c) In this tank analyses were made only on a composite of the entire core (a mixture of all the segments), not on

individual segments. The average composition is available, but not a range.
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3.0 Visual Observations and Shear Strength Estimates

The shear strength for all but three of the 10 TRU SSTs was estimated from videotape
recordings of core sample extrusions. In this section, representative photos of extruded waste
and estimates of strength derived from measurements of waste extrusion length and slump are
provided. A potential alternative data source for estimating waste strength, load data taken
during core sampling of the waste, is also discussed briefly in this section.

The strength estimates described below are for minimally disturbed material representative of
the in-tank (in situ) condition. The process of retrieving waste from the tanks, with or without
the aid of a liquid diluent, will undoubtedly disturb and likely weaken the waste that is trans-
ported to and staged in a vessel (e.g., hopper) for subsequent dewatering and packaging. Onishi
et al. (2003a), evaluating pump mobilization of Hanford double-shell tank waste, concluded that
prior waste disturbance would reduce the waste yield strength and that the recovery of strength is
time-dependent. The effects on waste properties of the disturbance resulting from TRU SST
waste retrieval are also likely time-dependent and difficult to quantify.

Although we do not know the strength and other rheological properties of the retrieved and
processed TRU waste, it is reasonable to use physical property information from relatively
undisturbed waste to help bound the range of expected behavior. It is also possible that the
disturbed waste will substantially regain its original strength depending on how it is handled.
For example, a centrifugal dewatering process could result in compacted waste similar in
strength to that present in the waste tanks.

3.1 Visual Observations and Summary of Waste Shear Strength

Videotapes or photographs of core extrusions are available for the SST TRU wastes except
for Tanks B-201, B-202, and T-111, which predate the use of photography during waste extru-
sions.® The similarities in process history surrounding the filling of these tanks suggests they
have properties similar to their sister tanks (e.g., the B-200 and T-200 series tanks for B-201 and
B-202, and T-110 for T-111). Visually, significant similarity exists among all the B-200 and
T-200 series videos and photographs. This is not to say that they are homogeneous; rather, they
fit substantially within a range of characteristics that may be found in any individual tank. The
visually similar properties among the B-200 and T-200 series tank photos include color (dark
brown to black), apparent moisture content (high sheen to dull), extrusion shape and fracturing
(ranging from ductile to nearly brittle), and apparent strength. The T-110 waste is mustard
yellow and is generally more ductile than the other observed waste samples. However, the range
of apparent strength is bracketed by that estimated for the B-200 and T-200 series samples.

(a) Personal communication on December 2, 2002 from Ray Akita, Fluor Hanford, who also provided copies of the
videotapes and photos. .
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Figure 3.1 shows photos representative of extruded core segments (nominally 19 in. length
and 1.125 in. diameter) for core 122® from Tank B-203. Starting from the top of the figure,
which corresponds to higher in the waste tank, extrusion segments #3 through #14 are shown.
These photos were taken in Hanford hot cells in late December 1995 and early January 1996.
Segment #3 has a pool of dark liquid(b) extruded ahead of weak, wet sludge. (The waste in
segments #1 and #2, above #3, consisted almost entirely of liquid that is hard to see in the
extrusion footage.) Segments #6 and #7 are relatively ductile, but segment #6 appears somewhat
stronger and shows a series of fractures. The observations for segments #6 and #7 suggest that
waste lower (deeper) in the tank (#7) can be weaker than that layered above it. In our assessment
of the visual evidence, this is not routine but also not uncommon. The lower B-203 waste seg-
ments (>#8) in Figure 3.1 appear even stronger, drier, and more brittle than those layered above.

Note also that the waste characteristics can vary within segments. For example, the lower
portion of B-203 segment #8, shown on the left side of Figure 3.1, is fractured and somewhat
brittle, whereas the upper portion of the segment (right side of the photo near the piston) is
ductile and weaker, like the bottom of segment #7 above it. This is likely due to vertical
heterogeneity within the tank waste, but it could result in part from changes in the waste samples
after core sampling and prior to extrusion. Core extrusions such as that depicted in Figure 3.1
provide a vertical picture of waste variation within a tank. Waste properties can also vary axially
within tank waste.®

Figure 3.2 shows captured video images from in-process extrusions for segments from the
B-200 and T-200 series tanks. The Figure 3.2 photos are ordered vertically from weakest
(upper) to strongest (lower) and bound the range of behavior observed in Tank B-203 segments
in Figure 3.1. For example, the upper photo in Figure 3.2 for Tank T-204 core 188 segment #3
shows weak, wet sludge as it is extruded, exhibiting visual characteristics similar to those
observed in B-203 segment #3. The lower photo in Figure 3.2 for Tank T-201 core 192 segment
#7 depicts relatively brittle and long subsegments characteristic of stronger waste fractions in the
TRU SSTs.

The middle photos in Figure 3.2 were taken from the extrusion of Tank B-204 core 114 and
are representative of the bulk of waste observed in the TRU SST videotapes and photos. Seg-
ment #4 (upper-middle photo) is continuous and relatively ductile, having a characteristic
sigmoid extrusion shape. Segment #10 (lower-middle photo) is moderate strength, and it
fractures, creating short to medium-length subsegments.

(a) The core number is sequential for cores taken from all Hanford waste tanks; it is not the number of cores taken
from an individual tank.

(b) The Hanford TWINS database on December 12, 2002 indicated that four of the 10 SST TRU tanks (B-203,
B-204, T-201, and T-110) have small amounts of residual supernatant liquid at the surface.

(c) For example, PA Meyer and WL Kuhn assess the potential redistribution of solids in a Hanford saltcake waste
tank in letter report TWS02.074, entitled Modeling Solids Redistribution in Tank S-112, dated September 2002.
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With other properties such as waste density and particle structure equal, an increasing length
of extruded segments at failure (e.g., fracture for more brittle materials) is an indicator of
increasing waste strength (Section 3.2 and the appendix). Many of the waste segments observed
in the TRU SSTs had fractured subsegments ranging in length to the extremes depicted in the
lower two photos of Figure 3.2.

Using the videotapes, we systematically assessed the shear strengths of the TRU sludge
segments shown in Figure 3.2 from the measured extrusion length and slump discussed in Sec-
tion3.2. The method is an extension of the visually based core-extrusion shear strength
estimation technique described by Gauglitz and Aikin (1997). They videotaped extrusions of
bentonite clay/water and kaolin clay/colloidal silica (Ludox®)/water simulants of known and
varying shear strengths and used the photographic results as a guide to estimating the shear
strength of wastes exhibiting similar characteristics. Comparing their results with available tank
waste strength data, they concluded that estimates of shear strength from horizontal extrusions
were likely accurate within a factor of 2.

In Section 3.2 and the appendix to this report, we describe the horizontal extrusion length
methodology that was applied here. The accuracy of the technique is not known, but a basis is
given for placing bounds on the shear strength estimates that are approximately + 25% of the
central value. Table 3.1 summarizes the estimated ranges of shear strength resulting from the
application of the extrusion length and slump techniques to the extrusion segments shown in
Figure 3.2 and other comparable extruded waste segments. In the table we attempt to categorize
visual observations of the SST TRU wastes and their typical range of estimated shear strengths.
However, the visual descriptors do not correspond universally to the strength range indicated in
Table 3.1. For example, ductile materials were observed in some cases (e.g., Tank T-110) with
strengths greater than 200-700 Pa.

Table 3.1. Shear Strength Estimates for B- and T-200 Series Tank Core Extrusion
Segments Shown in Figure 3.2

Figure 3.2 Waste Estimated Shear

Ti;l:sc::.li;:)s;al Examples Strength Range
Tank—Core:Segment # (Pa)
Weak; wet; slumping T-204-188:3 30-100
Moderate strength; ductile; B-204-114:4 200-700
continuous sigmoidal
extrusion
Moderate strength; more B-204-114:10 700-2000

brittle; less ductile; fractured
subsegments of short to
medium length

Strong; brittle; longer T-201-192:7 20004000
fractured subsegments
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R

Segment #4

Segment #5

Segment #6

Segment #7

Figure 3.1. Photos of Core Extrusion Segments for Tank B-203, Core 122 from near the top of
the waste (segment #3) to the bottom of the tank (segment #14)
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Segment #10

Segment #12

Segment #13

Segment #14 (lower in tank)

Figure 3.1 (contd)
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Tank T-204, Core 188, Segment #3

T-201, Core 192, Segment #7

——

Figure 3.2. Photos of Core Extrusion Segments for B- and T-200 Series Tanks from Weakest
(upper photo) to Strongest (lower photo).




Of the >50 waste segments observed for 10 core extrusions from the seven TRU SSTs with
photos available, the majority of waste fits in the strength range categorized by Tank B-204 core
114 segments #4 and 10 in Figure 3.2 (200-2000 Pa). For example, the bulk of the waste in
Tank B-203 core 112 below segment #4 (Figure 3.1) appears to fit this categorization.®
However, relatively weak wastes (30—100 Pa), like the sludge portion of segment #3 (B-203,
Figure 3.1 and T-204, Figure 3.2), and relatively strong wastes (20004000 Pa), like segment #7
(T-201, Figure 3.2), also represent an appreciable fraction of the waste in the tanks. A few
segments from all the SST photos reviewed indicate that some waste, typically nearer the bottom
of the tank, may be even stronger (40006000 Pa estimated) than that depicted by the lower
photo of Figure 3.2. The estimated waste strength as a function of location in the SST TRU
waste tanks is examined in greater detail in Section 3.2.

Sludge strength variations in these tanks may be related to differences in moisture content,
possibly resulting from settling and compaction. Water fractions and bulk density as a function
of vertical location within the tanks are presented in Sections 5.1 and 5.2, and the relationship of
estimated waste strength to these properties is explored further in Section 5.3.

3.2 Shear Strength Estimates from Extrusion Length and Slump

As presented in Section 3.1, a methodology developed by Gauglitz and Aikin (1997) allows
one to estimate the rheological properties of waste sediment (solid, liquid, and gas matrix) based
on a visual comparison of horizontal extrusion behavior for simulants with known yield stress in
shear (or “shear strength,” as it is commonly called in Hanford literature) to that of Hanford
waste. Here, a related core extrusion shear strength estimation technique based strictly on
extrusion length was developed from the simulant extrusion results presented in Gauglitz and
Aikin. This extrusion length methodology, as well as the “slump” method, are developed and
evaluated in the appendix and summarized below. The shear strength results from the
application of these methodologies to the TRU SSTs are also presented.

Gauglitz and Aikin (1997) horizontally extruded bentonite/water and kaolin/Ludox/water
simulants of known shear strength and reported the length at which the extrusion exhibited
“failure.” With these data we have the ability to correlate the shear strength of the material
directly with the functional form of maximum tensile stress in a round cantilever beam:

2
T, =KE%L— G.1)

(a) The categorization of the B-203 core 112 waste is based on the photographs in Figure 3.1 and not on an assess-
ment of initial extrusion lengths from videotape as was completed for the waste segments shown in Figure 3.2. A
videotape of the B-203 core 112 extrusion was not available; the strength estimates derived from other B-203 core
extrusion videos are presented in Section 3.2.
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where L and d are the beam failure length and diameter, respectively, p is the material density,
and g is the acceleration of gravity. The proportionality coefficient K of Eq. (3.1) provides a
means to compute the shear strength of a material given its density and the plastic failure length
of a horizontal extrusion. Plastic failure occurs in the relatively ductile bentonite simulant as
necking, while the brittle kaolin/Ludox simulant fractures.

As discussed in the appendix, the proportionality coefficient is likely a function of the
material microstructure. The shear strength of a material with a microstructure similar to that of
the bentonite simulant is expected to be 0.89 times pgL*/d. For materials with a microstructure
similar to that of the kaolin/Ludox simulant, the shear strength is estimated to be 1.45 times
pgL*/d. As reported in Gauglitz and Aikin, the two simulants were chosen to reflect the wide
variety of mechanical behaviors typical of wastes from the Hanford tanks. If we assume that the
simulants “bound” the mechanical behavior of Hanford waste, we can expect that the shear
strength of the waste will be between 0.89 and 1.45 times pgL*d. These proportionality
coefficients are subsequently referred to as the “extrusion length bounds.” By back-applying
these results, indiscriminate of material type, to the simulant extrusion experiments, we
determined that the best fit to the data is achieved with a proportionality coefficient of 1.15. This
proportionality coefficient is referred to as the “extrusion length best fit.”

In the event that the extruded material is so weak that it “pours™ out of the sampler instead of
extending out, the yield stress in shear of the material may be determined by the “slump”
method, or the amount of deformation the material undergoes (Pashias et al. 1996). This
methodology is detailed in the appendix.

The extrusion length and slump methodologies were applied to TRU waste Tanks B-203,
B-204, T-110, and the T-200 series tanks. Horizontal core extrusion videos for these tanks were
evaluated for failure length determined by the point at which failure was judged to occur. Slump
measurements were also recorded where applicable.

Data taken from the upper half of a core segment are ascribed to a level in the tank corres-
ponding to 0.75 of the segment length plus the lowest tank elevation of the segment. Similarly,
data taken from the lower half of a core segment are assigned the segment elevation plus 0.25 of
the segment length. Multiple measurements were available for individual segment halves in
some instances, and each measurement is reported for that elevation. Waste density values,
which are discussed further in Section 5.2, were taken from TWINS.®

The shear strength estimates for core 115 from B-203 are presented in Figure 3.3. Shear
strengths ranging from less than 100 Pa near the top of the sediment to approximately 2,000 Pa
were estimated with the extrusion length and slump techniques. An upper-bound shear strength
estimate of ~2,500 Pa was determined for one B-203 core segment. These values appear

(a) Tank Waste Information System database. http://twins.pnl.gov/twins3/twins.htm.
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reasonable compared with other available shear strength data for Hanford wastes (Gauglitz and
Aikin 1997; Hedengren et al. 2000; TWINS). As expected due to lithostatic loading, the shear
strength in B-203 tends to increase with depth, although some exceptions are noted.

Shear strength estimates for Tanks B-204 (cores 112 and 114), T-110 (core 180), T-201 (core
192), T-202 (core 191), T-203 (core 190), and T-204 (core 188) are shown in Figures 3.4 through
3.10, respectively. Results again range from less than 100 Pa to approximately 2,000 Pa for the
bulk of the waste, and the shear strength increases with depth. As shown in Figure 3.7, the shear
strengths of two segments of T-201 were estimated to exceed 2,000 Pa. One of these, photo-
graphed in the lower portion of Figure 3.2, had an upper-bound shear strength of ~3,500 Pa.

In B-204, an appreciable amount of data exists for two cores. Reasonable agreement in shear
strength for the cores (approximately % out from tank center toward the tank wall, 180°
opposed), which represent unique radial locations in the tank, is shown in Figures 3.4 and 3.5.

Because of the numerous variables involved, it is not yet possible to use the core extrusion
methodology to estimate strength values with a high degree of certainty. For example, the
stronger waste segments of Figures 3.1 and 3.2 appear less ductile than the bentonite clay simu-
lants and less brittle than the kaolin/Ludox simulants used as guides. Applying the extrusion
technique to other simulants that more closely match the behavior of actual waste over the entire
shear strength range could improve strength evaluations using the technique described here.
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Figure 3.3. Shear Strength as a Function of Height in B-203, Core 115
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Figure 3.10. Shear Strength as a Function of Height in T-204, Core 188

3.3 Core Sampling Load Data

To obtain core samples, a sampler is pushed or rotated into the waste. The push is provided
by the mass of the sampling apparatus and hydraulics on the sampler truck. It was hypothesized
that this downward force could be evaluated to determine the shear strength of the waste. Rassat
et al. (2000) used a similar methodology to evaluate the yield strength of the SY-101 crust layer
from load data of a mechanical mitigation arm and water lance.

Investigation of the load data for the core sampling apparatus was not encouraging. Com-
ments on the data ranged from “...down forces are independent of material properties...”® to
“...don’t use (load values) quantitatively...data is affected by internal friction of the sampling
apparatus....”® The load data gathered from TWINS for DST and TRU tank wastes illustrate
these comments. No load data trends with depth were apparent. The load data for supernatant
liquid samples are counter-intuitive; higher loads are observed in the liquid than in the sediment
below. Further, using just the sampler mass and the methodology in Rassat et al. (2000), the
waste yield strength required to support the mass of the sampler is one to two orders of magni-
tude (~30,000 to 60,000 Pa) greater than other measured strengths. Based on these expectations
and observations, the load data from the core sampling apparatus were not evaluated to estimate
waste strength.

(a) Personal Communication from AM Templeton (CH2M HILL) to BE Wells (PNNL) on January 14, 2003.
(b) Personal Communication from J Douglas (CH2M HILL) to BE Wells on January 14, 2003.
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4.0 Waste Rheology, Solids-Settling,
and Particle Characterization

This section summarizes the limited amount of reported strength, viscosity, particle-
characterization, and solids-settling data available for the 10 SST TRU wastes. The shear
strength measurements tabulated in this section were made with viscometers, in contrast to those
determined by the core extrusion observation method discussed in Section 3. The results given
by the two methods are compared in this section to the limited extent possible.

4.1 Rheology

This section contains the rheological measurements that have been made on diluted waste
samples from three of the TRU tanks, B-201, B-202, and T-111. Shear strength, but not
viscosity, has also been measured for undiluted, unhomogenized samples. The diluted samples
consistently showed pseudoplastic rheological behavior in which viscosity decreases as shear
rate increases.

Tables 4.1 and 4.2 summarize rheology data for waste samples from Tanks B-201 and B-202
that were reported by Shaver (1993a, b). Several shear strength results measured with a
viscometer and shear vane are included in the tables. The ranges of shear strengths were 1220 to
1410 Pa for three segments of B-201 waste and 200 to 750 Pa for six segments of B-202 waste.

Table 4.1. Rheological Data for Waste Samples from Tank B-201, Core 26

Properties Segment 2 Segment 5 Segment 8

(top of waste) | (mid-depth) | (bottommost)

As-received properties

Shear strength (Pa) (Haake RV100 viscometer, 1410 1310 1220

M5 head and custom shear vane, 0.3 rpm)

At 1:1 by vol dilution, 30°C

Power-law consistency factor (Pa-s") (Haake 0.011 0.016 0.047

RV100 viscometer, 0 to 500 s™' shear rate range)

Power-law flow behavior index, n 0.86 0.92 0.80

Power-law yield stress (Pa) 1.7 5.6 8.1

Apparent viscosity (cP) at 10 s shear rate 180 570 840

True viscosity (cP) at 10 s shear rate 6.8 12 24

Apparent viscosity (cP) at 100 s™ shear rate 23 67 100

True viscosity (cP) at 100 s™' shear rate 5.0 10 15

(a) All of the waste in this core of B-201 was described as cohesive, based on its measured penetration resistance

of less than 3 psi. Segment 2 was described qualitatively as varying from soft to crumbly, while lower segments

were described as smooth-textured. Small pockets (<1 mL) of liquid appeared to be trapped in Segment 7, the

sample above the bottommost sample (Shaver 1993a, Tables 1-3 and 1-4).
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Table 4.2. Rheological Data for Waste Samples from Tank B-202, Core 24

Properties | Segment 2 | Segment 4 | Segment 6
As-received properties
Shear strength (Pa) (Haake RV100 viscometer, 200® 750® 670®
MS5 head and custom shear vane, 0.3 rpm)
At 1:1 by vol dilution, 30°C
Power-law consistency factor (Pa-s") (Haake 0.0024 0.0047 0.018
RV100 viscometer, 0 to 500 s shear rate range)
Power-law flow behavior index, n 0.98 0.94 0.76
Power-law yield stress (Pa) 0.9 1.0 1.1
Apparent viscosity (cP) at 10 s shear rate 92 100 120
True viscosity (cP) at 10 s™" shear rate 2.2 38 7.9
Apparent viscosity (cP) at 100 s shear rate 11 14 17
True viscosity (cP) at 100 s shear rate 2.1 34 4.5

(a) For comparison, the shear strength measurements made on Core 25 of B-202 were 270 Pa for Segment 3,

470 Pa for Segment 5, and 270 Pa for Segment 7 (Shaver 1993b, Tables 1 and 2).

These results are consistent with the range of strengths estimated from the core observations for
several segments of B-203 and B-204 waste (Section 3.2), although segment 2 of B-201 core 26
is stronger than most of the near-top segments whose strengths are given in Section 3.

Rheology experiments were carried out on Tank T-111 waste including samples from
segments 2 and 8 of core 31 (McKinley et al. 1992). Tests were also done on segment 4, but the
sample had dried out prior to testing, and the results were not considered representative.
Applying the same test methods used on the B-201 and B-202 samples, the shear strength of the

undiluted T-111 samples was 500 + 230 Pa.

A limited amount of rheological testing was performed on waste from Tanks B-201 and
B-202 that had been diluted 1:1 (volume basis) with water. The rheological parameters were
obtained by curve-fitting data for shear stress versus strain rate to a yield power law function.

The form of the yield power-law function is

T=7,+Ky"

T = shear stress in fluid (Pa)
T, = yield stress (Pa)

K = consistency factor (Pa s")
n = flow behavior index

y = shear rate (s).
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The “apparent” viscosity values in Tables 4.1 and 4.2 were calculated as t/y and are most
accurate for high shear rates. The “true” viscosity values were calculated as the derivative of 1
with respect to y. For pipe flow, the shear rate at the wall is roughly equal to 8 V/D, in which V
is the average flow velocity and D the pipe diameter (Wasp et al. 1977); this relation can be used
to estimate the shear rate so that the viscosity at that condition can be calculated.

In Tank B 201, whose rheological data are summarized in Table 4.1, the viscosity and the
power law yield stress of the diluted waste increases from top to bottom (Shaver 1993a). At a
strain rate of 100 s'l, the true viscosity of the diluted waste ranges from ~0.0050 to 0.015 Pa-s
(5to 15 cP). Table 4.2 presents similar data for waste samples from Tank B-202 (Shaver
1993b). The diluted samples from B-202 are somewhat lower in power law yield stress and
viscosity [~0.0021 to 0.0045 Pa-s (2.1 to 4.5 cP) at 100 s'] than those from B-201. In B-202, as
in B-201, the viscosity increases from the top to the bottom of the waste.

The true viscosity of the diluted waste in B-201 and B-202, as computed from the derivatives
of their respective power law functions from Tables 4.1 and 4.2, is presented in Figures 4.1 and
4.2, respectively. Note that data obtained from the typically used viscometers may be question-
able for strain rates of less than 50 s (e.g., Herting 1999). At a constant strain rate, viscosity
increases with waste depth (Figures 4.1 and 4.2).

The increase in viscosity with depth is expected if we attribute decreased water content in the
waste with depth, as is shown in Section 5.1, to increased undissolved solids content. For a
given waste, we expect a sample with a higher undissolved solids content to also have a higher
undissolved solids content after dilution than a sample having a lower initial undissolved solids
content and diluted equivalently. Typically, at a fixed strain rate, the viscosity of a mixture will
increase with increasing undissolved solids volume fraction. This may be seen in Einstein-type
correlations, which relate slurry viscosity to the undissolved solids volume fraction and base
liquid viscosity (Wasp et al. 1977). The effect of temperature on slurry viscosity is not addressed
in the current discussion.

To relate the diluted waste sample viscosity results to in situ waste conditions from the
viewpoint of increased undissolved solid volume fraction, examination of data for other Hanford
wastes is insightful. Data from DST saltcake waste suggests that, at very low strain rates (<1 s~
data from the ball rheometer) (Stewart et al. 1996b), halving the undissolved solid volume
fraction (by dilution, for example) could reduce the slurry viscosity by as much as four orders of
magnitude (Onishi et al. 2003a, b). The effect of the altered base liquid viscosity by dilution is
negligible. At a strain rate of approximately 100 s™', the effect of the halved solids volume frac-
tion is reduced to approximately one to two orders of magnitude (Onishi et al. 2002, 2003a, b),
and at 1,000 s, the effect is reduced to less than 0.025 Pa-s (25 cP). Qualitatively, therefore, the
argument may be made that the viscosity values of Figures 4.1 and 4.2 are likely lower than the
waste at in situ conditions for a given strain rate.
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The viscosity of diluted and undiluted samples of T-111 was also investigated (McKinley et
al. 1992). Rheograms (shear stress versus strain rate) showed that the undiluted T-111 samples
behaved like greases and lubricants: the viscometer cone tended to slip over the sample, with the
slippage increasing with shear rate. As a result, the rheological behavior of these samples could
not be described in power-law form. The viscosity of the T-111 samples was also measured for
1:1 and 3:1 sample dilutions with water. The diluted samples evidenced pseudoplastic behavior.
Because the viscosities were near the detection limit of the system (2 cP), the data could not be
correlated and power-law constants are not available.

