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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-lI 10 and T-1 11 (a) 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- 1 10). 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.



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- 1 10 waste was somewhat more ductile up to higher shear strengths.

Limited amounts of rheology data have been previously reported for B-20 1, B-202, and
T-1 11 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 B3- and T-200 series
wastes. Similarly, the shear strength of undiluted T-1 11 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. At a 100 s- strain rate,
the viscosity of the diluted waste ranged from 5 to 15 cP for B-201 and from 2.1 to 4.5 cP for
B-202. Diluted T-1 11 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-l 11
waste samples are summarized, and volume basis size distribution plots are shown for B-20 1.
While the mean density particle size is consistently <2 g~m for both tank wastes, the mean
particle size in terms of volume fraction ranges from '-7 to 66 ltrm for segments taken from two
core samples of B-20 1 and from '-8 to 65 ptm for T- I111 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-20 1, B-202, and T-1 11 wastes are presented. Essentially no
settling occurred in the small undiluted samples at I 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-1 11 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-201I 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- I111(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
Sher srenth 200 to 2,000 Pa (majority of waste) extrusions (Sections 3.1 and 3.2) and
Sher srenth 0 to 4,000 Pa (range, including liquid) reported shear vane measurements

(Section 4. 1).
Results for 1: 1 dilution with water; higher

Vsoiy2 to 25 cP at 10 s-' viscosities expected for waste diluted less
Visosty2 to 15 cP at 100 s-1 and at lower strain rates. Waste exhibited

pseudplasic rheology. Section 4. 1.
Undiluted waste, >200 Pa shear strength.

Wase etlig0 vol% free liquid (1 G) Weaker waste (liquid in the extreme) is
Wase sttlng 2 to 40 vol% free liquid (>1000 G, I hr) expected to produce more free liquid on

___________________________settling. Section 4.2.
1:1 diluted waste, >200 Pa shear strength

Wast setling 5 to 25 vol% free liquid (I G, '-2 days)protodlin.Secm ntav.Wast setling40 to 60 vol% free liquid (>1000 G, I hr)protodlin.Secm ntav.
Section 4.2.

40 to 65 vol% free liquid (I G, -2 days) 3:'iue.ase 20P sersrntWaste settling 70 to 85 vol% free liquid (>1 000 G, I hr) prior to dilution. See comment above.
Section 4.2.

Particle size, 7 to 70 g~m (volume density) Scin43
mean < 2 gim (number density) Scin43

Water content 70 to 85 wt% (majority of waste) Section 5. 1.65 to 90 wt% (range) _________________

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) _________________

v
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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)(a) and nine single-shell tanks (SSTs): the B-200 series (B-201,
B-202, B-203, and B-204), the T-200 series (T-20 1, T-202, T-203, and T-204), and Tank T-lI 11.
The S ST T- 1 10 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-1I 10.

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



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- 1 10. 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-1 10, and T-1 11 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-20 1 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-i 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-20 1 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- I and 241 -T-2 cribs. Solids contained in
the 224-T Building waste were allowed to settle in T-204 through T-202.(a

Some 224 waste is also found in Tanks T-1I 10 and T-1I 11, along with "2C" waste, which is
second-cycle decontamination waste from the bismuth phosphate process. Tanks T- 1 10, T- I111,
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- 1 10 received only 2C waste from January 1945
through May 1952. From May 1952 through December 1954, Tank T-1I 10 received a mixture of
2C and 224 wastes. Waste was received into Tank T- 1 10 and allowed to overflow into Tank
T-1 11 until December 1954, when the primary waste stream was directed into T-1 11 and T-1I 10
stopped receiving waste. Tank T- I111 received only 2C waste that cascaded from Tank T- 10
from January 1945 through May 1952. From May 1952 through October 1956, Tank T-1 11

(a) Johnson, MIE. 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- I11.(a)

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 (NO 3) 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- 1 10.
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 1 9-in.-long segment, over the entire depth of the waste.)

Table 2.1. Waste Composition Ranges (major analytes)

Tank Bi (wt%) Na (wt%) NO 3 (wt%) Others (wt%)
B-201 8.7-12 2.9-6.6 4.8-5.5 Si, 0.6 -6.1 K, 0.3-1.6

Mn, 1. 5 -3.2 Al, 0. 1 -1.4
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 1.4-5.0 3.4-6.5 5.1-7.1 Fe, 0.3 -6.6 Al, < 0. 1- 1.4
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 (ab) 1.4-5.6 2.6-3.2 3.0-5.6 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 (a) 3.6-6.3 2.3-2.9 3.6-5.6 Mn, 0.9 -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 1B, <0.1

(a) Johnson,NM. January 2003. Origin and Classification of Wastes in Single-Shell Tanks 241-T-1 10 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%) NO3 (wt%) Others (wt%)
T-201 2.0-12 2.3-3.2 4.1 -4.8 Mn, 0.7 -4.4 K, 0. 1 - 0.5

La, 0.6 -2.5 Si, 0. 1 - 0.2
Fe, 0.4 - 0.9 Ca, 0. 1
F, 0.4 - 0.5 Al, 0. 1

_______ _______P, 0. 1 -0.5 B, <0.1

T-20 (a 2.8-4.4 3.2-3.8 5.7-6.6 Fe, 0.2 -2.4 P, 0.2 -0.3
Mn, 0.9 -1.5 Si, 0. 1 -0.2
La, 0.9 - 1.3 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 3.2-4.5 4.3-7.4 Fe, 0.2 -2.2 P, 0.2 - <0.4
Mn, 0.5 -1.6 Si, < 0. 1 -0.2

La, 0.7 - 1.4 Al, <0. 1 -0.2
K, 0.7 Ca, < 0. 1
F, 0.5 -0.7 B, <0.1

T-0 a )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

_______________________ I Fe, 0.4 11, <0.1

T- 110 Only the liquid from this tank has been analyzed; there are no data for the bulk waste.

T-1 11 0.1 -3.5 2.2-4.1 3.7-5.8 Mn, 0.3 -2.4 Ca, 0.2 -0.5
Fe, 1.2 -2.0 F, 0. 1 -0.5
P, 0.4 -1.7 K, 0. 1 - 0.2
Si, 0.5 -0.6 Al, 0.1

_______ ________________La, 0.3 -0.5 11, <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: 1 0-LH, contained 10 times as much NO 3, 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-20 1, B-202, and T- I111, which predate the use of photography during waste extru-
sions. (a) 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-1I 10 for T-1I 11). 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- 1 10 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(a) from Tank B-2 03. 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.(c)

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-l 10) 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.

3.2



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-
tion 3.2. 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-1 10) with
strengths greater than 200-700 Pa.

Table 3.1. Shear Strength Estimates for B3- and T-200 Series Tank Core Extrusion
Segments Shown in Figure 3.2

TypcalVisalFigure 3.2 Waste Estimated Shear
TypcalVisalExamples Strength Range

Descriptors Tank-Core: Segment # (Pa)

Weak; wet; slumping T-204-188:3 30-100
Moderate strength; ductile; B-204-1 14:4 200-700
continuous sigmoidal
extrusion
Moderate strength; more B-204-1 14:10 700-2000
brittle; less ductile; fractured
subsegments of short to
medium length
Strong; brittle; longer T-201-192:7 2000-4000
fractured subsegments I___________ 1_______ 1__
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Segment #3 (toward top of waste)

Segment #4

Segmentn#5

Segment #6

Segment #7

Segment #8

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 #9

______________________ Segment #10

______S Segment #11I

Segment #12-

Segment # 13

_______Segment # 14 (lower in tank)

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

B-O w loe 1, emet#

B-204, Core 114, Segment #10

T-201I, Core 192, Segment #7

Figure 3.2. Photos of Core Extrusion Segments for 13- and T-200 Series Tanks from Weakest
(upper photo) to Strongest (lower photo).
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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. (a)

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 (2000-4000 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 (4000-6000 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 rheo logical 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 kaolinlLudoxlwater
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:

TY = K PgL (3.1)

(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 kaolinlLudox 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 2/d. For materials with a microstructure
similar to that of the kaolinlLudox. simulant, the shear strength is estimated to be 1.45 times
pgL 2/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 2/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.(a)

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.pni.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-1I 10 (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-20 1 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 3/ out from tank center toward the tank wall, 1 80'
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 kaolinlLudox 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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* Extrusion Length Best Fit A Slump
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Figure 3.3. Shear Strength as a Function of Height in B-203, Core 115
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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... ",(a) to

".don't use (load values) quantitatively... .data is affected by internal friction of the sampling
apparatus....",(b) 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-1I 11. 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-201I and B-202
that were reported by Shaver (1 993 a, 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(a)

ProertesSegment 2 Segment 5 Segment 8
Proertes(top of waste) (mid-depth) j(bottommost)

As-received properties_______
Shear strength (Pa) (Haake RV 100 viscometer, 1410 J 1310 { 1220

At 1: 1 by vol dilution, 30 0C_______
Power-law consistency factor (Pa-sn) (Haake 0.011 0.0 16 0.047
RV 100 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-1 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 RV 100 viscometer, 200(a) 75 0(a) 670(a)

M5 head and custom shear vane, 0.3 rpm)

At 1:1 by vol dilution, 300C
Power-law consistency factor (Pa-s') (Haake 0.0024 0.0047 0.018
RV1 00 viscometer, 0 to 500 s-1 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-: -~shear rate 92 100 120
True viscosity (cP) at 10 s-' shear rate 2.2 3.8 7.9
Apparent viscosity (cP) at 100 s-' shear rate 11 14 17
True viscosity (cP) at 100 s-' shear rate 2.1 3.4 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-20 1 and B-202 samples, the shear strength of the
undiluted T-1 11 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

7= Ty+ Ky's

where

,r= shear stress in fluid (Pa)

Ty= yield stress (Pa)

K = consistency factor (Pa sf)

n =flow behavior index

= shear rate (s-)
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The "apparent" viscosity values in Tables 4.1 and 4.2 were calculated as 'C/y and are most
accurate for high shear rates. The "true" viscosity values were calculated as the derivative Of T
with respect to 7.' 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 1 993a). At a
strain rate of 100 s-1, the true viscosity of the diluted waste ranges from -0.0050 to 0.015 Pa-s
(5 to 15 cP). Table 4.2 presents similar data for waste samples from Tank B-202 (Shaver
1 993b). 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-1] than those from B-201. In B-202, as
in B-20 1, the viscosity increases from the top to the bottom of the waste.

The true viscosity of the diluted waste in B-20 1 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-1 (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. 1 996b), 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-1, 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-1 11 was also investigated (McKinley et
al. 1992). Rheograms (shear stress versus strain rate) showed that the undiluted T- I111 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- I111 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- Ill (Shaver 1 993a, b; McKinley 1992). The results of the tests are summarized in
Tables 4.3, 4.4, and 4.5. The tests showed that at I 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 (I1993a, 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-20 1, Core 26(a)

PrprisSegment 2 SemnJ Sgmet8
Prpris[(top of waste) (mddph (otmot

As-received properties
Centrifuged bulk solids density (g/cc) 1.66 1.52 1.37
(centrifuged for 1 hr at >1 000 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, 301C
Pre-centrifugation bulk density (glcc) 1.33 1.17 1.13
Centrifuged bulk solids density (glcc) 1.59 1.40 1.33
(centrifuged for 1 hr at >1 000 G
Centrifuged liquid density (glcc) 1.01 1.00 0.99
Settled solids (vol%) 90 88 94
(after 8 hr at I G in centrifuge tube)
Settled solids (vol%) 83 81 92
(after_48 hr at I 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-centriflugation bulk density (glcc) 1.10 1.05 1.05
Centrifuged bulk solids density (glcc) 1.48 1.36 1.24
(centrifuged for 1 hr at >1 000 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 I G in centrifuge tube) ______________

Centrifuged solids (vol%) 24 16 21
Centrifuged solids (wt%) 32 1 21 25

(a) Data taken from Tables 1-3 to 1-5 and Figures 1- 17 to 1- 19 of Shaver (I1993a).
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Table 4.4. Density and Settling Data for Waste Samples from Tank B-202, Core 24 (a)

Segment 2 Segment 4 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 >1 000 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 (wt0/o) 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) j______ ____________

Settled solids (vol%) I 77 80 87
(after 55 hr at I 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 I and 2 and Figures I to 3 of Shaver 1 993b.

Table 4.5. Density and Settling Data for Waste Samples from Tank T- 1 11, Core 3 1(a)

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 >1 000 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/o) 22.4 29.3
Undissolved solids (wt%/) 19.0 25.4
Centrifuged solids (vol%) 65.8 71.9
Centrifuged solids (w0/o) 67.3 75.9
At 1: 1 dilution by volume, 30*C ________

Settled solids (vol%) 92 196
(after 8 hr at 1 G in centrifuge tube) I_______
Settled solids (vol%) 87 I80
(after 60 hr at 1 G in centrifuge tube) j______
At 3:1 dilution by volume, 30*C ________

Settled solids (vol%) 65 158
(after 8 hr at 1 G in centrifuige tube) _________

Settled solids (vol%) 52 40
(after 52 hr at 1 G in centrifuge tube)___________________

I(a) Data taken from Field (1997, Tables 132- 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-20 1, B-202, and T- 111 are presented in this section.

The particle size distribution in the waste from B-201I 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(a) is given in Table 4.6. Particle size distributions were
measured by similar methods in T-1 11 core 3 1, and the results are summarized in Table 4.7.

Figures 4.3 through 4. 1 0 (b) 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-20 1

Particle Size Particle Size
Distribution, Distribution,

Core: Segment b9yyolume (a) by umber (a)

Mean Median Mean Median
(wr) (A~M) (Jim) (Prn)

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:800 1/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 2 7 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-1 I11

Particle Size Distribution, Particle Size Distribution,
by Volume (a) by Number (a)

Core: Segment Mean ± eda Mean ± Mda
Std. Dev. Mein Std. Dev. Mda

(gim) (gm) (pm) (pm)
31:1 28.6 ± 35.9 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 24.9 ± 34.2 5.6 0.93 ± 0.60 0.80
31:5 37.9±47.9 12.3 0.95 ±0.63 0.81
31:7 8.0± 11.9 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- I111 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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4.10



9 Mean -18.02 micron
Median =12.08 micron

-S 7

@3

0

10

Mean - 9.42 micron
9 ~Median = 8.48 micron

-7

C
can5
0
E 4

0
> 3

2

0
0 30 60 90 120 150

Particle Size (microns)

Figure 4.7. Particle Size Distribution in Core 27, Segment 5 of B-201

4.11



5
Mean =41.79 micron
Median = 37.49 micron

4

3

2
0

1 I~ itilh ii r 120ti

0 30 60 9010 5

Particle Size (microns)

Figure 4.8. Particle Size Distribution in Core 27, Segment 6 of B-201I

5 1

Mean - 18.65 micron
Median - 17.45 micron

4

0

0 30 60 90 120 150

Particle Size (microns)

Figure 4.9. Particle Size Distribution in Core 27, Segment 7 of B-201

4.12



5

Mean - 23-24 micron
Median = 17.65 micron

4

43

E 2

0 30 60 90 120 150

Particle Size (microns)

Figure 4.10. Particle Size Distribution in Core 27, Segment 8 of B-201

In one of the Tank B-201I composites from core 27, leaching studies suggested that the large
particles (>6 ltm) 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 j tm but does not
vary with particle diameter above 100 tm. 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- I111 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 NaNO3 (sodium
nitrate). TEM, SEM, and XRD techniques were used on the T-1 11 waste sample. They
identified Na3PO4, La 4(P20 7)3, Ca5OH(P0 4)3 (a form of apatite), BiPO4, FePO4, amorphous
Fe(OH) 3, Mn2MnO 4, Fe2MnO4 (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 1 30'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-20 1 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:800 1/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-1I 10 and
T-1 11 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-lI 10, and T-1 11 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

5.3



95 -I

90x X T-201
900 T-202

*T-203
85~~ TTFT-204

S80-

700

65c

600

1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4

Bulk density (g/mL)

Figure 5.3. Bulk Density Versus Water Content in the T-200 Series Tanks

95

90 * 1-1

85 * *

~80 -

75 10 00 ~

70

65

60- _ _ _ _-_ _ _ _ _________ _________

1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4

BuA density (g/mL)

Figure 5.4. Bulk Density Versus Water Content in Tanks T-I 110 and T-lI 11

5.4



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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Figure 5.5. Relation of Estimated Waste Shear Strength and Water Content
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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, 200 1). 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. 1 996a; 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
"4slump" measurements described by Pashias et al. (1996). Gauglitz and Aikin horizontally
extruded bentonite/water and kaolinlLudox/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

Umax = A P92(A. 1)

under the assumptions that

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

2. The beam is essentially straight initially.
3. The cross section is uniform.
4. The beam has at least one longitudinal plane of symmetry.
5. All loads and reactions are perpendicular to a longitudinal plane of symmetry.
6. The beam is long in proportion to its depth.
7. The beam is not disproportionately wide.
8. 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.l1)
(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, Umax /-ry 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 Uax~ /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 (ry = amax/3 0.5) or Tresca (,r = Umax/ 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 (,r = Ua,/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, Um. /-ry 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

A pgL' 
A2

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

TY=KPgL 2  (A.3)
d

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
kaolinlLudox 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 2/d for a given material will be
linearly correlated. Additionally, for low shear strength, pgL 2/d should approach zero (i.e., L
goes to zero as Ty goes to zero). An R2 value of 0.98 is achieved with the intercept set to zero,
and the proportionality coefficient (K) is 0.89.

The results for the kaolinlLudox 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 kaolinlLudox simulants is possible. With an intercept of zero (expected behavior
as Ty~ goes to zero), R2 is 0.58 and the K is 1.45.
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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 2/d. For materials with a microstructure similar to the
kaolinlLudox simulant, the shear strength is 1.45 times pgL 2/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 2/d. Recall, however, that a much better W2 (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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Figure A.3. Back-Application of Simulant Correlations to
Simulants 1-6 Kaolin/Ludox; Simulants 7-17 Bentonite

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:

Initial State Final State

C t 0 -------f-------
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 z1.2 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
rheometer 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-l10l, 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-l0l, 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 2/d, and the extrusion length best fit is 1.15 times pgL 2/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 I C, 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.5. Shear Strength as a Function of Height in SY-103
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Figure AA6 Shear Strength as a Function of Height in AW-101

in agreement with the ball rheometer in riser 11B, 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.

A.8



m Extrusion Length Upper Bound a Extrusion Length Lower Bound
x Extrusion Length Best Fit A Slump
*. Bali Rheometer Riser 1 6B -i-Ball Rheometer Riser 1 B

S180
E 1 6 0 A -- - - -- - - - -- - - - - - - - !- - - - -

0

od M

4 1 0 - -- -- -- - - -- - - - - - - -
~ 0 ---- - - - -

-- - - - -60- - - - - - - - -- - - - -2 0------------- ----- --------

S 0

0 200 400 600 800 1000 1200
Shear Strength (Pa)

Figure A.7. Shear Strength in Shear as a Function of Height in AN-104

*Extrusion Length Upper Bound oExtrusion Length Lower Bound!
* Extrusion Length Best Fit A Slump

pBall Rheometer Riser 1 6B -i-Ball Rheometer Riser 1 B

160

0 - 3 oX

10 60 -------- ---- --- -- --- -- -- - - - -- ---- -

8~ 0 )a E] ME u- - -- --- T------ --- - -

0

0 500 1000 1500 2000 2500 3000 3500
Shear Strength (Pa)

Figure A.8. Shear Strength as a Function of Height in AN-103

A.9



A.3 References

Gauglitz PA, SD Rassat, MR Powell, RR Shah, and LA Mahoney. 1995. Gas Bubble Retention
and Its Effects on Waste Properties: Retention Mechanisms, Viscosity, and Tensile and Shear
Strengths. PNL- 10740, Pacific Northwest National Laboratory, Richland, WA.

Gauglitz, PA and JT Aikin. 1997. Waste Behavior During Horizontal Extrusion: Effect of Waste
Strength for Bentonite and Kaclin/Ludox Simulants and Strength Estimates for Wastes from
Hanford Tanks 241-SY-1 03, AW-J0l, AN-i 03, and S-102. PNNL-1 1706, Pacific Northwest
National Laboratory, Richland, WA.

Hedengren DC, KM Hodgson, WB Barton, CW Stewart, JM Cuta, and BE Wells. 2000. Data
Observations on Double-Shell Flammable Gas Watch List Tank Behavior. RPP-6655, CH2M
HILL Hanford Group, Inc. Richland, WA.

Meyer PA, ME Brewster, SA Bryan, G Chen, LR Pederson, CW Stewart, and G Terrones. 1997.
Gas Retention and Release Behavior in Hanford Double-Shell Waste Tanks. PNNL- 115 36,
Pacific Northwest National Laboratory, Rich land, WA.

Pashias N, DV Boger, J Summers, and DJ Glenister. 1996. "A Fifty Cent Rheometer for Yield
Stress Measurement." Journal of Rheology 40(6):1 179-1189.

Powell MR, CM Gates, CR Hymas, MA Sprecher, and NJ Norter. 1995. Fiscal Year 1994 1/25-
Scale Sludge Mobilization Testing. PNL-10582, Pacific Northwest Laboratory, Richland, WA.

Schowalter WR and G Christensen. 1998. "Toward a Rationalization of the Slump Test for Fresh
Concrete: Comparison of Calculations and Experiments." Journal of Rheology 42(4):865-870.

Stevens KK. 1979. Statics and Strengths of Materials. Prentice-Hall, Inc., NJ.

Stewart CW, NM Alzheimer, ME Brewster, G Chen, RE Mendoza, HC Reid, GL Shepard, and
G Terrones. 1996. In Situ Rheology and Gas Volume in Hanford Double-Shell Waste Tanks.
PNNL-l 1296, Pacific Northwest Laboratory, Richland, WA.

Stroller RE and SJ Zinkle. 2000. "On the Relationship Between Uniaxial Yield Strength and
Resolved Shear Stress in Polycrystalline Materials." Journal of Nuclear Materials, 283-
287(2000):349-352.

A.10



PNNL-14221

Distribution

No. of No. of
Co~ies Copies

ONSITE 2 Numatec

DOE Richland Operations Office C. M. Creze S7-65
J. R. Jewett R3-73

T. P. Pietrok K8-50
29 Pacific Northwest National Laboratory

DOE-Office of River Protection
L. M. Bagaasen K6-28

B. M. Mauss H6-60 S. Q. Bennett K7-90
J. W. Brothers K7- 15

16 CH2M HILL T. M. Brouns K9-69
D. D. Caldwell K6-28

K. D. Boomer L4-07 C. H. Delegard P7-25
D. W. Crass L4-07 P. A. Gauglitz (3) K6-28
J. S. Garfield L4-07 E. 0. Jones K6-24
D. W. Hamilton H6-22 G. B. Josephson K6-69
M. E. Johnson L4-07 G. J. Lumetta P7-22
J. G. Kristofzski H6-03 L. A. Mahoney K7-15
M. W. Leonard L4-07 D. P. Mendoza K6-81
S. M. Mackay L4-07 B. M. Rapko P7-25
R. W. Powell (5) H6-64 S. D. Rassat (10) K6-28
R. E. Raymond H6-22 J. M. Tingey P7-25
G. W. Reddick, Jr. L4-07 B. E. Wells K7-15
R. D. Williamson H6-22 Information Release (2) KI-06

Fluor Hanford Inc.

R. Akita T6-50

Distr. 1



PNNL-14832 Rev. I

Pacific Northwest
National Laboratory

Operated by Battelle for the~
U.S. Department of Energy

Dangerous Waste Characteristics of
Contract-Hanford Transuranic Mixed
Wastes from Hanford Tanks

J>NI. Tingey
G(:.H. Bryan

_J.R. Deschane

October 2004

Prepared for the U.S. Department of Energy

9, under Contract DE-AC05-76RL01830



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof, or Battelle Memorial
Institute. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency thereof.

PACIFIC NORTHWEST NATIONAL LABORATORY
operated by
BATTELLE

for the
UNITED STATES DEPARTMENT OF ENERGY

under Contract DE-ACO6-76RL0 1830

SThis document was printed on recycled paper.
(8/00)



PNNL-1 4832 Rev. 1

Dangerous Waste Characteristics
of Contact-Handled Transuranic
Mixed Wastes from
Hanford Tanks

JM Tingey
GH Bryan
JR Deschane

October 2004

Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01 830



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, I11 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-1I 10, and T-1I 11. 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 I11 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 4 process, T Farm 100 series tanks receiving second-cycle waste from the BiPO4
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 (1300 1), corrosivity (13002),
reactivity (13003), and toxicity arising from the presence of 2,4,5-trichlorophenol at levels above the
dangerous waste threshold (1304 1). The analytical data reviewed with respect to waste code DOO I
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 D04 1, the analytical data reviewed included the concentrations of
2,4,5-trichlorophenol, total organic carbon (TOG), 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- 1 11. 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 DOOl and D003). The waste with the greatest potential for exothermic reactions is
T- I111. 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 D04 1). Oxalate and TOG 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 13- 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 (13001), corrosivity
(13002), and toxicity arising from the presence of 2,4,5-trichlorophenol (1304 1). For the B3- and T-200
series tanks, the data also support the removal of the dangerous waste code for reactivity (13003). All
constituents and properties were below the levels required to remove waste code D003 from Tanks T- 104,
T- 1 10, and T- I111 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-trichiorophenol 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 1 940s. 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 11I 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, 11I 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-1I 10, and
T-1I 11. Waste from Tank T-1I 10 was initially classified as low-level waste but is being considered a
candidate for designation as potentially containing TRU process waste (Gasper et a]. 2002). (a)

(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-1 10 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 I 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 (13001), corrosivity (13002), reactivity (13003), and toxicity from 2,4,5-trichlorophenol (13041)
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, bums 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-trichiorophenol) on the toxicity characteristics list is being
considered for these tank wastes. The dangerous waste threshold for 2,4,5-trichiorophenol is 400 mg/L.
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2.0 Tank Waste History Summaries

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 M3 (55,000
gallons) to 3,785 M3 (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
sketch of a typical SST is provided in Figure 2.2.
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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 1 00-series
tanks and four 200-series tanks (Brevick et a]. 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
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list the same diameter and operating depth. The reported diameter and operating depth at overflow for
these tanks is 6.1 mn (20 ft) and 7.49 mn (24.58 ft), respectively. The tanks are passively ventilated. Tanks
B-201I and T-201I 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-201I and T-201I received lanthanum fluoride finishing waste produced before 1949 (224-1), and
the remaining B- and T-200 series tanks received lanthanumn 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-B3/224-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-20 1 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-201I 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-201I 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
5 1,000 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 U_______ k (kgal)

__________ Sludge Supernatant Total
B-201 115(30 015(0
B-202 111(29) 01129
B-203 193(51) 2(l)19(2
B-204 189(50) 3(l)19()
T-201 110(29) 9(2)19()
T-202 81(21) 0 8(1
T-203 140 (37) 014(7
T-204 143 (38) 014(8

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-20 1 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-20 1 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

B2126 July 1991 2
B2127 July 1991 7

B2224 June 1991 2-
B2225 July 1991 5

115 November 1995 2
B-203 120 December 1995 2

122 December 1995 7

B-204 112 October 1995 2
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-lI 10 and T-1 11 are 2,006,000-1, (530,000-gal) SSTs in the T tank farm (see Figure 2. 1).
Tank T- 1 10 was designed for non-boiling waste with a maximum fluid temperature of 1 04TC (21 9T).
This tank is the first in the line of cascading tanks (T- 1 10, T- 1 11, 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-1I 10 and T- I11 are similar to those in the T-200 series tanks except
that Tanks T- 1 10 and T- Ill also received waste originating from the second plutonium decontamination
cycle (2C) from the 22 1 -T Plant (DuPont 1944). Tank T- 1 10 first began receiving second-cycle waste
from 22 1 -T Plant in December 1944. Additional second cycle waste was added from 22 1 -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. 24 1 -T- 1 10 Tank Description and Status

Tank Description
Type Single-shell
Constructed 1943-1944
In-service 12/1944
Diameter 22.9 mn (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 (I kgal)
Sludge Volume 139711L (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 11/8/1997 - 1/8/1997
Vapor Samples 18/31/1995

Service Status
Declared Inactive 11976
Interim Stabilization 1January 2000
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Table 2.4. 241 -T- I111 Tank Description and Status

Tank Description
Type Single-shell
Constructed 1943-1944
In-service 10/1945
Diameter 22.9min(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 cm (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 J10/22/1991 - 10/25/1991

_____________________________ 111/5/1991 - 11/7/1991
Vapor Samples 1/20/1995

Service Status
Declared Inactive 1976
Interim Stabilization 1February 1995
Intrusion Preventionj_________________________

The tank was inactive and full until the second quarter of 1974, when supernatant waste was sent to Tank
S- IO1. Supernatant waste was sent to T- 10 1 in the first and second quarters of 1976 and to TX-l 118 in the
third quarter of 1978. The last transfer from Tank T- 1 10 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- Ill was brought into service during the fourth quarter of 1945 with a cascade of second cycle
decontamination (2C) waste from Tank T- 1 10 (Agnew et al. 1 997b). 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-1 12 was transferred to a crib. This cycle continued
until the fourth quarter of 1952. From 1952 to 1956, Tank T-1 11 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, supemnatant
waste was transferred from the tank to crib T-005.
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Tank T- I111 contents remained unchanged until the second quarter of 1974. From 1974 to 1976,
63,000 gallons of supernatant were transferred to Tanks S- I 10, T- 10 1, T- 109, and TX- 109. Tank T-1 11
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- I111 and T- 112) from Tank T- 1 10, along with Tank T- 1 10, have been
sampled and analyzed, and the resulting data contribute significantly to the understanding of Tank T- 1 10.
Bismuth phosphate second-cycle (2C) waste was the principal waste type added to T- 1 10. For a short
period of time, lanthanumn fluoride finishing (224) waste was added to the tank and cascaded over into
Tanks T- I11 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-111I and T- 112, which indicate a higher contribution of
lanthanum fluoride finishing (224) waste from Tank T-1I 10, 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-lI 10, B-lI 11, 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 3 3 was taken from riser 3 between November 5 and 7, 199 1.

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- I1I1 on March 5, 1 994.(') Three I 00-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- I111 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-l 11
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 TM 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- I111.

The Best Basis Inventory (BBI) for T- I111 and T- 1 10 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- I111 and T- 1 10, 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 24 1-T-1I 10 Best Basis Inventory Source Data

Waste Phase Waste Type Associated Volume
Supnatantiii ijI I 3 kL (1 kgal)

Sludge 2423 7 kL (10 kgal)
2C ~ 1,360 kL(359 kgal)

Total tank 1,400 kL (370 gl

(a) Sutey MJ. April 8, 1994. "Waste Compatibility Assessment of Tank 24 1-SY- 102 with Tank 241 -T-1 11 via
244-TX-DCRT." Letter 7CF30-94-0 11 to JH Wicks, Westinghouse Hanford Company, Richland, WA.
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Table 2.6. Tank 241-T-1 11 Best Basis Inventory Source Data

Wast Phae Wste ype Associated
Wast Phae Wste ype Volume

Slde224-2 904 kL (239 kgal)
Sluge2C 787 kL (208 kgal)

Total tank 1,691 kL (447 kgal),

2.3 241 -T-1 04

Tank T-104 was constructed during 1943 and 1944. It 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 (IC) waste and coating
removal waste (CW) from the 22 1 -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
I CICW 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 IC/CW solids (i.e., bismuth and
plutonium precipitate) and 1 C/CW supernatant. The I CICW supernatant was removed from Tank T- 104
and processed in the 242-T Evaporator (April through July 195 1) or disposed in the east section of trench
21 6-T- 14 (January 14, 1954). The interstitial liquid was removed from the I C/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. 1 997a), 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 1 C) according to the
current BBI. Other tanks with a IlC 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 TM canisters on February 7, 1996. Sampling devices and
controls provided for this job included I11 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 3/1 946
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 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

Core Samples 8/20/1992-8/26/2002
Sampin1  ates8/27/1992-8/28/1992

Vapor Samples 2//996-
Service Status

Declared Inactive 1977
Interim Stabilization 1November 1999
Intrusion Prevention jNone

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

Sludge(a) IC C concentrations (S/TI 104/005) 1,199 kL
Isludge template (TS/U204/006) (317 kgal)

_________ T-104_sludge PCBs_(P/T104/005) I________

Total Tank 11,199 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).
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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

IC 1' cycle decontamination waste from the BiPO4 process
2CI 2 nd cycle waste from the BiPO4 process (1944 to 195 1)
2C 2nd cycle waste from the BiPO4 process
224-1 LaF3 finishing waste (pre 1949)
224-2 1LaF3 finishing waste (post 1949)
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4.0 Approach

The I11 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
B3- and T-200 Series Tanks 241-13-201I Single-shell LaF3 Finishing

24 1-B-202 (both pre- and post- 1948)
24 1-B-203
24 1-B-204
241 -T-201
24 1-T-202
241 -T-203
241 -T-204 ___________

T-100 Series Tanks 2C/224 241-T-1 10 Single-shell LaF3 finishing (post- 1948)
241-T-1 11I Second-cycle BiPO4

T-100 Series Tanks - IC 24 1-T- 104 -- Single-shell First-cycle BiPO4

The analytical data reviewed included DSC results; concentrations of sulfur, sulfate, cyanide, 2,4,5-
trichlorophenol, TOG, 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 DOO I/D003 Ignitability and Reactivity_
Sulfur D003 Reactivity
Sulfate D003 Reactivity
Cyanide D003 Reactivity
2,4,5-trichlorophenol D041I Toxicity
TOC D041I Toxicity
Oxalate D04 1 Toxicity
Headspace DOO I/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.

250.0 XiE 42.933 'C

200.0 X2 IM '.D0 *C
Peak 118.104 *C

150.0 jAresa 58494.6M NJ

100.0o A 1730.610 J/9
Height 439.390 aW

50.0 -onset 102.442 'C

R 0.0-
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-100.0

-150.0

-2000
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-300.0~

-350.0l
000200.0 300.0 400.0

Temperature (OC)

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 (exothermnic) or absorbed
(endothermnic) by the reaction or phase transition, and the height of the curve is directly proportional to
the rate of reaction. In DSC sharp exothermnic 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 observed, 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 (H2S0 4),
ferrous sulfamate [Fe(SO 3NH2)21, sodium sulfate (Na2SO4), and sulfamic acid (HSO3NH 2). Sulfate ions
(in the form of sulfuric acid) were used in the bismuth phosphate process to form uranyl sulfate
[U0 2(S0402 2 so that it did not coprecipitate with the plutonium. Uranyl 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 1IC waste
stream. Both ferrous sulfamate and sulfamic acid were used to reduce Pu at oxidation states between IV
and VI to the Pu(III) oxidation state in the bismuth phosphate process, and sulfate ions were present in
both the IC and 2C wastes streams. Both sulfuric acid (H2S0 4) and ammonium sulfate [(NI-L) 2S0 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(N0 3)3 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 H2 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.(a)

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 H2S/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 (0.0 147 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-0 11, 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-20 1, 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 jig/g of
waste or ppm), the waste is not a cyanide-bearing waste.

Sodium or potassium ferrocyanide [Na4Fe(CN)6 and K4Fe(CN) 6] was added to some of the waste
feeds along with NiSO 4 and NaOH to precipitate sodium and cesium nickel ferrocyanides [Na2NiFe(CN)6
and CS2NiFe(CN)6], 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).

4.4 TOC, Oxalate, and 2,4,5-Trichiorophenol

Semnivolatile organic analyses (SVGA) 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 D04 1 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 jig/g) * (1 - Xoxaiate) * (Pwate) * 2.74 g tcp/g C) (4.1)

where
Concentration = the potential concentration of 2,4,5-trichlorophenol in jig/mi or mg/L
TOC = the concentration of total organic carbon in the waste
Xoxaiate = 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.
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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 (TL V-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)
NH3  25
NO2  3
NO 25
CO2  5000
CO 25
CH4  1000
H2  Simple asphyxiant
N20 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.

4.6 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 supemnatant 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-20 1), 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 I 50'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 2000 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-20 1
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 B3- 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 B3- and T-200 Series Tanks

Number of Samples
Tank Sulfur Analysis Sulfate Analysis

Segment Composite Liquid Segment Composite Liquid
B-20 1 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(a) None 5 6 None
T-202 6 None None 6 None None
T-203 20 None 1 20 None 1
T-204 None I_______I one None I___(a)_ 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 S0 4 

2-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-20 1 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-201I 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
B21 27 Composite 1 < 3

____________ Composite 2 < 2
4 Comnposite < 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 jIg/mi
B-203 122 1Segment 10 1< 5.91

limit, and less-than values were reported. The less-than values ranged from 0.5 to 8 pg/g, with most less
than 2.5 jig/g. Only two results were reported as actual values. Both of these results were from Tank
B-201, core 26. These results (4 and 5 jig/g) were within the range of the less-than values reported and
well below the 241 jtg/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 jig/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 (pg/g) Oxalate (igg
Tank Sample Type Persulfate Furnace A xlt sCro

Oxidation Oxidation A xlt sCro
B-20 1 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 pig/mL - 486 jig/nit 94 jig/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-20 1 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-201I 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 TOG 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 TOG
appears to be present as oxalate. For the samples that had both TOG and oxalate values, the fraction of
TOG that was present as oxalate was approximately 75%.

Mercury concentrations in the composites of cores 26 and 27 from Tank B-201I and 4, 5, 10, and 11I
from Tank B-202 were measured by cold vapor atomic absorption (GVAA). Leachable mercury from
TGLP solutions that were digested in acid from core 27 composites was also measured by GVAA.
Leachable mercury from TGLP 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 TGLP samples provide data on leachable mercury.
Mercury results are reported in Table 5.4. All TGLP samples were below 0.077 ,ig/mL. The direct
samples and acid digestions of the core composites ranged from <0.123 to 1.1 gg/g. Mercury concentra-
tions were significantly higher in B-20 1 than B-202. No mercury data are available on the other tanks.

Table 5.4. Mercury Analyses for the B3- and T-200 Series Tanks

___________ Cold Vapor Atomic Absorption
Tank Core Sample Concentration (pglg)

26 Composite I I
____ Composite 2 0.75

B-201 Composite 1 0.54
27 Composite 2 0.11

TLP Composite 1 0.025 g~g/ml,
___ TGLP Composite 2 0.003 jig/ml,

4 Composite 0.27
5Gomposite 0.33

B-202 Composite 0.74
10 Gomposite <0. 12

_____ Composite 0.26
11 IGomposite 0.26

Atomic Absorption
4 Composite <0.49

Composite <0.49

B-202 5 TGLP Composite 0.077
TGLP Composite 0.056

10 Composite <0.49
TGLP 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-20 1.
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 supemnatant 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-20 1, 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

Tank pH
____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

AnalyteVapor Concentration
Analyte(ppmv)

NH-3  8
NO2  < 0.16
NO < 0.16
H210 14 mgfL
CO2  696
CO < 3
GCl4  < 4
H-2 < 17
N20 < 17
Total non-methane organic compounds 0.86 mg/n 3

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),

5.5



indicate that this waste does have ignitable characteristics. The waste is not cyanide- or sulfide-bearing
and does not contain 2,4,5-trichiorophenol 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-1 11. 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 I
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 1 50'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 2400 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 4500 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- I11. 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- 1 10 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 2000 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 1 990C with an enthalpy of
approximately 900 J/g.

Neither sulfur nor sulfate analyses were performed on core samples from Tank T- 1 10 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 3 1. 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- 1 10 and T- I111

Tank Sample Sulfur (Ftg/g) Sulfate (Itg/g) Sulfate/Sulfur Ratio
T- 1 10 Grab Sample I OT-96- 1 1590 4360 2.7

Core 31 Composite 1 1230 3690 3.0
Core 31 Composite 2 1270 3740 2.9

T-1I1Il Core 31 Segment 9 1480 5120 3.5
Core 33 Composite 1 1140 3290 2.9
Core 33 Composite 2 1220 3470 2.8

Cyanide analyses were performed on composites from cores 31 and 33 of Tank T- Ill 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- 1 10 samples. The
majority of analyses were done by spectrophotometry at 580 tn, 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 jgl/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 [tg/g); the third was obtained
from segment I and was much higher than any of the other results (57.6 Iig/g) but still well below the
241 jig/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-1 11 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 I Water Digest <2.7

_______Segment 2 Water Digest <0.05

SVOA was performed on composite samples from cores 31 and 3 3 of Tank T-1I 11. 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 jig/g. No SVOA data were available for Tank T-lI 10. These values are well below
the dangerous waste limit of 400 ,ig/g.

No oxalate data were obtained on Tank T-1I 11, and a less-than value for oxalate (< 556 jgl/mL) and a
single value for TOC from one grab sample (I OT-96- 1) were the only data available on Tank T- 1 10. The
TOC for Tank T- 1 10 was reported to be 45 gig/mL. Both the 222-S Laboratory and PNNL performed
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TOG analyses on samples from cores 31 and 33 from Tank T- 1 11. 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(a) The furnace oxidation method on
dried samples appeared to provide the most accurate values that were consistent with the exothermic
behavior described earlier. The TOG results on the water leach on cores 31 and 33 were 3740 and
2500 jig/g, respectively. TOG results of the hot persulfate oxidation of the segment 2 sample were
consistent with these results (3460 jig/g). TOG of the grab sample was much lower (420 glg). The TOG
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% TOG, which, when corrected for water content, is
equivalent to 0.74% for the wet sludge). The TOG 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.

IMercury concentrations in the composites of cores 31 and 33 from Tank T- I1I1 were measured
directly by GVAA and on acid digestions of the TGLP leach samples by AA. The direct samples give a
better indication of the mercury concentrations in the sample, but the TGLP samples provide data on the
leachable mercury in the waste. All of the TGLP samples were below the detection limit of
approximately 0.045 jgl/mL. The direct samples ranged from 1.08 to 1.59 gxg/g. No mercury data are
available on Tank T-lI 10.

The pH of the waste was measured on water digests of the core 31 and 33 composites from Tank
T- I1I1 and on grab samples from both T- 1 10 and T- Il11. The measured pH values were consistent for
both composites from T- 1 11. 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-1I 10
(samples I1OT-96- 1, 1 OT-96-2, and I OT-96-3) were significantly lower than the pH of Tank T-1 11 but
consistent with one another. The measured pH for T-1I 10 was 8.42 ± 0.03. The pH of the supernatant
liquor from multiple dilutions of a Tank T- 1 10 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- 1 10 and T- IlIl (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- I11 (Gore 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-1 10 and T-1 I11

AnalyteVapor Concentration (ppmv)
AnayteT..110 T-111

NH 3  108 226
NO 2  < 0.05 < 0.09
NO < 0.06 < 0.06
H20 16.9 ±0.2 mg/L 11.8 mg/L
CO2  358 ±3 69
CO < 25 < 12
GCl4  < 25 -

H-2 < 25 < 94
N20 <25 77- < 12.6
Total non-methane organic compounds 1. 12 ± 0.27 mg/rn -

The retrieval process planned for Tanks T-1 10 and T-1 11I 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 NH3 concentration in the vapor below the TLV-TWA of 25 ppmv in Tank T- 1 10,
and a dilution factor of about 9 in Tank T- Ill 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 NH3. The process wastes retrieved from the tank will
require a dilution factor of at least 4.3 for Tank T- 1 10 and 9 for Tank T- IlIl (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-lI 10 waste is significantly different than T-l 11 waste, and T-1I 10 waste is
thermally stable over the entire temperature range of the DSC measurements (ambient to 500,C).
Oxidation of organic compounds in T- I111 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- Ill 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-1 04)

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 1 50'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 jig/g was reported for all core composite samples (Table 5.11). The cyanide con-
centration in the drainable liquid sample was 0.7 glmL. These results are well below the 241 gig/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 (pg/g) Sulfate (pgg 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 ft/gg)
45 Composite 1 < 2.0

Composite 2 < 2.0
Composite 1 < 2.0

46 Composite 2 < 2.0
____ Drainable Liquids 0.70 jg/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 ,ig/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,S-trichlorophenol

5.10



in water was 1,000 gig/g at 25'C. The majority of the results were below the detection limit, 550 jig/g.
The duplicate run of the core 45 composite did give a quantifiable result of 706 pgg/g. A TOG concentra-
tion of 451 jig/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 jigg). The results indicate that the water-soluble TOG concentration in
this tank is just slightly higher than the limit for 2,4,5-trichiorophenol; 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 jig/g. The duplicate analysis from the core 45
composite I was slightly above the detection limit, with a reported value of 0. 127 jig/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 (ppmv)
NH3  105 13
NO 2  0.3 ±0.1
NO 0.3 ±0.2
H2 0 12.0 ± 0.5 mg/L
CO2  241
CO < 3
CH4  < 4
H-2 12*
N20 8*
Total non-methane organic compounds 1.93 mg/i 3

(a) Target compound detected above the instrument detection limit (IDL) but
below the estimated guantitation 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 NH-3 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 NH3. 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.

5.12



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-1 11. With the exception of the
dried samples from Tank T- I111, a large endothermic transition was observed between ambient
temperature and approximately 1 50'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- 1 11. 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 NI- 3 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 (DOO 1), corrosivity
(D002), and toxicity arising from the presence of 2,4,5-trichlorophenol (1304 1). For the B3- 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- 1 10, and T- IlIl 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 wast es within the Hanford

tank fais 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 11I Single-Shell Tanks (SSTs)

that contain wastes from the Bismuth-Phosphate Process (BPP). The BPP, the first production-

scale Spent Nuclear Fuel (SNE) reprocessing process ever used, was deployed during the

Manhattan Project (World War 11) 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, i.e., Reduction and Oxidation (REDOX) and Plutonium-Uranium Extraction

(PUREX). An important feature of the BPP relative to waste designation is that it was a batch

process, a feature that allows OR? 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 a geologic repository (10 CFR Part 61, Low-Level

Radioactive Waste Disposal).

This document explains the BPP and identifies which BP? steps produced HLW and which did

not on the basis of where SNE reprocessing actually took place within the series of B?? 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-20 1,

B-202, B-203, B-204, T-201, T-202, T-203, T-204, T-104 , T-l110, 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,

CH2M HILL Hanford. Group, Inc. (CHi2M HELL). CH2M HILL's evaluations included

historical records and process information produced by Hanford site contractors that operated the

B?? 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-OR? determination that the wastes in the' 1 SSTs identified above are TRtJ. Once those

wastes are put into a suitable form for disposal, appropriately packaged, and characterized in a
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manmer 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 Nuclear 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 (i.e., 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 centrifuigation 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, I decontamination cycle for Pu, 2d~ decontamination cycle for

Pu,), only two involved SNF reprocessing: U dissolution and U separations.

The ~;i cotn remva proces Bidinot c1reat HihLve ate(1W)bcue tolydsole h

auiu 3 oaFn leavingthe SF intct Tha proes diPo.isle n t ase eemll

contaminated.

1{LW 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 SNE constituent elements including

>99.5% 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 an 'd 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 V

or 2nd 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 demniniinis

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 I't and 2"d

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-l{LW designation.

Therefore, on the basis of origin and content, the wastes in the 11 SSTs that received the wastes from

coating removal, the lI' and 2 nd decontamnination cycles, and Pu concentration (T-104, T-1 10, T-1 11, B-

201 through B-204, T-201 through T-204) are not HLW.

Moreover, the wastes in those I1I 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 (MSTs) 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 reprocessig of SN?. Tank wastes were

produced by a number of Hanford defense-related operations associated with removing cladding

from SN?, purifying the Pu product, decontaminating equipment/facilities, and performing

laboratory analyses. Rather than being the actual reprocessing of SN?, 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 management

decisionmaking. The magnitude of the large tank-to-tank radionuclide concentration differences

are graphically and numerically illustrated in Figures I 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 tanks2 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

200000NOTE: This bar grairi rdcale tMw o"s curies contaned in

ach Hadod DST and SST b~sW on me Besnt Basis inventory.

Fort size Ilmitaons prevet fistintg Ilia actual tank numbers on
the axis of Mil lgr

S16,000,000

a.

00

Hanford Tanks Ordered By Total curle Content

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

'In order of curie inventory, high to low, the tanks are AZ-l01, AZ-102, AY-102, A-105, and AX-104.

2 Ntordered by curie inventory, the tanks are B-201, -202, -203. -204; T-201, -202, -203, -204; and U-203 and

U-204.

1 of 12
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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 1960s11970s

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%3. Fourth, tank capacities vary

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

Cs-I 37 Sr-90

(Clliter) Tank (CiIliter) Tank

Highest Concentration -1.9 AX-104 -79 AX-I 04

Lowest Concentration 0.00001 T-204 <0.000003 T-202

Ratio (High/Low) 200,000 130,000,000

Figure 2. Highest and Lowest Cs-I 37 and Sr-90 Concentrations inl Hanford Tanks

Source: Best Basis Invento nHnodTISDtbs

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

3The cesiumn and strontium were converted to cesium chloride and strontium fluoride and encapsulated. The

campaign was undertaken to reduce the decay heat load on the tank .s, however, beneficial uses for the capsules were

sought and many capsules were deployed -on commercial and government initiatives.

2 of 12
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processes created "liquid waste produced directly in reprocessing [of SNE]", 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 PUR.EX process for the simple reason that most people think of the PUREX

process when they think of reprocessing. PtJREX was used across the DOE weapons complex

for Pa 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 4 was canried 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 wenl

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 SNE.

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 wer;

continuous solvent extraction. processes which used a small fraction of the chemical additives

that the BPP required for separations. As. a 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 PUTREX created -40 gallons per ton

(ARI{CO 1968). This resulted in Hanford's PUREX wastes having substantially higher fission

product concentrations than BPP ~ ~

wastes. For example, wastes

discharged from the BPP U T-Plant I

Separations process, the BPP
waste steamn with the highest BPai

fission product concentrations,
were reported to have Cs-137 REDO0X

concentrations of approximately 1 _____

60 Ci/nl3 (GE 1955), < 0.5% of II
the 13,000 Gum3h Cs-137 I
concentrations in PUREX If" 194194 iwso5 1955 1360 1905 1970 1175 l9se 1995 199 199

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

Ilec 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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221 BI221T Buildings: Spent Fuel Processing via Bismuth Phosphate Process 224-BIT Buldin s

........ .... I I - - -

Oscaddng Th sentnucearfu~ ~The Pu product goes through The Pu product Is
additional dissolution and further refined and

operations I dissolved and the plutoniumi (Pu) I gprectpitato steps to remove concentrated prior to

remove coating Is separated from the uranium ifission products and othier shipment to user

but remove little and fission products by Iprte ro obigsn o fclte.Wse

ItyThe prclptaio~. Nary al isson I Building 224. The fission .discharged to B-201, -

preponderance of . products, particularly those with .products and other Imrpuritles I202. .203, and -204

radioactive *Isignificant half-ives (tens of removed from the Pu product are Iand T-201, -202, -203,

materials remain I years) remain In the supernal. discharged to SSTs, e.g., T-1 04. and -204

trapped in the I and are discharged to the tanks. I I
spent fuel MatrbL 

110 - .-1.-1

Figure 4. Generalized Bismuth Phosphate Process Flow Diagram

Source: Johnson 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 materials at

the surface of the fuel slugs entered decladding solutions. Decladding operations are considered

a "head end" process and not part of SN? reprocessing since the SNE remained intact throughout

the decladding process. The decladding wastes were subsequently combined with I' 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 HELL 2002). The bismuth

phosphate carrier and Pu were then precipitated as a filter cake via centrifuging, the filter cake

4 of 12



DOEIORP-2004-01

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 195 1).

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-lived5 fission products, such as zirconiumr-95 (Zr-95)

and niobium-95 (Nb-95), were co-precipitated.

2.3 Plutonium Decontamination (Figure 4, Block 2.3, 1"' and 2 "d 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 centrifuxged 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 plutoniumi 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 fuarther purify the Pu product.

2.4 Plutonium Concentration Building (224-BIT Wastes (Figure 4, Block 2.4)

The Pu from 221-BIT plants was transferred to the 224-BIT Pu Concentration Building to

remove the bismuth phosphate and residual fission products which were essentially all short half-

fife contaminants. The Pu solution was received at 224-BIT in a +4 valence state. It was first

oxidized with sodium bismuthate to a +6 valence state. Phosphonic 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 lanthanumn salts were then added to create lanthanum fluoride and plutonium

fluoride solids which were separated by centrifugation. The lanthanum fluoride and plutonium

fluoride solids were reacted with potassium hydroxide to produce lanthanumn 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 radionucides 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

Zr-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-lu4 (-7284 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-13lrn and Y-90, account for

-99%0/ 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 mnaterial

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

either 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 to 1 part solids) while it

operates to wash trace quantities of dilute process liquids from the solid cake. The centrifuge is

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 selectively precipitate Triple Rinse
specific chemicals in the feed stream Solids wl~ater

(e.g., Pu in SolutionL_

Triple-Rinsed
Solids

Figlre 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

elements 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 fiowsheet 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 SNE 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 and in the

centrifuge. 
piace beyond this
point are not
reprocessing spent

Once liquid/solids separations occur I L fuel which ceased to

in the U separations centrifuge, the Pu Product exist during uranium

SNE ~ ~ ~ ~ ~ UA cosiuet eemns ar "A1 separation; the
SNF onsitunt lemnts re &SMMN EPAMINremaining processes

separated into waste and Pu product i are decontaminlating

cake. At the completion of the Pu 1icdmn'twmt"'ctinlpuu1U product
Is 0"mwW from the UM

product cake water rinses in the andfission produof by Imnuth I Spent nuclear fuel
Posp~t pw-'wo NOutv I constituent elements are

centrifuge, the constituent elements al sesswe~i this sep.n u

of the SNF have been fully separated
and reprocessing is complete. The IH LW,

resultant waste and product streams -

are a folows:Figure 6. Bismuth Phosphate Reprocessing Processes

> Uranium Separations Liquid

Waste Stream - This waste stream includes -99.5% (by mass) of all materials present in

the SNE 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 (CH2M 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).

6 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 separations 7, 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 8 :

"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 tanks9 .

7 Cake volume approximately 10 gallons, moisture content -30%. Waste from U separations approximately 2400

gallons (GE 195 1). 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 195 1). Assuming 3 gallons of

liquid in the cake (3 0%) 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.

8 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.

9 Ba-137m and Y-90 are daughters of Cs-137 and Sr-9O, respectively, that are in secular equilibrium, i.e., the half-

life of the parent radioisotopes (Cs-137 and Sr-90) is so much 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 1st and 2 d decontamination cycles are not HLW. Similarly,

wastes. from Pu concentration activities that further processed the product stream from the BPP

in 224-BIT 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:

"twaste 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 Federal Regulations".

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

Concentration Cycle that were carried out in the 224-BIT buildings are currently contained in 11I

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 concentrations10 for the wastes in the I11 SSTs are illustrated in Figure 7. The
CS-137 CLas C - 4.5 Ciflte sr-90 Class C -7 C~lntw

e0.00001

T-104 T.110 T41l 84-01 W.02 B-203 B-204 T.20i1 -T202 T-203 T.2"4

Figure 7. Cs-i 37 and Sr-90 Concentrations in Candidate TRU Tanks

'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)"1.

All 11 SSTs would be Class A or Class B solely on the basis of the 10 CFR § 61.55

concentrations related to fission products12 . Based on the fission product content, DOE estimates

that all 11 tanks will result in contact-,handled' 3 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-B3/T Pu Concentration Building wastes.

B-201 50 224 823 0.0003002

T-201 29 224 754 0. 00004 0.0001

T-202 21 224 221 0.00003 0.000003

T-203 37 224 295 - - 0.00002 0.000003

T-204 7 224243 0.000009, 0,000005

T224 224BI Pluton2u Cocetato Building Waste0
CW Cotnaeoafat fo isltofter otn onSetNcerFe

T-11 Eqipen decotamiatio wast fro(2200.lan

T-1~1 of 12 1C/
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The second group of tanks contain Pu Concentration Building wastes along with wastes from the

BPP second decontamination cycle. T-1I 11 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

Me6IATf KtLW$ COOWmw U W EyaI CON CM9L

COAVIJ AEM ALASM WIk 49,V %IF1 WAMT - MOMf WAVE .1%~n PP

IWIH ~ ~ T wriol-183 ToCL WA 044 -10 rn' ST f Oto 0 12 f

ro C'IO

Coating Dissolution

_______W NSAIOZ 1.16 M
Na0H 1.09 M

ChemicalI AddltfonS NON03 0.73 M

- 388Sga~ons 2$wt%. NaNO, NeMO2 0.81 M
* 84.gal~orn 50wt% NaOH NaS1O3 0.04 M

*30gatn wa~r I -gram

U 451.4-gafls
Sjjvolume: 795-ga"n

Roooatn inOf$ flo r~ fOt Slop

2Al + 2 NOH + 3NaNO3 -* 2 NaAO2 + 3 NaNOZ +H2
0

8 AI+ 5NaOH + 3NaN03 +2 H20 8 NaAJO2+ 3 NN3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Dissolution

*4-glons wt% HN

* 27-gallOnS wster

.30HN03 U02(N093652NO gHQ)N%)a

Note:-Pu i inse wn om untaei h 3 4 n 6vlnesate

UraniumaMO Seaato IltJ ExtoiurEtrction Se

+ H0 U02AlOfl 24w(gas +10 ~t N ~ -is-aln a

Pu ~ +5 N3 uN3-ga+lloN2gs) +l M4 H20St HO

: 61-ggallcns waelerlii 
A dtin

- 28.6-galons 2Swt% NON02 rcpatr Vse

(85O ten colent ie

(SSO; ten oolto -I.C (Pu Solids
Remain

PuVlneAdluieri in Bowl)

(Copvert Pu lilt I And (VI oL v
(75-C) 3 Pu(N-J)$ + 4 -3P4 Pu3(P04)4 solid + 12 HN03

BiONO3 + H3P04 -~ 8iP04 solid + H-20 - H-N03

Pu(N03)3 + NaNO2 + 2 HN03 -~Pu (N03)4 + No (gas) + NaNO3 + H20 T he

PuO2(NO3)2 + NaNO2 + 2 HN03 -~ Pu(NC03)4 + NaNO3 + H420
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Uranium Separation / Plutonium Extraction
(Sheet 2)

74?Ggailloflt 30wt% NazCO3

I rmU 56 1.1 -kgS

CheMkILAlAddition
* S5jallons BOwt*/ HN0 3  

T is

* "aiions water

(Pu Solids Pout

Dissolution)

Pu3(P04)
4 

4BiPO4 +15 HN03 (conc.) -~3Pu (N03)4 + Bi(N03)3 + 5 H3P04

First Decontamination Cycle for Plutonium
(Sheet 1)

I Chemical AdditionS
1'OSCON 55 - Sgallswae

CYCML MR * 7.5vallon IOwtl 8aB84
5-gallons 24wt% BIONO, - lOWt

Pu(NOS4 + NBIO3 PuO2(N03)2 100% NaO

SiONO3A~alon +.wt H3P0 -* 6jP04% (sld)CHD

9-I.Poons~A~ 6ofl3V, l
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium
(Sheet 2)

CharnIcal Addition

* .8.galne H202 Nalssofve

(Solids e i

Chemi(Shee 3)i~q~

PuO2(N03)2 + 2T-aln FeN4)(04)2t HNO3 (0) e(0)+2N4O N420

7.aioNO H,3 O - iP4 sli +H20+ NO

Zr~~~~- ofd Ca"ds3o
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

First Decontamination Cycle for Plutonium
(Sheet 4)

Chemicali Additions

a~~29-galon 66wtt% NN0s TO2

NaNO3 o.O39M- 4fg gram'

Pu(P Solidsam 
0 U 1:82-k

U ee 3R i Dis w ~ution37

Pu(O44+ F 4 1 H0 (oc. Pu(034+ INZr +5H3G

First ~ ~ ~ ~ ~ ~ ~ -Deotaiato 3l frPutnu
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 1)

Chemicat MdRIMfl
------ v 2eUMN68O-gallons water

CYCU OR * 7.6glatOfs 73.5wit% 14PO, -
I I.Swt% HNO,

Second Decon-gtain Ot aion yllo ltn
(Sheetao- 2)See

Dissolution)
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 3)

From ~ Chmia ShetditionslAditon

PuO2(N03)2 ga + o2 FeN-42(04)2 F*N4 hNO3 4 P(0) 6e(0)3+2N4O N420

BAglos2VIBONO -H3 19wV 4 o1d+H2 HO

From S heet 2 ChemcalAddtios UNon

Pu3(P0)4 + iPO4 15 HO3 (cflC.)-+ -I (N0)4+ l(n03 water P0
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Second Decontamination Cycle for Plutonium
(Sheet 5)

nC ~ ~ - 174 9

HN03 .82U M (H25tF Q 6 1,60 M

PU 0 TS NH~4NO3 il.O M Fission products less dw 0.1%

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

Frm 221 Plant 2' ChjemiC Addition

Decantaminftof 96allons water
Ctancle, for Pu 32.-gallons 3igwt% NaB 1 3-

lAwt% Ns1CrO 1

Pu (IV) to Pu I) xidation

m4CC Procipitto

Pu(N03)4 +NaBiO3 -PuO2(N03)2 +Bi0N03 +- NaNO3
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

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

Chemical Additions Chemical Add Wons
*1T5.ailons water 90-gallonis water
*5.2.9allons 73.Swt*/ H3P04 -

1.Swt0h HNO,

BlP04 Precizltation Centlifwg Pu 22,m

(759C digest; cool to 354'C) Bolis St 2)

By-Product (sheet 1)

BION03 + H3P04 - 8 iPO4 solid + HN03 + H20

Bismuth Phosphate Cross-Over:
BiIPO4 Precipitation (Sheet 2)

Cheolids Aitions

89-gallons.4wtarN0
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

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

Chemical AddlUM hona Aditos

1761-gailonsw ater *60-gallons 6wt% HHQ,
* ZOS-galtons Swt%' KMnO,
*23.pounds HF
*23.5-gallonks l~wt% La salt -
10 wt% MN03

LaF3 Preupitatio

(Removes La and Rlare SlisStay i ~*it'~
Earth Fission Products) Bolt Set2 NHN 340.1 IA-

La(NH4)2(N03)5 -.3 HF LaF3 + 2NH4N03 + 3 HN03

Lanthanumn Fluoride By-Product:
LaF3 Precipitation (Sheet 2)

Chem I Addition% Chern~cal Additon Chtmical Aditons

*18-gallons $Owt% HHO, 15-gallofla Swt% M~O 3-aln wHO

6-gallons 1ll5wt% Na.Ct.Oi 10pounds HF tN0

180-gallons waterr

LaF3~-1 Solfs 13tr
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Chemical Reactions/or the Bismuth Phosphate Flow Sheet

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

Chemical Additions
240-pllons water

LathaumFuoie y-rdut
Pu (VI) to Pu froV)Seduto an2rcpiain()et4

Pu (VI) to Pu (IV)Reduc~tion tepsipttin(het4

2 N3 +gll HC204 Second032 Pciptatio + 002310 (gas) +2 H20

:6pu( n03) + HF - * PuF4lon I 4 HNO3 L S

6A-gaitnA-l of 13%Lasl
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

Plutonium Metathesis (Sheet 1)

Chemical Additlons
* 10-allons water

L#3ni 7-gallons 34wt% KOH1

Chemical Additions eahs Dg t
* 4 -gallons water (0Cfr15hus
* 2.-gallons 5wt / KOH r

Centrifu
(Pu L Solids ifruto

Pu(O 4 solid + 4 OH Pu(3)4soi + 4 0F- 0.3

2aO) old3 soi 3 6NO3 - 2 La(03)3 soiH260 U , 01-rm

PlutoniumA-1 ofahei (Se3 2
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Chemical Reactions for the Bismuth Phosphate Flow Sheet

224 Building Waste

Pui 0.2-grams

+NH4N03 0.005 M -0.O4~<,~.35

,~ 403 I .0 Pu 0.7-grams- Less than 0.001% of
0.004Fission Products that

References for Appendix A Flowsheets:

HW-1 0475-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
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1.0 INTRODUCTION

This project management plan (PMP) documents the overall strategy, objectives, and contractor
management requirements that define how CH.2M 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

" Retrieval of TRU wastes from single-shell tanks

* 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 updited 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.

1.1 BACKGROUND

The strategy presented in Performance Plan for Accelerated Cleanup of the Hanford Site
(DOEIRL-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 successfu~l 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 I 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 1September 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

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

" 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 I 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-shell 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-shell 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 gallons is TRU waste (PBI 4).__________

IMES = integrated mission execution schedule.
P13 I = performance-based incentive.
TRU =transuranic.
WIPP = Waste Isolation Pilot Plant.

1.4 PROJECT DESCRIPTION

The TRU Waste Project encompasses identification of candidate tanks, waste retrieval, waste
processing, treatment, and handling. A block flow diagram of the project is shown in Figure 1.
A detailed integrated flowsheet will be developed as the project matures. The retrieved tank
waste will be transferred via overground hose-in-hose transfer lines to the TRU waste packaging
system (WPS) where the waste is treated and packaged. The packaged TRU waste will be
placed in interim on-site storage pending WIPP certification. Final disposition of TRU waste is
at WIPP.

18a232-0930 2 September 30, 2003
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Figure 1. Transuranic Waste Project Block Flaw Diagram

Interim Storage

1A4.1 Transuranic Waste Retrieval

The Retrieval Project Manager is responsible for the retrieval portion of the TRU Waste Project
scope. Eight 200-series tanks and one 100-series tank have been identified as containing TRU
wastes. These nine tanks and thcir associated volumes of wastes are shown in Table 2.
In addition, other tank waste may qualify for disposition by the TRU Waste Project. Waste in
the following tanks is currently being evaluated: B-107, B-i 10, B-I 11, T-104, T-105, T-106,
T-107, T-I 10, and T-1 12.

Table 2. Tanks Containing Transuranic Waste and Waste Volumes

Tank Number Tank Integrity Sludge (kgal) Supomnate Liquid Total Waste
________ _______ ________ (kgat) (kGal)

B-201 Assumed Leaker 30 0 30
S-202 Sound 29 0 29
8-203 Assumed Leaker 51 1 52
B-204 Assumed Leaker 50 1 51
T-111 Assumed Leaker 447 0 447
T-201 Sound 29 2 31
T-202 Sound 21 0 21
T-203 Sound 37 0 37
T-204 Sound 37 0 37

Total 731 4 735
Source: Mackay 2002.

The temporary staging of T-200-series tank waste in T- 1 00-series tanks is being evaluated.
If this approach is taken, waste would be transferred from the T-200-series tanks to one of the
T- I100-series tanks for staging until the packaging effort commences. All of the staged waste
would then be retrieved to packaging. The retrieval sequence will be documented in the tank
waste retrieval interface control document (lCD).

1823240930 3 September 30. 2003
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1 .4.1.1 200-Series Tank Waste Rgtrival System
The 200Series Tanks Waste Retrieval Project will use a vacuum retrieval system that utilizes an
articulating mast to remove waste. The system is designed to loosen, scarify or otherwise
dislodge waste as necessary to faciltae the vacuum process. The waste is first accumulated in a
batch tank, and then transferred to the wagte receiver using hose-in-hose transfer lines. For the
B-200-seuies tAnks the waste receiver Will be the WPS. In the case of the T-200-series tanks, the
waste receiver will either be tank T-1I 10, tank T- I 11, or the WPS (Figure 2), depending on the
waste volume in tank T-lI 10 or T-1I I1 at the time of waste retrieval.

Figure 2. 200-S eries-Tank Wse Retrieval Systm Diagm

VACUUM 1'- CONTROL
SKID -TRAILER

-EXHAUST EXHAUST TO
VESSELSDATOPHR

AND .4 ..
PUMP 

17

WASTE -

TO THE~--

ARTICULATED
MAST

ASSEMBLY'

1A4.1.2 100-Series Tank Waste Retrieval System
The Tank T-1 I I Waste Retrieval Project will use the same technology and process as described
for the T-200-series tanks. As tank T- II1 has a larger diameter than the 2 00-series-tanks, thearticulating mast is augmented by the use of an in tank vehicle that will facilitate the movement
of waste to the vacuum, system. The waste is tanferre to the WPS using hose-in-hose transfer
lines (Figure 3).
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Figure 3. 1 00-Serles Tank Waste Retrieval Systemr Diagram
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1.4.2 Transuranlc Waste Packaging System

The Packaging Project Manager is responsible for the packaging portion of the TRU Waste
Project scope. The WPS receives material from the waste retrieval system (WRS) and packages
it in containers suitable for shipment to an offsite geologic repository. The TRU waste from the
WRS will be dewatered to optimize container loading and placed in a standard waste box, per
WIPP waste acceptance criteria, for eventual shipment to the WIPP. The WPS provides the
following main 1Amcions:

0 Waste Handling - Receives the waste stream from dhe WRS, provides lag storage for
processing, and samples/characterizes the waste per quality assurance protocols

0 Package - Places the waste in containers suitable for WIPP shipment

* Water Management - Dewaters the incoming waste stream, provides a recycle stream
to the WRS, disposes of the excess effluent, optimizes water content of the waste
package, and adds sorbent to the waste package.

The WPS will be built as modules for simple relocation between tank farms. The WPS will be
self-contained by providing all necessary support systems including: power, water, ventilation,
control room, and personnel interface.

la~i2-93o 5September 30. 200
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Up to two WPS units will be fabricated to maximize efficient interface at the two tank farns
containing contact-handled TRU waste (B and T tank farms), depending upon retrieval rates and
schedules.

1.4.3 Transuranic Interim Storage

For the storage portion of the TRU Waste Project scope, the Characterization, Storage, and
Shipping (CSS) Project Manager is responsible to plan for and ensure the following government
furnished services and items are integrated with the project.

The WIPP Certification process requires head space gas sampling of each TRU waste container
after a specified storage period (referred to as the drum age criteria). Before head space gas
sampling, the container is required to equilibrate at a minimum temperature of 65 'F for 72
hours. The interim storage facility (1SF) will need to provide Resource Conservation and
Recovery Act of 1976 (RCRA)-permitted waste storage for up to 1,500 standard waste boxes for
greater than 90 days. Head space gas sampling capability may be provided in the 1SF or in a
separate facility.

The 1SF options under evaluation include utilizing the existing site waste storage facilities and/or
constructing soft sided, tent-like structures to be used in combination with other existing onsite
structures (e.g., B-6 16) to support head space gas sampling temperature equilibration and
potentially load management. 1SF selection will be based on the implementation cost and risk
associated with each option.

Before placing the containers in storage, a non-destructive assay will be performed. A RCRA
90-day storage pad may be required to provide operational flexibility of the non-destructive
assay system by providing a staging area for the waste containers before non-destructive assay is
performed.

1.4.4 Transuranic Waste Shipping to Waste Isolation Pilot Plant

For the shipping portion of the TRU Waste Project scope, the CSS Project Manager is
responsible to plan for and ensure the following government furnished services and items are
integrated with the project.

WIPP will provide the transportation system for transporting the TRU waste to WIPP, including
the Transuranic Packaging Transport, Model 11 (TRUPACT-II) containers, truck/trailer, and
truck drivers. The TRU Waste Project is responsible for preparing the waste payloads, preparing
the TRUPACT-ls for shipment, loading payloads into the TRUPACT-Ils, and providing the
transportation documentation in accordance with the WIPP and TRUPACTIL requirements.
The contact-handled TRU waste shipping profile is planned in the TRU Waste National Shipping
Schedule as follows:

I shipment in third quarter of 2005
i shipment per week from the fourth quarter of 2005 through the fourth quarter of 2006

*8 shipments per week from the first quarter of 2007 through the third quarter of 2008.
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TRUPACT-Us loading and testing requires a highly specialized facility capable of disassembly,
maintenance, loading and leak testing of TRUPACT-Ils. Options currently under evaluation
include: use existing site infrastructure; WI1PP Centralized Characterization Project (CCP)
provided mobile loading systems; constructing stand alone facility for WIPP loading.

1.4.5 Transuranic Waste Isolation Pilot Plant Waste Program

For the shipping portion of the TRU Waste Project scope, the CSS Project Manager is
responsible to plan for and ensure the following government furnished services and items are
integrated with the project.

A WIPP TRU Waste Program will be developed to translate WIPP requirements to specific
operational and design requirements. The waste certification document hierarchy is shown in
Figure 4. Implementation of WIPP requirements will be facilitated by the use of the WIPP CCP.
The CCP will provide all WIPP-specific programmatic documents as well as performing WIPP-
required waste characterization under a WIPP certified program. A statement of work and an
interface document are being developed between CH2M HILL and the CCP to define work
requirements and responsibilities for providing materials, equipment and services. An
Acceptable Knowledge Program will be developed to support compliance with the WIPP TRU
Waste Program. Waste characterization required by WIPP will be completed by utilizing the
WlPP CCP resources in conjunction with other site resources and the Retrieval and Packaging
Projects. Strict compliance with WIPP requirements will be enforced from characterization
through storage and shipment. Waste must be managed and the acceptable knowledge
documented from the point of generation through disposal at the WIPP site.

Upon WIPP certification of the TRU waste and approval of the TRUPACT-11 payload assembly,
the standard waste boxes will be loaded into the WIPP provided TRUPACT-Ils for shipment and
disposal of waste at WIPP.

1.4.6 Secondary Waste

For the disposition of secondary wastes from execution of the TRU Waste Project scope, the
CSS Project Manager is responsible to plan for and ensure the following government furnished
services and items are integrated with the project.

The Waste Packaging Project will generate liquid effluent that will need to be transported to the
Effluent Treatment Facility for treatment and disposal. The Waste Packaging Project will
provide a RCRA-compliant tanker filling station. Transportation treatment and disposal of the
liquid effluent is currently anticipated to be provided by the Effluent Treatment Facility but will
need to be confirmed and documented in an ICD.

Other miscellaneous secondary wastes will be packaged in approved containers by the generating
project that will be dispositioned through coordinated management with the solid waste disposal
organization, including receipt, transportation, treatment, and disposal.
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Figure 4. Transuranic Waste Certification Document Hierarchy
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2.0 MANAGEMENT STRUCTURE

This section focuses on defining the organizational structure, relationships, roles, and
responsibilities of CH2M HILL relevant to the TRU Waste Project. It also addresses the Office
of River Protection (ORP) role in overseeing the project.

2.1 PROJECT STRUCTURE

The organizational structure for this project is shown in Figure 5. The corresponding participant
roles and responsibilities are defined in the following sections.

Figure 5. Transuranic Waste Project Organization

Strategic Planning
Director

MR tanagrnaagran.e

WPS asEnckgineeg uspem.

2.21 US.epatmet uopEnry OfieofRv rgrotection

The~~ S O= oei t rv cntract aietion, stroe CH2M HILhvaihepinCntacin

OfficerP an deig ate tactaing Offier ersnaie.Rspniiiisicue

" Provides interface coordination with other DOE offices.

* Provide technical and contractual direction to CH2M HILL.

" Provide technical oversight of CH2M HILL to ensure the products and services for which
the Contracting Officer or Contracting Officer Representative is responsible are delivered
in accordance with the contract terms and conditions.
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" Review invoices, as required.

" Provide approval of multi-year work plan documentation.

2.2.2 CH2M HILL Hanford Group, Inc.

2.2.2.1 Transuranic Waste Project
The TRU Waste Project is organized to take advantage of the corporate structure of
CH2M HILL. The project will operate as a matrixed project and will not consist of a full-time
dedicated staff.

The three elements of the project are (1) Retrieval Project, (2) Packaging Project, and (3) CSS
Project. All three projects must be sensitive to the highly compliant nature of the end state,
producing a WIPP-compliant package. Seemingly innocuous changes in approach, chemical
additions, process, or paperwork can have a significant negative impact.

The Retrieval Project is responsible for all activities required to design, procure, install, and
operate systems that retrieve waste from the tanks and provide it to the packaging project.
The Packaging Project is responsible for receiving the waste from the retrieval project and
packaging the waste for eventual shipment to the WIPP. The CSS Project is responsible for
integrating the three projects and establishing options for the implementation of the government
furnished services and items that include interim storage facilities, characterization and
certification activities, and facilities for transportation loading for eventual shipment to WIPP.

The CSS Project is focused across the TRU Waste Project and externally. The Retrieval and
Packaging Projects are largely focused within the company.

The Strategic Planning Director is responsible for ensuring the project scope is definied,
scheduled developed, execution plans established, and that the project is transitioned to the field
for execution.

The Strategic Planning Director maintains oversite of the project to ensure the project will reach
the desired outcome and remains consistent with the integrated mission objectives. The strategic
planning director is the primary interface with the client, WIPP, regulators, and stakeholders.

2.2.2.1.1 Retrieval, Packaging, and Characterization, Storage and Shipping
Project Managers

The TRU Waste Project Managers provide day-to-day management and oversight of their
project activities, including interfaces with ORP, subcontractors, and CH2M HILL
organizations (e.g., Program Office, Tank Farm Operations); approval/administration of
project baselines; management of project cost account plans; technical direction to the
subcontractors; coordination of risk identification/analysis/mitigation activities; support for
budget validations and major reviews; and Operations Liaison support between project team
and Tank Farmn Operations functions during design/installation phases.

2.2.2.1.2 Engineering
The Tank Farm Contractor (TFC) engineering organization as, outlined in Engineering
Program Management Plan (TFC-PLN-03), manages information defining the requirements
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and representing the configuration of items. Engineering roles are based upon approval
authority of technical baseline information and include the following: Design Authority,
System Engineer, Project Engineer, Process Engineer, Nuclear Safety and Licensing
Engineer, and Design Agent.

2.2.2.1.3 Environment, Safety, Health and Quality
Environment, Safety, Health and Quality includes Environmental, Safety and Health, Quality
Assurance, and Radiological Control. The Integrated Environment, Safety and Health
Management System Plan (RPP-MP-003) establishes a single, defined safety and
environmental management system that integrates environment, safety, and health (ES&H)
requirements into the work planning and execution processes to effectively protect the
workers, public, and the environment. All project participants share in the responsibility to
effectively implement RPP-MP-003; however, the ES&H group is to ensure the plan is
effectively implemented.

The ES&H group is also responsible for all permitting tasks required to support project
design/installation and system operation, including: preparing Notice of Construction
applications and supporting documentation to meet Clean Air Act and "Washington Clean
Air Act of 1967" permnit requirements; submittal of modifications to the Hanford Site single-
shell and double-shell tank RCRA Part A and Part B permit applications; and preparing
pre-operational monitoring determination documentation for affected facilities before
installation.

Quality Assurance responsibilities involve verification that all project tasks are performed in
accordance with applicable quality assurance requirements. Activities will include procedure
reviews and acceptance, audits, surveillances, assessments, design reviews, design
verification activities, corrective action reporting, and trend analysis.

Radiological Control is responsible for ensuring that radiological controls are effectively
incorporated into the design of the TRU Waste Project. Radiological Control is also
responsible for supporting activities performed within the tank farms in preparation for and
during tank waste retrieval and packaging operations.

2.2.2.1.4 Project Controls
Project Controls is responsible for tracking the scope, schedule, and budget for all TRU
Waste Project elements. Schedule and cost variances are reported to management for
corrective action as needed. Additionally, Project Controls is responsible for supporting the
procurement of labor, services, subcontractors, material, and equipment.

2.2.2.1.5 Operations and Maintenance
As construction and installation of each tank retrieval system and WPS is completed, the
systems will be accepted by operations for use. Plant operations and maintenance will be
responsible for completing the retrieval of each tank and packaging the waste for disposal at
WIPP.

Operations and Maintenance staff will participate in design reviews, value engineering
sessions, technical baseline development, operating and maintenance procedure
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development, operational test review and approval, operations acceptance checklist review
and approval, training, etc., to ensure new equipment is effectively designed, fabricated,
installed, and tested.

2.3 ACQUISITION STRATEGY

The acquisition strategy for TRU Waste Project includes the approach to procure and contract
administration approach for system test and evaluation as described in the following subsections.

2.3.1 System Acquisition Approach

The acquisition strategy for TRU Waste Project is based on procuring products and services via
competitive bidding to the greatest extent possible, while ensuring that the aggressive TRU
Waste Project schedule is maintained. The detailed acquisition strategy will be detailed and
implemented at the subproject level as specified in project execution plans.

2.3.2 Startup and Testing

Testing of the TRU Waste Project equipment will be performed in accordance with test plans
submitted by the suppliers and/or developed by the CH2M HILL Startup and Testing
Organization, as required per Start- Up and Testing Program Plan (TFC-PLN-26). All test plans
will be reviewed and approved by the CH2M HILL Startup and Testing Organization before start
of the test activities. All appropriate test activities will be witnessed by CH2M HILL Startup and
Testing representatives and/or quality assurance/third-party inspection personnel.

2.3.3 Readiness Review Process

The TRU Waste Project will undergo a Readiness Review in accordance with Startup and
Restart of Nuclear Facilities (DOE 0 425. 1iB), and Readiness Review Program Plan
(TFC-PLN-l 6).

3.0 RESOURCE REQUIREMENTS

The TRU Waste Project will be performed to established and controlled schedule and cost
baselines that are tracked according the project's work breakdown structure (WBS).

3.1 WORK BREAKDOWN STRUCTURE

The TRU Waste Project WBS is distributed within the company WB3S. The WBS applicable to
the retrieval, packaging, and CSS projects is provided in Table 3. Additional project-specific
WBS elements are at the discretion of the respective project managers.
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Table 3. Transuranic Waste Project Work Breakdown Structure

Project WBS WBS Title
Retrieval 5.8.6.3.13 B-201 Retrieval/Closure

5.8.6.3.14 B-202 Retrieval/Closure

5.8.6.3.15 B-203 Retrieval/Closure

5.8.6.3.16 B-204 Retrieval/Closure

5.8.3.7.10 T-1 10 Retrieval/Closure

5.8.3.7.11 T-1 11 Retrieval/Closure

5.8.3.7.13 T-201 RetrievaV~losure

5.8.3.7.14 T-202 Retrieval/Closure

5.8.3.7.15 T-203 Retrieval/Closure

5.8.3.7.16 T-204 Retrieval/Closure

Packaging 5.9.2.2.1 CH TRU Packaging

Characterization, Storage, and Shipping 5.9.2.2.1 OH TRU Packgn

CH = contact-handled.
TRU =transuranic.
WBS =work breakdown structure.

3.2 SCHEDULE BASELINE

The project schedule continues to develop as the project matures. The schedule will be
maintained in the integrated mission execution schedule, and as the project matures the schedule
will be modified accordingly. The schedule will support the schedule objectives (Section 1.3).

The integrated mission execution schedule baseline schedule will depict project activities and
milestones based on project requirements, including regulatory compliance, programmatic,
operational, financial, and institutional constraints at a level of detail that enables the project
managers and the strategic planning director to evaluate trends monthly and take necessary
corrective action. Agreement on the schedule will be reached with the three project managers
and the strategic planning director.

3.3 COST BASELINE

The TRU Waste Project is expense-funded. Monthly reports are provided to ORP, including cost
performance information. Formal reviews of expense funding are performed by QRP at mid-
year. Forecasted expense fuinding under runs are returned to the program for other uses.
Increases in annual expense funding are obtained via change request.