4.2 Solids-Settling

Design issues related to the development of a TRU waste dewatering process can be partially
addressed by solids-settling data for the wastes. This section discusses the available settling
data. Simple solids-settling tests were conducted for undiluted and diluted samples from B-201,
B-202, and T-111 (Shaver 1993a, b; McKinley 1992). The results of the tests are summarized in
Tables 4.3, 4.4, and 4.5. The tests showed that at 1 G (gravitational force on Earth), under the
small hydrostatic head available in a centrifuge tube, essentially no settling occurred in the
undiluted samples. Centrifugation of the undiluted samples at more than 1000 G produced 2 to
12 vol% free liquid in B-201 samples and 30 to 40 vol% free liquid in B-202 samples. This may
represent an upper bound for the amount of waste settling and dewatering that could be produced
by vibration or other disturbances.

Both as-received and water-diluted samples showed potential for settling under their own
weight and for centrifugal dewatering. The data in Shaver (1993a, b) and McKinley et al. (1992)
suggest that the rate of gravitational settling for both waste types decreased significantly after
two days, but centrifugation clearly indicates that settling was not complete. In two days, gravity
settling produced free liquid of 8 to 19 vol% in 1:1 (by volume) diluted B-201 samples, whereas
centrifugal settling increased the free liquid to 42 to 58 vol%. Likewise, the free liquid in 3:1
diluted B-201 samples was 43 to 63 vol% after 30 hr at 1 G and 76 to 84 vol% when centrifuged.
Dissolution of salt solids may contribute to the reduced total mass of solids in diluted samples.

Studies of other TRU wastes that have high metals content, though considerably different in
composition than those shown in Table 2.1, have suggested that the volume of long-settled
sludge would be half that of sludge settled for only a few days (Swanson 1991). The
applicability of these studies to the particular TRU wastes under consideration in this report is
unknown, but this observation seems roughly consistent with the decrease in volume between
>1-day gravity settled solids volumes and the centrifuged solids volumes shown in Table 4.3 for
1:1 and 3:1 diluted B-201 samples.
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Table 4.3. Density and Settling Data for Waste Samples from Tank B-201, Core 26

Properties Segment 2 Segment 5 Segment 8
(top of waste) (mid-depth) | (bottommost)

As-received properties

Centrifuged bulk solids density (g/cc) 1.66 1.52 1.37

(centrifuged for 1 hr at >1000 G)

Centrifuged liquid density (g/cc) 1.19 1.19 1.05

Settled solids (vol%) 100 100 100

(settling at 1 G in centrifuge tube)

Centrifuged solids (vol%) 98 98 88

Centrifuged solids (wt%) 98 98 90
At 1:1 dilution by volume, 30°C

Pre-centrifugation bulk density (g/cc) 1.33 1.17 1.13

Centrifuged bulk solids density (g/cc) 1.59 1.40 1.33

(centrifuged for 1 hr at >1000 G

Centrifuged liquid density (g/cc) 1.01 1.00 0.99

Settled solids (vol%) 90 88 94

(after 8 hr at 1 G in centrifuge tube)

Settled solids (vol%) 83 81 92

(after 48 hr at 1 G in centrifuge tube)

Centrifuged solids (vol%) 58 43 42

Centrifuged solids (wt%) 69 52 49
At 3:1 dilution by volume, 30°C

Pre-centrifugation bulk density (g/cc) 1.10 1.05 1.05

Centrifuged bulk solids density (g/cc) 1.48 1.36 1.24

(centrifuged for 1 hr at >1000 G)

Centrifuged liquid density (g/cc) 0.99 1.00 0.99

Settled solids (vol%) 48 40 60

(after 8 hr at 1 G in centrifuge tube)

Settled solids (vol%) 42 37 57

(after 30 hr at 1 G in centrifuge tube)

Centrifuged solids (vol%) 24 16 21

Centrifuged solids (wt%) 32 21 25

(a) Data taken from Tables 1-3 to 1-5 and Figures 1-17 to 1-19 of Shaver (1993a).
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Table 4.4. Density and Settling Data for Waste Samples from Tank B-202, Core 24®

| Segment2 | Segment4 | Segment 6
As-received properties
Pre-centrifugation bulk density (g/cc) 1.23 1.20 1.21
Centrifuged bulk solids density (g/cc) 1.32 1.29 1.29
{centrifuged for 1 hr at >1000 G)
Centrifuged liquid density (g/cc) 1.06 1.05 1.03
Settled solids (vol%) 100 100 100
(settling at 1 G in centrifuge tube)
Dissolved & undissolved solids (vol%) 36 28 27
Undissolved solids (wt%) 33 24 24
Centrifuged solids (vol%) 67 61 69
Centrifuged solids (w1%) 72 65 73
At 1:1 dilution by volume, 30°C
Settled solids (vol%) 84 87 92
(after 8 hr at 1 G in centrifuge tube)
Settled solids (vol%) 77 80 87
(after 55 hr at 1 G in centrifuge tube)
At 3:1 dilution by volume, 30°C
Settled solids (vol%) 43 45 54
(after 8 hr at 1 G in centrifuge tube)
Settled solids (vol%) 39 40 49
(after 55 hr at 1 G in centrifuge tube)

(a) Data taken from Tables 1 and 2 and Figures 1 to 3 of Shaver 1993b.

Table 4.5. Density and Settling Data for Waste Samples from Tank T-111, Core 31

(after 52 hr at 1 G in centrifuge tube)

As-received properties Segment 2 Segment 8
Pre-centrifugation bulk density (g/cc) 1.19 1.28
Centrifuged bulk solids density (g/cc) 1.22 1.34
(centrifuged for 1 hr at >1000 G)

Centrifuged liquid density (g/cc) 1.07 1.10
Settled solids (vol%) 100 100
(settling at 1 G in centrifuge tube)

Dissolved & undissolved solids (wt%) 224 29.3
Undissolved solids (wt%) 19.0 25.4
Centrifuged solids (vol%) 65.8 71.9
Centrifuged solids (wt%) 67.3 75.9
At 1:1 dilution by volume, 30°C

Settled solids (vol%) 92 96
(after 8 hr at 1 G in centrifuge tube)

Settled solids (vol%) 87 80
(after 60 hr at 1 G in centrifuge tube)

At 3:1 dilution by volume, 30°C

Settled solids (vol%) 65 58
(after 8 hr at 1 G in centrifuge tube)

Settled solids (vol%) 52 40

(a) Data taken from Field (1997, Tables B2-10 - 11) and McKinley et al. (1992) Figures 1 - 4.
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4.3 Particle Characterization

Particle size in the waste and the abrasiveness of the particles may have significance in the
development of TRU waste handling and packaging equipment and the physical simulants
needed to test the process. The available data on particle properties of the SST TRU wastes from
Tanks B-201, B-202, and T-111 are presented in this section.

The particle size distribution in the waste from B-201 was measured in glycerol dispersions
made from unhomogenized subsamples of each segment using a laser-scan transit-time tech-
nique. The instrument was a Brinkman Model 2010 particle size analyzer (Shaver 1993a). A
summary of particle size distribution® is given in Table 4.6. Particle size distributions were
measured by similar methods in T-111 core 31, and the results are summarized in Table 4.7.

Figures 4.3 through 4.10® show the particle size distributions in each segment of core 27 in
volume percent. The segments are given in order of decreasing elevation; segment 1 (27:1) is

Table 4.6. Particle Size Distribution Data for Waste Samples from Tank B-201

Particle Size Particle Size
Distribution, Distribution,
Core:Segment by Volume® by Number®
Mean Median Mean Median
(pm) (pm) (um) (pm)
26:1 31.3 13.8 1.22 0.90
26:2 22.4 13.8 1.32 0.93
26:3 29.2 27.9 1.21 0.91
26:4 10.7 5.28 0.99 0.82
26:5 28.4 26.3 1.26 0.92
26:6 38.7 43.1 1.14 0.88
26:7 20.4 12.2 1.23 0.93
26:8 6.83 4.83 0.98 0.81
27:1 26.4 20.0 1.13 0.88
27:2 65.5 46.6 1.31 0.91
27:3 30.5 21.6 1.48 0.92
27:4 18.0 12.1 1.07 0.84
27:5 9.42 6.46 1.16 0.87
27:6 41.8 37.5 1.56 1.03
27:7 18.6 17.4 1.24 0.93
27:8 23.2 17.6 1.10 0.86
(a) Tank Waste Information Network System (TWINS),
http://twins.pnl.gov:8001/data/data.asp.

(a) Tank Waste Information Network System (TWINS), http://twins.pnl.gov:8001/data/data.asp.
(b) McKinley SG, LR Greenwood, EW Hoppe, RT Steele, JM Tingey, and MW Urie. May 7, 1993. Core 27 Data
Report, Tank B-201 Rev. 0, Pacific Northwest Laboratory, Richland, WA.
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Table 4.7. Particle Size Distribution Data for Waste Samples from Tank T-111

Particle Size Distribution,| Particle Size Distribution,
by Volume® by Number®
Core:Segment Mean + . Mean = .
° Std. Dev. | Median | i Dev. Medin
() (pm) g (pm)
31:1 286+ 359 5.8 1.23+£0.89 0.94
31:2 14.9+20.8 4.8 1.13£0.80 0.88
31:3 65.0+46.2 58.7 1.17 £ 1.00 0.91
31:4 249+ 342 5.6 0.93+£0.60 0.80
31:5 379+479 1[2233] 0.95 £ 0.63 0.81
31:7 80+119 4.0 0.97 £ 0.60 0.83
31:8 24.7+28.2 10.0 1.02 +0.85 0.82
31:9 59.7+49.0 59.0 1.02 +0.83 0.83
(a) Field (1997), Tables B2-8 and B2-9.

the top segment and segment 8 (27:8) the bottom. Tank waste segments are 19 inches apart. The
reason for the irregular particle size variation from segment to segment is unknown. Particle size
distributions for T-111 waste samples, though not identical, exhibit a range of behavior similar to
that of B-201 in Figures 4.3 to 4.10.
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Figure 4.3. Particle Size Distribution in Core 27, Segment 1 of B-201
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Figure 4.10. Particle Size Distribution in Core 27, Segment 8 of B-201

In one of the Tank B-201 composites from core 27, leaching studies suggested that the large
particles (>6 um) were composed mainly of compounds removed by caustic leaching. These
were mostly sodium salts, probably including sodium nitrate, phosphate, and oxalate (Lumetta
and Rapko 1994). This suggests a distinction in composition between larger and smaller
particles.

Another property of some significance is the abrasiveness of the waste. A general discussion
of waste abrasiveness can be found in Duignan (2002), and the points of interest are summarized
here. Abrasiveness is linearly proportional to the Vickers Hardness of the solids in the waste. It
is linearly proportional to the particle size for particle diameters less than 100 um but does not
vary with particle diameter above 100 pm. It is linearly proportional to the solids mass fraction
for less than 5 wt% solids, still linearly proportional between 5 and 20 wt% but with a smaller
proportionality constant, and increases only slightly for solids concentration above 20 wt%.

Information about the compounds present in the tank solid phase is obviously important to
estimating or matching the waste abrasiveness. Of the tanks whose waste is being considered for
dry retrieval, the waste from Tanks B-202 and T-111 has undergone phase characterization by a
combination of techniques, including powder X-ray diffraction (XRD), transmission electron
microscopy/electron diffraction (TEM/ED), and scanning electron microscopy/electron dis-
persive X-ray (SEM/EDX). Rapko and Lumetta (2000) described details of the techniques.
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XRD did not identify any of the solid phases in the B-202 sample except for NaNOj3 (sodium
nitrate). TEM, SEM, and XRD techniques were used on the T-111 waste sample. They
identified Na3PO,, Las(P,07)3, CasOH(PO4); (a form of apatite), BiPO4, FePO4, amorphous
Fe(OH)3, Mn;MnO,, Fe:MnOy (jacobsite), and FeOOH (goethite). The presence of other solid
phases is not precluded by the fact that they were not identified, but they are less likely to be
present in significant quantities. Of the phases that were identified, those with the greatest
hardness were apatite (5 Mohs hardness) and goethite (5 to 5.5 Mohs). The manganese-
containing phases may also be hard, and any silicates that were present but not identified could
be harder than goethite.
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5.0 Relationship of Water Content, Bulk Density,
and Shear Strength

Evidence of waste compaction (dewatering) is shown by measurements of the water content
and, to some extent, the bulk density of SST TRU waste samples. Additionally, waste shear
strength variations in the tanks, as discussed in Section 3, suggest a degree of compaction. The
data were examined for correlation between water content, bulk density, and shear strength; only
slight indications of correlation were found.

5.1 Water Content

The bulk water content of core samples from the various TRU SSTs have been measured.®
(“Bulk” indicates that both solids and interstitial liquid are included.) All the water fraction data
presented in this section were obtained by thermogravimetric analysis (TGA); in some cases,
especially in the T-200 tanks, this method was supplemented by differential scanning calorimetry
(DSC). The TGA method determines water content by measuring the weight loss resulting from
progressive heating of the sample. In most of the samples, the water loss occurred below 130°C;
in this temperature range the water probably came from liquid. In some samples, a small amount
of the water (15% or less) did not evaporate until temperatures between 130°C and 300°C were
reached; this water probably represents chemically bound water of hydration in the solids. Thus
the maximum overstatement of liquid water content that might result from including the water of
hydration is about 15%.

In a few cases, the water content of samples may have been underestimated because the
sample-handling procedure allowed free liquid to drain from the sample. (The liquid was there.
after handled and analyzed separately.) However, the samples of the wastes discussed in this
report produced little or no free liquid, so drainage was not a concern in data analysis.

Figure 5.1 provides information on the water content profiles in the tanks, hence on the long-
term waste settling. The plots in the figure show the weight percent water as a function of the
depth below the waste surface for all the TRU SSTs except B-201 and B-202, for which water
content data were unreliable. A decrease in the water content with depth, suggestive of waste
self-compaction, can be observed in most of these tanks, with T-201 and T-203 as possible
exceptions.

(a) All data not otherwise referenced were taken from the Hanford Tank Waste Information Network System
(TWINS) database, http://twins.pnl.gov:8001/twins.htm.
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5.2 Bulk Density

The bulk density of the waste depends on the waste liquid fraction and the densities of the
liquid and solid phases. This section compares the bulk density with the water fraction (which is
nearly equal to the liquid fraction). Figure 5.2 shows the relationship of the sample bulk
densities and water fractions (the latter are expressed as weight percent water) in the two B-200
series tanks for which reliable density and water data are available. (Some density and water
data for Tanks B-201 and B-202 were also found, but these did not show good repeatability.)
The data points in the upper-left corner of the plot are for tank liquid (typically containing
inconsequential amounts of suspended solids). There is marked scatter in the data in Figure 5.2,
but it appears that the density increases more rapidly with decreasing water content in B-204
waste than in B-203 waste.

Figures 5.3 and 5.4 show the density/water relationships for the T-200 series and T-110 and
T-111 tanks. Considering the three data sets together (Figures 5.2 through 5.4), most of the data
for bulk solids samples show bulk densities between 1.15 and 1.35 g/mL and water content
between 70 and 85 wt%. Tanks B-203, T-201, and T-204 seem to have similar density/water
relations. Tanks B-204, T-203, T-110, and T-111 show a greater amount of density change per
decrease in water content than does the first group. Tank T-202 shows densities that vary even
though the water contents of the various samples are about the same.
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Figure 5.2. Bulk Density Versus Water Content in the B-200 Series Tanks
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5.3 Waste Shear Strength

The best-estimate shear strength data from Section 3.2 are compared with water content and
bulk density data for the same tank core segments, where overlapping data exist, to determine
whether a meaningful correlation exists. Figures 5.5 and 5.6 show the best-estimate waste shear
strength plotted with water content and density, respectively. The shear strength shows some
tendency to decrease with increasing water, but the scatter in the data overwhelms the trend.
There is an even less-evident relationship between the shear strength and the density.

One potential source of error in these comparisons results from the variation in strength
within a given core segment. Whereas bulk density and water content are measured on a homo-
genized portion of a half-core segment, the shear strength estimates were obtained only for
portions of the half-core segments with measurable extrusion failure lengths. In other words, the
shear strength estimates are characteristic of the waste in the vicinity but do not represent
averages over the core segment.

As noted in Section 3.2, the data suggest that the waste shear strength increases with depth in
the tank in much the same way that water content and bulk density vary with depth. While water
content may be a factor in waste shear strength (and bulk density), many other unspecified
factors could have significant roles. For example, particle size, shape, and crystal structure are
likely to impact shear strength.
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6.0 Gas Retention

As noted in the introduction, the process of dry TRU waste retrieval may result in the
entrainment of air (or other retrieval process gas) in waste transferred to a hopper for subsequent
loading to drums. Experience with a variety of Hanford tank wastes suggests that some of this
gas is likely to be trapped or retained within a fluffed sludge and not readily released. This in
turn might negatively impact waste mass loading in drums. This section summarizes some
earlier studies of gas generation and gas retention in Hanford tank wastes and simulants,
emphasizing the potential for gas retention in TRU sludge.

Historically, several of the 177 waste storage tanks at Hanford are known to generate and
retain flammable gases, as summarized by Johnson et al. (1997, 2001). Typically, the flammable
gas watch-list tanks contain high-level wastes and significant quantities of organic material from
complexants and other sources. The gas generated within the waste volume by thermal and
radiolytic mechanisms sometimes accumulates as bubbles or voids, causing the waste volume in
the tank to increase. The ability of various Hanford waste types to retain gas and the mech-
anisms of gas retention and release have been the focus of several studies at Hanford (e.g.,
Gauglitz et al. 1995, 1996; Gauglitz and Terrones 2002; Bredt et al. 1995; Bredt and Tingey
1996; Stewart et al. 1996a; Meyer et al. 1997; Rassat et al. 1997, 1998, 1999). In general, it was
found that gas retention would occur in any tank (or vessel) that had a settled layer of wet solids
provided there was sufficient gas generation. The retention of bubbles is not surprising and is
known to occur in a variety of materials, ranging from yield stress fluids and pastes (Chhabra
1993) to ocean sediments (Wheeler 1990).

While the TRU waste tanks identified in this report have not posed a significant concern for
generating and retaining flammable gas in situ, studies of Hanford wastes clearly indicate that
TRU sludge waste could retain gas to a significant extent if gas were generated or added within a
bulk quantity of the sludge. For example, Gauglitz et al. (1996) observed and measured retained
gas in samples of Hanford tank sludge (Tank S-102) and in sludge simulants (bentonite clay/
water mixtures). They determined that the maximum volume fraction of gas retained in the bulk
waste or simulant before being (partially) released from the sludge-like material is a function of
strength. In a series of experiments with bentonite clay simulants of varying initial shear
strength, the maximum retained gas void fraction peaked near 0.4 for relatively weak to mod-
erate strength material (30-100 Pa shear strength). The maximum gas fraction in stronger
bentonite mixtures was lower but still significant (~0.3 gas volume fraction at ~1000 Pa).
Similar trends were observed in actual waste samples. The implication for TRU waste
processing is that retrieved waste could retain significant volumes of gas (e.g., entrained air),
depending on how the waste is handled and the strength of the material.
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Appendix

Development of Extrusion Length and Slump Methodologies
to Estimate Yield Stress in Shear

A methodology developed by Gauglitz and Aikin (1997) allows the rheological properties of
waste sediment (solid, liquid, and gas matrix) to be estimated based on a visual comparison of
horizontal extrusion behavior for simulants with known yield stress in shear and that of Hanford
waste. In Section A.1, the simulant extrusion behavior from Gauglitz and Aikin is re-analyzed to
provide a methodology to estimate yield stress in shear from core extrusion lengths. A “slump”
method for estimating the yield stress in shear of weaker materials is also presented. The results
of these methodologies are compared with data for select Hanford wastes in Section A.2.

A.1 Horizontal Core Extrusion Yield Stress in Shear

Alternative methodologies for estimating the yield stress in shear from horizontal waste core
extrusions are developed and presented from data provided in Gauglitz and Aikin (1997) and
“slump” measurements described by Pashias et al. (1996). Gauglitz and Aikin horizontally
extruded bentonite/water and kaolin/Ludox/water simulants of known yield stress in shear and
recorded the extrusion characteristics. Of particular interest is the behavior of the material
during the initial part of the extrusion. The initially extruded sample can be considered to act as
a cantilever beam.

The maximum tensile stress in a round cantilever beam at the proportional limit (tensile yield
stress) may be determined from

L2
O max = Af-gd— (A1)

under the assumptions that

1. The beam (extruded waste or simulant sample) is of homogenous material that has the
same modulus of elasticity in tension and compression.

The beam is essentially straight initially.

The cross section is uniform.

The beam has at least one longitudinal plane of symmetry.

All loads and reactions are perpendicular to a longitudinal plane of symmetry.

The beam is long in proportion to its depth.

The beam is not disproportionately wide.

The maximum stress does not exceed the proportional limit.
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In Eq. (A.1), A is a constant, p is the density, g is the gravitational acceleration, L is the length of
the beam supported at the proportional limit, and d is the diameter (for the basis of the equation,
see Stevens 1979).

Gauglitz and Aikin modeled the initial horizontal extrusion of their simulants using an
equation from Powell et al. (1995). The first term of their equation is equivalent to Eq. (A.1)
(with A = 4.0) (Stevens 1979). A second term in the equation of Gauglitz and Aikin is an
approximation of the maximum shear stress and accounts for approximately 4% (in the stronger
simulants) to 30% (in the weaker simulants) of their calculated strength values.

The relationship of a material’s yield stress in shear (ty) to its tensile yield stress is ambig-
uous. The relation is likely a function of the material microstructure (polycrystalline,
polycrystalline face-centered cubic or body-centered cubic, etc.). The experimental results of
Gauglitz et al. (1995) indicate that the gas content in a given material also affects this relation-
ship. From their measured shear and tensile yield stresses in a bentonite clay simulant with the
lowest gas content, Gmax /Ty is approximately 2.0. They measured the yield stress in shear of the
simulant using a shear vane, and the tensile yield stress was measured using a vertical extrusion
technique. As the gas content was increased, the relationship of omax /Ty Was altered to the extent
that, at gas concentrations of greater than approximately 10 to 15% by volume, the yield stress in
shear was greater than the tensile yield stress. Gauglitz et al. noted that a “satisfying” explana-
tion of the measured dependence of the tensile stress on the gas content has not been developed.

The shear and tensile yield stresses in a material are typically related through application of
the von Mises (ty = Omax/3"") or Tresca (ty = Omax/2) yield criterion. (Note the similarity of the
lowest gas content results from Gauglitz et al. to the Tresca relation). The Taylor (or Taylor-
Schmid) factor (T, = Omax/3.06) is also applied (Stroller and Zinkle 2000). By applying Eq. (A.1)
with A= 4.0 to the horizontal extrusion results of Gauglitz and Aikin, Gpax /ty ranges from
approximately 2 to 8. The stress ratio for the kaolin/Ludox simulant is inversely correlated with
the measured yield stress in shear. The stress ratio varies from ~4 to 7 in the bentonite simulant,
and no correlation is evident with the measured yield stress in shear. Regardless, acknowledging
possible issues such as the preceding simulant results and those raised by the data in Gauglitz et
al., theory suggests that, with the appropriate factor, f, the yield stress in shear of the horizontally
extruded sample may be expressed from Eq. (A.1) as

Ang2
_Aapg A2
R A-2)

As is the norm in Hanford literature, the yield stress in shear is subsequently referred to in
this section as the shear strength. As has been illustrated, uncertainty exists in the applicability
and exact form of Eq. (A.1) as well as in the correct correlation of the tensile stress to the shear
stress. However, Gauglitz and Aikin reported the shear strength and density of their simulants.
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They also reported the length at which the extrusion exhibited “failure.” With these data we can
correlate the shear strength of the material directly with the functional form of Eq. (A.2) from

2
T, = K% (A3)

The proportionality coefficient K of Eq. (A.3) provides a means to compute the shear
strength of a material given its density and the plastic failure length of a horizontal extrusion.
Plastic failure occurs in the relatively ductile bentonite simulant as necking, while the brittle
kaolin/Ludox simulant fractures. The correlation from the bentonite clay simulant data of
Gauglitz and Aikin is shown is Figure A.1. A strong correlation is identified. As discussed
above, we expect from theory that the shear strength and pgL*/d for a given material will be
linearly correlated. Additionally, for low shear strength, pgL*/d should approach zero (i.e., L
goes to zero as T, goes to zero). An R? value of 0.98 is achieved with the intercept set to zero,
and the proportionality coefficient (K) is 0.89.

The results for the kaolin/Ludox simulant are presented in Figure A.2. Given that the
correlation is most likely a function of the material microstructure, a different correlation for the
bentonite and kaolin/Ludox simulants is possible. With an intercept of zero (expected behavior
as Ty goes to zero), R? is 0.58 and the K is 1.45.

‘ 0 Bentonite e Curve Fit l

Shear Strength (Pa)

0 1000 2000 3000 4000
pel?/d (Pa)

Figure A.1. Bentonite Simulant Correlation
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Figure A.2. Kaolin/Ludox Simulant Correlation

Based on this discussion, the shear strength of a material with a microstructure similar to the
bentonite simulant is 0.89 times pgL%d. For materials with a microstructure similar to the
kaolin/Ludox simulant, the shear strength is 1.45 times pgL*/d. As reported in Gauglitz and
Aikin (1997), the two simulants were chosen to reflect the wide variety of mechanical behaviors
typical of wastes from the Hanford tanks. If we assume that the simulants bound the mechanical
behavior of Hanford waste, we can expect that the shear strength of the waste will be between
0.89 and 1.45 times pgL%d. Recall, however, that a much better R> (0.98 to 0.56) was
determined from the bentonite simulant data, so there is a higher level of confidence in the lower
bound.

The methodology was back-applied to the simulant experiment horizontal extrusions. The K
values of 0.89 and 1.45 are treated as bounding values and are subsequently referred to as the
extrusion length bounds. The predicted shear strength calculated from the reported failure
lengths (Gauglitz and Aiken 1997) and the measured shear strengths of the simulants are shown
in Figure A.3. Because K values are applied indiscriminate of material type, it is of interest to
consider the K that will provide the least error in predicted and actual yield stress in shear values
for both simulants. From a least squares analysis applied to the entire group of simulants, the
best fit is obtained with a K of 1.15. This fit is included in Figure A.3 as the “extrusion length
best fit.”
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If the extruded material is so weak that it “pours™ out of the sampler instead of extending out,
the yield stress in shear of the material may be determined by the amount of deformation, or
slump, it undergoes. As depicted in Figure A.4, the slump is the change in the extrusion
diameter. The slump is estimated from the core extrusions by comparing the diameter of the
sampler with the height of the material after it has been extruded and is given by the slump
length, s, divided by the extrusion diameter, d. The expression given by Pashias et al. (1996) for
the yield stress as a function of slump in a vertical cylinder of sample was adapted to a horizontal
cylinder. An expression for horizontal cylinders equivalent to the results of Pashias et al. for
vertical cylinders was derived:

1
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Figure A.4. Horizontal Cylinder Slump
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The slump methodology has been shown to be an effective means to determine yield stress in
shear of viscoplastic materials (Pashias et al. 1996; Schowalter and Christensen 1998). Slump-
ing behavior in TRU waste (p = 1.2 g/mL) may be expected (from Eq. A.4 at 1% slump) to occur
at approximately 150 Pa.

A.2 Application of Yield Stress Methodologies to Select DSTs

To investigate the applicability of these methodologies to tank waste, we compared the ball
theometer results (Stewart et al. 1996; Hedengren et al. 2000) with results achieved using the
extrusion length and slump test in waste samples from double-shell tanks (DSTs) AN-103,
AN-104, AW-101, and SY-103 for which extrusion videos were available and could be analyzed.
The ball rheometer is deployed in situ, and the waste rheology is estimated directly from the drag
force on the ball as it moves through the waste at various speeds. The ball rheometer results are
typically accepted as being more representative of in situ waste conditions than laboratory
rheological measurements (Hedengren et al.). Gauglitz and Aikin (1997) compared their visual
results for AN-103, AW-101, and SY-103 extrusions to both the ball rheometer data and
laboratory shear vane data. Their estimates generally agreed with the ball rheometer data within
a factor of two.

Failure length measurements were taken from videos of the horizontal core extrusions from
each waste. The recorded failure length was determined from the point at which plastic failure
was judged to occur (i.e., the proportional limit was exceeded). The on-screen extrusion length
is correlated to the actual length by measuring the on-screen extrusion diameter and correlating it
to the actual extrusion diameter (1.125 in). This methodology forces a blind approach. Slump
measurements, where appropriate, were determined by comparing the extrusion tube diameter
with the extruded waste height. Given that the video footage was taken from outside a hot cell
from various orientations, specific measurements may have significant uncertainty. In general,
no shear strength estimates are reported for those samples where it would be difficult to discern
the on-screen failure length to within approximately 10% of the measurement.

Data taken from the upper half of a core segment are ascribed to a level in the tank corres-
ponding to 0.75 of the length of the segment plus the lower elevation of the segment. Similarly,
data taken from the lower half of a core segment are assigned the segment elevation plus 0.25 of
the segment length. Multiple measurements were available for individual segment halves in
some instances, and each measurement is for reported for that elevation. Density values are
taken from Hedengren et al. (2000).

The shear strength estimates for SY-103 using the extrusion length and slump methodologies
are shown in Figure A.5. As presented in Section A.1, the extrusion length bounds are 0.89 and
1.45 times pgL%d, and the extrusion length best fit is 1.15 times pgL?d. Using the ball
rheometer results as the benchmark, we see that results agree to within better than a factor of 2
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for both slump and extrusion length estimates. In fact, the ball rheometer results are generally
bounded by the extrusion length estimates.

Figure A.5 shows that the shear strength increases with depth in the SY-103 sediment layer.
This phenomenon may be attributable to lithostatic loading and is therefore expected. The tank
originally received concentrated complexant waste from B Plant via the 242-S evaporator. In
late 1980, the tank was pumped down to a 46-in. “heel” and then received double-shell slurry
and uranium sludge from ion exchange processing. Waste was also added from SX-104 (Stewart
et al. 1996). The 46-in. heel is approximately equivalent to the height at which the ball
rheometer was supported by the waste in both risers. When the ball is supported by the waste,
the yield stress in shear is at least 900 Pa (Meyer et al. 1997).

As shown in the varied ball rheometer results for different risers, heterogeneities may be
expected in the sediment layer. Any or all of the following may cause these heterogeneities: fill
history, waste-disturbing activities (lancing, sampling, etc.), and/or spontaneous gas release.
Thus, given a different riser or sampling time, the shear strength results are not necessarily
expected to be in complete agreement.

The shear strength estimates for AW-101 are presented in Figure A.6. Again, results are
generally within a factor of 2 or better of the ball rheometer measurements. The ball rheometer
was supported at approximately 37 in. in riser 1C, almost twice the depth of the heel reached in
1986 (Stewart et al. 1996). The low slump estimate at approximately 20 in., though apparently
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Figure A.S. Shear Strength as a Function of Height in SY-103
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Figure A.6. Shear Strength as a Function of Height in AW-101

in agreement with the ball rheometer in riser 1B, results from significantly more fluid waste at
the top of the sampler than that surrounding (above and below) it. It is hypothesized that this is a
result of the sampling/handling process and is therefore not representative of in situ conditions.

Similar results are attained for AN-104 (Figure A.7) and AN-103 (Figure A.8). The 900-Pa
values from the ball rheometer are reported where downward motion of the ball was prevented
by the waste. Low slump values deep in the sediment are similar to AW-101 and are

significantly more fluid than the surrounding waste.

The extrusion length and slump methodology results are similar in magnitude and reproduce
the same trends as the ball rheometer results. In the absence of definitive in situ measurements,
or in support of them, the methodologies applied here to horizontal waste core extrusion
behavior are expected to produce representative results for the shear strength.
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Executive Summary

Existing analytical data from samples taken from Hanford tanks designated as potentially containing
transuranic mixed process wastes, along with process knowledge of the wastes transferred to these tanks,
have been reviewed to determine whether the dangerous waste characteristics currently assigned to all
waste in Hanford underground storage tanks are applicable to these wastes. Supplemental technologies
are being examined to accelerate the Hanford tank waste cleanup mission and to treat the waste in the
safest and most efficient way. To date, 11 Hanford tanks have been designated as potentially containing
contact-handled (CH) transuranic mixed (TRUM) wastes. The CH-TRUM wastes are found in single-
shell tanks (SSTs) B-201 through B-204, T-201 through T-204, T-104, T-110, and T-111. Methods and
equipment to solidify and package the CH-TRUM wastes are part of the supplemental technologies being
evaluated. The resulting packages and wastes must be acceptable for disposal at the Waste Isolation Pilot
Plant (WIPP).

The 11 tanks reviewed were categorized into three groups based on their process history and the Best
Basis Inventory. These three categories are T Farm 100 series tanks receiving first-cycle decontamination
waste from the BiPO, process, T Farm 100 series tanks receiving second-cycle waste from the BiPO,
process and lanthanum fluoride finishing waste, and B- and T-200 series tanks receiving lanthanum
fluoride finishing waste.

The dangerous waste characteristics being considered include ignitability (D001), corrosivity (D002),
reactivity (D003), and toxicity arising from the presence of 2,4,5-trichlorophenol at levels above the
dangerous waste threshold (D041). The analytical data reviewed with respect to waste code D001
included differential scanning calorimetry (DSC) and the percent of the lower flammability limit (LFL)
calculated from the composition of the headspace. Concentrations of sulfur, sulfate, cyanide, and the
composition of headspace (vapor space) and DSC were reviewed for waste code D003; and pH was
reviewed for D002. For waste code D041, the analytical data reviewed included the concentrations of
2,4,5-trichlorophenol, total organic carbon (TOC), and oxalate. Data on mercury concentrations in these
wastes were also included. DSC results were used to determine the energetics of the tank wastes as a
function of temperature. These results are summarized for each of the three tank categories.

No exothermic behavior was observed in the majority of the CH-TRUM wastes. Exothermic
transitions were observed in a limited number of samples from Tank B-203, and a significant number of
samples showed consistent exothermic behavior in Tanks B-202 and T-111. Exothermic transitions
observed in these samples were generally broad peaks with small amplitudes at temperatures exceeding
200°C, indicating that explosive reactions or ignition hazards at standard temperatures or pressures are
unlikely (waste codes D001 and D003). The waste with the greatest potential for exothermic reactions is
T-111. The reactions are most likely due to the oxidation of organic compounds that are found primarily
in the top section of the waste. If the wastes are wet, significant energy must be expended to remove the
water from the waste before any reaction can occur.

Sulfur and sulfate analyses indicated that the majority of the sulfur in the waste is present as sulfate.

Based on the pH of the tank wastes, the sulfate is stable and will not react to form sulfide; therefore, the
CH-TRUM wastes are not sulfide-bearing wastes (waste code D003). A limited number of cyanide
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analyses were available for these tanks as well. Results indicated that these wastes do not contain a
sufficient concentration of cyanide to be considered cyanide-bearing wastes (waste code D003).

Concentrations of the 2,4,5-trichlorophenol measured in the CH-TRUM wastes did not exceed the
dangerous waste limits; therefore, the wastes do not meet the criteria of toxic characteristics based on this
organic constituent (waste code D041). Oxalate and TOC data indicate that the majority of the organic
carbon in the waste exists as oxalate.

The pH of the CH-TRUM wastes is too low to satisfy the pH criterion of a corrosive waste (waste
code D002). Gas analysis of the headspace vapors in these tanks indicates that all of the toxic vapors
except ammonia are well below the threshold limit value-time weighed average (TLV-TWA) (waste code
D003). The tank wastes will need to be diluted prior to retrieval or other mitigation methods to meet this
ammonia criterion on all of the wastes except those in the B- and T-200 series tanks.

Analysis of the existing characterization data from core, grab, and vapor samples from the CH-
TRUM wastes supports the removal of the dangerous waste codes for ignitability (D001), corrosivity
(D002), and toxicity arising from the presence of 2,4,5-trichlorophenol (D041). For the B- and T-200
series tanks, the data also support the removal of the dangerous waste code for reactivity (D003). All
constituents and properties were below the levels required to remove waste code D003 from Tanks T-104,
T-110, and T-111 except ammonia, which exceeds the TLV in the headspaces of these tanks.
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1.0 Introduction

Several dangerous characteristics have been assigned to the wastes found in the Hanford underground
storage tanks. These characteristics include ignitability, corrosivity, reactivity, and toxicity arising from
the presence of 2,4,5-trichlorophenol at levels above the dangerous waste threshold. Existing analytical
data from samples taken from the Hanford tanks designated as potentially containing contact-handled
(CH) transuranic mixed (TRUM) process wastes, along with process knowledge of the wastes transferred
to these tanks, have been reviewed to determine whether the waste codes are applicable to these tank
wastes.

1.1 Background

Radioactive wastes from defense operations on the Hanford Site were accumulated in 177
underground storage tanks beginning in the 1940s. These wastes came from three different processes for
recovering uranium and plutonium from irradiated uranium fuel, three different processes for recovering
radionuclides from the waste, from miscellaneous other sources such as laboratories and reactor
decontamination solutions, and from production and waste management operations. The acid waste
streams were made pH neutral or alkaline before being transferred into the tanks and formed metal
hydroxide sludges. Evaporation of water from these wastes concentrated the wastes to form crystallized
salts and salt-rich alkaline solutions.

The U.S. Department of Energy Office of River Protection (DOE-ORP) has responsibility for
managing the safe storage, treatment, and disposal of this waste. The tanks contain approximately
53 million gallons of highly radioactive waste and approximately 190 million curies of radioactivity.
Current disposition strategies for the majority of these waste includes retrieval of the wastes from the
tanks, pretreatment, and vitrification. A Waste Treatment Plant (WTP) is currently being designed and
built to perform these operations.

Supplemental technologies are being examined to accelerate the Hanford tank waste cleanup mission
and to accomplish waste treatment in a safer and more efficient manner. Methods and equipment to
solidify and package the CH-TRUM wastes contained in 11 single-shell tanks (SSTs) are part of the
supplemental technologies being evaluated. The resulting packages and wastes must be acceptable for
disposal at the Waste Isolation Pilot Plant (WIPP).

1.2 Transuranic Mixed Wastes (TRUM)

To date, 11 Hanford waste tanks have been designated as potentially containing CH-TRUM wastes.
The CH-TRUM wastes are found in SSTs B-201 through B-204, T-201 through T-204, T-104, T-110, and
T-111. Waste from Tank T-110 was initially classified as low-level waste but is being considered a
candidate for designation as potentially containing TRU process waste (Gasper et al. 2002). ©

(a) The proposed TRUM waste packaging system will dry the Tank T-110 waste and increase the concentration of
TRU to greater than 100 nCi/g. Thus, the waste in Tank T-110 will meet the minimum TRU concentration
requirement for CH waste disposal at the WIPP.
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A modified dry-retrieval process is proposed to remove the TRUM waste from the Hanford tanks.
The sludge is removed from the tank using a vacuum retrieval system. An aqueous stream flowing at
approximately 1 to 5 gpm will be added to the retrieved waste in the vacuum line to transfer the diluted
waste to a storage vessel. A significant fraction of the liquid in this diluted waste stream must be
removed to meet the WIPP disposal criteria. A vacuum drying method (at less than 70°C) has been
selected for removing water from this diluted waste. An absorbent may be added to the waste package to
prevent the formation of free liquid during handling, transport, and storage of the package.

1.3 Dangerous Waste Characteristics

Dangerous waste characteristics, as described in the Dangerous Waste Regulations published by the
Washington State Department of Ecology (Ecology 2003), that are assigned to these tanks and are of
interest to this study include ignitability, corrosivity, reactivity, and toxicity. Other dangerous waste
characteristics are assigned to the TRUM wastes but were not included in this analysis. Characteristics of
ignitability (D001), corrosivity (D002), reactivity (D003), and tox1c1ty from 2,4,5-trichlorophenol (D041)
associated with the TRUM wastes were considered.

Hanford tank wastes exhibit the characteristics of ignitability if a representative sample of the waste is
“capable, under standard temperature and pressure, of causing a fire through friction, absorption of
moisture or spontaneous chemical changes and, when ignited, burns so vigorously and persistently that it
creates a hazard” or “it is an oxidizer.” The other criteria described in the Dangerous Waste Regulations
do not apply because the liquids associated with the tank waste are aqueous solutions containing less than
24 percent alcohol by volume, and the tank wastes are not compressed gases.

Wastes that have a pH less than or equal to 2 or greater than or equal to 12.5 are designated as
dangerous wastes due to corrosivity and assigned the dangerous waste number of D002 or WSC2. A
designation of WSC2 is assigned when the pH of the liquid generated from mixing solid or semisolid
waste with equal amounts of water is less than or equal to 2 and greater than or equal to 12.5. If the pH
measured directly on the waste is less than or equal to 2 and greater than or equal to 12.5, the waste is
corrosive and is assigned the dangerous waste designation D002.

Several waste properties must be considered to determine whether it exhibits reactivity. These
properties include a representative sample of the waste (1) being normally unstable and readily
undergoing a violent change without detonation; (2) reacting violently with water; (3) forming potentially
explosive mixtures with water; (4) generating toxic gases, fumes, or vapors at concentrations sufficient to
present a danger to human health or the environment when mixed with water; (5) containing cyanide or
sulfide which when exposed to pH conditions between 2 and 12.5 can generate toxic gases, vapors, or
fumes at concentrations sufficient to present a danger to human health or the environment; (6) being
readily capable of detonation or explosive reaction if it is subjected to a strong initiating source or if
heated under confinement; (7) being readily capable of detonation or explosive decomposition or reaction
at standard temperature and pressure; and (8) being a forbidden explosive. These properties deal
primarily with the energetics of the waste or generation of toxic gases from the waste.
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Toxicity characteristics are based on concentrations of contaminants at or above the dangerous waste
thresholds. Only a single contaminant (2,4,5-trichlorophenol) on the toxicity characteristics list is being
considered for these tank wastes. The dangerous waste threshold for 2,4,5-trichlorophenol is 400 mg/L.
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Between 1943 and 1964, 149 SSTs were built for storing radioactive wastes generated by the
chemical processing of irradiated reactor fuels. The SSTs are located in 12 tank farms in the 200 West
and 200 East Areas on the Hanford Site. Figure 2.1 is a reference schematic of these SST farms and the
associated six double-shell tank (DST) farms. The capacities of the SSTs range from 208 m’ (55,000
gallons) to 3,785 m’ (1,000,000 gallons). Carbon steel lines the bottom and sides of the reinforced
concrete shell of each tank. The tanks are below grade with at least 6 feet of soil covering them. A

2.0 Tank Waste History Summaries

sketch of a typical SST is provided in Figure 2.2.
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Figure 2.1. Hanford Site Tank Farms

2.1




Reinforced

Concrete
Tank

Liner

Figure 2.2. Typical Single-Shell Tank

Many of the SSTs were built in “cascades™ of three, four, or six tanks. Inlet and overflow lines in
these tanks are near the top of the carbon-steel liner. Waste was transferred to the first tank of the cascade
and allowed to overflow into the successive tanks of the cascade through the overflow lines.

Twenty-eight DSTs were constructed between 1968 and 1986 to receive liquid radioactive wastes
generated by decommissioning and cleanup operations as well as irradiated fuel processing in the 100,
200, 300, and 400 Areas of the Hanford Site. These operations included the transfer of pumpable liquids
from the SSTs to the DSTs. Each DST consists of three concentric structures. The outer tank structure is
a reinforced concrete tank that is lined with a secondary carbon steel liner that extends along the concrete
tank haunch and dome to the inner tank haunch. The inner structure is a free-standing, completely
enclosed carbon steel tank located within the secondary liner and separated by an annular space. Leak
detection and liquid level detection devices are placed in the annular space. Figure 2.3 is a sketch of a
typical DST.

Access to the waste inside the tank is provided by risers that penetrate the tank’s dome. The risers
vary in diameter from 4 to 42 inches, and the number and size of the risers vary from tank to tank. Both
sampling and monitoring of the tanks are performed through these risers, and many of them have been
filled with monitoring instrumentation, limiting the locations at which the tank can be sampled.

Several methods have been used at the tank farms to obtain samples of the tank waste. The primary

sampling methods include core sampling, grab sampling (also called Bottle-on-a-String), vapor space
(headspace) sampling, and auger sampling.
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Figure 2.3. Typical Double-Shell Tank

Core samples are solid or liquid samples taken in 19-inch segments throughout the depth of the tank.
Core samples are obtained from the tanks using a specially designed core drilling truck and sampling
device that is either pushed or rotated through the waste. Core samples provide data on the variation in
the composition and properties of the waste as a function of depth in the tank.

Grab samples are liquid or soft slurry samples that are taken from various depths in the liquid waste.
A stoppered bottle is lowered to the desired depth in the tank, and the stopper is removed. The bottle fills
with the liquid or slurry and is retrieved from the tank.

Vapor space or headspace samples are gas samples obtained at various heights above the surface of
the waste in the tank. The vapor is collected in sorbent tubes, SUMMA canisters, or a cryogenic trap.
The samples are analyzed in the laboratory by gas chromatography with a mass spectrometer as the
detector (GC/MS) or by a gas mass spectrometer. Key analytes are reported along with any other gases
that are observed in the samples.

2.1 241-B-201 through B-204 and 241-T-201 through T-204

The B-200 and T-200 series tanks are SSTs that were constructed between 1943 and 1944. The B and
T tank farms are in the 200 East and 200 West areas, respectively. Each tank farm contains 12 100-series
tanks and four 200-series tanks (Brevick et al. 1997). The 200-series tanks have a design capacity of
208 kL (55 kgal). Some reports list the design capacity of the B 200-series tanks as 204 kL (54 kgal) but




list the same diameter and operating depth. The reported diameter and operating depth at overflow for
these tanks is 6.1 m (20 ft) and 7.49 m (24.58 ft), respectively. The tanks are passively ventilated. Tanks
B-201 and T-201 were piped separately from the other tanks; whereas the B-202, B-203, and B-204 tanks
were connected via tie lines, and the T-202, T-203, and T-204 tanks were connected via tie lines. Waste
was cascaded through the interconnected tanks. The B-200 and T-200 series tanks received waste from
224-B and 224-T Concentration Buildings, respectively.

The waste in SSTs B-201 through B-204 and T-201 through T-204 was initially produced in the 224-
B or 224-T Concentration Building operation as part of the plutonium concentration cycle in the bismuth
phosphate process (DuPont 1944). According to the 7/2004 Best-Basis Inventory Derivation Reports,
Tanks B-201 and T-201 received lanthanum fluoride finishing waste produced before 1949 (224-1), and
the remaining B- and T-200 series tanks received lanthanum fluoride finishing waste produced after 1949
(224-2).

Lanthanum fluoride was added as a carrier precipitate to the plutonium product to remove bismuth
and fission products not completely scavenged by the bismuth phosphate in the processing steps that were
conducted in the 221-B and 221-T Plants. The 224-B/224-T Concentration Building waste comprised
both solid and supernatant fractions. The solids were settled in these tanks (Gasper et al. 2002; Anderson
1990), and the bulk of the fission products settled out with precipitated phosphates and lanthanum
fluoride. Fission-product activity of the supernatant fraction of these wastes was low enough (<0.001%
of the activity in the source material) to permit ground disposal.