The TRU Waste Project is maintained in the integrated mission execution schedule. Table 4
identifies the funding baseline for the TRU Waste Project.
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Table 4. Fiscal Year Funding Baseline for the
Contact-Handled Transuranic Waste Project

Fiscal Year 2003 2004 2005 2006 2007

Funding ($M) 5 20 25 8 3

Total($M)61

No contingency shall be established for expense-funded projects. Should new requirements be
identified, or unanticipated events occur which result in significant cost variances, discussions
will be held with QRP to reach agreement on what can be eliminated, deferred or modified to
address the issues. Any necessary contract change requests will be expedited.

4.0 PROJECT MANAGEMENT

The TRU Waste Project has risks and uncertainties associated with its execution. To ensure
successful completion of the project, the project will employ various project management tools
including:

*Adherence to the established and controlled technical, schedule, and cost baselines
*Risk management through risk identification and targeted mitigation
*Identification and documentation of physical, regulatory, and programmatic interfaces
*Regular collection and reporting of project status
*Adherence to governing project procedures
*Performance in accordance with established quality assurance and safety requirements.

4.1 CHANGE CONTROL

Changes to TRU Waste Project technical, schedule, or cost baselines will be authorized by
approval of a baseline change request (BCR) in accordance with Baseline Change Con trol
(TFC-PRJ-PC-C-12). Thresholds identified in that procedure will be used by the project.
The goals of the baseline change control process include the following:

*Prevent unauthorized or unintended deviations from approved baselines
*Recognize, document, approve, and implement changes
*Control consequences of those changes.

All BCRs; will be documented on a BCR form. Changes to project baseline documents will be
documented on an Engineering Change Notice per Engineering Change Control
(TFC-ENG-DESIGN-C-06), and will be made an attachment to the BCR form, if necessary.
Each BCR will be assigned a unique identification number.

4.2 RISK MANAGEMENT

An integral part of the project management function is risk management. The TRU Waste

Project risk management will be achieved by each of the three project elements (retrieval,
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packaging, and CSS). The CSS Project will perform periodic reviews to ensure risk integration
across the whole project.

4.3 PROJECT INTERFACES

Defining the TRU Waste Project interfaces is an early responsibility of the Project Manager and
is accomplished through ICDs. Interface documents will be established in accordance with
HNF-IP-0842, RPP Administration, Volume 4, Section 2.8, "Interface Control." The TRU
Project physical interfaces are shown in Figure 6. Specific ICDs will be generated to clearly
delineate those functions, authorities, and responsibilities that are the responsibility of the
following:

" Retrieval and closure interface (provides feed for packaging operations)

" TRU waste storage interface

* WIPP interface (certification of packaged TRU waste and shipping to WIPP)

* Secondary waste interface (liquid effluent)

* Laboratory interface (sample analysis and sample shipping)

* Site infrastructure (e.g., roads, power, water, telecommunications)

" Material transfers

* TRU Waste Project Manager and the TFC Operations and Maintenance organizations.

These ICDs will be of special importance because they will be basic to establishing the scope of
the project. Additional ICDs will be developed as necessary. ICIs are signed by the involved
persons, are project baseline documents, and are maintained under change control. The TRU
Project life cycle scope is presently planned to extend from feasibility planning through
completion of operations and staging of waste for eventual shipment to WIPP. Transition from
the project to the operating organization will occur when the structures, systems, and
components are declared complete and ready to initiate hot operations.

4.4 PROJECT CONTROLS AND REPORTING

Cost and schedule performance, milestone status, and financial status will be reported to ORP in
accordance with Scheduling (TFC-PRJ-PC-C-04), TFC-PRJ-PC-C- 12, and Project Control
System Description (RPP-7725) on a monthly basis using ORP-approved WBS elements and
data formats. Monthly reporting includes variance analyses. If cost or schedule variances
exceed the ORP-established reporting thresholds documented in the Project Control System
Description, the report will include corrective action plans that integrate cost, schedule, and
scope. Also reported will be analyses of cost and schedule trends, cost and schedule status,
baseline change control activity, potential problems, and critical issues.
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Project planning and performance reporting is accomplished by a combination of the Project
Manager, Project Controls, and other various performing organizations. The Project Manager
has overall responsibility for planning and reporting against the integrated baseline. Supporting
subcontractors provide status, via the Project Manager, for work in progress.

Each month the performing organizations report progress to the designated project controls staff,
which reviews the reports and forwards them along with earned value data to the project
manager. Reports are forwarded to ORP in the form of management review reports. Earned
value data are the basis for assessing performance from both a cost and schedule perspective.
These data are used in cost control and schedule execution decisions.

4.5 PUBLIC AND STAKEHOLDER INPUT TO PROJECT

Since inception of the TRU Waste Project, an extensive array of public involvement activities
has occurred and will continue. Routine briefings to affected stakeholders (e.g., via the Hanford
Advisory Board), the tribes, and the New Mexico environmental department have been held.
Regulatory activities require public input at various stages (e.g., Notice of Intent public
meetings) will occur as a normal part of those functions.

4.6 PROJECT DOCUMENTATION AND RECORDS

Each project is accountable for project documentation and records as specified in their respective
project execution plans.

4.6.1 Project Documentation

Procedures and documents supporting the TRU Waste Program must be prepared and maintained
in a formalized document control system that complies with the requirements of TFC-PLN-02.
The Document Control organization ensures compliance to specific document control
requirements by controlling the presentation, modification, review, approval, issuance,
distribution and the use of the TRU Waste Program-related documents.

Positive controls will be established for managing the development and maintenance of the
WIPP-related documents and procedures. A formalized document control process will be
developed by which documents are to be prepared, reviewed, approved, and issued. A separate
procedure will be developed to manage the configuration control and change implementation
process.

4.6.2 Project Records

TRU Program quality assurance records must be maintained in a formalized and highly
structured manner to readily furnish documented evidence that wastes destined for disposal at
WIPP are generated, packaged, inspected, assayed, tested, and shipped in a manner compliant
with applicable WIPP requirements. Records will be managed to ensure compliance with
WIPP-specific record storage and maintenance requirements. The records system will ensure the
generation, indexing, classification, retrieval, storage and correction of the TRU Waste
Program-related quality assurance records.
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Specific procedures will be developed for controlling the generation, sequencing, transfer and
storage of WIIPP quality assurance records. Records management procedures will stipulate
document control and storage requirements for document generators and records management
organization as well as formalizing how records are to be prepared, reviewed, approved, and
transferred to the records management organization.

4.7 INTEGRATED ENVIRONMENT, SAFETY, AND HEALTH MANAGEMENT
SYSTEM

RPP-MP-003 provides the institutional structure for incorporation of ES&H into all aspects of
CH12M HILL business and operating units. RPP-MEP-003 requirements are implemented through
numerous TFC procedures that govern the work planning and execution processes to effectively
protect the workers, public, and the environment.

4.8 QUALITY ASSURANCE

The quality assurance requirements that apply to all CH2M HILL activities are identified in
Quality Assurance Program Description for the Tank Farm Contractor (TFC-PLN-02).
TFC-PLN-02 is the source of requirements for CH2M HILL compliance with "Quality
Assurance for Nuclear Facilities" (10 CFR 830, Subpart A) and Quality Assurance
(DOE 0 414.l1A). TFC-PLN-02 is supported by an implementation matrix, Quality Assurance
Program Description Implementation Matrix (TFC-ESHQ-QADM-D-04).
TFC-ESHQ-Q ADM-D-04 provides a correlation of regulatory, DOE order, consensus standard,
and CH2M HILL quality assurance program requirements, and, it lists documents that serve to
implement those requirements. TFC-ESHQ-QADM-D-04 is a tool to be used by project
managemient to identify the processes that implement the various elements of 10 CFR 830,
Subpart A, and DOE 0 414.1A. The documents listed in TFC-ESHQ-Q-ADM-D-04 (most of
which are procedures) determine the quality assurance process for CH2M HILL.

4.9 ENVIRONMENT DOCUMENTATION

The environmental documentation requirements for the TRU Waste Project are as specified in
Environmental Plan to Support Proposed Hanford Tank Waste Supplemental Processing
(RPP-14 132). Environmental requirements will be further developed with increased project
maturity. Requirements specific to each of the three subprojects will be identified in their
respective project execution plans.

4.10 SAFETY AND HEALTH DOCUMENTATION

The current plan is to incorporate the TRU Waste Project into Tank Farms Documented Safety
Analysis (DSA) (RPP-13033). This process begins with a preliminary hazard categorization that
will determine the hazard category of the facility based on projected inventory. Because the
facility is receiving tank waste it most likely will be either a Hazard Category 2 or Hazard
Category 3 facility and thus must be addressed in RPP-l 3033. A hazard analysis will then be
performed to determine whether the TRU Waste Project poses hazards that are either not already
addressed in RPP-13033 or have greater frequencies or consequences than similar hazards
identified in RPP-13033. Based on the conclusions of the hazard analysis, any required accident
analysis will then be performed. After the accident analysis is complete, any required technical
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safely requirement controls will be developed. Finally, a safety basis amendment consisting of
RPP-13033 and technical safety requirement (if required) page changes wI be generated. This
amendment is expected to require ORP approval.

In addition, unreviewed safely question reviews will be performed where required by
Unreviewed Safety Question Process (TFC-ENG-SB-C-03). When unreviewed safely question
review of design media results in a positive unreviewed safety question determination (i.e., not
within existing safely basis), either the design will be changed such that it can be implemented
within the existing safety basis or the safety basis will be amended.

Industrial and radiological safely will be performed in accordance with approved CH2M HILL
procedures.

4.11 CONFIGURATION MANAGEMENT

Configuration management for the TRU Waste Project will preserve and control the technical
integrity of products and processes, structures, systems and components, and associated
information in accordance with CH12M HILL configuration management standards established in
Configuration Management Plan (TFC..PLN-2 3).
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EXECUTIVE SUMMNARY

A review of wa-ste transfer documentation was conducted to determine the origin of waste
transferred into single-shell tanks 24 1-T- 110, 24 1-T-1II I and 241 -T-I 112. This review was
conducted to support decisions concerning disposition of the waste present in these tanks.

Tank 241 -T-1I 10 received second decontamination cycle (2CQ waste from processing plutonium
solutions at the 221 -T Bismuth Phosphate plant from January 1945 through December 1954,
22 1-T Plant low activity cellI drainage wvaste from June 1951 through December 1954, and
224-T Concentration building wastes from May 1952 through December 1954. Tanks 241-T-
Ill and 241 -T-l 112 received 2C waste from the 22 1-T Plant from January 1945 through October
1956, 22 1-T Plant low activity cell drainage waste from June 1951 through October 1956, 224-T
Concentration building wastes from May 1952 through October 1956, and 22 1-T Plant
equipment decontamination waste from December 1959 through June 1967. Tank 241-T-1 12
continued to receive 22 1-T Plant equipment decontamination waste until June 1973. Tank 241 -
T- 112 also received a mixture of coating removal waste 22 1-B Plant cesium ion exchange
process waste from tank 24 1-T- 106 in March 1973.

The second decontamination cycle and 224-T building wastes originated from purification of
plutonium solutions. The second decontamination cycle and 224-T building -wastes are not waste
originating from separating fission products from the uranium fraction of irradiated reactor fuel.
Equipment decontamination wastes originated from removing residual radionuclides from failed
process equipment to enable this equipment to be repaired and returned to service. Coating
removal waste originated from dissolution of the aluminum coating present on irradiated fuel
elements, prior to the dissolution of the fuel elements. Cesium ion exchange process waste
originated from processing waste solutions at the 22 1-B Plant to separate cesium from these
wastes.

The concentrations of the transuranic elements with half-lives greater than 20-years (i.e. sum of
neptunium-237, plutonium-238, plutonium-240, plutonium-240 and americium.241) in the waste
stored in tanks 24 1-T- 10, 24 1-T-l 11 and 24 1-T- 112 (sludge fraction only) are approximately
83.3rlCi/g, I 86.5ilCi/g and 255.2TICi/g, as reported on October 11, 2004 from the TWVINS
database.
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1.0 INTRODUCTION

The origin of the wastes in tanks 241-T-1 10, 241-T-1 I11 and 241-T-1 12 is important in
determining the disposition of these wastes and the waste storage tanks. Section 2.0 discusses
the origin of waste transferred into and removed from single-shell tanks 241-T-1 10, 241-T-1 I I
and 241-T-1 12. Section 3.0 provides a description of the different types of wastes that were
generated at the Hanford Site chemical processing plants and transferred to these underground
storage tanks. Section 4.0 provides a discussion on the transuranic radionuclide analyses of the
wastes in these tanks. The concentration of transuranic radionuclides present in these wastes is
important to determining the disposition of these wastes. Section 5 summarizes the waste types
that were transferred into tanks 24 I-T-I 10, 241-T-1I I1 and 241 -T-1 12.

2.0 'WASTE TRANSFER INTO AND WASTE REMOVAL FROM1 TANKS 241-T-110,
241-T-111 AND 241-T-112

This section provides a brief description of tanks 241.-T-l 10, 241 -T-1 11I and 241 -T- 112 and
summarizes waste transfers into and waste removal from these tanks. In order to determine the
origins of the wastes presently stored in tanks 241-T-1 10, 241-T-1 I I and 241-T-1 12, publicly
available reports for the Hanford Site were reviewed.

Documents reviewecd included the Hanford site contractors' monthly reports (1945 through
1975), Army Corp of Engineers monthly reports (December 1944 through December 1946), U.
S. Atomic Energy Commission monthly reports (1947 through 1954), waste disposal reports
(1948 through 1975), tank farm waste status summary reports, and miscellaneous letters and
technical reports.

The Hanford site contractors' monthly reports for January 1945 through July 1951 list the
volume of waste stored in the single-shell tanks, with the exception of the B-200 and T-200
series single-shell tanks. No records were located that provided the volume of wastes stored in
the single-shell tanks from August 1951 through February 1952. Beginning in March 1952,
waste transfers and the volume of waste stored in each single-shell tank were reported for each
tank in a waste status summary report.

With the exception of the waste status summary reports, all reports cited in this section are
available electronically from the Hanford Declassified Document Retrieval System at
bttp://www2.lianford-gov/dcclass/ or the U.S. Department of Energy (DOE) Information Bridge
at httn!://www.osti.ggvbrid~/ The waste status summary reports are available only as
photocopies from Hanford Site Records Information Management Services organization.

2.1 DESCRIPTION OF TANKS 241-T-1 10, 241-T-11 1 AND 241-T-1I12

Single-shell tanks 241 -T-I10, 241 -T-1 I I and 241 -T-I 12 were originally constructed in 1944 as
part of the Manhattan Project (H W-1 0475-C, chapter IX) and are three of the twelve, 1 00-series
tanks in 241-T Tank Farm. The 100-series tanks are seventy-five-foot diameter underground

I
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tanks made of reinforced concrete wvith a steel liner on the bottom and sides. Each tank has a
design capacity of 530,000 gallons at a liquid depth of sixteen-feet. The overflow pipe f6r tanks
24 1-T-1 10 and 241 -T- I11 is at an elevation that results in seventeen-feet of waste
(-540,530 gallons) being retained in each tank. The overflow pipeline from tank 24 1-T-1 12 is at
an elevation that results in eighteen-feet of waste (-573,530 gallons) being retained in this tank
(HW-27035).

Tanks 241 -T-1 10 and 24 1-T-lI 11, along with tank 24 1-T- 12, were connected together via
underground piping to allow solution to cascade from the lead tank into the subsequent two
tanks. Solids settled in each tank, with the supernatant discharged from tank 241-T-1 12 through
an underground pipeline to a crib. In addition to the overflow piping, each tank is equipped with
four, 3-inch diameter stainless steel inlet pipes. Originally, only the inlet pipes from tank 241 -T-
1 10 were connected to diversion box 241 -T- 153, with the inlet pipes for the other tanks blanked
off close to each tank (H W-1 0475-C, page 907 -908).

2.2 WASTE TRANSFERS

This section describes waste transfers into and waste removal from tanks 24 1-T-1 10, 24 1-T-1 11
and 241-T-1 12. These tanks were operated for a number of years as a three-tank cascade. This
section includes a discussion of waste discharge to underground cribs. The design of the tank
cascade system is shown in Figure I and resulted in tanks 24 1-T-1 10 and 241 -T- I I11 being filled
with waste that then cascaded into tank 241-T-1 12. Figure I does not represent the current
con figuration of piping for these tanks. From 1947 through 1951, a jet was used to transfer
waste from tank 241-T-1 12 to the crib. After modifying the disposal system in May 195 1, waste
was allowed to gravity overflow from tank 241 -T- 112 to the crib.

The volume and radioactive (plutonium, gross beta, and uranium) content of waste discharged
from these tanks to underground cribs is summarized in references HW- 17088, HW-20583,
HW-25301, HW-28 121, HW-33591, HW-38562, HW-44784, HW-72956, ISO-98, and
ARH-1608. Appendix A provides a tabular listing of the volume of solids and total waste
present in tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 forJanuary 1945 through
December 1975, after which these tanks were no longer used to receive wastes.

2
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Figure 1. Tanks 241-T-1 10, 241 T-1 11, 241 -T-1 12 Waste Tank Cascade System

*11:06 hIT" I.
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2.2.1 Second Decontamination Cycle (2C) Waste

The 241 -T Tank Farm was originally constructed to receive wvaste from the 221 -T Bismuth
Phosphate plant (see Section 3.0). Tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 were operated
as acascade. Chemical tracer runs (non-radioactive) were initiated in the 221-T Plant in
December 19444, with the second decontamination cycle (designated as 2C) waste from these
runs received into tank 241-T-1 10 (HAN-45800-DEL, page 1). According to the Army Corps of
Engineers report for January 1945 (HAN-45800-DEL, page 4), the first radioactive waste was
received into tank 24 1-T-1I 10 from the processing of six charges of material from 1 00-B reactor
in the 221-T Plant to separate plutonium.

Tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 continued to receive 2C waste through July 22,
1946, at which time these tanks were reported as being filled and 2C waste was diverted to tanks
241-T-105 and 241-T-106 (HlAN-45800-DEL, page 64 and HW-7-4542-DEL, page 21). Tanks
241-T-105 and 241-T-106 were originally designated as a spare set of tanks for receipt of 2C
waste from the 221-T Plant. In order to allow the collection of 2C waste in tanks 241-T-105 and
24 1-T-1 06, a separate transfer pipeline was established to the inlet of tank 24 1-T-1 05 on July 17,
1946 (H-2-578 and HAN-45762, pages 27 and 32).

While tanks 241 -T-1 10, 241-T-1 11, and 241-T-1 12 remained filled with 2C waste, tanks 241-T-
105 and 241-T-106 continued to receive 2C waste from the 221-T Plant. Measurements of the
solids depth in tanks 24 1-T- 10, 241 -T-1 11, and 24 1-T- 112 were conducted in October 1946
using an ionization chamber indicated that only tank 24 1-T-1 10 contain solids, evenly distributed
at a depth of approximately 38 inches, corresponding to -84,030 gallons (H-7-5362-DEL, page
27).

Plans were initiated in October 1946 to dispose of the 2C supernatant contained in these tanks to
an underground crib (MI -7-5362-DEL31, page 27). A new underground crib (designated as
24 1-T-3) was constructed in 1947. Tank 24 1-T-1 10 would be used to settle solids that formed in
the 2C waste, with the supernatant cascading by gravity flow into tank 241 -T-1 11I and then into
tank 241-T-1 12. The clarified 2C supernatant would be jetted from tank 241 -T-1 12 to the
underground crib. Crib disposal of the clarified 2C supernatant was authorized on an
experimental basis (HW-10321). The 20 waste contained in tank 241-T-1 I11 was jetted to this
underground crib in September 1947 (-W7795-DEL, page 26).

As part of the planned disposal of the 2C supernatant to the underground crib, separate waste
transfer lines were routed to tanks 241-T-1 I11 and 241-T-1 12 (see drawing H-2-578). This would
enable filling these tanks directly with 2C waste when tank 241-T-1 10 filled with solids and was
no longer suitable as a settling tank. Approximately 20,000-gallons of 20 supernatant were
jetted from tank 241-T-1 12 to the underground crib in November 1947 to enable a waste transfer
line tic-in from diversion box 241 -T-153 to tanks 241-T-1 I I and 241-T-1 12 (HW-8267-DEL,
page 27). Crib disposal of additional 20 supernatant was delayed until a means to sample the
soil in dry wells that surround the crib area was developed.
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A tool for sampling the soil in dry welfls surrounding the 2C disposal crib area was designed,
constructed, and tested in February 1948 (HW-9191.DEL, page 28), but this tool proved
unsuccessful in obtaining soil samples when used in March 1948 (IIW-9595-DEL, page 30).
However, approval was given to resume limited crib disposal of 2C supernatant in April 1948,
since tanks 241-T-105 and 241-T-106 were nearly filled with 2C waste and additional storage
space in the single-shell tanks was not available. Crib disposal of approximately 360,000 gallons
of 2C waste from tank 241-T-105 was conducted in April 1948 (HW-9922-DEL, page 3 1).

Following extensive sampling of the soil surrounding the 2C waste disposal crib
(HW-1 01 66-DEL, page 3 1), crib disposal of 2C waste contained in tank 241 -T-1 06 was
conducted in July 1948 (HW-107 14-DEL, page 32) and August 1948 (HW-10993-DEL,
page 32). Crib disposal of approximately 450,000 gallons of the 2C waste in tank 241-T-1 12
was initiated on August 4, 1948 (HW- I0993.DEL, page 35) and stopped in September 1948
(HW-1 1226-DEL, page 32) to allow installation of an experimental sand filter on the jet
discharge from tank 241-T-1 12 to the crib. The experimental sand filter wvas installed to
determine the feasibility of removing additional activity from the 2C supernatant being disposed
to the crib. Crib disposal of the remainder of the 2C waste in tank 241 -T-1 12 was completed in
October 1948 (HW-1 1499, page 33).

With the emptying of tank 241-T-1 12 in August through October 1948, 2C waste was again
routed from the 221 -T Plant into the cascade of tanks 241-T-1 10, 241I-T-1 11, and 241 -T-1 12
beginning in August 1948. Tank 241 -T-1I 10 was used to settle solids that formed in the 2C
waste, with the supernatant cascading by gravity flow into tank 241 -T-1 I11 and then into tank
241-T-1 12. The clarified 2C supernatant was periodically jetted from tank 241-T-1 12 to the crib
(HW-33591, pages 4 and 26) frm August 1948 through May 1951. In May 1951, modifications
were conducted that allowed the 2C supernatant waste to gravity overflow from tank 241 -T- 112
into the crib (HW-2 1260-DEL, page 57).

2.2.2 2C WVaste Combined with Cell Drainage Waste

Beginning in June 1951, the neutralized, cell drainage waste from the 221-T Plant (designated as
5-6 waste) was combined with the 2C waste in the cascade of tanks 241 -T-1 10, 241 -T-1 11, and
241-T-1 12 (HW-21506-DELpage 56 and H-2-1988). Tank 5-6 in the 221-T Plant was used to
collect low activity drainage from the process cells. The generation of cell drainage waste was
intermittent and dependent on the frequency of leaks that developed in the 221 -T Plant process
equipment. High-activity cell drainage waste was collected in tank 5-9 and either reworked or
transferred to single-shell tank 241-T-107 (see Section 3.1.1).

The low activity cell drainage was transferred to the cascade of tanks 241-T-1 10, 241-T-1 11, and
241-T412 so "... that the major portion of the suspended plutonium carrying solids will settle
out while the waste solution combines and cascades concurrently with the second
decontamination cycle waste prior to underground cribbing by constant overflow"
(EIW-2 1506-DEL, page 56). Thec combined 2C waste and cell drainage waste from tank 5-6
were transferred to the cascade of tanks 241 -T-1 10, 241-T-1 11, and 241 -T-1 12. All three tanks
were essentially filled with waste to the overflow pipeline. Solids gravity settled and supernatant
gravity overflow from tank 241 -T- 112 into the crib.
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2.2.3 2C, Cell Drainage, and 224-T Concentration Building Waste

Beginning on May 29, 1952, the waste from the 224-T Concentration building (designated as
224 waste) was discharged to the cascade of tanks 241-T-1 10, 241-T-1 11, and 241I-T-l 12 along
with the cell drainage waste collected in tank 5-6 and the 2C waste from the 221 -T Plant
(HW-27838, page 17). Section 3.1 provides a description of the plutonium concentration process
conducted in the 224-T Concentration building. These three waste streams (2C / 224 / 5-6)
continued to be collected in the cascade of tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12. All
three tanks wvere essentially filled with waste to the overflow pipeline. Solids gravity settled and.
supernatant gravity overflow from tank 241 -T-1 12 into the crib.

In December 1954, tank 241-T-1 10 was reported as filled with sludge (530,000 gallons) and only
tanks 241-T-1 11I and 241-T-1 12 were receiving the 2C / 224 /5-6 wvaste streams (HW-34412,
page 6 and H-2-2398). A review of Hanford Site monthly reports and waste status summary
reports from 1955 to the present indicate that no additional waste was transferred into tank 241-
T-1 10. This review also observed that the documented, volume of solids contained in this tank
was recorded generally as 530,000 gallons through July 1957and then reported as 46.000 gallons
from August 1957 through June 1966. The tank 241-T-1 10 sludge volume was reported
typically as 508,000 gallons from July 1966 through September 1969, then 293,000 gallons
through September 1974, and 466,000 gallons from October 1974 through March 1982.
Following completion of salt well pumping in 1978 (RMIS TFIC # D196235596), the tank 241-
T-1 10 sludge level was reported at 370,000 gallons in April 1982 to the present. Supernatant and
interstitial liquids were removed from tank 241-T-1 l0 in 2000 as part of interim stabilization of
the single-shell tanks (HNF-SD-RE-TJ-178, pages 2 18-222).

The reason for the variations in the measured solids volume in tank 24 1-T-1 10 was not reported
in the waste status summary reports, but could be due to inaccurate measurements. Sludge depth
measurements were obtained by lowering a weight through a riser in the single-shell tank and
attempting to determine the sludge interface with the supernatant. The distance from the riser
bench-mark to the sludge interface was determined and the sludge depth was then calculated.
The date when sludge measurements were actually obtained was not located in the available
documentation. An erroneous measurement or calculation may have been recorded in August
1957 and the sludge depth not measured again until July 1967. Sludge removal from tank 241-
T-l 10 has not been conducted as of June 2004 and is not the source for the variation in measured
sludge volume.

Tanks 241-T-1 11 and 24 1-T-1 12 continued receiving the 2C / 224 /5-6 waste streams and by
March 1955, were reported as containing approximately 487,000-gallons and 33,000 gallons of
sludge, respectively (HW-36001, page 6). This prompted the transfer in April 1955 of 115,000
to 133,000-gallons of sludge from tank 241-T-1 11 to tank 241-T-1 12 (HW-36553, page 6).
Tank 241 -T-1 I11 was reported as containing approximately 362,000 gallons of solids after this
transfer. Tank 241-T-1 12 was reported as having 33,000 gallons of solids before this transfer
(HW-36001, page 6) and approximately 170,000 gallons of solids after this transfer (HW-37 143,
page 6). The solids were transferred from tank 241-T-1I I1 into tank 241 -T-1 12 to provide
su fficient space in tank 24 1-T- Il for gravity settling of solids present in the 2C / 224 / 5-6
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wastes before the clarified supernatant was overflowed to tank 241-T-1 12 and to the
241-T-3 crib (after 1958 referred to as the 216-T-7 crib).

The 24 1-T-3 crib continued to receive the supernatant overflowed from tank 241 -T-1 12 until
November 30, 1955, after which the 241 -TX-1 53 crib (after 1958 referred to as the
216-T-19 crib) was used (HW-44784, pages 43 and 44). Additionally, approximately
700,000 gallons of waste was discharged from tank 24 1-T-1 12 to the 24 1-T trench number 5 on
May 5, 1955, to empty this tank (IIW-38562, page 28). Trench 241-T numberS is also referred
to as trench number 216-T-5 (Fl W-485 18, page 42).

The 2C / 224 / 5-6 wastes continued to be transferred into the cascade of tanks 241-T-1 I1I and
241-T-I 12 through March 20, 1956, when the final processing of irradiated fuels for plutonium
recovery was completed in the 221 -T Plant (HWV-422 19-DEL, page ED-5). Process equipment
flushes using nitric acid and peroxide - caustic were conducted in the 22 1-T Plant from

* March 1956 (HW-422 19-DEL, page ED.5) through September 1956 (HW-45707-DEL,
* page D-5) to recover plutonium and remove fission products from the equipment. The acid

flushes were processed through the normal flowsheet, generating additional 20 and 224 wastes
that were transferred to the cascade of tanks 241-T-1 I1I and 241-T-1 12. The 221-T Plant was
placed in standby status whereas the 224-T building was placed in lay-away status in
October 1956 (HW-46432-DEL, page D-5). The volume of solids and liquid report in tanks
24 1-T- I 11I were 5 10,000 gallons and 20,000 gallons as of September 30, 1956 (HW-45738,
page 6). The volume of solids and liquid report in tanks 241-T-1 12 were 170,000 gallons and
259,000 gallons as of September 30, 1956 (H[W-45738, page 6).

Water trans fers through the equipment in the 22 1-T Plant were conducted once per week
beginning in October 1956 following chemical flushing to keep the gaskets installed i 'n piping
wetted (HW-46432-DEL, page D-5). If the gaskets dried out, leaks could develop if the
equipment were restrted. Water transfers through the 221 -T Plant equipment were continued
through January 1957 (HW-48 132-DEL, page D-6) and were terminated when the 221 -T Plant
was transitioned to final lay-away status in June 1957 (HW-5 121 I-DEL, page D-6).

The disposition of the water transferred through process equipment in the 22 1-T Plant is not
specified in the Hanford Site monthly reports or waste status summary reports. Reports that
document radioactive liquid discharges to the ground for 1956 through 1959 do not indicate the
discharge of any waste from tank 24 1-T-I 121to the crib (number 241-7X-1 53 also known as the
216-T-19 crib) after August 1956 (HW-485 IS, page 35, HW-59359, page 7, and HW-63646,
page 7). Tank 241-T-1 11 was filled to the overflow pipeline and the total waste volume in tank
241 -T-1 12 fluctuated from 429,000 gallons (HW-45738, page 6) to 417,000 gallons (HW-50 127,
page 6) during this period, without any cause noted for the volume changes. Therefore, it cannot
be determine with certainty whether the water used to wet equipment in 22 1 -T Plant was
discharged to tank 241 -T- I11 and 24 1-T- 112.
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2.2. Equipment Decontamination Wa~ste

The 22 1-U Plant was being used to decontaminate equipment from the Reduction-Oxidation
(REDOX) plant, which processed spent nuclear fuels to recover uranium and plutonium. In
October 1958, plans were developed to convert the 221 -T Plant for use as decontamination
facility for equipment from the REDOX plant (HW-5805 I-DEL, page D-5) and use the
221-U Plant for another purpose. Work was conducted from February 1959 (HW-59434.DEL,
page D-4) through June 1960 (HWV-65935-DEL, page C-2) to convert the 22 1-T Plant to an
equipment decontamination facility. Equipment decontamination activities were initiated at the
22 1 -T Plant in July 1960, with the receipt of a failed multipurpose dissolver from the REDOX
plant (HW-66271 -DEL, page C-2).

The Hanford Site monthly reports and waste status summary reports indicate that no waste was
transferred into or out of tanks 241 -T-l 10, 241 -T- II1 and 24 1-T-1 12 from August 1956 through
November 1959 during modifications to the 221-T Plant. In December 1959, 2,750 gallons of
waste were transferred from 221-T Plant into tank 241-T-1 I11 (HWV-83906-C-RD, page 92),
presumably resulting from the equipment modifications conducted at 221-T Plant. The
composition or specific source of the equipment modification waste wvas not found during review
of available documentation. However, all 221-T Plant equipment had been flushed using nitric
acid and peroxide - caustic solution during 1956 to recover plutonium and remove f ission
products (see section 2.2.3). Therefore, the waste transferred from 221 -T Plant to tanks 241 -T-
I1I1 and 241-T-1 12 would have contained only residual levels of fission products.

As part of readying 221 -T Plant for this new mission, a route was established in November 1959
from the 22 1-T Plant to crib number 241 -TY (later referred to as 216-TY-3 or 216-T-28) for
disposal of low activity waste (HW-62864, page D-4). Low activity waste was transferred from
22 1-T Plant into the cascade of tanks 24 1-T-1 I1I and 24 1-T-1 12 and then pumped from tank
241 -T- 112 to the underground crib. The waste status summary reports for the underground
storage tanks at the Hanford Site indicate tank 241-T-1 12 received 3,000 gallons of waste from
22 1-T Plant in March 1960 (HW-6481 0, page 6 and HW-83906-C-RD, page 119) and
16,000 gallons in May 1960, with 44,000 gallons of waste pumped to the 24 1-TY-3 crib
(HW-65643, page 6 and HW-83906-D-RD, page 13 1). Additional decontamination waste
continued to be received periodically into the cascade of tanks 241 -T-1 I11 and 241 -T- 112 and
was pumped to the underground crib (216-T-28; then 216-T-36 after May 1967) through
June 1967 (HW-83906-D-RD, HW-83906-E-RD, ISO-538, and 150-674).

After July 1967, equipment decontamination waste from 221 -T Plant was transferred directly
into tank 241-T-1 12, with the supernatant discharged to crib number 216-T-36 (ARH-95). Tank
241-T-1 11I no longer was used to receive waste. Supernatant and interstitial liquids were
removed from tank 241-T-1 11I between 1976 and 1978 (RMIS TFIC #D196235379) and 1995 as
part of isolation and interim stabilization of the single-shell tanks (HNF-SD-RE-TI-l 78, pages
223-225).

From July 1967 through June 1972, equipment decontamination waste was transferred from
221-T Plant into directly into tank 241-T-1 12. Waste w"as transferred from tank 241-T-1 12 to the
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REDOX plant for evaporation, with the concentrated waste transferred to other single-shell tanks
(ARH-1200 C, ARH-1200 D, APRI-1666 A, B, C, D, ARHI-2074 A, B, C, D, and
ARH-2456 A, B). From July 1972 through June 1973, equipment decontamination waste was
transferred from 22 l-T Plant into tank 241 -T-1 12, and then to single-shell tank 241 -U-I 07
(ARH-2456 C, D, and ARH-2794 A, B). After June 1973, tank 24 1-T- 112 was no longer used to
receive 221-T Plant decontamination waste. The equipment decontamination wvaste was
transferred from 22 1-T Plant into tank 241 -U- 107 beginning in October 1973 (ARH-2794 D).

2.2.5 Cesium Ion Exchange Process Waste

Tank i41-T-1 12 received 350,000 gallons of a mixture of coating removal waste, B-Plant cesium
ion exchange waste, and laboratory waste from tank 241 -T-1 06 and 20,000 gallons of waste from
diversion box catch tank 241 -T-301 in January through March 1973 (ARH-2794A). No other
waste was transferred into tank 241-T-1 12 after March 1973. Supernatant and interstitial liquids
were removed from tank 241-T-1 12 in 1974, 1976 and 1981 as part of isolation and interim
stabilization of the single-shell tanks (HNF-SD-RE-TI-178, page 6).

Prior to 1973, tank 241 -T-1 06 was used to stored 2C waste, first decontamination cycle (IC) and
coating removal waste (CW) from the 221 -T Plant and coating removal waste from the REDOX
Plant. As discussed in section 2.2.1, tanks 241-T-105 and 241-T-106 were spare single-shell
tanks that were placed in service to receive and stored 2C waste from the 22 1-T Plant beginning
in July 1946. The 2C waste was received into tank 241-T-105 from July 23, 1946 (I-W-7-4542-
DEL, page 22) through April 1948, after which the 2C supenatant waste was discharged to a
crib (HW.9922-DEL, page 31). Tank 241-T-106 began to receive2C waste through the
overflow line from tank 241 -T-1 05 in June 1947 (HW-7-7454-DEL, page 26) and was filled in
March 1948 (HWV-9595-DEL, page 32). The 2C supernatant waste contained in tank 24 1-T- 106
was discharged to a crib from July 1948 (HW-1 07 14-DEL, page 32) through August 3, 1948
(HW-10993-DEL, page 35).

After emptying the 2C supernatant waste from tanks 241 -T-1 05 and 241 -T- 106, the combined
IlCICW waste was transferred from 22 1-T Plant to tank 241 -T-1 05 beginning in May 1948
(HAN-45807-DEL, page 55). Waste began to cascade from tank 241-T-105 into tank 241-T-106
in August 1948. Tank 241-T-105 continued to receive IC/CW waste and cascade waste into
tank 24 1-T-1 06 through January 1949, at which tanks 24 1-T- 105 and 241 -T- 106 were filled with
1C/CW waste (H W-l 239 1-DEL, page 38). The IC/CW supernatant contained in tank 241-T-
106 (along with other tanks in 24 1-T farm) was processed through the 242-T Evaporator from in
1951 with the concentrated I C/CW supernatant waste (i.e., evaporator bottoms) stored in tanks
241-TX-i116 and 241-TX-1 17. The evaporator bottoms in tanks 241-TX-i116 and 241-TX-I 17
were eventually processed again through the 242-T Evaporator to further concentrate these
wvastes for storage in tanks 241-TX-1 10 and 241-TX-1I I1 (RPP-16129, section 2.2.2). Tank 241-
T-106 again was used as part of the cascade of tanks 241-T-104 and 241-T-105 to store IC/CW
waste from the 221-T Plant from August 1951 through September 1954, with some of the
I CICW supernatant discharged from these tanks to a trench in early 1954 (RPP-1 6129, sections
2.2.3 and 2.2.4). All of the lC/CW supernatant wvas transferred from tank 241-T-106 to 241-TX-
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118S in January 1955 for processing in the 242-T Evaporator, leaving approximately 10,000
gallons of 2C and I1CICW sludge in this tank (HW-35022, page 5).

Tank 241 -T- 106 then received -22 1,000 gallons of REDOX Plant coating removal waste
supernatant in May 1956 from tank 241-U-I 10 (HW-43490, page 5). Tank 241-T-106 next
received 22 1,000 gallons of REDOX Plant coating removal waste supernatant from tank 241 -S-
107 via the cascade overflow line from tank 241 -T-1 05 in June 1965 (HW-83906-E-RD, page
62c) and an additional 90,000 gallons of this same waste type in 1966 (I50-226, page 5). The
REDOX Plant coating removal waste was transferred from tank 241 -T- 106 to tank 24 1-TY'- 10l
in the third quarter of 1969, leaving approximately 26,000 gallons of sludge and 42,000 gallons
of supernatant in this tank (ARH-1200 C, page 7).

In January through March 1973, tank 241 -T-I 06 received a mixture of supernatant wastes
(-455,000 gallons) from tank 24 1-T- 105 consisting of B-Plant cesium ion exchange waste and
laboratory waste (ARH-2794A). Approximately 350,000 gallons of supernatant were then
transferred from tank 24 1-T-I 06 to tank 241 -T-1 12 in June 1973.

2.2.6 Comparison with Other Reports

Waste transfers into and waste removals from tanks 24 1-T- 110, 24 1-T- II I and 24 1-T-1 12 were
summarized in A Hlistory oftac 200 Area Tank Farms (WHC-MR-0132), Waste Status and
Transaction Record Summary for the Northwest Quadrant of the Hanford 2001WArca
(WHC-SD-WM-TI-669, Rev. 1), historical Tank Waste Content Estimate for the Northwest
Quadrant oft/re Hanford 200 M est Area (HNF-SD-WM-ER-35 1, Rev. 1). and W aste Status and
Transaction Record Summary (7VSTRS) Rev. 4 (LA-UR-97-3 11). In general, the information
cited in Sections 2.2.1 through 2.2.4 is in agreement with these previous reports.

These previous reports accurately state the volume of waste transferred into and removed from
tanks 241-T-l 10, 241-T-1 11I and 241-T-1 12, as well as the volume of solids and total waste
stored in each tank. Specifically, these previous reports do indicate the waste transferred to this
tank cascade from was 2C waste from January 1945 through May 195 1, combined 2C / 5-6
waste from June 1951 (WHC-MR-0132, page 4) through V~ quarter 1952 and 2C / 224 / 5-6
waste from 2 "d quarter 1952 through I' quarter 1957. These previous reports do indicate that the
source of waste transferred into tank 241-T-1 I11 from December 1959 (41h quarter 1959) through
June 1967 was from 22 1 -T Plant, but do hot describe these wastes as originating from equipment
decontamination conducted in the 22 1-T Plant (see Section 2.2.4). These previous reports also
accurately reflect the waste transfer history associated with tank 241 -T-1 12, as described in this
report.
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3.0 TYPES OF TANK WASTE GENERATED AT THE HIANFORD) SITE
ChIEM*ICAL PROCESSING PLANTS

There were numerous spent nuclear fuel reprocessing, research and development, plutonium
processing and waste management activities conducted at the Hanford Site starting in 1944.
These spent nuclear fuel reprocessing, research and development, plutonium processing and
waste management activities conducted in the processing plants are discussed further in the
DOEIRL-97-02, National Register offfistoric Places Multiple Property Document Form -
hfistoric, Archaeological and Traditional Cultural Properties of the H1anford Site, Washington
February 1997.

It has been established in Section 2.0 that second decontamination cycle (2C) wastes and tank
5-6 cell drainage wastes from the 22 1-T Bismuth Phosphate plant and 224-T building wastes
were transferred into tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12. Additionally, tanks
241 -T-1 11I and 24 1-T-1 12 received equipment decontamination waste and tank 24 1-T-I 12
received coating removal waste and 221-B Plant cesium ion exchange process waste. The
following sections provide a discussion of the wastes originating from operation of the 22 1-T
Bismuth Phosphate plant, 224-T Concentration building and 221 -B Plant cesium ion exchange
process waste. Equipment decontamination waste from the 221-T Plant was previously
discussed in Section 2.2..

3.1 B AND T BiS1**UTII PHOSPHATE PROCESS PLANTS

B- and T-Plants were constructed in 1944 through 1945 to separate plutonium from spent nuclear
fuel using the bismuth phosphate process. Figure 2 shows a summary of the 221 I-BIT Plant
bismuth phosphate process, which is referred to throughout this discussion.

In the bismuth phosphate process, the aluminum cladding of spent nuclear fuel elements was
dissolved in boiling sodium nitrate solution, to which sodium hydroxide was slowly added
(H W-1 0475-C, page 403). The cladding removal waste, sometimes referred to as coating waste
(CW), was transferred to single-shell underground storage tanks (see item [I) in Figure 2).

Reprocessing of the spent nuclear fuel commenced with the dissolution of the uranium fuel
elements. The uranium fuel elements (see item [2] in Figure 2) were then dissolved in nitric acid
(H W-l 0475-C, chapter IV, page 405). Water and sulfuric acid were added to the dissolved
uranium metal solution and the mixture was then transferred to the plutonium extraction section.
The sulfuric acid formed a uranyl sulfate complex that prevented uranium precipitation as a
phosphate in the subsequent plutonium extraction step (H W-l 0475-C, page 418).

Plutonium was extracted from the acid solution by addition of bismuth nitrate and phosphoric
acid to form a bismuth phosphate carrier precipitate (HW-10475-C, page 503). The plutonium
and bismuth phosphate carrier precipitate was centrifuged and washed three times with water to
separate the acidic supernatant from the plutonium precipitate (see item [3] in Figure 2). The
acidic solution remaining after the plutonium precipitation contained about 99 percent of the
uranium, about 90 percent of the fission products. This separation process also removed and
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reduced the gamma radiation activity level in the plutonium precipitate by a factor of 10.
However, zirconium is phosphate insoluble and zirconiurn-95 (10 percent of the activity) stayed
with the plutonium product. Thc acidic uranium solution was then neutralized and transferred to
the underground single-shell tanks as metal waste (MW). Recent laboratory testing of the
bismuth phosphate flowsheet confirms this partitioning of radionuclides (internal letter 7G300-
02-NWK-024, "Bismuth Phosphate Process Radionuclide Partition Factors for the Hanford
Defined Waste Model'). The laboratory tests indicate the percentage of cccium-137 and
strontium-90 partitioned to the metal waste may have bcen as high as 100 percent and 89
percent, respectively.

After separating and washing the plutonium precipitate from the metal waste, reprocessing of
spent nuclear fuel was completed in the 221 Plant Bismuth Phosphate process. Plutonium
decontamination was conducted in the remainder of the 221 Plant Bismuth Phosphate process.
The plutonium bearing cake was dissolved in nitric acid and further decontamination of the
plutonium to separate fission products was conducted (IIW-10475-C, chapter VI). Sodium
bismuthate, sodium dichromate, or potassium pcrmanganate was added to oxidize the plutonium
to the +6 valence-state. This step caused the bismuth phosphate to precipitate phosphate
insoluble fission products ("by-product precipitation"), leaving the plutonium in solution. The
precipitate was separated *from the plutonium-bearing solution using centrifuges and washed to
remove soluble plutonium. The plutonium was reduced to the +4 valence state to form a
precipitate that could be separated from the remaining soluble fission products by centrifugation.

The fission products separated from the plutonium product during this first cycle of the
decontamination process (designated as IC) were transferred to single-shell tanks. The IC
waste (see item [4] in Figure 2), contained approximately 10 percent of allI fission products and
approximately 1.4 percent of the plutonium present in the original fuel charged to the plant
(HW-23043, pages 20 and 22). After 195 1, the Bismuth Phosphate process flowsheet was
modi fied to include cerium and zirconium scavenger precipitation in the I C by-product step to
remove lanthanide and zirconium radionuclides from the plutonium product (HW-23043, page
16). During operation of 221-B Plant, the IC waste was combined with the coating removal
waste and transferred to the same single-shell tank. T7his same practice was conducted in 22 1 -T
Plant from December 1944 through October 19, 1954. Beginning on October 20, 1954, nickel
ferrocyanide scavenging of the I C waste was conducted in T-Plant (but not in B-Plant) to
precipitate cesium- 137 and strontium.90 (HW-33585-DEL, page Ed-8, and HW-33184). The
precipitated I C waste slurry was transferred separate from the coating removal waste to different
single-shell tanks for settling of the precipitate and discharge of the scavenged (i.e., cesium and
strontium depleted) supernatant to a crib.

The plutonium solids were again dissolved in nitric acid. A second decontamination cycle (see
item [5] in Figure 2) was conducted to reduced the gamma activity level by a factor of 10,000
from that in the previous dissolved metal solution, giving an overall process decontamination
factor of 100,000 below that of the original solution (HW-1 0475-C, page 627). The second
decontamination step essentially repeated the steps previously described for the first cycle
decontamination. The second decontamination cycle wastes (designated as 2C) were also
transferred to the single-shell tanks. The 2C waste contained less than 0.1 percent of the uranium
and fission products and about 0.4 percent of the plutonium present in the original fuel charged
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to the plant (HW-23043, pages 26 and 28). The plutonium product from the bismuth phosphate
process was subsequently concentrated in the 224-T and 224-B buildings using a lanthanum
fluoride precipitation process.

Table I provides the flowsheet estimated compositions of the neutralized CWV, MW, I1C, and 2C
waste solutions generated from the bismuth phosphate plants based on the October 1, 1951
flowvsheet (HIW-23043). Additional analyses of the supernatant fraction of MW, 10, and 2C that
was stored in single-shell tanks are provided in Tables 2 and 3. The CW wvas combined with the
IJC waste in the same tanks in the Bismuth Phosphate process. Note that the coating waste batch
size shown in Table I is based on 6,600-lbs uranium, but that the metal waste dissolution batch
size is based on 2,200-lbs uranium. These sample analyses support that the 20 waste contained
less than 0. 1 percent of the fission products. Analyses of the combined 2C0/224 building/
tank 5-6 waste supernatant stored in tank 241 -T- 112 conducted on August 6, 1952 and
September 24, 1952 indicate that the total beta emitters was comprised of 35 to 50 percent
ruthenium, 35 to 50 percent cesium, 4 to 8 percent cerium, yttrium, and other rare earths, and
6 to I11 percent undetermined (H-W-27035, page 8).
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Table 1. Estimated Composition of Bismuth Phosphate Plant Wastes
From October 1, 1951 Flowsheet ~

Sodiumst Nirt (NN 3 ) 6.
Sodium Nitrit (NIO2  56.0Cyl 29Wm wl

Sloium Silicate (NaOiO 3) 4.30 ()16E0 ME0
Uranyitrat 0.HN5 35 132rpote

Floine (F)iat 95.1_______ .

Noiumat (NOtra) 9.7O3 9311..4.

PosphaNrte (P0) 2 25266..3.030
Sodium (Nliae 83.23 473.6.33.
Baismuta (Bi) ) 132___ .91.111
Ceurim (Ce) 5.6___003 _____________

Liatau (La3) 9.7_93.1_61.340.4
Mulagne (Mn,) 24.4__4.73_3.61 0.33

Ziroium (Z) 8324.30 36.7______ 36.8__

iont (Fe) 1.37 1.82 .1

Chrome (Cr) 0.16 0.06 0.17
Ammonia (NH4) 1.98 1.71 0.12
Silicon Hexa-Fluoride (SiIF6) ______4.35 3.67
Volume per Batch (gallons) 795 2,3,80 2,040 2,090 2,200

Notes:
I') See HW-23043
12) Analyses are reported in grams per liter, except for gamma activity, which is countslminute/mL.

SHW-23043, page 3 1, notes that uranium is not actually present in this form, but is probably as NaUO 2PO, and
Na4(U02)2C03.

(4) Pu and Gamma concentrations were calculated from the compositions of tanks 13-4 and 14-3 (HW-23043, pages 20 and
22).

(5 Pu and Gamma concentrations were calculated from the compositions of tanks 18-4 and 19-3 (HW-23043, pages 26 and
28).

(6) Pu and Gamma concentrations were calculated from the compositions of tanks A-4, D-4, B-3, and F-8 (HW-23043,
pages 39. 44,48, and 54).

Note that the coating waste batch size shown in Table I is based on 6,600-lbs uranium, but that
the metal waste dissolution batch size is based on 2,200-lbs uranium. These sample analyses
support that the 2C waste contained less than 0. 1 percent of the fission products.
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3.1.1 221-B and 221-T Cell Drainage Waste

During the operation of the 221 I-B and 221I-T Bismuth Phosphate plants, failure of process
equipment, cooling jackets on process vessels, and piping occurred periodically, resulting in the
discharge of cooling water, chemical solutions, and process solutions (e.g., MW, I C, 2C wastes
and plutonium product solutions) to the process cells. Each of the 40 process cells in the 221-B
and 221-T Plants contained a sump that was equipped with a conductivity probe beginning in
August 1946 to detect a liquid leak in the process cell (HIW-7-4739-DEL, page 21). The sumps
gravity drained to a 24-inch diameter vitrified clay pipe that traversed under each cell and
discharged to a deep, open top, stainless steel tank, number 5-7 in section 5 (cell 10)
(H W-1 0475-C, page 914).

Cell drainage collected in tank 5-7 was jetted to tank 5-6 or tank 5-9, which were used for
sampling and chemical treatment of the cell drainage solution. Waste in tanks 5-6 and 5-9 could
be jetted between these two tanks. High activity waste collected in 221-T Plant and 221-B Plant
tanks 5-9 could be jetted to single-shell tank 24 1-T- 107 and 24 1-B-1 07, respectively
(I-IW-10475-C, page 918). Alternatively, the waste could be transferred to process vessels with
the 22 1-T (or 221-B) Plant and processed to recover plutonium. An example of this practice is
cited in the January 1948 monthly report for the Hanford Works (HW-893 1 -Del, page 28).

The T-Plant stack drainage waste was also collected as part of the cell drainage until May 28,
1951, after which the stack drainage was routed to the cascade of single-shell tank 241-TX-I 13,
241-TX-I 14, and 241-TX-I 15 (HW-21260-DEL, page 58). Also, the dissolvers located in 221-
B and 22 1-T Plant cells 5, 6 and 7 were equipped with off-gas scrubber towers in May 1948
(HAN-45807, pages 57). The dissolver off-gas scrubbers used water to adsorb iodine and
remove particulates from the dissolver off-gases. The spent scrubber solution was combined
with the low-activity cell drainage waste collected in tank 5-6 (HW-10728). The dissolver off-
gas scrubbers were replaced with silver chemical reactors, thus eliminating the spent scrubber
solution. The f irst silver reactor was installed in the 22 1-B Plant in October 24, 1950 (HW-
19898 and HW-19325, page 52) and the remaining silver chemical reactors were installed in the
221 -B and 221 -T Plants by January 1951 (HW-20161, page 52 and HW-21826).

Waste collected in tank 5-6 was transferred to reverse well number 216-T-3 from January 1945
through August 1946. Crib number 216-T-6 was used to dispose of the cell drainage waste from
August 1946 through June 195 1. After June 195 1, cell drainage waste was transferred to the
cascade of tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 (HW-55176, part V). The quantity and
composition of the cell drainage solutions discharged from tank 5-6 varied (see HW-20583, page
4 and HW-33591, page 25). Table 4 provides analyses of cell drainage waste that was collected
in tank 5-6 and transferred to either crib 216-T-6 or to the cascade of tanks 241 -T- 110, 241 -T-
Il11, and 241-T-1 12. As evident from the analyses provided in Table 4, the neutralized, low
activity cell drainage waste contained soluble beta emitting radionuclides and plutonium.
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3.2 224-B AND 224-T CONCENTRATION BUILDINGS

The process steps executed in the 224 buildings were as follows:

" The starting batch size received from the 221 buildings was 330 gallons.

" Plutonium solution from the 221 buildings was oxidized with sodium bismuthate to
convert the plutonium to the +6 valence state.

" Phosphoric acid was added to produce a bismuth phosphate (BiPO4) precipitate, with the
plutonium still in solution. At this point, operators wanted to Let rid of all the BiPO4.

* The solution and precipitate were separated by centrifugation.
* Nitric acid was added to dissolve the BiPO4 precipitate, with this solution removed as

waste.
* Potassium permanganate (KMnO4a) was added to the plutonium solution to ensure all the

plutonium was in the +6 valence state.

* Hydrogen fluoride and lanthanum salts were added to the plutonium solution producing a
lanthanum fluoride precipitate. Fission products were carried with the lanthanum. This
precipitate contained all the lanthanides (cerium, lanthanum, etc.) and residual ruthenium,
samarium, europium, americium, and curiumn that the BiPO4 could not carry out of the
stream.

* The lanthanum fluoride precipitate was dissolved in nitric acid, neutralized with sodium
hydroxide, and sent to waste storage tanks.

e Oxalic acid was added to the plutonium solution collected from the lanthanumn fluoride
precipitation step to reduce the plutonium to the +4 valence-state.

* Hydrogen fluoride and lanthanum salts were added to the plutonium solution producing a
lanthanum fluoride and plutonium fluoride precipitate. The precipitate was centrifuged to
collect the solids.

* Potassium hydroxide was added to convert the plutonium fluoride / lanthanumn fluoride
precipitate into lanthanum hydroxide and plutonium hydroxide solids.

0 After centrifuging to separate the lanthanum hydroxide and plutonium hydroxide solids,
these solids are reacted wvith nitric acid solution to dissolve the lanthanumn and plutonium.
The plutonium nitrate / lanthanumn nitrate solution product was now ready for transfer to
the 23 1 -Z building or 234-5 building.

By this time, each original 330-gallon batch of plutonium-bearing solution that had entered the
224 Buildings was concentrated down to eight gallons. The liquid waste (designated as 224)
from the lanthanum fluoride precipitation process was neutralized and transferred to the single-
shell underground storage tanks. The resulting purified plutonium material was transferred to the
23 1-Z building and subsequently to the 234-5 building (Z Plant) beginning in 1949 for further
processing.
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Table 2. Analyses of Bismuth Phosphate Process Super atants Stored(,)

Waste Type Tan Hlgitr nfiure~e i!cak lt r $"

Metal Waste T-101 10 35 1 10151 255 7-01-1947
Metal Waste T-102 9.9 60 120 20 7-01-1947
Metal Waste T-103 9.8 60 150 20 7-01-1947

ICICW B-109 9.9 40 0.65 0.28 3-18-1947
ICICW C-112 9.9 12 12 4.4 3-18-1947

2C B-ill 6.9 7.2E-02 2.OE-03 3.OE-03 7-1-1947
2C B-112 6.8 4.32E?" (3) 1.5E-03 3.OE-03' 7-1-1947

PU Gross Beta Grs Ganma Dat
Waste Type TankPHt4 M#4!tt Counats / ranute/ c Counts / minute/ cc sim~o

2C T-1 10 No rpored4  15 4.9E+04 30 7-13-1945
2C T-I 10 9.8 ()19 6.9E+04 55 7-25-194592C B-i 10 9. 4 8.5 J_ 7.OE+04 55 7-25-1945

Notes:
SSee HW- 10728 and HW-3-3220.
SSolids formed in each of wastes, settling to the bottom of each tanks. These sample analyses are for the supernatant only and
are not representative of the sludges.

(The reported Pu sample analyses for tank B3-I 112 seems to be in error and lacking an exponent in HW-1 0728.
(
4
) Prior to October 1945, the 2C waste was neutralized to a pH of approximately 10. The waste collected in tanks 241-T-1 10,
24 1-T-l I , and 24 1-T-l 112 were neutralized to about pH- 7 after October 1945 to precipitate bismuth and plutonium
(HW-3-3220, page 13).
SDecreases in gross beta and gross gamma concentrations shown for the T- 101 waste samples are due to decay of fission
products with short half-lives.
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____Table 4. Composition of Tank 5-6 Cell Drainage Waste from 221-T Plant
PU Total Beta

Year Mouth Liters Jrm ctvt Comment
Tank 5-6 Cell Drainage Transferred to 21-T6 Cib'I
1948 January 839,900 49 88 Total beta activity does not include

February 724,461 8 73 radioactive iodine. Samples were
March 586,188 3 789 measured for total alpha activity.
April 842,778 9 461 Calculated Pu mass assumes that all
May___ 918,007 5 72 alpha activity measured in samples
June 971,810 9 295 was Pu. Uranium activity in

_____July 1,057,015 6 130 samples contributed less than 8% of
______Augut8166 4 the total alpha activity'"
_____September 857,327 5 361
_____October 830,083 4 116
______November 980,411 62141_____________

No records could be located for December 1948 through August 1949.
1949 September 260,000 32 365 ______________

_____October 360,000 41 2800
_____November 340,000 38.2 333

December 430,000 48 250
1950 January 410,000 44 210___________

February .330,000 28.5 No data
____________ reported ____

Mkarch 370,000 35 No data
reported____________

_____April 450,000 35.6 294
May 370,000 33.9 363
June 430,000 -36.6 2142
July 520,000 43.6 600 _______________

_____August 590,000 44.9 741
September 480,000 42.3 850 ______________

October 620,000 47.3 858
November 540,000 50.9 600
December 590,000 42.1 850 ______________

No records could be located for January 1951 through December 1951. Beginning in June 1951, Tank 5-6 cell
drainage waste along with 2C waste was routed to the cascade of tanks 241 -T-1 110, 241-1-1 11, and 241--1 12.
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Table 4. Composition of Tank 5-6 Cell Drainage Waste from 221-T Plant
I Pu I Total Beta

Year Month] Liters Grams Activity Comment
_______ ____________________ _________ Curies _______________

Tank 5-6 Cell Drainage Waste Discharged to the Cascade of Tanks 24 1-TI-1 10, 241 -Ti1 11, and 241-T-1 12 1.4

1952" January 595,000 5.2 440
_______February 498.000 6.9 850 _________

March 643,000 8.2 920 _______________

___ April_ 623,000 8.8 660 ___

May 318,000 1.8 84
June 392,000 3.0 97
July- 600.000 4.1F 160 Beginning in July 1952, 224

building waste, along with tank 5-6
cell drainage and 2C wastes were
routed to the cascade of tanks 241 -
T-l110, 24 1-T-lIl1, and 241-1-112.
Values reported are for tank 5-6 cell
drainage waste only.

August 670,000 6.5 265 _ __ ________

__ September 260,000 1.9 675
___ October 430,000 3.0 310 ______________

_____November 490,000 2.7 95
D_ lecemnber 540,000 3.3 240

193 J -anuary 490,000 2._4 130 _ __ __________

I____ February 530,000 3.9 480
__ ___March 660,000 5.0 245 _____

Apil - 390,000 2.0 180
May 490,000 1.8 220 ___

June 660,000 -3.5 590 __________

___ July 280,000 0.9 65 ______________

______August 490,000 2.4 100 _______________

September 560,000 7.8 195
October 560,000 6.8 1,840
November 710,000 8.7 1.085

_____December 740,000 8.8 885
1954 January 830,000 10.4 1,680 __________

February 820.000 14.2 16,420 _ _____________

March 860,000 18.6 5,305 ___ __________

- April 540,000 8.4 2,175 ___________

Ma 790,000 10.6 1,760
Junie 810,000 9.5 2,390
July 1,030,000 RadionuclIide content not reported

_______August 1,150,000
_______September 1,090.000

October 800,000 __________

November 730.000_
_______December 1,100,000

1955 January - 1,370,000 ____ ____________

- February 950.000
----- March - 1,460,000 _______ __

April 1.380,000 1______ _____________
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Table 4. Comnposition of Tank 5-6 Cell Drainage Waste from 221-T Plant
Pu Total Beta

Year Month Liters Grams Activity fComment
Curies

May 1,410,000 ________

______June 1,440,000 f____________
The volurne and radionuclide content of tank 5-6 cell drainage waste were not recorded separate fromt other wastes
transferred into thc cascade of tanks 24 1-T- 110. 241 -T-1I11, and 241 -T-1 12 after July 1954.

Notes:
tt\V-1 1'08

21 HW'20X3

11 W-3S 3 51

Analyses of the combined 2C / 224 building / tank 5-6 w.aste supernatant stored in tank 24 1 -T-112 conducted on
Aug~ust 6, 1952 and September 24. 1952 indicate that the total beta emitters was comprised of 35 to 50% ruthenium. 35
to 5WP' cesium. 4 to 81!10 cerium, yttriumn, and other rare earths, and 6 to IlION undetermined (HW-27t)35, page 8).

3.3 221-B PLANT FISSION PRODUCTS PROCESSING

From August 1963 through June 1966, B-Plant was used in conjunction with the PUREX
facility, 244-CR Vault, and the 201-C Hot Semiworks (renamed Strontium Semiworks in 1963)
to separate strontium-90 and rare earths (i.e., cerium- 144 and promethium- 147) from high-level
waste solutions. Then, from July 1966 through December 1967, equipmcnt was replaced within
B:-Plant to expand the processing capability to include cesium removal from fission high-level
waste solutions using ion exchange equipment. The strontium and rare earths processing
equipment was also replaced to include only strontium rcmoval using a solvent extraction
equipment, followed by precipitation and centrifugation equipment for purifying the strontium.
Each of the fission products processing events in the B-Plant is discussed in more detail in the
following sections.

3.3.1 STRONTIUM AND RARE EARTHS PROCESSING

Onl September 18, 1961 (HW-71 187-DEL, page F-2), renovation of cells 5 through 12 within
B-Plant canyon was initiated to use these cells for separating strontium and rare earths from a
mixed fission product solution (HW-6901 1). Construction activities were completed, and the
facility was accepted by operations on January 31, 1963 (HW-76848-DEL, page B3-2).
Processing of radioactive waste in cells 5 through 12 at the B-Plant commenced on August 2,
1963 (HW-788 17-DEL, pages B-2 and G-2).

B-Plant was used in conjunction with the PUREX facility, 244-CR Vault and the 201 -C Hot
Semiworks to separate strontium-90, cerium-144 and promethiurn-147 from high-level waste
solutions. The PUREX facility generated a first cycle raffinate solution from the solvent
extraction reprocessing of irradiated reactor fuel (i.e., high-level waste). The first cycle raffiuiate
solution was highly acidic and contained most of the fission products (e.g., strontiumi-89/90,
cerium- 144, promnethiuni-147, atnd cesium- 137) that were separated from thle uranium and
plutonium during the reprocessing of irradiated reactor fuel. The acidity of the first cycle
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rinate solution was reduced by addition of sugar and digestion at elevated temperature to
decompose the nitric acid solution.

In a section of the PUREX facility known as the head-end, first cycle raffinate solution was
reacted with sodium sulfate and lead nitrate to precipitate strontium and rare earth (i.e., cerium
and promethium) fission products (HW-63051 and HW-69534). Lead co-precipitated with
strontium and increased the amount of strontium precipitated from the first cycle raffinate
solution. The resulting strontium and rare earth precipitate was centrifuged and washed to
separate the supernatant, which contained soluble fission products such as cesium- 3 7.
zirconium-niobium-95, and ruthenium-rhodium-1 06. The supernatant containing the soluble
fission products (e.g., cesium-I 37, zirconium-niobium-95, and ruthenium-rhodium-I 06) was
neutralized and transferred to underground storage tanks. The strontium and rare earth
precipitate was metathesized to soluble carbonates by addition of sodium carbonate. The
strontium and rare earth carbonate precipitates were then dissolved in nitric acid and transferred
to B-Plant via 244-CR Vault for further processing.

In B-Plant, the strontium nitrate / rare earth nitrate solution were processed to form separate
solutions containing strontium and rare earths (HIW-77016). The strontium nitrate / rare earth
nitrate solution was reacted with oxalic acid to precipitate the rare earths along with lead, leaving
strontium in solution. The precipitate was centrifuged to separate the strontium solution from the
rare earth precipitate. The strontium solution was stored in B-Plant and transferred periodically
to the 201-C Hot Semiworks for purification. The rare earth precipitate was dissolved in nitric
acid and stored in B-Plant for further processing.

Lead was removed from the rame earth solution by adding sodium hydroxide solution to form
soluble plumbite and insoluble rare earth hydroxide precipitates (NW-B 1373, RL-SEP-197,.
page G-2, and HAN-90907, page 2 1). The plumbite was separated from the rare earth hydroxide
precipitate by centrifugation and discarded to the single-shell tanks. The rare earth hydroxide
precipitate was washed with sodium hydroxide solution to remove soluble lead and the wash
solution was also discarded to the single-shell tanks. The rare earth hydroxide precipitate was
dissolved in nitric acid, stored in B-Plant, and eventually transferred to the 201 -C Hot
Semiworks for purification.

Processing of strontium and rare earth solutions within B-Plant continued until June 1966
(HAN-95 105-DEL, page 15). Separations of strontium and rare earths from the first cycle
raffinate solution continued to be conducted in the head-end section of the PUREX facility
through February 8, 1967 (HAN-96805-DEL, page A11I4). The strontium and rare earth
solution was transferred from PUREX to the 244-CR Vault for storage from July 1966 through
February 1967, while equipment modifications were conducted at B-Plant.
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3.3.2 CESIUM AND STRONTIUM PROCESSING

From July 1966 (HAN-95284-DEL, page 13) through October 1967 (HAN-989 18-DEL,
page AllI1-2), equipment within the 22 1-B Plant was flushed and replaced with ncwv equipment
for separating cesium and strontium from high-level waste. In January 1967 (HAN-96590-DEL,
page AIJI-4) and in March 1967 (HAN-97066-DEL, page AIII-4), testing was conducted of a
new centrifuge and a precipitation-decantation-centrifugation technique for separating iron and
aluminum from PUREX sludge waste. Construction activities continued to be conducted in the
22 1 -B Plant throughout 1967.

On Dcember 27, 1967 (HAN-99396-DEL, page AIII-3), alkaline supernatants stored in the
single-shell tanks were transferred to B-Plant, and cesium was separated using an ion exchange
process. Cesium ion exchange processing continued at B-Plant until October 1983 using at first
inorganic and later organic ion exchange materials (RHO-RE-SA-169). Cesium was also
precipitated from acidic, PUREX high-level waste (known as CAW) using phosphotungstic: acid
(PTA), with the cesium precipitate dissolved in sodium hydroxide solution and processed
through the ion exchange equipment for cesium recovery (ARH--CD-91 7). After separation of
cesium, the alkaline supernatants were transferred directly to underground storage tanks. The
ion exchange process used an ammnonium carbonate / anmmonium hydroxide solution to separate
sodium from cesium on the ion exchange media. The aqueous wastes that contained amimonium.
were processed in the Cell 23 evaporator to concentrate these wastes and volatilize ammonia
before transferred to underground storage tanks.

On January 31, 1968, the solvent extraction equipment installed in B-Plant was operated to
purify the inventory of rare earth solutions stored at B-Plant (HAN-99604-DEL, page AI1J-3).
The semi-purified promethium - cerium solution was stored in B-Plant process tank 6-2
(HAN- 100 127-DEL, page AIII-3). Separation of strontium from the strontium and rare earths
solutions stored in the 244-CR Vault was then conducted in March 1968 using the solvent
extraction equipment (HAN-100 127-DEL, page AIII-3).

The B-Plant solvent extraction equipment began processing the PUREX first cycle raffinate
solution to separate strontium on April 20, 1968 (flAN-100357-DEL, page AIII-3). The
processing of PUREX first cycle raffinate solution was completed on August 30, 1968
(PR-REPORT-SEP68-DEl, page AIII-3). The B-Plant solvent extraction equipment was then
used to separate strontium from P1JREX high-level waste sludges. The PUREX high-level waste
sludges were dissolved in nitric acid (known as PAS) in the 244-AR Vault and transferred to
B-Plant for centrifugation to separate solids. The clarified solution was process in the solvent
extraction equipment to separate strontium (PR-REPORT-SEP-68-DEL, page AIII-4). In
addition, the B-Plant solvent extraction equipment was operated periodically to separate
strontium from CAW solutions following the PTA processing to separate cesium. Strontium
separation from high-level waste solutions using the solvent extraction equipment continued at
B-Plant until 1977. The aqueous waste from the solvent extraction process was evaporated in the
Cell 23 evaporator and transferred to underground storage tanks.
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4.0 TRANSURANIC ANALYSES OF WVASTE IN TANKS 241-T-110, 241-T-111 AND
241-T-1 12

The Hanford Site prepares a Best Basis Inventory (BBI) estimate of the composition of the
wastes stored in all 177 Hanford Site underground storage tanks. The BBI effort involves
developing and maintaining waste tank inventories comprising 25 chemical and 46 radionuclide
components in the 177 Hanford Site underground storage tanks. Waste sample analyses, process
knowledge, and waste templates arc used to create the BBIs. These BBIs provide waste
composition data necessary as part of the River Protection Project (RPP) process flowsheet
modeling work, safety analyses, risk assessments, and system design for retrieval, treatment, and
disposal operations. Development and maintenance of the BBI is an on-going effort, with the
current BBls available electronically through TWINS, httB:/twins.nnl.pov/data/datamcnu.htm.

The BBI for the tank 241 -T-lI 10 waste is based on the analyses of two core samples obtained in
1996. Composites of these core samples were analyzed for non-radioactive components and
total alpha concentrations. A re-analysis of a composite sample was conducted in 2003 to
determine the concentrations cesium-137, strontium-90 and individual transuranic elements with
half-life greater than 20-years (i.e. neptuniurn-237, plutonium-238, plutonium-239, plutonium-
240 and aniericium-24 I). The analytical results were reviewed and used along with engineering
judgment to determine the best basis inventory for the waste stored in tank 241-T-1 10. The
mean, total alpha analysis for the wvaste stored in tank 241-T-1 10 is 53rqCi/g. The uncertainty
estimates for the total alpha analyses for the waste stored in tank 24 1 -T-1 10 were evaluated
(RPP-1 0983). The upper 95% confidence limit for the gross alpha analyses of the waste stored
in tank 241-T-1 10 is 621qCi/g. The sum of the neptunium-237, plutonium-238, plutonium-239,
plutonium-240 and americium-241 concentrations analyzed in the composite core sample is
approximately 83.3qCi/g, as reported on October 11, 2004 from the Tank Waste Information
Network (TWINS) database; httpl//twins.pnl.gov/. These analyses indicate that the
concentration of alpha-emitting transuranic isotopes with half-life greater than 20 years is less
than I100q Ci/g in the waste stored in tank 241 -T-1 10.

The BBI for the tank 24 I-T-l IIwaste is based on two core samples obtained in 1991.
Composite of these core samples were analyzed for non-radioactive components, select
radionuclides, total alpha and transuranic element concentrations. The analytical results were
reviewed and used along with engineering judgment to determine the best basis inventory for the
waste stored in tank 241 -T-I 11. The mean total alpha analyses and lower 95% confidence limit
for the waste stored in tank 241-T-1 11I are 37lr1Ci~g and 289TICi/g (7G300-02-JGF-009). The
total alpha analyses of the waste in tank 241-T-1 11I are support by analyses of this waste for
neptunium-237, plutonium-238, plutonium-240, plutonium-240 and americium-241. The sum of
these transuranic elements is approximately 186.5ilCi/g in the waste stored in tank 241-T-1 11, as
reported on October 11, 2004 from the Tank Waste Information Network (TWINS) database;
http://twins.pnl.gov/.

The BBI for the tank 241 -T-1 12 waste is based on two core samples obtained in 1997. These
two core samples were analyzed to determine gross alpha and non-radioactive constituents in the
liquid and solids portions of these samples. Template values were used for constituents below
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the detection limits for sample data or constituents not measured from thc sampling event.
Templates are based on sampling data from tanks that contain the same waste type as tank
241-T-1 12, supplemented with Revision 5 of the IlDW modcl data (RPP-19822). The mean,
total alpha analysis for the sludge fraction of the waste stored in tank 241 -T-1 12 is 255110/g.
The template based sum of neptunium-237, plutonium-238, plutoniumi-24O, plutonium-240 and
aniericium-241 concentrations in the sludge fraction of the waste stored in tank 241 -T- 112 is
approximately 255.2TICilg.
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5.0 SUMMARY

Tanks 241-T-1 10 received 2C waste from reprocessing of spent nuclear fuel at the 221-T Plant
from January 1945 through December 1954, low-activity cell drainage waste from June 1951through December 1954, and 224 wastes from May 1952 through December 1954. Tank 24 1-T-I111 received 2C waste from the 221-T Plant from January 1945 through October 1956, low-activity cellI drainage waste from June 1951 through October 1956, 224 wastes from May 1952through October 1956, and equipment decontamination waste from December 1959 through June1967. Tank 241-T-l 12 continued to receive 221-T Plant equipment decontamination waste untilJune 1973. Tank 241-T-1 12 also received a mixture of coating removal waste 221-B Plantcesium ion exchange process waste from tank 241-T-106 in March 1973.

The concentrations of the transuranic elements (i.e. sum of neptunium-237, plutonium-238,
plutonium-240, plutoniumn-240 and americium-24 1) in the waste stored in tanks 24 1-T-l 10, 241.-
T-l 11I and 241-T-1 12 (sludge only) are approximately 83.3ilCi/g, I86.5rlCi/g and 255.2qCi/g, as
reported on October 11, 2004 from the TWINS database.
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APPENDIX A

VOLUME OF SOLIDS AND TOTAL WASTE IN
TANKS 241-T-1I10, 241-T-1I11, AND 241-T-1 12

January 1945 through December 1975
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Richland, Washington.

HW-3 1811, 1954, Waste- Status Summary; Separations Section, Planning and Scheduling
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Separations - Operations, May 31, 1954,0G. K. Carpenter, General Electric Company,
Richland, Washington

HW-32389, 1954, IVaste- Status Summary; Separations Section, Planning and Scheduling
Separations - Operations, June 30, 1954, D. E. Peterson, General Electric Company,
Richland, Washington.
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Company, Richland, Washington.

HW-44860, 1956, Waste- Status Summary:- Separations Section, Separations - Projects and
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Products Operation, Richland, Washington.

HW-524 14, 1957, Mast- Status Summary; Chemical Processing Departmzen, Planning and
Scheduling - Production Operation, August 31, 1957, R. E. Roberts, Hanford Atomic
Products Operation, Richland, Washington.

HW-52932, 1957, Waste- Status Summary; Chemical Processing Department, Planning and
Scheduling - Production Operation, September 30, 1957, R. E. Roberts, Hanford Atomic
Products Operation, Richland, Washington.

HW-53573, 1957, Waste- Status Summary; Chemical Processing Department, October 1957,
R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-54067, 1957, Waste- Status Summary:- Chemical Processing Department, November 30,
1957, R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-545 19, 1957, Waste- Status Summary.- Chemical Processing Department. December 31,1957, R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.
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R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-55 997, 1958, Waste- Status Summary;- Chemical Processing Department April 30, 1958,
R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.
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R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-5771 1, 1958, Waste- Status Summary.- Chemical Processing Department. September 30,
1958, R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-58201, 1958, Waste- Status Summary; Chemical Processing Department, October 1958,
R. E. Roberts, Hanford Atomic Products Operation, Richland, Washington.

HW-5 8579, 1958, M aste- Status Summary; Chemical Processing Department, December 16,
1958, M. A. Thress, Hanford Atomic Products Operation, Richland, Washington.

HW-5883 1, 1959, Maste- Status Summary; Chemical Processing Department. January 12, 1959,
M. A. Thress, Hanford Atomic Products Operation, Richland, Washington.

HW-59204, 1959, Maste- Status Summary.- Chemical Processing Department, February 10,
1959, M. A. Thress, Hanford Atomic Products Operation, Richland, Washington.

HW-595 86, 1959, Waste- Status Summary; Chemical Processing Department, March 10, 1959,
M. A. Thress, Hanford Atomic Products Operation, Richland, Washington.

HW-60065, 1959, Waste- Status Summary; Chemical Processing Department, April 16, 1959,
J. E. Lentz, Hanford Atomic Products Operation, Richland, Washington.

HW-604 19, 1959, IVaste- Status Summary; Chemical Processing Department, May 18, 1959,
J. E. Lentz, Hanford Atomic Products Operation, Richland, Washington.

HW-60738, 1959, Waste- Status Summary; Chemical Processing Department, June 15, 1959,
J. E. Lentz, Hanford Atomic.Products Operation, Richland, WVashington.

HW-61095, 1959, IMaste- Status Summary: Chemical Processing Department, July 14, 1959,
J. E. Lentz, Hanford Atomic Products Operation, Richland, Washington.

HW-61 582, 1959, Waste- Status Summary;- Chemical Processing Department, August 18, 1959,
J. E. Lentz, Hanford Atomic Products Operation, Richland, Washington.

A-29



RPP- 13873 Rev. I

HW-61952, 1959, W aste- Status Summary; Chemical Processing Department, September 17,
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HW-66557, 1960, Chemical Processing Department - Waste Status Summary, August 22, 1960,
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SUMMARY

A reviewv of historical documents was conducted to determine the origin of the wastes stored in
single-shell tanks 24 1-B-201 through 24 1-B-204 and 24 1-T-201 through 24 1-T-204. This
review was conducted to support disposition of the wvastes in these tanks.

The wastes stored in tanks 24 1-B-201 through 24 1-B-204 and tanks 24 1-T-201 through 241 -T-
204 wcre determined to originate from plutonium concentration activities conducted from
October 1946 through June 1952 in the 224-B and 224-T Concentration buildings. The 224-B
and 224-T Concentration buildings received the plutonium nitrate solution that wvas separated
from the irradiated reactor fuel as part of reprocessing activities conducted in the 22 1-B and 221 -
T Bismuth Phosphate plants. Tanks 24 1-B-201 through 24 1-B-204 also received miscellaneous
flush solutions from deactivation activities conducted at the 221-B Bismuth Phosphate Plant and
224-B Concentration building. No other types of waste were transferred to these tanks.
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1.0 INTRODUCTION

This document discusses the origins of wastes presently stored in single-shell tanks 24 1-B3-201
through 241-B-204 and tanks 241-T-201 through 241-T-204. Section 2.0 provides adescription
of the different types of wastes that were generated at the Hanford Site chemical processing
plants and transferred to the underground storage tanks. A basic understanding of the different
types of wastes that, were generated at the Hanford Site is provided for the reader to comprehend
the waste types transferred to tanks 241-13-201 through 24 1-1B-204 and tanks 24 1-T-201 through
24 1-T-204, as discussed in Sction 3.0. Section 4.0 summarizes the waste types that were
transferred into these tanks.

2.0 TYPES OF TANK WASTE GENERATED AT THlE HANFORD SITE
CHEMICAL PROCESSING PLANTS

There are 149 single-shell tanks and 28 double-shell underground storage tanks located at the
Hanford Site. These tanks received supernatants and precipitated sludges originating from the
reprocessing of spent nuclear fuels, research and development, plutonium processing, and waste
management activities.

There were numerous spent nuclear fuel reprocessing, research, and development, plutonium
processing, and waste management activities conducted at the Hanford Site starting in 1944.
221 -T Plant (T-Plant), first used for reprocessing of spent nuclear fuel in December 1944,
operated until March 1956 using the bismuth phosphate process. The 221-B Plant (B-Plant)
reprocessed spent nuclear fuel from April 1945 to June 1952 using the bismuth phosphate
process. The bismuth phosphate process was based on carrier precipitation batch chemistry. The
plutonium product solutions from the B-Plant and T-Plant wre transferred to the 224-B and 224-
T buildings for concentration. B-Plant was later renovated and used from 1963 through 1986 to
recover the fission products cesium and strontium from the wastes stored in single-shlli tanks.

Later, B- and T-Plants were replaced by the REDOX (reduction-oxidation) and PUREX
(plutonium-uranium extraction) plants using continuous solvent extraction processes for
separating uranium and plutonium from dissolved, spent nuclear fuels. The RE DOX plant
operated from January 1952 through November 1966 and PUREX operated intermittently from
January 1956 to early 1990). Uranium was recovered from the wastes stored in the single-shell
tanks from operation of the bismuth phosphate plants using a tributyl phosphate solvent
extraction process in the tri-butyl phosphate (TBP) Plant (221-U building). The Hot Semiworks,
building 201 -C, was operated from 1949 through 1967 as a research and development facility for
many of the Hanford Site chemical processes (e.g., REDOX TI3P, B-Plant strontium
separations, PUREX process tests). All of these facilities generated numerous sources of
radioactive mixed wastes that are stored in the single-shell tanks and double-shell tanks.
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In addition to the operations conducted in~ the processing plants, there were numerous activitics
conducted within the underground storage tanks, including evaporation, cesium precipitation
using ferrocyanide, and discharge of supernatants to underground cribs. Thcse spent nuclcar fuel
reprocessing, research and development, plutonium processing, and waste management activities
resulted in the mixing and alteration of the different wmaste types within several (but not all) of
the 149 single-shll tanks and 28 double-shell tanks.

The spent nuclecar fuel reprocessing, research and development, plutonium processing, and waste
management activities conducted in the processing plants are described in the following sections.
Refer to DOIEIRL-97-02; National Register of Historic Places Multiple Properly Document
Form - Historic, Archaeological and Traditional Cultural Properties of the Hanford Site,
Washington February for additional details on these processes.

As,.will be shown in Section 3.0, none of the spent nuclear fuel processing wastes from these
operations were received into tanks 24 1-13-201 through 24 1 -B-204 or 241 -T-201 through
241-T-204. These tanks only received %waste from the 224-B and 224-T plutonium concentration
buildings. The B-200 series tanks also receive wastes from equipment cleaning. The process
operations conducted in the 221-B3, 224-B3, 22 1 -T and 224-T are discussed in the followving
subsections to provide an understanding of the waste types generated in these facilities.

2.1 BISMUTHI PHOSPHATE PROCESS: B- AND T-PLAN4TS

B3- and T-Plants were constructed in 1944 through 1945 to separate plutonium from spent nuclear
fuel using the bismuth phosphate process. Figure 1 shows a summary of the 221 -B and 221 -T
Plant bismuth phosphate process, which is referred to throughout this discussion.

In the bismuth phosphate process, the aluminum cladding of spent nuclear fuel elements was
dissolved in boiling sodium nitrate solution, to which sodium hydroxide was slowly added
(IINV-10475-C, page 403). The cladding removal waste, sometimes referred to as Coating Waste
(CW), wvas transferred to single-shell underground storage tanks. (Sec item [I] in Figure I)

Reprocessing of the spent nuclear fuel commenced with the dissolution of the uranium fuel. The
fuel element uranium cores (see item [2] in Figure 1) were dissolved in nitric acid (I IW-10475-
C, chapter IV, page 405). Water and sulfuric acid were added to the dissolved uranium metal
solution and the mixture was then transferred to the plutonium extraction section. The sulfurc
acid formed a uranyl sulfate complex that prevented uranium precipitation as a phosphate in the
subsequent plutonium extraction step (HWN-10475-C, page 418).

Plutonium was extracted from the acid solution by addition of bismuth nitrate and phosphoric
acid to form a bismuth phosphate carrier precipitate (HXNV-10475-C, page 503). The plutonium
and bismuth phosphate carrier precipitate was centrifuged and washed three times with water to
separate the acidic supernatant from the plutonium precipitate, (see item [3] in Figure 1). The
acidic solution remaining after the plutonium precipitation contained about 99 percent of the
uranium, about 90% of the fission products. This separation process also removed and reduced
the gamma radiation activity level in the plutonium precipitate by a factor of 10. However,

2
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zirconium is phosphate insoluble and zirconium-95 (10 percent of the activity) stayed with the
plutonium product. The acidic uranium solution was then neutralized and transferred to the
underground single-shell tanks as Mctal Waste (MW). Rccnt laboratory testing of the bismuth
phosphate flowsheet confirms this partitioning of radionuclides (internal letter 7G300-02-NWK-
024, "Bismuth Phosphate Process Radionuclide Partition Factors for the Hanford Defined Waste
Model"). The laboratory tests indicate the percentage of cceium-137 and strontium-90
partitioned to the metal waste may have been as high as 100 percent and 89 percent respectively.

After separating and washing the plutonium precipitate from the metal waste, reprocessing of
spent nuclear fuel was completed in the 221 Plant Bismuth Phosphate process. Plutonium
decontaminationw~as conducted in the remainder of the 221 Plant Bismuth Phosphate process.
The plutonium bearing cake was dissolved in nitric acid and further decontamination of the
plutonium to separate fission products was conducted (HINV-1O475-C, chapter VI). Sodium
bismuthate, sodium dichromate, or potassium pcrmanganate wvas added to oxidize thc plutonium
to the +6 valence-state. This step caused the bismuth phosphate to precipitate phosphate
insoluble fission products ("by-product precipitation"), leaving the plutonium in solution. The
precipitate was separated from the plutonium-bearing solution using centrifuges and washed to
remove soluble plutonium. The plutonium wvas reduced to the +4 valence state to form a
precipitate that could be separated from the remaining soluble fission products by centrifugation.

The fission products separated from the plutonium product during this first cycle of the
dccontamination process (designated as IC) were combined with the coating removal waste and
transferred to single-shell tanks. The I C waste (see item [41 in Figure 1), contained
approximately 10 percent of all fission products and approximately 1.4 percent of the plutonium
present in the original fuel charged to the plant (I IW-23043, pages 20 and 22). After 1951, the
Bismuth Phosphate process flowshct was modified to include cerium and zirconium scavenger
precipitation in the I C by-product step to remove lanthanide and zirconium radionuclides from
the plutonium product (HiW-23043, page 16).

The plutonium solids from the first decontamination cycle were dissolved in nitric acid. A
second decontamination cycle (see item, [5] in Figure 1) was conducted to reduced the gamma
activity level by a factor of 10,000 from that in the previous dissolved metal solution, giving an
overall process decontamination factor of 100,000 below that of the original solution (HINV-
10475-C, page 627). The second decontamination step essentially repeated the steps previously
described for the first cycle decontamination. The second decontamination cycle wastes
(designated as 2C) were also transferred to the single-shell tanks. The 2C waste contained less
than 0. 1 percent of the uranium and fission products and about 0.4 percent of the plutonium
present in the original fuel charged to the plant (14%V-23043, pages 26 and 28). The plutonium
product from the bismuth phosphate process was subsequently transferred to the 224-B or 224-T
building for concentration.

Table 1 provides the estimated compositions of the neutralized CW, MW, IC, and 2C wvaste
solutions generated from the bismuth phosphate plants based on the October 1, 1951 flowshcet
(lINW-23043). Additional analyses of the supernatant fraction of MWV, IC, and 2C that was stored
in single-shell tanks are provided in Tables 2 and 3. These sample analyses support previous
statements regarding the partitioning of fission products to the various Bismuth Phosphate Plant

3
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Waste Streams. Specifically, 90% of the fission products were partitioned to the mctal waste as
evident by the Cs- 137 concentration provided in Table 3. About 10% of the fission products
partitioned to the I C wvaste, as demonstrated by the gross beta and gross gamma radionuclides
analyses provided in Table 2 and the Cs-137 analyses provided in Table 2. The 2C waste
contained less than 0. 1% of the fission products, as evident from information providcd in Table
2.

4
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Table I Estimated Composition of Bismuth Phosphate Plant WVastes
______________________F Fro October 1, 1951 Flowsheet Ill ________

AnalytetZ coating Metal First Second 224 Building
Removal Waflt7 Decontamination Decontamination Waste
Wastem Cycle_(I_ ~J Waste C.ck (20Waste

Plutonium 3-313-04 2.OE-04 6.OE-07 4  1.6"7J "1 1.68-FR
Uranium 0.15 0235 Not rpted 2.0413-05
Gamma 6.611404 1.311407 2.3C+06" 1.13 1  1.131302"')

Sod um l inat lNA1.2 95.1 ____ ________

Sodium Hydroxide (NaOII)_ 43.6 ____ _____

Sodium Nitrate (NaNO,) 61.8
Sodium Nitite (NaNO,) 56.0 ____ ________

Sodium Silicate (NaSiO])_ 4.3 ____ _______________

Uranyl nitrate (UHN) 132______
Fluorine (F) _ ___5.6

Nitrate (NO3) 9.7 93.1 61.3 42.4
Sulfate (SO4) 24.4 4.73 3.61 0.35
Phosphate (P04) 25.2 26.2 23.0 3.05_
Sodium (Na) 83.2 47.3 36.7 36.8_
Bismuth (130 2.59 1.31 1.18
Cerium (Ce) _ ___0.030 _____

Lanthanum (La) _____0.49

Manganese (Mn) _____0.33

Zirconium (Zr) _____0.030 ______________

Iron (Fe) _____1.37 1.82 _____

Chrome (Cr) 1___ 0.16 0.06 0.17
Ammonia (NI 14) _ __ 1.981 1.71 0.12
Silicon Ilexa-Fluoride (SiF4)_____ 4.35 13.67

IVolume per Batch (gallonsd) 7951 2.380 12,0401 2,090 2,200
Notes:
(') See 11W-23043
C2) Analysts ar'e reported in grams per liter, except for gamma activity, which is countslminute/mL
(3)1liW-23043 page 31 notes that uranium is not actually present in this form, but is probably as NaUO3PO4 and

Na4(U02)2C03.
(4 Pu and Gamma concentrations were calculated from the compositions of tanks 13-4 and 14.3 (11W-23043 pages 20

and 22).
SPu and Gamma concentrations were calculated from the compositions of tanks 18-4 and 19-3 (liW-23043 pages 26
and 28).

SPu and Gamma concentrations were calculated from the compositions of tanks A-4, D.4, B-3, and F-S (IIW-23043
pages 39, 44, 48, and 54)
The coating waste batch size is based on 6,600-lbs uranium, but that the metal waste dissolution batch size is based on
2,200-lbs uranium.

6



RPP- 133 00 Rev. 1

___________ Table 2 Anlscs of Bismuth Phosphate Process Su tants______
Waste Type't .2 Tank pH1 Pu Gross Sets Gross Gamma Dale Sampled

____________ _________ ____________ Gm/Iiter milticuries/ller millituries/Iiter _______

Metal Waste T-101 10.1 70 20P 701 12-12-1946
Metal Waste T-101 10 35 110 25 7-01-1947
Metal Waste T-102 9.9 60 120 20 7-01-1947
Metal Waste T-103 9.8 60 150 20 7-01-1947

IC/CW B-109 9.9 40 0.65 0.28 3-13-1947
ICICW C-1 12 9.9 12 12 4.4 3-18-1947

2C B-111 6.9 7111-02 2.OE-03 3.OE-03 7.1-1947
2C B-112 6.8 4.32E??_ lJ .513-03 3.OE-03 7.1-1947

Waste Type Tank PH1 Pit Gross Bela Gross Gamma Date Sampled
____________ ____________ Gm/liter Counts/mtinate/cc Counts/minute/cc ______

2C T-I10 Not M2lrcd' 145i 4.913+04 30 7-13-1945
2C T-1 10 93441 19 6.91104 55 725194H

124 10 t 9.6141 8.5 7.OE+04 55 7-25-1945
Nom,
"'Se I[W-10723 and IIW-3-3220.
a' Solids formed in cad of iastes, scaling to the bottom orewchbnL ais.Tese samnple waiyscs we for the supeman only and wre not representative of the

sludges.
() The reported Po sample analyscs ror tank B-1 12 seem to be in error and lacti an excponent in IIW.1072L
0) Prior to October 1945. the 2C waste %as neutralized to a p1 1 orappoximately 10. The wastc collected in tanks 24 I-T-I 10. 24I--Il11, and 241-T-1 12

were neutralized to about pI17? after October 1945 to precipitate bismuth and plutonium (I IW.3-fl20. page 13).
01 Reduction i the gross Samma and beta analyses for the metal %aste in tank T-10l from sampling i 12-12-1946 to 07-01-1947 is due to decay of

short-lived fission products.
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2.1.1 224-B and 224-T Concentration Buildings

The process steps executed in the 224 Concentration buildings %wcre as follows (HiW- I0475-C,
chapter VII and HW-23043, pages 34 to 55):

" The starting batch size received from the 221 Plant was 330 gallons.

* Plutonium solution from the 221 Plant was oxidized with sodium bismuthate to convert
the plutonium to the +6 valence state.

* Phosphoric acid was added to produce a bismuth phosphate (lBiPO4) precipitate, with the
plutonium still in solution. At this point, operators %%anted to get rid of all the IBiPO 4.

" The solution and precipitate wvere separated by centrifugation.

" Nitric acid was added to dissolve the lliPO4 precipitate, w~ith this solution removed as
waste.

" Potassium pennanganate (KMnO 4) was added to the plutonium solution to ensure all the
plutonium was in the +6 valence state.

" Hydrogen fluoride and lanthanum sails were added to the plutonium solution producing a
lanthanum fluoride precipitate. Fission products were carried with the lanthanum. This
precipitate contained all the lanthanides (cerium, lanthanum, etc.) and residual ruthenium,
samarium, europium, americium, and curiumn that the BiPO4 could not carry out of the
stream.

" The lanthanum fluoride precipitate was dissolved in nitric acid, neutralized with sodium
hydroxide, and sent to waste storage tanks.

" Oxalic acid was added to the plutonium solution collected from the lanthanumn fluoride
precipitation step to reduce the plutonium to the +4 valence-state.

" H ydrogen fluoride and lanthanum salts were added to the plutonium solution producing a
lanthanum fluoride and plutonium fluoride precipitate. The precipitate was centrifuged to
collect the solids.

" Potassium hydroxide was added to convert the plutonium fluoride / lanthanum fluoride
precipitate into lanthanum hydroxide and plutonium hydroxide solids.

*After centrifuging to separate the lanthanum hydroxide and plutonium hydroxide solids,
these solids are reacted with nitric acid solution to dissolve the lanthanumn and plutonium.
The plutonium nitrate / lanthanum nitrate solution product was now ready for transfer to
the 23 1 -Z building or 234-5 building.

By this time, each original 330-gallon batch of plutonium-bcaring solution that had entered the
224 buildings was concentrated down to eighit gallons. The liquid waste (designated as "224")
from the lanthanum fluoride and barium sulfate precipitation process was neutralized and
transferred to the single-shell tanks. Table I provides the estimated compositions of the
neutralized 224 waste solutions based on the October 1, 1951 flowkshcct (HW-23043).

9
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3.0 ORIGINS OF WASTE IN TANKS 241-11-201 THROUGH 241-B3-204 AND
241-T-201 THROUGH 241-T-204

This section provides a brief description of tanks 24 1-13-201 through 24 1-13-204 and 241 -T-201
through 24 1 -T-204, and a summary of the documented waste transfers into these tanks. In ordcr
to determine the origins of the wastes presently stored in these tanks, declassified historical
reports for the Hanford Site were reviewed. Documents reviewed included the Hanford site
contractors' monthly reports (1945 through 1975), Army Corp of Enginecrs monthly reports
(December 1944 through December 1946), U. S. Atomic Energy Commission monthly reports
(1947 through 1954), waste disposal reports (1948 through 1975), tank farm waste status
summary reports, and miscellaneous letters and technical reprts. While no records were located
that identify individual transfers of waste, the above cited reports do provide a compendium of
information that supports the discussion of historical waste types transferred into the B-200 and
T-200 series tanks.

The Hanford site contractors' monthly reports for January 1945 through July 1951 list the
volume of waste stored in the single-shell tanks, with the cxccption of the B-200 and T-200
series single-shell tanks. No records wrc located that provided the volume of %%astes stored in
the single-shell tanks from August 1951 through February 1952. Beginning in March 1952,
waste transfers and the volume of waste stored in each single-shell tank were reported for cachi
tank in a waste status summary report. Evidence of the waste types transferred to the B-200 and
T-200 series single-shell tanks is provided in the Hanford site contractors' monthly reports,
waste disposal reports, and miscellaneous letters and technical reports cited in the followNing
sections.

With the exception of the waste status summary reports, all reports cited in this section are
available electronically from the Hanford Declassified Document Retrieval System at
httpi/www2.hanford.gov/dcclassl. Full-text copies of the waste status summary reports cited in
this section are provided in Appendix A. The results of the present review of historical records
arc compared with a previous review of historical report that was conducted in 1980 as part of
WIVHC-MR-0 132, A History of the 200 Area Tank Farms.

3.1 DESCRIPTION OF TANKS 241-B3-201 THROUGH 241-13-204 AND 241-T-201
THROUGH 241-T-204

Single-shell tanks 24 1-B-201 through 241 -13-204 (B-200 series) and tanks 24 1-T-201 through
2410OT-204 (T-200 series) were originally constructed in 1944 as pairt of the Manhattan Project
(liW-10475-C, chapter IX). The 13-200 and T-200 series tanks are twenty-foot diameter
underground tanks made of reinforced concrete with a steel liner on the bottom and sides, as
depicted in Figure 2. Each tank has a design capacity of 55,000 gallons at a liquid depth of
twenity-four feet. The 200 series tanks are grouped together with twelve larger capacity single-
shell tanks (100 series) to comprise a tank farm.

10
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Figure 2 Cross Section of 200 Series Single-Shell Tank.
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3.2 WASTE TRANSFERS INTO TANKS 241-B-201 THROUGH 241-11-204

This section discusses the date and source of wastes that wcre transferrcd into tanks 24 1-13-201
through 24 1 -B-204. Tanks 24 1-B3-201 through 24 1-B-204 did not receive any high-level wastes.
These tanks received transuranic waste from operations conducted at the 224-B plutonium
concentration building and equipment decontamination waste. According to the Hanford
Technical Manual Section C for the bismuth phosphate proccss (11 W410475-C, pages 909 - 911),
the metal waste solution from the bismuth phosphate processing plant (B-Plant) was originally
planned to be decontaminated to separate fission products from the uranium using scavengcr
precipitation processes. This decontamination process was to be conducted in 13-Plant with the
precipitates being transferred to the 24 1 -B-201 through 24 1-B-204 tanks. Howvecr, the metal
waste decontamination process was never implemented and mctal waste solution was flot
transferred into these tanks. Tanks 24 1 -B-201 through 24 1-B-204 wcre unused until October 1,
1946.

Beginning in October 1946, tanks 241-13-201 through 241-B3-204 were used as settling tanks for
the solids that were contained in the 224-B3 Concentration building waste, with the liquid waste
discharged to the 24 1-B- I and 24 1-13-2 cribs. Prior to October 1946, the waste from the 224-B
Concentration building was transferred to the 361 -B settling tank and the liquid portion
discharged to the 241-B3-361, reverse-well. 13y September 1946, solids had accumulated in the
361 -B settling tank to a point where the tank had reached its storage capacity, causing shutdown
of 22 1-B and 224-B building operations, as reported in the Army Corp of Engineers monthly
report for September 1946 (1IAN-45 800, page 77). A project was initiated in August 1946 to
divert the 224-B Concentration building waste to tank 241-13-201 (HIW-7-4640). The Army
Corp of Engineers monthly report for October 1946 reports this project was completed on
October 1, 1946, at which time a connection was made from the 224-B building waste transfer
line to tank 24 1-13-201 (11AN-45800, page 87). A similar connection was also completed on
October 14, 1946 from the 224-T Concentration building waste transfer line to tank 24 1-T-20 1.
The 11anford Engineering Works Monthly Reporifor October 1946 (HiV-7-53 62-DEL, pages 27
and 28) confirms that the 224-B building waste was routed. to tank 241 -B-201 in October 1946.

Tank 24 1-13-201 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 24 1-13-204 (11W-I 1499, page 34).
Tank 24 1-13-204 was connected in a cascade with tanks 241 -B-203 and 24 1-13-202
(14%V-I0714-DEL, page 31). Liquid was gravity discharged from the last tank in the cascade,
24 1 -B-202 to the 241 -B- I and 241-13-2 cribs. Solids contained in the 224-B building waste were
allowed to settle in tanks 241-B-204 through 241-13-202. The cascade of tanks 241-13-204,
24 1 -1-203, and 24 1-13-202 continued to receive 224-B Concentration building wastes until
September 1952. The discharge of 224-13 Concentration building waste from the B3-202 tank to
the 241-B-1 and 241-13-2 cribs is documented in i1%V-20583, Process Waste Disposal Summary
- 200 Areas Sept ember 1949 through December 1950, H\V-2530 1, Process Waste Disposal
Summary - 200 Areas January 1952 through June 1952, IIN-28 12 1, Release of Radioactive
Wastes to Ground, and IIW-3359 1, Summary of Liquid Radioactive Wastes Discharged to the
Ground - 200 Areas July 1952 through June 1954.

12
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In addition to waste from the 224-B Concentration building, tanks 241 -13-202 through 24 1-B3-204
also received lowv-activity waste from tank 5-6 in 22 1-B Plant from October 3, 1947 through
August 12, 1948 (IIW-17088, page 31 and HINV-38562, page 9). Tank 5-6 rceivcd low activity
cll drainage as well as scrubber solution from the dissolvers in 221-B Plant (Ii W-10728, page

2). Tanks 24 1-B3-201 through 24 1-13-204 wevre rcportcd to have received a total of 22,300,000
liters of waste containing 2180 grams of plutonium and 4000 curies of fission products from
May 1947 through January 1, 1950 (1IIW-17088, page 57). Approximately 7,400,000 liters of the
waste transferred to tank 241 -B-201 was low-activity waste from tank 5-6 in 221 -B Plant (I11W-
17088, page 57). The low concentration of fission products in the 224 building and tank 5-6
waste, -180 micro-curies per liter supports that no high-level waste was transferred along with
the tank 5-6 wvaste to tanks 24 1 -B-201 through 24 1-B3-204.

In July 1952, B-Plant and the 224-B Concentration building were shut down because their
processing capability was no longer needed and had been replaced by the 202-S REDOX facility.
Beginning in July 1952, cleanout of B-Plant and the 224-B Concentration building was initiated,
with the spent nuclear fuel dissolver heels removed from equipment in the 221-B building
(HW-25227-DEL, pages Ed- I and Ed-6). The dissolvers, metal waste equipment and other
process equipment in the 221-B Plant were flushed with nitric acid solution from July 1952
through September 1952 to remove fission products and plutonium. The recovered plutonium
solutions wvere processed through the normal bismuth phosphate flowsheet and wastes
transferred to their normal disposal pathways (HIW-25227-DEL page Ed-I and Ed-6, IIW-25533-
DEL, pages Ed-1 and Ed-6, liW-2578 I-DEL, page Ed-I, and IIW-26047-DEL, pages Ed-I and
Ed-5). Plutonium solutions derived from equipment cleanout activities in the 221-B Plant were
processed in the 224-B Concentration building to recover the plutonium, with waste from the
224-B Concentration building transferred to the cascade of tanks 24 1 -B-204,24 1-13-203. and
24 1 -13-202.

The waste solutions generated from nitric acid flushing of the 221 -B Plant equipment were
transferred to their normal disposal pathways. The B-200 series single-shell tanks only received
waste from the 224-B Concentration building during the nitric acid flushing ofthe 221I-B Plant
equipment. Monthly reports for the 200 Area tank farms for April 1952 through September 1952
(liW-27838 and II W-27839) substantiate that only 224-B Concentration building waste was
discharged to the cascade of tanks.241-B-204, 24 1-13-203, and 24 1-13-202 during the nitric acid
flushing of 22 1-B3 Plant equipment.

13
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H-igh-level waste was removed from affected 221-B Plant equipmenit as a result of removing the
heels from the dissolvers and nitric acid flushing of the equipment. Additional cleaning of the
internal surfaices of piping and equipment in 221-13 Plant and 224-B building was conducted
using various chemical solutions and watcr, as described in HIW-27774. This cleaning occurred
from October 1952 through March 1953.

Flushes of metal waste, first decontamnination cycle, and second decontamination cycle
equipment were transferred to the cascade of tanks 24 1-13- 10,241-B3-Ill1, and 241-B3-I 112, as
documented in wmaste status summary reports for the 200 Area tanks farms for this period
(IIW-27840, HIW-27841, HW-27842, and IINV-27775). In November 1952, the cascade of tanks
24 1-13-204, 24 1-B3-203, and 241-13-202 received flushes of 224-B building equipment and metal
waste lines (IIW-27840, page 20). In December 1952, they received flushes of 224-B building
equipment and 221-B Plant section 9 metal waste tanks (IIW-27840, page 28). In January,
February and March 1953 they received flushes of 224-B building equipment and 22 1-B3 Plant
sections 7 and 8 extraction equipment (HW-27841, page 9, IINV-27842, page 9, liV27775, page
9). As previously discussed, the dissolvers, metal waiste equipment and other equipment in the
22 1-B3 Plant had been flushed with nitric acid from July through September 1952 and removed
the high level waste from affected equipment. Therefore, the 221-B Plant equipment flushing
conducted from October 1952 through March 1953 did not generated high-level waste.

Flushing of the B-Plant cells and weting of process equipment with wtecr was conducted in
April 1953 through June 1, 1953 (HiV-27932-DEL, page Ed-5; HINV-28267-DEL, page Ed-5; and
11W-28576-DEL, page Ed-5). These flush solutions were transferred to the cascade of tanks
241-B-I 10, 241-B-Ill1, and 241 -B-I 12, as documented in w-aste status summary reports for the
200 Area tanks farms for this period (11 W-28043, IIW-28377, and liV-2S712). Additional
decontamination of equipment in the 224-B Concentration building was also conducted in May
through July 1953 with the flush solutions processed through T-Plant to recover plutonium (I1IN-
28267-DEL, page Ed-5, HIW-28576-DEL, page Ed-5, and II W-28906-DEL, page Ed-5).

In October 1954, approximately 50,000-gallons of water were transferred from the 22 1-B Plant
through the cascade of tanks 241-13-201 through 241-B3-204 (HW-33544, page 4 and liW-38562,
page 9). In December 1954, tank 5-6 (low activity cell drainage in 221I-B Plant) was reported as
being routed to the cascade of tanks 241-B-204, 241-13-203, and 241-13-202, but no volume of
waste was reported as being discharged to these tanks in the tank farm monthly waste status
summary report (HWN-344 12, page 4). However, the June 1955 report for discharge of wastes to
the ground (IIW-38562, page 9) indicates approximately 750,000 liters (-198,000 gallons) of
low-activity waste were discharged from 22 1-B3 Plant tank 5-6 from December 1954 through
June 1955 to tanks 241-13-202 through 241-13-204 to the 241-B3-I and 241-13-2 cribs.

In July 1955, 224-B Concentration building flush water was reported as being routed to the
cascade of tanks 241-13-204, 24 1-13-203, and 24 1-B-202, but no volume of w.%aste wams reported as
being discharged to these tanks in the tank farm monthly w-aste status summary report (11W-
38401, page 4). Hiowever, the June 1956 report for discharge of wvastes to the ground (11WV-
44784, page 27) indicates approximately 653,000 liters (-172,500 gallons) of low-activity waste
were discharged from 221 -B Plant tank 5-6 from July 1955 through September 1955 to tanks
24 1-B-202 through 241 -B-204 to the 241 -B- I and 241 -B-2 cribs. Beginning in October 1955, the
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low activity wvaste from 221 -B Plant tank 5-6 was routcd to thc cascade of tanks 24 1-B-i 10,241 -
B3-il1 and 24 1-B- 12 and thcn to the 24 1-B- I and 24 1-B-2 cribs (IHW-44784, page 27).

During the pcriod of 1954 through 1955, thc 22 1-B Plant and 224-B Concentration building Were
being modified for restart as part of the so-called "4X Program" (IIW-33903). The 4X Program
was a program to operate all four separation facilities (221 -B, 221-T, 202-S REDOX and 202-A
PUREX Plants) simultaneously. The modifications conducted in the 221-B Plant and 224-B
Concentration building resulted in the transfer of low-activity wa-ste to tanks 24 1 -B-202 through
241-B-204. However, the 4X Program was cancelled in March 1957 and the 221-B Separations
Plant and 224-B Concentration building were placed in lay-away status (DDTS-Gencrated-491,
"Lay-Away of the Bismuth Phosphate - TBP Plants and the Metal Waste Removal Facilities").

From 1957 through 1963, the 221-B Plant was converted for separating fission products of
ccsium-137 and strontium-90 from PUREX plant wastes. A flush of 7,500-gallons was
transferred from the 221-B Plant to the cascade of tanks 241-B-204, 241-B3-203, and 241-13-202
sometime January 1, 1962 through June 30, 1962 (II W-74647, page 4). This is the last transfer
of any waste sol utions into tanks 24 1-B-201 through 24 1-B3-204. The 221 -B Plant did not
receive any wastc for fission product separation until August 2, 1963 (11 W-788 17, page 5) and
did not discharge fission product waste to tanks 24 1-B-201 through 24 1 -B-204.

Tanks 241-B3-201 through 241-B-204 did not receive any liquid wastes originating from the
operation of the first cycle solvent extraction system, or equivalent, or the concentrated wastes
from subsequent extraction cycles, or equivalent, in a spent fuel reprocessing facility. Rather,
the wastes received into tanks 24 1-B-201 through 241-13-204 were from a plutonium
concentration process (not a subsequent extraction process) performed in a separate facility and
wastes from equipment decontamination activities conducted in the 221-B Bismuth Phosphate
Plant and 224-B Concentration building.

3.3 WASTE TRANSFERS INTO TANKS 241-T-201 THROUGH 241-T-204

This section diseusses the date and source of wastes that were transferred into tanks 24 1-T-201
through 241-1204. These tanks did not receive any high-level waste but did receive transuranic
waste from operations conducted at the 224-T plutonium concentration building. According to
the Hanford Technical Mfanual Section C for the bismuth phosphate process (11lW-I 0475-C,
chapter X, pages 909 -911) the metal waste solution from T-Plant was originally planned to be
decontaminated to separate fission products from the uranium using scavenger precipitation
processes. This decontamination process was to be conducted in T-Plant with the precipitates
being transferred to the 241-T-201 through 241-T-204 tanks. Hlowver, the metal waste
decontamnination process was never implemented and metal waste solution was not transferred
into these tanks. Tanks 241 -T-201 through 24 1-T-204 were unused until November 4, 1946.

Beginning on November 4, 1946, tank 24 1-T-201 wvas used as a settling tank for the solids that
were contained in the 224-T Concentration building waste, with the liquid discharged to the
24 1-T- I and 24 1-T-2 cribs (11W-3359 1, page 4). The waste from the 224-T Concentration
building had been previously transferred to the 361-T settling tank and the liquid portion
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discharged to the 241-T-361, rcvcrse-wecll. By July 1946, solids had accumulated in the
36 1-T, settling tank to a point where the tank had reached its storage capacity (HIAN-45800,
page 67). A projcct was initiated in August 1946 to divert the 224-T Concentration building
waste to tank 24 1-T-201 (IIW-7-4640). The Army Corp of Engineers monthly report for
October 1946 reports this project was complcted on October 14, 1946, at which time a
connection was made from the 224-T building waste transfcr line to tank 241-T-201
(IIAN-45800, page 87). The Hanford Engineering Works monthly report for October 1946
(IIW-7-5362-DEL, page 271to 28) confinms that a route was established for transfer of the 224-T
building waste to tank 24 1-T-201 in October 1946, with waste transfer initiated on November 4,
1946.

Tank 24 1-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 241-T-204 (11W-1 356 1-DEL, page 41).
The solids depth in tank 24 1-T-201 was reported as "twenty feet of rather compact sludge and
approximately three feet of a light sludge" (11W-I 3561-DEL, page 41).

Tank 241 -T-204 was connected in a cascade with tanks 241 -T-203 and 24 1-T-202,
(IIW-10714-DEL, page 31). Liquid was gravity discharged from the last tank in the cascade,
tank 241 -T-202, to the 24 1-T-1I and 24 1-T-2 cribs. Solids contained in the 224-T Concentration
building waste were allowed to settle in tanks 24 1-T-204 through 24 1-T-202.

The tanks 24 1-T-204, 241 -T-203, and 241 -T-202 cascade continued to receive 224-T
Concentration building wastes until May 29, 1952, after which this waste was transferred to the
cascade of single-shell tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 (11W-27838, page 17).
Tanks 241-T-201 through 241-T-204 were considered filled with solids and taken out of service
effect on May 29, 1952 (11 W-27838, page 12).

Tanks 241-T-201 through 241-T-204 did not receive any liquid wastes originating from the
operation of the first cycle solvent extraction system, or equivalent, or the concentrated wastes
from subsequent extraction cycles, or equivalent, in a spent fuel reprocessing facility. Rather,
the wvastes are either from a plutonium concentration process (not a subsequent extraction
process) performed in a separate facility (224-T Concentration building).

3.4 CURRENT REVIEW OF WASTE TRANSFER RECORDS COMPARED WITH
OTHER REVIEWS

Historical records of waste transfers into, from and among the 200 Area tank farms were
compiled and reported in WHC-MR-0132, LA-UR-96-3860, and LA-UR-97-31 1. Additional
waste transfer records have been summarized for the B-200 series tanks in
WliC-SD-WVM-ER-3 10. These documents were reviewed and compared with the current
analysis documented in this report to determine if significant discrepancies exist.
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3.4.1 11-200 Series Tanks

These previous reviews to determine the tank contents for tanks 241 -B-201I through 24 1-B3-204
generally refer to WIHC-MR-01 32 and provide no new references regarding waste transfers into
thcse tanks. Therefore, the current revicw of waste transfer records for tanks 24 1-13-201 through
241-13-204 was compared to that of WHIC-MR-O 132. Appendix B provides copies of the
tabulated waste transfer records for tanks 241-13-201 through 241-13-204 from WIIC-MR-0132.

In general, the waste transfer records summarized in WIIC-MR-0132 are consistent %%ith the
information present in this document. However, there are three significant discrepancies that are
discussed in the following sections.

3.4.1.1 Date Tanks Used to Receive WVaste

The waste transfer records summarized in WHC-MR-01 32 for tanks 24 1-13-201 through
24 1-13-204 do not indicate the presence of any waste in tanks 24 1-B-201 through 241 -13-204
until the first quarter of 1952. This is inconsistent with historical documents discussed in this
document, which indicates that thcse tanks received waste from the 224-B Concentration
building beginning in October 1946. The Hanford site contractors' monthly reports for January
1945 through July 1951 list the volume of waste stored in the single-shell tanks, with the
exception of the B-200 and T-200 series single-shell tanks. Evidence of the waste types
transferred to the B-200 and T-200 series single-shell tanks is provided in the Hanford site
contractors' monthly reports, waste disposal reports, and miscellaneous letters and technical
reports cited in the following sections. These documents were classified until the early 1990's,
which would have limited their availability. It is likely that these documents were unavailable: to
the authors of WHC-MR-0 132 and LA-UR-97-31 1.

3.4.1.2 Cascade Operation of Tanks

Beginning in the first quarter of 1952, WHIC-MR-0 132 indicates that 224-B Concentration
building waste (designated as "224") w~as transferred into tanks 24 1-13-201 through 24 1-B-204,
which were operated as a cascade to a crib. However, this contradicts information published in
HW-3359 1 (Summary of Liquid Radioactive Mastes Discharged to tile Ground - 200 Areas July
1952 through June 1954), which states that tank 24 1-13-20 1 received waste from the
224-B Concentration building only from October 2, 1946 through October 1948, afler which the
tank was considered filled with solids and the 224-B Concentration building waste was diverted
to tank 24 1-B3-204.

Tank 241-13-204 was connected in a cascade with tanks 24 1-13-203 and 241-B3-202. Liquid was
gravity discharged from the last tank in the cascade, tank 24 1-B-202, to the 241 -B3-1 and 24 1-13-2
cribs. Furthermore, tank farm waste status summary records for April through June 1952
(IIW-27838) and July through September 1952 (11W-27839) indicate that only tanks 241-13-204
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through 241 -B-202 were active in a cascade with discharge to the crib. Again, this inconsistency
in records does not affect the classification of the wastes in tanks 24 1-13-201 through 24 1 -B-204.

3..3 Mcftal WVaste Not Transferred to Tanks

WHC-MR-0132 identifies that metal waste (designated as "MW") was transferred into tanks
24 1-B-201 through 241 -B-204 in the fourth quarter of 1952. Wl1C-MR-0 132 indicates that
metal waste was present in tanks 241 -B-201 through 24 1 -B-204 through the third quarter of
1953, after which time WI C-M R-0 132 indicates that only "224" waste is present in thcse tanks.
There is no explanation provided in W]IC-MR-0 132 to indicate that metal waste was removed
from these tanks or that the earlier designation of metal waste being present in these tanks was
incorrect.

It is highly unlikely that metal waste was transferred into tanks 241-B-201 through 241-B3-204,
since these tanks were active as a cascade that ovcrflowed to the ground'via a crib. Metal waste
was not discharged to the ground because of the concentration of fission products and the
economic value of the uranium. Because of the economic value of uranium, metal waste was
kept segregated from other %%astes. Document IIW-33591 (Summary of Liquid Radioactiv
W~astes Discharged to the Ground - 200 Areas July 1952 through June 1954) does not indicate
the disposal of any metal waste to these tanks or the ground (i.e. cribs).

Process records for waste transfers to the 200 Area tank farms indicate that metal waste
generated from spent nuclear fuel reprocessing at 221-B Plant was transferred to tank 241-BY-
112 in BY Tank Farm for the period of April 1952 through September 1952 (IliV-27838, pages
9, 21, and 32 and 11W-27839, pages 10, 21, 32). These same historical records indicate that only
flushes of the metal waste lines and 221-B and 224-B building equipment were transferred to the
cascade of tanks 241-B3-204 through 241-B3-202 during October 1952 through March 1953.
Based on this information, WIIC-MR-0 132 incorrectly stated the presence of metal waste in
tanks 24 1-B3-201 through 24 1-B3-204.

Further evidence that metal waste was not transfrrd into tanks 241-B-201 through 241-B3-204
is provided by the analyzed composition of the sludges presently stored in these tanks, as
reported in the Tank Waste Information Network (httpl/twins.pnl.gov/twins.htm). Key analytes
present in the wastes stored in tanks 24 1 -1-201 through 24 1-B-204 are summarized in Tables 4.

The inventory of key analytes (e.g., Pu-239, Cl, Fe, Na, NO3, P0 4, SO4. C03, and U) in the
sludge phase of tanks 24 1.-B-201 through 24 1 -B-204 has been divided by the mass of the sludge
in each tank and reported in the upper half of Table 4. The composition of metal waste that was
contained in single-shell tanks 241 -T-101, 241 -U-10 1 and 24 1-U- 102 is provided in the lower
half of Table 4. It is evident from the analyses in Table 4 that the concentrations of Pu-239, Cl,
and Fe in the sludges present in tanks 241 -B-201 through 241 -B-204 are one order of magnitude
higher than the metal waste sludges. Also, the concentration of uranium in the sludges present in
tanks 241-13-201 through 241-13-204 is three orders of magnitude lower than the metal waste
sludges. This comparison clearly shows that metal waste sludge contained a higher uranium
concentration and a lower plutonium concentration than the sludges present in tanks 241 -B-201
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to 24 1 -B-204. The sludges present in tanks 24 1-B-201 to 241-13-204 do not have the
characteristics of metal waste sludge. Furthermore, thc concentrations of ccsium-137 and
strontium-90 sludge present in tanks 241-B3-201 through 241-13204 are less than 213-04 Ci!! and
413-03 Cill, respectively. Metal waste or other high-level waste would have cesium-I 37 and
strontium-90 concentration several orders of magnitude higher, as reported in Table 3.

3.4.2 T-200 Series Tanks

In general, the waste tranisfcr records summarized in WI C-MR-0 132 are consistent with the
information present in this document. The waste transfer records summarized in WIIC-MR-
0 132 (see Appendix 13) and the Waste Status and Transaction Record Summary (LA-UR-97-3 1)
report for tanks 24 1-T-201 through 241 -T-204 do not indicate the presence of any waste in these
tanks until the first quarter of 1952. This is inconsistent with historical documents discussed in
the previous section, which indicate that these tanks received waste from the 224-T
Concentration building beginning in November 1946. The Hanford site contractors' monthly
reports for January 1945 through July 1951 list the volume of waste stored in the single-shell
tanks, with the exception of the B-200 and T-200 series single-shel tanks. Evidence of the waste
types transferred to the 13-200 and T-200 series single-shell tanks is provided in the Hanford site
contractors' monthly reports, waste disposal reports, and miscellaneous letters and technical
reports cited in the following sections. These documents were classified until the early 1990's,
which would have limited their availability. It is likely that these documents were unavailable to
the authors of WIIC-MR-01 32 and LA-UR-97-31 1.

WI IC-MR-O 132 and LA-UR-97-311I both indicate that only 224-T building waste was received
in these tanks and that these four tanks wcre removed from service in May 29, 1952. This is
consistent with the current review of waste transfer records for these tanks.
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4.0 TRANSURANIC ANALYSES OF WVASTES

The Hanford Site prepares a Bcst Basis Inventory (BB13) estimate of the composition of the
wastes stored in all 177 Hanford Site underground storage tanks. The BBil effort involves
developing and maintaining waste tank inventories comprising 25 chemical and 46 radionuclide
components in the 177 Hanford Site underground storage tanks. Waste sample analyses, process
knowledge, and waste templates arc used to create the BBIs. These BBIs provide wvaste
composition data necessary as part of the River Protection Project (RPP) process flowsheet
modeling work, safety analyses, risk assessments, and system design for retrieval, treatment, and
disposal operations. Development and maintenance of the BBi is an on-going effortwith the
current BBIs available electronically through TWINS, httnlltwins.nnl.,,ov/data/datamcnu.htm.

The BBIls for the wastes contained in tanks 24 1-B3-201 through 24 1 -B-204 and 24 1-T-201
through 241-T-204 are based on analyses of core samples and templates. Template values were
used for constitucnts below the detection limits for sample data or constituents not measured
from the sampling event. Templates are based on sampling data from tanks that contain the
same waste type, supplemented with Revision 5 of the HIDW model data (RPP-19822). Table 5
provides the best basis inventory concentration estimate for N p27 , Pu"', Pu'9, Pu24', and Am24'
in the sludges stored in these tanks. These five radionuclides comprise the majority of the
transuranic elements with half-lives greater than 20-years present in these wastes. In general, the
concentrations of Np 7 , Pu"3 ,. Pu"' and Pu240, in the sludges stored in tanks 241 -B-203, 241 -B-
204 and 241 -T-201 through 24 1-T-204 are calculated from the analyzed total alpha
concentrations for these wastes using an alpha isotope distribution template.

Core samples of the wastes in tanks 241-B-201 and 241-1B-202 were obtained in 1991. Core
samples of the wastes in tanks 24 1-B-203 and 241 -B-204 were obtained in 1995. Core samples
of the wastes in tanks 241-T-201 through 241-T-204 were obtained in 1997. The sludges
collected in these core samples were analyzed to determine the composition of these wastes as
well as the concentration of alpha emitting radionuclides (gross alpha analysis).

The analyzed, mean gross alpha analyses, 95% lower confidence limit and 95% upper
confidence limit for the wastes in tanks 241 -B-201 through 24 1-B-204 and tanks 24 1-T-201
through 241-T-204 are provided in Table 6 (Wilmarth 2002). Uranium-238, which is not a
transuranic clement, would be included in the gross alpha analysis. The gross alpha analysis
would tend to over estimate the sum of the concentrations of alpha-emitting transuranic isotopes
with half-life greater than 20 years. This is substantiated by the analyses of the core samples
from tank 24 1 -B-201 and 24 1 -B-202, which wecre also analyzed to determine the concentrations
of Pu"3, Pu3', Pu240,' and Am24' in these sludges (see Table 5). The sums of the concentrations
of alpha-emitting transuranic isotopes with half-life greater than 20 years are ..829rqCig and'
-21SjCi/g, respectively for tanks 241-B3-201 and 241-B-202.

The analyzed gross alpha analyses for the waste in each tank are in excess of I100TICi/g. The
sum of the concentrations of NpV", Pu"', Pu"', Pu24 , and Am24' for the sludges in tanks 24 1I-B-
201 and 241 -B-202 also indicate that the concentration of transuranic elements with half-life
greater than 20-years is also in excess of 100-qCi/g.
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Table 5. Transuranic Element Analytical Results for Sludges

Tank Name Analyte Basis Concentration, iCi/g
241.1B-201 237Np TE I.ASE-07
241-13-201 238Pu S 6.29E-03
241-13-201 239Pu S 7.31E-01
241-11-201 240Pu S 4.3213-02
241-B3-201 241Amn S 2.84E-02
241-11-202 23N TB 2.26E-07
24 1-B3-202 238Pu S 2.0313-03
241-11-202 239Pu S 1.2SE-O
241-13-202 240Pu S 2.1711-02
24 1.-3-202 241Am S 6.6713-02
241-13-203 237Np S S. 1713-07
24 1 -B-203 239Pu C 2.0213-03
241-13-203 239Pu C 2.34E-01
241-13-203 24OPu C 2.94&E02
241-13-203 241Amn S 3.46E-02
24 1-13-204 237N*, TB 2.O813-07
241-B3-204 23SPu C 1.7212-03
241-13-204 239Pu C _____1.991-01
24 1 -B3204 240Pu C 2.51 E-02
241-B3-204 241 Am C 3.8413-02
241-T-201 27pTB. 1.37E-07
241 -T-201 238Pu C 2.26E-03
241-T-201 239Pu C 6.691-01
241-T-201 240Pu C 4.5S1E-02
241-T-201 241Am C 3.96E-02
241-T-202 237Np TE 2.2013-07
241-T-202 238Pu C IASE-03
241-T-202 239Pu C 1.67E-01
241-T-202 24OPu C 2.I11E-02
241-T-202 241Am C 3.2313-02
241-T-203 27pS 16.20E-07
24 1-T-203 23SPu C 1 .73E-03
241-T-203 239Pu C 2.0013-01
241-T-203 240Pu C 2.5313-02
241-T-203 241Am S 3.366-02
24 1-T-204 237Np S 5.3513-07
24 1l.T-204 23SPu C _____IA.6E3-03
24 1-T-204 239Pu C _____1.63-Ol
241 -T-204 240Pu C 2.1213-02
24 1-T-204 241Am S 2.01 E-02

Notes: Radionuclides are decay corrected to January 1, 2004
S - Sample based
C - Calculated
TE - Based on a I lanford Defined Waste model or engineering based waste template
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_______ ~Table 6. Gross Alpha Analyscs for Sludges. ________

'Tank Mean Relative Standard 95% Low Confidence 95% Upper
(IICi/g) Deviation Limit Confidence Limit

B-201 1,310 13% 1,030 1,590
8-202 398 9% 338 457
B-203 215 9% 194 245
B-204 265 9%/ 226 303
T-201 757 21% 490 1,024
T-202 223 12% ISO 265
T-203 196 12% 157 234
T-204 144 10%/ 120 169
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5.0 SUMMARY

Tanks 241 -B-201 through 241 -B-204 received waste from the plutonium concentration activities
conducted from October 1946 through June 1952 in the 224-B Concentration building.
Following cessation of spcnt nuclear fuel processing activities in the 221-B Bismuth Phosphate
Plant and cleanout of the plant inventory, tanks 241 -B-201 through 241 -B-204 received flush
solutions from equipment cicanout in the 221 -B and 224-B buildings and metal waste transfer
lines.

Tanks 24 1-T-201 received waste from plutonium concentration activities conducted from
November 4, 1946 through May 24, 1949 in the 224-T Concentration building. Tanks
241-T-202 through 241-T-204 received wastes from plutonium concentration activities
conducted from May 24, 1949 through May 29, 1952 in the 224-T Concentration building.
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APPENDIX B

WHC-MR-0132, A HISTORY OF THlE 200 AREA TANK FARMS

TANKS 241-B-201 THROUGH 241-13-204

AND

TANKS 241-T-201 THROUGH 241-T-204

B-1
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201-B-iWiIC-MR-0132

Waste Status Summary of 201-a Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr.- Type total In In
Year Waste Vol. Storage Storage Remarks

1-1944
2
3
4

1-1945
2
3
4

1-1946
2
-3.7
.4

1-1947
2
3
4

1-1948

3
4

1-1949
2
3
4

1-1950
2
3
4

1-1951
2
3
4

1-1952 224 54.5 ---- Active cascade to cri b2 - 224 54.5 - -aActive cascade to crib3 --224 S4.5 - --- Active cascade to crib4 224-NW 54.5 - -- Active cascade to crib.
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201-8-2WHC-MR-0132

Waste Status summnary of.201-B Tank-Capacity 55,000 Gallons

Liquid solids
Qtr.- Type Total In In
Year Waste Vol. Storace Storage Remarks

1-1953 224-MW 54.5 - -Receives 3 plant flushes
2 224-MW 54.5 0 54.5
3 224-M 54.5 0 54.5
4 224 54.5 0 -54.5

1-1954 224 54.5 0 54.5
2 224 54.5 0 54.5
3 224 54.5 0 .54.5
4 224 54.5 0 .54.5

1-1955 224 54.5 0 54.5
2 .224 54.5 0 54.5
3 224 54.5 0 54.5
4 224 54.5 0 54.5

1-1956 224 54.5 0 54.5'
2 224 54.5 0 54.5
3 224 54.5 0 54.5
4 224 54.5 . 0 54.5

1-1957 224 -53 -0 54.5 Latest-electrode reading
2 224 53.' 0 54.5
3 224 53 24.5 28.5
4 224 53 24.5 28.5

1-1958 224 53 24.5 28.5
2 224 53 24.5 . 28.5
3 224 53 29.5 23.5
4 224 51 22.5 28.5 'Latest electrode reading

1-1959 '224 51 22.5 28.5
2 224 51 22.5 28.5 New electrode
3 224 51 22.5 28.5
4 224 52 01 54.5

1-1960, 224 52 0 54.5
2 224 52 0 54.5
3 224 52 0 54.5
4 224 52 0 54.5

1-1961 224 --- 0 54.5
2 224 50 0 54.5

3224 so5 0 54.5
4 224 50 0 54.5
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201-8-3 WHC-M4R-0132

Waste Status Sumary of 201-B Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr. - Type Total I n In
Year Waste Vol. Storage Storage Remarks

1-1962 224 50 0 54.5
2 - 224 so 0 54.5
3 224---
4 224 51 -50.

1-1963 224 51 1so
.2 *224 51 .150

3 224. - so 5
4 224 53 3 so Latest eleCtrode reading

1-1964 224 53 3 so0
2 .224 *53 3 5o
3 224 53 3 50
4 224 53 3 50

1-1965 --- -- --- so
2 224 56 6 so
3 224 56 6 so
4 224 56 6 so

1-1966 224 56 6 so
2 224 56 6 so
3 224 56 6 so
4 224 56 6 so

1-1967 224 56 6 50
2 224 56 6 s0
3 224.- 56 6 50
4 224 56 6 so

1-1968 224 55 5 50
2 224 55 5 so
.3 224 . 55 5 s0
4 224 55 5 50

1-1969 224 55 5 so
2 224 55* 5 so
3 '224 55 5 50
4 224 55 5 so

1-1970 224 55 25 30
2 224 55 25 30
3 224 55 25 30
4 224 54 24 30

B-L
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201 -8-4 WIHC-MR-0132

Waste Status Su pary of 201:8 iank-Cap~city 55,000 Gallons

Liquid Solids
Qtr.- Type Total In In
Year Waste Vol. Storage Storage Remarks

1-1971 224 54 24 30
2 224 33 3 30 22 to 106-8
3 224 33 3 *30
4 224 33 3 .30

1-1972 224 33 7 26
2 224 33 7 26
3 224 33 7 26
4 224 -33 7 26

1-1973 224 . 33 7 26 Suspect leaker
2 -224 33 7 26 Suspect leaker
3 224 33 7 26 Suspect leaker
4 224 33 7 26 - Suspect leaker

1-1974 224 32 6 26 Suspect leaker, I to 109-B'
2 224 31 5 26 Suspect leaker, 2 to 109-B
3 224 29 3 .26 Suspect leaker. 4 to 109-B
4 --- 29 0 29 Suspect leaker. 4 water, 6 to 109-B

1-1975 --- 29. 0 29 Suspect leaker, 2 to 102-B.
2 -- 29 0 29 Runoved trom service. I to 109-B
3 -a29 0 .29
4 -- 29 0 29

1-1976 -- 29 0 29
2 -- 29 0 *29
3 -- 29 0 29
4 -- 29 0 . 29 Salt Well Comp.

1-1977 -- 29 0 29 Questionable Integrity
2 -- 29 0 29
3 --- 29 0 29 Inactlve-Stabilized
4 --- 29 0 29 Inactive Current-Stabilized

Phase I

B_ 5
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201-B-S * WHC-HMR-0132

Waste -Status Sumnary of 201-B Tank-Capacity 530,000 Gallons

Liquid Solids
Qtr.- Type Total in in
Year Waste Vol. Storage Storace Remarks

1-1978 - .29 0 29 Inactive - Primary
Stabilized

2- -29- 0 29
3. - 29 0 29 P-10 Pmp. Removed
4- -29 0 29

1-1979 - 28 1 27 New Solids Level 1/29/79
2- . - 28 1 27 Questionable Integrity
3- - 28. 1 27
4- - 28 1 27

1-1980 - 28 1 27 New Photo 2/4/80
2- - 28 1 27

* 3- - 29 1 28
4- - 29 1 28



RPP- 13300 Rev. I

I . 22-9.1WKC-MR-0132

Waste Status Suimmary of 202-B Tank-Capacity 55,000a Gallons

Liquid Solids
Qtr.- Type Total In In
Year Waste Vol. .Storage Storage- Remarks

1-1944
2
3
4

1-1945
2
3
4.

1-1946
2
3
4

1-1947
2
3
4

1-1948
2
3
4

1-1949
2
3
4

1-1950
2
3
4

1-1951
2

.3
4

1-1952 224 54.5 - -- Active cascade to crib
2 224 54.5 --- ... Active cascade to crib3 224 54-5 ft- - Active cascade to crib
4 224-4W 54.5 . Active cascade to crib



RPP-13300 Rcv. I

202-8-2 .WHC-MR-0132

Waste Status Summary of'202-B Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr.- Typea Total .In -I
Year Waste Vol. storage- Storage Remarks

1-1953 224-MW 54.5 - ~ -Receives B plant flushes
2 224-M4 54.5 -- 54.5
3 224-MW 54.5 29.5 25.0
4 224 54.5 29.5 25.0

1-19S4 224 54.5 29.5 25.0
2 224 54.5 29.5 25.0
3 224 54.5 29.5 25.0 Cascades to crib
4 224 54.5 29.5 25.0 Rec'd 5-6 water. Cascades to crib

1-1955 224 54.5 29.5 25.0
2 224 54.5 29.5 25.0 Cascades to crib
3 224 54.5 29.5 25.0 Rec'd 224-B flush water. Cascades tc

4 22454.5 ig.525.0 crib

4-95 224 54.5 29.5 25.0
1-95 224 54.5 29.5 25.0
2 224 54.5 29.5 25.0
3 224 54.5 29.5 25.0

1-1957 224 56 31 25.0 Latest electrode reading
2 224 56 31 25.0
3 224 56 31 25.0
4 224 56 31 25.0

1-1958 224 56 31 25
2 224 56 31 25
3 224 56 31 25
4 224 54 29 25 Latest electrode reading

1-1959 224 54 29 25
2 224 54 29 25 New electrode
3 224 54 29 25
4 224 54 29 25

1-1960 224 54 29 25
2 224 54 29 25
3 224 51 26 25
4 224 51 26 25

1-1961 224 51 26 25
2 224 51 26 25
3 224 51 26 25
4 224 51 26 25



RPP-1 3300 Rev. I

202-8-3 WHC-M4R-0132

Waste Status Sumary of 202-B Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr.- Type Total .In In
Year Waste Vol.- Storage Storage Remarks

1-1962 224 -- -25

2 224 545 29.5 25 7.5 from 221-a
3 224 - - 25
4 224 55 30 25

1-1963 224 55 30 25
2 224 55 30 25
3 224 . 25
4 224 .54 29 25 Latest electrode reading

1-1964 224 54 29 25
2 224 54 .29 25
3 224 54 29 25
4 224 54 29 .25

1-1965 --- - - 25
2 224 $a 33 25
3 - 224 56 31 25.
4 224 56 31 25

1-1966 224 S 6 31 25.
2 224 6. 31 25
3 224 56 31 25
4 224 56 31 25

1-1967 224 56 31 25
2 .224 . 56 31 25
3 224 56 31 25
4 224 56 31 25

1-1968 224 56 31 25
2 224 56 31 25
3 224 56 31 25
4 224 56 31 25

1-1969 224 56 31 25
2 224 56 31 25
3 224 56 31 2S
4 224 56 31 25

1-1970 224 56 27 29
2 224 56 27 . 29
3 .224 56 27 29
4 224 56 27 29

B3-9



RPP-1 3300 Rev. I

202-8-4 WHC-IIR-0132

Waste Status Suauary of 202-8 Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr. - Type Total . In In
Year Waste Vol. Storage Storage Remarks

1-A971 224 56 27 .29
2 224 56 27 29
3 224 56, 27 *29
4 224 56 27 29

1-1972 224 56 29 27
2 224 56 29 27
3 224 56- 29 27
4 224 56 29 27

1-1973 224 56 29 27
2 224 56 29 27
3 224 56 29 27
4 224 56 29 27

1-1974 224' 53 26 27 3 to 109-B
2 224 53. 26 27
3 224 53 26 . 27
4 224 53. 26 . 27

1-1975 224 53 26 27
2 224 53 26 27
3 224 53 26 27
4 224 53 26 27

1-1976 224 53 26 27
2 224 53 26 27
3 --- 53 26 27 Restricted,
4 -- 53 26 27

1-1977 -- 53 *26 27 Restricted
2 -- 30 3 27
3 --- 27 0 27 Inactive Current
4 --- 27 0.27

B-t



RPP- 13 300 Rcv. I

202-8-5WHC-MR-0132

Waste Status Su ar-y of 202-8 Tank-Capaclty 530,000 Gallons

Liquid Sblids
Qtr.- Type Total in in
Year Waste Vol. Storage Storage Remnarkcs

1-1978 -27 027 Inactive
2- -27 0 27
3- -27 0 27
4- - 27 0 2

1-1979 -27 0 27
2- -27 0 27
3- -27 0 27
4- -27 0 27

1-1980 -27 0 27 New Photo 2/4/80
2- -27 0 27
3- -28 0 28
4- - 28 0 28 -



RPP- 13300 Rev. I

203.-- WHCMR-0132

Waste Status Summary of 203-B Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr. - Type Total I n In
Year Waste Vol. Storage Storage Remarks

1-1944
'2
3
4

1-1945
2
3
4

1-1946
2
3
4

1-1947
.2

3
4

1-1948
2
3
4

1-1949
2
3
4

1-1950
2
3
4

1-1951
2

.3
4.

1-1952 224 54.5 --- Active cascade to crib
2 224 54.5 --- -- Active cascade to crib
3 224 54.5 - -- Active cascade to crib
4 224-MW 54.5 --- Active cascade to crib

B-t



RPP-13300ORMV I

203-8-2 WHC-MR-0132

Waste Status Sumary of 203-B Tank-Capacity 55,000 Gallons

Liquid Solids
Type Total In In

Year Waste Vol. Storace- Storage Remarks

1-1953 224-MW 54.5 --- Receives B plant flushes
2 224-14W 54.5 0 54.5
3 224-MW 54.5 0 54.5
4 224 54.5 0 54.5

1-1954 224 54.5 0 54.5
.2 224 54.5 0 54.5
3 224 54.5 0 54.5
4 224 54.5 0 54.5

1-1955 224 54.5 0a 54.5
2 224 54.5 0 54.5
3 224 54.5 0 54.5
4 224 54.5 0 54.5

1-1956 224 54.5 0 54.5
2 224 54.5 0 54.
3 224 54.5 0 14.5
4 294 54.5 0 54.5

1-1957 224 56 1.5 54.5 Latest electrode reading
2 224 . 56 1.5 54.5
3 224 56 1.5 54.5
4 224 56 1.5 54.5

1-1958. 224 56 1.5 54.5
2 224 56 1.5 54.5
3 224 56 1.5 54.5
4 224 55 0.5 54.5 Latest electrode reading

1-1959 224 55 0.5 54.5
2 224 55 0.5 54.5
3 224- 55 0.5 54.5
4 224 55 0.5 54.5

1-1960 224 55 0.5 54.5
2 224 55 0.5 54.5
3 224 55 0.5 54.5
4 224 55 0.5 - 4.5

1-1961 224 ... -- 54.5
2 224 54 0 54.5
3 224 ' 54 0 54.5'
4 224 54 0 54.5

B-1



RPP- 13300 Rev. I

203-8-3 -W3IC-ZR-0132

Waste Status Sumary of 203-U Tani-Capacity 55,000 'Gallons

Qtr. Tye Ttaf Liquid Solids

Qt.- Tpe Tta' In In
Year Wat Vl Strae Soraoi Remarks

1-1962 224 - - 54.5
2 224 56 1.5 64.5
3. 224 S6 -
4 224 56 2 54

1-1963 224 56 2 54
2 - 224 56 2 S 4
3 224 56 2 54
4 224 56 2 54 Latest electrode reading

1-1964 224 - - 54
2 224 -55 1 54 'New electrode
3 224 55 1 54
4 224 55 1 54

1-1965 --- -- - 54
2 224 58 4 54
3 224 56 2 .54.
4 224 56 2 54

1-1966 224 56 2 54
2 224 56 2 54
3 224 S6 2 54
4 224 56 2 54

1-1967 224 56'- 2. .54
2 224 56 2 54
3 224 56 2 54
4 224' 56 2 54

1-1968 224 56 2 54
2 - 224 56 '2.4
3 224 . 56 2 54
4 224 56 2 . 54

1-1969 224 56 2 54
2 224 56 2 54
3 224 56 2 54
4 224* 56 2 54*

1-1970 224 56 7 49
2 224 56. 7 .49
3 224 ~ 56 7 49
4 224 56 7 49



RPP-13300 Rev. 1

203-9-4 WHC-MR-0132

Waste Status Sumuary of 203-B Tank-Capacity 55,000 Gallons'

Liquid Solids
Qtr. - Type Total In In
Year Waste Vol. Storaae- Storage Remarks

1-1971 .224 56' 7 49
2 224 56 7 49
3 224 56 .7 49
4 224 56. 7 49

1.1972 224 56 12' 44
2 224 56 .12 44
3 224 56 12 44
4 224 56 12 44

1-1973 224 56. 12 44
2 224 56 12 . 44
3 224 56 12. 44
4 224 56 12 44

1.1974 224 5o 6 44 .6 to-109-8
2 224 s0 .6 44
3 224 50 .6 44.
4 224 s0 6 44

1-1975 224 .50 * 644
2 224 5o 6. 44
3 224 so 6 44
4 224 50 6 44

1-1976 224 50 6 44
2 224 50 6 44
3 so 5 5 45 Restricted
4 so- 50 45'

1-1977 --- 50 5 45S Restricted
2 so- 50 45'
3 so 5 3 47 Inactive Current-Solid"Level Adj.
4 so 5 3 47UU U U



RPP-13300 Rev I

203-8-S WHC-MR-0132

Waste Status Summary of 203-8 Tank-Capacity 530,000 Gallons

Liquid Sol ids
Qtr. - Type Total .in in
Year Waste Vol. Storage Storace Remarks

1-1978 so5 3. 47 Inactive
2- NCPLX 50 3 47
3-. NCpLX 50 3 47
4- NCPLX 5o 3 47

1-1979 NCPLX 50 3 47. New Photo's 3/1/79
2- HCPLX 50 3 47
3- XCPLX 50 3 47
4- NCpLX s0 3 47

1-1980 NCPLX 50 3 47 New Photo 2/80
2- NCPLX 50 3 47
3- NCPLX 50 2 48
4- NCPLX so 2 48



RPP-13300 Rev. I

204-8.1 WHIC-MR-0132

Waste Status Summary of 204-B Tank-Capacity-5,O00 Gallons

Liquid Solids
Qtr. - Type Total In In
Year Waste Vol. Storace Strg Remiarks

1-1944
2
3
4

1-1945
2
3
4

1-1946
2

.3
4

1-1 947
2

.3
4

1-1948

3
4

1-1949
2
3
4

1-1950
2
3

.4

* 1-1951

* 3
4

* 1-1952 224 54.5 - - Active cascade to crib
2 224 54.5S - - Active cascade to crib
3 224 54.5 --.- Active cascade to crib
4 224-MW 54. - - Active cascade to crib



RPP-13300 Rev. I

204-B-2 WHC-MR-0132

Waste Status Summary of 204-B Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr.- Type Total 'In In
Year Wat Vol. Storage Strg Remarkcs

1-1953 224-NW 54.5 - -Active cascade, to crib
2 . 224-MW 54.5 0 54.5
3 224-MW 54.5 0 54.5
4 224 54.5 0 54.5

A-1954 224 .54.5 0 54.5
2 224 54.5 0 54.5
3 224 54.5 .0 54.5
4 224 54.5 *O 54.5

1,1955 224 54.5 0 54.5
2 224 54:.5 0 54.5
3 224 54Z*5 0 54.5
4 224 . 54.5 0 54.5

1-1956 224 54.5 0 54.5
2224 54.5 0 54.5

3 224 54.5 0 54.5
4 224 S 4.5 0 54.5
1-1957 224 56 1.5 54.5 Latest electrode reading'
2 224 56 1.5 54.5
3 224 56 1.5 54.5
4 224 56 1.5 54.5

1-1958 224 56 1.5 54.5
2 224 56 1.5 54.
3 224 56 1.5 54.5
4 224 55 0.5 54.5 Latest electrode readings

1-1959 224 56 1.5 54.5 Latest electrode reading
2 *2456 1.5 54.5 New electrode
3 224 56 1.5 54.5
4 224 54 0 54' Latest electrode reading

1-1960 224 54 0 54 New electrode installed
2 224 54 0 54
3 224 54. 0 54
4 224 54 0 54

1-1961 224 . 54 0 54
2 224 54 0 54
3 224 54 0 54
4 224 . 54 0 54



RPP-13 30 0 Rev. I

204-B-3 'WHC-MR-0132

Waste Status Sunu~ry of 204-B Tank-Capacity 55,000 Gallons

Liquid Solids
t* Type Total In In

Year Waste Vol. Storage Storam Rem~arks

1-1962 224 -7 - 54.
2 224 56 1.5 54.5
3 224. 56 - 54
4 224 56 2 54

1-1963 224 56 2 54
2 224 56 2 54
3 224 56 2 54
4 224 56 2 54 Latest electrode reading

1-1964 224 --- 54
2 224 55 1 54 New electrode
3 224 55 54
4 224 55 54

1-1965 -- - -- 54
2 224 58 4 54
3 224 S6 2 54
4224 56 2 54

* 1-1966 224 56 2 -54

2 224 56 2 54
3 224 56 2 54
4 224 56 2 54

1-1967 224 56 2 .54
2 224 56 2 54
3 224 56 2 54

.4 224 .56 2 54

1-1968 224 56 2 54
2 224 56. 2 S4
3 224 56 2 54
4 224. 56 2 54

1-1969 224 56 2 54
2 224 56 2 54
3 224 56- 2 54
4 56 2 54

1-1970 224 *56 a 48
2 224 56 8 48
3 224 a 6 48
4 224 56 8 48



RPP- 13300 Rev. I

204-B-4 WHC-MR-0132

( Waste Status Summary of 204-B Tank-Capacity 5.5,000 Gallons

Liquid * Solids
Qtr.- Type Total In In
Year Waste Vol. Storage Storage Remiarks

1-1971 224 56 8 48
2 224 56 a 48*
3 224 56 . 8 48
4 224 56 8 48

1-1972 224 56 10 46
2 224. 56 10 46
3 224 56 10 46
4 224 56 10 46

1-1973 224 56 10 46
2 224 56 10 46
3 224 56 10 46
4 224 56 10 46

1-1974 224 49 3 46 6 to 109-8
2 224 49 3 46
3 224 49 3 46
4 224 49 3 46
1-95 24-9 34

1-97 224 49 3 46
2 224 . 49 3. 46
3 224 49 3 46

1-1976 224 49 3 46 Removed from'Service
2 224 49 3 46
3 -- 49 3 46 Restricted
4 '-49 3 46

1-1 977 -- 49 3 46Restricted
2 -- 49 ~ 3 46M3 -- 49 3 46 Inactive Current

4-- 49 3 46 5



RPP-1 3300 Rev.

204-8-5 WEHC-MIR-0132

#aste Status Summ'ary of 204-5 Tank-Capacity 530,000 Gallons

Liquid Solids
Qtr.- Type Total in in
Year Waste Vol. Storacd Storace Remarks

1-1978 -49 3 46 Inactive
2- NCPLX 49 3 46
3- NCPUX 49 3 46.
4- NCPLX 49 3 46

1-1979 NCPLX 49 3 , 46
2- NCPLX 49. 3 46
3- NCPI.X 49 3 46
4- NCPLX 49 3 46 New Photo 10/16/79'

1-1980 NCPLX 49 3 46
2- NCPLX 49 3 46
3- NCPLX so 3 47
4- -NCF LX s0 3 47

'13



RPP-1 3300 Rev I

201-T-1 WHC-JiR-0132

waste Status Summary of 201-T Tank-Capacity 55,000 Gallons

Liquid Sol Ids
Qtr.- Type Total In In
Year... Wast Val Storage Storage Remarks

I e1952 --
2 224 54.5 These 4 tanks out of service

5/29/52.
3 224 54.5
4 224 54.5

"1-1953 -- 4.5 54.5
2 *-54.5 i54.5
3 .. 54.5 a 54.5
4 - .. 54.5 0 p4.5

1-1954 -- 54.5 0 54.5
2 ... 54.5 0 54.5
3 * --- 54.5 0 54.5
4 -- 54.5 0 54.5

1-1955 54.5 0 54.5
2 *-54.5 0 54.5
3 -- 54.5 0 54.5
4 *.54.5 0 54.5

1-1956 -- 54.5 0 54.5
2 -- 54.5 0 54.5
3 -- 54.5 0 54.5
4 -- 54.5 0 54.5

1-1957 ... 54.5 0 54.5 Estimated reading.
2 --- 54.5 0 54.5 New electrode reading.
3 .-- 54 54.5
4 *-54 54.5

1-1958 224 54 .6 54.5
2 224 54 .5 54.5
3 224 54 .5 54.5
4 224 54 -.5 54.5

1-1959 224 54 .5 54.5
2 224 54 .5 54.5
3 224 54 .5 54.5
4 224 54- .5 54.5



RPP-1 3300 Rev. I

201-T-ZWkIC-MR-0132

waste Status Sumary of 201-T Tank-Capacity SS,0P00 GalMcf

Liquid' Solids
Qtr.- Type Total In In
Yer-... w~t Mal, 5torg. Strg Remarki

1-1960 224 54 .5 54.5
2 224 SV 5 54.5
3 224 54 .5 54.5
4 224 54 S5 S4.5

1-1961 - --- --- --- 6 Month Report
2 224. 54 .5 54.5

4 224 54 .5 65ot4Rpr

1-1962 --- 6 onh epr
2 224 53 6. 53t Rpr
3 

W- -
4 224 52 2 50 Latest electrode readings.

1-1963 --- ... 6 Month Report
2 224 54 4 so New electrode reading.
3 ---.. --

4 224 54 45_ 6 month Report

1-1 964 ---- --.. 6MnhRpr
2 224 54 4 50nt epr
3 6c Mont Repor
4 224 54 4 5o6MnhRpr

1-1965 -- 6 Month Report
2 224 53 . 033
3 224 53 20 33
4 224 53 20 33

1-1966 224 53 20 33
2 224 53 20 33
3 224 53 20 33
4 224 53 20 33

1-1467 224 53 20 33
2 224 53.- 20 33
3 224 53 20 33.
4 224 53 20 33

1-1968 224 48 i5 33
2 224 48 is 33
3 224 48 i5s 33
4 224 49 i6 33

B. a3



RPP-13300 Rcv 1

201-T-3 WH1#C-lIR-0132

Waste Status Summnary of 201-T TankrCapacity 55,000 Gallons

Liquid Sol ids
Qtr.- Type Total In In
Year! Waste Vol. Storage Stormg Remarks

1-1969 224 .53 20 33
2 224 54 21 33
3. 224 54 21 33
4 224 54 21. 33

1-1970 224 54 21 33
2 224 54 21 33
3 '224 54 21 33
4 224 54 23 31

1-1971 224 54 23 31
2 224 S4 23 31
3 224 54 23 31
4 . 224 54 23- 31

1-1972 224 54 23 31
2 224 54 23 31
3 224 54 23 31
4 224 54 23 31
1-1913 224 54 23 31
2 *2454 23 31
3 224 54 23 31
4 224 54 . 23 31

1-1974 224 S4 23 31
2 224 S4 23 31
3 224 54 .23 31
4 224 54 23 31

1-1975 224 . 54 23 31
2 224 54 23 31
3 224 54 23 31
4 224 54 23 31

1-1976 224 34 3 31 Removed from; service 21 to 101-7
2 224 33 2 31 0 Ito 101-T.
3 Evap. 31. 0 31 Inactive salt well pumping.
4 --- 31 aO 31

1-1977 --- 31 0 31 Salt Well, Pumip
2 -- 31 0 31 Salt Well, Pump
3 -- 31 0 31Inactive Current
4 -- .31 0 31 mm Salt Well

installed



RPP-1 3300 Rev. I

201-T-4 WHC-M1R-0132

Waste Status Summary of 201-T Tank-Capacity 55,000 GallIons

Liquid Sol ids
Qr- Type Total In in

Year 'Waste Vol. Soae Storage Remarks

1-1978 -28 0 28 Photo taken 2-27-78
Prim. Stabilized

2- - 27 0 27 New Solids Level
4' 27 0 27Adj. 5-31-78

1-1979 -27 0 27
2- -27 0 27
3- -27 0 27
4- - 27 0 27

1-1980 - 27 0 27 New Photo 3-10-80
2- - 27 0 27
3.. - 28 0 28
4- -28 0 28

B- 25



RPP-13300 Rev. I

202-T-1 WHCMR-0132

Waste Status Suimmary of 202-T Tank-Capacity 55,000 Gallons

Liquid Solids
Qr- Type Total In In

Yea Waste.. Vo~l... Sitorage Strg -Remarks

1-1952 .; -----
2 224 54.5
3 224 54.5 --
4 224 54.5 -

1-1953 --- 54.5. 54.5
2 ... 54.5 a 54.5
3 -- 54.5 0 54.5-
4 54.5 0 54.5

1-1954 --- 54.5 0 54.5
2 -- 54.5 0 54.5
3 -- 54.5 0 54.5

5 4.5 0 54.5

1-1955 -- 54.5 0 54.5
2 -- 54.5 0 54.5
3 S 4.5 0 54.5

454.5 0 54.5

1-1956 -- 54.5 0 54.5
2 -- 54.5 0 54.5
3 54.5 0 * 54.5

4 - 54.5 0 54.5

1-1957 --- 54.5 0. 54.5 Estimated reading.
2 *-54.5 0 54.5 New electrode reading.
3 224 55 .5 54.5 Latest electrode reading.
4 224 -55 .5 54.5

1-1958 224 55 A5 54.5
2 224 55 .5 54.5
3 224 55 .5 54.5
4 224 55 .5 54.5

1-1959 224 56 1.5 54.5
2 224 55 .5 54.5
3 224 55 .5 $ 4.5
4 224 55 .5 54.5

B-' 2



RPP- 13300 Rev. I

202-T-2 WHC-MR-0132

Waste Status Swuary of 202-T Tank-Capacity 55,000 Gallo=s

Liquid Solids
Qtr.- Type- Total In In
Year Wse Vol. Strg Strage. Remiarks

1-1960 224 55 .5 54.5
2 224 55 ..5 54.5
3 224 55 .5 54.5

.4 224 55 A5 54.5

1-1961 --
2 224 55 .A 54.S 6 Month Report
3 -- _ -- -- a U

4 224 55 A5 54.5

1-2 224 54--5

4 224 53 3 50 Latest electrode readings.

2-96 22-5-3- New electrode reading.
.3 ... 6 Month Report

2 224 53 3 s0o
3-96 ---

4 224 53 3 50
3 -- a--

1-.1965
2 224 52 22 30
3 224 52 22 30
4 224 52 22 30

1-1966 224 52 22 30
2 224 52 22 30
3 224 52 22 30
4 224 52 22 30

1-1967 224 52 22 30
2 224 52 22 30
3 Z24 52 22 30
4 224 52 22 30

1-1968 224 11 21 30
2 224 51 21 30
3 224 51 21 30
4 224 51 21 30



RPP-1 3300 Rev. 1

202-T-3 'WHC-MR-013Z

Waste Status SsInary of 202-T Tank-Capacity 55so00 Caflans

Liquid Solids
Qtr.- Type Total In In
Year Waste.... Storage Storage- Remarks

1-1969 224 5121 30
2 224 51 21 30
3 224 51 21 30
4 224 51 21 30

1-1970 224 51 21 30
2 224 S1 21 30
3 224 51 21 30
4 224 *51 21 30

1-1971 224 51 21 30
2 224 51 21 30
3 224 51 21 . 30
4 *224 51 21 30

1-1972 224 51 21 30
2 224 51 21 30
3 224 51 .21 30
4 224 51 21 30

1-1973 224 51 21 30
2 224 51 21 30
3 224 51 21 30
4 224 51 21 30

1-1974 224 51 21 30
2 224 51 21 30
3 224 51 .21 30
4 224 51 21 30

1-1975 224' 51 21 . 30
2 224 51 21 30
3 224 51 21 30
4 224 51 21 30

1-1976 --- 25 0 25 Removed from service 27 to 101-T
2 --- 25 0 25 a too~lT

3--25 0 25 Inactive salt well Pumping.
4 ... 25 0 25
1-1977 --- 25 0 2S Salt Wll, Pump
2. -- 25 0 25 Inactive, currenit
3 . -- 25 0 25 U U

4 -- 25 0 25 U Salt Well
Distalled



RPP- 13300 Rev. I

202-T-4 WHIC-MR-0132

Waste Status Summiary of 202-T Tank-Capacity 50,000 Gallons

Liquid Solids
Qtr.- Type Total in In
Year Waste Vol. Storage Storace -Remarks

1-1978 - 20 0 20 Prim. Stabl., Photo
taken 2-27-78

2- - 20 0 20 Solids Level taken 1-31-3- - 20 0 20
4- - 20 0 20

1-1979 - 20 0 20
2- - 20 0 20
3- - 20 0 20
4- - 20 0 20 New Photo 10-12-79
1-1980 - 20 0 20
2- - 20 0. 20
3- - 21 0 21
4- - 21 a 21



RPP-13300 Rev. 1

203-T- 1 WHC-tlR-0132

Waste Status Sunary of 203-T Tank-Capacity 55.000 Gallons

Liquid Solids
Qtr..- Type Total. In In
Year' Waste itl.... Storage Storace RemarkS

1-1952 *e - - -
2 224 * 54.5
3 224 .54.5 --
4 224 54.5

1-1953 --- S4.5 -- 54.5
2 *-54.5 0 54.5
3 $- 4.5 0 54.5
4 --- 54.5 0 54.5

1-1954 -- 4.5 0 54.5
2 -- 54.5 0 54.5
3 -- 54.5 0 54.5
4 -- 54.5 0 . 54.5

1-195 *- 54.5 0 54.5
2 -- 54.5 0 54.5
3 S- 4.5 0 54.5
4 -- 54.5 0 54.5

1-1956 *-$4.5 0 54.5'
2 6- 4.5 0 '54.5
3 S- 4.5 0 54.5
4 -- 54.5 0 54.5

1-1957 -- 54.5 0 54.5 Estimated reading.
2 -- 54.5 0 54.5 Now electrode reading.
3 224 55 .5 54.5 Latest electrode reading.
4 224' 55 A5 54.5

1-1958 224 55 -.5 54.5
2 224 55 .5 54.5
3 224 55 0 55
4 224 55 .5 54.5

1-1959 224 55 .5 54.5
2 224 55 S5 54.5
3 224 55 .5 54.5
4 224 55 .5 54.5

B. 3%



RPP-1 3300 Rcv. I

203-T-2 WHC-MR-0132

Waste Status Sumary of 203-T Tank-Capacity 55,000O Ca11ois

Liquid Solids
Qtr.- Type Total In In
Year Waste Vol. Storaae Storage Remarks

1-1960 224 55 .5 54.5
.2 224 55 .5 54.5
3 224 55 .5 54.5
4 224 55 .5 54.5

1-1961 ;S 6MnhRpr2 224 55 6 Mot Rpr

4 224 55 5 _5;_.S

1-1962 -- ---
2 224 S4-- 4
3 e

4 224 53 3 50 Latest electrode reading.

1-1963 ----- --
2 224 53 3 50 New electrode reading.
3 --- C

4 224 53 . 3 50 Month Report

1-1964 -- --- --- --- , *
2 224 53 . 3 5o
3 . C l

4 224 .53 3 5so

1-1965 --- - ---
2 224 52 17 35
3 224 52 17 .35

4 224 52 17 35

1-1966 224 52 17 35
2 224 52 17 35
3 224 52 17 35
4 224 52 17 35

1-1967 224 52 17 . 35
2 224 52 17 35
3 224 52 17 35
4 224 51 16 35

1-1968 224 47 12 3S
2 - 224 51 16 3S
3 224 51 16 . 35
4 224 51 16 35

B- 31
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203-T-3 WHC-MIR-0132

Waste Status Sunitary of 203-T Tank-Capacity 55,000 Gallons

Qt.- TyeLiquid Solids
Year Type Total Ini In

Yer Wse Vol. Storage Storage Remrks

1-1969 224 51 16 35
2 224 51 16 - 35
3 224 51 16 35
4 '224 51 16 35
1-1970 224 51 16 35
2 224 51 16 35
3 224 51 16 35
4 224 51 16 3S

1-1971 224 51 16 3S
2 . 224 51 16 35
3 224 51 is 35
4 224 51 16 35

1-1972 224 - 51 16 35
2 224 51 16 35
3 *224 51 16 35
4 .224 51 16 . 35
1-1973 224 51 16 35
2 224 51 16 35
3 224 51 16 35-
4 224 51 16 35

1-1974 224 51 16 3S
2 224 51 16 35
3 224 51 16 35
4 224 51 16 35

1-1975 224 51 17 35
2 224 51 17 35
3 224 51 17 35
4 224. 51 17 3S

1-1976 224 50 15 35 Removed from service I to 101-T.2 224 42 7 35. a. 0 a tll?
3 vap. 41 6 . 35 Inactive salt well pumping.

4 Evap. 40 5 3S
1-1977 Evap. 39 4 35 Salt Well,.Pumping
2 Evap. 38 3 35
3 Evap. 36 3 35
4 Evap. 36 1 35 Salt Well Installed

B-3
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203-T-4 WHCIIR-0132

Waste Status Surmary of 203-T Tank-Capacity 55,000 Gallons

Liquid Solids
Qtr.- Type Total in in
Year Waste Vol. Stomae Storage Remarks
1-1978 -37 0 37 Salt Well Installed

New Solids Level
2- 36 0 361-31-78

2- - 36 0 36
3- - 36 0 36

1-1979 .36 Q 36' Inactive P rimary Stab.
2- -36 0 363- -36. 0 36
4- -36 0 36

1-1980 -36 0 36 New Photo 3-18-80
2- -36 0 36
3- -37 0 37
4- -37 0 37
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204-T- I WHC-IIR-0132

Waste Status Swmmary of 204-T Tank-Capacity 5S.000 Gallons

Liquid Solids
Qtr.- Type Total In In
Year Waste... Va.l.. Storace Storage Reinrks

1-1952 ---
2 224 54.5 -

3 224 54.5.
4 224 54.5S -

1-1953 -- 54.5 0 54.5
2 54.5 0 54.53 54.5 0 54.5
4 *-54.5 0 54.5

1-1954 - 54.5 0 54.5
2 S- 4.5 0 54.5
3 S- 4.5 0 54.5
4 ... 54.5 0 54.5

1-1955 -- 54.5 0 54.5
2 -- 54.5 0 54.5
3 *- 54.5 0 54.5
4 * 54.5 0. 54.5

1-1956 S- 4.5 0 S4.5
2 -- 54.5 0 54.5
3 -- 54.5 0 54.5
4 *-54.5 0 . 54.5

1-1957 54.5 0 54.5 Estimated reading.
2 -- 54.S 0 54.5 Now electrode reading.
3 224 56 1.5 54.5 Latest electrode reading.
4 224 56 1.5 S 4.5

1-1958 224 56 1.5 54.5
2 224 56 1.5 54.5
3 224 56 1.5 54.5
4 224 56 1.5 54.5

1-1959 224 56 1.5 545
2 224 55 .5 54.5
3 224 55 .5 54.5
4 224 55 .5 54.5

13- 3 1
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204-T-2 WHC-MR-0132

Waste Status Sunuary of 204-T Tank-Capacity 55,uoo %Da1Iws

Liquid Solids.
Qtr.- Type Total In In
Year Waste Vol. Storage §trc Rem~arks

1-1960 224 54 .5 54.5
2 224 54 .5 54.53 224 54 .5 54.5
4 224 54 .5 54.5

1-1961 -------
2 224 .22.5 54.51 6 Month Report
3
4 224 52 _2.5 54:16 Month.Report

1-1962 ---
2 224 54 -5 6 Month Report
3 --- --- ---. Latest4 224 *. 52 2 50 *6 Month Report electrode reading.