Tank B-201 went into service in October 1946 and stopped receiving waste from the 224-B
Concentration Building in October 1948. Tanks B-204, B-203 and B-202 were then used from October
1948 through September 1952 to receive waste from the 224-B Concentration Building. The 221-B Plant
and 224-B Concentration Building were shut down in September 1952, and the process equipment was
flushed between October 1952 and March 1953, with other SSTs also receiving flush solutions from the
221-B Plant. Tanks B-201 through B-204 received flush water periodically from October 1954 through
September 1955. A final batch of flush water was added to these tanks in the first half of 1962.

Tank T-201 went into service in November 1946 and stopped receiving waste from the 224-T
Concentration Building in May 1949. Tanks T-204, T-203 and T-202 were then used from late May 1949
through May 1952 to receive waste from the 224-T Concentration Building (Johnson 2003). These tanks
were declared inactive in 1977. Interim stabilization for all tanks was completed between April 1981 and
June 1984, and intrusion prevention was completed between May 1981 and June 1985. The integrity of
the T-200 series tanks and Tank B-202 is sound. Tanks B-201, B-203, and B-204 are assumed to be
leakers; that is, to have previously leaked waste to the ground.

All of the tanks contain sludge, and Tanks B-203, B-204, and T-201 also contain liquid. Total tank
volumes range from 21,000 to 52,000 gallons with the sludge making up most of that volume (21,000 to
51,000 gallons). The liquid volumes were a small fraction of the total volume in the tanks (ranging from
1,000 to 2,000 gallons in the three tanks that had liquid). The volumes for each tank are reported in
Table 2.1.
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Table 2.1. Waste Volumes in the T- and B-200 Series Tanks as of April 2004

Waste Volume
Tank kL (kgal)
Sludge Supernatant Total

B-201 115 (30 0 115(30)
B-202 111 (29) 0 111 (29)
B-203 193 (51) 2(D) 195 (52)
B-204 189 (50) 3D 192 (51)
T-201 110 (29) 9(2) 119 (31)
T-202 81 (21) 0 81 (21)

T-203 140 (37) 0 140 (37)
T-204 143 (38) 0 143 (38)

All samples taken from the B-200 and T-200 series tanks were obtained by core sampling in the push
mode. Full cores were obtained for all tanks except B-203 core 115, which omitted the last ~5 feet. Two
additional cores (120 and 122) were obtained from Tank B-203 to provide a complete profile of the waste
in this tank (see Figure A.1).

Core profiles are included in the appendix for all tanks except B-201 and B-202. These profiles are
single-page diagrams with physical descriptions of the core sampling events for one tank. Core profiles
were not available for Tanks B-201 and B-202, but characterization reports provide enough data to
determine that full core samples were obtained for both (Heasler et al. 1994; WHC 1995). Eight
segments were obtained from cores 26 and 27 from Tank B-201 and seven and eight from cores 24 and
25, respectively, from Tank B-202. No solids and only 90 mL of drainable liquid were obtained in the
first segment of core 25. The other core segments were approximately 19 inches in length; thus, approx-
imately 12.7 and 11.1 feet of waste depth were sampled in cores 26 and 27 and 24 and 25, respectively.
Because the waste height is approximately 12.77 ft in B-201 and 12.3 ft in B-202, full cores were
obtained from both tanks. The data and core identification for each sampling event are listed in Table 2.2.

Table 2.2. Sampling Events in the B- and T-200 Series Tanks

Tank Core Samples
Core Number Date Sampled Riser
26 July 1991 2
B-201 27 July 1991 7
24 June 1991 2
B-202 25 July 1991 5
115 November 1995 2
B-203 120 December 1995 2
122 December 1995 7
112 October 1995 2
B-204 114 October 1995 7
T-201 192 April 1997 3
T-202 191 April 1997 3
T-203 190 April 1997 3
T-204 188 March 1997 3
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2.2 241-T-110 and 241-T-111

Tanks T-110 and T-111 are 2,006,000-L (530,000-gal) SSTs in the T tank farm (see Figure 2.1).
Tank T-110 was designed for non-boiling waste with a maximum fluid temperature of 104°C (219°F).
This tank is the first in the line of cascading tanks (T-110, T-111, and T-112), each one a foot lower in
elevation than the preceding tank. A description of the tanks plus the tank volumes and sampling events
are provided in Tables 2.3 and 2.4.

The wastes received in Tanks T-110 and T-111 are similar to those in the T-200 series tanks except
that Tanks T-110 and T-111 also received waste originating from the second plutonium decontamination
cycle (2C) from the 221-T Plant (DuPont 1944). Tank T-110 first began receiving second-cycle waste
from 221-T Plant in December 1944. Additional second cycle waste was added from 221-T Plant in the
first quarter of 1948 until the third quarter of 1956. From the second quarter of 1952 to the first quarter of
1953, the tank also received lanthanum fluoride waste from the 224-T Plutonium Concentration Building.
Flush water was added in the second and third quarters of 1956 before the tank was placed on standby.

Table 2.3. 241-T-110 Tank Description and Status

Tank Description
Type Single-shell
Constructed 1943-1944
In-service 12/1944
Diameter 229 m (75 ft)
Operating Depth 469.9 cm (185 in)
Design Capacity 2006 kL (530 kgal)
Bottom shape dish
Ventilation Passive
Tank Status (as of 4/1/2004)
Total Waste Volume 1400 kL (370 kgal)
Supernatant Volume 3 kL (1 kgal)
Sludge Volume 1397 kL (369 kgal)
Surface Level (4/1/2004) 370.8 cm (146.0 inches)
PCSACS Surface Level (8/16/2004) 370.7 cm (145.9 inches)
Integrity Sound
Waste Group Designation B
Sampling Dates
Core Samples 1/29/1996 - 2/10/1996
Grab Samples 1/8/1997 - 1/8/1997
Vapor Samples 8/31/1995
Service Status
Declared Inactive 1976
Interim Stabilization January 2000
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Table 2.4. 241-T-111 Tank Description and Status

Tank Description
Type Single-shell
Constructed 1943-1944
In-service 10/1945
Diameter 22.9 m (75 ft)
Operating Depth 469.9 cm (185 in)
Design Capacity 2006 kL (530 kgal)
Bottom shape dish
Ventilation Passive
Tank Status (as of 4/1/2004)
Total Waste Volume 1691 kL (447 kgal)
Sludge Volume 1691 kL (447 kgal)
Surface Level (4/1/2004) 432.3 ¢m (170.2 inches)
PCSACS Surface Level (8/16/2004) 432.6 cm (170.3 inches)
Integrity Assumed leaker
Waste Group Designation B
Sampling Dates

Core Samples 10/22/1991 - 10/25/1991

11/5/1991 - 11/7/1991
Vapor Samples 1/20/1995

Service Status

Declared Inactive 1976
Interim Stabilization February 1995
Intrusion Prevention

The tank was inactive and full until the second quarter of 1974, when supernatant waste was sent to Tank
S-110. Supernatant waste was sent to T-101 in the first and second quarters of 1976 and to TX-118 in the
third quarter of 1978. The last transfer from Tank T-110 prior to core sampling of the tank was saltwell
pumping of liquids to Tank AN-103 in the fourth quarter of 1983. Saltwell pumping began again in May
1997, and the pump remains within the waste. As of August 31, 1997, 63.2 kL of supernatant liquid had
been pumped from the tank, including the sluice water and any liquids that may have intruded into the
tank from outside via pump pits.

Tank T-111 was brought into service during the fourth quarter of 1945 with a cascade of second cycle
decontamination (2C) waste from Tank T-110 (Agnew et al. 1997b). The tank was filled with 2C waste,
and the waste was cascaded to Tank T-112. Cascading continued until the third quarter of 1946, when
Tank T-112 was filled. During the third and fourth quarters of 1947, nearly all of the supernatant of Tank
T-111 was transferred to crib T-006. The cascading of 2C waste resumed in the first quarter of 1948.
When the entire cascade became full, waste from T-112 was transferred to a crib. This cycle continued
until the fourth quarter of 1952. From 1952 to 1956, Tank T-111 was used to cascade 2C waste from
221-T Plant and lanthanum fluoride waste (224) from the lanthanum fluoride finishing process in the 224-
T plutonium concentration building to Tank T-112, which discharged to a crib. In 1995, supernatant
waste was transferred from the tank to crib T-005.
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Tank T-111 contents remained unchanged until the second quarter of 1974. From 1974 to 1976,
63,000 gallons of supernatant were transferred to Tanks S-110, T-101, T-109, and TX-109. Tank T-111
was declared inactive after these transfers were complete in 1976, Saltwell liquid was pumped from the
tank in support of tank stabilization efforts in the fourth quarter of 1990, the fourth quarter of 1994, and
the first quarter of 1995. The tank is currently characterized as an assumed leaker (Hanlon 2002).

The two cascade tanks (T-111 and T-112) from Tank T-110, along with Tank T-110, have been
sampled and analyzed, and the resulting data contribute significantly to the understanding of Tank T-110.
Bismuth phosphate second-cycle (2C) waste was the principal waste type added to T-110. For a short
period of time, lanthanum fluoride finishing (224) waste was added to the tank and cascaded over into
Tanks T-111 and T-112. Predicting the relative proportions of 2C waste solids and 224 waste solids to
the overall tank waste inventory is difficult.

Due to the limited analytical information on the solids from the 1996 samples, estimates of tank
contents were made based on data for Tanks T-111 and T-112, which indicate a higher contribution of
lanthanum fluoride finishing (224) waste from Tank T-110, with a 2C/224 waste ratio of 80/20 or 75/25.
Other tanks with sample data for the lanthanum fluoride finishing waste type include the T-200 and B-200
series tanks. Tanks B-110, B-111, and B-112 also contain a waste layer that is representative of 2C
waste.

All appropriate data quality objectives (DQO) and waste issues have been addressed for Tank T-110
and accepted by the Project Hanford Management Contract Tank Waste Remediation System Program.
No additional sampling and analyses are needed to satisfy current safety issue requirements for this tank.
Tank T-110 was core-sampled through two risers between January 29 and February 7, 1996. Core 180
was taken from riser 6 on February 6 and 7, 1996, and core 181 was taken from riser 2 on January 29 and
30, 1996.

All applicable DQOs and waste issues have been addressed for Tank T-111, and no additional
sampling and analyses are necessary to satisfy current safety issue requirements. Tank T-111 was
push-mode core-sampled through three risers between October 22 and November 7, 1991. Core 31 was
taken from riser 6 on October 22, 1991, and core 32 was taken from riser 2 on October 24 and 25, 1991.
Core 33 was taken from riser 3 between November 5 and 7, 1991.

A hydrostatic fluid of normal paraffin hydrocarbons (NPH), similar to kerosene, was used in
establishing a head balance while taking push-mode cores. Objections involving sample degradation and
contamination were raised regarding the use of this fluid, and the practice has since been discontinued.
For cores 31 and 33, nearly full recovery was achieved in every case.

The casks were transported to the 222-S Laboratory for characterization. Some of the physical tests,
organic analyses, and uranium and plutonium isotopic analyses were performed at the Radiochemical
Processing Laboratory (RPL) operated by Pacific Northwest National Laboratory (PNNL).

For cores 31 and 33, sample recovery was excellent; overall recoveries were in excess of 80 percent.
Segment recoveries were based on the maximum recoverable volume for the segment regardless of
solid/liquid ratio. The core recoveries reported in the data package were determined based on a visual
inspection of the sample length and apparent volume at the time the samples were extruded. Although
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samples for core 32 were taken from riser 2, the materials obtained at all levels appeared to be particulate
suspended in an aqueous solution, with slight traces of NPH contamination observed in a few samples.
These samples did not correspond to the observed conditions in the tank and were considered
nonrepresentative. The results of the core 32 sampling exercise were attributed to sampler failure.
Because no acceptable samples were acquired, no assays were performed on core 32 and no results were
reported. The analytical data were reported in McKinney et al. (1993).

Grab samples were obtained from Tank T-111 on March 5, 1994.9 Three 100-mL supernatant
samples were retrieved from riser 13 (saltwell screen) in accordance with waste compatibility program
requirements (WHC 1994). The compatibility samples were taken for emergency pumping of T-111 to
SY-102. The samples were sent to the 222-S laboratory for analysis on March 25, 1994. Quality control
(QC) analyses were not conducted for the three grab samples.

Vapor sampling of Tank T-111 to support the Health and Safety DQO (Osborne and Buckley 1995)
was performed on January 20, 1995 using the vapor sampling system (VSS). Air from the T-111
headspace was withdrawn via a 6.1-m (20-ft) long heated sampling probe mounted in riser 3 and
transferred through heated tubing to the VSS sampling manifold. All heated zones of the VSS were
maintained at approximately 50°C (120°F) (Huckaby and Bratzel 1995). Samples were collected in
SUMMA™ canisters or various types of sorbent traps. Samples collected in a triple sorbent trap device
were analyzed by Oak Ridge National Laboratory (ORNL) for organic vapors. PNNL analyzed both
SUMMA and sorbent trap devices for inorganic and organic vapors. Because of differences in
documenting quality assurance measures between ORNL and PNNL, PNNL SUMMA sample results
should be considered the primary organic vapor data for T-111.

The Best Basis Inventory (BBI) for T-111 and T-110 incorporates waste-type templates that correlate
with the waste types in the tank. Templates are based on sampling data from tanks that contain the same
waste type as Tanks T-111 and T-110, supplemented with Hanford Defined Waste (HDW) model (Agnew
et al. 1997a) data and contribute significantly to the understanding of the concentrations of certain
constituents in these tanks. The BBI source data are provided in Tables 2.5 and 2.6. The sludge waste
phase includes both solids and interstitial liquid.

Table 2.5. Tank 241-T-110 Best Basis Inventory Source Data

Waste Phase Waste Type Associated Volume
Supernatant 2C1 3 kL (1 kgal)
224-2 37 kL (10 kgal)
Slud
ucee 2C 1,360 kL (359 keal)
Total tank 1,400 kL (370 kgal)

(a) Sutey MJ. April 8, 1994. “Waste Compatibility Assessment of Tank 241-SY-102 with Tank 241-T-111 via
244-TX-DCRT.” Letter 7CF30-94-011 to JH Wicks, Westinghouse Hanford Company, Richland, WA.
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Table 2.6. Tank 241-T-111 Best Basis Inventory Source Data

Associated
Waste Phase Waste Type Volume
Sludge 224-2 904 kL (239 kgal)
2C 787 kL (208 kgal)
Total tank 1,691 kL (447 kgal)

2.3 241-T-104

Tank T-104 was constructed during 1943 and 1944. 1t is a 2,006,000-L (530,000-gal) SST in the
T tank farm (see Figure 2.1). Tank T-104 was designed for non-boiling waste with a maximum fluid
temperature of 104°C (219°F). This tank is the first in the line of cascading tanks (T-104, T-105, and
T-106), each 1 ft lower in elevation than the preceding tank. A description of the tank, tank volumes, and
sampling events is provided in Table 2.7.

Tank T-104 was used to periodically receive first decontamination cycle (1C) waste and coating
removal waste (CW) from the 221-T Bismuth Phosphate Plant from March 11, 1946 through October 19,
1956. No other waste types were received and stored in Tank T-104. During storage in the SSTs, the
1C/CW waste precipitated solids that contained primarily aluminum, bismuth, plutonium, americium,
uranium, sodium, phosphate, sulfate, and metals. The 1C/CW supernatant contained primarily aluminum,
sodium, nitrate, and cesium-137. As a result, T-104 contained settled 1C/CW solids (i.e., bismuth and
plutonium precipitate) and 1C/CW supernatant. The 1C/CW supernatant was removed from Tank T-104
and processed in the 242-T Evaporator (April through July 1951) or disposed in the east section of trench
216-T-14 (January 14, 1954). The interstitial liquid was removed from the 1C/CW sludge present in
Tank T-104 and transferred to other underground storage tanks in two campaigns conducted February
1976 to August 1977 and March 24, 1996 to May 30, 1999 (Johnson 2003).

The BBI for Tank T-104 incorporates waste-type templates that correlate with the waste types listed
in Table 2.8. Templates are based on sampling data from tanks that contain the same waste type as Tank
T-104, supplemented with HDW model data (Agnew et al. 1997a), and contribute significantly to the
understanding of the concentrations of certain constituents in the T-104 waste. Tank T-104 contains
1,199 kL (317 kgal) of waste and one defined waste phase—sludge (waste type 1C) according to the
current BBI. Other tanks with a 1C inventory include B, BX, C, T, TX, and U farm tanks.

The VSS was used to collect representative samples of the air, gases, and vapors from the headspace
of Tank T-104 with sorbent trap and SUMMA™ canisters on February 7, 1996. Sampling devices and
controls provided for this job included 11 sorbent trains for selected inorganic analytes (eight sample
trains and three field blanks) and five SUMMA canister for permanent gases and total non-methane
hydrocarbons (three sample and two ambient canisters).

Two core samples were collected from Tank T-104. Core 45 was obtained from riser 3 on August 20
and 26, 1992, and core 46 was obtained from riser 6 on August 27 and 28, 1992. Core sampling was used
because of the phase (solid versus liquid) and depth of the waste and the expectation that a full vertical
profile of the waste would be obtained. NPH was used as the hydrostatic head fluid.
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Table 2.7. Description of Tank 241-T-104

Tank Description
Type Single-shell
Constructed 1943-1944
In-service 3/1946
Diameter 22.9m (75 ft)
Operating Depth 469.9 cm (185 in)
Design Capacity 2006 kL (530 kgal)
Bottom shape dish
Ventilation Passive
Tank Status (as of 1/1/2001)
Total Waste Volume 1199 kL (317 kgal)
Supernatant Volume NA
Retained Gas Volume NA
Retained Gas - Sludge Volume NA
Retained Gas - Salt Cake Volume NA
Salt Cake Liquid Volume NA
Salt Cake Solid Volume NA
Sludge Volume 1199 kL (317 kgal)

Surface Level (10/3/2000)

311.4 cm (122.6 in.)

PCSACS Surface Level (3/1/2004)

311.4 cm (122.6 in.)

Integrity

Sound

Waste Group Designation

C

Sampling Dates

Core Samples

8/20/1992-8/26/2002

8/27/1992-8/28/1992

Vapor Samples 2/7/1996
Service Status

Declared Inactive 1977

Interim Stabilization November 1999

Intrusion Prevention None

Table 2.8. Tank T-104 Best-Basis Inventory Source Data

Waste Phase [ Waste Type| Applicable Concentration Data | Associated Volume
1992 core composite solids mean
Studge® 1c concentrations (S/T104/005) 1,199 kL
1C sludge template (TS/U204/006) (317 kgal)
T-104 sludge PCBs (P/T104/005)
Total Tank 1,199 kL (317 kgal)

(a) The sludge waste phase includes both solids and interstitial liquid; the interstitial liquid

volume is estimated to be 176 kL (44 kgal).

2.11



3.0 Description of Waste Types

The waste types added to the tanks containing the CH-TRUM waste include lanthanum fluoride
finishing waste before and after 1949, and first- and second-cycle waste from the bismuth phosphate
process. The waste descriptions and acronyms used in the BBI are provided in Table 3.1.

Table 3.1. BBI Waste Descriptions and Acronyms

Acronym | Waste Type Description
CH-TRUM
1C 1* cycle decontamination waste from the BiPO, process
2C1 2™ cycle waste from the BiPO, process (1944 to 1951)
2C 2" cycle waste from the BiPO, process
224-1 LaF; finishing waste (pre 1949)
224-2 LaF; finishing waste (post 1949)
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4.0 Approach

The 11 selected tanks were categorized into three groupings. These groupings and the tanks
associated with them are provided in Table 4.1. Existing analytical data from tank waste samples were
reviewed and combined with data from similar wastes along with process knowledge of the wastes
transferred into the tanks to determine whether selected dangerous waste codes are applicable.

Table 4.1. Tank Groupings

Group Tanks Tank Type Waste Types

B- and T-200 Series Tanks 241-B-201 Single-shell |LaF; Finishing
241-B-202 (both pre- and post-1948)
241-B-203
241-B-204
241-T-201
241-T-202
241-T-203
241-T-204

T-100 Series Tanks 2C/224 241-T-110 Single-shell |LaF; finishing (post-1948)
241-T-111 Second-cycle BiPO,

T-100 Series Tanks — 1C 241-T-104 Single-shell |[First-cycle BiPO,

The analytical data reviewed included DSC results; concentrations of sulfur, sulfate, cyanide, 2,4,5-
trichlorophenol, TOC, and oxalate; the composition of headspace (vapor space); and pH. The dangerous
waste codes to which each analysis was applied are provided in Table 4.2. This section discusses the
sample analysis methods and the data review approach. Section 5 compares the analytical data with the
dangerous waste characteristics.

Table 4.2. Analyses Reviewed in Determining Dangerous Waste Characteristics

Analysis Waste Code Characteristic
DSC D001/D003 Ignitability and Reactivity
Sulfur D003 Reactivity

Sulfate D003 Reactivity
Cyanide D003 Reactivity
2,4,5-trichlorophenol D041 Toxicity

TOC D041 Toxicity
Oxalate D041 Toxicity
Headspace D001/D003 Ignitability and Reactivity
pH D002 Corrosivity
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4.1 Differential Scanning Calorimetry

DSC results have been used to determine the energetics of the tank wastes as a function of
temperature. DSC plots are graphs of the differential heating rate versus temperature. An example scan
is provided in Figure 4.1.
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Figure 4.1. DSC of Sample from Lower Half of Segment 8, Core 122 (Tank 241-B-203).
Exotherms appear below the baseline and endotherms are above the baseline.

DSC measures the differential power (heat input) necessary to keep a sample and an inert reference
substance isothermal as temperature is increased linearly. The data generated by DSC is used to deter-
mine heats of reaction, reaction rates, phase transitions, and thermal stabilities. In a DSC scan several
transitions may be observed, each indicating at least one separate reaction or phase transition. The area
under the peak of each transition is directly proportional to the heat evolved (exothermic) or absorbed
(endothermic) by the reaction or phase transition, and the height of the curve is directly proportional to
the rate of reaction. In DSC sharp exothermic transitions with large heats of reaction are indicative of
unstable materials with vigorous or violent reactions such as explosions or detonations.

The results of the DSC were reviewed for each tank to determine whether any exothermic behavior
was observed. If exothermic behavior was ¢bserved, the DSC scans were reviewed and the shape and
energy of these transitions were determined. If no exothermic behavior was observed or the exothermic
transitions were broad with low heats of reactions, the waste was considered stable, with no violent
reactions if heated. These results also indicate that the waste is not capable of spontaneous chemical
changes that could result in a fire at standard temperature and pressure. If significant endothermic
transitions had to occur before the exothermic reaction could occur, the waste could also be considered
stable at standard temperature and pressure.
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Because all of these tank wastes contain interstitial liquid as aqueous salt solutions, the DSC results
obtained on the samples also indicate the reactivity and ignitability of the waste in the presence of water
or upon absorption of moisture.