1-1963 --- --- New2 224 52 2 50 16Month Reportb electrode reading.3 
m4 224 52 2 50 6 Month Report

1-1964 ----- --
2 224 52 2. 5o. j6 Month Report
3 -- -
4 224 52 2 So 50 Month Report

1-1965 --- -

2 224 52 a 44 6 Month Report
3 224 . 52 a 44
4 224 52 8 44

1-1966 224 52 8 44
2 224 52 a 44
3 224 52 8 44
4 - 224 52 8 44

1-1967 224 52 . 8 4
2 224 52 8 44
3 224 52 8 44
4 224 52 8 *44

1-1968 224 52 8 442 224 51 7 44
3 224 51 7
4 224 51 7 4

1-1969 224 51 7 4
2 224 51 7 443 224 51 7 44
4 224. 51 7 .44

B. 3 5
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204-T-3 WHC-MR-0132

W~aste Status Summary of 204-T Tank-Capacity 55,000 Gallcns

Qt.- TyeLiquid Solids* yeTotal Ini Infear Waste Vl Stomeo Storgalemrk

1-1970 224 51 1 42 224. 51 7 43 224 51 7 44 224 51 7 44

1-1971 224 51 7 442 224 51 7 43. 224 51 7 444 224 51 7 44
1-1972 224 51 7 42 224 51 7 43 224 51 7 444 224 51 7 44

1-1973 224 51 .7 42 224 50 6 443 224* so 6 444 224 5o 6 44

1-1974 224 50 6 442 224 50 a 443 224 s0 6 444 224 50 6 4
1-1975 224. so 6 442 224 so 5 43 224 50 6 444 224 50o 6 44
1-1976 224 49 S 44 Removed from service 1 to 101-T.2 -- 40 4Removed from service 5 to 101-T.3 --- 0 44, Inactive salt well at ilng.4 -- 44 0 44

1-1 977 *-44 0 44 Salt well, pump2 -- 44 0 443 -- 44 0 44 .Inactive current4 -44 0 44 Inactive current
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204-T-4 H4R03

Waste Status Summiary of 204-T Tank-Capacity 55,000 Gallons

Qtr.- Type Total qId SoIns
Year Waste Vol.- Storage Storagg Remarks

1-1978 -37 0 3i Prim. Stab.
New Solids Level

2-- 3 0 371-31-78
3- - 37 0 37
4. -37 0 37

1-1979 -37 0 37
2- 37 0 37
3- -. 37 0 37
4- -37 0 37
1-1980 -37 0 37 New Photo 3-18-802- -37 0 37
3- - 38 0 38.4- *38 0 38

B3-3 7
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EXECUTIVE SUMMARY

A review of waste transfer documentation was conducted to determine the origin of waste
transferred into single-shell tank 241-T-104. This review was conducted to support decisions
concerning disposition of the waste present in this tank.

Tank 2414-104 was used to periodically receive first decontamination cycle (IC) waste and
coating removal waste (CW) from the 221-T Bismuth Phosphate Plant from March 11, 1946,
through October 19, 1954. No other waste types were received and stored in tank 24 1-T- 104.

in the bismuth phosphate process, irradiated nuclear fuel elements were processed to recover
plutonium. The aluminum coating on the fuel elements was first dissolved and separated from
the uranium fuel elements. Then, the uranium fuel elements were dissolved. The plutonium was
separated from the uranium and the majority of thc fission products by carrier precipitation using
bismuth phosphate. The uranium and fission product waste (so-called metal waste) was
neutralized and transferred to various single-shell tanks. The plutonium and bismuth precipitate
were processed through two additional precipitation steps to separate phosphate insoluble fission
products (e.g., cerium, niobiumn, ruthenium, and zirconium) from the plutonium. These two
precipitation steps wvere known as the first decontamination cycle (IC) and second
decontamination cycle (2C). The coating removal waste (CW) was transferred with the I C
waste to various single-shell tanks. Similarly, the 2C waste was also transferred to various
single-shell tanks.

During storage in the single-shell tanks, the I C/CW waste precipitated solids which contained
primarily bismuth, plutonium, americium, uranium, sodium, phosphate, sulfate, and metals. The
I CICW supernatant contained primarily aluminum, sodium, nitrate, and cesiumn-13 7. Asa result,
tank 241 -T- 104 contained settled I CC solids (i.e., bismuth and plutonium precipitate) and
I CICW supernatant. The I C/CWV supernatant was removed from tank 241 -T-1 04 and processed
in the 242-T Evaporator (April through July 195 1) or disposed in the east section of trench 216-
T-14 (January 14, 1954). The interstitial liquid was removed from the lCICW sludge present in
tank 241-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.

Core samples of the sludge stored in tank 241 -T-1 04 were obtained in 1992 and analyzed to
determine chemical and radiochemnical constituent concentrations. The concentration of
transuranic elements present in the I C/CW sludge contained in tank 24 1-T- 104 is approximately
159.8 TICi/g, based on the analytical results of the core samples for Pu-238, Pu-239, Pu-240 and
Am-241. The average concentrations of cesium-137 and strontium-90 in the I CtCW sludge as
analyzed in the tank 241 -T- 104 core samples are approximately 0. 155 pCi/g and 2.03 ptCig,
decay corrected to January 1, 2004.

2
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LIST OF TERMS

I C first cycle of the bismuth phosphate plutonium decontamination process
2C second cycle of the bismuth phosphate plutonium decontamination process
5-6 low activity cell drainage waste
cc cubic centimeters
Ci Curies
CW Coating waste
DOE U.S. Department of Energy
HLW high-level waste
kg kilograms
K kiloliters
LLW low-level waste
MW Metal waste
TRU transuranic
i1Ci/g nanocuries per gram
PCi/cc microcuries per cubic centimeters
PCi/g microcuries per gramn
Pg/cc micrograms per cubic centimeters
Pg/g micrograms per gram
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1.0 INTRODUCTION

The origin of the waste in tank 241-T-104 has been reviewed to provide information for
determining the disposition of this waste. Section 2.0 discusses the origin of waste transferred
into and removed from single-shell tank 241-T-104. Section 3.0 provides a description of the
different types of wastes that were generated at the Hanford Site chemical processing plants and
transferred to single-shell tank 241-T-104. Section 4.0 provides a discussion on the radionuclide
analyses of the waste in single-shell tank 241-T-104. Section 5 summarizes the waste types that
were transferred into single-shell tank 241 -T-1 04.

2.0 WVASTE TRANSFER INTO ANDWASTE REMOVAL FROM TANK 241-T-104

This section provides a brief description of single-shell tank 241-T-104 and summarizes waste
transfers into and waste removal from these tanks. In order to determine the origins of the waste
presently stored in single-shell tank 241-T-104, publicly available reports for the Hanford Site
were reviewed. Documents reviewed included the Hanford site contractors' monthly reports
(1945 through 1975), Army Corp of Engineers monthly reports (December 1944 through
December 1946), U. S. Atomic Energy Commission monthly reports (1947 through 1954), waste
disposal reports (1948 through~ 1975), tank farm waste status summary reports, and
miscellaneous letters and technical reports.

The Hanford site contractors' monthly reports for January 1945 through July 1951 list the
volume of waste stored in the single-shell tanks, with the exception of the B-200 and T-200
series single-shell tanks. No records were located that provided the volume of wastes stored in
the single-shell tanks from August 1951 through February 1952. Beginning in March 1952,
waste transfers and the volume of waste stored in each single-shell tank were reported for each
tank in a waste status summary report.

With the exception of the waste status summary reports, all reports cited in this section are
available electronically from the Hanford Declassified Document Retrieval System at
htg/ww.afodg~tlca or the U.S. Department of Energy (DOE) Information Bridge
at httn!:/lwtvw%.osti.ov/bridsgeI. The waste status summary reports are available only as
photocopies from Hanford Site Records Information Management Services organization.

2.1 DESCRI PTION OF TANK 24 1-T-1 04

Single-shell tank 241-T-104 was originally constructed in 1944 as part of the Manhattan Project
(H W-I 0475-C, chapter IX) and is one of the twelve, 1 00-series tanks in 241 -T Tank Farm.
Figure I provides a plan view of tank 24 1-T-1 04. The 1 00-series tanks are seventy-five-foot
diameter underground tanks made of reinforced concrete with a steel liner on the bottom and
sides. The steel liner extends to a height of nineteen-foot. Each 1 00-series tank has a design
capacity of 530,000 gallons at a liquid depth of sixteen-feet, eight-inches. The 241-T Tank Farm
also includes four 200-series tanks that are of similar construction as the I100-series tanks, but are
only twenty-foot diameter, and each has a capacity of 55,000-gallons.

5
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Single-shell tank 2414T-104 has five nozzles identified as N1 through N5. Tank 241-T-105 was
connected via an underground overflow pipeline (nozzle NI in Figure 1) to allow waste to
cascade to tank 241-T-105. Tank 241-T-105 was also connected via a separate underground
overflowv pipeline to tank 241 -T- 106, which allowed waste to cascade from tank 241 -T-1 04 into
tank 241-T-105 and then into tank 241-T-106. In addition to the overflow piping, each tank is
equipped with four, 3-inch diameter stainless steel inlet pipes.

Originally, three of the four inlet pipes (nozzles N2 through N4 in Figure 1) on tank 241 -T-1 04
were connected to diversion box 241-T-153. The four inlet pipes for tanks 241-T-105 and
241-T-106 were blanked off close to each tank (HW-10475-C, page 907 and 908). However, on
July 23, 1946, piping modifications were conducted to allow the direct transfer of waste from
221-T Plant through diversion box 241-T-153 to tank 241-T-105 (H-2-578, H-2-755, and
HAN-45762, pages 26 and 32). This allowed tank 241-T-105 to be independently filled with
waste that could then cascade through the overflow pipeline to tank 241-T-106. Waste transfers
into tank 241-T-104 and the operation of the tanks 241-T-104, 241-T-1OS and 241-T-106 as a
cascade are discussed in more detail in Section 2.2.

6
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Figure 1. Tank 241-T-104 Plan Viewy
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2.2 WASTE TRANSFERS FOR TANK 241-T-104

The following sections describe in chronological order the waste transferred into tank 241 -T-1 04
and the waste disposition. Appendix A provides a listing of the waste volume present in tank
24 1-T-1 04 from 1945 through 1977. The only types of waste transferred into tank 24 1-T- 104
were coating removal waste and first decontamination cycle waste from the bismuth phosphate
process conducted in the 22 1-T Plant.

In the bismuth phosphate process, irradiated nuclear fuel was processed to separate plutonium
using the bismuth phosphate process. The coating on the irradiated nuclear fuel wvas initially
dissolved and separated from the uranium fuel elements. The dissolved fuel coating was referred
to as coating removal waste. The uranium fuel elements were then dissolved. Plutonium was
separated from the dissolved uranium by precipitation and centrifugation of the plutonium
precipitate. The plutonium precipitate wvas washed three times and the wash solution combined
with the uranium and fission products that remained in solution. The uranium and fission
products that remained in solution were discarded as waste to the single-shell tanks. The
plutonium precipitate was dissolved and processed through two successive precipitation steps to
separate fission products from the plutonium. These precipitation steps were referred to as the
first and second decontamination cycles. The waste from each decontamination cycle was
referred to as I C and 2C waste. The plutonium was further processed in the
224-T Concentration Building and the 23 1 -Z Isolation Plant before shipment from the Hanford
Site. Section 3.0 discusses the bismuth phosphate process in greater detail.

2.2.1 1CICW Waste Storage (Mlarch 1946 -July 1946)

Irradiated nuclear fuel was first processed in 22 1-T Plant beginning on December 26, 1944
(H W-7-1293-DEL, page 19). The first decontamination cycle (IC) waste was combined with the
coating removal waste (CW) and transferred to the cascade of tanks 241-T-1 07, 241-T-108, and
241-T-109. The combined 1C/CW waste was reported as being collected in tank 241-T-107 in
February 1945 (HW-7-1338-DEL, page 22). Tanks 241-T-107, 241-T-108, and 241-T-109
continued to receive the combined I1C/CW waste until March 10, 1946, when these tanks were
reported as being filled (HW-7-375 I -DEL., pages 20 and 2 1).

On March 11, 1946, a pipeline was established to transfer the combined I CICW waste from the
221-T Plant to tank 241-U-I 10 in the 241-U Tank Farm. However, this transfer line developed a
plug shortly after first being used and the combined I1C/CW waste was transferred to tank
241-T-104 (HW-7-3751-DEL, pages 20 and 21). Tank 241-T-104 was filled wvith the combined
IC/CW waste in July 1946. (H W-7-4542-DEL, pages 2 1-22).

Tanks 241-T-104, 241-T-105, and 241 -T-106 were originally designated as a spare set of tanks
for receipt of second decontamination cycle (2C) wvaste from the 221-T Plant. Collection of the
combined I1C/CW waste in tank 24 1-T- 104 was considered at the time to be a temporary
measure. In order to allow the collection of 2C waste from 221-T Plant in tanks 241-T-105 and

8
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241-T-106, a separate transfer pipeline was established to the inlet of tank 241-T-105 on July 17,
1946 (H-2-578 and HAN-45762, pages 27 and 32). Tank 2414-105 was used to store 2C waste
from the 22 1-T Plant from July 23. 1946 (HW-.7-4542-DEL, page 22) through April 1948, after
which the 20 supernatant waste was discharged to a crib (11 W.9922.DEL, page 31). Tank 24!-
T-1 06 began to receive 2C waste through the overflow line from tank 24 14--1 05 in June 1947
(HW-7-7454-DEL, page 26) and was filled in March 1948 (HW-9595-DEL, page 32). The 20
supernatant waste contained in tank 241 -T- 106 was discharged to a crib from July 1948
(H W-I 0714-DEL, page 32) through August 3, 1948 (H[W-1 0993-DEL, page 35).

The plug in the transfer line from 22 1 -T Plant to the 241 -U Tank Farm was successfully removed
in April 1946 (HW-7-4004-DEL. page 20). The combined I C/OW waste from 221-T Plant was
diverted to the cascade of tanks 241 -U- 10,24 1-U-Ill1, and 24 1-U-i 112 on July 22, 1946
(HW-7-4542-DEL, page 21-22). The cascade of tanks 241-U-1 10, 241-U-ill1, and 241-U-I112
were filled with the IC/OW wvaste from the 221-T Plant in May 1948 (IIW-10166-DEL,
page 33).

After emptying the 2C supernatant waste from tank 241 -T- 105, the combined I CICW waste was
transferred from 22 1-T Plant to tank 24 1-T- 105 beginning in May 1948 (HAN-45807-DEL,
page 55). Waste began to cascade from tank 241 -T-1 05 into tank 241 -T-1 06 in August 1948.
Tank 241 -T-105 continued to receive I C/OW waste through January 1949, at which tanks
241 -T-1 04, 24 1-T-1 05, and 241 -T-1 06 were all filled with 10/OCW waste (HW-1 2391 -DEL,
page 38). The I C/CW waste generated at the 221 -T Plant was then transferred to the cascade of
tanks 241-TX-109 through 241-TX-I 12 (HIW-12391-DEL, page 38).

2.2.2 IC/OW Supernatant Evaporation (March 1951 -July 1951)

The pH of the IlC/CW waste was adjusted to approximately pH 7 in the 22 1-T Plant before
transfer to the single-shell tanks. This pH adjustment was conducted to cause the precipitation of
bismuth and plutonium in the 1 C/OW waste so that the supernatant would contain a lower
concentration of plutonium (HW-7-2706-DEL, page 21). As a result, tank 241-T-104 contained
settled I C/OW solids (i.e., bismuth and plutonium precipitate) and 10C/OW supemnatant (11W-
20991-DEL, page 53).

The I C/OW supernatant contained in tank 24i1-T- 104, along with that contained in the other
tanks in 241 -T Farm were transferred to tanks 241 -TX-li?7 and 24 1-TX-I 18 from March 1951
(H(W-20671 -Del, page 56) through July 1951 (HW-21802-DEL, page 42). The I C/CW
supernatant was transferred from tanks 24 1-TX-Il17 and 24 1-TX- I 18 to the 242-T Evaporator
for evaporation. Processing of the I CICW supernatant from the 241-T Farm tanks in the
242-T Evaporator was conducted from April 28, 1951 (HWV-2099 1 -DEL page 54 and
IIAN-6367 1, page 40) through July 1951 (HIW-2 1802-DEL, page 42). The concentrated I C/OW
supernatant wvaste (i.e., evaporator bottoms) was stored in tanks 241 -TX- 16 and 241-TX-Il?7.
The evaporator bottoms in tanks 241-TX-I 16 and 241-TX-il17 were eventually processed again
through the 242-T Evaporator to further concentrate these wastes for storage in tanks
241 -TX-I10 and 241 -TX-I 11.

9
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2.2.3 1/CW' Waste Cascade Filling (August 1951 - December 1951)

After evaporating the ICICW supernatant, tank 241-T-104 was again used to store IC/CW waste
from the bismuth phosphate process conducted in 221-T Plant. Tank 241-T-104 was operated as
a cascade with tanks 241-T-105 and 241-T-106. Tanks 241-T-104, 241-T-105, and 241-T-106
were reported as being filled with I CICW waste in August 195 1, October 26, 195 1, and
December 22, 195 1, respectively (HW-3359 1, page 12).

2.2.4 Trench Disposal of ICICWN Supernatant (January 1954)

Plans were made to allow the I CICW waste to remain in the cascade of tanks 241-T-104,
241-T-1 05, and 241-T-106 for one-year to allow for the decay of short-lived fission products,
after which the supernatant was to be processed in the 242-T Evaporator (HW-27838, page 32).
However, evaporation of the supernatant contained in these tanks was not conducted.

Instead, the I C/CW supernatant contained in tank 241--104 was discharged to the east section
of trench 241-T-1 (later renamed to trench 216-T-14) on January 14, 1954 (t[W-33591, page 12).
The I1C/CW supernatant contained in tanks 241 -BX- 110, 24 1-BX-1I 11, 24 1-BX- 112,
24 1-BY- 106, 241 -BY- 110, 241 -T- 105, 24 1-T- 106, 241 -TX- 109, 241 -TX-I 10, and 241 -TX-Ill1
and ICICW evaporator bottoms contained in tanks 241-B-I 07, 241-B-I 08, 241-B-109,
241-TY-101 and 241-TY-102 were also discharged to trenches from January 1954 through
November 1954 (HW-3359 1, pages I I and 12 and HW-38562, pages 10, 28 and 29). The
disposal of I CICW supernatant to these trenches was based on the concept of retaining fission
products, plutonium, and uranium in the soil column. Trench disposal of the ICICW supernatant
and evaporator bottoms was thought to be an economical method for providing additional
capacity in the single-shell tanks for storage of wastes with higher radioactivity (HW-3428 I).

2.2.5 IC/CW Waste Cascade Filling (February 1954 - October 1954)

Beginning on February 23, 1954, IC/CW waste was again transferred to tank 241-T-104 (HW-
31126, page 5). The tank was filled to approximately 6-inches above the cascade overflow line
and waste began to cascade to tank 241-T-105 in March 1954 and to tank 241-T-106 in June
1954. The cascade of tanks 241-T-104, 241-T-105 and 241-T-106 was filled by the end of
September 1954 (HW-33396, pageS5) and did not receive any additional I C/CW waste from
22 1-T Plant.

On October 20, 1954, modifications to the bismuth phosphate process were conducted in
22 1-T Plant to segregate the coating removal waste (CW) from the first decontamination cycle
(IQ) waste (HW-33585-DEL, page Ed-S and HW-33544, page 5). The coating removal waste
was transferred directly to tank 241-T-105, which cascaded through the overflow line into tank
241-T-106. Additional storage space for the coating removal waste was. provided in tank
241-T-105 by pumping sonmc of the supernatant from tank 241-T-105 to tank 241-TX-1 18 for
processing in the 242-T Evaporator (HIW-33904, page 5).

10
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The I C waste was treated in 221-T Plant with potassium feffocyanidc, nickel sulfate, and
sodium hydroxide to precipitate nickel ferrocyanide, which scavenged cesium-i 37 and
strontium-90 from the supernatant (HW-33 184 and HWV-33499). The treated I C waste was
discharged to tanks 241-TY-101 and 241-TY-103 from October 20, 1954 (HW-33544, page 7)
through March 20, 1956, when the final processing of irradiated fuels for plutonium recovery
was completed in the 221 -T Plant (HW-422 19-DEL, page Ed-5). The nickel ferrocyanide
precipitate and the scavenged fission products settled in these tanks, with the supernatant
transferred in March 1955 to tank 241 -TX-i 18 for processing in the 242-T Evaporator
(HW-36001, page 7) and disposal in 216-TY trenches from October 1955 (HW-44784, page 42)
through November 1956 (HW-485 18, page 34).

After October 20, 1954, tank 241-T-104 was no longer used to receive waste from the
221-T Plant. No other transfe~rs of waste into tank 241-T-104 have occurred.

2.2.6 Saltwell Puming / Interim Stabilization

The I C/CW waste remained undisturbed in tank 24 1-T-I 04 until July 1969, when approximately
48,000-gallons of supernatant were transferred from tank 241-T-104 to tank 241-TY-103
(ARH- 1200 C, page 7).

Removal of additional liquid from tank 24 1-T-1 04 was conducted from February 27, 1976
through August 17, 1977 as part of the program to remove interstitial liquid (i.e., saltwell
pumping) from the single-shell tanks (letter 60410-78-092 and DS-022676). A total of
3 8,200 gallons of liquid waste was reported as being pumped from tank 24 1-T- 104 to tank
241-T-101 during this period. In May 1978, saitwell pumping of liquids from tank 241-T-104
was attempted again. However, the pump was reported as inoperable. Saltwell pumping of
liquids from tank 24 1-T- 104 was resumed on September 11, 1978 and concluded on
December 26, 1978 (DS-022676). An additional 7,420 gallons of liquid waste were transferred
from tank 241-T-104 to tank 241.T-101. The height of waste in tank 241-T-104 was reported as
13-feet and 1.25-inches following saitwell pumping. The volume of waste in tank 241-T-104
was approximately 412,000 gallons based on the waste height measurement.

Interim stabilization of tank 241--104 was conducted from March 24, 1996 through May 30,
1999 (HNF-EP-0182 revision 172, page B-IS). Approximately 150,000 gallons of liquid were
pumped from tank 24 1-T- 104 to the double-shell tank system, leaving an estimated
316,800 gallons of sludge in this tank (HINF-SD-RE-TI-l 78. page 200). Tank 241-T-104 was
declared having been interim stabilized on November 19, 1999 (HNF-EP-0182 revision 172,
page B-13).
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2.2.7 Comparison with Other Reports

Waste transfers into and waste removals from tank 241-T-104 are summarized inA Ilistory of
the 200 Area Tank Farms (WHC-MR-01 32) for 1945 through 1980, Historical Tank Content
Estimate for the Northwvest Quadrant of the Hanford 200 West Area (HNF-SD-WM-ER-35 1),
and Waste Status and Transaction Record Summary (WSTRS) Rev. 4 (LA-UR-97.3 II). The
information cited in Sections 2.2.1 through 2.2.10 is in agreement with these previous reports.
These previous reports accurately state the volume of waste transferred into and removed from
tank 241 -T-1 04, as well as the volume of solids and total waste stored.

12
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3.0 TYPES OF TANK WASTE GENERATED AT THE HANFORD SITE
CHEMICAL PROCESSING PLANTS

There were numerous irradiated nuclear fuel reprocessing, research and development, plutonium
processing, and waste management activities conducted at the Hanford Site starting in 1944.
These irradiated nuclear fuel reprocessing, research and development, plutonium processing, and
waste management activities conducted in the processing plants are discussed further in the
DOEIRL-97.02, National Register offHistoric Placcs Multiple Property Document Form -
Historic, Archaeological and Traditional Cultural Properties of the Hanford Site, Washington
February 1997.

It has been established in Section 2.0 that first decontamination cycle (IQ) waste mixed with
coating removal waste (CW) from the 221 -T Bismuth Phosphate plant was trans ferred into tank
241-T-104. 'The following sections provide a discussion of the wastes originating from the
bismuth phosphate plant operations.

3.1 B AND T BISMUTH PHOSPHATE PROCESS PLANTS

B- and T-Plants were constructed in 1944 through 1945 to separate plutonium from irradiated
nuclear fuel using the bismuth phosphate process. Figure 2 shows a summary of the
221-BIT Plant bismuth phosphate process, which is referred to throughout this discussion. The
bismuth phosphate process was operated in B-Plant from April 1945 (HIW-7-1649-DEL,
page 2 1) through June 1952 (HW-25227-DEL, pages Ed-5 and Ed-6), after which the inventory
of radioactive materials was removed from the facility from July 1952 through March 1953
(HW-27774). The bismuth phosphate process was operated in T-Plant from December 1944
(HAN-45800-DEL, page 4) through March 1956, after which the inventory of radioactive
materials was removed from the facility from March 1956 (HW-422 19-DEL, page ED-5)
through September 1956 (H W-45 707-DEL., page D-5). T-Plant was placed in layaway status in
October 1956 (HW-46432-DEL, page D-5). T-Plant was re-activated in 1960 and is currently in
use for equipment decontamination and storage of commercial irradiated nuclear fuel elements.

In the bismuth phosphate process, the aluminum cladding of spent nuclear fuel elements was
dissolved in boiling sodium nitrate solution, to which sodium hydroxide was slowly added
(HW-10475-C, page 403). The cladding removal waste sometimes referred to as coating waste
(CW) was transferred to single-shell underground storage tanks (see item [1] in Figure 2).

Reprocessing of the spent nuclear fuel commenced with the dissolution of the uranium fuel
elements. The uranium fuel elements (see item [2] in Figure 2) were dissolved in nitric acid
(HW-10475-C, chapter IV, page 405). Water and sulfuric acid were added to the dissolved
uranium metal solution and the mixture was then transferred to the plutonium extraction section..
The sulfuric acid formed a uranyl sulfate complex that prevented uranium precipitation as a
phosphate in the subsequent plutonium extraction step (HW- I0475-C, page 418).

Plutonium was extracted from the acid solution by addition of bismuth nitrate and phosphoric
acid to form a bismuth phosphate carrier precipitate (HW-10475-C, page 503). The plutonium

13
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and bismuth phosphate carrier precipitate was centrifuged and washed three times with water to
separate the acidic supernatant from the plutonium precipitate (see item [3] in Figure 2). The
acidic solution remaining after the plutonium precipitation contained about 99 percent of the
uranium, about 90 percent of the fission products. This separation process also removed and
reduced the gamma radiation activity level in the plutonium precipitate by a factor of 10.
However, zirconium is phosphate insoluble and zirconium-95 (10 percent of the activity) stayed
with the plutonium product. The acidic uranium solution was then neutralized and transferred to
the underground single-shell tanks as metal waste (MW). Recent laboratory testing of the
bismuth phosphate flowsheet confirms this partitioning of radionuclides (internal letter 7G300-
02-N WK-024, "Bismuth Phosphate Process Radionuclide Partition Factors for the Hanford
Defined Waste Model"). The laboratory tests indicate the percentage of cesium-l37 and
strontium-90 partitioned to the metal waste may have bcen as high as 100 percent and 89
percent, respectively.

After separating and washing the plutonium precipitate from the metal waste, reprocessing of
spent nuclear fuel was completed in the 221 Plant Bismuth Phosphate process. Plutonium
decontamination was conducted in the remainder of the 221 Plant Bismuth Phosphate process.
The plutonium-bearing cake was dissolved in nitric acid and further decontamination of the
plutonium to separate fission products was conducted (H[W-10475-C, chapter VI). Sodium
bismuthate, sodium dichromate, or potassium permanganate was added to oxidize the plutonium
to the +6 valence-state. This step caused the bismuth phosphate to precipitate phosphate
insoluble fission products (e.g., cerium, niobium, ruthenium, and zirconium), leaving the
plutonium in solution. The precipitate was separated from the plutonium-bearing solution using
centrifuges and washed to remove soluble plutonium. The plutonium was reduced to the
+4 valence state to form a precipitate that could be separated from the remaining soluble fission
products by centrifugation.

The fission products separated from the plutonium product during this first cycle of the
decontamination process (designated as I C waste) wvere transferred to the single-shell tanks. The
I C waste (see item [4] in Figure 2), contained approximately 10 percent of all fission products
and approximately 1.4 percent of the plutonium present in the original fuel charged to the plant
(HW-23043, pages 20 and 22). After 195 1, the bismuth phosphate process flowsheet was
modified to include cerium and zirconium scavenger precipitation in the I C by-product step to
remove lanthanide and zirconium radionuclides from the plutonium product (HW-23043,
page 16).

The plutonium solids from the first decontamination cycle were again dissolved in nitric acid. A
second decontamination cycle (see item [5] in Figure 2) was conducted to reduce the gamma
activity level by a factor of 10,000 from that in the previous dissolved metal solution, giving an
overall process decontamination factor of 100,000 below that of the original solution
(H W-l0475-C, page 627). The second decontamination step essentially repeated the steps
previously described for the first cycle decontamination. The plutonium product from the
bismuth phosphate process was subsequently concentrated in the 224-T and 224-B buildings
using a lanthanum fluoride precipitation process.

The second decontamination cycle wastes (designated as 2C) were also transferred to the

14
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single-shell tanks. The 2C waste contained less than 0.1 percent of the uranium and fission
products and about 0.4 percent of the plutonium present in the original fuel charged to the plant
(HW-23043, pages 26 and 28).

During operation of B-Plant, the I C waste was combined with the coating removal waste and
transferred to the same single-shell tank. This same practice was conducted in T-Plant from
December 1944 through October 19, 1954. Beginning on October 20, 1954, nickel ferrocyanide
scavenging of the I C waste was conducted in T-Plant to precipitate cesiuni-137 and strontium-90
(HW-33585-DEL, page Ed-8, and IIW-33 184). The precipitated I C waste slurry was transferred
separate from the coating removal waste to separate single-shell tanks for settling of the
precipitate and discharge of the scavenged (i.e., cesium and strontium depleted) supernatant to a
crib.

Table I provides the flowsheet estimated compositions of the neutralized CW, MWV, IC, and 2C
waste solutions generated from the 221 -BIT bismuth phosphate plants based on the October 1.
1951 flowsheet (HWV-23043). Additional analyses of the supcrnatant fraction of MW, I CICW,
and 2C that was stored in single-shell tanks are provided in Tables 2 and 3.

These sample analyses support that the 2Ctwaste contained less than 0.1 percent of the fission
products. Analyses of the combined 2C 1224 building/I tank 5-6 waste supernatant stored in
tank 241 -T-I 12 conducted on August 6, 1952 and September 24, 1952 indicate that the total beta
emitters was comprised of 35 to 50 percent ruthenium, 35 to 50 percent cesium, 4 to 8 percent
cerium, yttrium, and other rare earths, and 6 to I1I percent undetermined (HW-27035, page 8).
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Table 1. Estimated Composition of Bismuth Phosphate Plant Wastes
__________________From October 1, 1951 Flowsheet 41

a)Coating Me.tal First Second 224
Analyte Removal Wse Decontamination Decontamination BuildingWaste~~ Waste___ El'*s

Plutonium 3.3E-04 2.E-04 6.0E.O7 t41 1.613-07 16E0
Uranium 0.15 _____0.2351' Nt eore 2.0413-05
Gamma 6.6E3+04 1.3E+07 2.313+06 (4)13304"1.3E4025

Sodium Alumninate 95.1
(NaAI0 2)__ _ ____ ___

Sodium Hydroxide (NaOlI1) 43.6 _______

Sodium Nitrate (NaNO3) 618______ __ _______

Sodium Nitrite (NaNO1  56.0
Sodium Silicate (NaSiO3) 4.3 _________ _______

Uranyl nitrate (UZIN) ' 132 _________

Fluorine (F)_____ ____ ________ _____ 5.6
Ntae(O)9.7 93.1 61.3 42.4Sulfate (SO 4) 24A 4.73 3.61 0.35

Phosphate (P046) 25.2 26.2 23.0 3.05
Sodium (Na) 83.2 47.3 .36.7 36.8

Bisnwth (Bi 2.59 1.31 1.18
Cerium (qxc) 0.030
Lanthartum (La) _____________0.49

Manganese (Mn) ______ _______________________0.33

Zirconium_____ 0.030
Iron (Fe) M_____ 1.37 1.82
Chrome (Cr) _____0.16 0.06 0.17
Ammnonia (NH4)______ 1.98 1.71 0.12
Silicon Ilexa-Fluoride (Sif 5)______ 4.35 3.67 _____

Volume per Batch (gallons) 795 2,380 2.040 2.09 2.200
Notes:

SSee IIW.23043.
''Analyses are reported in gramns per liter. except: for gamma activity. which is counts per minute per mL43 HW-23043. page 3 1, notes that uranium is not actually present in this form, but is probably as NaUO2PO 4 and
Na1(UOI)JCO3.

44 Pu and Gamma concentrations were calculated from the compositions of tanks 13.4 and 14-3 (HW.23043, pages 20 and
22).

45 Pu and Gamma concentrations svre calculated rwom the compositions of tanks 18-4 and 19-3 (HiW.23043, pages 26 and
28).

'Pu and Gamma concentrations were calculated frm the compositions of tanks A-4, D-4,13-3, and F-S (HW-23043,
pages 39,44,48. and 54).
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Table 2. Analyses of Ismut Phoso pht rocesSup erntats Stored (1-2)
'Waste Type Tank pH Pu Gross Beta Gross Gamma Date- ____________ pe Liter____ bMillicnrlrtt.___________ ji per Liter 11*11ice pe ie SampledMetal Waste T-101 10.1 70 70________ 12-12-1946Metal WVaste T-101 10 35 1 l011) 25" 7-01-1947Metal WVaste T-102 9.9 60 120 20 7-01-1947Metal Waste T-103 9.8 1 60 150 20 7-01-1947

ICICW B-109 9.9 .40 0.65 0.28 3-18-1947
IC(CW C-1__12 9.9 12 12 4A3-18-1947-

2C B-Il1 6.9 7.2E-02 2,.13-03 3-0E-03 7-1.19472C B-1 12 6.8 4.32E7! 1.5E.03 3.013-03 7-1-1947-
1 uGross Beta Gross Gamma Dt'Waste T)V TnPH Pg per Liter Counts per milnute Counts per minute Sampled

2CT10 o ~rtd -5per cc per cc
2C -Il N: r 1,ned 154.9E-f04 30 7-13-1945

2C T-1to 9.6' ~ 195 6.9E+04 55 7-25-19452C -10 _______ .57.OE+04 55 7-25-1945
Notes:

41" See IIW-10728 and HW-3-3220.
(2 Solids formed in each of wastes settling to the bottom of each tanks. Illiese sample analyses are for the supernatant only and

are not representative of the sludges.43) The reported Pu sample analyses rar tank B-l12 seem to be in error and lacking an exponent in FIW- 10728.M~rir t Ocobe 195, he C ad 2 wateswer netraize toa pil oftapproximatcly 10. 71e waste collected in tanks
to precipitate bismuth and plutonium (I[W-3-3220, page 13).SDecreases in gross beta and gross gamma concentrations shown for the T-101 wagea samples are due to decay of fissionproducts with short half-lives.
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3.1.1 221-T and 221-B Plant Cell Drainage W~aste

During the operation of the 22 1-B and 22 1-T Bismuth Phosphate plants, failure of processequipment, cooling jackets; on process vessels, and piping occurred periodically, resulting in thedischarge of cooling water, chemical solutions, and process solutions (e.g., MW, I C, 2C wastesand plutonium product solutions) to the process cells. Each of the 40 process cells in the221 -B and 22 1 -T Plants contained a sump that was equipped with a conductivity probe
beginning in August 1946 to detect a liquid leak in the process cell (HWV-7-4739-DEL, page 2 1).The sumps gravity drained to a 24-inch diameter vitrified clay pipe that traversed under each celland discharged to a deep, open top, stainless steel tank, number 5-7 in section 5 (cell 10)
(H W-l 0475-C, page 914).

Cell drainage collected in tank 5-7 was jetted to tank 5-6 or tank 5-9, which were used forsampling and chemical treatment of the cell drainage solution. Waste in tanks 5-6 and 5-9 couldbe jetted between these two tanks. High-activity waste collected in 221-T Plant and 221-B Planttanks 5-9 could be jetted to single-shell tanks 24 1-T-1 07 and 24 1-B- 107, respectively
(HW-10475-C, page 918). Alternatively, the waste could be transferred to process vessels withinthe 221-T (or 221-B) Plant and processed to recover plutonium. An example of this practice iscited in the January 1948 monthly report for the Hanford WVorks (HW-893 1 -Del, page 28).

The T-Plant stack drainage waste was also collected as part of the cell drai nage until May 28,195 1, after which the stack drainage was routed to the cascade of single-shell tanks 241 -TX-I 13,241-TX-i 14, and 241-TX-1 15 (HW-21260-DEL, page 58). Also, the dissolvers located in 221-
B and 22 1-T Plant cells 5, 6 and 7 were equipped with off-gas scrubber towers in May 1948(HAN-45 807, pages 57). The dissolver off-gas scrubbers used water to adsorb iodine andremove particulates from the dissolver off-gases. The spent scrubber solution was combined
with the low-activity cell drainage waste collected in tank 5-6 (11W-I 0728). The dissolver off-gas scrubbers were replaced with silver chemical reactors, thus eliminating the spent scrubber
solution. The first silver reactor was installed in the 221 -B Plant in October 24, 1950 (11W-19898 and HW-19325, page 52) and the remaining silver chemical reactors were installed in the221 -B and 22 1-T Plants by January 1951 (HW-2016 1, page 52 and HW-21826).

Waste collected in tank 5-6 was transferred to reverse well number 216-T-3 from January 1945through August 1946. Crib number 216-T-6 was used to dispose of the cell drainage waste fromAugust 1946 through June 195 1. After June 195 1, cell drainage waste wvas transferred to thecascade of tanks 241-T-1 10, 241-T-1 11, and 241-T-1 12 (EHW-55176, part V). The quantity andcomposition of the cell drainage solutions discharged from tank 5-6 varied (see HW-20583, page4 and I-I -33591, page 25). Table 4 provides analyses of cell drainage waste that was collectedin tank 5-6 and transferred to either crib 216-T-6 or to the cascade of tanks 241-T-1 10, 241-T-Ill1, and 241 -T-1 12. As evident from the analyses provided in Table 5, the neutralized, low-activity cell drainage waste contained soluble beta emitting radionuclides and plutonium.
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3.1.2 221 -T Equipment Decontamination Facility

In October 1958, plans were developed to convert the 22 1-T Plant for use as decontamination
facility for equipment from the Reduction-Oxidation (REDOX) plant (HW-5 805 1 -DEL, page D-
5). Work was conducted from February 1959 (HW-59434-DEL, page D-4) through June 1960
(HWV-65935-DEL, page C-2) to convert the 221-T Plant. Equipment decontamination activities
were initiated at the 221 -T Plant in July 1960, with the receipt of a failed multipurpose dissolver
from the REDOX plant (HW-6627 1-DEL, page C-2). Equipment decontamination waste was
transferred to single-shell tanks 241-T-1 I11 and 241-T-1 12 (RPP-13873, section 2.2.4). Tank
241 -T-1 04 did not receive equipment decontamination waste.

Table 4. Composition of Tank 5-6 Cell Drainare Waste from 221-TPlant. (3 sheets)
I J Pu Total Beta1Year Mlonth Liters Gas Activity Comment

T In I I Ims Curies
TakS6Cell Drainage Transferred to 216-T-6 Cri ''2

1948 8au~ 39,900 49 88 Total beta activity does not include
February 724,461 8 73 radioactive iodine. Samples were
March 586,188 3 789 measured for total alpha activity.

_____April 842.778 9 461 Calculated Pu mass assumes that all
may___ 918,007 5 72 alpha activity measured in samples

_____June 971,810 .9 295 was Pu. Uranium activity in
July__ 1,057,015 6 130 samples contributed less than 8% of

_______831,662 -4 28the total alpha activity
_____September 857.327 S 361
____October 830,083 4 116

1___ November 1 980,411 16 27M _____________

No records could be located for December 1948 through August_1949.
1949 September 260.000 32 365

_____October 360.000 41 2800
_____November 340,000 38.2 333

December 430,000 48 250
1950 Jnay410,000 44210

February 330,000 28.5 No data
___________ ~~~reported ____________

March 370.000 35 No data
___________repred

April 450,000 35.6 294 _____________

My370.000 33.9 363
June 430.000 36.6 2142______________
July__ 520,000 43.6 600

-____August 590.000 44.9 741 ______________

_____September 480,000 42.3 850
_____October 620,000 47.3 858 T____________
______November 540.000 50.9 6001______________
______December 590,0001 42.1 18501______________

No records could be located for January 1951 through December 195?1. Beginning in June 195 1. Tank 5-6 cell
drainage waste along with 2C waste was routed to the cascade of tanks 24 1-T- 110, 24 1-T-1 11, and 24 1-T-1 12.

21



RPP-16 129 Rev. I

TObl 4. Composition of Tank 5-6 Cell Drainaze Waste fo 2- ln.( hes
Pu Total Beta

Year Month Liters Arms I Ctiesy Comment

Tank 5-6 Cell D)rainage Waste Discharged to the Cascade of Tanks 241-T-1I10, 241-T-11 1, and 241-T-1 121-),4)
1952 Jnay595.000 5.2 410

________ 498,000 6.9 850
______March 643.000 8.2 920 _____________

_____April 623,000 8.8 660
May___ 318,000 1.8 84

_____June 392.000 3.0 97
July 600,000 4.1 160 Beginning in July 1952,

224 building waste, along with tank
5-6 cell drainage and 2C wastes
were routed to the cascade of tanks
24 1-T-1 10, 241.-T-l 11. and
241 -T- 112. Values reported are for

___________tank 5-6 cell drainage waste only.
August 670,000 6.5 265
September 260.000 1.9 675
October 430.000 3.0 310
November 490,000 2.7 95

____December 540,000 3.3 1240
1953 Jnay490,000 2A 130

Feray530,000 3.9 480
March 660.000 5.0 245
April__ 390,000 2.0 IS0

___ May_ 490,000 1.8 220 ______________

______June 660,000 3.5 590 ______________

Juy280.000 0.9 65
August 490,000 2.4 100______________

______September 560,000 7.8 195 ______________

_____October 560,000 6.8 1.840
______November 710.000 8.7 1.085 _____________

December 740.000 8.8 885 ______________

1954 Jnay830.000 10.4 1,680_____________
February 820.0001 14.2 16.420 _____________

____March 860.000 18.6 5.305
April 540,000 8.4 2.175 _____________

My790,000 10.6 1,760
June 810.000 9.5 2,390
July 1,030,000 Rainciecnetntrpre

separately for 5-6 Cell drainage
waste from July 1954 through

______August 1,150,000
_______September 1.090.000 _______

October 800.000 ______

______November 730,000 ________________________

______December 1,100.000 _______ _ __________

1955 Jnay1,370,000 ____________ _____________

February 950,000
_____March 1,460,000 _ __
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Table 4. Composition of Tank 5-6 Cell Drai alte Waste from 221-T Plant. (3 sheets)

Year Mont Liters Total BetaCm et
Year blonh LiersGrams ActivityComn

1955 April 1,80,000 Cre ______________

______May 1,410,000 _____ __________ __________

______June 1 1,440.0001 1_____

The volume and radionuclide content of tank 5-6 cell drainage waste were not recorded separaic from other wastes
transferred into the cascade of tanks 24 I.T-I 10. 241-T-1 11, and 241I-T-I 12 after July 1954.

Notes:

C*IIW-20583
(') IIW-25301
(4) IIW-33591

"Analyses of the combined 2C /224 building / tank S-6 waste supernatant stored in tank 24 I.T.1 12 conducted on
August 6. 1952 and September 24, 1952 indicate that the total beta emitters was comprised of 35 to 50% ruthenium,
35 to 50% cesium. 4 to 8%. ccrium, yttrium, and other rare earths, and 6 to 11% undctermined (IIW.27035, page 8).
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4.0 RADIONUCLIDE ANALYSES OF WASTE IN TANK~ 241-T-104

The U.S. Department of Energy (DOE) uses several factors to determine the disposition of
radioactive wastes (DOE M 435.1). One of these factors is the concentration of alpha-emitting
transuranic isotopes with half-life greater than 20 years present in the radioactive waste. Two
core samples of the waste stored in tank 24 1-T-I 04 were obtained in 1992 for chemical and
radioc:-hemical analyses. The results of the chemical and radiochemical analyses along with
process waste knowledge are were used to determine the inventory of key analytes and
radionuclides present in the tank 241 -T-1 04 waste (i.e. best basis inventory).

Table 5 provides the best-basis inventory for the I C/CW sludge stored in tank 24 1-T-I 04, as
reported on October 11, 2004 from the Tank Waste Information Network (TWINS) database;
http2://twins.1nnl.eov/t~vins.htm . The radionuclide inventory is decay corrected to January 1,
2004. The transuranic elements (i.e., Np-237, Pu-238, Pu-239, Pu-240, and Am-241) are
summed and presented in Table 6. The concentrations of transuranic elements in the I C/CW
waste stored in tank 241-T-104 are approximately 159.8 ijCi/g. The concentrations of cesium-

* 137 and strontium-90 present in the I1(YCW waste stored in tank 241-T-104 are also provided in
Table 6. The cesium-I 37 and strontium-90 concentrations are approximately 0. 155 pCi/g and
2.03 pCilg.

The inventories of transuranic elements, cesium-137, and strontium-90 present in tank
* 24 1-T-1 04 are also compared to the inventory of these radionuclides present in all 177

underground storage tanks at the Hanford Site in Table 6. The inventory of transuranic elements
present in tank 241-T-104 is approximately 0. 12 percent of the total inventory of transuranic

* elements present in all 177 underground storage tanks at the Hantford Site. The inventories of
cesium- 13 7 and strontium-90 present in tank 24 1-T- 104 are approximately 0.00056%/ and
0.0061 % of the total inventory of cesium-I 37 and strontiuni-90 present in all 177 underground
storage tanks at the Hanford Site.

Table 5. Best-Basis Inventory for Tank 24 1-T-104 Sludge. (3 sheets)
Ant Invetory _ Basis Concentration________

1O6Ru 4.92E-1 I C! TE 2.37E-14 pCVg
1 l3mCd 5.78E-02 Ci TE 3.37E-05 pWi/g
12SSb 7.72E-04 Ci TE 4.50E-07 iCi/g
126Sn 4.80E-03 Ci TE 2.SO0-06 pCL~g
1291 5. 1OE-04 Ci TE 2.98E-07 pri/g
134Cs 5.S9E-07 Ci TE 3A43-1O _pCVg
137Cs 2.40E402 Ci S I.55E-OI HCl/g
I 37m13a 2.27C+02 Ci C 147EO I pCitg
14C < 6.9E-02 C1 S 4.46E-OS iiCit/g
I5SMn 1.D1E+02 C! iT 5.89E-02 pCi/g
I S2Eu 3.24E-03 Ci iT 1.89E-06, pCitg
154Eu 2.11 E400 Ci S 1.37E-03 ItCi/g
I 5SEu I .09E400 Ci S 7.07E-04 pCi/g
226Ra 6.33E-06 Ci TE 3.69E-09 pCl/g
227Ac 5.40E--05 Ci TE 3.15E-08 pCitg
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Table 5. Best-Basis Inventory for Tank 241 -T- 104 S11uAc Q shes)
Analyte Inventory ___Basis Concentration
228Ra 7.1OE-I I Ci TI! 4.14E-14 pCi/g
229Th 2.OOE-O8 Ci TE 1.17E-1 I pCi/g
23l1'a 4.04E-04 Ci 113 2.35E-07 pCi/g
232Th 1.68E-10 Ci 113 9.80E-14 PCI/a
232U 5.66E1-06 Ci C 3.66E.09 -pCi/j
233U) 4.71 E-07 Ci C 3.04E-10 pgi/g
234U) 6.2SE-OI CI S 4.06E-04 _pCitg
23SU 2.03E-02 Ci S 1.3 1IE-05 pCifg
236U 6.06E-03 Ci S 3.92E-06, pCig
237N 2.20E-03 Ci TE 1.28E-06 pCitg
23SPu 2.51E+00 Ci S 1.63E-03. ICitg
238!U 4.64E-01 Ci S 3.OOE.-04 paCig
239Pz 1.93E-102 Ci S 1.251-01 pCi/g
24OPu 2.33E+01 Ci S 1.5 1 E02 PUR/
241Am 2.80E+01 Ci S I.SIE-02 pCilg
241 Pu 7.84E4-01 Ci S 5.07E-02 ttCifg
242Cm 4.69E-03 Ci C 3.04E-06 _pCi/g
242Pu 1.I1SE-03 Ci S 7.44E-07 jtCi/g
243Am 2.76E3-03 Ci C 1.78E-06 M1Ci/g
243Cm 5.24C.05 Ci C 3.39C.09 ttCi/g
244Cm L.181303 Ci C 7.63E3.07 _pCilg
311 3.75E-.01 Ci TS 2.1913-04 pitg
S9Ni 1.24E3.02 Ci TE 7.25E-06 izCi/g
60Co 7.91 E-02 Ci TI! 4.61 E-0S pCifg
63Ni 1.72E3+00 Ci TI! 1OIE-03, 1aCg

MeS 1 .27E-03 Ci 113 7.421-07 ILCI/g
9OSr 3.14E4-03 Ci S 2.03E4*0 jiCi/g
90Y 3.14E3+03 Ci C 2.03E4,00 pCi/g
93mNb 1.4713400 Ci TI! 8.59E-04 pCVg
93Zr 1.63E+00 Ci TI! 9.5 1 E-4 pCi/g
99TC 9.74E-01 CI S 6.30E-04 pCi/g
Al 2.5 1E+04 kg S 1.62E+04 pg/g
Di 2.92E3404 kgj S 1.99E+04 p~
Ca 2.24 E+03 kg S IA.4E+03 _pg/g
CI 1 .04E3403 kg S 6.70E402_ igg
Cr 1.39E3403 kg S 9.01E+02 ptg/g
F 1.3313404 kg.... 8.57E+03 _pg/g
Fe 1.39E3404 kgj S 9.02E3403 ;L/
lig 1.94E3.01 kg S 1.25E3-01 pg/g
K 1.38E3402 k- S 8.90E+01 PRIgg
La 1.69E3+00 kg TS 9.86E-001 pgtg
Mn 9.56E3+01 kg~ S 6.18E3401 itg/g
Na 9.98E3404 kg IS I 6.45E3+04 pigg
Ni 1.75E3+01 k9 IS 1.13E+01 pgfg
N02 6.55E+03 kg IS 4.24E3103 Ipgfg
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Table 5. Best-Basis Inventory for Tank 241-T-104 Sludge. (3 sheets)
Analytc Inventory ___Basis Concentration
N03 8,97E+04 k~ S 5.SOE+04 i~
Oxalate 1.0 1E-I03 k C S.3+02 pg/g
Pb 7.70E+01 kjz S 4.98E+01I _pg/g
P04 1.14E+05 kj S 7.35E+04 pg/g
Si 1.01 E+04 k. S 6.52E+03 pg/g
S04 5.92E+03 ki S 3.83 E+03 lig
Sr 1.53E+02 kg ___S 9.9 1 E101 pgfg
TIC as C03 7.73E+02 k~ S S.OOE+02 PAt/A
TOC 5.23E+02 kg TS 3.05E+02 po.g
UTOTAL 1.39E+03 kc S 9.97E-"02 p/
Zr 1.04E+02 kug S 6.75E401l pg
Notes:

Radiomulidcs am decay concectcd toJanuamy 1, 2004
S -SanVplebased
C - Cacutatcd

TE-Based an a I lanroid Defined Waste modelo e ginceerng based waste template
IM - Based on a sant I based waste ter ae

Table 6. Trunsuranic Elements and Fission Products in Tank 241-T-1 04.
Tank TRU Cs-137 Sr-90

rici/g Ci pigCi pci/g Ci
241-T-104 159.8 246.8 0.155 240 2.03 3,140
All 177 Tanks . Not 214,067 Not 43,000,000 Not 51,900,000

________________applicable applicable ______applicabic ______

24 1-T- 104 waste as a 0.121/6 5.6E-04% 6.IE-03%
pecnaof all 177 tanks

Note: TRU - trnsuranic
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5.0 SUMMARY

Tank 241.-T-1 04 received only first decontamination cycle (IC) waste and coating removal waste
(CV) from operations of the bismuth phosphate process conducted in the 22 1-T Plant. The
tranfer of I1C/CW waste into tank 241 -T-1 04 was conducted periodically from March 11, 1946
through October 19, 1956.

The p11 of the IC/OW waste was adjusted to approximately pHl7 in the 221-T Plant before
transfer to the single-shell tanks. This was done to cause the precipitation of bismuth and
plutonium in the I C/CWV waste so that the supernatant would contain a lower concentration of
plutonium. As a result. tank 241-T-104 contained settled IC/CW solids (i.e., bismuth and
plutonium precipitate) and I C/CW supernatant.

The IC/OW sludge was allowed to settle in tank 241-T-104. The IC/CW supernatant was
removed from tank 241 -T-1 04 and either processed in the 242-T Evaporator (April through
July 195 1) or disposed in the east section of trench 216-T-1 4 (January 14, 1954). The interstitial
liquid was removed from the I CICW sludge present in tank 241 -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.

The concentration of transuranic elements present in the I C/OW sludge contained in tank
241-T-104 is approximately 159.8 rjCi/g. The concentrations of cesium-I 37 and strontium-90 in
the IC/OW sludge contained in tank 241-T-104 arc'approximately 0.155 PCi/g and 2.03 pCi/g,
decay corrected to January 1, 2004.
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APPENDIX A

VOLUME OF WASTE IN
TANK 241-1-I04

January 1945 through May 1977
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HW-49523, 1957, M aste- Status Sumrnaryv Chemical Processing Department, Planniflg and
Scheduling -Production Operation. Mlarch 31, 1957, Hanford Atomic Products
Operation. Richland, Washington.
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11W-S 1858, 1957, Maste- Status Summary. C'hemical Processing Department, Planning and
Scheduling - Production Operation, July 31. 1957, Hanford Atomic Products Operation,
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HW-524 14, 1957, Waste- Status Summary;- Chemical Processing Department. Planning and
Scheduling - Production Operation, August 31, 1957, Hanford Atomic Products
Operation, Richland, Washington.

HW-52932, 1957, Waste- Status Summary,* Chemical Processing Department, Planning and
Scheduling - Production Operation, September 30, 1957, Hanford Atomic Products
Operation, Richland, Washington.

HW-535 73, 1957, Waste- Status Summary; Chemical Processing Department, October 1957,
Hanford Atomic Products Operation, Richland, Washington.

HW-54067, 1957, Masne- Status Summary; Chemical Processing Department, November 30,
1957, Hanford Atomic Products Operation, Richland, Washington.

HW-545 19, 1957, Waste- Status Sunmmary, Chemical Processing Deparment. .Deccmbcr 31,
1957, Hanford Atomic Products Operation, Richland, Washington.

HW-549 16, 1958, Waste- Status Summary,- Chemical Processing Department, January 31, 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-55264, 1958, Waste- Status Summary;- Chemical Processing Department, February 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-5 5630, 1958, Wante- Status Summary; Chemical Processing Department, March 3!, 1958,
Hanford Atomic Products Operation, Richland, Washington.
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HW-55997, 1958, Waste- Status Summary; Chemical Processing Department, April 30 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-5635 7, 195 8, Waste- Status Summary; Chemical Processing Department. Mlay 31, 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-56761, 1958, Waste- Status Summary; Chemical Processing Departnment, June 30, 1958,Hanford Atomic Products Operation, Richland, Washington.

HW-57 122, 1958, Waste- Status Summary;- Chemical Processing Department, July 31. 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-57550, 1958, Waste- Status Summary; Chemical Processing Department, August 31. 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-577 11, 1958, Waste- Status Summary; Chemical Processing Department, September 30,
1958, Hanford Atomic Products Operation, Richland, Washington.

H"IV-582Ol, 1958, JMzste- Status Summary; Chemical Processing Departm~ent, October 1958,
Hanford Atomic Products Operation, Richland, Washington.

HW-58579, 1958, J aste- Status Summary: Chemical Processing Department, December 16
1958, Hanford Atomic Products Operation, Richland, Washington.

HW-5883 1, 1959, Waste- Status Summary; Chemical Processing Department. January 12. 1959,
Hanford Atomic Products Operation, Richland, Washington.

HW-5 9204, 1959, Waste- Status Summary, Chemical Processing Department, February 10,
1959, Hanford Atomic Products Operation, Richland, Washington.

HW-59586, 1959, Waste- Status Summary; Chemical Processing Department, March 10, 1959,
Hanford Atomic Products Operation, Richland, Washington.

HW-60065, 1959, Waste- Status Summary; Chemical Processing Departnment, April 16, 1959,
Hanford Atomic Products Operation, Richland, Washington.

HW-604 19, 1959, Waste- Status Summary; Chemical Processing Department. Mfay 18, 1959,
Hanford Atomic Products Operation, Richland, Washington.

HW-60738, 1959, Waste- Status Summary; Chemical Processing Department. June 15, 1959,
Hanford Atomic Products Operation, Richland, Washington.

HW-61 095, 1959, Waste- Status Summary.- Chemical Processing Department, July 14, 1959,
Hanford Atomic Products Operation, Richland, WVashington.
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HW-6 1582, 1959, MaVoie- Status Summary; Chemical Processing Department, AJugust 18. 1959,Hanrord Atomic Products Operation, Richland, Washington.

HW-6 1952, 1959, Mast- Status Summary, Chemical Processing Department, September 171959, Hanford Atomic Products Operation, Richland, Washington.

HW-6242 1, 1959, Maste- Status Summary; Chemical Processing Department, October 19. 1959,Hanford Atomic Products Operation, Richland, Washington.

HW-62723, 1959, M awi- Status Summary; Chemical Processing Department. November 12,1959, Hanford Atomic Products Operation, Richland, Washington.

HW-63 083, 1959, Maste- Status Summary; Chemical Processing Department, December 1.5.1959, Hanford Atomic Products Operation, Richland, Washington.

HW-63559, 1960, Maste- Status Summary; Chemical Processing Department. January 19, 1960,Hanford Atomic Products Operation, Richland, Washington.

HW-63 896, 1960, Chemical Processing Department - M asne Status Summary, February 12.1960, Hanford Atomic Products Operation, Richland, Washington.

H W-64373, 1960, Chemical Processing Department - Waste Status Summary, March 17. 1960,Hanford Atomic Products Operation, Richland, Washington.

HW-648 10, 1960, Chemical Processing Department Waste Status Summary March 1-31, 1960,General Electric Company, Richland, Washington.

HW-65272, 1960, Chemical Processing Department - Waste Status Summary, May 18. 1960,Hanford Atomic Products Operation, Richland, Washington.

HW-65643, 1960, Chemical Processing Department Waste Status Summary May 1-31, 1960,General Electric Company, Richland, Washington.

HW-66 187, 1960Chemical Processing Department - Waste Status Summary, July 25, 1960,Hanford Atomic Products Operation, Richland, Washington.

HW-665S7, 1960, Chemical Processing Department - Waste Status Summary, August 22, 1960,Hanford Atomic Products Operation, Richland, Washington.

HW-66827, 1960, Chemical Processing Department - Waste Status Summary, September 20,1960, Hanford Atomic Products Operation, Richland, Washington.

HW-67696, 1960, Chemical Processing Department - Waste Status Summary, November 29,1960, Hanford Atomic Products Operation, Richland, Washington.
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HW-67705, 1960, Chemical Processing Department - Wvaste Status Summary, Nov-ember 30,
1960, Hanford Atomic Products Operation, Richland, Washington.

HW-68291, 196 1, Chemical Processing Department - JJVase Statu Summary, Januay 25191
Hanford Atomic Products Operation, Richland, Washington.

HW-68292, 1961, Chemical Processing Departmjent-V WaseStatus Summary, January 30 1961,
Hanford Atomic Products Operation, Richland. Washington.

HW.7 1610, 1961, Chemical Processing Department - Wraste status Summary, Not-ember 6,
1961, Hanford Atomic Products Operation, Richland, Washington.

HW-7262S, 1962, Chemical Processing Department - Waste Status Summary, February 7, 1962,
Hanford Atomic Products Operation, Richland, Washington.

HW-74647, 1962, Chemical Processing Department - Waste Status Summary, Planning and
Scheduling Production Operation, August 8, 1962, Hanford Atomic Products Operation,
Richland, Washington.

HW-76223, 1962, Chemical Processing Department - Waste Status Summary, Planning and
Scheduling Production Operation, July - December 1962, Hanford Atomic Products
Operation, Richland, Washington.

HW-78279, 1963, Chemical Processing Department - Wae Status Summary, Planning and
Scheduling Production Operation, June 1963, Hanford Atomic Products Operation,
Richland, Washington.

HW-803 79, 1964, Chemical Processing Department - M aste Status Summary, Planning and
Scheduling Production Operation, January 9, 1964, Hanford Atomic Products Operation,
Richland, Washington.

HW-83308, 1964, Chemical Processing Department - Waste Status Summary, Planning and
Scheduling Production Operation, July IS. 1964, Hanford Atomic Products Operation,
Richland, Washington.

HW-7- 1293-DEL, 1945, flanford Engineering Works Monthly Report January 1945,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7-1 388-DEL, 1945, hanford Engineering Works Monthly Report February 1945,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-1I544-DEL, 1945, 1Hanford Engineering Works Monthly Report March 1945,E. 1. Du Pont De Neniours Company, Richland, Washington.

HW-7-1649-DEL, 1945, Hanford Engineering Works Monthly Report April 1945,
E. 1. Du Pont De Nemours Company, Richland, Washington.
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HW-7- 1793-DEL, 1945, Hanford Engineering Works Monthly Report Mlay 1945,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-1 981I-DEL., 1945, Hanford Engineering Works Monthly Report June 1945,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-2 177-DEL, 1945, Hanford Enginecring Works Mfonthly Report July 1945,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-2361 -DEL, 1945, Hanford Engineering Works Monthly Report August 1945,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-2548-DEL, 1945, Hanford Engineering Works Monthly Report September 1945,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-2706-DEL, 1945, Hanford Engineering Works.XMonthly Report October 1945,
E. I. Du Pont Dc Neniours Company, Richland, Washington.

H W-7-2957-DEL, 1945, Hanford Engineering Works Monthly Report November 1945,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-3 171I -DEL, I 946,1 a nford Engineering WVorks Monthly Report December 1945,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7-3378-DEL, 1946, Hanford Engineering Works Monthly Report January 1946,
E. I. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-3 566-DEL, 1946, Hanford Engineering WYorks Monthly Report February 1946,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-375 1 -DEL, 1946, Hanford Engineering Works Monthly Report Mlarch 1946,
E. 1. Du Pont De Nemours Company, Richland, Washington.

IIW-7-4004-DEL, 1946, Hanford Engineering Works Monthly Report April 1946,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7-4 193-DEL, 1946, Hanford Engineering Works Mfonthly Report Mfay 1946,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-4343-DEL, 1946, Hanford Engineering Works Mfonthaly Report June 1946,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-4S42-DEL, 1946, Hanford Engineering Works Monthly Report July 1946,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.
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HW-7-4739-DEL, 1946, Hanford Engineering Works Monthly Report August 1946.
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7-51I94-DEL. 1946, Hanford Engincering Works Monthly Report September 1946,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7-5362-DEL, 1946, Hanford Engineering Works Monthly Report October 1946,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7-5505-DEL, 1946, Hianford Engincering Works Monthly Report November 1946,
E. 1. Du Pont De Nernours Company, Richland, Washington.

HW-7-5630-DEL, 1947, Hanford Enginecring Works Monthly Report December 1946,
E. 1. Du Pont De Neniours Company, Richland, Washington.

HIW-7-5802-DEL, 1947, Hanford Engineering Works Monthly Report Januayy 1947,
E. 1. Du Pont De Nemours Company, Richland, Washington.

f[W-7-5944-DEL, 1947, Hanford Engineering Works Monthly Report February 1947,
E. 1. Du Pont Dc Ncmours Company, Richland, Washington.

HW-7-6048-DEL, 1947, Hanford Engineering Works Monthly Report March 1947,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-7-61 84-DEL, 1947, Hanford Engineering Works Monthly Report April 1947,
E. I. Du Pont De Nemours Company, Richland, Washington.

IIW-7-639 I1-DEL, 1947, Hanford Engineering Works Monthly Report May 1947,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW.7.7454-DEL, 1947, Hanford Engineering IMorks Monthly Report June 1947,
E. L. Du Pont De Nemours Company, Richland, Washington.

HW-7283-DEL, 1947, Hanford Engineering IMorks Monthly Report July 1947,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW.7504.DEL, 1947, Hanford Engineering Works Monthly Report August 1947,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-7795-DEL, 1947, Hanford JMorks Monthly Report September 1947,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-7997-DEL, 1947, Hanford JMorks monthly Report October 1947,
E. 1. Du Pont Dc Nemours Company, Richlahd, Washington.
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HW-8267-DEL, 1947, Hanford Works Monthly Report November 1947,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-8438-DEL, 1948, Hanford Works Monthly Report December 1947,
E. 1. Du Pont De Nemours Company, Richland, Washington.

HW-893 I -DEL, 1948, Hanford Works Monthly Report January 1948,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-9 191 -DEL, 1948, Hanford Worksr Monthly Report February 1948,
E. 1. Du Pont Dc Nemours Company, Richland, Washington.

HW-9595-DEL, 1948, Hanford Works Monthly Report March 1948,
E. I. Du Pont De Nemours Company, Richland, Washington.

HW-9922-DEL, 1948, Hanford Works Monthly Report April 1948, General Electric Company,
Richland, Washington.

HWV-10166-DEL, 1948, Hlanford IMorks Monthly Report Mlay 1948, General Electric Company,
Richland, Washington.

HW-1I 0378-DEL, 1948, Hanford Works Monthly Report June 1948, General Electric Company,
Richland, Washington.

HW-1 0714-DEL, 1948, Hanford Works Monthly Report July 1948, General Electric Company,
Richland, Washington.

HW- I 0993-DEL, 1948, Hanford Works Monthly Report August 1948, General Electric
Company, Richland, Washington.

HW-I 1226-DEL, 1948, Hanford Works Monthly Report September 1948, General Electric
Company, Richland, Washington.

HW-1I 1499-DEL, 1948, Hanford JMorks Monthly Report October 1948, General Electric
Company, Richland, Washington..

HW-1 1835-DEL, 1948, Hanford Works Monthly Report Nownmber 1948, General Electric
Company, Richland, Washington.

HW- I2086-DEL, 1949, Hanford Works Monthly Report December 1948, General Electric
Company, Richland, Washington.

HNV-12391 -DEL, 1949, Hanford lMorks Monthly Report January 1949, General Electric
Company, Richland, Washington.
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HW-1 2666-DEL., 1949, Hanford Works Mlonthly Report February 1949, General Electric
Company, Richland, Washington.

11W-1I2937-DEL, 1949, Hanford Works Monthly Report March 1949, General Electric
Company, Richland, Washington.

HW- 131901-DEL, 1949, Hanford Works Monthly Report April 1949, General Electric Company,
Richland, Washington.

HW- 1356 1 -DEL, 1949, Hanford Works Monthly Report May 1949, General Electric Company,
Richland, Washington.

HW-13793-DEL, 1949, Hanford Works Monthly Report June 1949, General Electric Company,
Richland, Washington.

HW-I 4043-DEL, 1949, Hanford Works Monthly Report July 1949, General Electric Company,
Richland, Washington.

HW-1 4338-DEL, 1949, Hanford Works Mfonthly Report August 1949, General Electric
Company, Richland, Washington.

HW- I4596-DEL, 1949, Hanford Works Monthly Report Septem~ber 1949, General Electric
Company, Richland, Washington.

HW-14916-DEL, 1949, Hanford Works Monthly Report October 1949, November 18, 1949,
General Electric Company, Richland, Washington.

HW-15267-DEL, 1949, Hanford Works Monthly Report November 1949, General Electric
Company, Richland, Washington.

HW-1550-DEL, 1950, Hanford Works Monthly Report December 1949, General Electric
Company, Richland, Washington.

HW-15 5843-DEL, 195 0, Hanford Works Monthly Report Janutary 1950, General Electric
Company, Richland, Washington.

11W-I 1705 6-DEL, 1950, Hanford ;Works Monthly Report February 1950, General Electric
Company, Richland, Washington.

HW- 174 10-DEL, 1950, IHanford Works Monthly Report March 1950, General Electric
Company, Richland, Washington.

HWV-1 7660-DEL, 1950, Hanford Works Monthly Report April 1950, General Electric Company,
Richland, Washington.
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HW-17971-DEL, 1950,1Hanford Works Mont hly ReportkMay 1950, General Electric Company,
Richland, Washington.

HW-1 8221-DEL, 1950, Hanford Works Monthly Report June 1950, General Electric Company,
Richland, Washington.

HW-I 8473-DEL, 1950, Hanford Works Monthly Report for July 1950, General Electric
Company, Richland, Washington.

H W- I8740-DEL, 1950, Hanford Works Monthly Report for August 1950, General Electric
Company, Richland, Washington.

H1W-I 19021 -DEL, 1950, Hanford Works Monthly Report for September 1950, General Electric
Company, Richland, Washington.

H-W-19325-DEL, 1950, Hanford Jorks Monthly Report for October 1950, General Electric
Company, Richland, Washington.

HW-19622-DEL, 1950, Hanford Works Monthly Report for Novecmber 1950, General Electric
Company, Richland, Washington.

H W- 19 842-D E4 19 50, Hanford ;Works Monthly Reportfor Dcember 1950, General ElIectric
Company, Richland, Washington.

IIW-20161 -DEL, 195 1, Hanford IMorks Monthly Report for January 1951, General Electric
Company, Richland, Washington.

HW-20438-DEL, 195 1, Hanford Works Monthly Report for February 1951, General Electric
Company, Richland, Washington.

HW-2067 I-DEL, 195 1, Hanford Works Monthly Report for March 195 1, General Electric
Company, Richland, Washington.

HW-2099 1 -DEL, 195 1, Hanford Works Monthly Report for April 1951, General Electric
Company, Richland, Washington.

HW-2 1260-DEL, 195 1, Hanford Works Monthly Report for May 1951, General Electric
Company, Richland, Washington.

HW-21506-DEL, 195 1, Hanford Works Monthly Report for June 1951, General Electric
Company, Richland, Washington.

HW-21802-DEL, 195 1, Hanford Works Monthly Report for July 1951, General Electric
Company, Richland, Washington.

A-30



RPP-16129 Rev. I

HW-22075-DEL, 195 1, Hanford Works Monthly Report for August 1951, General Electric
Company, Richland, Washington.

HW.22304-DEL, 195 1, Hanford Works Monthly Report for September 1951, General Electric
Company, Richland, Washington.

HW-226 10-DEL, 1951 Hanford Works Monthly Report for October 1951, General Electric
Company, Richland, Washington.

HW-22875-DEL, 1951 Hanford Works Monthly Report for Nov-ember 1951, General Electric
Company, Richland, Washington.

HV-23 140-DEL, 1952, Hanford Works Monthly Report for December 1951, General Electric
Company, Richland, Washington.

HW-23437-DEL, 1952, Hanford Works Monthly Report for January 1952, General Electric
Company, Richland, Washington.

HW-23698-DEL, 1952, Hanford Works Monthly Report for Februtary 1952, General Electric
Company, Richland, Washington.

HW-23 982-DEL., 1952, Hanford IMorks Monthly Report for March 1952, General Electric
Company, Richland, Washington.

HW-33585.DEL, 1954 HanfordkAomic Products Operation Monthly Report for October 1954,
General Electric Company, Richland, Washington.

ISQ-226, 1966, Chemical Processing Division - Waste Status Summary January 1, 1966 through
March 3). 1966, ISOCHEM INC., Richland, Washington.

150-404, 1966, Chemical Processing Division - Waste Status Summary April 1, 1966 through
June 30. 1966, ISOCHEM INC., Richland, WVashington.

IS0-538, 1966, Chemical Processing Division - I Vaste Status Summary July 1, 1966 through
September 30, 1966, ISOCHEM INC., Richland, Washington.

IS0-674, 1967, Ch emical Processing Division Waste Status Summary Operations Analysis
Waste Management Section Contract AT (45-1)-1 85 1, Item G-9, January 23,
ISOCHEM Inc., Richland, Washington.

ISO-806, 1967, Chemical Processing Division-Waste Status Summary April 5. 1967,
ISOCHEM INC., Richland, Washington.

ISO-967, 1967, Chemical Processing Division-Wlaste Status Summary July 12. 1967,
ISOCHIEM INC., Richland, Washington.
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RLSEP-260, 1965, Chemical Processing Department - aste Stat us Summary, July 1, 1964
Through December 31, 1964, Planning and Scheduling Production Operation,
Hanford Atomic Products Operation, Richland, Washington.

RL-SEP-659, 1965, Chemical Processing Department - Waste Status Sumnmar, Jarnuary 1, 1965
Through June 30. 1965, Planning and Scheduling Production Operation, Hanford Atomic
Products Operation, Richland, Washington.

RL-SEP-82 1, 1965, Chemical Processing Department - Waste Status Summary. July 1, 196S
Through September 30 196S, Planning and Scheduling Production Operation,
Hanford Atomic Products Operation, Richland, Washington.

RL-SEP-923, 1966, Chemical Processing Department - Maste Status Summary October),. 1965
Through December 31, 1965, Planning and Scheduling Production Operation,
Hanford Atomic Products Operation, Richland, Washington.
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EXECUTIVE SUMMARY

The waste from the B-200 and T-200 series tanks and the waste contained in T-J 04, T-J10 and
T-1 I1I will be retrieved by the Single-Shelled Tank Waste Retrieval System and will be
transferred to the Contact-Handled Transuranic/Mixed Waste Packaging Unit & Support
Equipment. Two large dryer systems will process the approximately] 14 million gallons of waste
contained in these tanks. This Contact-Handled Transuranic/Mixed Waste Packaging Unit &
Support Equipment flowsheet was developed to determine the properties of the dried product and
the liquid effluent by-product and to compare these properties with waste acceptance criteria for
the Waste Isolation Pilot Plant and Liquid Waste Processing Facilities. These properties include
Transuranic Concentration, Fissile Gram Equivalent Activity, Plutonium Equivalent Activity,
Dose Equivalent Rate, and Decay Heat in the dried product, and concentrations of certain
constituents in the liquid effluent. Strontium-90 and Cesium- 13 7 content in the final product was
also determined for dosage analysis.
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1.0 OBJECTIVE/PURPOSE

1.1 PURPOSE

The purpose of this calculation is to perform a material balance around each of the contact-
handled transuranic/mixed (CH-TRUM) Waste Packaging Unit and Support Equipment
(WPU&SE) components. This is done on an 11I-tank average basis, an individual tank basis, and
a dry bed basis. The 11I-tank average material balance provides an overall view of the CH-
TRUM WPU&SE process, based on operating parameters for each unit component, to determine
if the process meets end-product criteria. The individual tank basis analysis defines minimum
and maximum values for various key process parameters and key analytes. The dry bed analysis
investigates the effect of drying and the addition of additives on end-product criteria by
performing a 55-gallon drum (drum)-by-drum material balance around the dryer.

1.2 SCOPE

Output from the Single-Shell Tank (SST) Waste Retrieval System (WRS) is the input for the
CH-TRUM WPU&SE. To assist the retrieval process, the SST WRS may retrieve waste from
the tanks with a range of water dilution values. Since the CH-TRUM WPU&SE process uses
dryers to separate water from the waste prior to packaging, the water content used for retrieval
will impact the estimated processing time and system throughput. The material balance assumes
a 1: 1 volume ratio of water to in-tank waste (undiluted bulk sludge phase) [Assumption #1].
Nominal WPU&SE process throughput is 6,000 gallons of undiluted tank waste per day with two
dryers at a 100% Total Operating Efficiency (TOE) [Design Input #20]. At a 1: 1 dilution and a
67% TOE, this is 8,040 gallons of slurry processed per day.

An average of 50% of the dilution water used by the SST WRS will be recycled liquid effluent
produced by the CI--TRUM WPU&SE process (Assumption #20). Recycling of the liquid
effluent has the potential for build up of volatile constituents over time. This calculation
estimates the volume of liquid effluent returning to the SST WRS, but does not account for the
retreatment of recycled components. A scoping calculation was performed (Reference #4) that
verifies that the recycling buildup of certain constituents, with the exception of Tritium for Tank
B-201, will not hinder the ability of the liquid effluent to meet Effluent Treatment Facility (ETF)
waste acceptance criteria. The Tritium value for B-20 1 is 10% higher than the ETF limit and
could be resolved by limiting the percent recycle or verifying the Best Basis Inventory (BBI)
value for Tritium.
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2.0 SUMMARY OF RESULTS AND CONCLUSIONS

Transuranic (TRU) concentration, Pu-239 Fissile Gram Equivalent (FGE) activity, Pu-239
Equivalent (PE-Ci) activity, Decay Heat, and Dose Equivalent (DE-Ci) activity of the dried
product were analyzed on an 11I-tank average basis, an individual tank basis, and a dry bed drum-
by-drum basis. These values were then compared to limits called out in the waste acceptance
criteria for the dried product.

The dried product meets the WIPP waste acceptance criterion for each drum by containing more
than 100 nCi/g of alpha-emitting TRU isotopes (Criterion #8), with an overall average of 586
nCi/g of packaged waste, a tank range average of 249 to 1,735 nCi/g and a drum range of 246 to
1,905 nCi/g.

The Pu-239 FGE was calculated for a comparison to its drum limit. For a drum the Pu-239 FGE
plus 2 times the standard deviation must be less than the 200 gram limit (Criterion #7). The
dried product meets this criterion by averaging 7.3 Pu-239 FGE per drum on an overall average
basis, a range of 1.1 to 16.9 Pu-239 FGE on an individual tank basis, and a range of 1.05 to 16.7
for the drum-by-drum approach.

Like the TRU content and Pu-239 FGE, the drums successfully meet the PE-Ci limit (Criterion
#9), Decay Heat limit (Criterion #10), and DE-Ci limit (Criterion #11).

The liquid effluent returned to the SST WRS or sent to ETF for treatment and disposition must
meet ETF waste acceptance criteria (Criterion #5). ETF must maintain an Ecology-approved
influent constituents list defining all constituents and maximum concentrations acceptable for
treatment in the ETF (Reference # 18). A comparison of the concentration of analytes in the
liquid effluent to this list shows that most analytes are well below these set limits. However,
Uranium-234 is the only analyte estimated to be slightly over the limit set by this constituents
list.

2-1
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3.0 INTRODUCTION/BACKGROUND

The CH-TRUM WPU&SE will be used to handle, dry and package waste retrieved from eleven
SSTs. The eleven SSTs include the B-200 series, T-200 series, T-104, T-1 10 and T-1 11. Waste
will be retrieved by a SST WRS and will then be delivered in batches to the CH-TRUM
WPU&SE.

The CH-TRUM WPU&SE will utilize two dryer systems, and is sized to process approximately
1.4 million gallons of undiluted waste (n 'ominal 2.8 million gallons diluted). A nominal 6,000
gallons of undiluted tank waste will be processed each day at 100% total operating efficiency
(TOE). At 1: 1 dilution and a 67% TOE, 8,040 gallons of slurry will be processed through the
dryers per day. The slurry will be dried to a target 10 weight percent (wt%/) water and will be
packaged in drums for final disposal at the Waste Isolation Pilot Plant (WIPP) near Carlsbad,
New Mexico. Additive(s) will be used, as necessary, to control buildup of waste on the inside of
the dryer, to build a dry bed for dryer startup, and to insure a flowable material that can be
transported to the drum. The resulting condensate from the dryer operation will be sent to the
ETF by tanker truck or returned to the WRS.

3-1
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4.0 INPUT DATA

Specific information used for this calculation can be categorized as Design Inputs, Criteria, and
Assumptions. Design inputs are typically dictated by the features of equipment, by other design
media, or by data in specification documents. Criteria are typically requirements dictated by a
guiding specification document or a project-specified goal. Assumptions are inputs needed in
order to perform a calculation. The assumptions used in this calculation are provided in
Section 5.0.

4.1 DESIGN INPUTS

1. Process Flow Diagram (Appendix A) that identifies process streams and relationships
around unit operations.

2. Tank Compositions (Appendix G)

" BBI values for B-200 Series, T-200 Series, T-lI 10 and T-1I 11, downloaded 2/16/04
(Reference # 15);

" BBI values for T-104, downloaded 6/30/04 (Reference #15); and

" RPP- 17790 (Reference #8), which captures the input to the Hanford Tank Waste
Operations Simulator.

3. Waste Wash Factors (Appendix H)

" BBI values for B-200 Series tanks, T-200 Series tanks, T- 110 and T-1I 11,
downloaded 2/16/04 (Reference # 15);

" BBI values for T- 104, downloaded 6/3 0/04 (Reference # 15); and

" RPP- 17790 (Reference #8), which captures the input to the Hanford Tank Waste
Operations Simulator.

4. Undiluted tank volumes, densities and percent water content by phase (Appendix I).

" BBI values for B-200 Series tanks, T-200 Series tanks, T- 110 and T-I 11,
downloaded 2/16/04 (Reference # 15); and

" BBI values for T-1 04, downloaded 6/30/04 (Reference #15).

5. Release Factors for Waste Treatment Plant (Reference #2, Appendix J).

6. Half-Life, Specific Activity, Decay Heat, DE-Ci Correction Factors, and Pu-239 FGE

Conversion Factors (Reference #14, Appendix K).

4-1
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7. Evaporator and Condenser Partitioning Factors - 242-A Evaporator Data (Appendix L).
Two columns were inserted that were calculated from the given data.

8. PE-Ci Weighing Factors (Reference #13, Appendix N).

9. The target dryer fill is 70 vol% to start and then is decreased to 60% (Reference #3).

10. Target product endpoint is 10 wt% Scouring Agent and 10 wt% water (Reference #3).

11. Density Correlation Coefficients (Reference #9, Appendix M).

12. Gross internal volume of a drum is 7.3 ft3 (Reference # 17).

13. Relative Humidity and temperature values for off-gas streams (Reference # 6).

14. Off-gas flow rate for the FRPS tanks is 10 scfm for each of the five tanks. The
Dewatering System (DWS) Condensers off-gas flow rate is 150 scfm for each condenser,
the WPS ISO-Container off-gas flow rate is 325 scfm (includes conveyor) and the Dryer
ISO-Container off-gas flow rate is 650 scfmn per compartment.(Reference #6).

15. Average Hanford Site temperature is 45'F based on range of -25'F to 11I 5"F
(Reference # 16).

16. Average Hanford Site Relative Humidity is 55% (Reference #16).

17. Air volumes at various temperatures (Reference #10).

18. Maximum condensate that will be formed in a drum is 10.7 grams (Reference #5).

19. Each dryer has a net volume of 2,291 gallons (8,672 L) [from dimensions in Reference
#12].

20. Nominal process throughput is 6,000 gallons of undiluted tank waste per day with two
dryers at a 100% TOE (Reference #7). Therefore, at a 1: 1 dilution and 67% TOE
(Reference #7), 8,040 gallons per day of slurry will be received at the Feed Receipt
Process System (FRPS) tanks.

2 1. Properties of the Flowability Agent (Vermiculite) and the Scouring Agent (Sand)
(Reference #3).

22. 4,910 kg of Flowability Agent is needed for a dry bed startup of two dryers
(Reference #3).

23. Waterholding capacity of Vermiculite: 220-325% by weight, or 0.455 kg Vermiculite per
kg water (Reference # 19).

4-2
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4.2 CRITERIA

1 . The CH-TRUM WPU&SE shall package TRU waste in 55-gallon drums (Reference #7).

2. The CH-TRUM WPU&SE shall be designed to disposition a minimum of 1.4 Mgal of
CH-TRUM tank waste retrieved from SSTs. The dewatering system shall be sized to
process a nominal 6,000 gallons of undiluted tank waste per day (24 hours) at a total
operating efficiency (TOE) of 100% (Reference #7).

3. The CH-TRUM WPU&SE shall be capable of packaging the dewatered waste at a rate
equal or greater than the processing rate of the dewatering system (Reference #7).

4. The CH-TRUM WPU&SE shall be designed to have a reliability/availability consistent
with a TOE of 67% (Reference #7). The TOE shall include a 30-day period for
disassembly after operations, relocation to T-Farm, reassembly and check out (i.e.,
operational testing performed) and a 30-day period when no waste retrieval or packaging
is taking place.

5. Liquid streams generated for return to the SST WRS and to a tanker truck must meet
acceptance criteria for the ETF [Reference #7].

6. Maximum gross weight for a filled drum - 1,000 lbs (Reference # 13).

7. Fissile Gram Equivalent (FGE) Pu-239 plus 2 times the standard deviation must be less
than the 200 gram limit for a 55-gallon drum (Reference # 13).

8. Waste payload containers shall contain more than 100 nCi/g of alpha-emitting TRU
isotopes with half-lives greater than 20 years (Reference # 13).

9. PE-Ci limit for a drum in good condition and directly loaded is less than or equal to 80
(Reference # 13).

10. Decay heat l imit for storage at the Central Waste Complex is 0. 1 watt/ft3 or 0.73 watts
per drum (Reference #14). For acceptance at WIPP, the limit value is based on the
assigned shipping category limit specified in Table 5.2-1 of the CH-TRAMPAC. This
limit will be determined after final establishment of a shipping category (Reference # 13).

11. Dose Equivalent Curie (DE-Ci) limit for a drum is 82.5 (Reference #14).

12. For waste that could form condensate during storage, sufficient sorbent shall be added to

the container to sorb any condensate formed (Reference # 14).

4-3
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5.0 ASSUMPTIONS

1.Dilution ratio for the undiluted waste is 1: 1 on a volume basis (one volume dilution
water added to one volume of undiluted sludge waste from the tank).

2. Tanks will be retrieved in the following order: B-201, B-202, B-203, B3-204, T-201, T-
202, T-203, T-204, T-lI 10, T-1I 11, T- 104.

3. This dried waste has a bulk density of 1.60 kg/L. This density estimate is a conservative
value that is calculated using the absolute densities and fractions of the scouring agent
(p = 2.3, 10 wt%), water (p = 1.0, 10 wt%), and the waste solids (p = 3.5, 80 wt%), and
using an assumed void fraction of 0.40.

P A= P

4. The weight of the waste packaged in a 55-gallon drum is 620 lb. This is based on the
internal volume of a 55-gallon drum, bulk density of the waste of 1.60 kg/L, and a
maximum fill volume limit of 85%.

5. For nominal throughput, processes are assumed to operate continuously 24 hours per
day. A year is defined as 365 days or the number of processing days, whichever is less.
This is done because the amount of waste processed per year is the daily rate multiplied
by the number of days in a year. If processing is done in less than 365 days, using a full
365 days is meaningless because it would indicate that more waste was processed than
actually projected to be removed from the tanks.

6. Dryer retention factors (i.e., the fraction of a species that is retained in the dryer during
processing) are the same as for the 242-A Evaporator Vapor-Liquid Separator.
Condenser retention factors are the same as the 242-A Evaporator Primary Condenser
Unit. For those species that are not addressed in the 242-A Evaporator data, a
partitioning factor of 8.OE+06 is applied to the feed for that constituent. A partitioning
factor is the initial mass in the dryer divided by the mass that exits the dryer in the
vapor. This value is based on an assumption derived from dryer operating experience.

7. Release factors are used to predict the amount of species entrained in the off-gas of
vessels other than the dryer. The release factor for the FRPS tanks is 6.97 x 10-9
(mass/in 3 in air)! (mass/in 3 in liquid) and the release factor for the Waste Packaging
System (WPS) is 5.98 x 10-9 (mass/in 3 in air)! (mass/in 3 in liquid). This is based on the
Waste Treatment Plant baseline release factors for the Low-Activity Waste (LAW) Feed
Receipt Vessel and the High-Level Waste (HLW) Feed Blending Vessel (Reference #2).
Species entrained in the off-gas for the DWS ISO-Containers is assumed to be
negligible.

8. The water content of the flowability agent and scouring agent is negligible.

9. The packaging process does not change the product density.
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10. Vermiculite is added to the 55-gallon drum based on the maximum amount of
condensate that may be formed inside the 55-gallon drum once the lid is in place. The
recommended ratio of vermiculite to water is 0.455 kg of sorbent per kg of water. As a
conservative approach, this calculation uses 2 times this amount of vermiculite. Based
on the expected amount of condensate (Design Input # 18), the vermiculite addition is
negligible compared to the overall mass of the dried product in a 55-gallon drum.

11. Any water that accompanies the inlet air passes through the ventilation system and out
the stack. This allows for a clearer illustration of how much waste is conveyed to the
OGTS.

12. The WPS will produce a 55-gallon drum of Secondary Solid Waste per day.

13. The LES Storage Tanks will be flushed twice during the life of the operation; once
before transfer between farms and once at the end of operation. Each tank is estimated
to be flushed with 5,000 gallons of filtered water.

14. The Waste Receipt Tanks will be flushed twice during the life of the operation; once
before transfer between farms and once at the end of operation. Each tank will be
flushed with 1,800 gallons of filtered water. This estimated value is 25% of the working
volume of a tank.

15. As a conservative approach, 100% of the off-gas coming into the Off-Gas Treatment
System (OGTS) goes out through the stack (i.e., no solid waste is caught in the HEPA
filter).

16. The liquid leaving the Liquid Effluent Tanks has no solids over 5 microns that would be
caught in the 5-micron filter.

17. The 55-gallon drums will not be overpacked within a standard waste box during normal
operating conditions.

18. Based on the number of tanks in the Feed Receipt Process System (five total), any
mixing between waste from different SSTs (for example B-201 and B-202) is negligible.

19. Solids loss to the condensate stream of the dry bed method is negligible.

20. 50% of the dilution water needed for retrieval will be recycled back to the WRS.

21. Criteria for the 55-gallon drum headspace gas concentration (i.e., hydrogen/methane,
VOC, and total gas), from Section 3.5.5 "Headspace Gas Concentrations" of the CH-
TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant, will be met.
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6.0 METHODS OF ANALYSIS

The CH-TRUM mass balance is a Microsoft Excele spreadsheet designed to estimate stream
compositions and flow rates based on parameters that can be updated as assumptions are changed
or alternatives are evaluated. The mass balance will produce results one tank at a time or for
groups of tanks. For the evaluation of the overall performance of the system, all eleven tanks to
be retrieved from B-Farm (B-201, B-202, B-203, and B-204) and T-Farm (T-201, T-202, T-203,
T-204, T- 104, T-1I 10, and T-1I 11) are included in the material balance.

The spreadsheet is set-up with a number of worksheets used to support the material balance.
Values for the streams shown on the Process Flow Diagram (Appendix A) are calculated on the
worksheet titled "Process Baseline" (Appendix B). The individual tank stream values and tank-
spec ific processing parameters are calculated in worksheets titled "B-20 1 Process", "B-202
Process" etc, which are in Appendices B- I to B-il1. The effect of utilizing a dry bed approach is
shown in Appendix C. Inputs used for the calculation are located on the "Inputs" worksheet
(Appendix D). The "SST Data" worksheet (Appendix E) shows the waste composition as it sits
in the tank and after retrieval. This composition data is pulled from the worksheets titled "In
Tank Inventory" (Appendix G) and "Wash Factors" (Appendix H). The SST Data worksheet is
also used to simulate the decay of the radionuclides and the dilution of the waste in each of the
tanks. The amount of water added for dilution is a fuinction of the "dilution factor" specified on
the Process Baseline worksheet. The data from the SST Data worksheet is "called" from the
Process Baseline worksheet using either a "1" multiplier to include the tank or a "0" to exclude
the tank from the stream balance, thus enabling the individual tank worksheets (Appendices B- I
to B-i I1) to be produced.

The "ETF WAG" worksheet summarizes the results from the comparison of the Liquid Effluent
stream (Stream 28) to the ETF Waste Acceptance Criteria (Criterion #5). This worksheet is
provided in Appendix F. Values for the 242-A Evaporator, used to estimate liquid/solid
separation in the dryer unit and liquid/vapor separation in the condenser, are from the source data
provided in Appendix L.

The "B-Farm Dry Bed Process" and "T-Farm Dry Bed Process" worksheets are used to simulate
the dry bed operating process. Besides demonstrating the dry bed process, the worksheets also
summarize the results of the dry bed operation on the end-product criteria. These results include
drum composition, TRU concentration, FGE Pu-239, DE-Ci, PE-Ci, and Decay Heat.
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7.0 CALCULATION AND ANALYSIS

7.1 DEFINITIONS

The following list contains the definitions for key variables used in the calculation and does not
include all variables.

" Dilution Water - Water added to the tank waste during retrieval and subsequent transfer
to the CH-TRUM WPU&SE. The volume added is based on the ratio of water to Sludge
on a volume basis.

" Dry Solid - Is comprised of the total waste minus all water. The dry solid mass can be
taken as a constant for tracking the waste through the system.

" Free Liquid - Liquid phase that is comprised of any Supernate in the tank plus Dilution
Water added for retrieval. This is all the diluted liquid that is not Sludge Liquid.
Composition of the Free Liquid is the same as the Sludge Liquid.

" Packaged Product - Treated waste stream from the dryer unit. This material is
comprised of Dry Solid plus residual water plus additive material (Vermiculite or
Scouring Agent). The residual water percentage is a dryer operating target.

" Sludge (Bulk Sludge) - Tank waste phase comprised of both Sludge Solid and Sludge
Liquid material. The volume of this phase is used to calculate the volume of Dilution
Water added to the waste stream sent to the CH-TRUM WPU&SE system.

" Sludge Liquid - Liquid in chemical equilibrium with the Sludge Solid material. Liquid
occupies the interstitial space in the Sludge phase and is not free flowing.

" Sludge Solid - Solid material in chemical equilibrium with the Sludge Liquid material.
Solid material contains water soluble species that can become liberated upon further
addition of water to the waste. The degree to which a given species will dissolve into the
added water is dictated by a wash factor developed by the Hanford Site contractor.

* Supernate - Free flowing liquid phase present in the tank prior to retrieval. This waste
phase contains dissolved solid material that will contribute to the Dry Solid mass. The
volume of this phase is not used to calculate the volume of Dilution Water.

* Total Liquid - Sum of the Sludge Liquid and the Free Liquid.
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7.2 TANK INVENTORY BASIS

The "In Tank Inventory" worksheet (Appendix G) was constructed to determine the
compositional breakdown of the Supernatant and Sludge phases of the waste as it sits in the tank.
A "SST Data" worksheet (Appendix E) was developed to estimate the feed to the CH-TRUM
WPU&SE based on the In Tank Inventory data, radionuclide decay factors, and retrieval
dilution. This worksheet treats each of the tanks individually so that their impact on the material
balance can be evaluated separately or in different combinations.

The basis inventories for the mass balance were obtained from the 131I data, located on the Tank
Waste Information Network System (TWINS) web page (Reference # 15), on February 16, 2004
and June 30, 2004. These values are shown on the "In Tank Inventory" worksheet. The BBI
data does not identify certain key analytes, such as hydroxide. Due to the lack of BBI data for
these constituents [shown as na on the worksheet], in-tank inventory estimates for those
constituents that support the HTWOS model were used. The HTWOS model is the official tank
farm retrieval mass balance. These in-tank inventory estimates are documented in Double and
Single Shell Tank Inventory Input to the HTWOS Model - 2003A Update (Reference #8). The
HTWOS in-tank inventories are based on the BBI and reflect tank contents effective as of July 1,
2002, with additions for hydroxide and other sensitive analytes, such as ammonia, that are
important to permitting. The 1313 data, which reports percent water, density and volume of each
phase (supernatant and sludge) in the eleven tanks, was used to calculate the water content. The
inventories for isotopes in the document are provided in kilograms, and therefore are converted
to Curies using specific activity data (see "Inputs" worksheet).

7.3 RADIONUCLIDE DECAY

Radionuclides decay over time into other constituents. This occurs when an unstable isotope
transforms into a different isotope by emitting a subatomic particle, such as an alpha or beta
particle or gamma ray. The BBI provides inventory activities for the radionuclides in the eleven
tanks with a decay date of January 1, 2001. Therefore, the "S ST Data" worksheet (Appendix E)
estimates the activity of the radionuclides at the beginning of operations, currently scheduled for
March 1, 2005.

The following equation was used: -. 9-

where: N=N0 .e T112

No = initial activity
t = time elapsed since the initial activity was measured (days)

T12= half-life of isotope (days)

This calculation takes into account the loss of radionuclides over time, but does not consider the
daughter products of the waste decay. The activities of Y-90 and Ba- 13 7m, however, were
estimated by secular equilibrium. This allows a prediction of the amount of the isotope by
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measuring the concentration of another. Y-90 is dependent on the amount of Sr-90, while Ba-
13 7m is dependent on the amount of Cs- 13 7 (Reference # 1).

7.4 WASHED FEED DISTRIBUTION

To make the feed data flexible enough to use for drying and to evaluate the impact of a leak, the
data for the feed must reflect which species are dissolved in the retrieved waste liquid, which are
solid particles, and how much water is present. The SST Data worksheet assembles columns for
each tank to calculate the distribution of waste between the total liquid and dry solid phases after
dilution.

The Request For Proposal (RFP) indicates that some of the waste in the tanks will dissolve upon
addition of water, but does not quantify how much will dissolve. The document, Double and
Single Shell Tank Inventory Input to the HTWOS Model - 2003A Update (Reference #8), reports
wash factors for analytes in the eleven tanks. These factors were used in the SST Data
worksheet to determnine the mass of waste that dissolves into the liquid phase during the 1: 1
dilution (the dilution factor is defined as the volume of water added per volume of wet, in-tank
sludge). For example, the tank B-201 silver (Age) analyte mass in the Washed Liquid phase
after dilution is calculated by taking the total Decayed Inventory Sludge analyte (SST Data, cell
F2 1) and multiplying it by the Ag+ wash factor from Appendix H - Wash Factors, and then
adding the mass of the analyte from the Decayed Inventory Supernatant (SST Data, cell E21).

The amount of water in the Washed Liquid is determined from the quantity of water present in
the waste prior to retrieval plus the amount of water equal in volume to the volume of wet Sludge
before dilution. For example, for Tank B-201, the Washed Liquid water is equal to the water in
the Decayed Inventory Supernatant (SST Data, cell E20) plus the water in the Decayed Inventory
Sludge (SST Data, cell F20) plus the water volume found by multiplying the Decayed Inventory
Sludge volume (SST Data, cell F4) by the dilution factor (SST Data, cell G 13).

To calculate the total liquid volume, the density of the liquid is needed. This is done by using
the following Density Correlation equation from TFCO&UP (Reference #9):

(M7. 1000.d Y-(r4 M

Where MT is the total mass (kg) of the liquid phase, d,, is the density (kgIL) of water, mw1 is the
molecular weight (mol/L) of the analyte, and yi is the density coefficient of the analyte from
Table A-41 of TFCO&UP (shown on the "Inputs" worksheet).
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7.5 FEED TO WASTE RECEIPT TANKS

From the in-tank inventory, the SST Data worksheet develops estimates for six categories for
each tank. For any assumed dilution factor, the following are computed:

" Total Liquid (sum of Free Liquid and Sludge Liquid);

" Sludge Solid (this is the sludge remaining after washing);

* Sludge Liquid (mass is equal to the difference between Bulk Sludge and Sludge Solid);

" Bulk Sludge (sum of sludge liquid and sludge solid);

" Free Liquid (Total liquid minus Sludpe Liquid); and

" Total Waste (Bulk Sludge plus Free Liquid).

Total Liquid is equal to the Washed Liquid, while the Sludge Solid is equal to the Washed Dry
Solid. The volume of Bulk Sludge is determined by multiplying the volume of initial sludge
times the mass of washed solids to initial dry solids. For Tank B-201, the volume of Bulk
Sludge is the mass of Sludge Solid (SST Data, cell J8) divided by the mass of Tank Inventory
Dry Sludge (SST Data, cell D8) multiplied by the volume of Decayed Inventory Sludge (SST
Data, cell F4). This volume is then used to calculate the sludge density. This density and the
sludge volume is used to calculated the mass of the Bulk Sludge.

The mass of Sludge Liquid, by definition, is the difference of Bulk Sludge minus Sludge Solid.
The concentration of analytes in the Sludge Liquid will be the same as for the Total Liquid.
Therefore, the mass of each analyte in the Sludge Liquid is proportional to the mass fraction of
Sludge Liquid to Total Liquid. For example, the mass of A13+ in the Sludge Liquid is equal to
the mass of A13+ in the Total Liquid (SST Data, cell 121) multiplied by the ratio of the mass of
Sludge Liquid (SST Data, cell K9) divided by the mass of Total Liquid (SST Data, cell 19).
Once all of the analytes are calculated for the Sludge Liquid, the mass in the Bulk Sludge is
Sludge Solid plus Sludge Liquid. The mass and composition for Free Liquid is therefore the
difference between Total Liquid and Sludge Liquid. Total Waste is the sum of Bulk Sludge and
Free Liquid.

7.6 STREAM DESCRIPTIONS AND MATERIAL BALANCE RELATIONSHIPS

Stream 1 - FRPS Tanks Air Inlet

Each of the Feed Receipt Process System (FRPS) tanks is equipped with a HEPA-filtered air
inlet for venting, which prevents the potential accumulation of flammable and/or hazardous
gases in the headspace above the waste. The inlet also provides a filtered exit path in the event of
pressurization of the tank from an upset condition. The volumetric flow rate of air through each
tank is expected to be 10 scfm (Design Input #14). The calculation assumed that the air entering
the FRPS tanks is 45'F (Design Input #15) and has a relative humidity of 55% (Design Input
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#15) , and that any water that accompanies the inlet air passes through the ventilation system and
out the stack (Assumption #11).

Stream 2 - WRS Slurry Feed to FRPS Tanks

The CH-TRUM WPU&SE will receive slurry feed from the SST WRS via one of two hose-in-
hose transfer lines provided by others. The two transfer lines are connected to a header in the
FRPS that allows waste to be collected in one of five tanks (waste feed lines to each tank
correspond to Stream 2). Waste will be delivered in batches. See Sections 7.2 through 7.5 for
explanation of waste feed inventory.

Stream 3 - FRPS Tanks Off-Gas

Each of the FRPS tanks will have an air sweep through the headspace to maintain the tanks at a
slight negative pressure relative to atmospheric conditions. This will prevent the potential build-
up of hydrogen and noxious gases in the tank headspace and draw any such gases through the
monitored OGTS. Material may become entrained in the FRPS Tanks Off-Gas stream as slurry
is added to the tanks as a result of mixing of the tank contents or from concentration differences
(such as water humidifying the air stream). A release factor of 6.97 x 10-10 (mass/n in air)!
(mass/in 3 in liquid) from the Waste Treatment Plant Low Activity Waste feed receipt tanks
(Reference #2) has been used to estimate the quantity of waste entrained in the Waste Receipt
Tank Off-Gas (Assumption #7). The total mass of waste lost to the off-gas is calculated by
multiplying the release factor, the air flow rate, the density of the waste, and the total number of
processing days. Loss of material to this off-gas stream is minimized by the design of waste inlet
nozzles and mixing system. Target pressure in the tank headspace is slightly negative with
respect to atmosphere with an off-gas flow rate for each tank of 10 scfm (Design Inputs # 14).
The water content of this stream is determined by the Relative Humidity, which was assumed to
be 100%, and a stream temperature of 45'F (Design Inputs # 15).

Stream 4 -Slurry Feed to DWS Dryers

The Slurry Feed to the Dewatering System (DWS) Dryers is a batch process with an assumed
maximum dryer capacity of 1,604 gallons per dryer. This is based on the 2,291 gallons total
volume of each dryer (Design Input # 19) and an assumption that the dryer will be operated at a
maximum of 70% filled (Design Input #9). The composition of the dryer feed is based on the
slurry feed stream from the SST WRS (Stream 2) adjusted for any loss of material to the FRPS
Tanks Off-Gas stream (Stream 3). Nominal process throughput will be 6,000 gallons per day of
undiluted tank waste at a 100% TOE. With a 1: 1 dilution and 67% TOE, 8,040 gallons of slurry
will be fed to the dryers per day (Design Inputs #20). A volume of 1,500 gallons of water was
added for the initial charge to the WPU&SE, specified in the procurement specification
document (Reference #7).

Stream 5 - FRPS Flush Water

The FRPS tanks are assumed to be flushed twice during the life of the operation with a volume
equal to 25% of each tanks volume (Assumption #14). The first flush will occur before
transferring the CH-TRUM WPU&SE to a new tank farm and the second flush will occur at the
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end of operation. For the individual tank calculations, this flush water was added to the Tank B-
204 and T- I111 Process worksheets.

Streams 6 - Flowability Agent Addition to BMHS

A Flowability Agent (Vermiculite) will be used to establish a bed for dryer startup purposes.
Stream 6 represents the receipt of material into the Bulk Material Handling System (BMHS)
delivery vessels. The mass of Flowability Agent required to build this dryer bed was determined
by dryer testing (Reference #3). Water content of the Flowability Agent was assumed to be
negligible (Assumption #8).

Stream 7 - Scouring Agent Addition to BMHS

A Scouring Agent (Sand) is used as an additive during steady-state operation to provide a
scouring action to reduce buildup on heating surfaces in the dryer. Stream 7 represents the
receipt of material into the Bulk Material Handling System (BMHS) delivery vessels. The
quantity of sand added is based on a dry end-point with 10 wt% water and 10 wt% scouring
agent (Design Input #10). Water content of the Scouring Agent was assumed to be negligible
(Assumption #8).

Stream 8 - Additive Feed to DWS Dryers

Stream 7 represents the feed stream from the BMHS delivery vessels into the dryer. The total
quantity of dry material addition is the sum of Streams 6 and 7.

Stream 9 - DWS Flush

This is not a normal process, but is on the Process Flow Diagram to show the capability of the
DWS dryers to be flushed if needed.

Intermediate Stage Dried Waste

This is not a process stream. The Intermediate Stage Dried Waste is the waste composition in the
dryer when 10 wt% water remains in the dryer product.

Stream 10 - DWS ISO-Containers Air Inlet

Each dryer ISO-container is equipped with a HEPA breather filter. These air inlets are designed
to allow an air sweep (650 scfm) through each compartment for heating or cooling. Stream 10
represents the sum of both of the dryer ISO0-containers. The amount of water in this inlet stream
is calculated from a relative humidity of 55% (Design Input #16) and an average temperature of
45'F (Design Input # 15).
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Stream 11 - Dried Waste Feed to WPS

Stream I11 is comprised of the dried product in the dryer. This combined material is fed to the
Waste Packaging System (WPS) as a batch process. Using an estimated dried waste density of
1.60 kg/L (Assumption #3) allowed for a total volume of dryer product to be calculated.

Stream 12 - Sorbent Addition

Sorbent (Vermiculite) is added to each drum to absorb any condensate that forms (Criterion
#12). The amount of sorbent added to a drum is based on the waterholding capacity of
Vermiculite, which is 0.455 kg of Vermiculite per kg of water (Design Input #23). For this
calculation, it was assumed that twice the amount of required sorbent is added to each drum
(Assumption #10).

Stream 13 - WPS ISO-Container Air Inlet

The WPS is equipped with a HEPA-filtered air inlet. The unit is vented to maintain a slight
negative pressure relative to atmospheric to minimize the potential of an uncontrolled release of
material to the environment. This is accomplished via an air sweep in the same manner as for
the FRPS Tanks. Air flows through the WPS at an assumed rate of 325 scfm (Design Input #14).
The water content of this inlet is calculated using a relative humidity of 55% (Design Input # 16)
and a temperature of 45 0F (Design Input #15). It is assumed that any water that accompanies the
inlet air passes through the OGTS and out the stack (Assumption #11).

Stream 14 - Filled Waste Packages to Storage

Stream 14 represents the filled waste packages being removed from the WPS. This is a batch
operation dependent on the rate at which the dryer can process waste for loading into the waste
package. Criteria used to evaluate and load each waste package include net .weight of waste,
TRU content, FGE Pu-239, PE-Ci, DE-Ci and decay heat. TRU waste is defined as waste that
contains alpha-emitting transuranic elements with half-lives greater than 20 years whose
combined activity level is at least 100 nanocuries per gram of waste at the time of assay. The
transuranic elements in the waste include Am-241, Am-243, Np-237, Pu-238, Pu-239, Pu-240,
Pu-242, Cm-243 (Reference #14, Table A-2). Pu-241 is not included as it is a beta emitter and
the half life is below 20 years. The minimum TRU content of 100 nCi TRU per gram of waste
must be met for disposal at the Waste Isolation Pilot Plant (Criterion #8).

Stream 15 - DWS Dryers Off-gas

The dryer unit is operated nominally at 140'F under an approximate 26 inch Hg vacuum to
evaporate water and dry the waste. The dryer drum wall will be operated at 250'F using a steam
jacket. Volatile and some semi-volatile species remaining after waste retrieval and mixing in the
FRPS are expected to be evolved. Other species in the waste may become entrained in the off-
gas stream as a result of the mixing action inside of the dryer. The net loss of solids to the off-
gas stream leaving the dryer is minimized by the use of a filter at the off-gas outlet of the dryer.
This filter is periodically cleaned by blowing the material back into the dryer and an occasional
water rinsing.
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Due to similarities of function between the CH-TRUM WPU&SE dryer unit and the 242-A
Evaporator used on the Hanford site, the partitioning of waste species into the off-gas from the
dryer unit are modeled after the 242-A Evaporator. The retention factors from the 242-A
evaporator data (Appendix L) were adjusted to account for chemicals and their isotopes having
the same value. For those species that are not addressed in the 242-A Evaporator data, a
partitioning factor of 8.OE±06 (mass that remains in the dryer divided by the mass that exits) is
applied (Assumption #6). Refinement of the partitioning factors will be revised as data for the
dryer are obtained.

Stream 16 - DWS ISO-Containers Off-Gas

Each dryer ISO-container is maintained at a slight negative pressure relative to atmospheric to
provide secondary confinement. This is accomplished via an air sweep in the same manner as
for the FRPS tanks. The air sweep also provides a mechanism for heating and cooling the
compartment. This calculation assumes that the waste does not come into contact with the air
sweep, so no waste is released into Stream 16. The water content of this stream is calculated by
using an absolute humidity of 0.0035 and a temperature of 100'F.

Stream 17 - DWS Condensers Off-gas

The dryer off-gas stream is passed through a condenser to remove condensable species, mainly
water, from the stream. Stream 17 represents the remaining species that are carried to the OGIS.
The specific operating parameters of the condenser will dictate the partitioning of the inlet
stream between the gas phase and liquid phase. The condenser unit is assumed to have the same
retention factors as the 242-A evaporator (Assumption #6). Water lost into this stream is
calculated using a relative humidity of 100% and a temperature of I100'F (Design Input # 13).
Each condenser is expected to have an off-gas flow rate of 150 scfm (Design Input #14).

Streams 18 and 19 - Liquid Effluent Feed to LES

Stream 18 represents the liquid effluent from the dryers that is collected in liquid effluent hold
tanks as it is generated. Stream 19 represents batches of the liquid effluent sent from the liquid
effluent hold tanks to one of two Liquid Effluent System (LES) Storage Tanks.
Compositionally, the streams are the same and are based on the difference between the DWS
Dryers Off-Gas (Stream 15) and the DWS Condensers Off-Gas (Stream 17).

Stream 20 - LES Storage Tanks Air Inlet

Both of the LES Storage Tanks are equipped with a HEPA-filtered air inlet, which provides a
filtered exit path in the event of pressurization of the tank when liquid effluent is added. Stream
20 represents the sum of the streams into each individual tank. For this calculation, it was
assumed that the air flow rate was zero.

Stream 21 - LES Flush Water

The LES Storage Tanks are assumed to be flushed twice during the life of the operation with a
volume of 5,000 gallons of filtered water per tank per flush (Assumption # 13). The first flush
will occur before transferring the CH-TRUM WPU&SE to a new tank farm and the second flush
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will occur at the end of operation. For the individual tank calculations, this flush water was
added to the Tank B-204 and T- I111 Process worksheets.

Stream 22 - WPS ISO-Container Off-gas

The WPS is maintained at a slight negative pressure relative to atmospheric to minimize the
potential of an uncontrolled release of material to the environment. This is accomplished via an
air sweep in the same manner as for the waste receipt tanks. A release factor of 5.98 x 10-9
(mass/in in air)! (mas/n in liquid) from the Waste Treatment Plant HLW feed blending vessel
(Reference #2) has been used to estimate the quantity of waste entrained in the WPS off-gas
(Assumption #7). The total mass of waste lost to the off-gas is calculated by multiplying the
release factor, the air flow rate through the unit, the density of the waste, and the total number of
processing days. The amount of water lost to the off-gas is calculated using a relative humidity
of 5 0% and a temperature of 75'F (Design Inputs # 13).

Stream 23 - OGTS Inlet

Stream 23 represents the sum of the FRPS Tanks Off-Gas (Stream 3), the DWS Condensers Off-
Gas (Stream 17), the WPS ISO-Container Off-Gas (Stream 22) and the DWS ISO-Containers
Off-Gas (Stream 16).

Stream 24 - Stack Discharge

Off-gas from the CH-TRUM WPU&SE process goes through the OGTS to filter out
contaminants before it is released to the atmosphere. Stream 24 is the filtered output from this
system. For the purpose of showing the worst case scenario, it was assumed that 100% of the
off-gas goes out through the Stack Discharge (i.e., no contaminants are filtered out) [Assumption
#15].

Stream 25 - Loaded HEPA Filters

This stream represents the material collected on the HEPA filters located in the OGTS. These
HEPA filters are treated as Secondary Solid Waste. Per the assumption for Stream 24, no
contaminants are filtered out.

Stream 26 - OGTS Drain

Stream 23 is a periodic stream either from the addition of water into the OGTS or from liquid
effluent generated and collected in the system. The stream is expected to be collected into a
collection drum for disposal at ETF. Due to the assumption that all material entering the OGTS
Inlet goes out with the Stack Discharge (Assumption #15), there is no entrained species in this
stream.

Stream 27 - Pre-Filtered Liquid Effluent

Stream 27 is the sum of the Liquid Effluent Feed to the LES Storage Tanks (Stream 18/19) and
the LES Flush Water (Stream 21). Liquid effluent is passed through a 5-micron filter to ensure
that the stream specification criteria are met.
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Stream 28 - Filtered Liquid Effluent

After passing through the 5-micron filter, liquid effluent is either sent to the SST WRS via an
over-ground transfer line or loaded into a truck for disposition at the ETF. In either case, the
composition of the stream must meet ETF acceptance criteria. For both destinations, Stream 25
is a batch operation.

Stream 28a - Filtered Liquid Effluent to ETF

This stream is the liquid effluent that is loaded into a truck for disposition at the ETF. The
amount of liquid effluent is found by the total liquid effluent (Stream 28) minus the liquid
effluent that is recycled to the WRS (Stream 28b).

Stream 28b - Filtered Liquid Effluent to WRS

This stream is the liquid effluent that is sent to the SST WRS via an over-ground transfer line.
The amount of liquid effluent sent back to WRS for recycle is a percentage of the total liquid
effluent (Stream 28). This percentage equates to 50% of the total dilution water used for
retrieval (Assumption #20).

Stream 29 - Loaded 5-Micron Filters

The nature of the CH-TRUM WPU&SE process for dewatering and collecting the evolved water
will minimize the potential for both dissolved and undissolved solid material in the liquid
effluent, and therefore, the quantity of material collected by the 5-micron filter is expected to be
negligible (Assumption # 16).

Stream 30 - Secondary Solid Waste

Secondary Solid Waste will be disposed of in 55-gallon drums. It is estimated that the WPS will
produce one 55-gallon drum of Secondary Solid Waste per day (Assumption #12). Secondary
Solid Waste will include disposable gloves, plastic and tape for covering drum surfaces to
prevent contamination, and wipes for survey and decontamination.

7.7 DRY BED ANALYSIS

Using SST Data (for the weight % water and total mass of tank waste), Tank Process Data (for
the Stream 14 concentrations of transuranics, 137-Cs, and 90-Sr), and Assumptions and Criteria
(for the dryer target fill, the dryer dried waste density, the initial addition of flowability agent
into the dryer, the drum weight limit, and the wt% water in the dried product) a complete model
for the dry bed operating method was created (see Appendix C for the Microsoft Excel®
worksheets). In this model, six basic sections were used to simulate the process.

The first section is the dryer content. The dryer content has columns for solids, water,
flowability agent, and scouring agent. These values are determined by taking the content in the
dryer prior to dumping a drum minus the mass removed after dumping to the drum.
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The second section is the dryer inputs. The dryer inputs section has columns for solids, water,
cumulative total waste (solids plus water), feed tank number, flowability agent, and scouring
agent. The flowability agent is only initially added to the dryer for dry bed startup. The scouring
agent is then added in batches of 10% of the mass of a drum after the flowability agent has
become significantly diluted. The solids added are determined by calculating all non-water mass
lost to the drum dump minus the addition of flowability agent and scouring agent. The water
added is then calculated using the solids added and the wt%/ water of the tank being pumped into
the dryer. The cumulative total waste is the cumulative sum of all the solids and water waste
added to the dryer. Finally, the "feed from" column calls out the number for the tank that is
feeding the dryer.

The third section is the mass in dryer after inputs. These columns are simply a sum of the
previous two sections for the solids, water, flowability agent, and scouring agent content. In
addition to these totals is the approximate mass in the dryer from each tank. This is broken down
into primary and secondary feeds. These values are determined using the cumulative total waste
column in the previous section.

The fourth section is the drying section. The drying section has one column for condensate.
This is the water evaporated from the dryer to achieve the desired 10 wt%/ dry product.

The fifth section is the dried product. These are the mass values and weight percents of the
solids, water, flowability agent, and scouring agent left in the dryer after drying. The solids,
flowability agents, and scouring agents are simply equal to their values prior to drying. The
water is equal to its pre-dried mass minus the condensate. Subsequently, this is also the desired
10 wt% of the dryer mass which corresponds to approximately 1,915 kg.

The sixth, and final section, is the drum breakdown. This includes the composition of solids,
water, flowability agent, and scouring agent in the drums. The mass of waste solids in the drum,
as well as the tank from which the solids came, were used to determine the TRU content, FGE
Pu-239, DE-Ci, PE-Ci, Decay Heat, 137-Cs content, and 90-Sr content. The TRU, 137-Cs, and
90-Sr contents were calculated by taking the solid mass in the drum times the respective tank
concentrations to determine total curies in the drum. These total curies were then divided by the
total mass in the drum (281 kg) to calculate the drum concentration. Similarly, the EGE Pu-239,
DE-Ci, PE-Ci, and Decay Heat were calculated by summing the respective tank process data for
each analyte, dividing by the respective total tank mass, and multiplying by solids mass in the
drum.
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8.0 USE OF COMPUTER SOFTWARE

This calculation was generated completely using an Excel* spreadsheet. The spreadsheet name
is RPP-2 1970 Spreadsheet.xls. The spreadsheet owner is Ketra Clark. The spreadsheet is
located on a CD and on the DMJM Technology file management system (E-Change). The
calculation spreadsheet verification was performed in accordance with TFC-ENG-CHEM-D-33.
The spreadsheet verification form number is SVF-237.

Excel® is a registered trademark of the Microsoft Corporation, Redmond, Washington.
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9.0 RESULTS

This section describes three sets of results. Section 5.1 discusses the 11I-Tank Average
calculation, Section 5.2 discusses the Individual Tank calculation, and Section 5.3 discusses the
Dry Bed Analysis calculation.

9.1 11-TANK AVERAGE

Based on 100% TOE, a nominal design feed rate of 6,000 gallons of undiluted waste per day and
1.4 million gallons of undiluted CH-TRUM waste, the total number of processing days is
estimated at 235.5. This number was used to calculate the average nominal mass throughput per
hour, day, and year, as well as the transuranic waste throughput per hour, for each stream. These
results for the waste processing streams are shown on Table 9-1 and Table 9-2, along with the
specific gravity, total mass, and total volume. Streams 25 (Loaded HEPA Filters) and 29
(Loaded 5-Micron Filters) are not shown because they are assumed to be zero to provide a
conservative estimate for the Stack Discharge (Stream 24) and Filtered Liquid Effluent (Stream
28). Also note that mass for the gas streams do not contain a mass for air. This allows for a
clearer illustration of how much waste is conveyed to the Off-Gas Treatment System (OGTS).

The duration of the waste processing and packaging campaign would be equal to the total
number of processing days if the system was 100% efficient and 100% utilized. Using a total
operating efficiency of 67% (Design Input #20) to account for equipment transfer, downtime,
maintenance, or failure, the time to process the waste increases to 351.5 days.

While filling a drum, the volume limit is reached before the WIPP 55-gallon drum weight limit
of 1,000 lbs. Therefore, a new waste weight limit of 620 lbs for each drum was calculated using
the internal volume of the drum, the 85% volume fill limit, and a dried product density of 1.60
kg/L. Using this weight limit, a total of 7,548 drums will be required to process all of the dried
waste/additive.

The calculated average decay heat from an drum is 0.02 watt. The average dose equivalent curie
per drum is 0. 16 DE-Ci. The calculated average Pu-239 FGE per drum is 7.3. The packaged
product has an average of 586 nCi of TRU per gram of packaged waste.

Stream 28 represents the filtered liquid effluent that is to either be returned to the SST WRS or is
to be sent to ETF for treatment and disposition. Per the CH-TRUM procurement specification
(Reference #7), the filtered liquid effluent must meet the ETF waste acceptance criteria. ETF
maintains an Ecology-approved influent constituents list defining all constituents and maximum
concentrations acceptable for treatment in the ETF (Reference #18). This list is provided in
Appendix 0. A comparison of the concentration of analytes in Stream 28 to this list is provided
in Appendix F. Uranium-234 is the only constituent that is estimated to be over the limit set in
the waste acceptance criteria.

9-1



RPP-21970 REV 1

9.2 INDIVIDUAL TANK CALCULATION

Results for the main waste processing parameters for each tank are shown on Tables 9-3 through
9-8. The CH-TRUM Tanks will be retrieved sequentially, making it critical to compare each
individual tank's results with specified limits for certain quantities (e.g. FGE per drum).

The calculated Pu-239 FGE per drum ranges from 1. 1 for Tank T-l 10 to 16.9 for Tank T-1 11.
Tank T- 1 11, therefore, has a smaller allowed standard deviation (5 40%) in comparison with the
other ten tanks. The PE-Ci per drum ranges from 0.07 to 0.49. The DE-Ci per drum also ranges
between 0.07 to 0.49.

The transuranic content of the FRPS Slurry Feed (Stream 2), the Filled Waste Packages (Stream
14), and the Liquid Effluent (Streams 18/19) for each of the tanks are shown in Table 9-5. TRU
concentrations range between 38 to 455 nCi/g in the feed, 249 to 1,734 nCi/g in the drum, and
3.47 x 10-5to 1.72 x 10 4 nCi/g in the liquid effluent.

Tables 9-6 through 9-8 show the maximum and minimum concentrations of Cs- 137 and Sr-90 in
Steam 2 (FRPS Slurry Feed), Stream 14 (Filled Waste Packages) and Streams 18/19 (Liquid
Effluent). Inventory uncertainties from the BBI data were included in these concentrations to
give a worst case scenario which are used for shielding analysis. The uncertainty estimates are
relative standard deviations presented as fractions. Inventory uncertainty is calculated by
combining volume, concentration, and density uncertainties.

9.3 DRY BED ANALYSIS

Tabulated results for the dry bed operating scenario are shown in Appendix C -I for B-Farm and
Appendix C- 2 for T-Farm. In summary, 876 complete drums will be filled for the B-Farm tanks
and 6,731 complete drums will be filled for the T-Farm tanks. In these 7,607 drums, there will
be 1,707,642 kg of solid waste, 213,757 kg of water, 9,820 kg of Flowability Agent, and
206,349 kg of Scouring Agent. For both farms, the flowability agent, which is only initial added
to the dryer, makes up less than 5% of the dryer mass after dumping 112 drums, and the scouring
agent in the dryer is within 1% of its steady-state concentration after dumping 216 drums.

Figures 9-1 and 9-2 show graphs of TRU content versus flowability agent and scouring agent for
the B-Farm and T-Farm respectively. Even with dilution in the drum from the flowability agent
and the scouring agent, the TRU content for processing B-Farm tanks never drops below 660
nCi/g, and the TRU content for processing T-Farm tanks never drops below 246 nCi/g. These
results assume a process order of B-201, B-202, B-203, and B-204 for the B-Farm tanks and T-
20 1, T-202, T-203, T-204, T-1I 10, T-1I 11, and T- 104 for the T-Farm tanks (Assumption #2).
Given the application of the flowability agent at the beginning of the drying operation, the TRU
content in the initial drums is reduced significantly. This reduction is approximately 20% of the
steady-state operation, in which the presence of flowability agent is negligible and the scouring
agent content is 10%. If a different processing order was used and the tank (T- 1 10) with the
lowest TRU concentration (246 nCi/g) was processed first this would still result in an acceptable
drum TRU content of approximately 197 nCi/g (= 0.8 * 246 nCi/g) as compared to a steady-state
content of 246 nCi/g.
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For the B-Farm, the DE-Ci values range from about 0. 18 to 0.49, the PE-Ci values range from
about 0. 19 to 0.50, and the Decay Heat values are less than 0.02 Watts. For the T-Farm, the DE-
Ci values range from about 0.07 to 0.54, the PE-Ci values range from about 0.07 to 0.54, and the
Decay Heat values are less than 0.03 Watts.
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Table 9-6. Material Balance Data by Tank - Key Process Parameters.

FG P-29 Allowed Deca-Hea
pe Dum2 STD in FGE DE-Ci Deayt Heat *E~

pe rm Pu-239 per Drum Watts per Dru

B-201 7A 1362% 0.46 0.02 0.46

B-202 2.9 3405% 0.17 0.02 0.18

B-203 3.9 2488% 0.29 0.01 0.30

B-204 4.6 2145% 0.26 0.02 0.26

T-201 7.5 1284% 0.49 0.02 0.49

T-202 3.6 2746% 0.21 0.01 0.21

T-203 3.7 2675% 0.28 0.01 0.28

T-204 2.8 3475% 0.21 0.01 0.21

T-110 1.1 9317% 0.07 0.00 0.07

T-111 16.9 540% 0.17 0.03 0.18

T-104 4.3 E2275% 0.11 0.01 0.12

9-11



RPP-2 1970 REV 1

Table 9-7. Transuranic Content of Key Process Streams by Tank.

TRU

Stream 2 [ Stream 14 J Stream 18/19

Total Ci J nCi/g jTotal Ci j nCi/g JTotal Ci J nCilg

B-201 1.20E+02 454.5 1.20E+02 1632. 1 3.52E-05 1.72E-04

B-202 2.92E+01 114.9 2.92E+01 635.6 1.34E-05 6.23E-05

B-203 6.86E+01 163.9 6.86E+01 1061.6 2.32E-05 6.44E-05

B-204 5.94E+01 142.4 5.94E+01 936.3 1.65E-05 4.18E-05

T-201 1 .09E+02 420.4 1 .09E+02 1734.4 3.02E-05 1 .44E-04

T-202 2.12E+01 120.8 2.12E+01 762.0 5.87E-06 3.82E-05

T-203 4.96E+01 163.0 4.96E+01 1011.4 1. 71 E-05 6.55E-05

T-204 4.05E+01 130.7 4.05E+01 762.4 1.35E-05 5.14E-05

T-110 1. 17E+02 38.3 1. 17E+02 248.7 9.03E-05 3.47E-05

T-111 3.81 E+02 101.6 3.81 E+02 623.4 1.57E-04 4.92E-05

T-104 2.46E+02 88.2 2.46E+02 411.8 8.48E-05 3.82E-05

Max 381 455 381 1,734 1.57E-04 1.72E-04

Min 21 j 38 21 249 5.87E-06 3.47E-05
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Table 9-8. Cesium and Strontium Concentrations in Waste Feed (Stream 2).

137-Cs 90-Sr

Total Ci % Tot. Ci ]Tot. Ci ITotal Ci ~~ Total Ci % Tot. Ci Tot. Ci Total Ci nC!/gUnc. I Unc. (±) j wlUnc. jUnc. Unc. (±) Jw/ Unc.

B-201 18.7T 0.225 4.2 23.0 86.8 235.7 0.259 61.0 296.7 1121.6

B-202 9.9 0.460 4.5 14.4 56.5 385.7 0.164 63.3 449.0 1764.1

B-203 1.7 0.083 0.1 1.9 4.4 15.3 0.087 1.3 16.7 39.8

5-204 5.9 1.003 5.9 11.9 28.4 277.4 14.455 4010.2 4287.6 10272.8

T-201 3.9 0.376 1.5 5.4 20.7 9.9 0.392 3.9 13.8 53.3

T-202 2.3 1.004 2.3 4.6 26.5 0.2 0.686 1 0.1 0.3 2.0

T-203 2.2 0.082 0.2 2.4 7.9 0.4 0.089 0.0 0.4 1.3

T-204 1.1 0.079 0.1 1.2 3.8 0.6 0.260 0.2 0.8 2.6

T-110 24.7 0.095 2.4 27.1 8.8 45.2 0.113 5.1 50.2 16.4

T-111 202.5 0.364 73.7 276.2 73.6 8138.0 0.216 1759.0 9897.1 2638.9

T-1 04 228.3 0.087 19.8 248.0 88.8 2983.4 0.102 302.9 3286.3 1176.3

Max 228.3 1.0 73.7 276.2 88.8 8138.0 14.5 4010.2 9897.1 10272.8

Min 1.101 0.079 0.087 1.188 3.831 0.203 0.087 0.032 0.342 1.286
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Table 9-9. Cesium and Strontium Concentrations in Filled Waste Packages (Stream 14).

137-Cs }90-Sr
Total Cij % Tot CI Tot. Ci Total C' JC/ ToalC % Tot. Tot. Ci Total Ci C/

B-201 18.7 0.225 4.2 23.0 311.7 235.7 0.259 61.0 296.7 4027.2

B-202 9.9 0.460 4.5 14.4 312.9 385.7 0.164 63.3 449.0 9762.2

B-203 1.7 0.083 0.1 11.9 28.6 15.3 0.087 1.3 16.7 258.0

B-204 5.9 1.003 5.9 11.9 186.9 277.4 14.455 4010.1 4287.5 67553.9

T-201 3.9 0.376 1.5 5.4 85.4 9.9 0.392 3.9 13.8 219.7

T-202 2.3 1.004 2.3 4.6 166.9 0.2 0.686 0.1 0.3 12.3

T-203 2.2 0.082 0.2 2.4 49.2 0.4 0.089 0.0 0.4 8.0

T-204 1.1 0.079 0.1 1.2 22.3 0.6 0.260 0.2 0.8 15.3

T-110 24.7 0.095 2.4 27.1 57.4 45.2 0.113 5.1 50.2 106.5

T-111 202.5 0.364 73.7 276.2 451.8 8137.9 0.216 1759.0 9896.9 16188.9

T-1 04 228.3 0.087 19.8 248.0 414.7 2983.3 0.102 302.9 3286.3 5494.0

Max 228.3 1.0 73.7 276.2 451.8 8137.9 14.5 4010.1 9896.9 67553.9

Min 1.1 0.1 f 0.1 1.2 22.3 10.2 0.1 0.0 j0.3 8.0
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Table 9-10. Cesium and Strontium Concentrations in Dryer Liquid Effluent (Stream 18/19).

_ _ _ 137-Cs _ _ __ _ 90-Sr

S% Tot. Ci Tot. Ci Total Ci ~ l % Tot. Ci Tot. Ci Total Ci

B-201 2.03E-07 0.225 4.58E-08 2.49E-07 1.21 E-06 1.03E-03 0.259 2.66E-04 1.30E-03 6.32E-03

B-202 1.07E-07 0.460 4.91 E-08 1.56E-07 7.25E-07 1.68E-03 0.164 2.76E-04 1.96E-03 9.11 E-03

B-203 1.85E-08 0.083 1.54E-09 2. 01 E-08 5.58E-08 6.69E-05 0.087 5.85E-06 7.27E-05 2.02E-04

B-204 6.42E-08 1.003 6.44E-08 1.29E-07 3.27E-07 1.21 E-03 14.455 1.75E-02 1.87E-02 4.75E-02

T-201 4.24E-08 0.376 1 .60E-08 5.83E-08 2.78E-07 4.34E-05 0.392 1 .70E-05 6.04E-05 2.88E-04

T-202 2.51 E-08 1.004 2.52E-08 5.04E-08 3.28E-07 8.86E-07 0.686 6.08E-07 1.49E-06 9.73E-06

T-203 2.42E-08 0.082 1.99E-09 2.62E-08 1.00E-07 1.57E-06 0.089 1.40E-07 1.71 E-06 6.54E-06

T-204 1.19E-08 0.079 9.42E-10 1.29E-08 4.89E-08 2.82E-06 0.260 7.33E-07 3.55E-06 1.35E-05

T-110 2.68E-07 0.095 2.55E-08 2.94E-07 1. 13E-07 1.97E-04 0.113 2.22E-05 2.19E-04 8.43E-05

T-1l1 2.20E-06 0.364 7.99E-07 3.OOE-06 9.40E-07 3.55E-02 0.216 7.68E-03 4.32E-02 1.36E-02

T-104 2.48E-06 0.087 2.14E-07 2.69E-06 1.21 E-06 1.30E-02 0.102 1.32E-03 1.43E-02 6.46E-03

Max 2.48E-06 1 .OOE+00 7.99E-07 3.OOE-06 1.21 E-06 3.55E-02 1 .45E+01 1 .75E-02 4.32E-02 4.75E-02

Min 1.19E-08 7.89E-02 9.42E-10 1.29E-08 4.89E-08 8.86E-07 8.75E-02 1.40E-07 1.49E-06 6.54E-0

9-15
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10.0 CONCLUSIONS

The total processing days at a nominal process throughput of 6,000 gpd at 100% TOE is 23 5.5
days. With the addition of a 67% TOE, the projected mission duration is calculated to be 351.5
days. This allows for periods of lower waste feed rates, and allows for additional down-time not
accounted for. This also shows that there is a small amount of flexibility for accepting waste
batches with more dilution water. Adding more dilution water reduces the undiluted waste
throughput per day due to the processing limitations of the dryer.

TRU content, Pu-239 FGE activity, Pu-239 Equivalent (PE-Ci) activity, decay heat, and dose
equivalent (DE-Ci) activity of the dried product were analyzed on an 11I-tank average basis, an
individual tank basis, and a dry bed drum-by-drum basis. These values were then compared to
limits called out in the waste acceptance criteria for the dried product.

The dried product meets the WIPP waste acceptance criteria for each drum by containing more
than 100 nCi/g of alpha-emitting TRU isotopes (Criterion #8), with an average of 5 86 nCi/g of
packaged waste, a tank range average of 249 to 1,735 nCi/g and a drum range of 246 to
1,905 nCi/g.

The Pu-239 FGE was calculated for a comparison to its drum limit. For a drum, the Pu-239 FGE
plus 2 times the standard deviation must be less than the 200 gram limit (Criterion #7). The
dried product meets this criterion by averaging 7.3 Pu-239 FGE per drum on an overall average
basis, a range of 1. 1 to 16.9 Pu-239 FGE on an individual tank basis, and a range of 1.05 to 16.7
for the drum-by-drum approach.

The dried product meets the WIPP waste acceptance criteria for each drum by containing less
than or equal to 80 PE-Ci (Criterion #9). The eleven tank average estimates the PE-Ci per drum
at 0. 17. The individual tank basis estimates a range between 0.07 and 0.49 PE-Ci per drum. The
drum-by-drum approach estimates a range between 0.07 and 0.54 PE-Ci per drum.

The average dose equivalent curie per drum was calculated for comparison to the WIPP waste
acceptance criteria limit of 82.5 DE-Ci (Criterion #11). The individual drums successfully meet
this DE-Ci limit with an average value of 0. 16 DE-Ci, an individual tank range average of 0.07
to 0.49 DE-Ci and a drum-by-drum approach range of 0.07 and 0.54 DE-Ci.

The dried product meets the Hanford Site solid waste acceptarice criteria (Reference # 14) for
each drum by containing less than the decay heat limit of 0. 1 watt/ft3 or 6.63 watts (Criterion
#10). The eleven tank average estimates the decay heat per drum as well below this limit at 0.02
Watts. The individual tank basis estimates a maximum of 0.03 Watts per drum. The drum-by-
drum approach also estimates a maximum of 0.03 Watts per drum.

10-1
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EXCECUTIVE SUMMARY

In FY 2004 CH2M HILL issued a multi-year contract to design and deploy a Contact Handled
Transuranic Mixed (CH-TRUM) Waste Packaging System (WPS) to supplement the non-High
Level Waste (HLW) treatment capacity provided by the Waste Treatment Plant (WTP). Ten
Single Shell Tanks (SST): B-20l1, B-202, B-203, B-204, T-20 1, T-202, T-203, T-204, T-lI 10, and
T-l I I have been identified as candidate CH-TRUM waste tanks. Waste from these tanks will be
retrieved, packaged, and ultimately disposed of at the Carlsbad Waste Isolation Pilot Plant
(WIPP). The goal is to package and prepare for disposition 1.1 million gallons of CH-TRUM
waste by September 2006.

The CH-TRUM WPS uses dryer technology to dewater retrieved tank waste. The dewatering
process employed by the CI--TRUM WPS concentrates Cs- 137 in the final dryer product and
results in Cs-I 37 concentrations that are higher than those reported for the in-tank waste. In
addition, an analysis of composite core samples obtained from Tank T- I11 identified a surface
layer (- top 40 inches) with specific activity higher than the mean concentration reported in the
Tank Waste Information Netware System (TWINS).

The WIPP acceptance criteria for CH-TRUM waste includes requirements that the external
radiation dose rate of payload containers (e.g., SWB, 55-gallon drum) and packaged payload
assemblies (i.e., TRUPACT-Il) be less than or equal to 200 mrem/hour at contact, and that the
external dose rate of payload assemblies be less than or equal to 10 mrem/hour at 2 meters
(DOEIWIPP-02-3 122). In addition, the Hanford Site Solid Waste Acceptance Criteria limits the
external dose rate on payload containers to less than or equal to 100 mrem./hour at 30 centimeters
(HNF-EP-0063)

The current technical baseline for the WPS specifies that dewatered waste will be packaged in
Standard Waste Boxes (SWB). However, over the past several months results of process
development testing, vendor design reviews. and analyses conducted by the Pacific Northwest
National Laboratory (PNNL) have indicated that modifications to the CH-TRUM WPS design
and/or operational approach may be necessary to mitigate potential high radiation dose rate
issues associated with packaged CH-TRUM waste. Uncertainties associated with final packaged
waste densities, increased specific activities as a consequence of the drying process, tank-specific
contributions from Bremsstrahlung radiation, and increased Cs- 137 concentrations in. T-l I II
confirmed the need for a detailed dose rate evaluation.

Three tanks: B-20 1, B-202, and T-lI I I are addressed in this study. These tanks have the highest
reported specific activity, primarily in the form of Cs-I 137. A preliminary assessment indicated
external radiation dose rates for payload containers and/or for packaged payload assemblies from
these tanks could potentially exceed applicable W[PP and CWC waste acceptance criteria. The
scope of this study is limited to determining the feasibility of packaging the waste, such that
external dose rates of payload containers and/or packaged payload assemblies meet CH-TRUM
waste acceptance criteria as defined by DOE/WIPP-02-3 122 and HNF-EP-0063. Based on the
predicted range of densities and specific activities calculated in Appendix A, packaged waste
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from the remaining seven SSTs meet acceptance criteria when processed and packaged in
accordance with the baseline approach and were not considered in this analysis.

This study concludes that neither the current baseline process and container nor any of the three
alternatives alone will be adequate to achieve a total packaged waste volume of 1. 1 million
gallons. The Cs- 13 7 concentration (reported.) for the upper waste layer of T- Ill is the key factor
contributing to excessive external waste package dose rates.

The results of Section 4.3.1 show that although it may be possible to package the upper layer of
Tank T-lII I waste in either SWBs or drums there is substantial risk that these containers will not
meet external dose rate waste packaging and disposal requirements. In order to meet packaging
requirements for 55-gallon drums, the upper layer of Tank T- I I I waste must contain 70 to 75
wto water with a minimum density of 1. 12 g/ml. For packaging in SWBs, the upper layer of
Tank T-l I 1 waste must contain 80 to 85 wt% water with a minimum density of 1.07 g/ml. In
either case, the upper layer of Tank T- Ill waste will likely not pass the paint filter test unless
sorbent is added. The measured water content of segment I from Tank T-lII I core sample 33
was 80.35 wt%, with a density of 1. 16 g/ml. No drainable liquid was collected in segment 1.
However, it is likely that liquid could separate from Tank T- II1 waste if subjected to
centrifugation or vibration.

In addition homogenization of the upper layer of T-lII I waste with the lower activity layers of T-
I I I to achieve a lower average Cs- 137 concentration (T- I I I average) entails significant risk and
should not be considered a technically viable alternative. T- I I I waste (even when assuming
homogenous mixing) exceeds the CWC 100 mrem/hr dose rate limit when packaged in a SWB.
Although it may be possible to package T- I I I blended waste into 55-gallon drums, insufficient
experience with the planned SST retrieval technologies exists to assume that homogenous
mixing of T- Ill can be accomplished. In addition waste slumping, where the upper layer slides
to the bottom of the tank during retrieval operations, cannot be predicted or controlled. The
occurrence of waste slumping poses a risk that external container dose rates, due to higher
specific activity from T-l II 's top layer, will exceed WIPP or CWC external dose rate
acceptance limits
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1.0 Introduction
In FY 2004 CH2M HILL issued a multi-year contract to design and deploy a Contact Handled
Transuranic Mixed (CH-TRUM) Waste Packaging System (WPS) to supplement the non-High
Level Waste (H LW) treatment capacity provided by the Waste Treatment Plant (WTP).
Procurement of this packaging system supports Performance Based Initiative (PBI-4). The goal
is to package and prepare for disposition 1. 1 million gallons of CH-TRUM waste by September
2006. The schedule of activities for design, deployment, start-up, and operation of the WPS
takes place in fiscal years 2004-2006. Currently CI-2M HILL is completing the Phase 3 final
design review of the CH-TRUM WPS.

1.1 Background
Ten Single Shell Tanks (SST) have been identified as candidate CH-TRUM waste tanks. These
tanks are: B-20 1, B-202, B-203, B-204, T-20 1, T-202, T-203, T-204, T- I110, and T- I 1 I. Waste
from these tanks will be retrieved, packaged, and ultimately disposed of at the Carlsbad Waste
Isolation Pilot Plant (WIPP).

The packaging process uses dryer technology to dewater retrieved tank waste. The current
technical baseline for the WPS specifies that the dewatered waste will be packaged in Standard
Waste Boxes (SWB). However, over the past several months results of process development
testing, vendor design reviews, and analyses conducted by the Pacific Northwest National
Laboratory (PNNL) have indicated that modifications to the CH-TRUM WPS design and/or
operational approach may be desirable to mitigate potential high radiation dose rate issues
associated with packaged CH-TRUM waste.

1.2 Problem Definition
The WIPP acceptance criteria for CH-TRUM waste includes requirements that the external
radiation dose rate of payload containers (e.g.. SWB. 55-gallon drum) and packaged payload
assemblies (i.e., TRUPACT-li) be less than or equal to 200 mrem/hour at contact, and that the
external dose rate of payload assemblies be less than or equal to 10 mrem/hour at 2 meters
(DOE/WIPP-02-3 122). In addition, the Hanford Site Solid Waste Acceptance Criteria limits the
external dose rate on payload containers to less than or equal to 100 mrern/hour at 30 centimeters
(HNF-EP-0063).

The vacuum drying technology and dewatering process employed by the CH-TRUM WPS
concentrates Cs-I 137 in the final dryer product and results in Cs-I 137 concentrations that are
higher than those reported for the in-tank waste. In addition, an analysis of composite core
samples obtained from Tank T- I I I indicates that Cs- 137 and Am-24 I concentrations vary with
the depth of waste in the tank. The analysis identified a surface layer (- top 40 inches) with
specific activity higher than the mean concentration reported in TWINS. Uncertainties
associated with final packaged waste densities and increased specific activities as a consequence
of the drying process, tank-specific contributions from Bremsstrahlung radiation, and increased
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Cs- 137 concentrations in T-I 111 may result in external dose rates from Cl--TRUM payload
containers and packaged payload assemblies that exceed the criteria introduced above.
The high specific activity identified in the top layer of T-lI 11, coupled with tank-specific
contributions from Bremsstrahlung radiation confirmed the need for a more detailed dose rate
evaluation of the waste from Tanks B-201, B-202, and T-l 11. Based on the high specific
activity associated with the Tank T-lII I waste, processing and packaging of the top layer of Tank
T- I I I (assuming blending does not occur during retrieval operations) may present the most
significant challenge in terms of compliance with these criteria.

1.3 Purpose
The objective of this study is to identify technically feasible alternatives for dose rate mitigation
that will allow the CH-TRUM WPS Project to package the maximum amount of CH-TRIJM
waste for eventual transportation and disposal at WIPP.

2.0 Scope
This study focuses on three tanks: B-20 1, B-202, and T- I 11. These tanks have the highest
reported specific activity, primarily in the form of Cs- 137. A preliminary assessment indicated
external radiation dose rates for payload containers and/or for packaged payload assemblies from
these tanks could potentially exceed applicable WIPP and CWC waste acceptance criteria. The
scope of this study is limited to determining the feasibility of packaging the waste such that
external dose rates of payload containers and/or packaged payload assemblies meet these waste
acceptance criteria. This study addresses the current Waste Packaging System baseline process
and packaging container (SWB) to determine the feasibility of treating and packaging I1. 1 million
gallons of CH-TRUM waste using the baseline approach. In addition, the study identifies three
potential alternatives and evaluates the technical feasibility of these alternatives to mitigate
potential high dose rate consequences resulting from the high Cs-I 137 concentrations in B-20 I,
B-202, and T-l 11. The alternatives addressed by this study are:

" 55-gallon Drum Alternative. Evaluates the technical feasibility of packaging 1. 1 million
gallons of CH-TRUM waste using the WPS baseline process and 55-gallon drums as the
payload containers. This alternative assumes a dryer product at 20 weight percent water
and no sorbent addition.

" Moisture Content Alternative. Evaluates the technical feasibility of treating and
packaging 1.1 million gallons of CH-TRUM waste by adjusting the moisture content of
the WPS product to manage product densities and specific activities. This alternative
assumes no sorbent addition to the dryer product. Both SWBs and 55-gallon drums are
evaluated.

* Sorbents Addition Alternative. Evaluates the technical feasibility of treating and
packaging 1. 1 million gallons of CH-TRUM waste through process additive additions to
manage WPS product densities and specific activities, for product packaged in both
SWBs and 55-gallon drums, at assumed 20 weight percent water.

2
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3.0 Basis of Assessment
3.1 Dose Rate Calculations
Appendix A provides the basis for the external radiation dose rate values used for this study and
includes:

* Dose rate calculations and assumptions
* Bremsstrahlung determination
" MicroShield calculations

Dose rates were calculated at contact, 30 cm, and 2 m for a range of product densities (g/ml) and
specific activities (piCi/ml) for various configurations of payload containers and packaged
payload assemblies. External dose rates presented in the Appendix A tables have been corrected
to account for Bremsstrahlung radiation and radionuclide decay (through July 2005).

3.2 Density Calculations
The estimated product densities for tanks B-20 1, B-202, and T- Ill are extrapolated from
laboratory testing of existing composite sludge samples. PNNL conducted laboratory scale
vacuum drying of sludge composites from four tanks that are candidates for sludge retrieval and
packaging using the CH-TRUM WPS (PNNL- 14670, May 2004). The particle densities of the
vacuum dried sludge composite samples were measured to estimate the product densities that
may result from processing (i.e., vacuum drying) CH-TRUM waste. The resulting particle
density~i data is presented in Table 3-I1. The particle density is equivalent to the bulk densitv only
if there is no void fraction present in the dried wastes. However, it is considered likely that the
dried waste product will exhibit an appreciable void fraction due to the variety and irregularity of
sludge particle geometries. In an effort to quantify the effect of void fraction on the bulk
densities of the WPS product, CH2M HILL estimated the bulk densities of the product using the
particle densities measured by PNNL staff and applying a void fraction value of approximately
0.38 (i.e., the void fraction at incipient fluidization in a fluidized bed)(CH2M HILL, March
2004). The results of the bulk density calculations, specified as Estimated Minimum Bulk
Density, are also presented in Table 3-I1.

Table 3-1. Particle and Estimated Minimum Bulk Densities of Vacuum Dried TRUM Tank
Waste Composites (glml)

T Tak P~ricl-'e Est.- Mhh% 8ulk; Denisit.(gm)
T-110 2.36 1.46
B-203 2.34 1.45
T-203 2.39 1.48
T-204 2.64 1.64

Actual (post processing) packaged waste densities for the candidate CH-TRUM tanks have not
been determined. The values presented in Table 3.1 represent a bounding range for the final
product densities. Actual product bulk densities resulting from processing the sludge in the
TRUM WPS may be greater than the estimated minimum bulk density (CH2M HILL, March
2004). However, the values tabulated above are considered a reasonable representation of the
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range of bulk densities that may be achieved in the full scale TRUM WPS (i.e., approximately
1.4 g/ml to 2.7 g/ntl). The estimated minimum bulk densities, calculated as discussed above, for
the ten taniks which are candidates for sludge packaging by the TRUM WPS are provides in
Appendix A, Table 3. The estimated product density (i.e., estimated minimum bulk density) for
the three Tanks B-20 1, B-202, and T- I I I are provided in Table 3-2.

Table 3-2. Tanks B-201, B-202, and T-l I I Estimated Product Density and Specific

Activity*

Source Term Values for20% Moisture
Concentration13 Bremsstrahlung Decay Factor Corrected -for

Tank Product Density (.Concenrati0on Correction Corrected to Bea n
at 20 wt% water (P Water0wt Factor June 1, 2005 Bre nsstrahlung

_____ ____ _________ (iwaterl
241-B-201 1.45 g/I 0.48 1.20 0.90 0.52
241 -B-202 '1.45 g/mI 0.39 1.50 0.90 6.53-
241-T-111
(upper layer) 1.46 gmiri 1.78 1.50 1.00 2.67-,
241 -T-1 11
(average) 1.46 g~mI 0.51 1 1.50 1 0.90 0.69

'Values in this table are reproduced from Appendix A, Table 3.

Note: PNNL reported the vacuum dried tank waste samples were 100 wt% solids (PNN L- 14670)
For the purposes of this study, it is assumed that the moisture content of the dried product after
packaging is 20 weight percent.

3.3 External Dose Rates, Product Density and Specific Activity
Several matrices (Appendix A) were developed to tabulate external dose rates for a range of
specific activities and product densities for the ten candidate SSTs identified in Section ..1.
External dose rates were calculated for a combination of SWBs, 55 gallon drums, and
TRUPACT-11 containers at contact, 2 meters, and 30 centimeters. DOE/WIPP-02-3 122 and
HNF-EP-0063 establish waste package acceptance criteria that correspond to:

* Payload container external dose rate at or below 200 mrem/hr at contaci
a Payload container external dose rate at or below 100 mrem/hr at 30 centimeters
a TRUPACT-11 external dose rate at or below 200 mremlhr at contact
* TRUPACT-11 external dose rate at or below 10 mremlhr at 2 meters

Six cases are represented in Appendix A that correspond to acceptable waste package payload
container options and packaged payload assembly configurations:

1. Single 55 Gallon Drum (dose rate measured from the side)
2. TRUPACT-11 container with a 7 drum pallet (dose rate measured from the bottom)
3. TRUPACT-11 Container with a 7 drum pallet (dose rate measured from the side)
4. Single SWB (dose rate measured from the bottom)
5. TRUPACT-1I Container with two SWBs (dose rate measured from the bottom)
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6. TRUPACT-11 Container with two SWBs (dose rate measured from the side)
The correlation of external dose rates to product densities and specific activities presented in
Appendix A is the primary basis for evaluating dose rate mitigation alternatives. For clarity,
Tables 3-3 and 3-4 summarize the applicable dose rates from Appendix A for the subject tanks
and provide the interpolated dose rate values at the estimated minimum product bulk density and
effective specific activity.

Table 3-3. SWB Dose Rate Summary
________ _____ _______ Dose Rate (mremn/hr)r _________

Est. Min Efetv Cs1 Single SWB Single SWB 2 SWBs in 2 SWBs in 2 Swas in 2 SWBs inConentatin @TRUPACT1 II RLPACT II TRUPACT II TRUPACT II
Tank Bulk Prdc 20wt Bottom Bottom Bottom a Bottom 0 Side @ Side @

Density H20 * Contc 30a Contact 2 m Contact 2 m

/m i/ limit 200 limitl 100 limit 200 limit 10 limit 200 Emit 10
gm imi mrern/hr mremflhr miremn/hr mremlhr mrerrilhr mren/lT

B-201 1.45 0.52 133 96 21 3 23 3
B-202 1.45 0.53 135 97 22 3 24 3

(aveage 1.46 0.69 177 127 28 5 31 5

T-111laer 1.46 2.67 -200 >>100 142 21 132

Corrected to include Bremsstrahlung and account for Decay to July 05
Values for T-1 11 (upper layer) are linear extrapolations from Appendix A Table 3

Table 3-4. 55-Gallon Drum Dose Rate Summary

Dose Rate (mremn/hr)' ____ ____

Est. Effective cs-i 37 Single Single 7 Drums in 7 Drums in 7 Drums in 7 Drums in
Tak Min Concentration 0 Drum Drum TRUPACT II TRUPACT TRUPACT TRUPACT II

Tak Bulk Product 20 wt% Side @ Side @ Bottom G 11 Bottom @ It Side @ Side @
Density H20' Contact 30 cm Contact 2 m ContaOct 2 m

gn cf limit 200 limit 100 limit 200 l1"i 10 limit 200 limit 10
g/Vpinl mrem/hr mremrnfr mrem/hr mrem/hr mremihr mnrem/hr

8-201 1.45 0.52 105 37 23 3 23 2

8-202 1.45 . 0.53 107 38 23 3 23 2

(aveage 1.46 0.69 140 so 31 4 31 3

(uprae) 1.46 2.67 -~200 182 157 19 157 14

*Corrected to include BremSstrahlung and account for Decay to July 05
Values for T-1 11 (upper layer) are linear extrapolations from Appendix A Table 3
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4.0 Technical Assessment
This assessment evaluates the current WPS baseline process and packaging container (SWB) to
determine the feasibility of treating and packaging 1. 1 million gallons of CH-TRUM waste using
the baseline approach. In addition, the study identifies three potential alternatives and evaluates
the technical feasibility of these alternatives to mitigate potential high dose rate consequences
resulting from the high Cs-137 concentrations in Tanks B-201, B-202, and T-1 11. For the
purposes of this study, feasibility is defined in terms of four criteria:

Criterion I - Maintain payload container external dose rate <200 mrern/hr on contact

Criterion 2 - Maintain payload container external dose rate < 100 mremlhr at 30 centimeters

Criterion 3 - Maintain TRUPACT-JI external dose rate < 200 mrem/hr on contact

Criterion 4 - Maintain TRUPACT-11 external dose rate < 10 mrem/br at 2 meters

The baseline process and container, or a dose mitigating alternative, is considered technically
feasible if the packaged waste from B-20 1, B-202, and T-lII I comply with the four criteria.
These tanks have the highest Cs- 137 concentration of the ten SSTs identified for CH-TRUM
packaging. Based on the predicted range of densities and Cs- 137 concentrations tabulated in
Appendix A. the dryer product (packaged waste) from the remaining seven SSTs will meet all of
the above criteria when processed and packaged in accordance with the baseline approach.

4.1 Baseline Process and Container (SWB)
The CH-TRUM WPS baseline process incorporates vacuum drying technology to dewater
retrieved tank waste to approximately 20 weight percent water. The dewatered dryer product is
packaged into SWBs. The addition of sorbents, and the associated effects on product densities
and Cs- 137 concentrations, is not considered for this baseline evaluation, sorbent addition is
addressed in Section 4.4. Calculated dose rates for SWBs (across a range of product densities)
are developed in Appendix A. Dose rates (interpolated values from Appendix A) for the
estimated minimum bulk density and corrected specific activity are shown in Tables 4-I1a, 4-1Ib,
and 4-I1c for the three SWB configurations presented in Appendix A:

0 Configuration I - Single SWB (as measured from the bottom) at contact and 30 cm

0 Configuration 2- TRUPACT-11 Container with 2 SWBs (as measured from the
bottom) at contact and 2 meters

* Configuration 3- TRUPACT-l1 Container with 2 SWBs (as measured from the side)
at contact and 2 meters
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Table 4-l a. Single SWB (bottom dose rate)
Specfic CorrecDo"Density Activity Activity

Tank (ghim) (PaC n) (UImI Conftac 30cmr
B-201 1.45 0.48 0.52 133 96

B-202 1.45 0.39 0.53 135 97

T- 111 (top layer) 1.46 1.78 2.67 -200 >>100

T-111 (averaged) 1.46 0.51 0.69 177 127

Table 4-lb. TRUPACT-11 with Two SWBs (bottom dose rate)
Specfic Corrctd D"(rnifDenity Activity Activity -~tne~r

Tank (glint) (pCUMl) wvn Contact 2 m
B-201 1.45 0.48 0.52 21 3

B-202 1.45 0.39 0.53 22 3

T-1 11 (upper layer) 1.46 1.78 2.67 142 21
T-11(veag) 1.46 0.51 0.69 285

Table 4-1c. TRUPACT-11 with Two SWBs (side dose rate)
spcii Corrected Do" ~~rDensity Activity Activity

Tank (glWl) JPCIM) (iaCUI~) contact 2 m
B-201 1,45 0.48 0.52 23 3

B-202 1.45 0.39 0.53 24 3

T-1 11 (upper layer) 1.46 1.78 2.67 183 24

T-1 11 (average) 1.46 0.51 0.6 31 T-5

Tank B-20l1: The estimated product density of the packaged waste at 20 weight percent water is
1.45 g/ml. The corrected Cs-I 37 concentration at this density is 0.52 PCi/mi:

* Configuration 1 (Table 4-l a). Tank B-201 will meet Criteria I and 2 identified in Section
4.0 for CH-TRUIM waste.

" Configuration 2 (Table 4-I1b). Tank B-201 will meet Criteria 3 and 4 identified in
Section 4.0 for CH-TRUM waste.

* Configuration 3 (Table 4-1c). Tank B-201 will meet Criteria 3 and 4 identified in Section
4.0 for CH-TRUM waste.

Note that dose rate values presented in the tables above, although conservative, are estimated
values. At the estimated product values (1.45 g/ml and 0.52 pCi/ml) Tank B-201 will marginally
pass Criterion 2 at 96 mrem/hr at 30 cm. Final product density will have a significant impact on
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payload container external dose rates. Increased waste density will reduce the external dose
rates; however, bulk densities less than or equal to 1.4 g/ml or Cs-I 137 concentrations greater
than 0.6 iC i/mI will cause B-201 to fail Criterion 2 limits. Dispensation of the 100 mremlhr at
30 cm limit at the CWC. although allowed by HNF-EP-0063, is not considered in this analysis.

Tank B-202: The assumed product density of the packaged waste at 20 weight percent water is
1.45 g/ml. The corrected Cs-I 37 concentration at this density is 0.53 PCi/mI:

" Configuration 1 (Table 4-l a). Tank B-202 will meet will meet Criteria I and 2 identified
in Section 4.0 for CH-TRUM waste.

* Configuration 2 (Table 4-1b). Tank B-202 will meet will meet Criteria 3 and 4
identified in Section 4.0 for CH-TRUM waste.

" Configuration 3 (Table 4-1Ic). Tank B-202 will meet will meet Criteria 3 and 4 identified
in Section 4.0 for CH-TRIJM waste.

Based on the dose rate values presented in the table 4- Ic (1.45 g/ml and 0.53 pCi/ml) Tank B-
202 will marginally pass Criterion 2 (97 mremlhr at 30 cm). If product densities are less than or
equal to 1.4 g/ml or Cs-i 37 concentrations are greater than or equal to 0.6 pCi/mI B-202 will fail
Criterion 2 limits. Dispensation of the 100 mremlhr at 30 cm limit at the CWC, although
allowed by HNF-EP-0063, is not considered in this analysis.

Tank T- I11 (upper layer): The assumed product density of the packaged waste at 20 weight
percent water is 1 .46 g/ml. The corrected Cs- 137 concentration at this density is 2.67 PCi/mI:

* Configuration I (Table 4-l a). Tank T-l Il fails Criteria I and 2 identified in Section 4.0
for CH-TRUM waste.

* Configuration 2 (Table 4-I1b). Tank T-l II. fails Criterion 4 identified in Section 4.0 for
CH-TRUM waste.

* Configuration 3 (Table 4-I c). Tank T-l I I1 fails Criterion 4 identified in Section 4.0 for
CH-TRUM waste.

Increased T- Ill . product densities willI have no impact on dose rate mitigation. No consideration
is made for blending of this layer with other tank layers (which exhibit notably lower specific
activities) in T- I I I during retrieval operations.

T- I 11 (average): The assumed product density of the packaged waste at 20 weight percent water
is 1.46 g/ml. The corrected Cs- 137 concentration, assuming homogeneous blending during
retrieval, is 0.69 pCi/mI (CH2M HILL, April 2004):

*Configuration I (Table 4-I a). Tank T- I I I blended tank waste meets Criterion I but failIs
Criterion 2 identified in Section 4.0 for CH-TRUM waste.
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"Configuration 2 (Table 4- 1b). Tank T- I11 blended tank waste will meet Criteria 3 and 4
identified in Section 4.0 for CH-TRUM waste.

" Configuration 3 (Table 4-1c). Tank T-lII I blended tank waste will meet Criteria 3 and 4
identified in Section 4.0 for CLI-TRUM waste.

The results of the baseline process and container evaluation for the three tanks of interest are
summarized in terms of the four feasibility criteria in Table 4-I d below.

Table 4-1d. Summary of Results for Baseline Process and Container
Criterion

SWVB (Baselne) 1 12 3 4 Comments

B-201 P P P P Passes Criterion 2 with a 4% margin
B-202, P P P P Passes Criterion 2 with a 3% margin
T-1 1-1 (upper layer) F F P F Cannot be packaged in a SWB

T-11I1 (average) P FP P Requires blending of the tank waste to be packaged in
I_______ I___ I_ SWBs

4.2 55-gallon Drum - Alternative I
The 55-gallon Drum Alternative incorporates a payload container modification to the current
CH-TRUM WPS baseline design. This alternative considers the baseline vacuum drying process
that dewaters the waste to approximately 20 weight percent water, and packages the product in
55-gallon drums. The addition of sorbents. and the associated effects on product densities and
Cs- 13 7 concentrations, is not considered in this alternative; sorbent addition is addressed in
Section 4.4. Calculated dose rates for 55-gallon drurns (across a range of product densities) are
developed in Appendix A. Dose rates (interpolated values from Appendix A) for the estimated
minimum bulk density and corrected specific activity are shown in Tables 4-2a, 4-2b, and 4-2c
for the three 55-gallon drum configurations presented in Appendix A:

* Configuration I - Single 55 Gallon Drum (as measured from the side) at contact and 30
cm

" Configuration 2 - TRUPACT-11 container with a 7 drum pallet (as measured fromn the
bottom) at contact and 2 meters

" Configuration 3 - TRUPACT-11 Container with a 7 drum pallet (as measured from the
side) at contact and 2 meters

Table 4-2a. Single 55-Gallon Drum (side dose rate)
Specific Corrected os(re/)Density Activity Acivit

Tank (g1011) (PaUlI) (pCllml) Contact 30 cm
B-201 1.45 0.48 0.52 105 37
B-202 1.45 0.39 0.53 107 38

1T- 111 (top layer) 1.46 1.78 2.67 -200 182
T- 111 (average) 1.46 0.51 0.69 140 50
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Table 4-2b. TRUPACT-11 with Seven 55-Gallon Drums (bottom dose rate)
Specific Corrected Ds e~rDensity Activity Activity' Ds melr

Tank (g/mi) fjCQl (liC[IMi Contact 2mi
B-201 1.45 0.48 0.52 23 3
B-202 11.45 0.39 0.53 23 3

T-1 11 (top layer) 1.6 1.78 2.671 157 1 9
T-1 11 (average) 11.46 0.51 0.69 31 4

Table 4-2c. TRUPACT-11 with Seven 55-Gallon Drums (side dose rate)
* Spcific Corrected Do. . melr

Density Activity Activity
Tank (drI ilml) .M (OiCUI~) Contact 12.m-
B-201 1.45 0.48 0.52 23 2
B-202 1.45 0.39 0.53 23 2

T-1l11 (top layer) 1.46 1.78 2.67 157 1
Till1 (average) 1.46 0.51 0.69 31 3

Tank B-20 1: The assumed product density of the packaged waste at 20 weight percent water is
1.45 g/ml. The corrected Cs-137 concentration at this density is 0.52 PCi/mi:

* Configuration I (Table 4-2a). Tank B-201I will meet Criteria I and 2 identified in
Section 4.0 for CH-TRUM waste.

* Configuration 2 (Table 4-2b). Tank B-201 will meet Criteria 3 and 4 identified in
Section 4.0 for CH-TRUM waste.

" Configuration 3 (Table 4-2c). Tank B-201I will meet Criteria 3 and 4 identified in Section
4.0 for CH-TRUM waste.