4.2 Sulfur and Sulfate

The major sources of sulfur-containing compounds in Hanford tank wastes are sulfuric acid (H,SO,),
ferrous sulfamate [Fe(SOsNH,),], sodium sulfate (Na,SOy), and sulfamic acid (HSOs;NH,). Sulfate ions
(in the form of sulfuric acid) were used in the bismuth phosphate process to form uranyl sulfate
[UO5(SO4),”] so that it did not coprecipitate with the plutonium. Urany] sulfate and most of the sulfate
ions from the bismuth phosphate process were present in the metal waste stream that was not discharged
to any of the SSTs containing the candidate CH TRU mixed waste. Some sulfate ions would have been
carried forward with the plutonium in the bismuth phosphate process and been present in the 1C waste
stream. Both ferrous sulfamate and sulfamic acid were used to reduce Pu at oxidation states between IV
and VI to the Pu(lll) oxidation state in the bismuth phosphate process, and sulfate ions were present in
both the 1C and 2C wastes streams. Both sulfuric acid (H,SO,) and ammonium sulfate [(NH,),SO,4] were
used in the 231-Z plutonium finishing process, and plutonium-containing waste from this process was
recycled to the 224-B and 224-T Concentration Buildings for plutonium recovery. Sulfamic acid was
used prior to oxalate precipitation of Pu, and ferrous sulfamate was used in the REDOX and PUREX flow
sheets to form the inextractable Pu(NOs); during the solvent extraction process. Sodium sulfate was used
in B Plant (1968-1984) to precipitate strontium and separate metal impurities during processes conducted
to prepare the strontium for encapsulation. Under tank conditions these sulfur compounds would tend to
form sulfates. Tank waste conditions are mildly oxidizing from the abundant nitrate, which also pre-
cludes formation of sulfide from sulfate. Therefore, a source of sulfide is not evident in these tanks. If
sulfide were present under the pH conditions in the tanks, the predominant form of the sulfide species
would be HS™, and the release of H,S would be well below toxic concentrations. Detailed information
about sulfate chemistry in the Hanford tank wastes is provided in a letter report prepared by Bruce

McNamara for CH2M Hill Hanford Group, Inc.®@

Sulfide concentrations in the waste were estimated by the ratio of sulfur to sulfate because no sulfide
determination was made on the tank waste samples. Sulfur was determined directly by Inductively
Coupled Plasma (ICP) mass spectroscopy on liquid samples from some tanks and on both fusions and
acid digestions of solid samples from some tanks. Sulfate was measured by ion chromatography (IC) on
liquid samples from the tank as well as water digestions of the solid samples from the tanks. If all of the
sulfur were present as sulfate, the mass ratio of sulfate to sulfur would be 3.0 to 1. A mass ratio less than
3 indicates that sulfur containing species other than water soluble sulfate are present in the waste. If the
mass ratio is less than 3, the concentration of sulfur containing species in the waste other than water
soluble sulfate are calculated from the difference of these two concentrations. The calculated sulfide
concentrations are compared with the threshold quantity given in SW-846 (500 mg H,S/kg of waste
formed by acidification), EPA’s test method for evaluating solid waste. If the sulfur concentration, after
subtracting the sulfate concentration (in moles/kg), is less than (0.0147 moles/kg of waste or 471 mg/kg ),
the waste cannot be a sulfide-bearing waste. Sulfur and sulfate analyses from the same sample were used

(a) McNamara BK. December 2000. “Evolution of Gases from Cyanide and Sulfide Bearing Waste.” Letter
Report WTP-RPT-011, Battelle — Pacific Northwest Division, Richland, WA.
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for all calculations. Averages were based on the results of these calculations. “Less-than” values were
not included in the calculations of the ratios or sulfide estimations.

4.3 Cyanide

Cyanide analyses were performed on a limited number of tank samples. Tanks B-201, B-202, T-104,
and T-111 were the only tanks for which cyanide analyses were available. Process histories were
analyzed to determine whether cyanide or cyanide-containing compounds may have been added to those
tanks for which no analyses are available. If cyanide analyses were available, the measured cyanide
concentrations were compared with the threshold values provided in EPA’s SW-846 protocol (250 mg
HCN/kg of waste). If the measured concentrations were less than 241 mg of CN/kg of waste (241 pg/g of
waste or ppm), the waste is not a cyanide-bearing waste.

Sodium or potassium ferrocyanide [NasFe(CN)s and K4Fe(CN)s] was added to some of the waste
feeds along with NiSO, and NaOH to precipitate sodium and cesium nickel ferrocyanides [Na,NiFe(CN)4
and Cs;NiFe(CN)s], thus scavenging radiocesium from the aqueous wastes. Process histories indicate that
none of these tanks accepted cyanide-containing wastes and none of the tanks were part of the cesium
precipitation campaigns. None of the selected tanks were on the Ferrocyanide Watch List (Fowler 1993).

44 TOC, Oxalate, and 2,4,5-Trichlorophenol

Semivolatile organic analyses (SVOA) were performed on a few of the tank core samples.
Concentrations of 2,4,5-trichlorophenol were reported as part of these analyses. If the concentration of
the 2,4,5-trichlorophenol was less than the dangerous waste limit (400 mg/L), the waste was not
characteristic of toxicity based on 2,4,5-trichlorophenol.

For wastes where SVOAs were not performed, TOC and oxalate analyses were used to estimate the
maximum amount of 2,4,5-trichlorophenol that could potentially be available in the waste. The fraction
of TOC that was present as oxalate was determined by dividing the concentration of carbon as oxalate by
the TOC concentration. The fraction of TOC as oxalate was calculated for each sample that had both
oxalate and TOC data. Less-than values for oxalate or TOC were not used for this estimation. This
fraction was used to determine the concentration of carbon present as other organic compounds. For
determining whether these wastes should carry dangerous waste designation D041 toxicity characteristics
based on 2,4,5-trichlorophenol concentration, all of the organic compounds other than oxalate were
considered to be 2,4,5-trichlorophenol. This is a very conservative estimate. The potential concentration
of 2,4,5-trichlorophenol was then calculated according equation 4.1:

Concentration = (TOC in pg/g) * (1 - Yoxalate) * (Pwaste) ¥ ( 2.74 g tep/g C) “.1)
where
Concentration = the potential concentration of 2,4,5-trichlorophenol in pg/ml or mg/L
TOC = the concentration of total organic carbon in the waste
Yoxalate = the fraction of the total organic carbon that is present as oxalate
Pwaste = the bulk density of the waste in g/mL
2.74 g tcp/g C = the mass of 2,4,5-trichlorophenol per mass of TOC.

44



4.5 Headspace

Analysis of the gases present in the headspace was available on a few of the tanks of interest.
Headspace samples were taken using sorbent traps for inorganic analytes and SUMMA canisters for
permanent gases and total non-methane organic compounds. The canister samples were analyzed by gas
chromatography, and the sorbent trap samples were determined by desorbing the analytes of interest from
the trap with the appropriate aqueous solution and analyzing the solution by ion chromatography or ion
selective electrode. The concentrations of these analytes were compared with their threshold limit value-
time weighed average (TLV-TWA) as reported by the American Conference of Governmental Industrial
Hygienists in the 2004 Threshold Limit Values for Chemical Substances in the Work Environment
(ACGIH 2004). Threshold limit values for selected analytes are provided in Table 4.3.

Table 4.3. Threshold Limit Values for Selected Headspace Gases

Analyte TLV-TWA (ppmv)
NH; 25
NO, 3
NO 25
CO, 5000
CO 25
CH, 1000
H, Simple asphyxiant
N;O 50

Process wastes may be diluted prior to being retrieved from the tanks. Henry’s Law states that for
solutes with measurable vapor pressures, the vapor pressure of the solute in dilute solutions is propor-
tional to the mole fraction of that solute. Based on this law used for ideal gases in dilute solutions, the
concentration of gases in the headspace of the waste container will be proportional to the dilution;
therefore, for process wastes that are diluted prior to retrieval from the tank, the concentration of the
headspace gases can be divided by the dilution factor. If the concentrations of the headspace gases are
less than the TLV-TWA for those gases, the waste does not generate toxic gases, vapors, or fumes in a
large enough quantity to present a danger to human health or the environment.

46 pH

Measurements of the pH of the tank wastes were made on most of the tanks discussed in this report.
Many of these pH measurements were made on liquid grab samples. These pH measurements provide an
accurate estimate of the pH of the waste in the tank. For some tanks, pH was measured on a water digest
of samples that were diluted and vacuum dried similar to the proposed process for the TRUM tank wastes.
This measurement followed a protocol similar protocol to that of SW-846 method 9045 in “Test Methods
for Evaluating Solid Waste, Physical/Chemical Methods.” If the pH of the tank waste samples is between
2 and 12.5, the waste is not corrosive.
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5.0 Summary of Characterization Data

The existing analytical results from sampling events were reviewed and compared with the data on
waste transfers in these tanks. These results are summarized for each of the three tank categories. The
majority of the data were extracted from the TWINS database and characterization reports prepared by
PNNL.

The analyses reported in this document were performed on wet slurries and sludges unless otherwise
noted. Some of these results are reported on a dry weight basis; therefore, these results are independent of
the water content of the samples. Most of the results were reported as concentration of analyte per gram
of sample (wet). Once the sample is dried these concentrations will increase by the ratio of wet sample
mass to dry sample mass (the reciprocal of the weight percent total solids of the sample).

Vacuum drying the retrieved tank wastes is the method proposed for removing water from the waste
prior to packaging and shipping. In this process, the majority of the free water will be removed from the
sample, and some volatile constituents may evaporate; but the ratios of the non-volatile constituents (e.g.,
sulfur and sulfate) will not change. The ratio of oxalate to TOC may actually increase if volatile organic
carbon is present in the sludge, but the ratio will not decrease due to the vacuum drying process.

During the DSC analysis, water evaporates from the sample as the temperature increases; therefore,
after the first endothermic transition (water loss), the results obtained from the DSC provide the
energetics of the dried sample. Corrosivity of dried samples is obtained by adding water to the sample
and measuring the pH of the resulting supernatant liquor; therefore, the pH of the wet sludge provides the
data required to determine the corrosivity of the dried solids.

5.1 200 Series Tanks (B and T Tank Farms)

Thermal analysis was performed in duplicate on direct subsamples from segments and core
composites of all of the 200 series tanks in the B and T farms and on some liquid grab samples from the
tanks. TGA and either DSC or differential thermal analysis (DTA), which provide similar data, were
performed on each sample. A single endothermic transition was observed in many of the samples, but
two were observed in some of them. In one sample that was dried (segment 3 of core 27 from Tank
B-201), a third endothermic transition was observed. The first endotherm was observed in all the samples
except the dried sample and occurred between ambient temperature and 150°C. This endothermic
transition coincides with mass loss observed in the TGA and indicates the evaporation of free water from
the sample. The enthalpy of this endothermic transition was dependent on the water content of the
sample. The second endothermic transition was observed between 200° and 330°C. This endotherm is
also associated with weight loss on the TGA; therefore, it is probably due to loss of more tightly bound
water such as waters of hydration. The third endothermic transition was much smaller and was observed
at higher temperatures. A small weight loss (~2 wt%) is associated with this transition. Because this
same weight loss was observed in many of the other samples, this endotherm may be present in other
samples but not readily observed because the enthalpy of this endotherm is so much smaller than the
water loss endotherms in wet samples. These transitions are probably due to the loss of waters of
hydration, phase transitions, or decomposition of salts and hydroxides to oxides.
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No significant exothermic behavior was observed in the 200 series tanks in T farm or in Tanks B-201
and B-204. The maximum enthalpy observed for these samples was 16.7 J/g of waste on a dry weight
basis in an aliquot from segment 9 of core 190 (Tank T-203). An exotherm was observed in duplicate
aliquots of several segments from Tank B-202 (segments 2, 4, 5, and 8 of core 24 and segments 1, 2, 3, 6,
7, and 8 of core 25) and in two of 48 samples from B-203. All of the exothermic transitions were broader
peaks with smaller amplitudes than the endothermic transitions. The exothermic transitions from Tank
B-202 and the solid samples from B-203 began near 250°C and ended near 450°C with enthalpies
between -30 and -172.7 J/g of waste. A liquid grab sample analyzed by DSC also appeared to exhibit
significant exothermic behavior (AH = -176 J/g). The duplicate and triplicate samples did not exhibit the
same behavior. The duplicate sample indicated an endotherm at this temperature range; the triplicate
sample indicated a slight exotherm between 430° and 500°C, but the enthalpy was only -33.7 J/g.

Sulfur and/or sulfate analyses were performed on segments from the core samples divided into the
lower and upper half, core composites, and/or drainable liquids from the core samples. Analyses were
performed on some samples from all of the B- and T-200 series tanks. The type and number of samples
analyzed for sulfur and sulfate from each tanks are reported in Table 5.1. Many of the results from these
samples were below the quantification limits, and only less-than values were reported. Tanks for which
only less-than values were reported are noted in the table.

Table 5.1. Sulfur and Sulfate Analyses for the B- and T-200 Series Tanks

Number of Samples
Tank Sulfur Analysis Sulfate Analysis
Segment Composite Liquid Segment Composite Liquid
B-201 None None None None 4 None
B-202 None 6 None None 6 None
B-203 41 None 3 41 None 3
B-204 49 None 3 49 None 3
T-201 6® None 5 6 None 5@
T-202 6 None None 6 None None
T-203 20 None 1 20 None 1
T-204 None 1® None None 1® None
(a) All results were reported as less than values.

The majority of the results indicate that the sulfur in these wastes exists primarily as sulfate. Only
seven samples had SO,>to-S ratios less than 2.8, and many of these had ratios greater than 2.4. These
ratios indicate that the sulfur is present predominantly in the sulfate form.

Cyanide analyses were performed on core composites and drainable liquids from Tanks B-201 and
B-202 and on a single segment from Tank B-203. The results of these analyses are reported in Table 5.2.
Cyanide analyses were not performed on Tank B-204 or any of the T-200 series tanks. These analyses
were done in duplicate by three different methods. Water digests of the samples from Tanks B-201 and
B-202 were analyzed by ion chromatography and spectrophotometry at 580 nm, respectively. The solids
from the single segment from Tank B-203 (core 122, lower half of segment 10) were analyzed by a
method that incorporates cyanide complexes. The majority of the results were below the quantification
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Table 5.2. Cyanide Analyses for the B- and T-200 Series Tanks

Tank Core Sample Concentration (pg/g)
26 Composite 1 5
Composite 2 3.95
B-201 27 Composite 1 <3
Composite 2 <2
4 Composite <(0.5
5 Composite <2.5
B-202 Composite <2.44
10 Composite <0.5
11 Composite <8
Composite <2.38
16 Drainable liquid <0.5 pg/mli
B-203 122 Segment 10 <5.91

limit, and less-than values were reported. The less-than values ranged from 0.5 to 8 ug/g, with most less
than 2.5 pg/g. Only two results were reported as actual values. Both of these results were from Tank
B-201, core 26. These results (4 and S pg/g) were within the range of the less-than values reported and
well below the 241 pg/g required for a waste to be considered a cyanide-bearing waste. None of the B- or
T-200 series tanks were on the Ferrocyanide Watch List (Fowler 1993), and cyanide-containing wastes
and/or process streams were not introduced into these tanks.

Semi-volatile organic analysis (SVOA) was performed on samples from Tanks B-201 and B-202.
The concentrations of 2,4,5-trichlorophenol in these samples were less than 240 and 150 pg/g,
respectively. No other SVOA results were reported on the B- and T-200 series tanks. Both TOC and/or
oxalate analyses were performed on the other tanks. The range of concentrations obtained for these
analyses are reported in Table 5.3. No TOC analyses were performed on samples from Tanks B-204 or

Table 5.3. TOC and Oxalate Results for the B- and T-200 Series Tanks

TOC (ng/g) Oxalate (u
Tank Sample Type Persulfate Furnace

Oxidation Oxidation As Oxalate As Carbon
B-201 Core Composite 575 -4,500 - - -
B-202 Core Composite - 2,020 -3,770 - -
B-203 Segment 72 - 811 - 16,600 157 - 3200
B-203 Drainable Liquid 96 ug/mL - 486 pg/mL 94 ug/mL
B-204 Segment - - 450 - 2,400 87 - 463
B-204 Drainable Liquid - - 753 145
T-201 Composite & Segments 133 - 304 - 682 -1,140 132 - 220
T-201 Drainable Liquid - - <223 <43
T-202 Composite & Segment 347 - 372-1,510 72 - 291
T-203 Composite & Segment 421 - 283 - 1,590 55-307
T-203 Drainable Liquid - - <223 <43
T-204 Composite 312 - 1,330 257
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on the drainable liquid composites from Tanks T-201 and T-203. Only results below the quantification
limit were obtained for oxalate in the drainable liquids from Tanks T-201 and T-203, and no oxalate
analyses were performed on Tanks B-201 and B-202. The ranges reported in Table 5.3 include results
above the quantification limit unless only less-than values were reported.

The fraction of the TOC that was present as oxalate could not be determined for the solids from the
B-200 series tanks because the quantifiable oxalate and TOC values were not obtained on the same
samples. In the T-200 series tanks and the drainable liquid from Tank B-203, the majority of the TOC
appears to be present as oxalate. For the samples that had both TOC and oxalate values, the fraction of
TOC that was present as oxalate was approximately 75%.

Mercury concentrations in the composites of cores 26 and 27 from Tank B-201 and 4, 5, 10, and 11
from Tank B-202 were measured by cold vapor atomic absorption (CVAA). Leachable mercury from
TCLP solutions that were digested in acid from core 27 composites was also measured by CVAA.
Leachable mercury from TCLP and acid digestion from core 5 and 10 composites were measured by
atomic absorption (AA) and acid digestion of core 4, 5, and 10 composites. The direct samples are a
better indicator of mercury concentration, but TCLP samples provide data on leachable mercury.
Mercury results are reported in Table 5.4. All TCLP samples were below 0.077 ug/mL. The direct
samples and acid digestions of the core composites ranged from <0.123 to 1.1 pg/g. Mercury concentra-
tions were significantly higher in B-201 than B-202. No mercury data are available on the other tanks.

Table 5.4. Mercury Analyses for the B- and T-200 Series Tanks

Cold Vapor Atomic Absorption
Tank | Core Sample Concentration (pg/g)
26 Composite 1 1
Composite 2 0.75
B-201 Composite 1 0.54
27 Composite 2 0.11
TCLP Composite 1 0.025 pg/mL
TCLP Composite 2 0.003 pg/mL
4 Composite 0.27
5 Composite 0.33
B-202 COInpOSfte 0.74
10 Composite <(0.12
Composite 0.26
11 Composite 0.26
Atomic Absorption
4 Composite <0.49
Composite <0.49
B-202 5 TCLP Composite 0.077
TCLP Composite 0.056
10 Composite <0.49
TCLP Composite <0.05
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The pH of the waste was measured on core or tank composites from Tanks B-201, B-202, B-203,
T-203, and T-204. The pH of water leaches (ratio of 100:1 water to sample) was also measured on B-201.
The results of these pH measurements are provided in Table 5.5. The pH of the supernatant liquor from
multiple dilutions of a Tanks B-203, T-203, and T-204 composite were also measured and did not vary
over the range of dilutions (as-received waste to a 4:1 water-to-waste dilution). The average pH value for
each tank composite measured in this supernatant liquor is also reported in Table 5.5 (Tingey et al. 2003).
The pH of these samples did not exceed the 12.5 limit for corrosive wastes.

Gas analysis was performed on vapor taken from headspace of Tanks B-202, B-204, T-201, T-202,
T-203, and T-204. The highest measured concentration of each of the gases in any of the B- or T-200
series tanks is reported in Table 5.6. These gases represent less than 2 % of the lower flammability limit

(LFL). None exceeded the TLV-TWA.

Table 5.5. pH of the B- and T-200 Series Tanks

pH
Tank
Composite | Water Leach | Dilutions

B-201 12.3 8.5+ 0.05 -
B-202 | 12.3+0.15 -- --
B-203 10.5 -- 11.4+0.10
T-203 10.9 - 11.0+0.06
T-204 9.84 -- 11.0+0.05

Table 5.6. Headspace Analysis for the B- and T-200 Series Tanks

Vapor Concentration
Analyte (ppmv)
NH; 8
NO, <0.16
NO <0.16
CO; 696
CO <3
CH, <4
H, <17
N0 <17
Total non-methane organic compounds 0.86 mg/m’

Because exothermic behavior was observed only at temperatures exceeding 250°C, and all of the
exothermic transitions were broader peaks and smaller amplitudes than the endothermic transitions, the
waste can be considered to be thermally stable. These results also indicate that the waste will not form
potentially explosive mixtures with water, will not detonate or undergo an explosive reaction if heated,
and will not detonate or decompose explosively at standard temperature and pressure. These results,
along with the low concentrations of flammable gases present in the headspace (<2% of the LFL),
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indicate that this waste does have ignitable characteristics. The waste is not cyanide- or sulfide-bearing
and does not contain 2,4,5-trichlorophenol at concentrations exceeding the dangerous waste limits. None
of the toxic gases observed in the headspace are above the TLV-TWA; therefore, toxic gases, vapors, or
fumes should not be generated at concentrations hazardous to human health.

5.2 T-100 Series Tanks (241-T-110 and 241-T-111)

Thermal analysis was performed in duplicate on samples from both the upper and lower halves of all
segments from cores 180 and 181 of Tank T-110. Thermal analysis was also performed on samples from
all segments of cores 31 and 33 of Tank T-111. The DSC analysis from segment 2 of core 33 was
repeated on dried samples multiple times. Analysis was also repeated on dried samples from segment 1
of core 33. Both TGA and DSC were performed on each sample.

A single endothermic transition was observed in many of the T-110 samples, but two were observed
in some of them. The first endotherm was observed in all of the samples and occurred between ambient
temperature and 150°C. This endothermic transition coincides with mass loss observed in the TGA and is
indicative of the evaporation of the free water from the sample. The enthalpy of this endothermic
transition was dependent upon the water content of the sample. The second endothermic transition was
observed between 240° and 340°C with an onset temperature of approximately 300°C. No apparent mass
loss was observed in the TGA over this temperature range; therefore, this second endotherm is probably
due to a phase transition or the decomposition of hydroxides to oxides. An exotherm was observed in the
sample from the upper half of segment 5 of core 181. The enthalpy of this exotherm was 12.6 J/g over a
temperature range from 450° to 500°C. This exotherm was not observed in the duplicate sample.

A single endothermic transition followed by a significant but broad exothermic reaction was observed
on segments 1, 2, and 3 of core 31 and segments 1 and 2 of core 33 from Tank T-111. The lower
segments (segment 4 of core 31 and segments 3 and 4 of core 33) exhibited minimal or no exothermic
behavior. The initial endotherm was similar to the first one observed in Tank T-110 and indicates evapo-
ration of free water. The exotherm does not coincide with a mass loss and appears to represent the
oxidation of the organic carbon in the waste. The enthalpy of this exothermic reaction on wet samples
was significantly smaller than the water endotherm and ranged from 250 to 650 J/g. Segment 2 of core 33
had the largest enthalpy. The water loss endotherm generally exceeded 1000 J/g. The temperature range
of the exotherm was consistent for all of the samples and ranged from 200° to 400°C.

Similar results were observed for the dried samples from segment 2 of core 33 except the water loss
endotherm was much smaller because most of the water was removed before the analyses. On a few
samples, all of the water was removed prior to the measurements, and this water loss endotherm did not
exist. On these samples the onset temperature of the exotherm was 199°C with an enthalpy of
approximately 900 J/g.

Neither sulfur nor sulfate analyses were performed on core samples from Tank T-110 but were
obtained on a grab sample. Both sulfate and sulfur data are available on the core composites from Tank
T-111 (cores 31 and 33) as are sulfur analysis data on segment 9 of core 31. Results from these analyses
as well as the ratio of sulfate to sulfur are reported in Table 5.7. Based on these analyses, the majority of
the sulfur is present as sulfate.
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Table 5.7. Sulfur and Sulfate Concentrations in Tanks T-110 and T-111

Tank Sample Sulfur (ng/g) | Sulfate (pg/g) | Sulfate/Sulfur Ratio
T-110 | Grab Sample 10T-96-1 1590 4360 27

Core 31 Composite 1 1230 3690 3.0

Core 31 Composite 2 1270 3740 2.9
T-111 Core 31 Segment 9 1480 5120 3.5

Core 33 Composite 1 1140 3290 29

Core 33 Composite 2 1220 3470 2.8

Cyanide analyses were performed on composites from cores 31 and 33 of Tank T-111 and on water
digests of segments 1 and 2 from core 33. The cyanide analyses were performed by two methods on the
water digest from segment 2. Cyanide analyses were not performed on Tank T-110 samples. The
majority of analyses were done by spectrophotometry at 580 nm, but one of the water digests on segment
2 was analyzed using a method incorporating cyanide complexes. The majority of the results (Table 5.8)
are below the detection limit and were reported as less-than values. These less-than values ranged from
0.049 to 5 pg/g. Only three results were reported as actual values. Two of these results from the core 33
composites were within the range of the less-than values (3.72 and 2.47 pg/g); the third was obtained
from segment 1 and was much higher than any of the other results (57.6 pg/g) but still well below the
241 pg/g required for a waste to be considered cyanide bearing. Neither of these tanks is on the
Ferrocyanide Watch List (Fowler 1993), and cyanide-containing wastes, and/or process streams were not
introduced into these tanks.

Table 5.8. Cyanide Analyses of Tank T-111 Samples

Core Sample Concentration (pg/g)
31 Composite 1 <4.3
Composite 2 <3.5
Composite 1 <4.9
Composite 2 <4.7
Segment 1 3.72
33 Segment 2 2.47
Segment 1 Water Digest 57.6
Segment 1 Water Digest <2.7
Segment 2 Water Digest <0.05

SVOA was performed on composite samples from cores 31 and 33 of Tank T-111. The con-
centrations of 2,4,5-trichlorophenol in these samples were below the detection limit, and less-than values
ranged from 65 to 120 pg/g. No SVOA data were available for Tank T-110. These values are well below
the dangerous waste limit of 400 pg/g.

No oxalate data were obtained on Tank T-111, and a less-than value for oxalate (< 556 pg/mL) and a

single value for TOC from one grab sample (10T-96-1) were the only data available on Tank T-110. The
TOC for Tank T-110 was reported to be 45 pg/mL. Both the 222-S Laboratory and PNNL performed
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TOC analyses on samples from cores 31 and 33 from Tank T-111. Furnace oxidation of water digest
samples was performed at the 222-S Laboratory. Both hot persulfate and furnace oxidation methods were
performed at PNNL on dried samples from segment 2 of core 33.”) The furnace oxidation method on
dried samples appeared to provide the most accurate values that were consistent with the exothermic
behavior described earlier. The TOC results on the water leach on cores 31 and 33 were 3740 and
2500 pg/g, respectively. TOC results of the hot persulfate oxidation of the segment 2 sample were
consistent with these results (3460 pg/g). TOC of the grab sample was much lower (420 pg/g). The TOC
of the wet sludge (18% solids) measured by furnace oxidation at PNNL was 0.89%. The dried sludge
results were approximately four times lower by hot persulfate than by furnace oxidation, which is
consistent with the wet sludge results (4.09% TOC, which, when corrected for water content, is
equivalent to 0.74% for the wet sludge). The TOC is expected to be higher in segment 2 than in the core
composites based on the exothermic behavior of segment 2 compared with the lower segments from the
core. The exothermic behavior of the top three segments was much higher than that observed in the lower
three segments.

Mercury concentrations in the composites of cores 31 and 33 from Tank T-111 were measured
directly by CVAA and on acid digestions of the TCLP leach samples by AA. The direct samples give a
better indication of the mercury concentrations in the sample, but the TCLP samples provide data on the
leachable mercury in the waste. All of the TCLP samples were below the detection limit of
approximately 0.045 pg/mL. The direct samples ranged from 1.08 to 1.59 pg/g. No mercury data are
available on Tank T-110.

The pH of the waste was measured on water digests of the core 31 and 33 composites from Tank
T-111 and on grab samples from both T-110 and T-111. The measured pH values were consistent for
both composites from T-111. The measured pH was 9.98 + 0.17. The pH of the grab sample taken in
1994 (11.7) was significantly higher than the water digest of the core composites, but both were well
below the 12.5 limit for corrosive wastes. The pH measured on the grab samples from Tank T-110
(samples 10T-96-1, 10T-96-2, and 10T-96-3) were significantly lower than the pH of Tank T-111 but
consistent with one another. The measured pH for T-110 was 8.42 + 0.03. The pH of the supernatant
liquor from multiple dilutions of a Tank T-110 composite was found to be consistent with the grab sample
results and did not vary over the range of dilutions (as-received waste to a 4:1 water-to-waste dilution).
The pH values measured in these supernatant liquors was 8.28 + 0.02 (Tingey et al. 2003). Gas analysis
was performed on vapor taken from headspace of both T-110 and T-111 (Huckaby and Bratzel 1995).
The results of these analyses are summarized in Table 5.9. The gases represent less than 0.2% of the
LFL.

(a) Baldwin DL. January 14, 1994. “Final T-111 (Core 33, Segment 2) Dry/As-Received TOC Results from Two
Methods,” Revision 2. Letter to RM Bean.
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Table 5.9. Headspace Analysis for Tanks T-110 and T-111

Vapor Concentration (ppmv)

Analyte T-110 T-111
NH; 108 226
NO, <0.05 <0.09
NO <0.06 <0.06
H,0 16.9 £ 0.2 mg/L 11.8 mg/L
CO, 358 +3 69
CO <25 <12
CH, <25 --
H, <25 <94
N,O <25 <12.6
Total non-methane organic compounds | 1.12 + 0.27 mg/m’ --

The retrieval process planned for Tanks T-110 and T-111 will likely result in dilution of the waste.
Based on Henry’s Law for dilute solutions, concentrations of an ideal gas will be diluted proportional to
the dilution of the solute; therefore, an estimate of the concentration of these headspace gases above the
process waste retrieved from the tank should include this dilution factor. A dilution factor of 4.3 would
be required to dilute the NH; concentration in the vapor below the TLV-TWA of 25 ppmv in Tank T-110,
and a dilution factor of about 9 in Tank T-111 would be required to achieve the same effect. All of the
other gases are below the TLV-TWA.

Because no exothermic behavior was observed at normal temperatures and pressures and the quantity
of flammable gases present in the headspace is less than 0.2% of the LFL, this waste is not ignitable. The
energetics of the system also indicates that the waste is thermally stable below 200°C, does not form
potentially explosive mixtures with water, and does not detonate or decompose explosively at standard
temperature and pressure. The waste is not a cyanide- or sulfide-bearing waste and does not contain
2,4,5-trichlorophenol at concentrations exceeding the dangerous waste limits. The only toxic gas
observed in the headspace above the TLV-TWA is NH;. The process wastes retrieved from the tank will
require a dilution factor of at least 4.3 for Tank T-110 and 9 for Tank T-111 (or other mitigation methods)
to ensure that toxic gases, vapors, or fumes will not be generated at concentrations that are hazardous to
human health.

The energetics of Tank T-110 waste is significantly different than T-111 waste, and T-110 waste is
thermally stable over the entire temperature range of the DSC measurements (ambient to 500°C).
Oxidation of organic compounds in T-111 waste results in a significant release of energy at temperatures
above 200°C when the waste is dried. Under current tank conditions (significant moisture associated with
the sludge), the endothermic transition due to the evaporation of water is much larger than the exothermic
reaction. The exothermic behavior of Tank T-111 wastes is not observed at temperatures below 200°C,
does not form potentially explosive mixtures with water, and does not detonate or decompose explosively
at standard temperature and pressure.
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5.3 T-100 Series Tank 1C (241-T-104)

Thermal analysis was performed in duplicate on samples of both segments and composites from cores
45 and 46. Both TGA and DSC were performed on each sample. A single endothermic transition was
observed for all samples; this endothermic transition coincides with mass loss observed in the TGA and is
indicative of the evaporation of free water from the sample. The enthalpy of this endothermic transition
was dependent upon the water content of the sample, and the temperature range of the transition was
ambient to 150°C. No exothermic behavior was observed in any of these samples. Detailed results,
including the plots of the DSC and TGA analyses, can be found in WHC (1993).

Sulfur analyses were performed on acid digests of the core composite samples from cores 45 and 46
and on water digests of these same samples. Both sulfur and sulfate analyses were performed on the
drainable liquid composite from core 46. The sulfate/sulfur ratio was calculated to determine whether
sulfur was present in a form other than sulfate. The ratios indicated the sulfur was present predominantly
in the sulfate form. These results are reported in Table 5.10.

Cyanide analyses were performed in duplicate on core composites from cores 45 and 46 and on a
drainable liquid composite from core 46. The majority of the results were below the detection limit, and a
less-than value of 2 ug/g was reported for all core composite samples (Table 5.11). The cyanide con-
centration in the drainable liquid sample was 0.7 pg/mL. These results are well below the 241 pg/g
required for a waste to be considered cyanide bearing. Tank T-104 is not included on the Ferrocyanide
Watch List (Fowler 1993) and does not contain cyanide wastes or process stream waste.

Table 5.10. Sulfur and Sulfate Concentrations in Tank T-104

Sample Sulfur (ng/g) | Sulfate (ng/g) | Sulfate/Sulfur Ratio
Core 45 Composite 1 1250 3880 3.1
Core 45 Composite 2 1350 3920 2.9
Core 46 Composite 1 1270 3920 3.1
Core 46 Composite 2 1250 3870 3.1
Core 46 Drainable Liquid 1700 4260 2.5

Table 5.11. Cyanide Analyses of Tank T-104 Samples

Core Sample Concentration (ug/g)
45 Composite 1 <2.0
Composite 2 <20
Composite 1 <2.0
46 Composite 2 <2.0
Drainable Liquids 0.70 pg/mL

SVOA was performed on composite samples from cores 45 and 46. The concentration of 2,4,5-
trichlorophenol in the samples was less than 53 pg/g. TOC was analyzed by furnace oxidation on water
digests of the core 45 and 46 composites. These analyses were performed on water digestion, so only the
water-soluble fraction of the organic carbon would be present, but the solubility of 2,4,5-trichlorophenol
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in water was 1,000 pg/g at 25°C. The majority of the results were below the detection limit, 550 pg/g.
The duplicate run of the core 45 composite did give a quantifiable result of 706 pg/g. A TOC concentra-
tion of 451 pg/mL was measured on an undigested sample of the drainable liquid composite from core 46.
No oxalate analyses were performed. The 2,4,5-trichlorophenol concentrations measured are well below
the dangerous waste limit (400 pg/g). The results indicate that the water-soluble TOC concentration in
this tank is just slightly higher than the limit for 2,4,5-trichlorophenol; therefore, over 55% of the water
soluble organic carbon would need to be 2,4,5-trichlorphenol to exceed this limit.

Mercury concentrations in the composites of core 45 and 46 were measured by CVAA. The majority
of the analyses were below the detection limit of 0.125 pg/g. The duplicate analysis from the core 45
composite 1 was slightly above the detection limit, with a reported value of 0.127 pg/g.

The pH of Tank T-104 was measured directly on undigested composites from cores 45 and 46 and on
the composite of drainable liquids from core 46. The measured pH value was 9.99 + 0.03. The pH of the
drainable liquids (9.95) appeared to be slightly lower than the core composites (10.00 = 0.01) but well
within normal measurement error. Table 5.12 lists results. Gas analysis was performed on vapor from
the headspace of the tank (Pool et al. 1996). The results are. summarized in Table 5.13. These gases
represent less than 0.2 % of the LFL.

Table 5.12. pH of Tank T-104 Samples

Core Sample pH
45 Composite 1 10.00
Composite 2 10.00
Composite 1 10.02

46 Composite 2 9.99
Drainable Liquids 9.95

Table 5.13. Headspace Analysis for Tank T-104

Analyte Vapor Concentration (ppmyv)
NH; 105+ 3
NO, 0.3+0.1
NO 0.3+0.2
H,O 12.0 £ 0.5 mg/L
CO, 241
CO <3
CH, <4
H, 12*
N,0 8*
Total non-methane organic compounds |1.93 mg/m’
(a) Target compound detected above the instrument detection limit (IDL) but|
below the estimated quantitation limit (EQL).
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The retrieval process planned for Tank T-104 will likely result in dilution of the waste. Based on
Henry’s Law for dilute solutions, concentrations of an ideal gas will be diluted proportional to the dilution
of the solute; therefore, an estimate of the concentration of these headspace gases above the process waste
retrieved from the tank should include this dilution factor. A dilution factor of 4.2 would be required to
dilute the NH3 concentration in the vapor below the TLV-TWA of 25 ppmv.

Because no exothermic behavior was observed and the quantity of flammable gases present in the
headspace is less than 0.2% of the LFL, this waste is not ignitable. The energetics of the system also
indicates that the waste is thermally stable, does not form potentially explosive mixtures with water, does
not detonate or undergo an explosive reaction if heated, and does not detonate or decompose explosively
at standard temperature and pressure. The waste is not cyanide- or sulfide-bearing and does not contain
2,4,5-trichlorophenol at concentrations exceeding the dangerous waste limits. The only toxic gas
observed in the headspace above the TLV-TWA is NH;. The process wastes retrieved from the tank will
require a dilution factor of at least 4.2 (or other mitigation method) to ensure that toxic gases, vapors, or
fumes will not be generated at concentrations that are hazardous to human health.
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6.0 Conclusions

No exothermic behavior was observed in the majority of the CH-TRUM wastes. Exothermic
transitions were observed in a limited number of samples from Tank B-203, and a significant number of
samples showed consistent exothermic behavior in Tanks B-202 and T-111. With the exception of the
dried samples from Tank T-111, a large endothermic transition was observed between ambient
temperature and approximately 150°C. This transition corresponded to a large mass loss in the TGA,
indicating the loss of free water from the sample. This is the major transition in all of the wet sludge
samples. A second endothermic transition was observed in many of the samples. This endothermic
transition began at about 200°C and was due to phase transitions, decomposition of salts or hydroxides, or
loss of more tightly bound water. The exothermic transitions that were observed in these samples were
generally broad peaks with small amplitudes at temperatures exceeding 200°C, indicating that explosive
reactions or ignition hazards at standard temperatures or pressures are unlikely. The waste with the
greatest potential for exothermic reactions is Tank T-111. These reactions would most likely be due to
the oxidation of organic compounds that are found primarily in the top section of the waste. One
potential source of the organic is the NPH used during core drilling. NPH would float to the top of the
waste due to its low density, consistent with the results obtained for this core. One probable reaction is
the oxidation of the NPH with the nitrate present in the tank. If these wastes are wet, significant energy
must be expended to remove the water from the waste before any reaction can occur.

No data were available on the concentrations of sulfide in these tank wastes, but the sulfur and sulfate
analyses indicated that the majority of the sulfur in the waste is present as sulfate. Based on the pH,
temperature, and mildly oxidizing conditions of the tank wastes, sulfate is stable and will not react to
form sulfide; therefore, the CH-TRUM wastes are not sulfide-bearing.

Limited cyanide analyses were available for these tanks, but the results that were available indicated
that these wastes do not contain cyanide at concentrations sufficient to be considered cyanide-bearing
wastes. None of these tanks are included on the Ferrocyanide Watch List (Fowler 1993) and cyanide
containing wastes and/or process streams were not introduced into any of these tanks.

Concentrations of the 2,4,5-trichlorophenol measured in the CH-TRUM wastes did not exceed the
dangerous waste limits; therefore, these wastes do not meet the criteria of a toxic characteristic based on
this organic constituent. Oxalate and TOC data indicate that the majority of the organic carbon in the
waste exists as oxalate. Based on the existing analytical data obtained from the TWINS database and
PNNL and Hanford reports, the CH-TRUM does not exceed the pH criteria of a corrosive waste.

Gas analysis of the headspace vapors in these tanks and sniff data taken prior to sampling events
indicate that all of toxic vapors except NH; are well below the TLV-TWA. Ammonia is produced in
Hanford wastes by several pathways and is retained in the waste due to its solubility in water. The major
pathways for ammonia generation include thermal and radiolytic reactions involving nitrite ions and
nitrogen-containing complexants (Stock and Pederson 1997). Dilution of the tank wastes prior to
retrieval or other mitigation methods will be required to meet this criterion on all of the wastes except
those in the B- and T-200 series tanks.
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Analysis of the existing characterization data from core, grab, and vapor samples from the CH-
TRUM wastes supports the removal of the dangerous waste codes for ignitability (D001), corrosivity
(D002), and toxicity arising from the presence of 2,4,5-trichlorophenol (D041). For the B- and T-200
series tanks, the data also supports the removal of the dangerous waste codes for reactivity (D003). All
constituents and properties were below the levels required to remove waste code D003 from Tanks T-104,
T-110, and T-111 except ammonia, which exceeds the TLV in the headspaces of these tanks.
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Preface

Although historically the Department of Energy (DOE) has managed wastes within the Hanford

tank farms as High-Level Wastes (HLW) as a matter of operations management policy, DOE has
" long maintained that, based on origin, process history, and radiological characteristics, the wastes
in any specific tank may actually be HLW, Transuranic Waste (TRU), or Mixed Low-Level
Waste (MLLW). DOE, therefore, has planned to appropriately designate wastes into one of
those categories once the wastes are ready for retrieval for treatment and disposal.

~ Accordingly, the DOE Office of River Protection (ORP) identified 11 Single-Shell Tanks (SSTs)
that contain wastes from the Bismuth-Phosphate Process (BPP). The BPP, the first production-
scale Spent Nuclear Fuel (SNF) reprocessing process ever used, was deployed during the
Manhattan Project (World War II) to separate plutonium from SNF. The BPP was only used at
Hanford and was replaced 50 years ago by more efficient solvent extraction reprocessing
processes, 1.e., Reduction and Oxidation (REDOX) and Plutonium-Uranium Extraction
(PUREX). An important feature of thie BPP relative to waste designation is that it was a batch
process, a feature that allows ORP to clearly distinguish where SNF existed (or did not exist)
within the process. The BPP used chemical additions to selectively dissolve and precipitate
plutonium compounds so that the plutonium could be separated from other SNF constituents by
liquid/solids separations via centrifugation. Multiple water washes, each followed by
centrifugation, ensured very high degrees of solids separation from process liquids, e.g.,
separation of plutonium precipitates from liquids produced directly in SNF reprocessing.

The BPP created HLW that will be treated in the Waste Treatment Plant currently under
construction at Hanford and subsequently disposed of in the national repository. The BPP also
produced waste streams that are not HLW by origin as those wastes were not produced during
the reprocessing of SNF. The fact that the wastes are not HLW is confirmed by waste fission
product concentrations that are orders of magnitude less than those the U.S. Nuclear Regulatory
Commission requires to be disposed of in 2 geologic repository (10 CFR Part 61, Low-Level
Radioactive Waste Disposal). '

This document explains the BPP and identifies which BPP steps produced HLW and which did
not on the basis of where SNF reprocessing actually took place within the series of BPP batch
treatment steps. As a result, this document provides a technical and regulatory basis for DOE-
ORP to determine that wastes from the BPP that are now contained in 11 Hanford SSTs (B-201,
B-202, B-203, B-204, T-201, T-202, T-203, T-204, T-104, T-110, and T-111) are TRU due to
waste origin and confirmed by radionuclide content. This document was developed in full
consideration of extensive technical evaluations of historical BPP and tank farm source
documents and records that were performed by the current Hanford tank farm contractor,
CH2?M HILL Hanford Group, Inc. (CH2M HILL). CH2M HILL’s evaluations included
historical records and process information produced by Hanford site contractors that operated the
BPP over its 1945-1954 operating history. Information derived from those historical documents
is consistent with the radioactive and chemical characteristics of the wastes in the 11 SSTs.
Accordingly, this document is believed to provide a reasonable and sound basis to support a
DOE-ORP determination that the wastes in the 11 SSTs identified above are TRU. Once those
wastes are put into a suitable form for disposal, appropriately packaged, and characterized in a
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manner that conforms to the Waste Isolation Pilot Plant (WIPP) waste acceptance criteria and
permit requirements, those wastes should be suitable for disposal at WIPP. -
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Executive Summary

The diverse nature of Hanford’s tank waste generation operations over the past 60 years has led to large
tank-to-tank differences in radioactive material concentrations. Understanding how and why these
differences occurred is important to reaching sound waste management decisions. Of particular interest
are wastes generated from the Bismuth Phosphate Process (BPP), the first ever Spent Nugclear Fuel (SNF)
reprocessing and Plutonium (Pu) recovery process. That is, in part, because wastes generated by several
BPP process steps are candidates for -a Transuranic Waste (TRU) determination as illustrated and

discussed below.

The BPP, unlike later Hanford solvent extraction-based reprocessing approaches (ie., REDOX and
PUREX), consisted of a series of individual batch processes which selectively dissolved and precipitated
specific materials to recover Pu. It achieved thorough liquid/solids separation via centrifugation and
multiple water rinses of the centrifuge solids cake, thereby removing liquids and soluble materials from
the cake. Each batch process step resulted in an extensive and selective separation of the process wastes
from the process product streams. As a result, out of the five distinct BPP process steps (coating
dissolution, U dissolution, U separation, 1 decontamination cycle for Pu, 2™ decontamination cycle for
Pu,), only two involved SNF reprocessing: U dissolution and U separations.

Clad SF

v ; v
HLW Waste Waste

The coating removal process did not create High-Level Waste (HLW) because it only dissolved the
aluminum coating leaving the SNF intact. That process did not dissolve SNF and its wastes were mildly

contaminated.

HLW including all liquids produced directly in the reprocessing of SNF existed only within the U
dissolution and U separation processes. Acids introduced during U dissolution dissolved the SNF,
placing the Pu, the U, and all of the fission products in solution. The U separation processes then
selectively precipitated the Pu, leaving the U and fission products in solution.

The liquid waste from U separations contained over 99.5% of the SNF constituent elements including
599.5% of the U, ~99% of the Cs-137, and ~90% of the Sr-90 (DuPont 1944). The liquid and solid
wastes produced during U dissolution and U separation therefore fall squarely within the definition of
HLW as set forth in the Nuclear Waste Policy Act of 1982 (NWPA). The extensive liquid/solids
separations and multiple rinses conducted during U separations assured that any liquid wastes produced
directly in reprocessing were discharged as liquid wastes and did not follow the Pu precipitate into the I

or 2™ decontamination cycles or beyond.

The Pu precipitate, once triple rinsed, contained >99.5% of the Pu, <0.5% of the U, and ~10% of the
fission products. At least half of the fission products were short-lived isotopes that decayed to deminimis
levels within 1-2 years. Because the SNF constituent elements were separated during U separations, no
SNF was present in the subsequent decontamination cycles. Accordingly, wastes from the 1* and 2™

decontamination cycles and Pu concentration process are not HLW based on the NWPA HLW definition.
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The low fission product concentrations in those wastes is consistent with a non-HLW designation.
Therefore, on the basis of origin and content, the wastes in the 11 SSTs that received the wastes from
coating removal, the 1* and 2™ decontamination cycles, and Pu concentration (T-104, T-1 10, T-111, B-
201 through B-204, T-201 through T-204) are not HLW. :

Moreover, the wastes in those 11 SSTs meet the definition of transuranic waste set forth in the NWPA
and the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act of 1996 and are, therefore, candidates

for disposal at WIPP in New Mexico.

iv
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Basis for Designating Certain Hanford Tank Wastes as TRU
1.0 BACKGROUND - Hanford Wastes Vary Significantly Tank-to-Tank
Hanford’s 149 SSTs, 28 Double-Shell Tanks (DSTs), and 60 Miscellaneous Underground

Storage Tanks (MUSTs) collectively store ~54 million gallons of radioactive mixed defense
wastes containing ~190 million curies of radioactivity. The wastes in those tanks have varying
origins. For example, although extensive SNF reprocessing operations were conducted at
Hanford, not all tank wastes originated during the reprocessing of SNF. Tank wastes were
produced by a number of Hanford defense-related operations associated with removing cladding
from SNF, purifying the Pu product, decontaminating equipment/facilities, and performing
laboratory analyses. Rather than being the actual reprocessing of SNF, these operations occurred
prior to, following, or incidental to SNF reprocessing. This diversity in Hanford’s tank waste
generation operations resulted in large tank-to-tank radioactive material concentration
differences.  Understanding these differences is important to sound waste managemernt
decisionmaking. The magnitude of the large tank-to-tank radionuclide concentration differences
are graphically and numerically illustrated in Figures 1 and 2, respectively. For example, the
five tanks' with the highest inventories of radioactive materials in Figure 1 collectively contain ~
50 million curies whereas the 10 tanks? with the lowest radioactive material inventories
collectively contain less than 5 thousand curies; this is a factor of 10,000 difference.
Furthermore, specific radionuclide concentrations can vary by factors greater than 1 million from
tank-to-tank as illustrated in Figure 2 for Cs-137 and Sr-90, the two most prominent

radionuclides in the tanks.