Tank B-202: The assumed product density of the packaged waste at 20 weight percent water is
1.45 g/ml. The corrected Cs-137 concentration at this density is 0.53 PCi/mi:

" Confieuration I (Table 4-2a). Tank B-202 will meet Criteria I and 2 identified in
Section 4.0 for CH-TRUM waste.

* Configuration 2 (Table 4-2b). Tank B-202 will meet Criteria 3 and 4 identified in
Section 4.0 for CH-TRUM waste.

" Configuration 3 (Table 4-2c). Tank B-202 will meet Criteria 3 and 4 identified in Section
4.0 for CH-TRUM waste.

Tank T- I1I (upper layer): The assumed product density of the packaged waste at 20 weight
percent water is 1.46 g/ml. The corrected Cs- 137 concentration at this density is 2.67 PCi/mi:
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"Configzuration 1 (Table 4-2a). Tank T- I11 fails Criteria I and 2 identified in Section 4.0
for CH-TRUM waste.

* Configuration 2 (Table 4-2b). Tank T- I I I fails Criterion 4 identified in Section 4.0 for
CH-TRUM waste.

* Configuration 3 (Table 4-2c). Tank T- I11 fails Criterion 4 identified in Section 4.0 for
CH-TRUM waste.

Increased T- I I I product densities will have no impact on dose rate mitigation. No consideration
is made for blending of this layer with other tank layers (which exhibit notably lower specific
activities) in T-lII I during retrieval operations.

T-lII I (average): The assumed product density of the packaged waste at 20 weight percent water
is 1 .46 g/ml. The corrected Cs- 13 7 concentration, assuming homogeneous blending during
retrieval, is 0.69 pCi/mI (CH2M HILL, April 2004):

" Configuration I (Table 4-2a). Tank T-lII I blended tank waste will meet Criteria I and 2
identified in Section 4.0 for CH-TRUM waste.

" Configuration 2 (Table 4-2b). Tank T- I I I blended tank waste will meet Criteria 3 and 4
identified in Section 4.0 for CH-TRUM waste.

" Configuration 3 (Table 4-2c). Tank T-I I I blended tank waste will meet Criteria 3 and 4
identified in Section 4.0 for CH-TRUM waste.

The results of the baseline process and container evaluation for the three tanks of interest are
summarized in terms of the four feasibility criteria in Table 4-3 below.

Table 4-2d. Summary of Results for Alternative I

5R~ i~um. 1 2 3 4 , -
B-0,P P P P Can be packaged in 55-gallon drums
&22P P P P Can be packaged in 55-gallon drums

T44 & F F P F Cannot be packaged in 55- gallon drums

TIA, -1 avea P p P Requires blending of the tank waste to be packaged in 55-
1 1 gallon drums

4.3 Moisture Content Variation- Alternative 2
Two scenarios were evaluated (as described below) to determine what effect the moisture
content of the packaged waste product may have on payload container and packaged payload
assembly dose rates, for Tanks B-20 1, B-202, and T- 1 11.
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4.3.1 Scenario MCI - "Post-Satu ration Addition"
The following scenario is based on the Estimated Product Density (Appendix A) for the three
tanks at an assumed moisture content of 20 wt%. This analysis assumes:

" The product is hydraulically saturated at these conditions
* That additional moisture cannot be accommodated within the volume occupied by the

product
" The density of the water is I g/ml
* The volume change as a result of mixing (delta Vm) is zero (for every volume of water

added to the product there is a direct, corresponding increase in volume of the mixture)
* The specific activity of the water is 0
* The water does not have shielding effects

The MC I scenario represents dilution as commonly understood and applied. For example, a 1: 1
dilution (by volume) of product with water results in a mixture of twice the original product
volume, a specific activity (i.e.. pCi/mI) of '/2 of the original product specific activity, and a
decrease in density of the resulting mixture (assuming all possible product densities are greater
than I g/ml). It should be noted however, that the actual waste may not perform as described
above and this condition described is bounding. It should also be noted that the density is
conservatively underestimated when compared to actual tank waste.

The impact of varying the moisture content of the WPS product, in accordance with the MC I
Scenario, for the three subject tanks is presented in Figures 4-1 through 4-4.

Figure 4-1. Tank B-201 Scenario MI
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Figure 4-2. Tank B-202 Scenario MCI
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Figure 4-3. Tank T-1 I11 (upper layer) Scenario
MCI
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Figure 44. Tank T-I11
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While increasing moisture content in accordance with this scenario decreases the specific activity
of the product and therefore dose rates associated with the waste containers and payload
assemblies, it also decreases product density which has the opposite effect (i.e., increases
container/pay load assembly dose rates). However, the effect of decreasing the specific activity
clearly predominates.

In accordance with the assumptions, approach and results of Scenario MC I, as correlated to
applicable dose rate data in Appendix A, the following table identifies the approximate minimum
moisture content range required to produce product that is compliant with all 4 criteria for the
three tanks and two container types of interest.

Table 4-3. Scenario MCI- Minimum Moisture Content (wt% water) Required to Meet Dose
Rate Criteria

B-201 SWB NR (20 wt%) 1.45 g/ml
Drum NR (20 wt%) 1.45 g/ml

B-202 SWB NR (20 wt%) 1.46 g/mI
Drum NR (20 wt%) 1.45 g/mI

T-1 11 SWB 80-85 wt% 1.07 glml
(upper Drum 70-75 wt% 1. 12 g/ml

T-1 11 SW8 35-40 wt% 1.32
(average) Drum NR 1.46

NR - Moisture content optimization not required; product may be successfully packaged at design basis conditions
(i.e.. 20 wt% water).

4.3.2 Scenario MC2 - 'Pre-Saturation Addition"
Similar to the MCI, this scenario uses the "Estimated Product Density" for the three subject tanks
and an assumed (baseline) moisture content of 20 wt% water. However, this alternative assumes
that the product is kvdraulicallv unsaturated at these baseline conditions.

Accordingly, this scenario assumes that the void fraction used in the calculation of estimated
minimum bulk densities, i.e., approximately 0.38, is available to accommodate water, wit hout a
corresponding increase in the volume of the mixture. That is, for every 100 ml of product, 38 ml
is void space and available to accommodate 38 ml of water with no increase in volume of the
resulting product. Under this scenario, increasing moisture content increases the density of the
product. It should be noted however, that the actual waste may not perform as described above
and this condition described is bounding. It should also be noted that the density is conservatively
underestimated when compared to actual tank waste. The results associated with this scenario are
presented in Table 4-4.
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Table 4-4. Scenario MC2- Final Moisture Content (wt% water) and Associated Density

Ta2n1 20t _1.4 I 183 9/m

B-202 20 1.45 g/ml 3661.83 g/ml

T-1 11 (upper 20 1.46 g/ml 6. 1.84 g/ml
layer)

T-111 20 1.46 g/mI 36.5 1.84 g/mI
(average)

Under this scenario, the additional water is assumed to have no shielding effects. Accordingly,
the specific activity of the mixture, or final product, is identical to that of the original product.
This scenario has no effect on the specific activity of the product, but serves to increase final
product density substantially. As previously noted, increasing product density results in
decreasing dose rate associated with the payload containers and payload assemblies.

In accordance with the assumptions, approach and results of Scenario MC2, as correlated to
applicable dose rate data in Appendix A, the following table identifies the degree of compliance
with the 4 criteria for the three tanks and two container types of interest.

Table 4-5. Results of Scenario MC2

B-201 SWB X ,xoe

(upper layer) Drum __________ _ 1, 12, 4,Notel1

T-111 SWB X 2
(average) Drum X

Note I Av~ailable dose rate data does not enable conclusive evaluation of compliance with Criterion 3 at specific
activities exceeding 1.6 pCi/mi

16



RPP-21475
Revision 0

4.4 Sorbent Addition - Alternative 3
To assess the potential impacts that the addition of sorbents to the packaged waste product may
have on payload container and payload assembly dose rates, three scenarios were evaluated (as
described below) for the three tanks which may present high dose rate concerns. Note that the
dose rate calculations associated with the three sorbent scenarios assumes a 20 wt% moisture
content in the resulting waste products (including the sorbents).

4.4.1 Scenario SI - 50 vol% Low Density Sorbent Addition
This scenario involves the use of a low-density sorbent in a 1: 1 mix (by volume) with the waste
product. The assumed sorbent density is 0.7 g/ml. The effect of this sorbent addition is to
decrease product density and decrease product specific activity. The anticipated results of
applying this scenario to wastes from Tanks B-20 1, 13-202, and T- I I I (upper layer) are presented
in Table 4-6. Note that the specific activities presented in this table have been adjusted with
applicable tank-specific Bremsstrahlung and decay correction factors (Appendix A).

Table 4-6. Scenario SI Low Density Sorbent Addition

50% (by volume) 0.7 gm/mI sorbent

Density Rad pCi/mi) Tank
1.1 0.26 B-201
1.1 0.27 B-202

T-111
1.1 1.34 1 (upper layer)
1.1 0.35 T-1 11 (average)

The results of this scenario for the three tanks of interest and two container types are summarized
in termns of the four feasibility criteria in Table 4-7 below.

Table 4-7. Results of Scenario S I
Unk ~ ~~~ ~ ~~ 'CCkW13 f.:f0*fA#*.

B-201 SWB X
Drum X

B-202 SWB X
Drum X

T-111 SWB X 1,2,4
(upper layer) Drum X 1,2
T-1 11 SWB X
(average) Drum X
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4.4.2 Scenario S2 - 25% Sorbent/25% Sand Addition
This scenario involves the use of a low-density sorbent and sand as additives to the waste. The
resulting product is assumed to be 25 vol% sorbent, 25 vol% sand, and 50 vo0/ waste. The
density of the sorbent is assumed to be 0.7 g/ml; the density of the sand is assumed to be 1.8 giml.
Because the "effective dilution" associated with this scenario is identical to Scenario S I (i.e., an
overall 1: 1 mixture of waste with sorbent/sand additive), its effect, in terms of specific activity
reduction, is identical to Scenario S I as well. However, the inclusion of sand (which has a
relatively high density) results in a product with a higher density relative to Scenario SI1. As
previously noted, a higher density is advantageous in terms of dose rate reduction due to the self
shielding effect. The anticipated results of applying this scenario to the waste from the three
Tanks B-20 1, B-202, and T-lII I (upper layer) are presented in Table 4-8. Note that the specific
activities presented in this table have been adjusted with applicable tank-specific Bremsstrahlung
and decay correction factors (Appendix A).

Table 4-8. Scenario S2 Sorbent and Sand Addition

25% Sorbent, 25% 1 .8 g/mI sand, 50% product

Density Rad (pCi/mi) Tank
1.3 0.26 B-201

1.2 0.27 B-202
T-111

1.2 1.34 (upper layer)

1.2 0.35 T- 111 (average)

The results of this scenario for the three tanks of interest and two container types are summarized
in terms of the four feasibility criteria in Table 4-9 below.

Table 4-9. Results of Scenario S2

B-201 SWB X
Drum X

B-202 SWB X

Drum X

T-111 SWB X 1,24
(upper layer) Drum X 1,2

T-1 11 SWB X
(average) Drum X

4.4.3 Scenario S3 -20% Sorbent/40% Sand Addition
This scenario involves the use of the low-density sorbent and sand described above, but in
different proportions. The resulting product is assumed to be 20 vol% sorbent, 40 vol% sand, and
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40 vol% waste. This scenario results in a higher "effective dilution" of the waste relative to
Scenarios S I and S2 because the resulting product is (only) 40 vol% waste. Additionally, due to
the relatively high sand content, this scenario exhibits higher product densities than the other two
scenarios. The anticipated results of applying this scenario to the waste from Tanks B-201, 13-
202, and T- I I I (upper layer) are provided in Table 4-10. Note that the specific activities
presented in this table have been adjusted with applicable tank-specific Bremsstrahlung and decay
correction factors (Appendix A).

Table 4-10. Scenario S3 Sorbent and Sand Addition

20% Sorbent, 40%(1 .8 g/mi) Sand, 40% product

Density Rad (pCi/mi) Tank

1.4 0.20 B-201
1.4 0.21 B-202

T-111
1.4 1.07 (upper layer)

1 1.4 0.28 T-1 111 (average)

The results of this scenario for the three tanks of interest and two container types are summarized
in terms of the four feasibility criteria in Table 4-li below.

Table 4-11. Results of Scenario S3

B-201 SWB X
Drum x

B-202 SWB X
Drum X

T-1 I SWB X 1,2
(upper layer) Drum ________X1

T-1 11 SWB X
(average) Drum X
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5.0 Conclusions
This evaluation focused on three SSTs; B-20 1, B-202, and T- I 11I. The volume of waste
represented by these tanks is included in the 1. 1 million gallons of waste to be packaged by the
CH-TRUM Waste Packaging Project. A preliminary assessment, due to high specific activity,
indicated external radiation dose rates for payload containers and/or for packaged payload
assemblies could potentially exceed applicable WIPP and CWC waste acceptance criteria. The
WIPP acceptance criteria for CH-TRUM waste includes requirements that the external radiation
dose rate of payload containers (e.g., SW13, 55-gallon drum) and payload assemblies (i.e.,
TRUPACT-TI) be less than or equal to 200 mrem/hour at contact, and that the external dose rate
of payload assemblies be less than or equal to 10 mrem/hour at 2 meters (DOE/WIPP-02-3 122).
In addition, the Hanford Site Solid Waste Acceptance Criteria limits the external dose rate on
payload containers to less than or equal to 100 mrem/hour at 30 centimeters (HNF-EP-0063).

The WPS baseline process and three potential dose rate mitigation alternatives were evaluated to
determine whether high dose rate issues associated with Tanks B-20 1, B-202, and T- I I I could be
addressed. These alternatives were:

" Alternative I - Dryer product packaged in 55-gallon drums
" Alternative 2 - Varying the moisture content of the dryer product packaged in SWBs and

55-gallon drums
* Alternative 3 - Addition of sorbent to the dryer product packaged in SWBs and 55-gallon

drums

The objective was to investigate technically feasible packaging and/or process alternatives that
would allow the CH-TRUM WPS Project to package the maximum amount of CH-TRUM waste
for eventual transportation and disposal at WIPP.

For the purposes of this study, four criteria were established to evaluate technical feasibility:

" Criterion I - Maintain payload container external dose rate < 200 mrem/hr on contact

" Criterion 2 - Maintain payload container external dose rate < 100 mrem/hr at 30
centimeters

* Criterion 3 - Maintain TRUPACT-11 external dose rate < 200 mrem/hr on contact

* Criterion 4 - Maintain TRUPACT-11 external dose rate < 10 mrem/hr at 2 meters

The baseline process and container and/or an alternative was considered technically feasible if the
CH-TRUM WPS Project could treat and package. in compliance with the above four criteria, 1. 1
million gallons of CH--TRUM waste.

Baseline Process and Container (SWB): The baseline process employs a "dry batch" technique
whereby a bed substrate material (e.g. vermiculite) is first introduced into the dryer. Waste slurry
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is then periodically metered into the drying process such that the bulk mixture liquid content
remains less than or equal to 20 wt% water. The baseline process packaging container is an
SWB. Extraction of solids from the dryer for packaging never empties the dryer, always leaving
a bed of dry solids to initiate subsequent slurry addition and drying. Over time the drying process
requires little or no addition of additional substrate material. Consequently, the use of additives
and the associated effects on product density and specific activity are not considered in the
baseline process.

External dose rates were evaluated, as measured from a single SWB and from a TRUJPACT-11
(containing two SWBs), with respect to the WIPP acceptance criteria and Hanford Site Solid
Waste acceptance criteria for CWC. Based on expected product density and specific activity,
only Tanks B-201 and B-202 meet all the criteria established in Section 4.0. Tank T-1 I I will not
meet WIPP and CWC external dose rate requirements when packaged into SWBs:

* T- I1I1 (upper layer) SWB exceeds WIPP criteria 200 mrem/hr at contact
" T-1 II (upper layer) SWB exceeds CWC criteria 100 mrem./hr at 30 cm
" T-l I I (upper layer) TRUPACT-11 exceeds WIPP criteria 10 mremn/hr at 2 m
" T- I I I (average) SWB exceeds CWC Criteria 100 mremlhr at 30 cm

Tank T-1 I I represents approximately 447,000 gallons of CH-TRUM waste. The CII-TRUM
Waste Packaging Project cannot successfully package 1. 1 million gallons of tank waste using
the baseline process in S W~sfor eventual disposition, shipment and disposal at the WlPP.

It should be noted that Tanks B-201 and B-202 marginally pass CWC external payload dose rate
limits (Criterion 2). Based on the uncertainty associated with the final packaged waste densities
and specific activity there is a risk that waste from these tanks would not be accepted at the CWC.
Although dispensation of the 100 mrem/hr at 30 cm limit at the CWC is allowed by H-NF-EP-
0063, it is not considered as an alternative for this analysis.

Alternative 1: Alternative I evaluates mitigating potential high dose rate issues by packaging
CH-TRUM waste in 55-gallon drums. This alternative assumes the same dewatering process as
Alternative I with dryer product being packaged at 20 weight percent moisture. The use of
sorbents and the associated effects on product density and specific activity was not considered in
this alternative. Alternative I evaluated the external dose rate, as measured from a single 55-
gallon drum and from a TRUPACT-11 containing seven 55-gallon drums, with respect to the
WIPP acceptance criteria and Hanford site solid waste acceptance criteria for CWC.

Based on expected product density and specific activity, Tanks B-20 1, B-202, and Tank T- I I I
(average) meet all of the criteria established in Section 4.0.
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Waste packaged from the upper layer of Tank T-lII I will not meet WIPP and CWC external dose
rate requirements when packaged in 55-gallon drums:

* T- I I I (upper layer) single 55-gallon drum exceeds WIP? criteria 200 mrem/hr at contact
" T- I I I (upper layer) single 55-gallon drum exceeds CWC criteria 100 mrem/hr at 30 cm
" T-l 11I (upper layer) TRUPACT-11 with seven 55-gallon drums exceeds WIPP criteria 10

mrem/hr at 2 m

The Tank T-lII I (average) reported specific activity assumes blending of the tank waste
(homogenous mixing of the upper waste layer with the lower activity layers) to achieve a lower
mean specific activity. Reliance on homogenous blending during retrieval carries significant risk.
SST retrieval technologies have not been demonstrated or proven in the field and there is no basis
(retrieval experience) to assume retrieval operations can be adapted to homogenize T- I I I to
achieve specific activities that are representative of the reported tank average. In addition,
phenomenon such as slumping, where the upper layer slides to the bottom of the tank during
retrieval operations cannot be predicted or controlled. Should slumping of a significant portion of
the top layer occur there is a significant risk that the packaging system would receive waste with a
specific activity that would cause external dose rates to exceed acceptance limits.

Tank T-l I11 represents approximately 447,000 gallons of CH-TRUM waste. The CH-TRUM
Waste Packaging Project cannot successfully package 1. 1 million gallons of tank waste in 55-
gallon drums using the current baseline process for eventual disposition, shipment and disposal
a! the WIPP.

Alternative 2: The potential impact of increasing the moisture content was evaluated using two
different scenarios. The first, scenario MCI (post-saturation), indicates that increasing moisture
content has the effect of decreasing waste specific activity and therefore container/packaged
payload assembly dose rate, and decreasing product density. Both effects are corollary to the
direct volume increase associated with water addition under this alternative. However the
reduction of specific activity clearly predominates.

Based on the results of the MCI analysis, wastes from Tanks B-201I and B-202 may be
compliantly packaged at baseline conditions (i.e-, moisture content optimization is not required).
Waste from Tank T- I I I may meet WIPP and CWC external dose rate requirements if product
moisture content is optimized as follows:

* T-I I I 1(upper layer) requires moisture content optimization (80-85 w1%) to meet Section
4.0 criteria when packaged in SWBs

" T- I I I (upper layer) requires moisture content optimization (70-75 wt%) to meet Section
4.0 criteria when packaged in 55-gallon drums

" T- I I I (average) requires moisture content optimization (35-40 wt%) to meet Section 4.0
criteria when packaged in SWBs

The second scenario, MC2 (pre-saturation), is in effect; the direct opposite of MCI in that
additional water does not increase product volume nor alter its specific activity. The additional
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moisture is accommodated by the void fraction in the "dry" product. The effect of increasing
moisture content of the TRUM WPS waste product under this scenario is solely an increase in
product density. Note however, that increasing product density results in decreasing the dose rate
of the TRUM waste containers and packages. Based on the results of the MC2 analysis, Tanks B-
201 and B-202 meet all Section 4.0 criteria at baseline conditions when packaged in SWBs and
55-gallon drums (i.e., moisture content optimization is not required). Under the MC2 scenario,
waste from Tank T- I111 will not meet W[PP and CWC external dose rate requirements:

" T- I I I (upper layer) single SWB exceeds WIPP criterion 200 mrem/hr at contact
" T- I I1I (upper layer) single SWB exceeds CWC criterion 100 mrem/hr at 30 cm
" T- I I I (upper layer) SWB/TRUPACT-ll exceeds WIPP criterion 10 mrem/hr at 2 m
" T-l I 1 (upper layer) single 55-gallon drum exceeds WIPP criterion 200 mremlhr at contact
" T-l I I (upper layer) single 55-gallon drum exceeds CWC criterion 100 mrem/hr at 30 cm
" T-1 I I (upper layer) Drum/TRUPACT-Il exceeds WIPP criterion 10 mrern/hr at 2 m
" T- I I I (average) single SWB exceeds CWC criterion 100 mrem/hr at 30 cm

Qualitatively, the results indicate that increasing the moisture content of the TRUM WIPS waste
product may be an effective method to mitigate potential high dose rate issues associated with
processing and packaging TRUM sludge retrieved from Tank T-11 1I. Note however, that the
moisture content required to successfully package waste from T- I I I using SWB, in accordance
with Scenario MCI, is approximately 80-85 wt%/ water. This moisture content level is associated
with a final product that is one part waste (at 20 wt% water) and approximately 6 parts water (by
volume) in accordance with the MCI model. Similarly, should packaging in a drum be desirable,
the required product moisture content of 70-75 wt% represents a final product that is one part
waste (at 20 wt~o water) and approximately 3 parts water (by volume).

Tank T- I I I in-tank waste moisture content is documented in TWINS at approximately 75 wt%.
This tank has been interim stabilized. Accordingly, one may consider that all free liquid has been
removed as an approximation. The remaining "solid" waste (i.e., no free liquid) exhibits the
aforementioned moisture content (i.e., approximately 75 wt%). Therefore, to package this waste
in a SWB may require that very little water be removed from the waste slurry as retrieved, and
that sorbents be added to mitigate free liquid concerns. While it is possible that mitigation of high
dose rate issues associated with this tank may involve a moisture content optimization element, it
is not probable that such optimization solely will result their effective mitigation.

In addition, products with high moisture contents involve "free liquid" concerns. To address this
concern, tank waste composites from tanks B-203, T- 1 10, T-203 and T-204, at a variety of
dilutions, were subjected to modified paint filter liquids testing (SW-846, Method 9095A)( EPA
1994) to determine whether free liquid existed in any of the samples. The testing, conducted by
PNNL, indicated that "30-wt% solids" dilutions of composite waste samples from Tanks T-203
and T-204 passed the paint filter test, corresponding composite waste samples from Tanks T- 10
and B-204 did not pass the paint filter test (PNNL- 14365). Nonetheless, this information suggests
that products exhibiting moisture contents of up to approximately 70 wt% may not exhibit free
liquids.
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In accordance with the results of the MC I Scenario, waste from Tanks B-201 land B-202 may be
compliantly packaged with the baseline process and container; no moisture content optimization
is necessary. Tank T- I II (average) waste can be compliantly packaged in 55 gallon drums
without moisture optimization. Results of the MCI Scenario indicate that wastes from the upper
layer of Tank T-lII I may be successfully packaged if product moisture content is optimized in the
range of 80-85 wt0/o for SWB or 70-75 wt%/ for drums. However, it is unlikely that waste from
this tank could be packaged in SWBs or 55-gallon drums by optimizing moisture content solely;
substantial sorbent addition may be required as well. For the Tank T- Ill (average) case, a
moisture content of 35-40 wt% would be required for packaging in a SWB.

Tank T-lII I represents approximately 447,000 gallons of CH-TRUM waste. It is not probable
that the CH-TRUM Waste Packaging Project can package 1.1 million gallons of tank waste for
eventual disposition, shipment and disposal at the WIPP if alternate dewatering technology
alone is employed to control the moisture content of Tank T-1I L1

Alternative 3: To assess the potential impacts that the addition of sorbents to the packaged waste
product may have on payload container and packaged payload assembly external dose rates, three
scenarios were evaluated: S 1 (50 volume percent low density sorbent addition), S2 (25 volume
percent sorbent plus 25 volume percent sand addition), and S3 (20 volume percent sorbent and 40
volume percent sand addition). This Alternative assumed 20 wto moisture content in the
resulting waste products (including the additives). Based on the results of this analysis Tanks B3-
201, B-202 and the Tank T-1 I I (average) case may be packaged successfully in accordance with
any of the three scenarios considered, using either SWBs or 55-gallon drums.

Waste from Tank T-lII I (upper layer), when packaged in a SWB, failIs at least two of the four
criteria in all three scenarios considered (i.e., Criteria I and 2). In addition, the waste from Tank
T- I I I (upper layer) when packaged in 55-gallon drums, fails at least one of the four criteria in all
three scenarios considered (i.e., Criterion 1):

S I (50 volume percent low density sorbent addition)

" T- I I I (upper layer) single SWB exceeds WIPP criterion 200 mrem/hr at contact
" T-lII I (upper layer) single SWB exceeds CWC criterion 100 mrem/hr at 30 cm
" T-lII I (upper layer) SWB/TRUPACT-ll exceeds WIPP criterion 10 mremlhr at 2 m
" T- I I I (upper layer) single 55-gallon drum exceeds WIPP criterion 200 mremlhr at contact
" T- I I I (upper layer) single 55-gallon drum exceeds CWC criterion 100 mreni/hr at 30 cm

S2 ('25 volume percent sorbent plus 25 volume percent sand addition)

" T- I I I (upper layer) single SWB exceeds WIPP criterion 200 mrem/hr at contact
" T-lII I (upper layer) single SWB exceeds CWC criterion 100 mremlhr at 30 cm
" T-lII I (upper layer) SWBITRUPACT-Il exceeds WIPP criterion 10 mremlhr at 2 m
" T- I1I1 (upper layer) single 55-gallon drum exceeds WIPP criterion 200 mrem-/hr at contact
" T-lII I (upper layer) single 55-gallon drum exceeds CWC criterion 100 mremlhr at 30 cm
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S3 (20 volume percent sorbent and 40 volume percent sand addition)

" T- Ill (upper layer) single SWB exceeds WIPP criteria 200 mrern/hr at contact
" T-I I I (upper layer) single SWB exceeds CWC criteria 100 mremlhr at 30 cm
" T- Ill (upper layer) single 55-gallon drum exceeds WIPP criterion 200 rnmr at contact

Succinctly, waste from the upper layer of Tank T- Ill may not be compliantly packaged under
any of the sorbent addition scenarios considered, regardless of payload container type. It may be
possible to increase or modify the ratios of sorbent and sand to facilitate compliance, however
such optimization is beyond the scope of this evaluation. Furthermore, the addition of additives
(e.g., sorbents and fillers) entails potential regulatory, operations and cost considerations. If
additives are introduced to address the "no" free liquids requirements of the WIPP WAC, or
facilitate effective processing of the waste (as in the case of sorbents or fillers used as dry bed
substrate in the drying process), then additive addition is compatible with applicable regulatory
requirements. However, additives cannot be used solely to accomplish dilution; such dilution is
prohibited under the WIPP WAC as well as RCRA.

The use of additives may result in an increased product volume which may, but does not
necessarily result in the need for an increased number of waste containers and waste shipments.
The use of additives may also adversely impact process throughput as a result of decreased
processing rates and/or the incremental increase in process complexity and associated operational
requirements.

Tank T-1 I I represents approximately 447,000 gallons of CH-TRUM waste. It is not probable
that the CH- TRUM Waste Packaging Project can package 1.1 million gallons of tank waste for
eventual disposition, shipment and disposal at the WIPP if T-11II is packaged using a modified
process introducing additives in accordance wth Scenarios I through 3.

Based on the results of this study, neither the baseline process nor any of the alternatives alone
will be adequate to achieve a total packaged waste volume of 1. 1 million gallons. The Cs- 137
concentration (reported) for the upper waste layer of T- I I I is the key factor contributing to
excessive external waste package dose rates. Reliance on blending of the upper layer of T-1 I I
waste with the lower activity layers of T-1 I Ito achieve a lower average Cs-I 37 concentration (T-
I I I average) entails significant project risk. Sufficient experience with the planned SST retrieval
technologies does not exist to assume that homogenous mixing of T- Ill can be accomplished. In
addition, waste slumping, where the upper layer slides to the bottom of the tank during retrieval
operations, cannot be predicted or controlled. The occurrence of waste slumping poses a risk that
external container dose rates, due to higher specific activity from T- I I I's top layer, will exceed
WIPP or CWC external dose rate acceptance limits. T- I I I waste, even when assuming
homogonous mixing, will exceed the CWC 100 mremlhr dose rate limit when packaged in a
SWB.

Tanks B-201 and B-202 marginally pass CWC external payload dose rate limits when packaged
in SWBs. As a minimum, due to the uncertainties associated with the final packaged waste
densities and specific activities for these two tanks, the project should consider packaging the CH-
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TRUM waste into 55-gallon drums. Although switching waste containers alone will not allow the
project to package T- I I I upper layer waste, external container dose rates are significantly reduced
when the waste is packaged in 55-gallon drums.

This study focused on determining the technical feasibility to package CH-TRUM waste such that
payload containers and/or packaged payload assemblies would meet WIPP and CWC external
dose rate acceptance criteria. The objective was to identify a technically feasible alternative(s) to
allow the CH-TRUM WPS Project the flexibility to package the maximum amount of CH-TRUM
waste for eventual transportation and disposal at WIPP. Implementation and impact to life-cycle
project costs were not considered in the scope of this analysis. These include:

" The impact to TRU limits (100 nCi/g) with the addition of sorbents and sand
* Replace T-1 I I with alternative tank(s)
" Blending T-I I1I waste in WPS receipt tanks with lower specific activity waste from any of

the other CH-TRUM waste tanks
" Cost associated with changing the waste package container

- design
- container cost
- material handling
- sampling
- shipping
- WIPP disposal

" Optimization of process parameters and/or a combination of alternatives (e.g., moisture
content optimization with sorbent additive) to reduce high dose rates resulting from T-l I II
upper layer waste

" Cost associated with optimization and/or modifying process parameters to package T-1 I I
upper layer waste

It may be possible to modify the ratios of sorbent and sand to reduce external radiation dose rates
produced by T-lII I upper layer waste. However, the use of additives entails potential regulatory
considerations. If additives are introduced to address the "no" free liquids requirements of the
WTPP WAC, or to facilitate effective processing of the waste then additive addition may be
compatible with applicable regulatory requirements. Additives however cannot be used solely to
accomplish dilution: such dilution is prohibited under the WTPP WAC as well as RCRA.
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Calculation Reviewed: Dose calculations for Transuranic -(TRIJ) Waste Retrieval

Scope of Review: Entire Calculation. Note: Sircadsheet Verification is documented in SVF-227
(e.g., document section or portion of calculation)

Engineer/Analyst: R.L. Brown Date: July 7. 2004

Organizational Mgr: .J.W. Hobbs Date: July 7.204

This document consists of 37 pages and the following attachments (if applicable):

N/A

YsN A*
[/J j[ 1. Analytical and technical approaches and results are reasonable and

appropriate.
[ [ []2. Necessary assumptions are reasonable, explicitly stated, and supported.['4 [1 []3. Ensure calculations that use software include a paper printout, microfiche,

CD ROM, or other electronic file of the input data and identification to the
computer codes and versions used, or provide alternate documentation to
uniquely and clearly identify' the exact coding and execution process.

['4 [] []4. Input data were checked for consistency with original source information.
[w' [] f]5. For both qualitative and quantitative data, uncertainties are recognized and

discussed.[4 [ [16. Mathematical derivations were checked including dimensional consistency
of results.

Ed! ] []7. Calculations are sufficiently detailed such that a technically qualified person.
can understand the analysis without requiring outside information.[:I, I II8. Software verification and validation are addressed adequately.

]9. Limits/criteria/guidelines applied to the analysis results are appropriate and
referenced. Limits/ctiteria/guidelines were checked against references.[4'[] []10. Conclusions are consistent with analytical results and applicable limits.

[ It. Results and conclusions address all points in the purpose.
[2 Referenced documents are retrievable or otherwise available.

13. The version or revision of each reference is cited.
[ []14. The douetwas prepared in accordance with Attachment A, "Calculation

Formt an PrparaionInstructions."15. All checker comments have been dispositioned and the design media
matches the calculations.

R.M. Pierson V--*- P/--I
Checker (Printed Name and Signature) batc

*If No or NA is chosen, an explanation must be provided on or attached to this form.
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Section A-i
Dose Calculations for Transuranic (TRU) Waste Retrieval

1.0 OBJECTIVES/PURPOSE/SCOPE

This appendix provides the basis for the dose rate values contained in the tables presented
in section A-2. These tables establish a correlation between product density and specific
activity to external dose rates and provide a tool to approximate dose rates associated
with contact handled TRUM waste for the following configurations:

*Single 55 Gallon Drum sides @ contact, 30 cm, and 2 meters
*TRUPACT-11 Container with a 7 drum pallet as measured from the bottom @

contact, 30 cm, and 2 meters
a TRUPACT-11 Container with a 7 drum pallet as measured from the side @

contact, 30 cm, and 2 meters
Single SWB bottom @ contact, 30 cm, and 2 meter

*TRUPACT-11 Container with 2 SWB, bottom @ contact, 30 cm, and 2 meter
aTRUPACT-11 Container sides with 2 SWB @ contact, 30 cm, and 2 meter

The scope of the calculations contained in this document is limited to the configurations
and applications described.

2.0 SUMMARY OF RELEVANT DOSE RATE REQUIREMENTS

Dose rates at contact (1.75"), thirty centimeters (cm) and at two meters (M) are critical to
waste containers. The following summarizes the specific references for the distances and
the relative dose rate criteria for each distance.

2.1 HNF-EP-0063 Rev. 10, Hanford Site Solid Waste Acceptance Criteria

Page 2-13 - Waste packages received by the Central Waste Complex (CWC) shallI
not exceed I milliSievert per hour (100 millirem per hour) at 30 centimeters (I
foot) from the waste package and 2 milliSieverts per hour (200 millirem per hour)
at any point on the surface of the package.

2.2 DOEJWIPP-02-31 22 Rev. 1, Contact-Handled Transuranic Waste
Acceptance Criteria ror the Waste Isolation Pilot Plant (WIPP)

Page 3-14 - Acceptance Criterion. The external radiation dose equivalent rate of
individual payload containers shall be (less than or equal to) 200 mnremlhr at the
surface. The external radiation dose equivalent rate of the TRUPACT-I1 and
Hl-afPACT shall be (less than or equal to) 200 mremlhr at the surface and (less
than or equal to) 10 mrem/hr at 2 M.
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Individual "Payload Containers" are defined by WIPP as being a 55-gallon Drum,
standard waste box (SWB), or a ten drum overpack (TDOP), page C-4,
DOE/WIPP-02-3 122. For the purpose of the TRU dose evaluation we are only
interested in the Drum and SWB.

The "Package" is defined by WIPP as being the TRUPACT-11 or HalfPACT
loaded with TRU waste payload containers; page C-4, DOEIWIPP-02-3 122. For
the purpose of this TRU dose evaluation we are interested in the evaluation of the
TRUPACT-11 with payload containers inside. The payload containers will consist
of one of the three following:

a7 pack of drums
*a 2 SWBs direct filled with waste
* 2 SWBs containing 4 drums each

Note: The current project assumption is that the TRUPACT-11 will be loaded
with 7 empty (dunage) drums stacked upon the 7 Drums filled with waste, all
inside the TRUPACT-Il. Therefore only 7 drums are considered.

Table I:. Summary of the Relevant Dose Rate Criteria for Packages
Contact 30 cm 2 M

_________ 200 mR/hr 100 mR/hr 10 mR/hr
Single 55 Gallon Drum CWC/WIPP CWC ______

TRUPACT-lI. 7 Drums WIPP ______ WIPP
Sige W CWC/VIPP CWC

TRUPACT-lI, 2 SWB WIPP _____ WIPP

3.0 SUMMARY OF RESULTS

Tables that can be used to determine the dose rates for the select tanks are included in
section A-2 of this appendix.

4.0 ASSUMPTIONS AND INPUT

4.1 General

The following assumptions were applied throughout this document.

a The primary gamma producin nuclide of concern is cesium 137 (137Cs).
The metastable barium- 137 (1 mBa) decay product of '"1Cs emits over
99% of the penetrating radiation from the waste material, excluding any
Bremsstrahlung photons from associated beta decay.
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" The contribution from Bremsstrahlung is tank specific based on Sroto
Cs'"3 ratios and is determined as shown in section A-4 using data from
the Best Basis Inventory (BBI) associated with each tank.

" The estimated '37CS concentrations in the final package are based on
material density which is unknown.

" Contact dose rates were modeled at 1.75 in (3.9 cm) to reflect the active
region of the ion chamber for the RO-20 instrument to record radiation
readings on containers at both CH2MHILL and the CWC.

" The material makeup of 241 -B-202 provides a representative
approximation of the chemical makeup for the tanks under consideration.

4.2 Custom Material Files

Determining the appropriate material to model for the source (box or drum
contents) is critical. The majority of radiation measured is a result of Buildup.
Buildup, as calculated by MicroShield, is based on the effective atomic number of
the waste form. And can vary by up to 50% for different materials. A review of
the four most limiting tanks under consideration: B-201, B-202, T-104, and T-l I II
reveals that, although the waste forms are similar, subtle differences within the
waste tanks under consideration can cause the final results to vary by as much as
30%/.

Given the uncertainty of the materials in the tanks a review of the effects of the
buildup for these four tanks was evaluated. The results of this evaluation
determined that Tank 24 1-B-202 contains, as the top three components, Nitrate,
Sodium and Bismuth. These chemicals are contained in approximately similar
ratios as the other tanks being evaluated. Because of this, the material makeup of
24 1 -B-202 was used as the custom material to model the source and will
approximate the waste material for this evaluation.

The custom source material is approximated by the following table:

Table 2: Custom Source
Material File
Weight Material
Percent
20.1 % Water
13.5 % Bismuth
24.5% Nitrate
15.6 % Sodium
4.9 % Manganese
3.9 % Carbonate
5.1 % Phosphate
4.8 % Lanthanumn
4.8% Iron
2.9% Silicon
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4.3 Source Terms

Initial Process Engineering estimates Of 137CS concentrations and density of
source material for 20 weight % water are shown in the table below. This table
can be used to approximate the dose rates on containers using the tables provided
in section A-2. The table only reflects values for the 20 weight % water for the
specific source material used in the model. Modification of the source material by
the addition of sorbents can modify results and will require additional evaluation.

___________Table 3: Source Term Values for 20% M~oisture _______

Estimated Cs-i 37 Corrected for
Product Concentration Decay Factor Decay and
Density at 20 (uC i/cc) at 20 Bremsstrahlung Corrected to Bremsstrahlung

Tank wt% water wt% water Correction Factor June 1, 2005 (PCi/mi)

241-B-201 1.45 0.48 1.20 0.90 0.52

241 -B-202 1.45 0.39 1.50 0.90 0.53

241 -B-203 1.45 0.04 1.10 0.90 0.04

241 -B-204 1.45 0.15 1.60 0.90 0.22

241 J-201 1.56 0.09 1.00 0.90 0.08

241 -T-202 1.56 0.14 1.00 0.90 0.13

241-T-203 1.48 0.07 1.00 0.90 0.06
241-T-204 1.64 0.03 1.00 0.90 0.03

241-T-104 1.46 0.66 1.20 0.90 0.71

241 -T-1 10 1.46 0.07 1.00 0.90 0.07
241 JT-111
upper
segments 1.46 1.78 1.50 1.00 2.67
241 JT-111
Average 1.46 0_.51 1.50 0.90 0.69
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The Bremrss trahlung correction factor for each tank is shown below, along with
the corresponding 9Sr: 1'3 7GCs ratios used to develop the factor.

Table 4: Bremsstrahl ng Correction Factor
Br emsstrahlung

Cesium Strontium Ratio Correction
Tank (Ci) (Ci) (Sr/Cs) Factor

241 -B-201 2.11 E+01 2.67E+02 13:1 1.2
241-B-202 1.11E+01 4.37E.-02 39:1 1.5
241-B-203 1.9217+00 1.73E+01 9:1 1.1
241 -B-204 6.67E+00 3.15E+02 47:1 1.6
241-T-104 2.57E+02 3.36E+03 13:1 1.2
241-T-110 2.78E+01 5.12E+01 2:1 1.0
241-T-1 11 2.29E+02 9.23E4.03 40:1 1.5
241-T-201 4.40E+00 1.13E+01 3:1 1.0
241-T-202 2.61 E+00 2.3012-01 0.1:1 1.0
241 -T-203 2.51 E+00O 4.0715-01 0.2:1 1.0
241-T-204 1 .24E+00 7.32E-01 0.6:1 1.0

For more information on the development of this table, see section A-4:
Development of Bremsstrahlung Correction Factors.

4.4 Model Input

The following reflects the input used to define the MicroShield models used to
calculate the dose rates.

4.4.1 55 Gallon Drum

The 55 gallon drum is modeled as completely hil of waste. The following

information was used in the model:

Drum Height 3 3.3 in (84.6 cm)
Drum Radius 11.25 Inches
Drum Wall Thickness 0.053 in (.03 15 cm)
Material Iron
Density: 7.86 gm/cc

4.4.2 TRUPACT-lI Container with a 7 Drum Pallet - Side

This model considered only the dose rates from the three drums closest to the side
of the TRUPACT-Il. No significant contribution to dose rates came from drums
in the shadow of these three drums. Figure 1, TRUPACT-11 Drum Assembly
shows the drum configuration.
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Figure 1: 7 Drum Configurations

77

The following information was used in the model:

Inner Containment Vessel (ICV) Shell
Material: DT-304 Stainless Steel
Density: 7.97 gin/cc
Thickness: 0.25 in (0.636 cm)

IC V-Outer Containment Vessel (OCV) Shell Air Gap
Material: Air
Density 0.00 122 gm/cc
Thickness: 0.25 in (0.636 cm)

OCV Shell
Material: DT-304 Stainless Steel
Density 7.97 gmn/cc
Thickness 0. 1875 in (0.476 cm)

Polyurethane Foam
Material: Polyurethane Foam and Ceramic Fiber
Density 0. 136 gm/cc
Thickness 10. 125 in (25.7 cm)

Note: There are two layers of ceramic fiber modeled as foam and included in
the foam layer dimensions.

Outer Contairnent Vessel (QCV) Body
Material: DT-304 Stainless Steel
Density: 7.97 gmn/cc
Thickness: 0.25 in (0.636 cm)
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4.A.3 TRUPACT-11 Container with 7 Drum Pallet- Bottom

This model considered the maximum dose rate from the center drum as the
primary contributor and the contribution from the six surrounding drums as
secondary contributors. Figure I approximates this configuration.

Inner Containment Vessel (ICV) Lower Spacer Assembly
Material: Honeycombed Aluminum
Density: 0.058 gmn/cc
Thickness: 11 .313 in (28.7 cm)

Inner Containment Vessel (ICV) Shell
Material: DT-304 Stainless Steel
Density: 7.97 gm/cc
Thickness: 0.25 in (0.636 cm)

IC V-Outer Containment Vessel (OCV) Shell Air Gap
Material: Air
Density 0.00 122 gm/cc
Thickness: 0.25 in (0.636 cm)

OCV Shell
Material: DT-304 Stainless Steel
Density 7.97 gm/cc
Thickness 0. 1875 in (0.476 cm)

Polyurethane Foam
Material: Polyurethane Foam and Ceramic Fiber
Density 0. 136 gm/cc
Thickness 9 in (22.9 cm)

Note: There are two layers of ceramic fiber that line the foam that are
modeled as foam and included in the foam layer dimensions.

Outer Containment Vessel (OCV) Body
Material: DT-304 Stainless Steel
Density: 7.97 gmn/cc
Thickness: 0.25 in (0.636 cm)

Note: The Outer Containment Vessel contains two fork truck slots that
are not considered when determining distances for dose rates.
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4.4.4 Single SWB bottom

The following dimensions used for model:
Standard Waste Box
Height (Waste in Box) 20 in (50.8 cm)
Width 52 in (I 32cm)
Length 68 in (173 cm)
Wall Thickness 0. 135 in (XX cm)
Material Iron
Density 7.86 gm/cc

The SWB box bottom is the limiting geometry due to the large exposed plane at
the bottom of this waste container. The boxes are assumed to be Filled with 20"
of waste. At current weight limitations, no additional material beyond a 20" fill
will be possible. The model assumes the SWB to be a rectangle and ignores the
end curvature. This results in slight conservatisms within the model, but does not
significantly affect the calculated dose rate

4.4.5 TRUPACT-11 Container with 2 SWB, bottom

The TRUPACT-11 with two stacked SWBs, will have a relatively insignificant
contribution from the second SWB. Therefore, for the purposes of this evaluation
the upper box was not considered in the calculation.

The material information for this model is the same as for the model used in
Section 4.3.3, TRUPACT-11 Container with 7 drum pallet - Bottom

4.4.6 TRUPACT-11 Container sides with 2 SWB

With two SWBs in the TRUPACT- 11, both boxes contribute to the dose rates and
are therefore both considered.

The material information for this model is the same as for the model used in
Section 4.3.2. TRUPACT-11 Container with a 7 drum pallet - Side

5.0 METHODOLOGY

MicroShield software version 6.02 was used to determine the exposure rates for all
described configurations. The output of the individual MicroShield runs are used to
develop the tables presented in attachment A-2 that represent the anticipated dose rates
for variations in density and source termn. Software Verification and Validation runs for
MicroShield, version 6.02. release date 2003, were performed on 5/l/2004 on USDOE
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computer WC87460. Microsoft Excel was used for developing the dose rate versus
density tables. The version of Excel available on the Hanford HLAN was used and
spreadsheet verification was performed and documented on a Spread Sheet Verification
Form. The spreadsheet verification was documented under the verification number SVF-
227.

6.0 CONCLUSIONS

No distinct conclusions are drawn from the data presented, as that is beyond the scope of
the calculations.
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MicroShield v6.02 (6.02-00127)
CH2M_Hill_Hanford_Group_1nc.

Pige Ref :Typical 7 Drum on Bottom of TRUPACT-11
DOS File :7bl.,ms6 FeefModel
Run Date :May 17, 2004 Date :5/17/2004
Run Time 8:03:51 AM By :R, L. Brown
Duration :00:00:01 Checked :R, M. Pierson

Case Title: Tru Drum Bottom
Description: Trupac 11 bottom of 7 drum array
Geometry: 8 - Cylinder Volume - End Shields

Source Dimeinsions:
Height 84.455 cm (2 ft 9.3 in)
Radius 28.575 cm (11 3 in)

Dose Points
A x V Z

# 1 0cm 1 43e+02 cm 0cm
0.0in 4 ft 8.4 in 0.0in

# 2 0cm 339 cm 0cm
0.0 in 11 ft 1.5in 0.0in

# 3 0 cm 169.2656 cm 0cm
0.0in 5 ft 6.6 in 0.0in

# 4 60.96 cm 1 .43e+02 cm 0 cm
2 ft 4 ft8.4 in 0.0in

# 5 60.96 cm 339 cm 0cm
2 It 11 ft1.5in 0.0in

j; 6 60.96 cm 169 2656 cm 0cm
2 ft 5 ft6.6 in 0,0in

Shields
Shield N Dimension Material Density

Source 1.32e+04 in3  8-202 TRU I
I X Custom

Shield 1 .08 in Aluminum 2 7
Shield 2 11.313 in Al Hcomb 0,058
Shield 3 .251in 304 SST 7.97
Shield 4 .25 in Air 0 00122
Shield 5 .188 in 304 SST 7,97
Shield 6 9.0 in TRUPOLY 0.136
Shield 7 .25 in 304 SST 7.97
Air Gap Air 0,00122

Wall Clad .053 in Iron 7.86
rop Clad .053 in Iron 7.86

Immersion Al Hcomb 0.058

Source Input :Grouping Method - Actual Photon Energies
Nuclide curies becquerels PCi/cm3  Sq/cm3

Ba- 137nm 2.0495e-001 7.5830e4 009 9.4600e-001 3,5002e - 004
Cs 137 2.1664e-001 8 0158e+009 1,0000e+000 3 7000e+004
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Buildup :The material reference is - Source
This buildup reference material is a mixed material

with a high atomic number element (83). Buildup Factors
less than and somewhat greater than 91 key

may be incorrect. Please understand your results.
Integration Parameters

Radial 20
Circumferential 10
Y Direction (axial) 10

Results - Dose Point * 1 - (0,56.384,0) In
Pluence Rate Fluence, Rate Exposure Rate Exposure RateEnergy Activity MeV/cma/sec FMeV/cm/sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup

0.0045 7.872e+07 0.000e+00 2.834e-26 0.000e+00 1 .943e-26
0.0318 1.570e+08 4.372e-46 4.774e-25 3.642e-48 3.976e-27
0.0322 2 .896e+08 2.379e-44 8.950e-25 1 .914e-46 7.203e-27
0.0364 1.054e+08 4.482e-32 3.884e-25 2.547e-34 2.207e-27
0.6616 6.823e+09 2.031e+03 7.676e+03 3.938e+00 1.488e+01
Totals 7.454e+09 2.031e+03 7.676e+03 3.938&+00 1.488e+01

Results - Dose Point # 2 - (0,1.33e+02,O) in

Enrg ctviy Fluence Rate Pluence Rate Exposure Rate Exposure RateEeg Aciiy MeV/cm2 /seC MSV/cm/sec mR/hr mR/hr
MeV Photons/sec No Buildup With Buildup No Buildup With Buildup

0.0045 7.872e+07 0.000e+i00 2.884e-27 0.000e+00 1 .977e-27
0.0318 1.57De+08 2.005e-46 4.857e-26 1.670e-48 4.046e-28
0.0322 2.896e+08 1.064e-44 9.106e-26 8.560e-47 7.328e-28
0.0364 1.054e+08 1.533e-32 3.952e-26 8.708e-35 2.245e-28
0.6616 6.823e+09 1.564e+02 6.136e+02 3.032e-01 1.190e+00
Totals 7.454e+09 1.564e+02 6.136e+02 3.032e-01 1.1900+00

Results - Dose Point # 3 - (0,66.64,0) in
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm/sec MeV/cm2 /sec mR/hr mR/hr

14eV Photons/sec No Buildup With Buildup No Buildup With Buildup

0.0045 7.872e+07 0.000e+00 1.679e-26 0.000e+00 1.15te-26
0.0318 1.570e+08 4.397e-46 2.828e-25 3.663e-48 2.356e-27
0.0322 2.896e+08 2.390e-44 5.302e-25 1.923e-46 4.267e-27
0.0364 1 .054e+08 4.409e-32 2.301e-25 2.505e-34 1 .307e-27
0.6616 6.823e+09 1.143e4-03 4.337e+03 2.216e+00 8.408e+00
Totals 7.454e+09 1.143e+03 4.337e+03 2.216e+00 8.408e+00

Results - Dose Point * 4 - (24,56.384,0) in

Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate
Energ Ativitye MeV/cm 2/seC MeV/cm2 /sec mR/hr mR/hr

Me Poon/sc No Buildup With Buildup No Buildup With Buildup
0.0045 7.872e+07 0.000e+00 1.932e-26 0.000e+00 1.325e-26
0.0318 1.570e+08 6.578e-55 3.255e-25 5.479e-57 2.71 le-27
0.0322 2.896e+08 6.S36e-53 6.102e-25 5.260e-55 4.911le-27
0.0364 1.054e+08 2.272e-38 2.648e-25 1.291e-40 1.505e-27
0.6616 6.823e+09 8.387e+02 3.815e+03 1.626e+00 7.396e+00
Totals 7.4S4e+09 8.387e+02 3.815e+03 1.626e+00 7.396e+00
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Results - Dose Point * 5 - (24,1.33e+02,0) In

Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate
Eeg Acotivitya MOV/cm 2/sec MeV/cm2 /sec mR/hr mR/hr

Me Poon/sc No Buildup With Buildup No Buildup With Buildup
0.0045 7.872e+07 0.000e+00 2.769e-27 0.000e+00 1.898e-27
0.0318 1 .570e+08 1 .302e-48 4.664e-26 1 .084e-50 3.885e-28
0.0322 2.896e+08 7.825e-47 8.743e-26 6.298e-49 7.036e-28
0.0364 1.054e+08 3.417e-34 3.795e-26 1.94le-36 2.156e-28
0.6616 6.823e+09 1.425e+02 5.719e+02 2.763e-01 1.109e+00
Totals 7.454e+09 1.423e+02 5.719e+02 2.763e-01 1.109e+00

Results - Dose Point# 6 - (24,66.64,0) in
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm2 /sec MeV/cm2/sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup

0.0045 7.872e+07 0.000e+00 1.334e-26 0.000e+00 9.140e-27
0.0318 1.570e+08 9.868e-52 2.246e-25 8.220e-54 1.87te-27
0.0322 2.896e+08 7.404e-50 4.21 le-25 5.959e-52 3.369e-27
0.0364 1 .054e+08 2.278e-36 1 .827e-25 1 .294e-38 1 .038e-27
0.6616 6.823es-09 6. 576e+'02 2.823e+03 1 .275e+00 5.472e+00
Totals 7.434e+09 6.576e+02 2.823e+03 1.275e+00 5.472e+00
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Table 1: Output of MicroShield Runs for 7 Drums, Bottom of TRUPACT-11
File

File Name Point Dose Rate (mR/hr) Name Point Dose Rate (mRihr

7bl.0ms6 1 14.9 7bI.6.m96 1 1018

2 1.2 _______ 2 0.8

3 8.4 3 60

4 ?A 4 4.9

5 1.1 5 0.7

8 5.5 6 3.7

7bl.ms8n 1 13.9 7bl.7.ms6 1 9.9

2 1.1 2 0.7

3 7.8 3 5.5

4 6.8 4 4.7

5 1.0 5 0.7

______________ 6 51 6 3.5

Th1.2.ms6 1 13.0 ThI.8rsm 1 9.4

_______________ 2 1.0 _ ____ 2 0.7

________________ 3 7.3 _______ 3 5.2

________________ 4 6.4A_____ 4 4.5

________________ 5 0.9 5 0.7

_______________ 6 4.7 _ ____ 6 3.3

Th1.3.ms 1 12.2 7bl.9ui6 1 9.0

_______________ 2 0.9 2 0.7

_______________ 3 6.8 _ ____ 3 5.0

______________ 4 6.0 _ ____ 4 4.3

_______________ 5 0.9 5 0.6

_______________ 6 4.4 _______ 6 3.2

7bh.4.ms6 1 11.6 Th2.0.ms6 1 8.7

_______________ 2 0.9 _______ 2 0.6

3 6.4 _______ 3 4.8

4 5.6 ______ 4 41

5 0.8 _______ 5 0.6

6 4.1 _______ 6 3.0

Th1.5.rms6 1 10.9 ______ ___

2 0.8 ______ ____ ____________

________________ 3 6.1 ______ __ _ _____________

4 5.3 ______ ____ ___________ __

5 0.8 ____ _____________

________________ 6 3.9 ____ ____________
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Title: CH-TRUM Wase Shielding Analysis Rev. 0 Page 19 of 37 RPP-21475, Revision 0

Originator: R..Brw Date: Juy720

Checker: R. M Pierson -Dat: uly.20

Organizational Manager: LJ, W.bsDes: July 7.2004

MicroShield v6.02 (6.02-00127)
CH2M_Hill_Hanford_Group..jnc.

Page :FiRdTypical 7 Drum on Bottom of TRUPACT-11
COS File :7dpl.0.ms6 Model
Run Date May 17, 2004 Date 5/17/2004
Run Time 1:20:45 PM By R. L, Brown
Duration 00:00:02 Checked : R M. Pierson

Case Title: TRUPACT-11 7 Drum
Description: Evaluation of Drum Bottom Loading on Trupact 11

Geometry: 7 -Cylinder Volume -Side Shields

Source Dimensions:
Height 84.455 cm (2 ft 9.13 in)
Radius 28.575 cm (11.3 in)

Do". Points
A x V z
#t 1 6.38e+01 cm 41.91 cm 0cm

2 ft 1, n IIt 4.5 in 0.0in
# 2 259 cm 41.91 cm 0 cm

8 ft 6.0in I ft 4,5in 0.0in
# 3 89.82964 cm 41.91 cm 0cm

2 ft 11.4 in I ft 4,5in 0,0in
# 4 108.204 cm 41.91 cm 0cm

3 ft 6.6in I ft 4.5in 0,0 n
# 5 294.386 cm 41. 91 cm 0cm

9 ft 7.9 in Ilft 4.5in 0 0in
#6 131.191 cm 41.91 cm 0cm

4 ft3.7 in 1 ft 4.5in 0.0in

Z Shields
Shield N Dimension Material Density

Source 1.32e+04 in" B-202 TRU 1Custom
Shield 1 1.0 in Air 0 00122
Shield 2 2in304 SST 7.97
Shield 3 25 in Air 0,00122
Shield 4 .188 in 304 SST 7.97
Shield 5 10,125 in TRUPOLY 0.136
Shield 6 .25 in 304 SST 7 97

Transition Air 10 00122
Air Gap Air 0 00122

Wall Clad .053 in Iron 7,86
Top Clad .053 in Iron 7 86

Source Input Groupeng Method -Actual Photon Eneries
Nucilde curies becquerells pCI/cm 3  Sq/cm 3

Ba- I37m 2,0340e-001 7.5260e+009 9,3889e-001 3.4739e+ 004
Cs 137 241502e-001 7.9556e + 009 9.9248e 001 3.6722e-+004
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Title: CH-TRUM Waste Shielding Analysis Rev., 0 Page 2Q of37 RPP-21 475, Revision 0

Originator. R.L Brown Date: Juy720

Checker: R. M Pierson -Date: jjyjZ. 2

Organizational Manager. J. W. Hobbs Date: July 7.2004

Buildup :The material reference Is - Source
This buildup reference material is a mixed material

with a high atomic number element (83). Buildup Factors
less than and somewhat greater than 91 keV

may be incorrect. Please understand your results.
Integration Parameters

Radial 1
Circumferential 10
Y Direction (axial) 20

Results - Dose Point # 1 - (25.1158,16.5,0) In
Energy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate

MeV Photons/sec MeV/cm3fsec MeV/cm2 /sec mR/hr mR/hrNo Buildup With Buildup No Buildup With Buildup
0.0045 7.81 3e+07 0.000e+00 5.824e-26 0.000e+00 3.992e-26
0.0318 1.558e+08 6.004e-46 9.809e-25 5.00le-48 8.170e-27
0.0322 2.875et-08 3.236e-44 1.839e-24 2.604e-46 1.480e-26
0.0364 1.046e+08 5.466e-32 7.98le-25 3.106e-34 4.535e-27
0.6616 6.772e+09 4,339e+03 1.734e+04 8.412e+00 3.361e+01
Totals 7.398e+09 4.339e+03 1.734e+04 8.412e+00 3.361.e+01

Results - Dose Point * 2 - (1.02.402,16.5,0) in

Energy Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate
NOV Photons/sec MeV/cm2 /sec MeV/Cni/sec mR/hr mR/hrNo Buildup With Buildup No Buildup With Buildup

0.0045 7.81 3e+07 0.000e+00 3.697e-27 0.000e+00 2.534e-27
0.0318 1.S5ee+08 1.220e-46 6.226e-26 1.016e-48 5. 186e-28
0.0322 2.875e+08 6.465e-45 1.167e-25 5.203e-47 9.394e-28
0.0364 1.046e+08 9.383e-33 5.066e-26 5.33le-35 2.878e-28
0.6616 6.772e+09 2.943e+02 1.139e+03 5.705e-01 2.209e+00
Totals 7.3g9ei-Og 2.943e+02 1.139e+03 5.705e-O1 2.209e+00

Results - Dose Point # 3 - (35.366,16.5,0) in
Enrg ctviy Fluence Rate Fluence Rate Exposure Rate Exposure RateEnerg Phovt/e meV/cmt /sec MeV/cm/sec mR/hr mR/hrN Poossc No Buildup With Buildup No Buildup With Buildup

0.0045 7.81 3e+07 0.000e+00 3-008e-26 0.000e+00 2.062e-26
0.0318 1.558e+08 4.320e-46 5.066e-25 3.599e-48 4.220e-27
0.0322 2.875e+08 2.312e-44 9.497e-25 1.860e-46 7.643e-27
0.0364 1.046e+08 3.67le-32 4.122e-25 2.086e-34 2.342e-27
0.6616 6.772e+09 2.400e+03 9.345e+03 4.653e+00 1.812e+01
Totals 7 .398e+09 2-400e+03 9.345e+03 4.653e+00 1.812e+01

Results - Dose Point # 4 - (42.6,16.5,0) in
Enig ctviy Fluence Rate Fluence Rate Exposure Rate Exposure RateEnerg Phovtye MeV/cmz/sec MOV/cm2/wwe mR/hr mR/hre Ptossc No buildup With Buildup No Buildup With Buildup

0.0045 7.013e+07 0.000e+00 2.089e-26 0.000e+00 1.432e-26
0.0318 1.558e+08 3.518e-46 3.518e-25 2.93le-48 2.93le-27
0.0322 2.875e+08 1.879e-44 6.596e-25 1.512e-46 5.308e-27
0.0364 1 .046e+08 2.939e-32 2.863e-25 1 .670e-34 1.627e-27
0.6616 6 .772e+09 1.691le+03 6.539e+03 3.277e+00 1 .268e+01
Totals 7.3989+09 1.691e+03 6.539e+03 3.277e+00 1.268.401
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Tileo: CH-TRUM Waste Shieldina An~alysis Rev; 0 pawe 21 of 37. RPP-21475, Revision 0

Originator: R..Bow ae July 7. 2004

Checker: R. M Pierson Date: July 7. 2004

Organizational Manager: J. W. Hobbs Date: July 7. 2004

Results - Dose Point # 5 - (115.9,16.5,0) In
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MOV/cm 2/sec MeV/cm2 /sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 7.813e+07 0.000e+00 2.863e-27 0.000e4-00 1.963e-27
0.0318 1.558e+08 1.003e-46 4.822e-26 8.353e-49 4.017e-28
0.0322 2.875e+08 5.307e-45 9.041e-26 4.27le-47 7.276e-28
0.0364 1.046e+08 7.574e-33 3.924e-26 4.303e-35 2.229e-28
0.6616 6. 772e+09 2. 264e+02 8.784e4-02 4.390e-0 I 1 .703e+00
Totals 7.398e+09 2.264e+02 8.784e+02 4.390e-01 1.703e+00

Results - Dose Point # 6 - (51.65, 16.5,0) In
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cml/sec MeV/cm 2 /sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 7.813e+07 0.000ei-00 1.429e-26 0.000e+00 9.793e-27
0.0318 1.558e+08 2.832e-46 2.406e-25 2.359e-48 2.004e-27
0.0322 2.875e+08 1.510e-44 4.51 1e-25 1.216e-46 3.63 le-27
0.0364 1 .046e+08 2.340e-32 1 .958e-25 1 .329e-34 1. 11 2e-27
0.6616 6.772e+09 1.161e+03 4.479e+03 2.251e4-00 8.683e+00
Totals 7.398e+09 1.161e+03 4.479e+03 2.251e+00 8.683e+00
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Title: CH-TRUM Waste Shieldina Analysis Rev: 0 Page 22 of 37 RPP-21475, Revision 0

Originator: R.L. Brown Date: July . 200

Checker R. M Pierson _Date: July 7. 2004

Organizational Manager: L.W. HobsDate: July 7. 200

Table 2: Output of MicroShield Runs for 7 Drums, Side of TRUPACT-1l
File Name Point Dose Rate (mR/hr) File Name Point Dose Rate (mR/hr)

7dpl .0.mns6 1 33.6 7dpl .5.ms6 1 24-2
__ __ _ __ _ 2 2.2 __ _ _ _ _ _ 2 1.6

________ 3 18.1 3 13.1

________ 4 12.7 __ _ _ _ _ _ 4 9.1

________ 5 1.7 __ _ _ _ _ _ 5 1.2

________ 6 8.7 _______ 6 6.2

7dpl.l.Ms6 1 31.3 7dpl.6.ms6 1 22.9J
__ __ _ __ _ 2 2.0 _ _ _ _ _ 2 1.5

________ 3 18.9 _______ 3 12.4

__ __ _ __ _ 4 11.8 __ _ _ _ _ _ 4 8.6

__ _ _ __ _ _ 5 1.6 __ _ _ _ _ _ 5 1.1

__ __ _ __ _ 6 8.1 _ _ _ _ _ 6 5.9

7dpl.2.ms6 1 29.2 7dp1.7.rns6 1 21.7
__ __ _ __ _ 2 1.9 2 1.4

__ __ _ __ _ 3 15.7 __ _ _ _ _ _ 3 11.7

__ _ __ _ _ 4 11.0 _ _ _ _ _ 4 8.2

__ _ _ __ _ _ 5 1.5 __ _ _ _ _ _ 5 1.1

________ 6 7.5 _ ______ 6 5.6

7dpi.3.ms6 1 27.3 7dPl.8. 6 1 20.6
__ _ _ __ _ _ 2 1.8 __ _ _ _ _ _ 2 1.3

__ __ _ __ _ 3 14.8 __ _ _ _ _ _ 3 11.2

________ 4 10.3 __ _ _ _ _ _ 4 7.8

__ __ _ __ _ 5 11.4 __ _ _ _ _ _ 5 1.0

________ 6 7.0 6 5.3

7dpl.4.ms6 1 25.7 7dpl.g.ms6 1 21.1
__ __ _ __ _ 2 1.7 __ _ _ _ _ _ 2 1.3

________ 3 13.9 _ ______ 3 11.3

________ 4 9.7 4 8.2

__ __ _ __ _ 5 1.3 __ _ _ _ _ _ 5 1.0

________ 6 6.6 _______ 6 5.5

_________ _____7dp2.0.ms6 1 18.8

__ __ _ __ _ _ __ _ _ __ __ _ __ __ _ _ __ _ __ _ 2 1.2

__ __ _ __ __ _ __ __ _ __ _ __ __ _ __ __ _ __ __ _ __ _ 3 10.2

__ __ __ _ __ __ _ __ __ _ __ __ _ 4 7.1

__ _ __ _ __ _ __ _ _ _ __ _ __ _ 5 0.9

__ __ _ __ _ ____ __ _ __ _ __ _ __ _ _ _ __ _ __ _ 6 4.8
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Title: CH-TRUM Wagte Shielina Analysis Rev: 0 Page 23 of 37 RPP-21475, Revision 0

Originator: R.L Brown Date: JlyL7.2QD

Checker: R. M Pierson -Date: )Jri.7,2004

Organizational Manager J.W. HobtxData: July 7,2M0

MicroShield v6.02 (6.02-00127)
CH2MHillHanfbrd_Groupjnc.

DOSae .rm..s File Ref :Typical Drum Model
Run Date :rMy 17 200 Date :5/17/2004

Ru ae M17,:33 By R. L. Brown
Run Time :533PM Checked R. M. Pierson
Duration .00:00:01

Case Title: TruDrumn Side
Description: Till Tru Drum Dose Rate Full

Geometry: 7 - Cylinder Volume - Side Shields

Source Dimensions:
Height 84.455 cm (2 ft 9 3 in)
Radius 28,575 cm (11.3 in)

Dose Points
A X Y Z
# 1 33.15 cm 41.91 cm 0cm

I fti1l1in Ift4,5 in 00i
# 2 228.6 cm 41.91 cm 0cm

7 ft6.0 in I ft 4,5in 0O0in
# 3 59.182 cm 41.91 cm 0cm

Iftl113 in I ft 4.5in 0,0in

Shkelds
Shield N Dimension Material Density

Source I .32e+04 in B-202 TRUI
Custom

Transition Air 0.00122
Air Gap Air 0.00122

Wall Clad .0531in Iron 7 86
Top Clad 053 in Iron 7 86

Source Input :Grouping Method - Actual Photon Energies
Nuclide Curies becquerels liCm 3  Bq/cm3

Ba-137m 2.0495e-001 7 .5830e,+ 009 9.4600e-001 3,5002e +004
Cs-137 2.1664e-001 8.0158e+009 1.0000e+000 3.7000e 4004

Buildup : The material reference is -Source
This buildup roeernce material is a mixed matrial

with a high atoick number element (83). Buildup Factors
less than and somewhat greater than 91 keV

may be Incorrect. Please understand your results.
Integration Parameters

Radial 10
Cif cumrferential 10
Y Direction (axial) 20
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Title: CH-TRUM Waste Shielding Analysis Rev: 0 Pae4 of 37 RPP-21475, Revision 0

Originator. R.L. Brown Date: July 7. 2004

Checker: R. M Pierson -Data: July 7. 2004

Organizitonal Manager: . W. Hobbs Date: July 7. 2004

Results - Dose Point * 1 - (1.31e4.01,16.5,0) in
Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Ativitye MeV/cm2 /sec MeV/CM 2/sec mR/hr mR/hr
Me Poon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 7.872e+07 3.249e-36 2.044e-25 2.227e-36 1.40le-25
0.0318 1.570e+08 9.453e-05 1.078e-04 7.874e-07 8.975e-07
0.0322 2.896e+08 2.435e-04 2.783e-04 1.960e-06 2.239e-06
0.0364 1 .054e+08 1 .642e-03 1 .936e-03 9.330e-06 1.100~e-05
0.6616 6.823e+09 6.636e+04 1. 385e+05 1 .286e+02 2.685e+ 02
Totals 7.454e+09 6.636e+04 1.385e+03 1.286e+02 2.663e+02

Results - Dose Point # 2 - (90,16.5,0) In
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm1 /sec NeV/cmz/sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 7.872e+07 7.037e-34 4.777e-27 4.824e-34 3.275e-27
0.0318 1.570e+08 7.779e-06 8.824e-06 6.480e-08 7.350e-08
0.0322 2.896e+08 1.935e-05 2.200e-05 1.557e-07 1.771e-07
0.0364 1.054e+08 9.604e-05 1.127e-04 5.456e-07 6.404e-07
0.6616 6.823e+-09 1.632e+03 3.326e+03 3.163e+00 6.447e+00
Totals 7.454e+09 1.632e+03 3.326e+03 3.163e+00 6.447e+00

Results - Dose Point V 3 - (23.3,16.5,0) in
Fiuence Rate Fiuence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm/sec MeV/cm2 /sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 7.872e+07 3.924e-33 6.769e-26 2.690e-33 4 .639e-26
0.0318 1.570e+08 6.161e-05 6.99le-05 5.132e-07 5.823e-07
0.0322 2.896e+08 1.54le-04 1.753e-04 1.240e-06 1.41 1e-06
0.0364 1.054e+08 8.345e-04 9.81 le-04 4.74le-06 5.574e-06
0.6616 6.823e+09 2.439e+04 4.872e+04 4.728e+e01 9.445e+01
Totals 7.454e+O9 2.439e+04 4.872e+04 4.728e+01 9.445e+01

A -24



Tile C-RU Wse hilin Aalss ev Pgeaof 7 RPP-2 1475, Revision 0

Originator: R.L. Brown Dafte: July 7. 2004

Checker- R- M Pierson Date: Juy7.20

Organizational Manager: JL. . Hbb Date- July 7. 2004

Table 3: Output of MicroShield Run for Single Drum
File Name Point Dose Rate (mR/hr)

drum 1 .0.mns6 1 269
__ __ 2 6
___ __ 3 94

drumnl.1.mns6 1 250
__ __ 2 6
___ __ 3 89

dwmln.2.ms6 1 234
__ __ 2 6
________ 3 83

drumlI.3.ms6 1 220
2 5

_______ 3 78
druml1.4.mns6 1 207

2 5
3 74

drumlI.5.mns6 1 195
2 5
3 70

druml.-6mrs6 1 184
2 4
3 67

druml1.7.ms6 1 175
__ __ 2 4
_______ 3 63

drurnl.8.ms6 1 166
__ __ 2 4

3 60
drumlI.9.mns6 1 158

2 4
3 58

drumn2.0.mns6 1 151
2 4

________ 3 55
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Title: CH-TRUM Waste Shielding Analysis Rev: 0 Page 26 of 37. RPP-21 475. Revision 0

Originator: R..Bon Daten: Juiily 2004

Checke: R. M Pierson -Date: Ju!ly ,2004

Organizational Manager.:J LWj. HbsData: July 7.2004

MicroShield v6.02 (6.02-00127)
CH2M_Hil_Hanord_Group_1nc.

Page FieRf:yia SBBto oe
DOS File :swbl.0.ms6 File RfTpclSBBto oe
Run Date :May 17, 2004 Dat 5/17/2004

Run Time 2:14:40 PM By R 1. Brown
Duration 00:00:02 Checked R, M. Pierson

Case Title: Standard Waste Box
Description: 20" Full B-202

Geometry: 13 -Rectangular Volume

Source Dimensions:
Length 50.8 cm (I ft 8.0 in)
Width 172.72 cm (5 ft 8.0 in)
Height 132.08 cm (4 ft 4.0 in)

Dose Points
A X y Z

# 1 55.58282 cm 66.04 cm 86,36cm
I 1ft 9.9 in 2ft 2.0in 2 ft 1,0in

4 2 251,46 cm 66.04 cm 86,36 cm
8 ft 3.0in 2It 2.0Oin 2 ftl100in

# 3 81,61782 cm 66.04 cm 86,36 cm
2 ft 8.1 in 2 ft 2.0 in 2 ft 10 0 in

Shields
Shield N Dimension Material Density

Source 7.0?e+04 m3~ B-202 TRU
Custom

Shield 1 133 in Iron 7.86
Air Gap Air 0+00122

Source Input :Grouping Method -Actual Photon Energies
Nuclide curies becquerels PCi/cm3  Sq/cm3

Ba- 137m 1.0963e+000 4.0564e+010 9,4600e-001 3,5002e+004
Cs-137 1. 1589e 4000 4.2879e+ 010 1 OOO0e+000 3,7000e +004

Buildup: The material reference is - Source
This buildup reference material Is a mixed mwaterial

with a high atomic number element (6113), Buildup Factors
less than and somewhat greater than 91 key

may be incorrect. Please understand your results.
Integration Parameters

X Direction 10
Y Direction 20
Z Direction 20
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Title: CH-TRUM Waste Shielding Analyss Rev: 0 Page 7 of37. RPP-21475, Revision 0

Originator: R..Bo aa July 7. 2004

Checker: R. M Pierson DQate: July72Q4

Organizatonal Manager J. W. Hobbs Date: Jly.2KQ4

Results - Dose Paint # 1 - (21.883,26,34) in
Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Eneg Ativitye MeV/cm2/sec NOV/cma/sec mR/hr mR/hr
Me Poon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 4.211ei-08 3.170e-76 4.609e-25 2.173e-76 3.159e-25
0.0318 8.398e+08 8.482e-10 9.894e- 10 7.065e-12 8.24le-12
0.0322 1.549e+09 3.096e-09 3.626e-09 2.492e-11 2.918e-11
0.0364 5.638e+08 4.2i2e-07 5.155e-07 2.393e-09 2.929e-09
0.6616 3.650e+10 7.357e+04 1.863e+05 1.426e4-02 3.612e+02
Totals 3.987e+10 7.357e+04 1.863e+05 1.426e+02 3.612e+02

Results - Dose Point # 2 - (99,26,34) In

Enry civt Pluence Rate Fluence Rate Exposure Rate Exposure Rate
Energ Aotnvity MeV/CM 2/Sec MeV/cma/sec mR/hr mR/hr

NO Poon/sc No Buildup With Buildup No Buildup With Buildup
0.0045 4.21 1e+08 2.666e-75 2.467e-26 1.827e-75 1.69le-26
0.0318 8.398e+08 4.667e-10 5.444e-10 3.888e-12 4,534e-12
0.0322 1.549e+09 1.70le-0g 1.992e-09 1.369e-11 1.603e-11
0.0364 5.638e+08 2.273e-07 2.78le-07 1.291e-09 1.580e-09
0.6616 3.650e+ 10 7.286e+03 1.581e4-04 1.413e+01 3.065e+01
Totals 3.987e+10 7.286e+03 1.581*+04 1.413e+01 3.06541+01

Results - Dose Point * 3 - (32.133,26,34) In

Enry civt Pluence Rate Fluence Rate Exposure Rate Exposure Rate
Energ Aotivitye MeV/cm 2 fsec MeV/cm2 /.ec mR/hr mR/hr

No Poon/sc No Buildup With Buildup No Buildup With Buildup
0.0045 4.211e+08 3.483e-75 2.312e-25 2.388e-75 1.585e-25
0.0318 8.398e+08 6.015e-10 7.017e-10 . 5.010e-12 5.845e-12
0.0322 1.549e+09 2.212e-09 2.S92e-09 1.780e-11 2.086e-I11
0.0364 5.638e+08 3.322e-07 4.069e-07 1.887e-09 2.312e-09
0.6616 3.650e+ 10 5.640e+04 1.292e+05 1.093e+02 2.506e+02
Totals 3.987e+10 5.640e+04 1.292e+05 1.093e+02 2.506e+02
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Tis: CH--TRUM Waste Shielding Analysis Rev;. 0 Page za of 37. RPP-2 1475, Revision 0

Originator: R.L rown.Data. July 7. 2004

Checker: R2. iesn Date: July 7. 2004

Organizational Manager: J. W. Hobbs Date: ,JlL7.200

Table 4: Out ut of MicroShield Run [or Single SWB
File Name Point Dose Rate (mR/hr)
swbl.0.msfl 1 361

2 31
3 251

swbl 1.ms6 1 331______________

______2__ 29

swbl.2.ms6 1 305____________

2 2
321

swbl.3.ms6 1 283
2 25
3 202

swbl.4.mis6 1 263
2 23

________ 3 189

swbi .5.ms6 1 246
________ 2 22

________ 3 178

swbl.6.ms6 1 231
2 21
3 168

swbl.7.ms6 1 218
2 20

3 159
swbl.8.ms6 1 206

2 19

3 151
swbl.9.ms6 1 195

2 18
3 143

swb2.0.ms6 1 185
________ 2 17

________ 3 137
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This: OM-TRUM Waste Shiekia Analysis Rev: 0 Page 29 of 37 RPP-2 1475, Revision 0

Originator: R.L Brow Date: July .Q200

Checke: R. M Pierson -Dat: July 7. 2

Organizational Manager J, W.jgHobbate: Jly7.2004

MicroShield v6.02 (6.02-00127)
CH2M_Kill_Hanford_GroupInc.