24,000,000
20,000,000 -
NOTE: This bar graph Indicates the lotal curies contained in
each Hanford DST and SST based on ine Best Basis inventory.
. Fort size fimialions prevent listing the actual tank numbers on A
the axis of thig i 3
g 186,000,000 - ? ke :
- i
[ = o
[11] S
Q.
‘3 12,000,000
[
=
2 8,000,000 —_——————
= dfnnne LT
4,000,000 = -

LIS P PP PREPLIR O RS CREPPIL PP PP PRI LIS

Hanford Tanks Ordered By Total Curie Content

Figure 1. Radionuclide inventories in the Hanford Tanks Span Over Four Orders of Magnitude

| 1n order of curie inventory, high to low, the tanks are AZ-101, AZ-102, AY-102, A-105, and AX-104.
2 Not ordered by curie inventory, the tanks are B-201, -202, -203. -204; T-201, -202, -203, - 204; and UJ-203 and

U-204.
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Source: Best Basis Inventory in the TWINS Database

There are several reasons why there is such a wide range of fission product inventories in the
Hanford tanks. First, while some tanks received highly radioactive wastes produced during the
reprocessing of SNF, other tanks did not. Second, the BPP, the world’s first production-level
reprocessing process which was carried out at Hanford during the Manhattan Project starting in
1944, created large quantities of relatively low-curie waste compared to the waste produced by
later, substantially more efficient processes such as REDOX and PUREX. Third, a 1960s/1970s .
Hanford tank waste campaign extracted large amounts of Cs-137 from liquids in most Hanford
tanks and Sr-90 from wastes in the A and AX Farm tanks. That campaign reduced the collective
Hanford tank farms fission product content by approximately 40%". Fourth, tank capacities vary

from 55,000 gallons to over 1 million gallons and tanks are filled to varying degrees. -

Cs-137 Sr-90
{Cilliter) Tank (Ciltiter) Tank
Highest Concentration ~1.9 AX-104 ~79 AX-104
Lowest Concentration 0.00001 T-204 <0,000003 T-202
Ratio (High/Low) 200,000 30,000,000
Figure 2. Highest and Lowest Cs-137 and Sr-90 Concentrations in Hanford Tanks
Source: Best Basis Inventory in Hanford TWINS Database

This variability in waste sources and concentrations has led DOE to consider the origin and the
characteristics of wastes in each tank in planning its treatment and disposal strategies. Some
examples of wastes discharged to tanks that did not originate directly during the reprocessing of
SNF include: '

» Decladding wastes resulting from dissolving the metallic cladding (coating) from the SNF in
order to expose the actual fuel to reprocessing acids.

> Wastes from processes used to clean and/or concentrate recovered Pu product materials in
order to achieve requisite Pu purity levels for weapons use. :

» Laboratory wastes resulting from the sampling and analysis of various process and waste
streams resulting from Hanford operations.

» Wastes from the cleanup of contaminated facilities and/or equipment.

Regardless of the characteristics or origin of the waste in any given tank, as a matter of policy,
DOE manages the Hanford tank farm wastes as HLW while those wastes are stored in the tanks.
This does not mean that DOE classified the wastes as HLW but rather, that DOE employs an
appropriately conservative management practice to ensure that the highest levels of safety and
best management practices are in place during the storage, retrieval, and handling of the Hanford

tank farm wastes.

In the sections that follow, the BPP is described with a focus on determining (a) when SNF was
present such that the “reprocessing of SNF” actually occurred in a process, (b) which BPP

3 The cesium and strontium were converted to cesium chloride and strontium fluoride and encapsulated. The
campaign was undertaken to reduce the decay heat load on the tanks, however, beneficial uses for the capsules were
sought and many capsules were deployed on commercial and government initiatives.

20f12
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processes created “liquid waste produced directly in reprocessing [of SNF]”, and (c) which BPP
processes appear to have resulted in solid materials with “fission products in sufficient
concentrations” to warrant permanent isolation. The BPP is compared and contrasted as
appropriate with the PUREX process for the simple reason that most people think of the PUREX
process when they think of reprocessing. PUREX was used across the DOE weapons complex
for Pu and Uranium (U) recovery. It was used in the United States on a limited basis for
commercial reprocessing. Finally, PUREX is used internationally for commercial and defense
reprocessing purposes (PNNL 1998). Conversely, the BPP was an earlier process used only at
Hanford in the U.S. Government’s first production-level campaigns to recover Pu for defense
purposes. It processed less than 8% of the SNF reprocessed at Hanford.

2.0 BISMUTH PHOSPHATE PROCESS

As illustrated in Figure 3, the BPP* was carried out in 221-T plant from 1944 to 1956 and in
221-B plant from 1945 to 1952. As the first reprocessing process ever used at production levels
to separate Pu from SNF, it was conceived with an emphasis on time and purpose rather than
efficiency. The BPP was a batch process. It deployed a complex chemistry that selectively
dissolved and precipitated targeted chemical compounds such that simple liquid/solids
separations equipment (centrifuges) could isolate Pu from the other materials in the SNF as well
as materials introduced in the BPP. To place the process in perspective, the Government’s
objective was to separate the one part Pu produced in the fission process from the roughly 10,000
parts of U and fission products that it was dispersed amongst in the SNF. :

The BPP was quite different from successor reprocessing processes. For example, its sole
purpose was to recover Pu. Uranium was discharged as a waste. Conversely, REDOX and
PUREX recovered Pu and U, each as a separate product. Also, REDOX and PUREX were.
continuous Solvent extraction. processes which used a small fraction of the chemical additives
that the BPP required for separations. Asa result, the BPP created over 200 times more waste
than PUREX per ton of U fuel processed. The BPP U Separations process created approximately
~3800 gallons of HLW per ton of U (GE 1951) while PUREX created ~40 gallons per ton
(ARHCO 1968). This resulted in Hanford’s PUREX wastes having substantially higher fission
product concentrations than BPP
wastes. For example, wastes , i
discharged from the BPP U Trant | IR
Separations process, the BPP E ’
waste stream with the highest srant-| |

fission product concentrations, , !
REDOX l I

i

|

{

Bismuth Phosphate ! |
L

concentrations of approximately
60 Cifm’® (GE 1955), < 0.5% of P& '
the 13,000 Cim’ Cs-137 | .
concentrations in PUREX 1* 1040 1945 1950 1955 1960 1963 1970 1975 1960 1985 1996 1983

were reported to have Cs-137

Figure 3. Opérating Time Frames for Spent Nuclear Fuel
Reprocessing Processes at Hanford

4 The BPP flowsheets are provided in Attachment A and comparisons between the BPP and the PUREX process
wastes are provided in Attachment B.
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221Bi221T Buildings: Spent Fuel Processing via Bismuth Phosphate Process 224-B/IT Buildings
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Figure 4. Generalized Bismuth Phosphate Process Flow Diagram
Source: Johnsan 2003.

cycle raffinate wastes after neutralization (ARHCO 1968).

Figure 4 depicts the major BPP steps. The discussion that follows traces the SNF, the Pu
product, and the process wastes through the BPP [Note that the numbering of the subsections that
follow correspond to the numbers within each outlined block in Figure 4]. The following
discussions include general information regarding the chemical processes used. More detail
regarding the BPP chemistry and mass flow information can be found in Attachment A.

2.1 Coating Dissolution (Decladding — Figure 4, Block 2.1)

Prior to the actual reprocessing of SNF, the aluminum cladding (or coating) had to be removed to
expose the U to the acids that would be used to dissolve it. A boiling sodium nitrate/sodium
hydroxide solution was used to dissolve cladding. While virtually all of the radioactive fission
products remained within the intact spent fuel matrix, small amounts of radioactive matenals at
the surface of the fuel slugs entered decladding solutions. Decladding operations are considered
a “head end” process and not part of SNF reprocessing since the SNF remained intact throughout
the decladding process. The decladding wastes were subsequently combined with 1* cycle Pu
decontamination waste (discussed in Section 2.3) to use the excess sodium hydroxide in the
decladding wastes to neutralize acids in the 1% cycle decontamination wastes.

2.2 Uranium Dissolution and Uranium Separation (Figure 4, Block 2.2)

Following decladding, the U fuel slugs were dissolved in nitric acid. Once dissolved, water and
sulfuric acid were added to convert the uranyl nitrate to uranyl sulfate. Next, bismuth nitrate and
phosphoric acid were then added and a bismuth phosphate carrier was formed that extracted Pu
from solution as a precipitate. The uranyl sulfate remained in solution along with nearly all of
the cesium and approximately 90% of the strontium (CH2M HILL 2002). The bismuth
phosphate carrier and Pu were then precipitated as a filter cake via centrifuging, the filter cake
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was rinsed with water and re-centrifuged three times to remove any waste liquids and soluble
fission products that may have been initially entrained in the filter cake, and then the Pu cake
was transferred to the first Pu decontamination cycle (GE 1951).

Approximately 10% of the fission products that were dissolved with the U stayed with the Pu
cake when it moved from U separations to the first Pu decontamination cycle. In addition to
strontium, substantial quantities of short-lived® fission products, such as zirconium-95 (Zr-95)
and niobium-95 (Nb-95), were co-precipitated.

2.3 Plutonium Decontamination (Figure 4, Block 2.3, 1% and 2" Decon Cycles)

In the first Pu decontamination cycle, the Pu was oxidized to the +6 valence state via the addition -
of sodium bismuthate and sodium dichromate. Sodium bismuthate, phosphoric acid, zirconium
nitrate, and cerium nitrate were added to precipitate bismuth phosphate and fission products
(primarily strontium, cerium, and zirconium), The bismuth phosphate and fission product
precipitate were centrifuged to separate them from the Pu which remained in the liquid phase.
Following separation, the Pu in the liquid phase was reacted with bismuth subnitrate and
phosphoric acid to produce a bismuth phosphate carrier and co-precipitate plutonium phosphate.
The bismuth phosphate carrier and plutonium phosphate solids were separated from the liquids
by centrifugation. The plutonium phosphate solids were water washed and centrifuged three
times. The bismuth phosphate and plutonium phosphate solids were then dissolved in nitric acid,
forming plutonium nitrate and bismuth nitrate in solution. This solution was then transferred to

the second decontamination cycle where the first decontamination process steps (except for
zirconium nitrate and cerium nitrate addition) were repeated to further purify the Pu product.

2.4 Plutonium Concentration Building (224-B/T) Wastes (Figure 4, Block 2.4)

The Pu from 221-B/T plants was transferred to the 224-B/T Pu Concentration Building to
remove the bismuth phosphate and residual fission products which were essentially all short half-
life contaminants. The Pu solution was received at 224-B/T in a +4 valence state. It was first
oxidized with sodium bismuthate to a +6 valence state. Phosphoric acid was added to precipitate
bismuth phosphate along with residual Zr-95 and Nb-95 fission products, which were then
removed by centrifugation leaving the Pu in solution. Hydrogen fluoride and lanthanum fluoride
were added to precipitate remaining fission products leaving the Pu in solution. Hydrogen
fluoride and lanthanum salts were then added to create tanthanum fluoride and plutonium
fluoride solids which were separated by centrifugation. The lanthanum fluoride and plutonium
fluoride solids were reacted with potassium hydroxide to produce lanthanum hydroxide and
plutonium hydroxide. The lanthanum hydroxide and plutonium hydroxide solids were reacted
with nitric -acid to produce the high purity Pu nitrate/lanthanum nitrate product.

Targeted radionuclides for removal were primarily short-lived fission product and daughter
isotopes of zirconium, cerium, lanthanum, ruthenium, praseodymium, and yttrium (DuPont
1945), many of which were difficult to physically separate from the Pu via precipitation

5 7r-95 has a 64-day half-life and Nb-95 a 35-day half-life. In addition to the Zr-95, other phosphate insoluble short-
lived fission products such as Ce-144 (~284 days) were removed to achieve the desired plutonium purity and
handling characteristics. The fission products of concern relative to long-term waste management and disposal are
Cs-137 (~30 years) and Sr-90 (~29 years) which together with their daughters, Ba-137m and Y-90, account for
~99% of the curies in the Hanford tanks at the present time. '
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processes.  Thus, multiple precipitation steps were used in the first and second Pu
decontamination cycles and the Pu Concentration Building to separate these short-lived fission
products from the Pu product.

3.0 CLASSIFICATION OF TANK WASTES FROM THE BISMUTH PHOSPHATE
PROCESS

Although the BPP is referred to using the generic term ‘reprocessing’, the BPP actually consisted
of batch chemical process operations. Unlike the later solvent extraction processes (REDOX,
PUREX) which were continuous flow and continuously connected, each operation within the
BPP took place on a batch basis. Figure 5 illustrates a typical BPP process step. Feed material
enters a process tank. The feed could consist of a re-dissolved solids (such as SNF or a Pu cake)
from a centrifuge or it could be the liquid phase from a centrifuge as illustrated in Figure 5. In
cither case, chemical additives (such as those listed in Section 2) are used. to selectively keep
certain chemical species in solution and to precipitate other species. The mixture is then
transferred to a centrifuge where the solids are separated from the liquids by centrifugal force.
The liquids are discharged from the centrifuge as it spins and the solids are retained. The tank
where the feed and additives were mixed is then rinsed with water to ensure all precipitates are
removed. Clean rinse water is sprayed onto the solids in the centrifuge (~3 parts water to 1 part
solids) while it operates to replace any process liquids that may have been entrained in the solid
cake. The centrifuge is operated two cycles to de-water the cake. Water is again sprayed onto
the solids in the centrifuge in a second cake rinse (~3 parts water (0 1 part solids) while it
operates to wash trace quantities of dilute process liquids from the solid cake. The centrifuge 1s
operated two cycles to de-water the cake. All liquids including rinses pass on to the next process
step or are discharged as a waste based on the specific process operation. The solids are
dissolved and then transferred to the next BPP process or discharged as a waste, again based on

the specific BPP process operation.

In the manner discussed above, each BPP batch process. achieved a highly effective liquid/solids
separation without cross contamination between batch operations.

Additives that selectivaly precipitate Triple Rinse '
specific chemicals in the feed stream Solids w/Water

. . - Centrifuge Liquids
Feed Material ; LiquidiSelids

(e.g, Puin 3°|“t"£): " Separation

Tripte-Rinsed
Solids

Figure 5 — Typical Bismuth Phosphate Process Operation

The clean separation liquid/solid separations and distinct break between BPP operations provides
an ability to clearly demark where reprocessing of SNF did and did not occur, where “liquid
waste produced directly in reprocessing” was present and where it was not, and consequently,
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which BPP process operations created HLW and which did not. The process logic is described
below.

3.1 Where Did SNF Reprocessing Occur?

SNF reprocessing could only occur during BPP process steps where the SNF constituent
clements existed in solution. That is because the NWPA defines SNF as “fuel that has been
withdrawn from a nuclear reactor following irradiation, the constituent elements of which have
not been separated by reprocessing.”

Based on that definition, the reprocessing of SNF in the BPP occurs during the U dissolution and
U separation processes6 as illustrated in Figure 6. The U dissolution and U separation processes
are the only points along the BPP flowsheet where all of the constituent elements of the SNF
existed in one place. The U dissolution process places the SNF constituent elements (U, Pu,
fission products) into solution. All of the constituent elements of SNF exist at that point. The U

separations process then selectively precipitates the Pu. All of the SNF constituent elements are

present in the mixing tank ST00e [ 0 s s S -

centrifuge. place beyond this
point are not
reprocessing spent

b fuel which ceased to
2> pu Product exist during uranium
separation; the

Once liquid/solids separations occur
in the U separations centrifuge, the

SNF constituent elements are | ASso SEPARATION remaining processes
separated into waste and Pu product || : s df?"‘?’"”'a""g

. Tha wclaar fuel t e plutonium
cake. At the completion of the Pu 1 tsacived and tha piutonium (Pu) | Fodiich

. . § I8 separated from the uranium
product cake water nnses in the |, mﬂ;ﬁ;ﬁ; byblmun | Spent nuclear fuel
centrifuge, the constituent elements L ity (EonsrenUdBlIET A

superrate and are discharged to | separated in this step.
of the SNF have been fully separated | | #s b o
o . - I__—— ==k

and reprocessing 1s complete. The | HLW |

resultant waste and product streams

~

are as follows:

\

| Figure 6. Bismuth Phosphate Reprocessing Processes

% Uranium Separations Liquid
Waste Stream — This waste stream inciudes ~99.5% (by mass) of all materials present n
the SNF prior to dissolution including ~99.5% of the U, ~90% of all fission products
including ~99% of the Cs-137 and ~90% of the Sr-90, a small fraction of the Pu, and
chemicals/acids used to keep those materials in the liquid phase (CHZM HILL 2002,

Johnson 2003), and

> Plutonium Product Cake — The Pu product cake includes the precipitated Pu, ~0.5% of
the U, and ~10% of the fission products, at least half of which are short-lived fission

products and daughters (Johnson 2003).

§ Before uranium dissolution, reprocessing cannot occur since the SF constituent elements could not be separated by
reprocessing while still in solid form.
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3.2 Which Liquid Wastes Were Produced Directly In Reprocessing?

As described above ‘liquid waste produced directly in reprocessing’ could only have been
created during U dissolution and U separations as those two BPP process steps were the only
steps where reprocessing took place. The liquid wastes produced directly in reprocessing were

separated from the Pu product by centrifugal action.

The Pu product stream was thoroughly rinsed and centrifuged multiple times to remove all traces
of the liquids produced directly in reprocessing (and the undesirable contaminants contained in
such liquids) from the Pu cake. By the time the cake was transferred to the first Pu
decontamination cycle, any residual liquids produced directly in reprocessing that remained in
the cake would have been diluted by ~1000:1 and would have represented <0.1% of the volume
of liquid created during U dissolution and U separations7, a negligible volume and concentration.
This, the, leads one to the conclusion that the only ‘liquid waste produced directly in
reprocessing’ from the BPP is the liquid waste stream discharged from the U separations process

to the SSTs.
3.3 Which BPP Wastes Are HLW?

For the BPP, it is evident from the preceding discussions that the liquid-waste stream discharged
from the U separations process contained “highly radioactive material resulting from the
reprocessing of spent nuclear fuel”. Those wastes therefore meet the definition of HLW set forth

in the NWPA®:
“High-level radioactive waste means:
(A) the highly radioactive material resulting from the reprocessing of SNF, including

liquid waste produced directly in reprocessing and any solid material derived from such
liquid waste that contains fission products in sufficient concentrations; and

B) other highly. radioactive material that the NRC, consistent with existing laws,
determines by rule requires permanent isolation.” .

The U separations liquid waste stream is therefore identified in Figure 6 as HLW. That waste
stream contained approximately 95% of the fission products important to DOE in determining
the waste disposal pathway, i.e., ~99% of the Cs-137 and ~90% of the Sr-90, the two fission
products that, with their secular equilibrium daughters, account for 99% of the radioactivity in

the Hanford tanks’.

7 Cake volume approximately 10 gallons, moisture content ~30%. Waste from U separations approximately 2400
gallons (GE 1951). On that basis, (10)(0.3)/2400=0. 1% of liquids produced directly in reprocessing should remain
in the cake after first liquid/solid separation. Each rinse used 30 gallons of water (GE 1951). Assuming 3 gallons of
liquid in the cake (30%) and three separate 30 gallon rinses (including tank rinse), each rinse should reduce the
concentration by a factor of 10. Moreover, any such liquid would be highly diluted (by a factor of 1000 due to the
three rinses) before the cake was dissolved and transferred.

% This same definition is incorporated by reference into the Atomic Energy Act of 1954 (AEA), as amended, and the
Waste Isolation Pilot Plant Land Withdrawal Act.

? Ba-137m and Y-90 arc daughters of Cs-137 and Sr-90, respectively, that are in secular equilibrium, i.c., the halif-
life of the parent radioisotopes (Cs-137 and Sr-90) is so rmuch longer than that of the daughters that the radioactivity

of the daughters is essentially equal to that of the parent.
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The liquid wastes produced directly in reprocessing are part of that waste stream and were not
present in the BPP Pu-related processes that followed U separations.

Accordingly, wastes from the BPP 1% and 2™ decontamination cycles are not HLW. Similarly,
wastes from Pu concentration activities that further processed the product stream from the BPP
in 224-B/T buildings were also not HLW.

4.0 TRU DETERMINATION - Candidate Wastes for Classification as Contact-Handled
TRU

The WIPP Land Withdrawal Act defines TRU as:

“waste containing more than 100 nanocuries of alpha-emitting transuranic
isotopes per gram of waste, with half-lives greater than 20 years, except for (A)
HLW,; (B) waste that the Secretary has determined, with the concurrence of the
Administrator, does not need the degree of isolation required by the disposal
regulations; or (C) waste that the NRC has approved for disposal on a case-by-
case basis in accordance with Part 61 of title 10, Code of F ederal Regulations”.

The waste streams from the BPP first and second decontamination cycles and the Pu

Concentration Cycle that were carried out in the 224-B/T buildings are currently contained in 11
SSTs along with the decladding waste. Based upon the discussions in Section 3, none of those
tanks contain HLW as defined in the NWPA. .

Fission product concentrations'® for the wastes in the 11 SSTs are illustrated in Figure 7. The

C3-137 Class C = 4.6 Ciliter Sr-90 Class C = 7 Clfiiter
10~ ;
R g N gy GRgRpn (. E SOMp SERPN SL ) 2R S prps pupups JEpRp PSRN RSP CRSH E _-.1,_4_-.._-
= b
o Cs-137
2 =
2 g B
=
& t
=
S 1< 2-C 224
& 001 X =y
=
(=3
&
[x]
3
Rl
[*]
3
b=
e
o
[
=)
"
]
[t™

0.0001
0.00001-7] F
2000001+

L

744 TA10 T4 Bt B2 B3 B4 T201 Y202 T203  T204
SST Number

Figure 7. Cs-137 and Sr-90 Concentrations in Candidate TRU Tanks

10 At the present time, Cs-137 and Sr-90 together with their daughters in secular equilibrium (Ba-137m and Y-90)
represent ~99% of the fission product activity in the Hanford tanks (Best Basis Inventory in the Hanford TWINS

database).
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two dotted/dashed lines near the top of Figure 7 indicate the Class C concentration limits for Cs-
137 (4.4 curies per liter) and Sr-90 (7 curies per liter)'".

All 11 SSTs would be Class A or Class B solely on the basis of the 10 CFR § 61.55
concentrations related to fission productsu. Based on the fission product content, DOE estimates
that all 11 tanks will result in contact-handled” TRU once dewatered and packaged. The
transuranic material content for each SST is indicated in Figure 8.

The tanks are grouped in Figure 8 according to the primary origin of their contained wastes from
within or resulting from the BPP. The first eight tanks are all 200-series, 55,000 gallon, SSTs
that contain 224-B/T Pu Concentration Building wastes.

29 0.0001

51 224 297 0.000008 0.00009

50 224 263 0.00003 | 0.0017

29 224 754 0.00004 0.0001

21 224 221 0.00003 0.000003

37 224 295 0.00002 0.000003
243 0.000009 0.000005

keContaining.224 Bullding Wa
tion Cycle Waste 8

67 ' ' :
[ - 0.00002 0.00004
! 0.005

2 182

o GoupiiiSingles
T-104
f:i“;‘;‘ "" ;) ‘;;;; -“'\—49 = W‘:‘.— A
SEaE “KEY. TOWASTE TY
Waste Type Description
1C First Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
2C Second Pu Decontamination Cycle Waste from Bismuth Phosphate Plant
224 224-B/T Plutonium Concentration Building Waste
cwW Coating Removal Waste from Dissolution of the Coating on Spent Nuclear Fuel

\_ bW Eguipment decontamination waste from 221-T Plant

' 10 CFR 61.55, Table 2. That regulation indicates the concentrations in curies per cubic meter. The Class C
concentrations for Cs-137 and Sr-90 are 4400 curies per cubic meter and 7000 curies per cubic meter, respectively.
2 The wastes exceed the Table 1 limits in §61.55 for alpha-emitting radionuclides, however, for defense wastes
containing alpha-emitting radionuclides, the TRU definition in the WIPP Land Withdrawal Act are governing.

13 Contact dose at the package surface will be less than 200 mR/hour.
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The second group of tanks contain Pu Concentration Building wastes along with wastes from the
BPP second decontamination cycle. T-111 also contains decontamination wastes.

The last group has one tank, T-104. It received BPP wastes from coating dissolution and the first
decontamination cycle. ' '

DOE has used historical information, sampling, and analysis to determine that the 11 SSTs
identified in Figures 7 and 8 are valid candidates to receive a contact-handled TRU designation.
That designation will be achieved through a ROD pursuant to the National Environmental Policy
‘Act of 1969. '
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

APPENDIX A — Chemical Reactions for the Bismuth Phosphate Flow Sheet

224B/221T Buildings: Spent Fuel Processing, (Bismuth Phosphate era)
:g A

COATING REWOVAL WASTE: COMBINED 4 Mutal Wasta 14 DECON GYCLE
MTH 177 DECON CYCLE WASTE Urdnium & %0% of 7P WASTE =~ 10% of FP WASTE s 0.1% 7P

7O BT 16110 To BT 404 -189 To BT 110- 112
3

3

8 Plant {045+ 1952
T Panc 1945 - 1956

T Plant
1952 - 1958
224-BIT Buildings:
Pu Purification Cycle
84 T Plants?
1948 - 1952
To Crib 3451948
L Pu PRODUCT T0 231-Z
To Ciid
To Reverss Well

Coating Dissolution

COATING .
DISSOLUTION c-aunlmvﬂwb ‘ Coating Removai Waste CwW)
4 NeAlOZ  1.16M
NaOH 1.08 M

Chemical Addltions NaNO3 073 M

« 84-galions 50wt% NaCH
» 300-gailons water

NaSiO3 0.04 M
Pu 1-gram
U 451.4-grams
Volume: 795-gaiions

« 388-galions 26wt% NaNO, I_.._.ui NaNO2 081 M

21 S

%
RSt

Rt
“<6,800-pounds of
weadiated fuel elements

““Note: Granium Fuel Elaments. "
Ramain in Dissotvet for Next Step |
2l

2 Al'+ 2 NaOH + 3 NaNO3 s 2NaAlOZ +3NaNOZ + H20

8 A+ 5NaOH + 3 NaNO3 + 2H20 8 NaAlO2 + 3 NH3

NOTE: The BPP flowsheets in Appendix A were developed by Michael Johnson of CH2MHILL Hanford
Group, Inc in December 2003 based upon his review of historical Hanford documents and records as

identified at the end of this appendix.

(I
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Dissolution

Chemical Additlons A}
- 186-gallons 93wt% H;S0; |

Chemical Additions
{Repeated 3 times}
« 447-gallons 60wt% HNO,

- 30gallons 0.385wt% Hg(NO;),

| - 270-galions water

[ catalyzs

| sasoision used bssinning s 145 | [ 650-gaiton batch transfer to Urarium
Separation / Plutonium Exiraction Step

U+8HNO3 —— UO2(NO3)2 + 6 NO2 (gas) + 4 H20 LF]“ gggﬁgf

U+4HNO3 e UO2(NO3)2 + 2NO (gas) + 2H20

Pu+ B8 HNO3 ——— Pu(NO3)4 +4 NO2(gas) + 4 H20
Note: Pu is dissolved and forms Pu nitrate in the +3, +4, and +8 valence slate

Uranium Separation / Plutonium Extraction

(Sheet 1)
Chemical Additions _—

+ 12 8galtona 24wt% BIOND; - 19wi% HNO, . 160-gallons water
. 53-galions 73.5wt% H;PO, - 1.5wt% HNO,
- 14.9-gaflons 25wt% NaNO,

+ 81-galions water l Chemical Additions

Chemicai Additlons
« 385-gailons water
« 28.8-galions 25wt% NaNO2

[_._l

]

Precipitator Vessel
Centrifuge

o 509
{85°C; then caol fo 50°C) l (Pu Solids
Remain
in Bowl)

Pu Valence Adjustmen

e avert Pu (1) and (V1) to (IV

{75°C)

3PY(NO3)4 + 4 H3PO4 —s Pu3(PO4M solid + 12 HNO3

Pu(NO3)3 + NaNQ2 + 2 HNO3 —=—

BIONO3 + H3PO4 — BiPO4 solid + H20 + HNO3

Pu (NO3} + NO (gas) + NaNO3 + H20 @:’

PuO2(NO3)2 + NaNO2 + 2 HNO3 — Pu(NO3)4 + NaNO3 + H20
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Separation / Plutonium Extraction
(Sheet 2)

Ghemical Additions
- 443-gailons 50wt% NaOH
+ 746-gailons 30wit% Na,COy

Extraction Effluent

HNQ3 015 M
H2504 042 M
H3PO4 044 M

From NaNO3 0.1t M
Sheet 1 u 561.1-kgs

To Single-Shell
Tanks

Pu 1.3-grams
Fission > 90%
Products

Chemical Additions
« g5-galions 60wt% HNO,
- §-gallans water

To First

Decontamination
Cycte for Pu
Centrifuge
(.Pu Sul.ids | Products
Dissolution)

PU3(PO4)4 + BIPO4 + 15 HNO3 (conc.) —— 3Pu (NO3)4 + Bi(NO3)3 + 5 H3PO4

First Decontamination Cycle for Plutonium
(Sheet 1)

« §51.galions water

- 7.5-gallons 10wt% NaBIO,

- 3-gallons 24wt% BIONO, - 10wWit%
HNO,
+ 8.3-gallons 10wt% Na,CrO;
-3.4-gatlons 1.5wt% Zr ~1.5wth Ce
+ §.5gallons 65.9w1% H,PO, - twi%h

Chamical Additions ‘

Ghemical Additions l Na,CrO, ~ 1.35wt% HNO, i
« B.5-gallons 10wt% NaBtO, | .
« 2.7-gaflons 10wt% Na,Cr,0, |
- 106-gallons water ‘

Precipitation
To Sheet 2
(Pu remains in solution,

BiPQ4, Zr and Ce
Pu {IV1 t Pu (V1) v
l Oxi :tion | precipitated)
{45°C)

Pu(NO3)4 + NaBiO3  —+ PuO2(NO3)2 + BIONO3 + NaNO3
BiONO3 + H3PC4 -+ BiPO4 (solid) + HNO3 + H20
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium
(Sheet 2)

‘ Chemical Additions
+ §.8gallons 10wt% Na,Cr;Oy
1 - 124-galions water

L—‘( To Shest 3 l
AT i AR

e ey
From
Sheet 1

Centrifuge

{Solids Remain

in Bowi)
LT

Chemical Additjons
« 127-gallons 60wt% HNO,
» 30.gatlons water
- 1.7-gallons HyD, (dissaives

Zr and Ce sallds) To 1"
Decontamination |
— Cycle Waste i
| Centrifuge {Shest 8) |
El=A=E= (Solids
1 Dissolution)

First Decontamination Cycle for Plutonium
(Sheet 3)

Mﬁ%é:;i -

GCYCLE FOR PU e

Chemical Additions
- 73-galions 14wt% (NH,),/SIF (solubllizes
remaining Zr and Nb fission products)
- 87.5-gallons 20wt% Fe(NHJ;(80.),
« 7.5-galions 24wt', BIONG, -~ 19wiA HNO,
« 39-galions 73.5wt% H PO, - 1.5wt% HNO,

Pu Solution | NaNG3 ™ oM
From Sheet2 ! Chemical Additions Py -Lxgran
U gk iy <X

« 120-galtons water oy gs
2r and Nb fission

| products ._1

Pu (Vi) to Pu {1V} Centrifuge
{  Redugtionand - (Pu Solids Remain
I Precipitation in Bowl see sheet 4) | Toitit
Decontamination
Cycle Waste
{Sheet 5)

PUO2ANOI)2 + 2 Fe(NHA)2(S04)2 + 4 HNO3 —» Pu(NO3)4 + Fe2(S04)3+2 NH4NO3 + (NH4)2504
3 PUNO3) + 4 HIPO4 —s PU3(PO4M solid + 12 HNO3
BIONO3 + HIPO4 —» BIPO4 solid + H20 + HNO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium
(Sheet 4)

O,

e
| To 2™
Decontamination

l' Cycle for Pu

Chemical Additions

« 86-gallons 66wi% HNO,
« §-gallons water

Centrifuge
{Pu Solids

Dissolution)

From Sheet3 |

Pu3(PO4)M + BIPO4 +15 HNO3 (conc.) — 3Pu (NO3)4 + BI(NO3)3 + 5 H3PO4 |

First Decontamination Cycle for Plutonium

(Sheet 5)
e Hy
— 3 157 DECON
CYCLE FOR PU
Chemlcaj Additions

f
"
‘ < 219-galtons 50wt% NaQH

82kg

2.1:grams *Bhosphate insoluble fissior - Loz OIS
1.73kgs | products such as Ce™ and- Fission products less than y -
. { Rui™, Ce™* , 2r%, 8%, and CsV7y

[ 7o Singie-Shel Tanks |
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium

(Sheet 1)
éﬁi f Chemicat Additions, ]
L 3 7% DECON ‘ « 580-gaiions water
CYCLE FOR PU + 7.6-galions 73.5wi% H,PO~ |
\ 1.5wt% HNO, i
i —_—

Chemical Addifions
. §,8-gallons 10wt% NaBIlO,
+ 3.1-gailons 10wt% Na,Cry0;

L
|

Bu (1V) to Pu (Vi)
Oxidation
{45°C} |

Precipitation

(Pu remains in
sotution) i

r—’{ To Sheet 2

M

Pu(NO3)4 + NaBiO3 —= PuO2(NO3)2 + BIONO3 + NaNQ3
BIONQ3 + H3PO4 —»  BiPO4 (sofid) + HNO3 + H20

Second Decontamination Cycle for Plutonium

(Sheet 2)
, '

TR
° DECON
CYCLE FOR PU

[

-
] Chemical Additiol

- 114-gallons water
i

i

] To Shaet3 |
IR S SR

Centrifuge
. (Sclids Remain
in Bowl)

t Chemical Additions ‘

+ 5{-gaiions 80wt HNO,
] « §-gallons water j

Jo2™ =

Decontamination
Cycla Waste

{Sheet 5)

—
[ ot ||
Dissolution) |

3
1
)
|
1
}
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 3)

Chemical Additions
- 83-gallons 14wt% (NH,);SIF,
. 80-gallons 20wt% Fe(NH;(SO,);
+ 8 8-gallons 24wt% BIONO; - 18wt%
HNO,
- 35gallons 73,5wt% H PO, - 1.5wt%
HNO,
Pu Solution |
From Sheet2 | | Chemical Additions
= + 450-gallons water
To 2
] 3 Decontamination
Pu (Vi) to Pu i Centrifuge Cycie Waste
‘+  Reductionand —t—s (Pu Solids Remain (Sheet 5)
Pracipitation _5 in Bowl see sheet 4)

_PUO2(NOB)2 + 2 Fe(NH4)2(SO4)2 + 4 HNO3 —+ PU(NO3J4 + Fe2(SO4)3 +2 NHANO3 + (NH4)2504
3 PU(NO3)4 + 4 H3PO4 —»  Pu3(PO4 soild + 12 HNO3
BIONO3 + H3PO4 —»  BiPQ4 solid + H20 + HNO3

Second Decontamination Cycle for Plutonium
(Sheet 4)

Chemical Additions
{ - 87-galions 66wt% HNO, ! To 224
i 8-gallons water Concentration
L; Building
Centrifuge

e e (Pu Solids
L FTamidhest s Dissolution)

Pu3{P0O4)4 + BiPO4 + 15 HNC3 (conc.) — 3Pu (NO3)4 + BYNO3)3 + 5 H3PO4
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 5)

- hemical Addi{ions
- 174-gallons 50wt* NaOH

‘PU 39 Sl
Fisslon products less than 0.1%
(Ru'®, Ce'* , Zr®, Sr'%, and Cs'™¥)

Fo Singis-Shell Tanks l

Bismuth Phosphate Cross-Over:
Pu (IV) to Pu (VI) Oxidation

Decontamination | + 96-galions water

. 32.8-gallons 3.8wt% NaBiO, -

From 221 Plant 2 | Chemical Additions i
{ 1.4wt% Na,Cr,C, J

Cycle for Pu

Pu (IV) to Pu (V1) Oxidation
{45°C)

Pu(NOQ3)4 + NaBiO3 — PUO2{NO3)2 + BiONO3 + NaNO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (sheet 1)

Chemicai Additions Chemical Additions
* 175-galions water - 30-galions water
- 5.2-gallons 73.5wt% H,PO, -

1.5wt% HNO,

y

4

BIPQ4 Precipitation Centrifuge

Solids Stay In
(75C digest; caoi1035°C) |_I| oot ase shioat 2) |

{Removes Zr and Nb Fission

e o) To Lanthanum Fluoride
By-Praduct (sheet 1)

BIONQO3 + H3PO4 —— BiPO4 solid + HNO3 + H20

Bismuth Phosphate Cross-Over:
BiPO4 Precipitation (Sheet 2)

R HAT T

Chemical Additions
« §9-gations 60wt% HNO,

y

Centrifuge
(Solids Dissolution
from sheet 1)
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (sheet 1)

B ——"

Chemical Additlans Chemicai Additigns
- {7¢-gallons water « 60-gafions éwt% HNO,

« 20.5-gallons Swt% KMnO,
»23-pounds MF

- 23.5-gallons 10wt% La salt—
10 wt% HNOJ

L

LaF3 Pracipitation 1 Sgeigtrisfugo
olids Stay in
(Removes La and Rare — B(owl to Sh e:t 2)
Earth Fission Products) -

To Lanthanum
Fluoride By-Product

(sheet 4)
La(NH4)2(NO3)5 + 3 HF —+ LaF3 + 2NH4NO3 + 3 HNO3
Lanthanum Fluoride By-Product:
LaF3 Precipitation (Sheet 2)
Chemical Additions [ Chemical Additions | rc i =
48-gallons 80wt% HNO » 15-galions Swt% KMnO .
- 6-gallons 1.25wt% Na,C,0, !  10-pounds HF : 20-Quitsas Sagl s
+ 480-gallons water
af3 Solids Centrifuge
Rework Slurry .
Rework Slur (Solids Stay In
~_ Centrifuge 5 ” Bowl to Sheet 3)
{Solids Remaval From Sheet 1) HNO3 12
Laf3 4.72 gvl
Na2Cr207 001 M
KMRO4  0.02M
HF 029 M
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Lanthanum Fluoride By-Product:
LaF3 Precipitation (Sheet 3)

o
iy o v e U8

LBF3 Pracipitatios

Chemical Additions
=« 240-gallons water

1

Centrifuge
(Solids Remaval from Sheet 2)

Lanthanum Fluoride By-Product:
Pu (V1) to Pu (IV) Reduction and Precipitation (sheet 4)

— L]
—"L/ LaF3 Precipitaty

Chemical Additions Chemical Additions l Chemical Additions
« 33.4-gallons H,C,0, Second Preclpitation - 58-gallons 6wt% HNO,
« 66-pounds HF - 6.4-gallons 10wt% La Salt
+ 6.4-galions 10wt% La sait
Third Precipitation
« 3.2-gaifons 10wt% La
Saits ]
= o reg
| (froms | y :
l PuF4 [ 2:LaF3 Centrifuge
- Precipitation (Pu/ La Solids
Stay in Bowl to
Metathesis)

Solution Recycled for Two Additional
Precipitation Steps

2 HNO3 + H2C204 + PUO2(NO3)2 —+ Pu(NO3)4 + CO2 (gas) + 2 H20
Pu(NO3)4 + 4 HF —— PuF4 + 4 HNO3
2 La(NH4)2(NO3)5 + 6 HF —— 2LaF3+6 HNO3 + 4 NHANO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Plutonium Metathesis (sheet 1)

Chemical Additions
» 130-galions water

« 7-gatlons 34wt% KOH

Chemicai Additions Metathesis Digest

« 78-gallons water o a
. 32-gallons S0wt% KOH (EQREior { Suiontrs) | Centrifuge
{Pu Solids stay In

bowl to Sheet 2)

y
Centrifuge
(Pu/ La Solids from
Pu Reduction &
Precipitation)

PUF4 solid + 4 KOH — Pu(OH)4 solid + 4 KF
2 LaF3 solid + 6 KOH—» 2 La(OH)3 solid + 6 KF

Plutonium Metathesis (sheet 2)

Chemical Additions

» 4,5-gallons water
« 2.4-gallons 60wt% HNO,

y

Centrifuge
(Pu Solids Dissolution
from Sheet 1)

Pu(OH}4 solid+ 4 HNO3 — Pu(NO3)4 + 4 H20
La(OH)3 sofid + 3 HNO3 — La(NO3)3 + 3 H20
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Chemicai Reactions for the Bismuth Phosphate Flow Sheet

224 Building Waste

Chemical Additions
+ 185.gallons 50wt% NaOH

I O o VL] -
1 :i};jri. {::31;:‘.{’!.}..'_1:5".'4
Rt yyagto:

1 0.004'M
0.7-grams

entered with spent fusl to

Fission Products that
{ 221 Plant J

r___]

I To Single-Shell Tanks !

References for Appendix A Flowsheets:

HW-10475-C, 1944, Hanford Technical Manual Section C, General Electric Hanford Atomic
Products Operation, Richland, Washington

HW-23043, 1951, Flow Sheets and Flow Diagrams of Precipitation Separations Process,
General Electric Company, Richland, Washington

HW-26365, 1952, Brief Summary of Separations Processes, General Electric Company,
Richland, Washington '
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APPENDIX B — Bismuth Phosphate and PUREX Process Waste Stream Characteristics

Table B-1. Comparison of Bismuth Phosphate and PUREX Process Waste Streams

Waste Stream

Uraniu

Gross Beta
Radioactivity

Gross Gamma
Radioactivity

Sr-90
pnCiiml

Cs-137
uCi/mi

e %

pr o, B

£ 'I'Bil;ﬂlja_;_:

Waste
Batch

(gallons / U

Waste Batch

Avmgc of three samples taken

Comment

i S T

in 1947. Fission products in

Waste

i i

aste Stream

Gross Bet

e e

Gross Gamma

& nste tch T

Waste
Metal waste had decayed for 1 ta
2 years; see Table B-2.
Uranium Separations Metal | Not Reported Not Reported 0.59 573 Not Average Cs and Sr
Waste Reported concentrations in Metal waste
after U removal in the TBP
Plant: ses Table B-3
First Pu Product 0.39 022 0.0058 Q.15 2822 4551 Average fission products
Decontamination Cycle congentrations in |C/CW
(1C) Waste mixed with waste; see Table B-3.
Coating Removal Waste
(CW)
Second Pu Product 0.0018 0.003 Not Reported Not 2090 3370 Average fission products
Decontamination Cycle Reported coneentrations in 2C waste;
(2C) Waste see Table B-2
224 Py Product 0.14 0.03 Not Reported Not 2200 1550 See HW-10728, page 9, 1948,
Concentration Building Reported Process Waste Data — 200

Areas, Letter from R S. Bell
1o file dated August 12, 1948,
General Electric Company,

‘Comment

Radieactivity | Radloactlvity uCvmi pCifml Batch (pallons/ U
uC/mi pCifmi Volume Ton
(gallons)
PUREX |WW Not Reported Not Reported 5,300 3,100 100 100 HW-52824, page 7, 1957,
(concentrated aqueous Ultimate Disposal of PUREX
waste from 1* cycle solvent Wastes, General Electric
extraction before Company, Richiand
concentration and Washington.
neutralization; after 1-year (1957 PUREX Flowsheet for
decay) processing 600 MWD / ton
natural U fuel)
PUREX 1WW Not Reported Not Reported ~ 218,800 ~12,700 657.4 4].1 ARH-214, 1968, PUREX
(concentrated aqueous (includes Sr* (assuming Chemical Flowsheet
waste from 1% cycle solvent and 5¢™) 16-tons Processing Aluminumn Clad
extraction after sugar ‘Uranium Uranium Fucls, Atlantic
denitration, concentration processed Richfield Hanford Company,
and neuiralization) per batch) Richland Washington.
(1968 PUREX Flowsheet for
processing 600 MWD/ton

natural U fuel; includes
internal recycle of wastes and
sugar denitration of | WW)

14 Bismuth Phosphate Process waste volumes are from HW-2304

Separations Process, General Electric Company, Richland, Washington

3, 1951, Flow Sheets and Flow Diagrams of Precipitation
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1.0 INTRODUCTION

This project management plan (PMP) documents the overall strategy, objectives, and contractor
management requirements that define how CH2M HILL Hanford Group, Inc. (CH2M HILL)
will execute the Transuranic (TRU) Waste Project. The project objective is to treat and
disposition TRU tank wastes:

» Identification of candidate tanks storing TRU waste
o Retrieval of TRU wastes from single-shell tanks

o Packaging of the TRU wastes into containers compliant with Waste Isolation Pilot Plant
(WIPP) requirements

» Disposition of secondary wastes.

The project is also responsible to plan for and ensure the following government-furnished
services and items are integrated:

Interim storage of packaged TRU wastes

Waste characterization

WIPP certification of packaged TRU wastes

Preparation and loadout of WIPP certified packages for transportation to WIPP.

This PMP establishes the project’s roles, responsibilities, goals, and objectives for contact-
handled TRU waste. This PMP will be updated as required to reflect changes as the project
moves through the design, fabrication, testing, and installation phases and as required to address
remote-handled TRU waste.

11 BACKGROUND

The strategy presented in Performance Plan for Accelerated Cleanup of the Hanford Site
(DOE/RL-2002-47) incorporates a combination of increased high-level waste vitrification
capacity, increased low-activity waste output, and the use of supplemental technology to
augment the Waste Treatment Plant (WTP) processing capacity. The successful deployment of
cost-effective non-WTP supplemental treatment techniques will reduce the double-shell tank
space usage, will reduce the planned loading on the WTP, and will help ensure that the treatment
of Hanford tank wastes will be completed by 2028. The strategy of interest in this PMP is the
deployment of technologies to package TRU tank wastes for final disposition at WIPP.

1.2 PROJECT OBJECTIVES

Remove and treat 1 million gallons (in tank volume) by September 30, 2006 of either TRU
sludge or other low-level tank waste. A minimum of 750,000 gallons of TRU waste shall be
included. Out-of-scope but related objectives include characterization, certification, interim
storage, and shipment to disposal.

18232-0930 1 September 30, 2003
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Turnover of retrieved tanks to the closure project for interim closure of additional single-shell
tanks by September 30, 2005.

Implementation of this project will result in the following endpoint/outcome:

» A net savings relative to the U.S. Department of Energy (DOE) established costs of
treating the wastes via vitrification in the WTP

o All retrieved tank waste completes treatment by 2028 via a combination of supplemental
non-WTP treatment and treatment in the WTP

o Wastes with high sulfate, chromate, or other chemical constituents that limit overall
waste loading in glass are preferentially treated outside the WTP, resulting in higher net
WTP throughputs and efficiencies.

1.3 SCHEDULE OBJECTIVES

Table 1 lists the scheduled activities that meet the objectives of the TRU Waste Project.

Table 1. Transuranic Waste Project Schedule Objectives

Objective Date

Initiate retrieval of TRU waste from single-shell tanks (IMES) 10/28/04
Initiate treatment and packaging of TRU retrieved from single-shelf tanks
(IMES Milestone)

Initiate shipment of packaged TRU waste to WIPP (Gold Chart) 6/28/05
Turnover retrieved tanks to closure project for interim closure of additional 9/30/05
single-shelt tanks

Treat and disposition as non high-level waste, 1 million gallons of tank waste 9/30/06

that is either TRU sludge or other low-level tank farm waste, of which a
minimum of 750,000<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>