Page 1il Re Typical Model Used for Side of TRUPACT11I
DOS File :tpboxbl 0ms6 FieRfContaining Two SWBs

Run Date May 17, 2004 Date 5/1 7/2004

Run Time 3:17:30 PM By :R. L. Brown

Duration :00:00:03 Checked :R M, Pierson

Case Title: Trupact 11
Description: 2 each 20' Full SWB in TruPact 11 From Side

Geometry: 13 -Rectangular Volume

Source Dimensions:
Length 132.08 cm (4 ft 4.0 in)
Width 175,26 cm (5 ft 9.0 in)

"eight 50,8 cm (1 ft 8.0 in)

Dose Points
A X y Z

# 1 165.9128 cm 25.4 cm 76.2 cm
5 ft5.3 in 10.0 in 2 ft 6.0in

# 2 361.045 cm 25.4cm 76.2cm
li ft 10.1 in 10.0 in 2 ft 6.0 in

ft 3 192.024 cm 2 5.4 cm 76-2 cm
6 ft 3.6in 10.0 i 2 ft6.0Oin

Y s 4 165.9128 cm 116.84 cm 76.2 cm
SSft5.3 in 3ft 10.0 in 2 ft 6.0in

5 361.045 cm 116,84 cm 76.2cm
x11 ft 10. 1 in 3 ft10,0Oin 2It 6,0 in

#6 192.024 cm 116.84 cm 76,2 cm

6 ft 3.6 in 3 ft 10.0Cnm ?ft6.0 in

z Shields
Shield N Dimension Material Density

Source 7 18e+04 in3  B-202 TRIJ 1
Custom

Shield 1 .133 in I ron 7.86
Shield 2 1.0 in Air 0.00122
Shield 3 .25 in 104 SS] /.97
Shield 4 25 in Air 0.00122
Shield 5 .188 in 304 SST 7.97
Shield 6 10.125 in TRUPOLY 0,136

Shield 7 25in 304 SST 7,97
Air Gap Air 0.00122

Immersion TRUPOLY 0.136

Source Input :Grouping Method - Actual Photon Energies
Nuclide curies becquerels pCi/cm3 Bq/cm'
Ba- 137m I 1124e+000 4.1160e+010 9.4600e-001 3.5002e+004

Cs- 137 1. 1759e+000 4.35 10e 4010 1 0000e + 000 3 ?000e+004
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Tisl: CH-TRUM Waste Shielding Anahyis Rev: 0 Page Q 7 RPP-21475, Revision 0

Originator: R.L. Brown Date: July 7,2004

Checker: R. M Pierson -- Date: July 7. 2004

Organizational Manager: J. W. Hobbs Date: July 7. 2004

Builidup :The materiai reference Is - Source
This buiidup reference material Is a mixed material

with a high atomic number element (83). Buildup Factors
iess than and somewhat greater than 91 keV

may be Incorrect. Please understand your results.
Integration Parameters

X Direction 10
Y Direction 20
Z Direction 20

Results - Dose Point * 1 - (65.32,10,30) In
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm2/sec MeV/cm 2/sec mR/hr mR/hr

MeV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 4.273e+08 0.000e+00 1.525e-25 0.000e+00 1.045e-25
0.0318 8.521e+08 9.495e-53 2.568e-24 7.909e-55 2.139e-26
0.0322 1.572e+09 8.153e-51 4.815e-24 6.561e-53 3.875e-26
0.0364 5.721e+08 7.87le-37 2.090e-24 4.472e-39 1.187e-26
0.6616 3.704e+10 6.063e+03 2.568e+04 1.175e+01 4.978e+01
Totals 4.046e4.10 G.063e+03 2.568e+04 1.173e+01 4.978e+01

Results - Dose Point # 2 - (1.42e4.02,10,30) In
Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Ativitye M*V/cm/sec NOV/cm 2/sec mR/hr mR/hr
Me Poon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000e+00 1.587e-26 0.000e+00 I1.OB8e-26
0.0318 8.521e+08 6.937e-53 2.673e-25 5.778e-55 2.227e-27
0.0322 1.572e+09 5.894e-51 5.012e-25 4.743e-53 4.034e-27
0.0364 5.721e+08 5.063e-37 2.175e-25 2.876e-39 1.236e-27
0.6616 3.704e+10 6.21 3e+02 2.452e+03 1.204e+00 4.753e+00
Totals 4.046e+10 6.213e+02 2.452e+03 1.204e+00 4.753e+00

Results - Dose Point * 3 - (75.6,10,30) In
Enry Aci~V Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Aotivitye NeV/cm'/sec MeV/cm2 /sec mR/hr mR/hr
Me Poon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000~e+00 9.203e-26 0.000e+00 6.308e-26
0.0318 8.521e+08 9.584e-53 1.550e-24 7.984e-55 1.291e-26
0.0322 1.572e+09 8.214e-51 2.906e-24 6.61le-S3 2.339e-26
0.0364 5.721e+08 7.812e-37 1.26le-24 4.43ge-39 7.166e-27
0.6616 3.704ei-10 3.938e+03 1.613e+04 7.634e+00 3-126e+01
Totals 4.046e4.10 3.938e+03 1.613e+04 7.634e+00 3.126e+01

Results - Dose Point # 4 - (65.32,46,30) in
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeV/cm2 /sec MeV/Cm 2 /sec: mR/hr mR/hr

14eV Photons/sec No Buildup With Buildup No Buildup With Buildup
0.0045 4.273e+08 0.000e+00 7.045e-26 0.000e+00 4.829e-26
0.0318 8.521e--08 2.013e-57 1.187e-24 1.677e-59 9.884e-27
0.0322 1. 572e+09 2.228e-55 2.225e-24 1. 793e-57 1 .790e-26
0.0364 5.721le+08 1 .999e-40 9.655e-25 1. 136e-42 5.486e-27
0.6616 3.704e+10 9.430e+02 5.955e+03 1.828e+00 1.155e+01
Totals 4.046e+10 9.430e+02 5.955e+03 1.828@+00 1.135e+01
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Originator: R.L. Brown Dat: Juy. 2004

Checker: R. M Pierson -Date: JLiV 7. 2004

Organizational Manager. J W. Ho te: July 7. 2004

Results - Dose Point * 5 - (1.42e+02,46,30) in
Fluence Rate Fluence Rate Exposure Rate Exposure RateEnergy Activity MeVlCM 2 lsec MeV/cm 2/sec mR/h.' mR/hrMeV Photons/sec No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000e+00 1.440e-26 0.000e+00 9.869e-27
0.0318 8.521e+08 1.698e-53 2.425e-25 1.414e-55 2.020e-27
0.0322 1.572e+O9 1.502e-51 4.546e-25 1.209e-53 3.659e-27
0.0364 5.721e+08 1.837e-37 1.973e-25 1.044e-39 1.12le-27
0.6616 3.704e+10 5.680e+02 2.375e+03 1. 101e+00 4.604e4-00
Totals 4.046e+10 5.680e+02 2.375e+03 1.101e+00 4.604e+00

Results - Dose Point # 6 - (75.6,46,30) In
Enry Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energy oos/e MeV/cm2 /sec MeV/cma/5ec mR/hr mR/hr
14V hoon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000e+00 5.513e-26 0.000e+00 3.779e-26
0.0318 8.521e+08 2.170e-56 9.285e-25 1.808e-58 7.734e-27
0.0322 1.572e+09 2.257e-54 1.741e-24 1.816e-56 1.401e-26
0.0364 5.721e+08 1.193e-39 7.555e-25 6.775e-42 4.292e-27
0.6616 3.704e+,10 1.229e+03 6.722e+03 2.382e+00 1.303ei-01
Totals 4.046e+10 1.229e+03 6.722e+03 2.382e400 1.303e+O1
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Title: CH-TRUM Waste Shielding Analysis Rev: 0 Pace 32 ofl37 RPP.21475. Revision 0

Originator: R.L. Brown Dat*: AA-y 7. 2004

Checker: R.~f DaPeroe: JtV 7. 2004

Organizational Manager: J. W. Hobbs Date: July .ZQW4

Table 5: Output of MicroShield Runs for 2 SWBs, Side of TRUPACT-Il
Dose Rate Dose Rate

File Name Point __(mPlhr) File Name Point (mR/hr

tpboxbl.0.ms6 1 50 tpboxbl.6.mns6 1 34

2 5 2 3

3 31 3 21

4 12 4 8

5 5 5 3
6 13 6 9

IpboxbIl.ms6 1 46 tpboxbl.?.ms6 1 32

___ __ __ 2 4 __ _ _ 2 3

___________ 3 29 _ ____ 3 20

__ __ _ __ _ __ _ 4 11 _ _____ 4 7

___ __ __ 5 4 _ _ _ 5 3

___________ 6 12 _ ____ 6 8

tpboxbl.2.ms6 1 43 tpboxb .8.ms6 1 30

___ __ __ 2 4 _ _ _ 2 3

___________ 3 27 3 19

____________ 4 10 4 7

___ __ __ 5 4 __ _ _ 5 3

6 11 6 8

Ipboxbl .3.ms6 1 40 tpboxbl .9.ms6 1 29

2 4 2 3

____________ 3 25 3 18

4 9 4 6

___ ___ _ 4 _ _ _ 5 3

__ __ _ __ _ __ _ 6 10 6 7

Ipboxbl.4.ms6 1 38 tpbo~db2.0.ms6 1 28

2 4 2 3

3 24 3 17

4 9 4 6

5 3 __ _ _ 5 2

___________ 6 10 6 7

tpboxbl.5.msO 1 35 _____ _____

2 3 _ _ _ _ _ _ _

__ __ __ _ __ __ _ 3 22 _ _ _ _ _ _ _____ _____

4 8a_ _ __ _ _

5 3__ _ _ _ _ __ _

_ _ _ _ _ _ _ 6 9__ _ _ _ _ _ _ _
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Title: OM-TRUM Waste Shielding Analysis Rev; 0 Page 33 of37 RPP-21475, Revision 0

Originator: R.. Brown Dat: IJly.L2004

Checker:, R. M Pierson Date: MWY7,2004

Organizational Manager J. W. Hobbs Date: July 7. 2004

MicroShield v6.02 (6.02-00127)
CH2MHillHanfordGroup~jnc.

Page
DOS ile ,tsbLOms6File Ref Typcial Model for Bottom of TRUPACT 11

DOS ile :tswl.Oms6with 2 SWB
Run Date :May 17, 2004 Date 5/17/2004
Run Time 3:55:56 PM By R. L. Brown
Duration 00:00:02 Checked :R. M. Pierson

Case Title: Trupact 11
Description: 20" Full SWB in TruPact 11 From Bottom

Geometry: 13 - Rectangular Volume

Source Dimeninsions:
Length 50.8 cm (1 ft 8.0 in)
Width 175.26 cm (5 ft 9.0 in)
Height 132.08 cm (4 ft 4,0 in)

Dose Points
A x Y Z

1 1 10le+02 cm 66.04 cm 86,36cm
3 ft 7.2 in 2 ft 2.0in 2 ft 100in

S2 1 .36e+02 cm 66.04 cm 86.36 cm
4 ft 5,5in 2 ft 2.0in 2ft 10.0in

3 305 cm 66.04 cm 86.36 cm
10 lft0. 1 in 2 ft 2.0in 2 ft 10,0 i

Shields
Shield N Dimension Material Density

Source 7.18e+04 in3 B-202 TRU
Custom

Shield 1 135 if) Iron T8b
Shield 2 .08 in Aluminum 2 7
Shield 3 11.313 in Al Hcomb 0.058i
Shield 4 .25 in 304 SST 7.97
Shield 5 .25 in Air 0 00122
Shield 6 188 in 304 SST 7T97
Shield 7 9.0 in TRUPOLY 0,136
Shield 8 .25 in 304 SST 7.97
Air Gap Air 0 00122

Source Input :Grouping Method Actual Photon Energies
Nuclide curies becquerels pjCm 3  Sq/cm3

Ba -137m I I 124e+000 4.1160e+010 9.4600e 001 3-5002e4 004
Cs-137 1. 1759e+000 4.35 10ei-010 1.0000e 4000 3.7000e-4004
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Title: CH-TRUM Waste Shielding Analysis Rev: 0 Page 11 of 37 RPP-2 1475. Revision 0

Originator R.L r o.. Dat: July 7. 2004

Checker, R. M Pierson -Date: July .2004

Organizational Manager: J. W. Hobbs Date: July 7. 2004

Buildup .The material reference is - Source
This buildup reference material Is a mixed material

with a high atomic number element (83). Buildup Factors
less than and somewhat greater than 91 keV

may be Incorrect. Please understand your results.
Integration Parameters

X Direction 10
Y Direction 20
Z Direction 20

Results - Dose Point # 1 - (43.215S,26,34) In
Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Aotivitye MeV/cm 2/sec MeV/CM 2 /SeC mR/hr mR/hr
Me Potnsse No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000e+0-0 1 .347e-25 0.000e+00 9. 233e-26
0.0318 8.521e+08 2.443e-51 2.269e-24 2.035e-53 1.890e-26
0.0322 1.572e+09 1.97le-49 4.253e-24 1.586e-51 3.423e-26
0.0364 5.721e+08 1.112e-35 1.846e-24 6.316e-38 1.049e-26
0.6616 3.704e+ 10 6.291e+03 2.863e+04 1.220e+01 5.550e+01
Totals 4.046e+10 6.291e+03 2.863e+04 1.220e+01 5.550e+01

Results - Dose Point # 2 - (53.4"55,26,34) In
Enry Aciiy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Aotivitye MeV/CM 1/sec MeV/cm2 fsec mR/hr mR/hr
Me Poon/sc No Buildup With Buildup No Buildup With Buildup

0.0045 4.273e+08 0.000e+00 8.885e-26 0.000e+00 6.090e-26
0.0318 8.521e+08 2.417e-51 1.496e-24 2.014e-53 1.247e-26
0.0322 1.572e+09 1.95le-49 2.806e-24 1.570e-51 2.258e-26
0.0364 5.721e+08 1. 103e-35 1.218e-24 6.266e-38 6.918e-27
0.6616 3.704e+10 4.903e+03 2.132e+04 9.505e+00 4.134e+01
Totals 4.046e+10 4.903e+03 2.132e+04 9.505e+00 4.134e+01

Results - Dose Point # 3 - (1.20e+02,26,34) In
Enrg ctviy Fluence Rate Fluence Rate Exposure Rate Exposure Rate

Energ Photons/se MeV/cmz/sec MeV/CM2/SeC mR/hr mR/hrMV Poossc No Buildup With Buildup No Buildup With Buldup
0.0045 4.273e+08 0.000e+00 1.669e-26 0.000e+00 1. 144e-26
0.0318 8.521e+.08 2.258e-51 2.810e-25 I.88le-53 2.34le-27
0.0322 1.572e+09 1.823e-49 5.269e-25 1.467e-51 4.240e-27
0.0364 5.721e+08 1.02le-35 2.267e-25 S.799e-38 1.299e-27
0.6616 3.704e+10 1.116e+03 4.560e+03 2.163e+00 8.840e+00
Totals 4.046e+10 1.116e+03 4.560e+03 2.163e+00 8.840e+00
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Tite: CH-TUM Waste Siedi nIvjLf-Q..Yage 35 of 37 RPP-21475, Revision 0

Originator: R.L. Brown Dt: Juy. 20

Checker: R. M Pierson -Date- July?. 2004

Organizational Manager; J. W. Hobbs Dat: Juy .L2D

Table 6: Output of MicroShield Run for TRU PACT I I Bottom with 2 SWB
Dose

File Name Point Dose Rate (mPlhr
tswbl.0.ms6 1 56

2 41
3 9

tswbl.1.ms6 1 51
2 38
3 8

tswbl .2.ms6 1 48

2 36
3 8

tswbl.3.ms6 1 44
2 33
3 7

tswbl.4.ms6 1 42

__ _ __ _ _ 2 31

_ _ _3 7
tswbl .5.ms6 1 39

_______ 2 29

__ _ _3 6

tswbl .6.ms6 1 37
_______ 2 28

_ _ _3 6

tswbl.7.ms6 1 35
2 26
3 6

tswbl .8.ms6 1 33
_______ 2 25

_ _ _3 5

tswbl.9.rns6 1 31
_______ 2 24

_ _ _3 5

tswb2.0.ms6 1 30
_______ 2 23

_ _ _ _ _ 35
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Title: CH-TRUM Waste Shielding Analysis Rev: 0 Page 36 of37. RPP-21475, Revision 0

Originator: R.L. Brown Date: July 7. 2004

Checker: R. M Pierson Dat: JV720

Organizational Manager: J. W. Hobbs Date: July 7. 2004

Section A-4
Dlevelopment of Bremsstrahiung Correction Factors

Bremnsstrahlung is the process by which an X-Ray is produced by a Beta particle
undergoing negative acceleration in the vicinity of a nucleus. The energy of the X-Ray*
produced is a function of the Z-Number of the atom and the energy of the Beta particle.

The resulting radiation is emitted as a spectrum. This spectrum can be modeled by
binning the emitted radiation into energy groupings and modeling the binned energy
spectrum as an external source file in MicroShield.

The outcome of this process is shown below as Table 1: Bremsstrahlung Spectrum.

Table 1: Bremsstrahlung Spectrum
Midpoint
Energy % of Total % Energy
(MEV) photon/sec Photons Contribution
0.015 2.32E+09 29.74% 5.3%
0.025 1.17E+09 15.00% 4.4%
0.035 7.40E+08 9.49% 3.9%
0.045 5.23E+08 6.70% 3.6%
0.055 3.95E+08 5.06% 3.3%
0.07 5.61 E+08 7.19% 6.0%
0.09 3.84E+08 4.92% 4.8%
0.11 2.80E+08 3.59% 4.7%
0.14 3.82E+08 4.90% 8.1%
0.18 2.47E+08 3.16% 8.8%
0.225 2.06E+08 2.64% 7.0%
0.285 1.84E+08 2.36% 8.0%
0.36 1.30E+08 1.67% 7.1%
0.45 9.96E+07 1.28% 6.8%

0.565 7.52E+07 0.96% 6.5%
0.71 5.002+07 0.64% 5.4%

0.895 3.18E+07 0-41% 4.3%
1.13 1.59E+07 0.20% 2.7%
1.4 5.55E+06 0.07% 1.2%

1.69 1.35E.06 0.02% 0.0%
1.95 1.27E+05 0.00% 0.0%

2.175 6.22E+03 10.00% 0.0%

Table I Is the spectrum of Bremsstrahlung photons emitted by I Curie of Strontium 90 in
equilibrium with its daughter product Yttriumn 90. The ratio of the calculated dose rates
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fora Curie of Sr:90 to a Curie of Cs 137 was found to be 0.013:1. This resulted in the
development of correction factors for dose rates based on the Sr:Cs ratios. A 10: 1 Sr:Cs
ratio will provide a calculated dose rate that is approximately 1. 13 times higher than the
Cs dose rate for the materials being packaged as waste.

This led to the development of Table 2, which shows the Bremsstrahlung factor for each
tank. By multiplying the Cs- 137 concentration in the tank or the dose rate from Cesium
by the Bremsstrahlung Correction Factor, the dose rate can be corrected to account for
Strontium in the waste.

Table 2: Bremnsstrahlunp.Correction Factors for Tanks
Bremsstrahlung

Cesium Strontium Ratio Correction
rank (g1L (I) (Sr/Cs) Factor

241 -B-201 2.11 E+01 2.67E+02 13:1 1.2
241 -B-202 1.11E+O1 4.37E+02 39:1 1.5
241-B-203 1.92E+00 1.73E+01 9:1 1.1
241 -B-204 6.67E+00 3-15SE+02 47:1 1.6
241-T-104 2.57E-'02 3.38E+03 13:1 1.2
241-T-110 2.78E+01 5.12E+01 2:1 1.0
241-T-111 2.29E+02 9.23E+03 40:1 1.5
241-T-201 4.40E+00 1. 13E+01 3:1 1.0
241-T-202 2.61 E+00 2.30E-01 0.1:1 1.0
241 -T-203 2.51 E+.00 4.07E-01 0.2:1 1.0
241 -T-204 I1.24E+00 7.32E-01 0.6:1 1.0
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U.S. Department of Energy

P.O. Box 45000 9 1
Richland, Washington 99352

MAY 1 5 2003

03-ED-06 1

Mr. Michael A. Wilson, Program Manager
Nuclear Waste Program
State of Washington
Department of Ecology MAy 2 9 2W
1315 W. Fourth Avenue
Kennewick, Washington 99336 EDMC
Dear Mr. Wilson:

NOTICE OF INTENT (NOI) TO SUB3MIT A PERMIT APPLICATION FOR PROPOSED
CONTACT-HANDLED TRANSURANIC MIXED WASTE PACKAGING AND INTERIM
STORAGE FACILITY

Attached is the U.S. Department of Energy, Office of River Protection, NOL to file a permit
application for a Contact-Handled Transuranic Mixed Waste Packaging and Interim Storage
Facility Resource Conservation and Recovery Act Part B Application.. Per Washington
Administrative Code 173-303-281, this NOI must be filed with the Washington State Department
of Ecology no less than 150 days prior to filing the certified Part B Permit Application
(Revision 0).

As an on-going activity, we have been meeting with members of your staff on a bi-weekly basis
through the Mission Acceleration Initiative for the Supplemental Technologies Project. At our
meeting on April 8, 2003, we informed thenm that we were preparing the NOI for submission.
We also agreed to work on our process to expedite preparation, submittal and review of the
permit application.

If you have any questions, please contact Richard R. McNulty, Environmental Division,
(509) 373-9304, or Robert M. Yasek, Tank Farms Programs and Projects Division,
(509) 372-1270.

cerely,

James E. Rasmussen, Director
ED:LAH Environmental Division

Attachment

cc: Seepage 2



Mr. Michael A. Wilson -2-AY 1 5 2003
03-ED-061

cc w/o attach:
B. G. Erlandson, BNI
D. I. Allen, CHO
W. T. Dixon, CHG
M. Jarayssi, CEG
J. Kristofzski,- CHO
F. Miera, CHG
S. L. Dahl, Ecology
N. Ceto, EPA
J. L. Hanson, JNOV
J. B. Hebdon, RL
T. C. McKarns, RL
Administrative Record
Environmental Portal, LMSI



Attachment
03-ED-06 1

Notice of Intent for Proposed Operation of Contact-Handled
Transuranic Mixed Waste Packaging Subsystems



NOTICE OF INTENT FOR PROPOSED CONTACT-
HANDLED TRANSURANIC MIXED WASTE

PACKAGING AND INTERIM STORAGE
FACILITY

MAY 2003

US. Department of Energy
Office of River Protection

Richland, Washington

Prepared by
CH2M HILL Hanford Group, Inc.

Richland, Washington
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METRIC CONVERSION CHART

From common U.S. units into metric From metric units into common U.S.

If yuknow Multplby To gt If yu know Muiplyby Toget
Lenath Length________

inches 25.40 millimeters, millimneters 0.0393 [inches
inches 2.54 centimeters centimters 0.393 inches
feet 0.3048 Meters Meters 3.2808 jfeet
yad 0.914 Meter Meters 1.09 yad
miles 1.609 Kilomters kilometers 0.62 jmiles

_________ Area ________ ________ Area_______

square inches 6.4516 square sKUaM 0.155 square inches]
_____________centimreters centimreters ______

square feet 0.092 -square mneters square metrs 10.7639 square feet
square yards 0.836 square meters square mneters 1.20 square yards
square m-ies 2.59 square square 0.39 square miles

____________kilometers kilometers
acres 0.404 Hectares Hectares 2.47 1 acres

__________Mass (weight). I________ Mass (welght)
ounces j 28.35 [ Grains Gramis 0.0352 ounces
pounds 1 0.453 Kilograms Kilogrms 1 2.2046 pounds
short ton 1 0.907 metric ton metric ton 1 1.10 1short ton

S Volume ________ VOWu=______

fluid ounces 29.57 Milliliters Milliliters 0.03 fluid ounces
quarts 0.95 Liters Liters 1 1.057 1 qat
gallons 3.79 Liters Liters 1 0.26 j sallons
cubic fet J 0.03 cubic meters cubic meters 135.3 147 jcubic feet
cubic ars J 0.76456 cubic mneters cubic meters 1.308 cubic yards

_________Temperature _ ______Temperature ______

Fahrenheit 1subtract 32 j Celsius Celsius miultiply by [ Fahrenheit
then multipy 9/Sths, then

_____by__ ________ ________ add 32 ______

________ Energy _______ _______ Energy ______

kilowatt hour 3,412 British thertnal British thermral 0.000293 kilowatt hour
_________________unit unitII

kilowatt 0.948 British theinl British thermal 1.055 kilowatt
______________ ___________unit per second unit Er second ________ _______

Force/Pressure ________Force/Pressure
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Source: Engineering Unit Conversions, M. R. Lindeburg, PS., Second Ed., 1990, Professional Publications, Inc., Belmont,
Califonia.
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1.0 INTRODUCTION

The first step in* obtaining a permit under the State of Washington Department of Ecology
(Ecology) Dangerous Waste Regulations, Washington Administrative Code (WAC)
173-303-28 1, calls for dangerous waste facility owners and/or operators to submit a Notice of
Intent (NOI). Submittal of a Part A permit application, Form 3, and/or dangerous waste permit
application (Part B) for new or expanded dangerous waste treatment, storage, and/or disposal
(TSD) units may follow the NOI.

This document serves as notice for the proposed construction and operation on the Hanford Site
for a Waste Packaging and Interim Storage Facility (to consist of two identical subsystems) to
process and store tank contact-handled transuranic mixed (CH-TRUM) waste. (Transuranic
mixed waste means waste containing more than 100 nanocuries of alpha-emitting isotopes per
gram of waste, with half-lives greater than 20 years with a hazardous waste component). In
addition to these activities, the facility will be used to prepare and certify the CH-TRUM for
shipment to the U.S. Department of Energy (DOE) Waste Isolation Pilot Plant (WIPP) facility for
disposal. This portion of the activity (e.g., visual examination) is a dual use activity which does
not require a permit under the WAC, and will not be further described for the purposes of the
permit NOI. Each CH-TRU1M storage and processing facility will consist of an interim storage
area and three tanks plus a dewatering device to meet interim storage requirements
(miscellaneous unit) designed in accordance with WAC 173-303.

The proposed construction and operation of the waste packaging and interim storage facility is
being pursued in accordance with three sets of criteria: (1) WAC 173-303; (2) the Resource
Conservation and Recoveiy Act of 1976 (RCRA), as amended, and 40 CFR 260.1 et seq.; and (3)
the waste acceptance criteria for disposal at WIPP.

The following identifies the operator of the CH-TRIJM waste packaging and interim storage
facility and the contact:

Owner/Operator: U.S. Department of Energy,
Offfice of River Protection
Manager, Office of River Protection: Mr. Roy J. Schepens

Owner. Hanford Site Wide Permit
U.S. Department of Energy
Richland Operations Office
Manager, Keith A. Klein

Contact: Mr. Roy J. Schepens, Manager, Office of River Protection

Address: U.S. Department of Energy,
Office of River Protection
Post Office Box 450
Richland, Washington 99352
Telephone: (509) 376-6677



As is stated in the Hanford Federal Facility Agreement and Consent Order between DOE,
Ecology, and the U.S. Environmental Protection Agency (EPA), DOE agrees that RCRA TSD
units are subject to the regulatory framework of Chapter 70.105 RCW pursuant to RCRA Section
6001. Agreement, Article I, Paragraph 6. As is also stated in the Tri-Party Agreement, however,
"nothing in the Agreement shall be construed to require DOE to take any action pursuant to
RCRA which is inconsistent with the requirements of the Atomic Energy Act of 1954, as
amended." Agreement, Article I, Paragraph 5. Accordingly, the Owner/Operator submits this
NOI only with respect to the materials specifically described herein. The Owner/Operator does
not intend the NOI to imply, and therefore hereby reserves the right to deny, that application of
Chapter 70.105 RCW to the materials and activities described herein extends to other materials
or other activities and further reserves the right to assert the Land Disposal Restriction
exemptions of the Land Withdrawal Act as appropriate.

2.0 FACILITY DESCRIPTION AND GENERAL PROVISIONS

The Hanford Site is a single RCRA facility identified by the EPA/State Identification Number
WA7890008967 that consists of 70 TSD units that have or are conducting dangerous waste
management activities. These TSD units are included in the Hanford Facility Dangerous Waste
Permit (DOE/RL-88-21). The Tank CH-TRUM Waste Packaging and Interim Storage Facility
will be included in the Hanford Facility Site Wide RCRA Permit. This is an expansion of the
existing permit.

The following sections provide a description of the Tank CH-TRUM Waste Packaging and
Interim Storage Facility, support equipment systems, and other general provisions specified in
WAC 173-303-28 1.

2.1 LOCATION OF PROPOSED EXPANSION

Two CH-TRUM Waste Packaging and Interim Storage Subsystems will be constructed.
One will be located in the 200 East Area in the 241 -B tank farm to support retrieval efforts
from the B-200 series tanks. The second will be located in the 200 West Area in the
241-T tank farm to support retrieval efforts from the T-200 series tanks. The subsystems
then will be relocated in order to simultaneously package waste from Tank 241-T-1 11.
All sites are located on the Hanford Site, in Benton County, Washington.

Large-scale maps and a general site plan are provided in Appendix A and include the
following:

" General overview of the Hanford Site (H-6 -958), Figure A-1.

" Site plans showing the 241-B and 241-T tank farm locations, Figures A-2 and A-3.

* Site plans showing the layout of the Tank CH-TRUM Waste Packaging Subsystems

* at the 200 East and 200 West Areas, Figures A-4, A-5, and A-6. Topographic maps
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consistent with the criteria of WAG 173-303-806(4)(aXxviii) will be provided in the
Part B Permit Application.

2.2 DESCRIPTION OF PROPOSED FACILITY

The primary objective for the Tank CI{-TRUM Waste Packaging Subsystems is to
package, for interim storage prior to shipment to WIPP, CH-TRUM wastes into containers
that are compliant for storage. The total layout aerial extent for the CH-TRUM Waste
Packaging Subsystem at the 241-B and the 241-T tank farm areas is estimated at
approximately 9,600 sq ft, not including the interim storage area for which the size is yet
to be determined. As documented by RPP-13300, and RPP-13873, the wastes in the tanks
are CH-TRUM containing waste codes as listed in the Single-Shell Tank System Part A
Application, Revision 6 (DOE/RL-88-2 1). The total estimated quantity of waste to be
processed by these systems is 73 1,000 gal (2,800 m. 3) . Based on an assumed throughput
processing packaging volume of 2,880 gallons per day (I11i m3/day), we anticipate this total
volume will require approximately 15 to 18 months to process.

The tank waste streams will be retrieved and sent to the associated Waste Packaging
Facility (see Figure A-6). A slurry will be developed by adding process water to the
CH-TRUM sludge waste, as it is retrieved from the tanks. This slunry will be collected by
the waste retrieval system and conveyed to the Waste Packaging Subsystems. The
subsystems will route the wastes through a centrige or other dewatering device, as
required. The dewatered solid stream then will be mixed with absorbent (to be identified)
to prevent free liquid formation during transportation. The solid sludge-absorbent mixture
will be packaged in either 55-gallon drums or solid waste boxes. Once pa ckaged, the
CH-TRUM solid waste will be interim stored in this facility and subsequently moved for
shipment, or to another permnitted storage facility onsite, for example the 200 Area Central
Waste Complex, prior to shipment to WLPP.

Liquid effluent resulting from the separations process initially will be reused for the
retrieval and slurry of wastes. After completion of the retrieval efforts, remaining liquid
effluent will be characterized and transported via container truck to either the permitted
double-shell tank system or the permitted Effluent Treatment Facility.

Secondary containment will be integrated into components of the Tank CH-TRUM Waste
Packaging Subsystem. Systems will be constructed to minimize the impacts to human
health and the environment and to be consistent with the criteria of WAG 173-303.

The following is a list of major equipment items proposed for each of the two waste
packaging subsystems. Note that dimensions, sizing, and/or quantities of the subsystem
components will be defined as the system designs mature:

" Full container sealing, decontamination, and survey area with separate load-out
storage area prior to transport to storage facility;

" Receiver tanks;
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" Dewatering device;

" Processed waste packaging containers;

" Liquid waste holding tank with pumps and filters;

" Air emission control devices;

*Water tanker for removal of excess process water;

*Absorbent dispenser/sorbent materials with mixers for waste/absorbent in containers;

*Empty container holding and preparation area(s);

*Change facility/office space; and
*System control area.

2.3 DESCRIPTION OF NEED FOR FACILITY

The proposed transportable packaging units will be unique to the state of Washington for
handling transuranic mixed tank wastes. The proposed units are required to provide a
capability to package CH-TRUM waste for interim storage, and in a manner consistent
with, and that will meet the requirements for long term disposal of this waste in DOE
WIPP deep geological repository in New Mexico. Other facilities on the Hanford Site do
not have the capability to process tank waste in the required packaging configuration.

2.4 COMPLIANCE WITH STATE ENVIRONMENTAL POLICY ACT

A State Environmental Policy Act checklist will be provided with the submittal of the
dangerous waste permit application. In addition, the Tank CH-TRUM Waste Packaging
Facility project will comply with the environmental requirements of the National
Environmental Policy Act of 1969.

2.5 COMPLIANCE WITH SITING STANDARDS

Demonstration of compliance with the siting criteria as required under
WAC 173-303-282(6) and (7) is addressed in the following sections.

2.5.1 Criteria for Elements of the Natural Environment

The following addresses measures that will be in place for the Tank CH-TRLJM Waste
Packaging Subsystems to protect the natural environment. Each element of the criteria
identified in WAC 173-303-282(6) is addressed.

2.5.1.1 Earth. This section addresses the potential for the release of waste into the environment
because of structural damage resulting from conditions of the earth at the Tank
CH-TRUM Waste Packaging Subsystems.
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2.5.1.1.1 Seismic Consideration. No active faults, or evidence of a fault that has had
displacement during Holocene times, have been found at the Hanford Site
(DOE/RL-0164). The youngest faults recognized on the Hanford Site occur on Gable
Mountain, over 4.5 kilometers north of the 200 East Area. These faults are of
Quaternary age and are considered "'capableby the Nuclear Regulatory Commission
(NUREG-0892).

The Tank CH-TRUM Waste Packaging Subsystems at both the 241-B and 241-T tank
farms will be designed and located in Zone 2B as identified in the Uniform Building
Code (ICBO 1991). The design of the Tank CH-TRUM Waste Packaging Subsystems
for seismic risk will be evaluated in accordance with DOE 6430. 1 A, General Design
Criteria.

2.5.1.1.2 Subsidence. The Tank CH-TRUM Waste Packaging Subsystems will be
located in the 200 East and 200 West Areas of the Hanford Site. These areas of the
Hanford Site are not considered subject to subsidence (PNNL-6415).

2.5.1.1.3 Slope or Soil Instability. The Tank CH-TRUJM Waste Packaging
Subsystems will not be located in an area of slope or soil instability, or in an area
affected by unstable slope or soil conditions (PNNL-64 15).

2.5.1.2 Air. The Tank CH-TRUM Waste Packaging Units will not utilize incineration, but will
have processing tanks and packaging systems tied to an emissions control system. Air
emission requirements will be identified as the system design matures and as part of the
Part B permitting process. Discussion of measures taken to reduce air emissions
resulting from incineration is not applicable.

2.5.1.3 Water. This section addresses the potential for contaminating water of the State in the
event of a release of waste.

2.5.1.3.1 Surface Water. The following sections address considerations for the
protection of surface water.

Flood, Seiche, and Tsunami Protection

Three sources of potential flooding of the Hanford Site are considered: (1) the Columbia
River, (2) the Yakcima River, and (3) storm-induced run-off in ephemeral streams
draining the Hanford Site. No perennial streams occur in the central part of the Hanford
Site. Figure 2 shows the 100-year flood plain of the Columbia River, Yakima River,
and the Cold Creek probable maximum flood.

The flow of the Columbia River is controlled largely by several upstream dams that are
designed to reduce major flood flows. The probable maximum flood for the Columbia
River downstream of Priest Rapids Dam has been calculated to be 40,000 cubic meters
per second (mI). The flow is greater than the 500-year flood, and although this flood
would inundate parts of the 100 Area located adjacent to the Columbia River, this flood
would not impact the central plateau on the Hanford Site (i.e., 200 East or 200 West
Areas) (PNNL-641 5).
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The maximum flood recorded in the Yakima River at Kiona, Washington, was
1,900 m3Is during December 1933. The recurrence interval for the 1933 flood is
estimated to be 170 years. The flood only impacted the southernmost part of the
Hanford Site in the vicinity of the Horn Rapids Dam. Since that flood there have been
significant impoundments in the Yakima River Basin to support irrigation that reduces
this threat. The overall magnitude of the flow between the Columbia River and Yakima
River (40,000 m3Is versus 1,900 m3Is) renders the threat of flooding from the Yakima
River to be insignificant in comparison to that from the Columbia River (PNNL-641 5).

The only other potential source of flooding of the Hanford Site is run-off from a large
precipitation event in the Cold Creek watershed. This event could result in flooding of
the ephemeral Cold Creek. Pacific Northwest National Laboratory (PNL-42 19) has
given an estimate of the probable maximum flood using conservative values of
precipitation, infiltration, surface roughness, and topographic features. The impact
associated with the maximum flood in the Cold Creek watershed would be limited to
portions of land along State Route 240 (PNNL-641 5).

The results from past hydrologic analysis associated with the potential flooding of the
Columbia River, Yakima River, and Cold Creek watershed show that these waters
would not impact the proposed Tank CH-TRUM Waste Packaging Subsystems.

The Hanford Site is not located in an are subject to seiches or coastal flooding,
including tsunami or storm surges.

Perennial Surface Water Bodies

The Tank CH-TRUM Waste Packaging Subsystems are both non-land-based facilities
as defined in WAC 173-303-282(3)(i). The nearest perennial surface water body is well
in excess of the 500 feet from the systems as required by WAC 173-303-
282(6)(c)(iXB)(1).

Surface Water Supply

The Tank CH-TRUM Waste Packaging Subsystems will not be located within any area
designated as a watershed and will be located well in excess of 500 feet from the nearest
surface water intake for domestic water, consistent with WAC 173-303-
82(6Xc)(i)(C)XII).

2.5.1.3.2 Groundwater. The following sections address consideration for the
protection of groundwater. The Tank CH-TRIJM Waste Packaging Subsystems will be
non-land-based units as defined by WAC 173-303-282(3)(i). These facilities will be
located outside of both the 1 00-year and 500-year flood plains.

Depth to Groundwater

The depth to groundwater in both the 200 East and 200 West Areas generally is greater

than 60 meters.
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Groundwater Management Areas and Special Protection Areas

The proposed construction and operation of the two waste packaging subsystems will
minimize groundwater impacts through the use of secondary containment systems and is
not expected to result in an increased potential for release of mixed waste to the
groundwater or to a special protection area.

Groundwater Intakes

The Tank CH-TRUM Waste Packaging Subsystems will not be located within 500 feet
of any groundwater intake for domestic water, consistent with the criteria in WAC 173-
303-282(6)(c)(ii)(D)(I).

2.5.1.4 Plants and Animals. The following sections address consideration to reduce the
potential for waste contaminating plant and animal habitat in the event of a release of
waste. The Tank CH-TRUM Waste Packaging Subsystems will be over 0.4 kilometers
from any of the following.

2.5.1.4.1 Wetlands. The Tank CH-TRUM Waste Packaging Subsystems will not be
located near any wetlands.

2.5.1.4.2 Designated Critical Habitat. The Tank CH-TRUM Waste Packaging
Subsystems will not be located in areas designated as critical habitat for federally listed
threatened or endangered species as defined by the Endangered Species Act of 1973.

2.5.1.4.3 State Designated Habitat. The Tank CH-TRUIM Waste Packaging
Subsystems will not be located in areas designated by the Washington State Department
of Wildlife as habitat essential to the maintenance or recovery of any state-listed
threatened or endangered species.

2.5.1.4.4 Natural Area Preserves. The Tank CH-TRTM Waste Packaging
Subsystems will not be located in any natural area acquired or voluntarily registered or
dedicated under Chapter 79.70 Revised Code of Washington.

2.5.1.4.5 Wildlife Refuge, Preserve, or Bald Eagle Protection Area. The Tank
CH-TRUTM Waste Packaging Subsystems will not be located in a state or federally
designated wildlife refuge, preserve, or bald eagle protection area.

2.5.2 Criteria for Elements of the Built Environment

The following sections address the locational factors affecting protection of the built
environment. Each element of the criteria for non-land-based facilities or units
identified in WAC 173-303-282(7) is addressed.

2.5.2.1 Adjacent Land Use. This section addresses the setback criteria for adjacent land use.
The Tank CHTRUM Waste Packaging Subsystems in the 200 East Area will be located
approximately 400 meters from the boundary for the 200 East Area. Similarly, the Tank
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CH-TRUM Waste Packaging and Support Equipment System in the 200 West Area will

be located approximately 900 meters from the boundary of the 200 West Area.

2.5.2.2 Special Land Uses. This section addresses setback criteria for special land uses.

2.5.2.2.1 Wild and Scenic Rivers. The Tank CH-TRUM Waste Packaging
Subsystems located in the 200 East Area will be at least I I kilometers from the
Columbia River, which has been proposed as a Wild and Scenic River. Similarly, the
Tank CH-TRUM Waste Packaging Subsystems located in the 200 West Area will be at
least 9 kilometers from the Columbia River. The Tank CH-TRTJM Waste Packaging
Subsystems will not be within the viewshed of those using the Columbia River.

2.5.2.2.2 Parks, Recreation Areas, National Monuments. The Tank CH-TRUM
Waste Packaging Subsystems will be situated significantly farther than 0.4 kilometers
from the nearest state or federally designated park, recreation area, or national
monument. The Tank CH-TRUM Waste Packaging Subsystems are not within 0.4
kilometers of the Hanford Reach National Monument (65 FR 37253).

2.5.2.2.3 Wilderness Area. The Tank CE-TRUTM Waste Packaging Subsystems will
be located more than 0.4 kilometers from any wilderness areas as defined by the
Wilderness Act of 1964.

2.5.2.2.4 Farmland. The Tank CH-TRUM Waste Packaging Subsystems will be more
than 0.4 kilometers from any commercial or private prime farmland.

2.5.2.3 Residences and Public Gathering Places. This section discusses factors affecting
residences and public gathering places. The Tank CH-TRUM Waste Packaging
Subsystems will be located more than 0.4 kilometers from residences and public
gathering places.

2.5.2.3.1 Incineration. Incineration will not be a process used at the Tank CH-TRUM
Waste Packaging Subsystem

2.5.2.3.2 Land Use Compatibility. The Hanford Site conforms to local land use
zoning designation requirements.

2.5.2.3.3 Archeological Sites and Historic Sites. There are no known archaeological
or Native American religious sites on or next to the proposed Tank CH-TRUM Waste
Packaging Subsystems sites.

3.0 TEN-YEAR COMPLIANCE HISTORY

Appendix B contains formal notices of Hanford Site violations and/or notices of penalties of the
Applicant, the U.S. Department of Energy, in accordance with WAC 173-303-28 1.
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4.0 JUSTIFICATION OF NEED

The U.S. Department of Energy issued an Integrated Mission Acceleration Plan (RPP- 13678)
specifically identify'ing the accelerated removal of CH-TRtJM wastes to accelerate the closure of
Hanford Site tank farm single-shell tanks. Sixty-seven of the 149 single-shell tanks have been
reported to have leaked. The proposed facility, described herein, is key to the removal of
CH-TRUM waste from Hanford Site.

5.0 IMPACT ON OVERALL CAPACITY ON THE HANFORD SITE AND) THE
STATE OF WASHINGTON

The current capacity for the processing of CH-TRLIM waste is limited within Washington State
and on the Hanford Site. The CH-TRUM Waste Packaging Facility will provide the means for
responsible storage of Hanford Tank Farms CH-TRUM wastes and will comply with all relevant
and applicable criteria. The packaged CH-TRUTM waste will be disposed in the DOE deep
geologic repository Waste Isolation Pilot Plant in New Mexico. This proposed facility will
support the current on-site mission of waste management and environmental restoration and
remediation.

6.0 REFERENCES

65 FR 37253, 2000, Proclamation 7319 of June 9, 2000, "Establishment of the Hanford Reach

National Monument," Federal Register, June 13, 2000.

COE, 1969, Lower Columbia River Standard Project Flood and Probable Maximum Flood,
U.S. Army Corps of Engineers, North Pacific Division, Portland, Oregon.

DOE/EIS-01 89-SA2, 1998, Supplem ent Analysis for the Tank Waste Remediation System,
U.S. Department of Energy, Washington, D.C.

DOE/EIS-01I89-SA3, 2000, Supplement Analysis for the Tank Waste Remediation System,
U.S. Department of Energy, Washington, D.C.

DOE/EIS-0222D, 1996, Draft Hanford Remedial Action Environmental Impact Statement and
Comprehensive Land Use Plan, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

DOE Order 6430. 1A, General Design Criteria, U.S. Department of Energy, Washington D.C.

DOE/RL-0 164, Consultation Draft, Site Characterization Plan, Reference Repository Location,

Hanford Site, Washington, Vols. 1-9, U.S. Department of Energy, Washington, D.C.

DOEIRL-88-2 1, Hanford!7acility Dangerous Waste Part A Permit Application, Vols. 1-3,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.

DOE/RL-9 1-28, Hanford Facility Dangerous Waste Permit Application, General Information
Portion, U.S. Department of Energy, Richland Operations Office, Richland, Washington.

9



Ecology, EPA, and DOE, 2000, Hanford Federal Facility Agreement and Consent Order, Vols. 1
and 2, Washington State Department of Ecology, U.S. Environmental Protection Agency,
U.S. Department of Energy, Olympia, Washington, updated periodically

FEMA, 1980, Flood Insurance Study: Benton County Washington, Federal Emergency
Management Agency, Federal Insurance Administration, Washington, D.C.

ICBO, 1991, "Earthquake Regulations," Uniform Building Code, UBC Section 2312,
International Conference of Building Officials, Whittier, California.

NUREG-0892, Safety Evaluation Report (Related to the Operation of WPPSS Nuclear Project)
No. 2, Supplement No. 1, U.S. Nuclear Regulatory Commission, Washington, D.C.

PNL-42 19, 198 1. Flood Risk Analysis of Cold Creek Near the Hanford Site, Pacific Northwest
National Laboratory, Richland, Washington.

PNNL-641 5, 2002, Hanford Site National Environmental Policy Act (NEPA) Characterization,
Revision 14, Pacific Northwest National Laboratory, Richland, Washington.

RPP- 13300, 2002, Origin Of Wastes in the B-200 and T-200 Series Single-Shell Tanks,
CH2M HILL, Richland, Washington.

RPP- 13 678, 2003, Integrated Mision Acceleration Plan, Rev. 0, CH2M HEIL, Richland,
Washington.

RPP-13873, 2003, Origin and Classification of Wastes in Single-Shell Tanks 241-T-1IO and
241-T-1J1, CH2M HILL, Richland, Washington.

RLO-76-4, Evaluation of Impact of Potential Flooding Criteria on the Hanford Project,
U.S. Energy Research and Development Administration, Richland, Washington.

10



Figure 1. Hanford Site.
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Figurel2 100-Year Floodplain of the Columbia River and Yakima River and the Cold Creek
Probable Maximum Flood.
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APPENDIX A

LOCATION MAPS
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Figure A-i. General Overview of Hanford Site (H-6 -958).
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Figure A-2. 200 East Area.
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Figure A-3. 200 West Are.
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APPENDIX B

FORMAL NOTICES OF VIOLATIONS AND/OR NOTICES OF PENALTIES
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Hanford Site
Compliance Violations and

Response Summary
Tuesdauy, April 29, 2093

Received Dafe: April 14,2003
Agency: U.S. Environmental Protection Agency
Summary:

The U.S. Environmental Protection Agency (EPA) issued a Notice of Penalty (NOP) letter to the
U.S. Department of Energy (DOE), Richland Operations Office (RL) on April 3, 2003, that
assesses a penalty against DOE RL for alleged violation of a Comprehensive Environmental
Response Compensation and Liability Act (CERCLA) requirement that was agreed to within the
Hanford Federal Facility Agreement and Consent Order (HFFACO). In this letter, EPA alleges
that DOE RL failed to complete HFFACO Milestone M-34-08. This milestone required
initiation of full scale sludge removal from the K East Basin located in the 100 K Area by
December 31, 2002. The total penalty assessed for this alleged violation for the period through
April 1, 2003, is $76,000.

Response(s):

DOE RL made a decision to not invoke dispute resolution.

Recei ved Date: February 7,2003
Agency: State of Washington Department of Ecology
Summary:

The State of Washington Department of Ecology (Ecology) issued a Notice of Non-Compliance
letter to the DOE Office of River Protection (ORP) and CH2M HILL Hanford Group, Inc.
(CHG) on February 6, 2003, that documents their concerns regarding the inspection and repair of
leak detection equipment associated with AY, AZ, and SY Double-Shell Tank (DST) Farms.
Ecology alleged that leak detection equipment associated with the AY, AZ, and SY Tank Farms
has not been inspected or maintained in accordance with applicable Washington Administrative
Code (WAC) or Code of Federal Regulations requirements. This Notice of Non-Compliance
identified three alleged violations and one concern.

Response(s):

DOE and its contractors have agreed to corrective measures with Ecology. Corrective actions

are in progress.
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Received Date: December 10, 2002
Agency: State of Washington Department of Department of Ecology
Summary.

Ecology issued a Notice of Non-Compliance letter to RL, ORP, and CHG on December 3, 2002,
that documents their concerns regarding the filling of tank farm dilution tanks. Ecology alleged
that activities associated with the filling of tank farm dilution tanks and State Waste Discharge
Permit (ST 4508) are not in compliance with the provisions of the State of Washington Water
Pollution Control Law, Chapter 90.48 Revised Code of Washington (RCW), as amended; the
Federal Water Pollution Control Act (The Clean Water Act), and per WAC 173-216-020
groundwater requirements. The Notice of Non-Compliance identified two alleged violations.

Response(s):

DOE and its contractors have chosen to not submit requested Certificates of Compliance.

DOE letter 03-ED-024, dated February 7, 2003, addresses the two corrective measures and

provides a status for each.

Ecology letter, dated March 21, 2003, provides Ecology's acceptance of documentation
submitted in response to the Notice of Non-Compliance. Ecology considers the
inspection/investigation closed.

Received Dale: August 13, 2002
Agency: State of Washington Department of Ecology
Summary:

Ecology issued a Notice of Non-Compliance letter to OR? on August 8, 2002, that documents
their concerns regarding the leak detection system associated with temporary transfer lines used
at the Single-Shell Tank (SST) Farms. Ecology alleged that the leak detection system associated
with temporary transfer lines used at the SST Farms does not meet the WAC 173-303-400,
Interim Status Facility Standards. The Notice of Non-Compliance identified two alleged
violations and two concerns.

Response(s):

OR? letter 02-OMD-059, dated August 29, 2002, transmitted a request for extension of the
corrective measures due dates to Ecology. An extension to October 23, 2002, was requested for
Corrective Measure I and December 20, 2002, for Corrective Measure 2.

Ecology letter, dated September 18, 2002, grants the requested extension.

OR? letter 02-ED-039, dated December 17, 2002, transmitted the requested temporary transfer

line management plan to Ecology.
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Received Date: February 19, 2002
Agency: U.S. Environmental Protection Agency
Summary:

EPA issued a letter to the DOE on February 11, 2002, regarding waste management practices at
the 233-S Plutonium Concentration Facility. The problem originated from the calibration and
use of non-destructive assay (NDA) equipment for the designation of waste as low-level or
tr-ansuranic waste. The letter claims that there was a "Failure to comply with waste designation
requirements in the approved Sampling and Analysis Plan. The use of NDA data for designation
was discussed during the Sampling and Analysis Plan development, but the plan was never
revised to allow the use of NDA data for waste designation." There were no actions, fines, or
penalties associated with this Notice of Violation (NOV).

Response(s):

None to date.

Recei ved Date: October 17, 2001
Agency: Washington State Department of Health
Summary:

A NOV and Compliance Order was received from the Washington State Department of Health
(WDOH) on October 15, 2001. WDOH alleges that the DOE prime contractor Fluor Hanford,
Inc. (FRI) is in violation of WAC 246-247-040(4), which states that all existing emission units
shall utilize As Low As Reasonably Achievable Control Technology.

DOE and its contractors were required in AIR 01-505 to develop procedures for indication
devices for all emission units to ensure they "are monitored, trended and evaluated for changing
conditions that may indicate abatement controls are not operating as designed."

It is alleged that DOE and several of its contractors did not comply by the required August 17,
2001 deadline. An additional 30 days were given to comply (AIR 0 1-811). The response
provided to WDOH on October 1, 2001, contained a FRI management directive requiring
compliance by the projects.

It is alleged that the project procedures were not provided until WDOH requested them on
October 3,2001. WDOH alleges that these procedures did not accomplish company wide
compliance to the WDOH requirements or to FHI's own management directive.

Response(s):

RL letter 02-RCA-035, dated November 1, 2001, provided a response to the NOV and

Compliance Order.
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AIR 01-1105, dated November 15, 2001, provided WDOH closure of issues associated with
letter AIR 00- 1008.

Received Date: March 27,2001
Agency: State of Washington Department of Ecology
Summary

Ecology issued a NOP on March 26, 200 1, in response to the identification of alleged waste
management violations associated with the storage of a potentially shock sensitive chemical
(trade name Collodion) as either waste or product in the 222-S Laboratory Complex, Waste
Sampling and Characterization Facility, and Plutonium Finishing Plant (PFP) laboratories. The
NOP levies a penalty of $57,800 against the DOE and FHI.

Response(s):

RL letter 01 -RCA-245, dated April 9, 200 1, transmitted an Application for Relief from Penalty
No. OINWPKW-2467 to Ecology.

Ecology letter, dated July 26,2001, provides Ecology's rejection of the DOE Application for
Relief from NOP No. O1NWPKW-2467. The Ecology letter identifies that the penalty described
in NOP No. OINWPKW-2467 is due and payable within 30 days of receipt of the letter.

RL letter 01-RCA-401, dated August 10, 2001, clarified the date of receipt of Ecology's letter.
Due to problems encountered with the original letter, it was necessary for Ecology to reissue the
letter. RL received the reissued letter on August 1, 2001. It is RL's position that the 30 day
clock starts on August 1, 2001.

Received Date: March 26, 2001
Agency: Washington State Department of Health
Summary:

A NOV and Compliance Order was received from the WDOH on March 23, 200 1. WDOH
alleges that DOE failed to properly notify WDOH following a continuous air monitor alarm in
the 291-Z-1 stack of the PFP on February 23, 2001. The NOV and Compliance Order requires
DOE to propose to WDOH a corrective action to ensure this does not recur. The response is due
within 60 days of the date of the WDOH letter. WDOH also posed a number of questions
regarding the extent and nature of the release, as well as decisions that were made during and
after the event.

Response(s):

RL letter 0 1-RCA-267, dated May 2, 200 1, provided a response to the NOV and Compliance

Order.
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Received Date: June 27, 2000
Agency: U.S. Environmental Protection Agency
Summary:
EPA issued a letter to DOE and Bechtel Hanford, Inc. (BHI) on June 13, 2000, regarding waste'
management practices at multiple operable units. The letter claims that DOE and BHI violated
CERCLA requirements agred to in the HFFACO with respect to waste management practices at
the 100-F, 100-K, 100-BC, 200-ZP-1, and 300-FF-2 operable units.

Response(s):

E mail, dated June 30, 2000, from Karen Hornbuckle, BRI, documented that the requirement to
obtain EPA approval for all Investigation Derived Waste (IDW) shipped to Environumental
Restoration Disposal Facility (ERDE) has been implemented.

RL letter 00-055-490, dated September 22, 2000, provided a point-by-point response to
Ecology's letter of June 13, 2000.

RL letter 0 1-RCA-092, dated December 29, 2000, documented that the seven drums had been
removed from the biosite and properly dispositioned. There was no record or evidence of any
releases at the drum storage sites.

Received Date: June 22, 2000
Agency: State of Washington Department of Ecology
Summary:

Ecology issued Administrative Order No. OONWPKW-l1251 on June 13, 2000. The
Administrative Order requires the DOE and CHO to comply with Chapter 70.105 RCW, the
Hazardous Waste Management Act, Chapter 173-303 WAC, by reference Chapter 40, Code of
Federal Regulations, and certain actions described as they apply to determining the integrity of
the DST System.

Response(s):

RL letter 00-ORL-065, dated June 20, 2000, RL and ORP gave notice of their election to
exercise their dispute resolution rights under Article VIII of the HFFACO.

Ecology letter, dated June 27, 2000, provided Ecology's determination that Administrative Order
No. OONWPKW-1251 is not subject to dispute resolution within the HFFACO.

ORP letter 00-OSD-080, dated July 19, 2000, submitted a Statement of Dispute signifying
elevation of the issue to the Inter-Agency Management Integration Team.

OR? letter 00-OSD- 108, dated September 18, 2000, submitted information in response to
Actions L A, 1B3,1LC, 2, 3, and 4.
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Ecology letter, dated November 2, 2000, provided Ecology's identified deficiencies with DOE's
September 18, 2000, submittal. The September 18, 2000, submittal addressed Action Items L.A,
1.13, L.C, 2, 3, and 4 of Administrative Order No. OONWPKW- 125 1. Actions resulting from
Ecology's letter will be tracked under the Environmental Actions Tracking System Item
20001 102-ECL-LET-REQ. Ecology's letter also changed the due date for submittal of
information required by Action 5 of the Administrative Order from December 16, 2000, to
December 18, 2000.

ORP letter 00-OSD- 175, dated December 18, 2000, submitted information required by Action
Item 5 of the Administrative Orders.

ORP letter 00-OSD- 177, dated December 28, 2000, requests Ecology's formal concurrence with
tanks selected for ultrasonic testing in Fiscal Year (FY) 2001.

Ecology letter, dated January 24, 200 1, provided Ecology's concurrence with tanks selected for
ultrasonic testing in FY 2001.

Ecology letter, dated April 23, 2001, provided Ecology's acknowledgement of receipt of
information required by Items 1lA, 3,4, and 5 of the Administrative Order. Ecology considers
items I A and 5 completed. Ecology also accepted the visual inspection plans submitted in
accordance with the requirements of Items 3 and 4 of the Administrative Order. Ecology will
consider these items completed provided the visual inspection plans are implemented within 60
days of the date of this letter

Received Date: June 20, 2000
Agency: State of Washington Department of Ecology
Summary:

Ecology issued NOP Incurred and Due No. OONWPKW-1 249 on June 13, 2000. The NOP
assesses a penalty against DOE in the amount of $200,000 under the provisions of Article IX,
Stipulated Dangerous Waste Penalties, within the HFFACO. This NOP was assessed for failure
to meet the provisions of Article VII within the HIFFACO, with respect to completion of major
HFFACO Milestone M-32.

Response(s):

RI. letter 00-ORL-065, dated June 20, 2000, RI. and OR? gave notice of their election to
exercise their dispute resolution rights under Article VIII of the HFFACO.

Ecology letter, dated June 27, 2000, provided Ecology's determination that NOP Incurred and
Due No. OONWPKW-1249 is subject to dispute resolution as provided by Article VHIi of the
HFFACO.

ORP letter 00-OSD-080, dated July 19, 2000, submitted a Statement of Dispute signifying
elevation of the issue to the Inter-Agency Management Integration Team.
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Ecology letter, dated August 24, 2000, provided Ecology's Final Determnination in the matter
pursuant to HFFACO Part Two, Article VIII, Paragraph 30 (D). This Final Determination was
issued solely for resolution of disputes brought forth by DOE in relation to NOP Incurred and
Due No. OONWPKW-1249. This Final Determination demands immediate payment of the entire
penalty amount described in NOP Incurred and Due No. OONWPKW- 1249 upon receipt of the
Final Determination. This action will be tracked separately.

Received Date: June 16, 2000
Agency: State of Washington Department of Ecology
Summary:

Ecology issued Administrative Order No. OONWPKW- 1250 on'June 13, 2000. The
Administrative Order requires the DOE and CHG to comply with Chapter 70.105 RCW, the
Hazardous Waste Management Act, Chapter 173-303 WAC, by reference Chapter 40, Code of
Federal Regulations, and certain actions described as they apply to determining the integrity of
the DST System.

Response(s):

RL letter 00-ORL-065, dated June 20, 2000, RL and ORP gave notice of their election to
exercise their dispute resolution rights under Article VIII of the I{FFACO.

Ecology letter, dated June 27, 2000, provided Ecology's determination that Administrative Order
No. 0ONWPKW- 1250 is not subject to dispute resolution within the HFFACO.,

ORP letter 00-OSD-080, dated July 19, 2000, submitted a Statement of Dispute signifying
elevation of the issue to the Inter-Agency Management Integration Team.

ORP letter 00-OSD- 108, dated September 18, 2000, submitted information in response to
Actions L A, L B, L C, 2, 3, and 4.

Ecology letter, dated November 2, 2000, provided Ecology's identified deficiencies with DOE's
September 18, 2000, submittal. The September 18th submittal addressed Action Items L.A, L.B,
L C, 2, 3, and 4 of Administrative Order No. OONWPKW-l 250. Actions resulting from
Ecology's letter will be tracked under EATS Item 20001 102-ECL-LET-REQ. Ecology's letter
also changed the due date for submittal of information required by Action 5 of the
Administrative Order from December 16, 2000, to December 18, 2000.

ORP letter 00-OSD-175, dated December 18, 2000, submitted information required by Action
Item 5 of the Administrative Orders.

ORP letter 00-OSD- 177, dated December 28, 2000, requests Ecology's formal concurrence with
tanks selected for ultrasonic testing in FY 2001.

Page 7 of 23



Ecology letter, dated January 24, 2001, provided Ecology's concurrence with tanks selected for
ultrasonic testing in FY 2001.
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Ecology letter, dated April 23, 200 1, provided Ecology's acknowledgement of receipt of
information required by items I A, 3, 4, and 5 of the Administrative Order. Ecology considers
items IA and 5 completed. Ecology also accepted the visual inspection plans submitted in
accordance with the requirements of Items 3 and 4 of the Administrative Order. Ecology will
consider these items completed provided the visual inspection plans are implemented within 60
days of the date of this letter.

Received Dale: March 20, 2000
Agency: Washington State Department of Health
Summary:

WDOH has issued a NOV and Compliance Order as authorized by WAC 246-247-1 00(a) and
RCW 70.94.332 for actions taken at the 244-AR Vault. The 244-AR Vault is located in the 200
East Area and serves as a waste transfer station. WDOH identified three violations and three
compliance orders.

Response(s):

ORP letter 00-ESHQ-007, dated May 3, 2000, submitted response documentation demonstrating
the three compliance orders have been completed. Compliance orders I and 2 were completed
through revisions to HNF-IP-0842. The training requirement was accomplished by Tank Farm
personnel attending training provided by WDOH. Compliance order 3 was met by submittal of a
Notice of Construction (NOC) for Categorical Facility Entry and Surveillance on May 3, 2000.

Received Date: March 7, 2000
Agency: U.S. Environmental Protection Agency
Summary:

EPA has assessed penalties against RL in response to violations of CERCLA requirements that
were agreed to within the 1{FFACO. The penalties assessed regard waste management practices
at the 221 -U Facility located in the 200 West Area. The two identified violations were described
previously in a letter from the EPA to RL issued on November 17, 1999. The violations concern
the failure to have an approved Waste Control Plan (WCP) and failure to sample waste per the
approved Sampling and Analysis Plan (SAP). The total penalty assessed for both violations
equals $55,000.

Response(s):

RL letter 00-OSS-330, dated May 5, 2000, provided written confirmation to the EPA that the
$55, 000 penalty was paid in ful on April 18, 2000. Remittance was made electronically to the
EPA Superfund Accounting Office in Pittsburgh, Pennsylvania.

Page 9 of 23



Received Date: January 14, 2000
Agency: State of Washington Department of Ecology
Summary:

Ecology has formally denied the Application for Relief from Penalty submitted by RL and BHI
on December 1, 1999, in response to Penalty #99NWKW-21 that was issued on November 17,
1999. The penalty was issued for failure to adequately designate waste stored in the 271-U 90-
day accumulation area. RL and BHi may either pay the penalty in full or appeal the denial to the
Pollution Control Hearings Board (PCHIB).

Response(s):

RL letter 00-ERD-05 3, dated February 9, 2000, documented remittance of $9,700 to the Fiscal
Cashier, Ecology fulfilling the denial of the Application for Relief from Penalty received on
January 14, 1999. Payment of the penalty does not constitute an admission by either or both
respondents of the allegations of the NOP, liability under Washington State law, or of
jurisdiction by Ecology over the specific subject matter of the NOP.

Received Date: November 18, 1999
Agency: U.S. Environmental Protection Agency
Summary:

EPA informed the DOE and BHI of CERCLA violations identified in letter issued November 17,
1999. Two violations were identified following an inspection of the 271-U 90-Day
Accumulation area conducted by the Ecology on September 16, 1999. The 271 -U 90-day
accumulation area is located at U Plant in the 200 West Area.

Response(s):

RI. letter 00-OSS-074, dated November 24, 1999, submitted documentation seeking to confirm a
request for a 20-day extension to the due date for the requested written action plan. The request
was originally made verbally during a meeting with a representative of the EPA on
November 19, 1999. The request sought an extension of 20 days to December 17, 1999.

RI letter 00-OSS-097, dated December 16, 1999, submitted an Action Plan Identifying
Corrective Actions and Responses to the EPA and Ecology in accordance with the approved
extension. The Action Plan contained responses, corrective actions taken, and follow-up
corrective actions for each violation. Responses were provided for each concern.

Ecology letter dated February 23, 2000, acknowledged receipt and accepts the Action Plan
submitted by RL on December 16, 1999. Ecology has accepted the Action Plan as qualified by
identified conditions, and considers the violation addressed and inspection closed.

E mail, dated April 17, 2000, documented completion of all six compliance commitments made
in accordance with the corrective action plan submitted on December 16, 1999 (RI letter #00-
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OSS-097): the 22 1-U Facility Canyon Disposal Initiative (CDI) SAP was revised on February 2,
2000, to include management of unknowns. EPA and Ecology approved the revision - three
active WCPs were revised on February 2, 2000, to include treatment of waste as -a standard
practice as agreed to in regulatory meetings, approximately 14 inactive WCPs will be reviewed'
and revised prior to generation of additional waste - designation procedure BHI-FS-03, W002,
was revised on February 7, 2000, to identify criteria used to evaluate process knowledge and
now includes identification of all process knowledge documentation - training to identify and
explain procedure changes was conducted on January 27, 2000, - modifications to the 221 -U
Facility CDI WCP were provided to the EPA and Ecology for review and were approved on
February 2, 2000, - procedures were modified on February 7, 2000, to prohibit the use of
standardized or boilerplate language in the development of Waste Profiles.

Received Date: November 18, 1999
Agency., State of Washington Department of Ecology
Summary:

Ecology assessed a penalty of $9,700 against the DOE and BHI on November 17, 1999, under
the provisions of the RCW 70.105.080. The penalty is the result of findings associated with an
Ecology inspection of the 271 -U 90-day accumulation area conducted on September 16, 1999.

Response(s):

RL letter 0O-OSS-085, dated December 1, 1999, submitted an Application for Relief from
Penalty in accordance with the provisions outlined original NOP issued by Ecology on
November 17, 1999.

Ecology letter, dated January 12, 2000, transmitted a formal denial from relief from Penalty
#99NWPKW-2 1/#99NWPKW-22 for reasons stipulated. RL and BHI have 30 days to either
appeal the denial to the PCHB or pay the penalty in full. These actions will be tracked as a
separate item.

RL letter 00-ERD-053, dated February 9, 2000, documented remittance of $9,700 to the Fiscal
Cashier, Ecology fiulfilling the denial of the Application for Relief from Penalty received on
January 14, 1999. Payment of the penalty does not constitute an admission by either or both
respondents of the allegations of the NOP, liability under Washington State law, or of
jurisdiction by Ecology over the specific subject matter of the NOP.

Ecology letter dated February 23, 2000, acknowledged receipt and accepts the Action Plan
submitted by RL on December 16, 1999. Ecology has accepted the Action Plan as qualified by
identified conditions, and considers the violation addressed and inspection closed.
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Received Date: July 20, 1999
Agency: South Carolina Department of Health
Summary:

Following an investigation by the South Carolina Department of Health and Environmental
Control, violation of state and federal regulations were identified. On May 20, 1999, a CNS-1 -
13G, Type B shipping cask was discovered upon receipt at the Chem-Nuclear Systems (CNS) at
Barnwell, SC, to have removable contamination levels exceeding U.S. Department of
Transportation limits. In addition, another incident involving a similar cask shipment on
November 24, 1999, an unmanifested sample container rack and liquids were discovered in the
cask upon receipt. Both casks had been shipped to CNS for maintenance work.

Response(s):

99-SFD- 152, dated July 26, 1999, submitted RL corrective documentation to the South Carolina
Department of Health as requested. The corrective action documentation included measures to
prevent recurrence.

Letter, dated August 23, 1999 - The South Carolina Department of Health and Environmental
Control reviewed the corrective measures submitted and found them to be adequate to preclude
recurrence of the discrepancy that resulted in the NOV. This item is considered closed.

Received Date: February 16, 1999
Agency: U.S. Environmental Protection Agency
Summary:

EPA and Ecology conducted a Multi-Media Inspection (NMI) of the Hanford Site from May
through July 1998. The inspection identified concerns that resulted in the issuance of three
violations of Resource Conservation and Recovery Act (RCRA) regulations that include; storage
without a permit, failure to make a hazardous waste determination, and failure to immediately
amend a contingency plan. Civil penalties were assessed for each violation in the sum of
$367,078.00.

Response(s):

RI. letter 99-EAP-03 1, dated November 9, 1998, submitted supplemental information to the EPA
in support of the multi-media inspection. The information consisted of supporting data regarding
waste designation.

Meeting on February 19, 1999, - RL and contractor representatives meet informally with the
EPA. The discussions were preliminary in nature and did not result in a settlement.

RI. letter 99-OCC-0 118, dated March 17, 1999, provided a formal response to the Complaint and
included a request for hearing. In addition, the response identified defenses for each of the three
counts and made a request for dismissal.
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An administrative law judge has been appointed and a pre-hearing order has been issued. The
pre-hearing discovery phase is to be completed by June 22, 1999. This requires that all
documents used in the defense must be identified and available and a witness list will have to be
prepared, which includes a brief summary on the witness testimony. In addition, a draft
settlement is being prepared that will include potential supplemental environmental projects
(SEP). Meetings are being held that started on Tuesday, April 27th, to start the pre-hearing
effort.

EPA letter OEC-164, dated March 9,2000, - transmitted the finalized EPA MMI inspection
report to RL. The report contains reviews of RCRA, National Pollutant Discharge Elimination
System, Toxic Substances Control Act of 1976, polychlorinated biphenyl, Clean Air Act (CAA),
Emergency Planning and Community Right to Know Act, National Emission Standards for
Hazardous Air Pollutants/Asbestos, and Underground Storage Tanks. The EPA is not planning
any formal enforcement activities for the above portions of the inspection with the exception of
RCRA.

A prehearing was held in September 1999. During the prehearing, the EPA withdrew Count III,
failure to have a contingency plan, with prejudice, from the complaint. A court date has been set
for June 2000 and the hearing will be held in Richland, Washington.

EPA letter QRC- 15 8, dated October 12, 2000 - documents the terms of the settlement of the
Multimedia Inspection matter in a Consent Agreement and Final Order (CAFO). The CAFO
requires payment of a civil penalty, performance of two SEPs, and the performance of specified
compliance activities.

Ecology letter, dated June 13, 2002, provides Ecology's acceptance of the closure of the 200 East
Area Pipe Laydown Yard Accumulation Area, and considers the requirements of the CAFO
(RCRA-10-99-0106) Paragraph 23, Compliance Activities fuilfilled.

Received Date: January 7, 1999
Agency: State of Washington Department of Ecology
Summary:

Ecology has formally denied the Application for Relief from Penalty (98NM-007) submitted on
October 3, 1997. Ecology issued Penalty #97NM-248 on September 16, 1997, in the amount of
$110,000. The penalty was assessed as the result of the failure to properly manage chemicals
and for the inadequate response to the subsequent chemical release from the Plutonium
Reclamation Facility.

Response(s):

An appeal was filed with the PCHB with a pre-hearing originally scheduled for March 24, 1999.
Ecology has requested the pre-hearing meeting be moved to April 2, 1999. The appeal
completes the action associated with this itemn.
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Settlement Agreement, dated July 7, 1999, - The Attorney General of Washington offered RL,
Fluor Daniel Hanford, Inc. (FDH), and Babcock and Wilcox Hanford Company to enter into a
Settlement Agreement resolving the NOP 97NM-248 issued by Ecology September 16, 1997.
The proposed Settlement Agreement stipulates duration of agreement, innovative settlement
payment, enforcement during the term of agreement, and dispute resolution. POiB; approval
was obtained on July 7, 1999, making the Settlement Agreement effective.

Received Date: October 23, 1998
Agency: Attorney General
Summary:

The Attorney General of Ecology have agreed to stay of Administrative Order No. 98NW-009
issued on September 24, 1998, and addresses compliance with Federal and State hazardous waste
regulations for the management of mixed waste in tanks. The stay is effective until January 29,
1999, and has been issued to aid in the process of settlement of the issues in the appeal of that
order to be filed by the Appellants to the PCHB.

Response(s):

Settlement Agreement No. PCHB 98-249 and 98-250, dated February 26, 1999, - A settlement
agreement was reached between Ecology, RL, FDH, and Lockheed Martin Hanford Corporation
(LMHC) on February 26, 1999. The agreement suspended Administrative Order 98NW-009,
pending signature of the agreement by the PCHB. Signature by the PCHB and Administrative
Appeais Judge was secured on March 15, 1999.

Ecology letter, dated October 6, 2000, closes out Ecology's March 24, 1998, inspection of the SY
Tank Farm.

Ecology letter, dated April 6, 200 1, provides Ecologys acceptance of the DST Emergency
Pumping Guide that was submitted on March 6,2001. Ecology considers all actions associated
with the July 8, 1998, Notice of Correction closed.

Recel ved Dale: September 24, 1998
Agency: State of Washitlglon Department of Ecology
Summary:

Ecology formally denied the Application for Relief from Penalty 98NW-007 issued to DOE,
FDH, and LMHC on July 23, 1998. Penalty 98NW-007 was levied tbllowing the issuance of a
NOC in response to a compliance inspection at the SY Tank Farm on March 24, 1998. The
Application for Relief was received by Ecology on August 7, 1998. A review of the application
revealed no new or extraordinary information relevant to -dismissing the penalty.

Response(s):

Page 14 of 23



October 23, 1998; The denial for Application for Relief from Penalty 98NW-007 was appealed
by RL to the PCHB. November 4, 1998, meeting; RL, FDH, and LMHC proposed a reasonable
settlement of the Penalty to Ecology. Ecology responded to indicate a counter proposal would be
forthcoming.

Settlement Agreement, dated February 26, 1999, - A settlement agreement was reached between
Ecology, RL, FDH, and LMHC on February 26, 1999. The agreement suspended Administrative
Order 98NW-009, pending signature of the agreement by the PCHB. Signature by the P0KB
and Administrative Appeals Judge was secured on March 15, 1999.

Ecology letter, dated October 6, 2000, closes out Ecology's March 24, 1998, inspection of the SY
Tank Farm.

Ecology letter, dated April 6, 200 1, provides Ecology's acceptance of the DST Emergency
Pumping Guide that was submitted on March 6,2001. Ecology considers all actions associated
with the July 8, 1998, NOC closed.

Received Date: September 24, 1998
Agency: State of Washington Department of Ecology
Summary:

Ecology issued Administrative Order No. 98NW-009 on September 24, 1998. The
Administrative Order requires DOE, FDH, and LMHC to comply with Chapter 70.105 RCW,
Chapter 173-303 WAC, by reference Chapter 40, Code of Federal Regulations, and certain
actions described as they apply to the management of waste at SY Tank Farm.

Response(s):

State of Washington, Attorney General issued a stay to Administrative Order 98NW-009 on
October 23, 1998, following an appeal of that order by RL to the P0KB the same day. The stay
remains in effect until January 29, 1999. The stay was issued to aid the process of settlement of
the issues in the appeal of that order to be filed by the Appellants to the P0KB.

This item has been closed per Settlement Agreement No. P0KB 98-249 and 98-250. The
Settlement Agreement was reached between Ecology, RL, FDH, and LMHC on February 26,
1999. The agreement suspended Administrative Order 98NW-009, pending signature of the
agreement by the P0KB. Signature by the P0KB and Administrative Appeals Judge was
secured on March 15, 1999.

Ecology letter, dated October 6, 2000, closes out Ecology's March 24, 1998, inspection of the SY
Tank Farm.

Ecology letter, dated April 6, 2001, provides Ecology's acceptance of the DST. Emergency
Pumping Guide that was submitted on March 6, 2001. Ecology considers all actions associated
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with the July 8,1998, NOC closed.

Received Date July 23, 1998
Agency: State of Washington Department of Ecology
Summary:

Ecology assessed a penalty (98NW-007) against the RL, FDH, and LMHC in the amount of
$75,600 under the provisions of the RCW 70.105.080. RL, FDH, and LMHC failed to provide a
leak detection system for DSTs SY-l0l, 102, and 103 capable of detecting a leak from the
primary or secondary structure of these tanks within 24 hours.

Response(s):

98-EAP-425, dated August 6, 1998, RL submitted an Application for Relief from Penalty
98NW-007 in accordance with protocols identified in the original NOP.

September 24, 1998; Ecology received and reviewed the Application for Relief from Penalty and
responded with a Notice of Denial of Application for Relief from Penalty. The denial was based
on the view held by Ecology and no new or extraordinary information relevant to dismissing the
penalty was provided in the application. The option to appeal the denial to the PCHB was
provided to the petitioners.

October 23, 1998; The denial for Application for Relief from Penalty 98NW-007 was appealed
by RL to the PCHB.

Settlement Agreement No. PCHB 98-249 and 98-250, dated February 26, 1999, - A settlement
agreement was reached between Ecology, RL, FDH, and LMHC on February 26, 1999. The
agreement in part, stipulated the resolution of penalty 98NW-007, pending signature of the
agreement by the PCHB. Signature by the PCHB and Administrative Appalls Judge was secured
on March 15, 1999.

Ecology letter, dated October 6, 2000, closes out Ecology's March 24, 1998, inspection of the SY
Tank Farm.

Ecology letter, dated April 6, 2001, provides Ecology's acceptance of the DST Emergency
Pumping Guide that was submitted on March 6,2001. Ecology considers all actions associated
with the July 8, 1998, NOC closed.

Received Date: July 10, 1998
Agency: Washington State Department of Health
Summary:

WDOH has issued a NOV and NOC for violations of radioactive air emissions regulations at the
296-A-42 emission unit. The violation involves the intentional bypass of required controls and
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the lack of any notification made to WDOH. Two violations and three corrective measures

issued as compliance orders have been identified.

Response(s):

98-EAP-465, dated August 21, 1998, submitted required documentation to address Compliance
Order # 1.

98-EAP-422, dated August 10, 1998, submitted required documentation to address Compliance

Orders #2 and #3.

AIR 99-105, dated January 13, 1999, provided written closure of the NOV following a review of

the information submitted by RL.

Received Date: June 8, 1998
Agency: State of Washington Department of Ecology
Summary:

Ecology provided a 60-day NOI to sue RL for failing to meet SST Interim Stabilization
milestone due dates. RL has the option to settle with a consent decree or proceed to trial.

Response(s):

February 22, 1999, following negotiations between senior DOE and State of Washington
officials, the threatened law suit regarding the M-41-22 and M-41-23 HFFACOS milestones was
cancelled and the parties have entered into a Consent Decree. The Consent Decree was issued
by the Attorney General's Office on February 22, 1999, and contains provisions for a
renegotiated schedule regarding the interim stabilization of SSTs.

Consent Decree closes this action.

Interim stabilization of the remaining SSTs will be renegotiated through the HFFACO.

Received Date: May 13, 1998
Agency: Washington State Department of Health
Summary:
WDOH found RL in violation of radioactive air emissions regulations in the operation of the
Plasma Arc Furnace in the 324 Building. WDOH has issued a NOV and a NOC. RL conducted
a project to treat neutron generators in the furnace during the week of April 13, 1998. RL shut
down the stack tritium sampler for the duration of the project. RL did not submit a request for
approval of periodic confirmatory monitoring to verify low emissions.

Response(s):
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WDOH letter AIR 98-706, dated July 10, 1998, provided an extension to corrective action #1
based on a meeting held June 29, 19998, during which an extension agreement was reached.
Evaluation of all NOCs is now due August 25, 1998.

98-EAP-441, dated August 20, 1998, RL submitted the required report in accordance with
Compliance Order, #3. The report will be reviewed by WDOH to determine if revisions are
needed for other Hanford Site NOCs. Due dates for any such revisions will be negotiated
between RL and WDOH at that time.

Routine Technical Assistance Meeting, held on November 17, 1998, provided data to WDOH
regarding 324 and 327 Building tritium measurements. WDOH was notified of the intent to
discontinue tritium sampling associated with closure of the plasma arc furnace. Approval from
WDOH was sought for this discontinuation. Closure of the furnace also eliminated the need for
a NOC modification prior to fiurther operation.

Communications Summary, dated January 19, 1999, summarized communications with WDOH
personnel regarding a schedule for revising NOC discrepancies in accordance with the
compliance order contained in the original NOV/NOC for the 324 Building.

99-EAP-260, dated April 20, 1999, submitted NOC updates to the EPA in response to the
WDOH issued NOV/NOC. The updates were the result of a schedule developed by RI. and
WDOH to identify any discrepancies and resubmit applicable NOCs. The updated NOCs
approved by WDOH were submitted for approval by the EPA.

99-EAP-26 1, dated April 27, 1999, submitted NOC updates to the EPA in response to the
WDOH issued NOVINOC. The updates were prepared in accordance with the Compliance
Order issued as a part of the NOV/NOC and a schedule negotiated with WDOH. The updated
NOCs were submitted for records purposes only.

AIR 99-609, dated June 9, 1999, provided formal closure of the NOV and Audit #555 125 from
WDOH.

Received Date: February 25, 1998
Agency: U.S. Environmental Protection Agency
Summary:

On February 25, 1998, the EPA issued a NOV to RL for violating the requirements defined in
the ERDF Record of Decision. Three violations of the CAA and RCRA regulatory drivers were
identified.

Response(s):

RI. Letter 056862, dated March 20, 1998, submitted the required response to the corrective

actions identified.
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No response has been received from the EPA to date.

Received Date: November 13, 1997
Agency: State of Washington Department of Ecology
Summuary:

Ecology issued Revised NOP Incurred and Due No. 97NM-139 on November 13, 1997. The
NOP assesses a penalty against DOE in the amount of $90,000 under the provisions of the
RCW 70.105.080. This Revised NOP was assessed for the alleged failure to maintain control of
waste accumulated in the 222-S Laboratory Complex per WAC 173-303-200(2), satellite
accumulation.

Response(s):

RL letter, dated December 12, 1997, transmitted a Notice of Appeal to the PCHB for the revised
NOP.

The Stipulation and Agreed Order of Dismissal, PCHB 97-189, dated June 1, 2001, was issued to
resolve the dispute over the Revised NOP Incurred and Due No. 97NM-139.

Received Date: September 16, 1997
Agency: State of Washington Department of Ecology
Summary:

In 1997, a chemical mixture stored for over a year in a tank located in the Plutonium
Reclamation Facility underwent a spontaneous reaction rapidly generating sufficient pressure to
violently rupture the tank. After concluding its investigation of the incident, Ecology served RL
a NOP and NOC demanding payment of the sum of $110,000 for, inter alia, alleged violation of
regulations prohibiting improper storage of hazardous waste. Corrective measures (CM)
described at the end of the NOC letter were developed after the meetings regarding on-going
actions being performed by DOE and its contractors.

Response(s):

In January 1998, Ecology performed a compliance inspection at the Plutonium Finishing Plant.
It is DOE's understanding that Ecology intends to incorporate further discussion regarding the
disposition of the items subject to CM 6 into closure actions to be taken following issuance of
the Ecology compliance inspection report. While DOE has been waiting issuance of Ecology's
compliance inspection report, DOE pursued field activities to disposition the remaining items.
No report has been received concerning this Ecology inspection

On February 2, 1998, DOE transmitted a letter to Ecology identifying the remaining CMs and
requested an extension date of July 1, 1998. On March 16, 1998, DOE sent a letter to Ecology
supplying a status related to the disposition of the items identified in CM 4. This letter also
transmitted the emergency preparedness documentation being submitted for the closure of CMs I
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and 2 for Ecology's review and comment.

On April 15, 1998, DOE submitted final documentation to close out CMs I and 2 that will
become effective on July 1, 1998.

DOE responded to the NOP by filing with Ecology an Application for Relief from Penalty,
which Ecology denied on January 7, 1999. DOE has 30 days from January 7, 1999, to appeal to
the PCHB.

Ecology letter, dated August 8, 2000, - Ecology concurs that the six corrective measures have
been met and DOE and its contractors completed measures required to settle penalty #97NM-
248. Ecology considers these matters closed.

Received Date: April 30, 1997
Agency: State of Washington Department of Ecology
Summary:

Ecology issued NOP Incurred and Due No. 97NM- 139 on April 28, 1997. The NOP assesses a
penalty against DOE in the amount of $90,000 under the provisions of the RCW 70.105.080.
This NOP was assessed for the alleged failure to maintain control of waste accumulated in the
222-S Laboratory Complex per WAC 173-303-200(2), satellite accumulation.

Response(s):

RL letter, dated May 13, 1997, provided the DOE, FDH, and Rust Federal Services of Hanford

Inc. (RFSH) Application for Relief from Penalty 97NM-1 39.

Ecology letter, dated May 15, 1997, acknowledged Ecology's receipt of the Application for
Relief from Penalty 97NM-1 39. In this letter, Ecology offered to meet with DOE, FDH, and
RFSH prior to issuing a formal response to the Application for Relief.

Ecology letter, dated July 2, 1997, offered prospective dates to meet with DOE, FDH, and RFSH
prior to issuing a formal response to the Application for Relief.

Ecology letter, dated July 15, 1997, identified that a written addendum to the Application for
Relief will be required for Ecology to consider additional information relating to the DOE, FDH,
and RFSH Application for Relief from Penalty 97NM- 139.

Ecology letter, dated November 13, 1997, issued Revised NOP Incurred and Due No. 97NM- 139
in the amount of $90,000 for alleged violations of WAC 173-303-200(2).
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Received Date: July 24, 1996
Agency: State of Washington Department of Ecology
Summary.

Ecology performed an inspection of the 306-E Facility to follow up an Ecology inspection that
occurred on September 14, 1995. One of the issues that Ecology had at that time concerned
material being stored in two cabinets that contained what Ecology said appeared to be
incompatible chemicals that could pose a threat to human health and the environment. Ecology
issued a VCL on July 24, 1996, for storage of incompatible waste.

Ecology issued a formal NOP to DOE and Westinghouse Hanford Company (WHC) that
included a $20,000 fine concerning storage of incompatible waste.

Response(s):

A formal response letter and payment of penalty was sent from WHC to Ecology on October 2 1,
1996. This enforcement action is considered closed.

On August 1, 1997, Ecology transmitted a letter of closure for the 306-E Facility stating that the
corrective measures have been satisfied.

Received Date: March 6, 1996
Agency: State of Washington Department of Ecology
Summary:

Ecology issued a NOV (DE 96NM-033) to DOE alleging violation of WAC 173-400-14 1, -110,
and -115 dealing with Prevention of significant deterioration (PSD) permitting, new source
review, and new source performance standards under Washington's Clean Air Act. The NOV
was issued on March 6, 1996. Ecology alleges that DOE is in violation of WAC 173-400-141
for failure to apply for and obtain the required state PSD permit and then operate the 300 Area
boiler package without the permit, and in violation of WAC 173-400-115 for failure to meet new
source performance standards for S02 emission limits from the boiler. Construction of the 300
Area package boiler commenced in September 1989. Ecology determined that construction of
the boiler constituted a major modification of the source subject to the PSD permit requirements.
Additionally, the boiler has burned No. 6 fuel oil, and Ecology estimates that the S02 emission
rates exceed the NSPS's S02 emission limits.

Response(s):

On August 12, 1996, Ecology transmitted their Agreed to Order to close this NOV. The Order
proposes to close the NOV without fines or penalties if followed by DOE.
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Received Date: February 8, 1996
Agency: Washington State Department of Health
Summary:

WDOH issued a NOV to RL after two field inspectors were denied access to portions of B Plant
Complex emission units. WAC 246-247-100 requires facilities to "'ensure all emission units are
fully accessible to Department inspectors." The NOV required RL to resolve the denial of access
problems.

Response(s):

On March 1, 1996, RL transmitted an interim response to WDOH. The response documented a
meeting conducted between RL and WDOH representatives on February 27, 1996, during which
an extended due date of 30 days was agreed to. On April 8, 1996, RL transmitted a final
response to WDOH that addressed the requirements of the compliance order.

On April 23, 1996, WDOH responded to the April 8, 1996, submittal from RL. WYDOH
provided comments; to the documentation submitted by RL and requested the comnments be
addressed before the issue could be closed. RL responded to the comments provided by WDOH
and a verbal agreement was reached closing the violation.

Received Date: January 19, 1996
Agency: State of Washington Department of Ecology
Summary:
Ecology issued an NOP Incurred and Due (No. DE 96-NW-001) to DOE and BH. 'The penalty
was assessed based on a violation revealed from an investigation into dangerous waste
management activities at the 183-H basins closure project. A $5,000 fine was assessed against
DOE and BHL.

Response(s):

The penalty was paid and the NOP is considered closed.

Received Date: May 30, 1995
Agency: State of Washington Department of Ecology
Summary:

On May 30, 1995, Ecology issued a NOP Incurred and Due (No. DE 95NW-127) to DOE'and
Pacific Northwest National Laboratory after a pressurized drum that was improperly opened
damaged the facility, caused worker contamination, and released radioactive material.

Response(s):

On August 7, 1995, Ecology transmitted a letter to DOE closing this action. This item was
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U.S. Department of Energy

P.O. Box 450
Richland, Washington 99352

04-ED-031 APR 0 52004

Mr. Michael A. Wilson, Program Manager
Nuclear Waste Program
State of Washing ton

1315 W. Fourth Avenue

Kennewick, Washington 99336 EDMO
Dear Mr. Wilson:

NEW SOURCE REVIEW EXEMPTION NOTIFICATION FOR THE TANK FARM MIXED
WASTE TREATMENT, PACKAGING, AND STORAGE UNIT(S)

Attached for your review and approval is the "New Source Review Exemption Notification for
the Tank Farm Mixed Waste Treatment, Packaging, and Storage Unit(s)."

This New Source Review exemption notification is based on emissions of criteria pollutants
being below Washington Administrative Code (WAC) 173-400-11 0(5)((d) threshold levels,
Also, emissions of toxic air pollutants are below WAG 173-460 Small Quantity Emission Rates
and Acceptable Source Impact Levels.

If you have any questions, please contact me, or your staff may contact Dennis W. Bowser,
Environental Division, (509) 373-2566.

Sincerely,

ED:DWB Manager

Attachment

cc: Seepage 2
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04-ED-03 1
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SUMMARY

The U.S. Department-of Energy is proposing the installation of one Tank Farm Mixed Waste
Treatment, Packaging, and Storage Unit to treat mixed waste from Single-Shell Tanks 241-B-
201 through 241-B-204; 241-T-201 through 241.-T-204; and 241-T-1 11. These nine tanks are
located in the 200 East and 200 West Areas Of the Hanford Site.

This 'document evaluates the incoming waste stream from the nine single-shell tanks as identified
in Tank Waste. Information Network System and finds that emissions of organic compounds
from treatment of the waste stream would be below Washington Administrative Code regulations
for Small Quantity. Emission Rates and Acceptable Source Impact Lqyels would not be
exceeded. Dispersion calculations- of -annual concentration of toxic air pollutants'indicate that
concentrations of these compounds at the site boundary are within regulatory threshold limits.

In addition, this. document evaluates the potential emissions of particulate matter and particulate
matter under 10. microns from proposed operations of the Tank Farm Mixed Waste Treatment,

-. Packaging, and Storage Unit. Calculation results show emissions of particulate matter and
particulate matter under 10 microns are within regulatory threshold limits.

IN ACCORDANCE WITH WAC 173-400-110(5), A NEW SOURCE REVIEW
EXEMPTION IS- BEING REQUESTED.

ii, March 2004
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TERIMS,

ANSI American National Standards. Institute
ASIL Acceptable Source Impact Level
ASME American Society of Mechanical Engineers
0C degrees Celsius
CAS Chemical Abstract Services
Cfli cubic feet per minute
cm centimeters
m /min cubic meters per minute
CWC Central Waste Complex
DOE. U.S. Department of Energy
EPDM ethylene propylenediene monomer (gasket)
ETF Effluent Treatment Facility
OF degrees Fahrenheit
gal gallons -

HEPA high-efficiency particulate air (filter)
HXHTIL hose-in-hose transfer lines
BiPS Health Physics Society
hrs hours
hrs/yr hours per year
in. inches
L liter
lbs/br* pounds per hour
lbs/y r pounds per. year
Ag/m 3  micrograms per cubic meter
mg/rn milligramis/cubic; meter
NSR New Source Review
OGTS, Offgas Treatment System
PM particulate matter
PM10  particulate matter under 10 microns
SQER Small Quantity Emission Rate
SST single-shell tank
TAP. toxic air pollutant
TWINS Tank Waste Tnfonnation Network System
Unit Hanford Tank Farm Mixed Waste Treatment, Packaging, and Storage Unit
WAG Washington Administrative Code

WRS waste retrieval system
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METRIC CONVERSION CHART

Into Metric Units Out of Metric Units
U ouow Multiply by To get if youko Multiply by To get
Length ______ ______ Length____________

inches 25.40 millimeters millimeters 0.03937 inches
inches 2.54 centimeters centimeters J0.393701 inches
feet 0.3048 meters meters 3.28084 feet
yards 0.9144 meters meters J1.0936 yards
miles (statute) 1.60934 kilometers, kilometers J0.62 137 ,miles (statute).
Area Area.
square inches 6.4516 square square 0.155 square inches

centimeters centimeters
square feet 0.09290304 square meters square meters 10.7639 square feet
square yards 0.8361274 square meters- square meters 1.19599 square yards
square miles 2.59 S sure square 0.386102 square mies

kilometers kilometers
acres 0.404687 hectares hectares 2A47104 acres
Mass (weight) .Mass (weight) ________ _______

ounces (avoir) 28.34952 Jgrams grams 0.035274 ounces (avoir)
pouds 0.45359237' kilograms kilograms 2.204623 1pounds (avoir)
tons (short) J S787 Jtn mti) tons.(metric). 1.1023 jtons (short)
Volume Volume.
ounces 29.57353 milliliters Milliliters 0.033814 ounces
(U.S., liquid) _ _____(U.S., liquid)

quarts 0.9463529 liters liters 1.0567 quarts
(U.S., liquid) _______(U.S., liquid)

gallons 3.7854 liters liters 0.26417 gallons
(U.S., liquid) _____________ _______________(U.S., liquid)

cubic feet 0.02831685 cubic meters cubic meters 35.3147 cui eet
cubic yards 0.7645549 cubic meters cubic meters 138cubic yards
Temperature Temperature
Fahrenheit 1subtract 32 Celsius Celsius IMultiply by IFahrenheit

then Multiply I9/Stirs, then
_________by 5/9tbs add 32 J_______

Energy Energy
kilowatt hour 3,412 British thermal British thermal 0.000293 kcilowatt hour

kilowatt0.94782 British thermal British thal 1.055 klwt
unit. per secoitd unit per second

Force/Pressure Force/Pressure
pounds (force) 6.894757 kilopascals kilopascals 10.14504 Ipounds per
per square inch I 1_______ 1 1_______ square inch

'Source: Engineering Unit Conversions, M. R- Lindeburg, PE., Second Ed., 1990, Professional Publications, Inc.,
Belmont, California.
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1.0 INTRODUCTION

This document serves as the New Source Review (NSR) exemption notification for the
installation and operation of one Hanford Tank Farm Mixed Waste Treatment, Packaging, and
Storage Unit (Unit) for processing of mixed, waste from nine Single-Shell Tanks (SSTs) located
in the 241-B and 241-T Tank Farms on the Hanford Site. This exemption notification is
submitted in accordance with Washington Administrative Code (WAC) 173-400-110 and is
based on emissions from the waste packaging operations being below WAC 173-400-11l0(5)(d)
threshold limits. The scope of this NSR exemption notification begins at the interface point
between the Unit and waste retrieval operations and continues through the mixed waste treatment
and packaging process to waste container storage. Table I lists, the nine SSTs that are the subject
of this notification.

Table 1. Single-Shell Tanks Covered by the Notice of Construction

Tank Location - Geodetic Coordinates' Waste Volume*

Latitude Longitude Liters (L) Gallons
______(Gal)

241-13-201 200 East, 241-B Tank Farm 114,000 30,000

241-13-202 200 East, 241-B Tank Farm 110,000 29,000

241-B-203 200 East 241-B Tank Farm 197,000 52,000

241-B-204 200 East, 241-B Tank Farm .193,000 51,000
.241-T-411 200 West, 241-T Tank Farm. 1,694,000 .44.7,000

241-T-201 200 West, 241-T Tank Farm 117,000 31,000
241-T-202 200 West, 241 -T Tank Farm 80,000 21,000

241-T-203 200 West, 24l-T Tank Farm 140,000 37,000
241-T-204 200 West, 24 1-T Tank Farm 140,000, 37,000

TOTAL TOTAL
2,785,000 73.5,000
(approx) (approx)

*Source: HNF-EP-0 182, Waste Tank Summary Report for Month Ending May 31, 2003, CH2M HILL Hanford
Group, Inc., Richland, Washington..

'Specific Geodetic Coordinates of Hanford tank farm locations have been purposely omfitted for security purposes.
Approximate locations for the tanks subject to this NSR Exemption Notification can be seen on Figures 2 and 3.

Mixed liquid waste -streams will be received from SSTs 24 1-B-201, -202, -203, -204 (241 -B-200
Series Tanks); and 241-T-201, -202, -203, -204 (241-T-200 Series Tanks); and Tank 241-T-1 11.
The 241-13-200 series tanks are 208,500 Liters (L) (55,000 gallons [gall) capacity. tanks. The
741-T-2.00s setanks are 208,500 L (55,000 gal) capacit~rtanks. Tank 241-T:-l 1isa
2,009,000 L (530,000 gal) capacity tank. All nine SSTs were constructed in 1944.;

The Unit will receive approximately 2,785,000 L (735,000 gal) of liquid mixed waste from these
nine SSTs.

1 March 2004
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The owner/operators intend to maximize, to the extent practicable, the storage ofpackaged
waste at existing permitted facilities on the Hanford site, e.g., Central Waste Complex (CWC).
If adequate storage is'not available at an existing permitted facility when required, packaged
waste will be stored at the two container storage areas. This NSR exemption notification
includes the construction of two container storage areas. After the liquid waste str eamn is
processed, liquid effluent will be temporarily stored in two liquid effluent holding tankers until
trasferred to the Effluent Treatment Facility (BiT) for treatment and disposal.

2.0 SCOPE

The scope."of this -document is to analyze the organic polutant vapor data from each of the nine
tanks :as reported in the Tank Waste Information Network System (TWINS) and to calculate,,
using the maximum reported value of a toxic air pollutant (TAP), an offsite concentration .based
on a stack discharge flow rate assuming continuous operation of 8,760 hours (hrs) pe r year. The
calculated results are then compared to WAG 173-400 and 173-460 regulations for Small
Quantity Emission Rate (SQER) and Acceptable Source Impact Level (ASIL) thresholds. Also,
this document analyzes the potential particulate matter emissions of particulate matter (PM) and
particulate matter less than 10 microns (PM1 o) from sorbent material and sand handling.
Calculations show PM and PM10 are within regulatory threshold limits.

Results of the analysis presented herein support the NSR exemption notification from new
source review.

3.0 BACKGROUND

The 241-B-200 series tanks, the 241-T7-200 series tanks, and Tank 241-T-1 11 were constructed

in 1944 as part of the Manhattan Project.

Tanks 241 -B-201 through 241 -B-204 are cascading tanksthat received waste from the plutonium
concentration activities conducted from October 1946 through June 1952 in thae 224-B
Concentration Building. After spent nuclear fuel processing activities ended in the 224-B-Plant
and cleanout of the plant inventory, Tanks 241 -B-201, through 241 -B-204 received flush
solutions from equipment cleanout in the 221-B .and 224-B buildings and m etal waste trasfer
lines (R.PP-l 3300).

Tank 241 -T-201 received waste from plutonium concentration activities conducted from
November 1946 through May 1949 in the 224-T Concentration Building. Tanks .241 -T-202
through 241 -T-204 are cascading tanks and received wastes from plutonium concentration
activities conducted from May 1949 through May 1952 in the 224-T Concentration Building
(RPP-13300).

Tank 2,41 -T-1 111 received waste, from the second decontamination cycle from reprocessing o f
spent nuclear fuel at the 221 -T-Plant from" January 1945 throuigh October 1956, cell- drainage
waste from June 195.1 through October 1956,224-1 Building wastes from. May 1952 through
October 1956, and equipment decontamination waste from February 1960 through June 1967
(RPP-13873).
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All nine SSTs have since been interim stabilized. The 241-B-200 series tanks were interim
stabilized between 1981 and 1985; the 241 -T-200 series tanks in 198 1; and Tank 241 -T-1 11 in
1995 (HNF-EP-70182).

4.0 LOCATION

Tanks 241-B-201, 241-B-.202, 241-B-203,-and 241-B-204 are located on the U.S. Department of
Energy (DOE) Hanford Site, 241 -B Tank Farm, 200 East Area, Richland, Washington. Tanks
241-T-201, 241-T-202, 241-T-203, 241-T-204, and 241-T-1 11 are located in the 241-T Tank
Farm in the 200 West Area of the Hanford Site (Figures 1, 2, 3).

The-facility is managed and operated by CIH2M HILL Hanford Group, Inc., for the DOE Office
of River Protection under contract DE-AC27-99RL-14047.
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5.0 WASTE PACKAGIN~G SYSTEM

5.1 SYSTEM LAYOUT

Figure 4 shows the Unit layout in the 241-B Tank Farm and Figure 5 shows the Unit layout in
the 241-T Tank Farm. The Unit will be initially located in the 241-B Tank Farm and then
relocated to the 241-T Tank Farm. The receiving tanks are skid-mounted and the liquid effluent'
holding tanks are fixed-axle tankers. All tanks will have secondary containment and will be
monitored for leaks. Piping outside of the containment structures and trailers at the Unit will be
hose-in-hose transfer, lines (HIHTL). Commercial unit support systems include above ground,
double-contained, compressed air, instrument, air, chilled water, deionized water, and. steam
supply. Electrical services will be provided by IHnford Site utilities. .Office and field trailers
will be set-up to accommodate the field staff. Staging areas will be constructed for incoming
empty waste containers.' A permitted container storage area will be constructed in the 200 East
and 200 West Areas for staging of empty containers and. filled waste containers if storage space
is not available when required at the existing onsite permitted storage areas.

5.2 WASTE RETRIEVAL

The Unit will receive mixed 'waste from a SST waste retrieval system (WRS). Waste retrieval
activities from the nine SSTs are outside the scope of this NSR exemption notification.
Information on waste retrieval is provided solely as information to describe the interfaces
between the WRS activities and the Unit.

The diluted. tank waste will be batch-transferred from the SST WVRS using HI'HTL to the
interface point at the Unit. A leak proof connection between the HIHTL and the Unit will be
established. The Unit will have a capacity to treat 55,510 L (14,400 gal) of diluted tank waste
per day. Tank waste will be transferred to the Unit in batches.

5.3 WASTE FEED RECEIPT TANKS

After the mixed waste stream is retrieved from the nine SSTs- identified in this NSR exemption
notification, the waste s treamn enters the Unit for placement into four waste feed receipt tanks. A
fifth receipt tank is typically maintained with no inventory to remain available for contingency
use. The waste feed receipt tanks, are designed to receive and contain the waste transferred by
the. WRS activities in preparation for treatment by the Unit.

The waste feed receipt tanks performs the following functions,

a Receive the, daily diluted tank waste feed

* Homogenize the received waste

*Feed the mixer dryer.

Each waste -feed receipt tank is skid-mounted and will have secondary containment with leak
detection capability. Interconnecting piping will be made of material compatible with the waste
stream.
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The waste feed receipt tanks are designed to accommodate the total amount of waste transferred
per batch. Each tank has a capacity of 30,283 L (8,000 gal) with a net working volume of 27,255.
L (7,200 gal). Control valves will regulate the incoming waste flow to. the first set of receiving
tanks. Once the liquid waste is received from retrieval operations, the waste will be transferred
from the waste receipt tanks to a mixer dryer.

Waste feed receipt tanks will be actively ventilated via an Offgas Treatment System (OGTS)
(Section 5.8). Waste receipt tanks will be equipped with high-efficiency particulate air (HEPA)
inlet breather vents.. During Unit operation, the waste feed receipt tanks are under negative
pressure and offgases will be connected to the OGTS. Outside air will enter the waste feed
receipt tanks thro)ugh-the HEPA filtered, inlet breather vent

8 March 2004
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5.4 MIXERDJRYER

The tank waste is transferred from the waste feed receipt tanks to a mixer dryer that evaporates
liquids prior to packaging.

Two mixer dryers will be operated to separate liquids from the. solids such that the resultant -solid
w .aste product will have residualkiater of approximately 20% weight by volume. As diluted tank
waste enters the mixer dryer, pressure will be reduced (i.e., a vacuum is applied) and the
temperatu~re will be adjusted to enhance the evaporation rate. Temperature will be increase 'd up
to 60 degrees Celsius C*C) (140 degrees Fahrenheit CF]) using a packaged boiler unit. The mixer
dryer. will utilize, heat from the steam through a heat exchanger fordrying the waste., The power
source for the packaged boiler unit will be from Hanford's onsite electrical Power grid. -A back-
up generator power source is not anticipated. Liquid condensate effluent from the drying
operation will be routed to the liquid- effluent holding tanks. When the drying cycle is complete,
the waste will be mixed with sorbent from the Bulk Material Handling System and readied for
waste packaging.-

5.5 WASTE PACKAGING

The primary fuinction of waste packaging is to fill and sample the waste container, decontaminate
(if ncessary) the waste container, and release the filled containers to a permitted container
storage area. The waste packaging process will be enclosed within a containment structure
measuring approximately 3.7 mn (12 ft) wide, 3.7 m (1 2'ft) high, and 12.2 m (40 ft) long and
operates. under negative pressure via the OGTS.

The waste packaging process within the containment structure will consist of three isolated zones
that will be separated by roll-up doors acting as air barriers to prevent the spread of
contamination. Each isolation area will be maintained under negative air pressure to prevent
potentially contaminated air from escaping, to the atmosphere. Negative pressure will be
maintained as airflow moves from areas of least contamination to areas of greater contamination.
The highest negatiye pressure will be maintained in the waste container packaging area. Then, a
decreasing negative pressure will be maintained moving away from the packaging station to the
airlock areas.

An empty waste container will be loaded into the load-in station by a forklift. The container will
be inspected and then the lid will be removed at the lidding station and the container (with pre-
installed waste bag) will be positioned under an enclosure for filling. The enclosure also has a
separate connection to the OGTS to maintain negative 'pressure in addition to the lidding station
isolation zone.

Dewatered tank waste from the mixer dryer, and sorbent will be metered'into a container using a
control valve. -The waste pickagi ' activity wilbevslyispcdanrduaty
monitored using. closed-cdircuit television. The Waste bag will then be closed and the container
moved to the survey and decontamination station where the lid will be repplced. The container
will be sealed using a bolted lid with an ethylene propylenediene monomer (EPDM) gasket
measuring approximately -3.81 centimeters (cm) (1.5 inches (in.]) wide and 1.27 cm (0.5 in.)
thick. The EPDM gasket w ill be compatible with and meet the waste packaging acceptance
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.criteria of the offsite deep geologic repository. NucFill HEPA filters or equivalent will be
installed to relieve any potential internal gas generation. Treated waste will be packaged in
standard waste boxes. Open-top 208 L (55 gal) steel drums will be used for miscellaneous waste
from Unit operations.

Waste containers will move on a conveyance system within the containment structure using local
controls to manually position the container. Position sensors and positive mechanical stops will,
control the container movement on the conveyance system during the packaging process. After
filling, waste containers will be surveyed and decontaminated as appropriate prior to moving
containers to the container storage area.

.6 SO"1ENT ADDITION

Once the required level of dryness is achieved and prior to discharge from the mixer dryer, a
solid drying agent (sorbent) material will be added to the dried waste from the Bulk Material
Handling System. Sorbent material is bulk loaded into a storage silo above the mixer dryer and
discharged into the mixer dryer as needed. The purpose of the sorbent is to remove any free
water that may form during container handling and transportation. When needed, sand'will be
added to scour the mixer dryer drum walls to prevent any buildup of solids that could affect
mixer dryer heating operations.

5.7 LIQUID EFFLUENT HOLDING TANK

Liquid effluent condensed from the mixer dryer will be collected in two.66,775 L (1-7,640 gal)
liquid effluent holding tankers. A small portion of liquid waste will be pumped back to the SST
WRS .as nee ded .and the remaining liquid effluent will be filtered and transferred via a waste
transfer tanker truck to the ETF for treatment and disposal. Each liquid effluent holding tank
will be interconnected to an inlet HEPA breather vent. Outside air will enter the liquid effluent
holding tankers through a HEPA filtered inlet breather vent.

5.8 OFFGAS TREATMENT SYSTEM

The OGTS will receive offgas from the Unit's five waste feed receipt tanks, two mixer dryers,
and waste packaging operations within the treatment/packaging trailer. The OGTS is a skid-
mounted unit that will filter and monitor the effluents for radioactive particulates and exhaust to
the atmosphere through a stack. Airflow entering the OGTS passes through a separator to
remove water vapor and .a heater to raise the temperature and dew point prior to reaching the
HEPA filters. After the airflow is heated,, airflow continues through a pre-filter, two HEPA
filters in series, and then exhausted to the atmosphere through a stack equipped with sample
ports and monitoring equipment.

* The OGTS will be fabricated in accordance with latest versions of American Society of
Mechanical Engineers (ASME) AG-l, ASME N509, ASME N5 10,: and American National
Standards Institute (ANSI) ANSI/Health Physics Society (lIPS) N13.1. Each HEPA filter
section will have iection ports and sampling ports for each HEPA for independent aerosol
testing. The stack will include an effluent monitoring system that will indicate high radiation

'NucFiI is a registered trademark ofNuclear Filter Technology, Inc., Golden, Colorado
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levels; by sounding an alarm. If a high radiation alarm sounds, control room operators will
follow alarm response procedures that will shut down the process in a safe and controlled
manner. Specific steps that operators will take to initiate a controlled shutdown will consist of
the following activities:

*Stop steam to dryer (removes motive force)

*Stop waste packaging (allows operators to leave container)

*Stop Liquid Effluent System transfers (allows operators to clear area)

Stop slurry feed to. dryers (precauntion only).-

The stack monitoring system will include a stack sampling shrouded nozzle design and vacuum,
pumps to provide sampling ability. Each OGTS section will drain to a central seal pot with a
water seal. to prevent any bypass of irflow through the drains. The seal pot will be monitored
for level to ensure the drain seals are maintained.

The airflow exhaust design velocity is approximately 60 cubic meters per minute (M3f/min)
(2,000 cubic feet per minute [cfm]). It is anticipated the exhauster may operate at less than 60
m3ftnin (2,000 cfm). but would not exceed this flow rate.

5.9 WASTE STORAGE

The owner/operators inteiid-to maximize, to the extent practicable, the storage. ofpackaged
waste at existing perm itted facilities on the Hanford site, e.', Central Waste Comiplex (CWC).
If adequate storage is not available at an existing perm itted facility when required, packaged
waste will be stored at the two container storage areas. This NSR exemption notification
includes the construction of two container storage areas. The 200 East container storage area
will be designed to accommodate up to 240 filled waste containers and the 200 West container
storage area is will be designed to accommodate up to 1260 filled waste containers.

6.0 -PROJECT ACTMIVTES

The proposed activity consists of construction, installation, and operation on the Hanford Site of
one Unit This Unit will dewater and dry (i.e., treat) a mixed waste stream, add sorbent material,
package the dried mixed waste stream, and store the packaged, containers. The.Unit will. be
constructed and operated to receive and package waste streams from Hanford Site waste retrieval
activities from nine SSTs as described in Sec.'tion 1.0 (see also Table 1). Four SSTs are located
in the 200 East Area (241-B Tank Farm) and five SSTs are located in the 200 West Area (241-T
Tank Farm) of the Hanford Site (Figure 1). The Unit will be set up and operated at the 241-B
Tank Farm in the 200. East AreaI (Figure 2). Upon completion of the activities at the .24-1-B. Tank
F~arm,, the. Unit will be relocated to the 241-T Tank Farm (Figure 3). The Unit will'treat and
package about 2,785,000 L (735,000 gal) of liquid mixed waste from the 241-B and'241-T Tank
Farms. SST tank waste will be dewatered and dried to lower the moisture content by utilizing a
mixer dryer. After treatment, the waste will be packaged for onsite storage pending shipment to
an offsite deep geological repository.
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Activities for operating the Unit are expected to include those noted below, and/or others similar
in nature. The listing is not intended to be all-inclusive but to only represent those types of
activities requird in the operation of the Unit. Other Unit activities not yet defined may be
conducted with no anticipated impact on the organic inventories of the nine SSTs used for
calculating emissions. The noted processes apply to the Unit:

Receipt of diluted tank waste from waste retrieval. activities to waste tanks within the
Unit

*Mixing of diluted tank waste in the waste feed receipt tanks.

aTransfer of diluted tank waste to the mixerdryer

*Evaporating liquid using a mixer dryer

*Bulk loading and mixing of sorbent

*Collection of dewatered waste/sorbent in waste containers

*Collection of condensate

* Transfer of residual liquid effluent to holding tanks

0 Occasional addition of sand to scour mixer dryer walls

* Routing of receiving tank off-gas, mixer dryer offgas, and offgas from waste packaging
to an OGTS

a.: Interim storage of empty waste containers

Storage of filled waste containers

*Site preparation work - grading, excavating, backfilling, utilities, fencing, storage pads

I nstallation of construction office trailers, field trailers, change trailers, storage facilities.

7.0 VENTILATION AND AIRBORNE EMISSIONS CONTROL SYSTEM
Waste feed receipt tanks, mixer dryers, and waste packaging operations will be exhausted under
negative pressure to the OTS. Airflow will enter the OGTS and will pass through a moisture
separator to remove water vapor and through, a heater to raise the temperature and dew point
prior to reaching the HEPA filters. After the heater, airflow will continue through a pre-filter,
two HEPA filters, in series, and will then be exhausted to the atmosphere through a 10-in.
diameterstack equipped with sample ports and monitoring u pment for radioactive air
emissions. Airflow will be exhausted at approximately 60 rn hamm (2,000 cfmn). The exhauster
may be operated at a flow rate less than 60 n3lrn (2,000 cfin).

To minimize the spread of contaminants during waste packaging activities, three zones of
progressively negative pressure will be established within the treatment/packaging 1trailer.
Negative pressurewll, be maintained as airflow-moves from areas of least contamination to areas
of greater contamination. The highest negative pressure will be inaintained in th e waste
container packaging area. Then, a decreasing negative pressure will be maintained moving away
from the waste packaging area to the airlock areas. Interlocks will be provided to assure zoned
areas are maintained under negative pressure during operations. Ventilation system components
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will meet the latest requirements of ASMEff N509, ASM N5 10, and ASME AG-i1, as applicable.
Where conflicts occur*, ASME AG-i takes precedence, unless an exemption has been
documented in General WAC 246-24 7 Technology Standards Exemption Just (fications for Waste
Tank Ventilation Systems (RPP-1 9233). Two Liquid Effluent Holding Tankers will be passively
vented directly to atmosphere through a IJEPA breather filter. Filter design and performance
specifications are the same as those for the OGTS. Packaged waste containers will be equipped.
with NucFil HEPA filters (or equivalent).

No sampling will be required for nonradioactive air emissions because all contaminant emissions
are below their-respective SQIERs or below their ASILs. Organic vapor analyzers, or other
similar instrumnents for detecting fugitive organaic emissions as part of Hanford's Industrial
Hygiene program to monitor worker exposure, wqil be used to monitor for volatile organic
compounds.

8.0 -METHODOLOGY OF COMPARISON CALCULATED EMISSIONS TO SQER
AN]) ASIL, THIRESHOLDS -

For calculation of dispersed offsite concentration of TAPs to members of the public, vapor
sample data as reported in TWINS were used for developing the pollutant source term. Tank
vapor space sample data, as available, were reviewed against WAC 173-460-160 Class B TAP
Chemical Abstract Services (CAS) numbers and ASILs. The maximum reported concentration
was selected for the Class B TAP CAS number for those tanks located in the 241-B Tank Farm
(241 -B-20 through 241-IB-204 [see Appendix AQ. Similarly, the maximum reported
concentration was 'selected for the.Class B TAP. CAS number and for Tanks 241 -T-201 thro6ugh
241 J-204; and 241 -T-1 111 (see- Appendix B).- A worst-cAs'e -bounding tank pllutant source
inventory was developed that contained the highest concentration of each constituent found.
Emission quantities were calculated based on the worst-case tank scenario using maximum
concentrations and Unit operation under active ventilation for one year (8,760 hrs). Active
ventilation calculations appear in Appendix C and represent a conservative approach.

Appendix D calculations reflect the estimated particulate matter emissions of PM and PM10 from.

sorbent hopper loading.

Assumptions made in calculating emission quantities:

I . A maximum concentration of an organic constituent was selected from tank groupings
for the 241 -B-200 series; the 241-T-200 series; and Tank 241 -T-1 1.1 for a worst-cae
inventory.

Basis: Selecting the maximum value of each identified organic constituent from vapor space
data would provide a worst-ease tank scenario. Emission calculations would, therefore,
be based on a worst-case concentration and would provide a bounding calculation of
emissionsto the environment.

2. Vapor space data from Tank 241-B-202 as reported in TWINS is used for Tanks 241-
B-201 through 241 -B-204.
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Basis: Vapor space data is only available for Tank 241-B-202, and is not available for Tanks
241-B-201; 241-B-203, and 241-B-204. Allof the 241-B-200 series tanks received
waste 'from the 224-B Concentration Building (RPP-13300). Because of the source of
the waste from the 224-B Concentration Building and the designed cascading flow
effect of the tanks, it is reasonable to assume that the vapor space data in Tanks 241-13-
201, 241-B3-20, and 241-B-204 would be similar to Tank 241-B-202.

3. Vapor space data from Tank 241 -B-202 as reported in TWINS is used for Tanks 241 -
T-201 through 241-T-204.

Basis: Vapor space data is only available for Tank 241-B-202, and is not available for Tanks
241-T-201 through 241-T-204. The plutonium concentration process conducted in te
224T Concentration Building was similar to that conducted at the 224-fl
Concentration Building. Both facilities operated under the same flowsheet processing
conditions. No other waste types were transferred into these tanks. Since Tank 241-B-

* 202 is the only 241-B3-200 series tank with vapor space data, it is reasonable to assume
that the vapor space data for 241-B-202 would be representative of the vapor space data

* fo Tans 24-T-201 through 241 -T-204 becanse the same plutonium concentration
process was conducted at both the 224-B and 224-T Concentration Building-
Therefore, the 241 -T-200 series tanks have been considered as having a similar amount
of ammonia present in the vapor space as reported i TWINS for Tank 2417-B-202.

4. The exhauster flow rate is 60 m3/min (2,000 cfln)

Basis: The flow rate is the current design'basis.

5. The OGTS will'operate 24 hrs/day for 365 days/yr for a total of 8,760 brs.

Basis: This is very conservative but does represent the maximum run time for emission
- calculations.

*6. The Unit Concentratio 'n Factors from Industrial Source Complex Dispersion Modeling
were used for ground level releases for.24-hr average and annual average releases from
the 200 East and 200 West Areas. 24-hr average concentration factor =2.79 (200 East)
and 3.46 (200 West) JAg/m 3 /g/see; annual average =0.0793 (200 East) and 0.0585 (200
West) 4gm 3/g/sec.

Basis: These unit concentration factors are used by the Tank Farm -Contractor on the Hanford
Site for air concentrations at site boundaries. Source: Memo to J.S.. Hill from P.D.
Rittman, Unit Concentration Factors from ISC3, September 27, 1996.

The Appendix C worksheet shows the comparison of calculated concentration of TAPs to SQER
and ASIL thresholds. Columns, A through E list the.chemnical name, GAS number, TAP Class,
SQER, and ASIL respectively, and are from WAC 173-460-080, -150, -1.60. Column Fis the

*.maximum reportevau for tie GAS number from column H in milligram (rng)/cub ic meter-G
(in 3 )ofApniA,(o241- anFamorApnixB(o241TTnFam.Clm G

is the calculated result for pounds per hour discharged. Colurm H is the result for pounds/year
(lbs/yr) (8,760 hours/year [hrs/yr] * pounds per hour llbs/hr] from Column G). Column I isthe
result of a comparison of Column G lbs/hr or Column H lbsyr to the Columin D SQER value
noting either the calculated result is at or below the SQER. Column J is the result of a'
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conversion from Column H lbs/yr to j tg/m3. Column K is the result of a comparison between
Column J and Colunm E noting if the calculated value is below the ASIL threshold.

Organic chemicals in the waste stream received from the nine SSTs and treated at the Unit
contain the same concentrations as reported in TWINS and are expected to be in the vapor space
of the waste feed receipt tanks. Estimated emissions are conservative because calculated
emissions were assumed to occur over an 8,760 hr operating period and no credit was taken for
the purge time of the receiving tanks under active ventilation. When consideration is given for
tank purging, the pollutants will be exhausted to the environment in minutes and not over the
period of 8,760 hours.

For illustrative purpo'ses, assume batch transfers 'Occur and there is 90%. available vapor space..
area for each of the four waste receipt tanks totaling 98,120 L (25,920 gal). At a designed
exhaust ventilation rate of 60 rn3/rnin (2,000 cfin), the total vapor space volume would be purged
in approximately 0.03 hours, or approximately 2 minutes.

2,000 cfmn*7.481 gal/cu ft*60 nun/br =8.98E+05 gal/hr

25,920 gal/8.98E+05 gal/hr =0.03 brs or about 2 minutes

Therefore, when batch transfers of waste are received at the waste receipt tanks and purged
within minutes, estimating emissions of TAPs over a total period of 8,760 hours is conservative,
yet still below SQER and ASIL thresholds..

Appendix D. is the calculation and results of particulate emissions from loading of the Storage
silo with sorbent anid sand. Results show PM and PM10 emissions are well within regulatory
threshold limits of WAC 173-400-.110(5)(d).
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APPENDIX A

MAXIMUM REPORTED POLLUTANT - 241-B TANK FARM

(TANKS 241-B-201 THROUGH 241-B-204)
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APPENDIX B

*MAXIMUM REPORTED POLLUTANT - 241-T TANK FARM

(TANKS 241-T-201 THROUGH 241-T-204

AND 241-T-111)
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APPENDIX C

EMISSION CALCULATION'. ACTIVE VFNTILATION
'241-B TANK FARM (241-B-201 THROUGH 24.1,--204)
241-T TANK FARM (241-T-201 THROUGH 241-T-204

AND 241-T-111)
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APPENDIX D

EMIS.SION CALCULATION -PARTICULATES.
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Table D-2. Performane Requiremen ts Compatisons
Section 61.52(4) wastes must be emplaced in a Section 3.i.9.dWs ilc nt io disposal units lboti
manne tha Miotaim te package integrity during miinimize vo&N between containers.
emplacement. minimizes the void spaces betwe*
packages. and permits The void spaun to be filled.
Section 61.52(7) BonuieS and IncaiOns Of each Section 5-i.9.b PettiWRelK ZM- t-Wtsfor -disposa
disposal unit 11st be accuratY elylcted and mapped... excavation and monitoring 'ell shall be em~piseed.
Section 61.52(10) Active waste disoal qgopeato Section 3.i.9.e Operagicipi we tM be conAWeed so that active waste
mugt nW% bave an adwe effec on Completed '-lcsumr disPDWa operatton will not havC AR Ad"Ve efrect on filled disposal
and stabilization Memeasurts.

Secion61.3(b Th license must have plas fot Section 3Xk2 Th7* iomna oitrn rga ta
ttuking corrective meaures if migration of radionuclides aesigned to measue: (a) Opetational efflen releases; (b)

e wou.J indicate dia the performance objecives of mirtoftdcncie;()dsoa it~Net and (d)
subpa&iI C may not be met. change 1n diSPOsl facility and dispoWa site prametets wluc.S may4affc lon trm sie performance.

Sectiri 61.533(0) ...the monitoring system must be Section 3.k.4 The imitn "Mgat mM1 be uap"b of detecting
radimmulides froi t disposal site before they leave application of ecessay corrective action prior to exceeding
tn st bo'tndw, performance Objectives....



Table D-2. Performance Requirements Comnparison$s.

Section 61.56(a)(6) Waste must not be pyrophoric. Section 3.j.5.f (Wording identical)
pyrophioric materials contained in waste shall be
treated, prepared. and Packaged to be nonflammable.

Section 61.56(a)(7) Waste in a gaseous form ust be Section 3.i.S.e Waste in a Mewois form must be packaged at a
packaged at a pressure that does not exceed 1.5 Pressure that does not exceed LS5 xunwlere It 2nrc.
atmo.Sphere at 20) degrees C. Total activity must not
exceed 10t) curies per container._______________

Section 61 .56(a)(8) Waste contining hazardous. (No entry)
biological. pathogenic. or infectious material must be
treated to reduce to the maximum extent Practicable the
Potential hazard, from non-radiological materials___________________

0 Section 61.56(b)(1) Waste mus' have structural Section 3.-0.a ... for all types of Con~jiinrs. void spaces within the
-I stability. A structualy stable.... waste and between the waste and its packaging sliAti be reduced asCD much as Practical. (Mi DOE Sites, site pecic waste accepiarwe

Section 61 .56(b)(3) Void spaces within the waste and criteria, mandated by Section Ite of the order. deal with staoility
between the waste and its package mt be reduced to reqirements.)
the extent pMacicable.-
Section 61.2s' rollowing completion of ckisure. .. .the .Section 34.1 Field orl anizations shall develop site sOecM&
licensee shall observe, monitor and comprehensive closure Plans for... .disposal sites. The plan stil
carryout.. .mamntenane .. .until the license is address closure... .withtin a s year period after each i-.lld
transferred ... the '* -asal site must be td
maintwned ... for 5 ye-. a, shorter or loitger time Section 3.J.9 Termination of monitorih* and maintenance activity
pe-iW for pos cloure ooservatiolt and mainttetnnce at closed facilities or site shall be based On an anaysis of site
may be establisher and approved as Part Of the sit Performance at the end of the tistitutionmiotl r~l p!, ,od.
closure plan. based onit-s~eific conditions. ________________________
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EXECUTIVE SUMMARY

DNTODUCTION

The Hanford Site tank wastes were produced through the yewr 1944 to 1988 by reprocessin

irradiated nuclear fuel (containin~ 98,100 M& of uranium). The resulting aqueous wastes

were accumulated in underground storage tanks. Over the year, these tan wastes were

treated to reduce the volume, to minimize the volume of liquid in single-3bell tanks (SSTs),

and to remove a portion of &v- radionuclides.

In 1989. the U.S. Nuclear Regulatory Commission (NRC) evaluated a U.S. Departmemt of

Energy (DOE) proposal for pretreatment and disposal of Hanford Site double-shell tank

(DST) reprocessed liquid wastes (Bernero 1989) and agreed that, if treated as described by

DOE. a portion the wastes would be classified as "incidenta" wastes. This classification

would remove the waste from the high-level waste (HLW) disposal licensing authority of the

NRC and wouid permit disposal af the wastes under DOE requirements in shallow land

disposal facilities. This proposal was based on the preferred alternative in the Environmenui

Impact Statementt for the Diposal of Hanford Defense, Tonk and Transuranic Wxas (HDW-

EIS) (DOE 1987). The proposal included removal of '"Cs from Neutralized Current Acid

Waste and Complexant Concentratioti (CC) waste supernatants an,' immobilizing the resultant

liquid as a grout for permanent disposal in nam-surface vaults. The proposal also included

tranuranic (ThU) element removal from Neutralzed Cladding Removal Waste and

Plutonium Finishing Plant wastes sludges. SSM were no included to adow furthe study on

T if and *howo SST wastes would be disposed



Since completion of the original agreement between the NRC and the DOE. several changes

have occurred that impact the tan waste processing plan. The main changes include plans to

retrieve SST waste and concerns about grout as a low-activity waste f(LAW) form. These

changes bave occurred based on public and governmenta) agency review of the processing

scheme for disposal of Hanford Site tank wastes. In addition, the DOE is pursuing

privatization of the tank waste pretreament and immobilization functions at the Hanford Site,

because of these changes, and add itiona information acquired from tank waste

characterization, DO!: believes it now has information sufficiently developed and documented

to reii the DST waste classification and to se.ek SST waste classificatio.

REPORT OWEPC'flVE

*Me overall objective of this report is to provide a technical basis to support an NRC

determination to classify the LAW (existing supernatants. plus wash solutions and dissolved

salt cake) from the Hanford Site single-shell and double-shell tanks as 'incidentar wastes

after removal of additional radionuclides and immobilization. 1, he proposed processing

method. in addition to the previous radionuclide removal efforts, will remove the largest

practical aiiount of total site radioactivity, attributable to HLW. for disposal in a deep

geologic repository. The remainder of the waste would be considered "incidentalo waste and

could be disposied onsite.

This report assesses the degree of radionuclide removal from the tank liquid wastes againtt

the following three guidelines (Bernero 1993):

ES-ii
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I. The *waste has been processed (or will be futher processed) to remove key

radionuclides to the maximum extent technicaly and economically practical.

2. The "waste will be incorporated in a solid phyficai form at a concentration that

does not exceed the applicable concentration limits for Clans C low-lei waste

as set out in 10OCFR Prt61.

3. The solid, immobilized waste will be managed. pursuant to the Aomic Energy

Act of 1954. so that safety requirements comparable to the performanice

objetives set out in 10 CFR Part 61 at e wisfied.

Key radionuclides are considered to be: 13CI. OOSr. TRU. "Tc. "'Se. 14C. 1 , 3Hl. ''Sn,

anid the uranium isotopes. These radionuclides are of interest because they represent

99.9 percent of the inventory, ame specifically identified in 10 CFR Part 61. or are potential

detractors to disposal system pek-formance because they (or their daughter products) my

exceetc the dose limits for a short term intruer scenario (100 mrcm/yr) or a long term

drnking water scenario (4 mrern/yr). 'The key radionuclides listed are candidates for

rmmoval to the xna.ximum aecaet =ehnicaly and economically practical.



SUMMARY OF RESULTS

Of the esuniated 422 M0i of key radionuclides that etered the Hanford Site maks, 243 MCi

have decaye during storage and approximately 87 MCi have been removed by previous

Processing, the bulk of which will eventually be disposed in a deep geologic repository. The

remaining 92 MCi are addressed in this report.

Sludge washing and solids/liquid separation operations are intrinsic to all planed processing

scenarics for separation of the high-activity sludges from the liquid phas&'. Separation of

solids from viperuatants by centrifuges and filters has been practiced in production

operations at the Hanford Site since the 1940*s. Sold/iquid separation by in-tank

settle/decant hr been practiced in tank farm operations over the last 50 years. Solis/liquid

separation. which includes enhanced sludge washing. of the retrieved tank wastes will leave

approximately 34 MCi in the solis slurry to be treated as HLW and approximately 38 MCi

in the low-activity liquid phase before any additional radionuclide removal.

Cesium represents 91 percent of the cuties (34 MCi soluble cesium) in the l iquid fraction

after solids/liquid separations have been performed. Removal of 137Cs from the liquid

fraction for return to the HL:W fraction is technicidly and economically practical.

For this analysis. the 1370% removal is based on the use of an 'in-plant' cesium ion exchange

technology considered to have limited technical risk but relatively high cost. Assuming a

single-cycle ion exchtange system with a design basis of 9" percent theoretical removal and

an overall operationaf efficiency of 97 percent, an estimated 33 MCi "Cs is technically

B- i V



practical to remove from the liquid fraction. However, an evaluation of the cost to remove

cesium from all the retrieved wastes shows that for dilute feeds (cesium concentaion

< 0.05 CiIL) the cost ot further curie removal increases dramnatically makig further removal

not economically practical. Processing of all foeds >0.05 Ci 137Cs per liter would leave

5 AMCi remaining in the LAW (i.e., 29 MGi 17Cs separated).

Removal of TRU and 9OSr from all thtn waste WSis not ecowmtically practical. Howewer

selective removal of TRU ftrm three tanks will be necessary to meet the Class, C TRU limit.

Laboratory testing on actual tank wastes indicate that the liquid fraction can be treatL. to

produce <. 100 nCi/g LAW glass by hydroxide adjustments. T'here are also indications that

some of the soluble "Sr will co-precipitate during this hydroxide adjustment process.

Additional "Sr removal is not economically practical. The estimated concentration of "Sr in

the LAW feed is below the Class C limit for lost.

Technology exists for removal of "Tc, but is considered not to be technically practical. The

estimated maximum concentration of "'Tc in the LAW feed is within the Class A limit for

"Tc. However, removal of "Tc may be required to meet disposal system performnance

objectives. A performance asswsment will identify areas of concern for long-term release of

radionuclides to the environment from the disposal system. Disposal design features will be

evaluated that include waste form corrosion rate, waste form dimensions. engiueered

barriers, modification of water chemistry, chemical retardants, and moisture diverters. Upon

completion of the disposal system evaluation, mitigating measures, such as "Tc removal

abd/or disposa system barriers. will be finalized.

ES-v



No technologies have been adequately demonstrated for removal of 'H. 14C. $Se. or 1291 that

can be considered technically practical. These are low concentration isotopes and some will

most likely be removed from the UL i"~n the offgas system as a result of the vitrification

process. Some 'Se removal may be require to meet dispoal system performance

objectives.

CONCLUSION

The proposed new determination would include processing the tank wastes to accomplish the

following:

I. a'ionuclide removal to t maximum extent techncally and

economically practical will leave no more than 5 MCi M~Cs and

3.4 MCi "Sr in the LAW.

2. Remove TRU as required (i.e., removal from 3 CC tanks) to

ensure a solidified LAW is < 100 nCi TRU/g.

3. Meet all disposal requirements including those defined by the

performance assessment.
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It s conocluded that cesium removal from liquid supernatants and TRU removal ftom CC

ManU before LAW immobilintiun represents radionuclide removal to the maximum extent

Practical. Therefore. tl~ese liquids could be considered "icidental" wasw provided the

immobilized LAW qualify for disposal in a shallow land dissai facility under DOE waste

management requirements comparable to 10 CFR Part 61 requirements.

'This report assumes tat the LAW form for disposal is a glass waste form, Therefore,
the cnentradoas of the radionuclides are concentrations using % vitrification process.
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HLW High-level wast
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LST OF TERMS AND DEFINIIONS (Contkiued)

EHighi-level wasge: For due purposes of this document. HLW is define as wsqueous
wastes resulting from dhe operation of the fi -cye' solvent extraction sysem or eqwvaLeat.
and the concentrated wastes from subsequent extraction cycles. or equivalent. in a facility fol'

rrocessing irradiated reacto fwel (10 CFR Put S0. Appendix F).

I - I~a wse: The term incidentsl waste origiae when the 10 CFR Part 50,
Appendi F definition for HLW was promulgated and due Atomic Energ Commaission
speifically noed dtha the term HLW did not include Incideal" wast resulting from
reprocessing plant operations. such a ion exchang beds, sudges, Wn contamLated
laboratory items. such as clothing, tools, and equipment. Under the same reasoniag, jWe
NRC has indicated incidental wastes generated in further treatment of HLW (e.g., salt
residues or miscellaneous *-ash from waste glass processing) would be outside dhe
Appendix F definition.

For application to the Hanford Site wastes, incidental wastes include the iviscefanwous
wastes res.1ting from fiurther processing of 1ILW to enhance the product (e.g,. volwvse
reduction) or to remove nonradioseuv materials previously addto the MIW (e.g.
neutralization of acidic HLW).

Liquid fraction: The low-activity liquid fraction of the m*n waste containing a small
fraction of water-insoluble solids.

Low-level waste: As specified in the Low-levl Radioactive Wast Policy Amendments Act
of 1985 (Public Law 9-240). radioacti, e waste oxt classified as high-level waste, spent
nuclear fuel, or by-product material specified as uranium or thorium tailings and waste.

Law-acti-ity waste: Low-activity waste (LAWV) at die Hanford Site is produced ,y treating
the tank wastes. LAW is produced by uneting the =*n wastes and are 1ow-levlw tan
wastes that have not yet received the NRC concumrnc as incidental.

Sludge washing: Contacting tank waste sludges with dilute sodium hydroxide solutions to
dilute and dissolve aque'us soluble compowrnnts. Enhanced sludge washing contacts sludges
with 3 molar sodiumi hydroxide solutions to dissolve selected components (aluminum,
chromium. phosphorous, arid sodium).

Supermnatanat: The liquid layer above the solids in tht waste storage tank. Mwu liquid
supenut includes drainable inunrtitial liquids.

Ternis-ji
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Trauuraahc wute: As dermed and wsed by the U.S. Departmnt of EMery
(DOE Order 5320.2A). radioactive waste that at the time of asy. contains more I can
100 90ig of alpha-emtin iotopes with atomic numbers greater tha 92 and half-lives
greater tha 20 yeon.

Other nows:

Units Reported: Throughout the document, A iii I ameritc (i.e.. volume. m. mC.) are
reported in metric units ezcegx for the radiological units of Sievert (Sv) and Decqaee MOq.
In thene fwo cases. the EngiAs unit will be aaed: inter sod curie PC). revecdtWy. In
some instances. both Metric and englith units wre shown.
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TECINICAL BASIS FOR CLASSIFICATION
OF LO)W-ACTIVITY WASTE FRACTION

FROM HANFORD SIT TANKS

10 INTRODUCTION

National defense activities have generated radioactive waste since 19440on the Hanford Site
in Washington State. Liquid radioactive and chemical wastes from the nuclear material
production and research activities were nrakitere to underground, reinforced-concrete,
jteel-Iined tanks fcommonly referred to as single-shell lank.; (SSTs) and double-sbell utnks
(DSTs)j for stor~e. The U.S. Department of Energy (DOE) and its predecesso
organizations (the Manhattan Engineeing Distaic:. Aomic Energy Commission and Energy
Research and Development Administr ion) discharged waste from reprocessing itw OSTs
from 1944 to 1971 and into DSTs from 1971 to 19U8. Active use of the SSTs ceased in
November 1980. Since 1980, onli stabilization and isolation activities have occurred in the
SS1's. Plans ire to retrieve waste trom both single- and double-shel tanks. prereat the
waste as necessary to sepaasc high-level watt (HLW) and !ow-activity wkaste (LAW)
fractions and immobilize both fractions by vitrification.

This document provides an analysis to support a determination of fte rad imctive
classification of the LAW fraction produced by treating Hanford Site tank wastes. To allow
for disposal of the LAW fraction of tank waste oea surface, the DOE must receive a
determination from the U.S. Nuclear Regulatory Commission (NRC) that die waste it not
HLW.2nd, as such, is not subject to NPC licensing.

1. 1 ONJECTIVE

The objective of thi report is to provide a tec~nical basis to support a NRC determination to
classify the LAW fraction of Hanford Site tank waste as %ncidemtal* waste.

1.2 SCOPE

Based on the current tank waste processing schme, this document evaluate removal of key
radionuclides from the liquid phase of tank wastes to produce a LW fraction for onsite
disposal, Consistent with the revised procesing pla tot Hanford Site tank wastes (Ecology
e! a1, 1994), she document discusses: (1) the curretit NRC clasification criteria and
requirements. (2) the tank waste inventory azi radionuclides of inierest (i.e.. 'key'
radionuclides). (3) technology options for treatng liquids to produce a LAW fraction suitable
for onsite dispsal and, (4) the technology staus and costs for separations processes.
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2.0 METHODOLO)GY

This section provides a description of the process for designating a waste as 'incidew:J* and
describes the application of the NRC y.eIto the Hanford Site tank waste. Although dthe
NRC does not have licensing authwrity for the disposal of DOE'i low-level waste (LLW). the
NRC doen have authority for licensing the disposa of FILW at both commeria] anW defense:
vasm. LAWs are prodoced by Iteating the tank wastes and awe -low-level- tank waste tha

have not yet received the NRC concurrence as incidental. To allow for dsosam of the LAW
fraction of tank waste near suiface, the DOE must recewe a deemnainfom the NRC
that the waste is not HLW and, as suchk is noe subiject to NRC licensing.

2.1 WASTE ;SMCATION FOR THE HANFRD SMl DOUBLE-SHELL
TANK W.'.-*jE

Thet NPRC and the DOE hav established a process for determining what defense wast
corwi~ums "incideniaig waste. They have applied this ptrcess to the Hanford Site DST
wastes, Savanah River (South Caroline) waste end West Valley (New York) takwastes.

For CMe Hanford Site "an wastes, the NRC previously concluded that the rerc ing wastes
to be dispoedr in the grout facility (e.g., DST siiraat)would be classified as
*incidental* wastes. This classification was bae on due processing schieme deflatd in the

FinalEaWronmema Impact Swemmn for the Disosal of Ho~ord Deferae. Higls-LWJ
Triuuranic and Tank Wanes, Hanf'ord 5ke. Richlwnd, Washington Recxof .VDecisa
(HDW-EIS) (DOE 1988). Subsqunt to this classification, the Haiord Federal FaiMlt
Agreement and Conuevu Order (Fri-Part Agreement) (Ecology et &1. 1994) was enacted and
fte process ing scheme for treatmnent of the m*n wastes was modified. The modified

processing scheme includes renieval and processing of single-shel tankts, not to tue existing
facilities (i.e.. B Plan) for tank waste preteament, and to dispose of die L.AW fraction as
glass instead of grmut.

The NRC determiationa for Hanford Site DST wastes was provided in Dernero 1989 amd
confirmed in 58 FR 12342 (documentation contai; -4 in Appendix A). A review of th NRC
determuntion andl the subsequent modifiction of the lank processing scheme is provided in
the following section.



2.1.1 U.S. Nuclea Regulatory Commslo Determination for Hanford Ske
Doubke-Shetl Tank Wast

The NRC evaluated a&d accepted the DOE proposel for preweatment and disposal of Hanford
Site DST wastes (UBero 1989). The DOE based this Proposal on the preferre option from
the EXViVro enAW4 Inypw Swenumfir *h Dfrposa of IiW~*d Dtfue, Tank, and
rt'ansraiuc Wastes (HDW-EIS) (DOE 1987). The DOE proposal (Rizzo 1989) is included
~in Appendix A,

The luates of Oregon, Washington, and the Yakama India Nation petitioned the NRC to
exercise its ru:eialin authority and atiopt a regulation concerning classification of Hanford
Site high-level radmoactive wastes currently stored in retrievable surfice, storage facilities
(e.g., DM~). In addition to t rulemv.kin request, tbe petitioners requested application of
the radionuclide separation criteria on a tankt-by-tank basis. In response to the petition. the
NRC reviewed their original findiat and obtained comments from the public. In
58 FR 12342. the NRC found that DOE's plans for the handling or DST wastes were
consistent with their principles of waste decontrnmfion and protection of the -- blic, and
denied the rulemaking request.

Figure 2-1 shows a historical timeline on the classification of dhe LAW fraction from the
Hanh-rd Site DST waste. This timeline begins with the completion of the FiAl
Enyironmental Impact S&aememt-DispaW of Haj ord Diefew High Level. Traruranic, and
T7!v& Waowe (HDW-EJS) and ends with the NRC confirmation in 199 (58 FR 12342).
Appendix A contains the correspondence associated with the timeline as well as a synopsis of
the correspondence.

2. 1.1 Modjaicution of the Tank Waste Processing Schemee

Since completion of the original agreement between the NRC and the DOE, several changes
have occurred (Wodnch 1994) which impact the tank waste processing scheme. These
changes occurred based on a review of the processing scheme with the public and
governmental agencies ivolv-d in the disposal of tank waste. The primary changes that
impact the LAW determination include: (a) planned retrieval of all SST waste; (b) an
existing plant will not be used as a pretreatment facility: and (c) a chang from grout to glass
as a LLW form.

(a) Since the HDW-EIS (DOE 1987) was issued, the knowledge and the conditions
surrounding waste disposal have changed considerably, reversing previous
thinking tdiat favored in situ disposal for the SSTs- The emerging ank waste
safety issues have raised concerns about long-term stability. Also, the
Resource Cojervation and Recovery Act of 1976 and dhe Nucloar Waste
Policy Act of 1932 requirements for veatmern and geologic disposal of HLW
run counter to the in situ disposal approach for SSMs
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Figure 2-1. Timeline of Clasification of Low-Activity Waste
Fraction in Hanford Site Tanks.
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As a result, it is now planned to retric .e and prcss all DST and SST waste
for disposal. Currently, the SST waste is mostly salt cake: or sludge.
However. the waste in the SSTs must now be redissolved or made into a liquid
slurry, retrieved, transferred, and fed into die pretreatment proces system.
This change increases by four-fold the overall amount of waste requiring
processing and the amnount of waste for processing to remove cesium incr~ases
from about 20,000 m3' to over 600.00 mn' if all rank waste is processed.

(b) Another primary change was based on a technical evaluation that found t 9
Plant to be unacpable for use as a pretreatmient facility. It was determined
B Plant did not comply with current environmental and safety regulatory
criteria (Grygiel et al. 1991). Upgrades to reach compliance are not
technically or economically practica. Thc decision not to use B Plant for
pretreatmnent increases tie time for impiementing radionuclide separations since
new facility construction is required.

(c) Grout, as -anned for nea-surface disposal, was included in the HDW-EIS
Record of Decision (DOE 1988). However. stairpholders were concernied
about the performance of grout for immobilizing LAW over a long period of
time leachability) and life-cycle cost estimates for other LAW forms being no
reater than grout. Other factors such as radionuclide content, lack of

retrievability. and the large volume of grout, added to stakeholder concerns
about continuing with grout.

To accommodate these changes, the DOE initiated a program rebaselining acti-' ity to
re-evauate and pima revised approach to disposal of the Hanford Site tank waste. The
elimination of B riant as a potential facility for development of pretreatment separations
technology, as well as for futusre pretreatment operations, made the 1989 Tni-Parry
Agreement milestones difficult to accomplish on schedule.

In December 1991. the Secretary of Eniergy directed that an integrated Tank Waste
Remedartion System (TWVRS) Program be established to plan and implement the disposal of
the tank waste at the Hi~nford Site. A rec'eselined TWRS Program minsion. based on a
proposed new technical strategy, was provided by DOE in March 1993 to t other two
parties of die Tri-Party Agreement in the form of a request to modify the agreement. The
tri-parties modified the agreement and sigtvd the fouth amendment to the Trn-Party
Agreement (Ecology et al. 1994).

The current fiscal yea (FY) 1996 planning calls for a two-phase approach to waste
processing (Bader 1995). In 1995. the waste treatment and immobilization acquisition
strategy was chang&d wo privatize te functions. This strategy would utilize private
contractor(s) to design, build, operate and finance the facilities with DOE paying a fixed
price for immobilized waste products delivered to DOE's specification. 1The plan calls for a
proof-of-concept/commercial demonstration-scale effort (referred to as Phase 1) to provide
confidence in technology. funding methodology, and regulaiory strategies to allow financing
of a privatization contractor in the next phase- Following Phase 1, the plan calls or a full-
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"tai production phase (refen~ed to as Phas 11). In Phase I andl Phase: [I. DOE will be
purchasing services from a contractor-owned. contractor-operated facility under a fixed-price
type of contract. It should be noted that the contact(s) for Phase I and If of the TWRS
privaufzation strategy may select radionuclide removal technologies and/or a LAW form
different tha presented in this document.

2.2 NUCLEAR REGULATORY COMMISSION WASTE CLASSIFICATION

A z:ea distinction between HLW and LLW does not exist. High-level waste has a souce
based definition while LLW is generally defined by what it is not (e.g.. HLW). The NRC
clasification of Hanford Site tak wastes as defined by dhe Low.Levvl Radioactive Mote
Policy Act and the definitions for HLW and *incidentai* waste in 10 CFR Part 50.
Appenix F.

2.1 Defnition of Low-Lavel Wagte

The curreni defintion of LLW for both the NRC (10 CFR Part 61) and DOE (DOE
Order 5870.2A) comes from the LOW.LF.e!I Rdjoacrie Waite Policy Act The definition
designates LLW as radioactive waste that is not classified as HLW, owuranic (TRU) waste.
or nuclear fuel or byproduct material as defined in 1 l*.(2) of the ,4romtic Enery Act of 1954
(,-.-.urn and thorium tailings and waste). Thus, to determine whether a waste is LLW it
must not meet the characterics of the waste types listed.

The NRC places concentration restrictions on the disposal of waste wmr surface.
Concentration limits for disposal of commercial LLW (which must be in a solid form) are
specified in .0 CFR Part 61.55. Waste Classification Requirements for Lawo Disposal
Facilicies. The NRC issued an Advance Notice of Proposed Rulemaking (ANPR) for a
concentration baed Definition of 'H~igh-Level Radioactive Wasae." 52 FR S99. Under this
ANPR, a waste having concentrations, less than either of dhame found in Table I or Table 2
from 10 CFR Pan 61 would constitute LLW. Public and agency comment on this ANPR led
to recision of the proposal as documented in 53 FR 17709.

The release of radionuclides to the environment is addres in '0 CFR Part 61.41. which
requires that the disposal action does not exceed a 250 pSv per year (25 mrem/yr) dose from
all pathways.

The DOE dm~ riot place quantitativt concentnien, resirictions on the dispoa of LLW, but
requires completion of a W, formaice assessment of the waste ditpoalI activity per DOE
Order 3820.2A.. The perfdrmance: aissesmnt must show that t disposal action provide.'
adeqi=t protetion to the groundwater per 40 CFR Pint 141. Complying with this
requirement mandates tti the dtsporAl action does mo exceed a 40 AsSv per year (4 myrm/yr),
dae from thr roundwtr pathwaY.
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2.2.2 Deflnition of 111gb-Level Wast

Appendix F of 10 CFR Pan S0 codified wha thde Atomic Energy Comurssson deem9d IILW
in 1970. For defense wante. the NRC utilizes thIS deflutioc which as in pha= when they
wert given jurisdiction for its long term storage in 1974. This defnition Conet Of A s-QrCC
based definition for HLW. HLW is defined 81 Othose aqueous wastes resultinlg frm die
c7ration of die first-cycle solvent extraction system or equivalent. an~d the coancennae
waste fromt subsequent exrction cycles, or equivalent, in a fascility for reprocessing
irradiated reactor fuels.'

Anoter definition of HLW is contained in tde 1957 amendment io die Nka Wmwe Polky
Act e' 1982 (NV/PA). The NWPA defnes HLW in the following two pans:

I.- OTh highly raiosctve material resulting from the reprocessing of Vpent
nuclea fuel, including liquid waste produced directly in reprocessing and any
solid material derived ftrm such liquid waste tt contains fissioni products in
sufficient concenrtion; and

2. Other highly radioactive material that due Comniission. consistent with existng
.law. determines by rule requires permnaaent isolation.

In context of te NWPA, *requires. permanent isolatiosn mean disposal in geologic
repository or ahternauve system with equivalent waste-isolation capabilitis

2.2.3 U.S. Nuclear Regulatory Commimiou Guidla. forCiifcto
of Hanford Ske Wastes

DT NRC position for Hanford Site wastes was givan by Bernero (1959). '*At Hanfor4. the
question of waste clasification (and NRC licening authority) has baen complicated by dhe
mixing of waste from various sources over the paut 45 years. This ixing has changed the
original characteristics of the wastes and has resulted, in souie cases, in the mixing of HLW
and low-level waste (LLW). Conequnty. it is now diffmcut to direedy diffratim
between I-LW and LLW. using the source-based definition of 10 CFR Parn 30,
Appendix F.*

The rulermaking record for Appendix F speifically recognize a mmuier of 'incideotL'
non-HLW waste streams associated with reprocessing plan operations. 7bese include:
cladding hulls. ion exchange media, sludges and miscellaneous twith gesarased during
reprocesstig operations. Not mentioed howeve, are wastes resulting from fifter
procmssn of HLW (e.g.. volume reduction) or reawviit non-radionct mrs that were
added to the HLW for unproved processing andlor sWoWg (e.g., the addition of alkaline
material to neutraliue acidic HLW). At West Valley anid the Savannah River Plant. NRC has
agreed chmrsuch wastes are aom HLW.
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The current NRC classifcAtion for Hanford Site DST wastes wab confirmed in 58 FR 123412.
In this determination. the NRC concluded that DOE's proposee processing scheme would
remove the largest pracz~ca amount of the wota site activin aitzhuuable to HLW. for
disposal in a deep geologic repository, and tie remainder of the wisie would be considered
a ncodental* waste and could be disposed of omite.

Thec Commissions's conclusion that the reprocessed DST %&,stLs -would be eincidenta)* wastes
was based on DOE's assuranes that they have met the wulk'wing guidJelines (Bernero 1993):

L. The waste has been processed (or wall be further processed) to remove key
radionuclides to the maximum extent tbat is technically a&d economcall
practWI.

2. The waste will be incorporaWe in a solid physical form at a concentration that
does not exceed the applicable corxenwraton, limits for Class C LLW as set out
in 10OCFR Pan 6 1.

3. ! he waste will be managed, pursuant to 'ho At_- .iergy Act, so that safety
requirements comparable to the performance objectives set out in
10 CFR Pan 61 awe satisfied.

Figure 2-2 depicts these steps as actions and decisions in the form of a logic diagram.

2.3 EITRPETATION OF U.S. NUCLEAR REGdJLATORY COMMiSSION
GUIDELINES

The first NRC guideline outlined in Sectin 2.2.3 uses the criteria t technically and
economically practical,. Technically and economically practical, as appiied to this study. is
defined below. NRC guidelin for meeting the concentration limits for Class C LLW and
performance objective requirements as e out in 10 CFR Part 61 are well-defined and not as
subject to ierpretaion as the criteria for *tet..sicalty and economically practiL The
application of these guadelines to evaluate specific radionuclade separation processes is
provided in Chapter 3,0.

2.3.1 D.IlafiUon of Technkulcy Practial aind EconcuniAfY Practca

Tencaliy practical radjonuclide rentoval technology is defined herein as a technology or
procits option having planL scale experience or a high probabiliry for successful operation.
H-igh prnbabihry of success r. ensured throuigh laboratory testing on actual tank wastes,
applica'ions in like or similar missions, a&M an engimietig judgement of the difficulty to
scale a process option for full-size application (e.g.. complexity of oper.. on).
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Economic practicality is determined by the total life-cycle cost and the cost Per curie
removed. The economically practical limit is selected for this evaluation as the Point where
additional removal costs incres sitnificantly. An economic assessment is not provided if a
technology option is cons idered to be Onot technically practical.0

2.3.2 10 CFRt Part 61 Class C Concentration LUnits

The second NRC guideline for classificattion of the LAW fraction as "incidcrntal" waste is to
incorporate the waste in a solid physical form at a concentration that does not exceed the
applicable concentration limits for Class C LLW as set out in 10 CFR Part 61.S5.

2.3.3 10 CFRt Part 61 Disrosal Prorae Objectives

Thm third NRC guideline for classification of the LAW firaction as 'incidentalo waste is to
manage the waste so that safety requirements for disposal performance are comparable to the
performanc objecives of 10 CPR Pan 61 (less than 2S internyr by all pathways). Defense
wastes are -managed and dispcvcd under guidanc fromt DOE 5920.2A, which also requires
less than 25 mrem/yr by all pmtdiways and complianc with 40 CFR Part 141 (Iless tn
4 rnreznyr exposure from gmondwatcr). Tie DOE order also requires that a Performanie:
Assessment (PA) be prepared for the disposal system. A PA for LAW dis a has, not yet
been prepared. Appendix D is a comparison of the disposal performance requirements in
10 CFR pan 61 and DOE 5820.2A.

A study of disposal system design feature impacts on LAW disposal system performance
(Mann et al. 1995) indicates that some "Tc and 79Se removal and/or disposa design feature
may be requir,.i to meet the NRC guideline and DOE requirements. Disposal design
features addressed in the study inclule waste form corrosion rate, waste form dimensions,
engineered barriers, modification of water chemistry, chemical retardants, and moisture
diverters. When the PA is compicte it will identify areas of concern for long-term release of
radioniuclides to the environme~nt from the disposal system. At that time. mitigating
measures, such as additional radionuclide removal and/or disposal system barriers, will be
evaluated and incorporated into the ureatment and disposal system as needed to meet PA
requirements.



2.3.4 Riaknudes of kJerst

MThradionuclides of interest in inecting the NRC guideline for classification of the LAW
tration as 'incidental" waste are shown in Table 2-1. These rainuclides are of iterest
because they represent 99.9 percent of the inventory or are specifically identified in
10 CFR Part 61 (Tables I and 2). The radionuclides of interest for the disposal system
Performafoe are also shown in Table 2-1. Table 2-1 includes the cop five radionuclides for
intruder consequences andi the top 5 radionuclides based on dosn con~sequences iron' a
drinking water scenario which includes the affect of soil retardation -Scbmitroth et al. IM9),
An interim eroaneassessment is In progres and the radioinicldes liste arm bein
evaluated to determine if cneuceexeddose for a short terz huadur scenario (10
mrml/yr) andfor a long term drinking water scenaio (4 mrem/yr).- To ensure potentially
significant isotope coemite to be moitored, the Interim Performance Assessment also
includes additional radionuclides other than those listed in Table 2-1. These .idditiomal
radiornuclides ame considered unlikely to be significant for the PA and therefore arm not key
radionuclides for this study.

Table 2-I. Radionuclides of Interest in meeting the U.S. Nuclear Regulatory Commission
_____________ Jcidentalo Waste Guidelines.

R fl-iml rt 61 Ob C-

'37CS 2tanks X
"0Sr x____ __

Transuranics 3 tanks X ______

99tc x

Uranium Isotopes (23U, X
235 _____________,__ 238__________)__

"6Ni, doCo, and "Nb are listed in 10 CFR Part 61 but awe not iticluded, as key
radionuc) ides Due to the small inventory of these radionucl ides, no significant contribution
is ma&e that would affect the determination of the waste clasification.
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3.0 SOURCE OF TANK WASTE

The Hantford Site tadk wastes were produced through the years 1944 to 1988 by reprocessing
irr&.jted nuclear fuel (containing 98. 100 Mg of uranium). The aqueous wastes ploduced
were acc'tznulated in 177 underground storage tans. During this period, these wastes were
treated to reduce the stored volume and to remove a portion of the radionucld~s. Figure 3-1
depicts the estimated total curie inventory that has been added to the tanks and the number of
CUT ie rmDAMM0 in the Raubs (DOE 1994a).

t existing liquid fraction, dissolved salt cake and liquids from treatment of sludges/solids
are the candidates for disposal as LAW. Salt calm, generated as a result of supernarant
conicentration, contains almost none of the soluble radionuclides. Residual interstitial liquor
in the salt contains a relatively high cesium ccetaonbut the total volume is small.
Therefore, the existing liquid waste fraction conmains the overwhelming inventory of the
soluble radionuclide inventory.

Thw so!id fraction (sludge) and those radioisounes separated from dhe liould fraction will be
vitrified as HLW and disposed in a geologic repository. The insoluble solids (sludges)
contain the bulk of the "Sr, TRU, a&W a small amount of '"Cs. The predominat
radionuclide in the liquid is '"Cs with a small amount of '"Sr and lesse fractions of TRU.
"TC, 3 H. "4C, "St. and 1291. The cesium and strontum prevkousy removed from the waste
are presently stored in capsules and awe not currently considered to be waste. Capsules,
should they be considered waste, will be disposed as HLW in the geologic repository.

3.1 TAMK WASTE MNENTORY FOR PRETREATMENT

Table 3-1 presents the total inventory of radionuclides that will be processied by pretreatmnent
and ame the values used to assess radionuclide removal requirements in Section 4.0. The tank
waste invenory represents the amnount of waste and contained radionuclides that will be
processed by pretreatment arid LAW and HLW vitrification. The T#JRS processing
inventory consists of the curren tank inventory (Onto 1995) and future additiotis less the
rank heel following waste retrievtal. Appendix C prevides additiontal information and
references for the source of the tank waste inventory values.



Figure 3-1. Estimnated Hanford Site Tank WLar, Radionuclidc InvernorY.c
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Table 3-1. Tank Waste Remediation System Processing Inventory
(December 31, 1999, Decay Dame).

Tak W Rmdmd SiusP w
11 last M O_ __ _

_ _ _ mM
13C0 34.1 3.01 37.1
'wSr 1.89 52.5 54.4
Transuranics 0.00961 0.121 0,131
"Tc 0.0228 o.0093 0.032
"'Se O.00103 0.00103

0.0353 _______ .053

fl, 1  0.000051 _ ____ 0.000051
3 H 0.01 ______ 0.01
_____________ _______ 0.0016 0.0016

IUranwiu - 0,00006 0.00094 0.001

1TOW 36.0 55.6 916
'The inventories of 314, 14C, and '" are given in Colby (1994). The inVentory for

7OS. and uranium is given in Mann et al. (1995). The inventory for 136Sn is given in
Schmintrcth et al. (1995). The primary source of tank waste inventcories ame given in Ormne
(1995) for 1"'Cs, "0St. and TRU becaus addtional detail is given for fractions of soluble
and insoluble radionuclides. The values for "'7Cs, "Sr, and TRU are consistent with the
inegrated Data Base Report 1994. See Appendix C for source of TWRS procssintg
inventory.

'Round-off error cast result in _t 0.2 MGi.

3.2 IVENTORY UNCERTAINTIES

The inventories provided for evaluation of additional radionuclide removal are subject to
uncertainties. A general discussion of known or anticipated limitations of the inventory
values is given below. Resolution of inventory uncertainties is currently being addresse in
Kupfer et al. 1995, draft only.

Cesium and Strontium Inventory: The reported inventories for "'7Cs a&d 'Sr arm expected
to have small uncertainties (less thmn 10 percent).

Transuranics (1ncudes U9Pus 3*%, 2*'Am and 2WNp):. The inventory uncertainty for the
~ansuranics is primarily associated with the quantities in the insoluble fraction. This
uncertainty does not affrct an analysis of removal from the soluble fraction. The tankt waste
processing inventory of transuranics used for this analysis is consistent with the Iiuqgrxed
Diata Bate Report, Rev. 11.
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'fehwflthm Inventory: - 'Ne fth utvoiories aft baWe ort the msamption of no removal of
"Tc by previous processing. Previous technetium~ renoArw*Lfi inctuor tribbing as Supernatans
from the tanks, cribbing of proc=s waste; during B Plant strontur anm cesium recovery
campaigns. "Tc recovery demontrtion and shipment offsite, and -mmovtal from the Hanford
Site as a contaminant in shipments -' - :anium oxide product Thest prevous removals my
reduce the "Tc tank inventory by 25 to 50 perrens (Colby anm Petiren 1995). Analysis of
the "Tc inventory is ongoing.

Selenium Inventory: The 79Se inveniories assume no remioval of '*S,- by previous
processing. Previous selenium removals include rribbing as supernwatats from the tanks. and
cribbing of process wastes during B Plant stronium and cesrumn recovery capigns. These
previous removals may reduce the 7%e tank inventory by up to a factor of 2. Analysis of
previous 7'Se removals is iD0 progress.

Carbon Inventory: Because of the poorly known chemistry of "IC in the fuel reprocessing
operations that generated the Hanford Site tank wastes. the assumed inventory is conservative
and the actual inventory may be a factor of 10 lowi.

lodine Inventory: Because or the poorly known removal of '1 in the fuel reprocessing
operations that genierated the Hanford Site tank wastes, the assun-d inventory is an upper
biunding inveonay and the actual inventory may be a factor of 2 to 10 lower.

Tritlum Inventory: Tritium (3fH) contained in the tank wastes is estimated to be 10.000 Ci
(Colby 1994). Tritium will be discharged, to a state approved disposal site. from the
pretreatment and waste virrification facilities in the process condensates as titiate4 water.
Analysis of the 3H inventory is ongoing.

Tin Inventory: Some 'Sn is expected to be solubilized in the alkine solutions, but
inventory values have not yet been specified. No significant quantity of 12OSn is expected in
the LAW that would affect the waste classification. Therefore, 12S is not considered for
additional radionuclide removal. For performamie assessment studies, some tin to the LAW
fraction is assumed to ensure cc itinued consideration of tin for intruder dose consequences.

Uranium Inventory: The reactor discharges of the major uranium ksoope. "8U, are well
established using the ORIGEN2 model. However, the production estimates, of higher
actinides. including other uranium and plutonium isotoes, is more difficult to calculate.
Further analysis is needed to refine the Values for 2MU, 236U. aWd 2'Am.

Other-Sodium Inveutory; The impact of a potential reduction in the tank sodium inventory
was not q~uantitatively determined in this study. Qualitatively. the costs for cesium ion
exchange will not change significantly with a reduction in the sodium inventory,
Agnew (1995) indicates that the tota sodium inventory in the tank wastes may be
approximately 60 percent of the current reported values. This would decrease the predicted
volume of fte immobilized LAW form since sodium is the major constituent in t LAW,
but will not affect Class C concentration limits.
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4.0 RADIONUCLIDE SEPARATIONS TECHNOLOGIES

The TWRS plans to fiurter pretreat dhe tan waste by separating the tank wastes into a HLW
fracion and a LAW fraction, Pretreatment has the goal of minimizing the volume of HLW
white reducing dhe radionuclide content of the LAW hiaction to permit onsite disposal.
Pretreatment includes t baseline process of enhanced sludge washing (Orne 99M).

4.1 BASELINE PRETREATMENT PROCESS

In this study, the baseline pretreatment process for evaluation of incremental separations of
Hanford Site tank wastes includes the following:

* Previously separated radionuclides
* Solids/liquids separations, which includes enhanced (caustic) sludge w-hing.

The baseline pretratment process removes an estimated total of 137.7 MCi of radionuclides
from the TWRS processing inventory for offsite gtologic disoal. The baseline separation
includes 77.8 MCi or radionuclides that were originally separated and enasulated (total
original inventory), 6.38 MCi (HAPO shipments) that have been separated by other
processing and are already shipped offsite. and 54 MCi of radionuclides (see Table 4-1) that
will be separated with the KLW sludges (i.e., solid/liquids separations).

T'he baseline pretreatment processing results in an estimated total capital. operating, and
geologic disposal cost savings of $9 billion (Colby 1995) over geologic disposal of all tank
wastes (i.e.. no solid/liquid sep;,ations).

4.1.1 Solids/Lquids Separatons

'Me Tank Waste Remediation System (1WRS) process includes the characterizing, retrieving,
treating, and disosing of chemicals contained in the SSTs and DSTs. Using simple
separation techniques, the retrieved waste is segregated into a low-activity fraction containing
the bulk of the non-radioactive constituents, and a high-activity fraction containing maost of
the solids. The bulk of the "0Sr and TRU radionuclides are contained in the water insoluble
fraction (i.e.. solids) of the tank wuase. The bulk of the 'EQs "Tc. and essNtIy all of
the "St. IMl. 14C. and 3H are contained in the soluble fraction of t tanik wastes. The 'Ise,
'"lj, 14C. and -H are s 0.01 MCi in the soluble fraction and essenatialy sone exists in the
insojoble phase. The processing inventory of radionuclides in the insoluble and soluble
fractions was shown in Table 3-1. The insoluble fraction contains 55.6 of the 91.6 MG
projected to be in the tarks.

From the process flowsheet, batches of waste are retrieved into sludge wash tanks.
Retrieved solids are washed four times using enough caustic (i.e.. sodium hydroxide) to
arrive at 3 molar NaOH solution and 8 wt% solids slurry in the product stream from caustic
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washing. The caustic wash will solubilize additional *'-ounts at aluminum. chromium.
phosphate and sodium from the solids. Each wash is preceded by settling and decanting to
remove liquids and concentrate the solids. Batches of leached and washed solids are
combined and blended while the decanted liquids awe combined for additional treatment.

The amount of radionuclides removed with liquid fraction is based on a solids carryover of
0.33 percent of the solids in the tank for each of three decants (Orme 1995). This results in
an overall solids carryover of I percent for design purposes. To account for operational
inefficiencies and uncertainties in solids/liquid separations, a more conservative solids
carryover of 3 percent is applied for this evaluation. No further removal is provided for the
3 percent solids carryover. The liquids/solids separations process also asumes that the
inefficiencies in washing interstitial supernatant from the solids results in carryover of 0. 135
percent of the soluble radionuclides into the solids phase (Orne 1995).

The total of both inefficiencies during the solidslliquids. separation proess is shown in
Table 4-1 and results in approximately 54 MCi in the solids slurry and 36 MCi in the liquid
phase. with an additional 1 7 MOi entrained solids from an assumed 3 percent solids
carryover. Ile 36 MOi mn the separated liquids is considered for additional radionuclide
separations in Section 4.2. No further separation is assumed for the 1.7 MOi entrained
solids.

-sable 4-1. Inventory For Additional Radionuclide Removals
(MCi Decayed to December 31, 1999).____

'"7Cs 2.9 34.1 0.09 37.1
"OSr 50.9 1.89 1.57 54.4
Transuranics 0.117 0.0096 0.004 0.131
"Tc 0.0093 0,0229 0.032
59SC - 0.00103 O .00103
"4C -0.0053 -0.0053

1291 - .000051 -0.000051

3H -0.01 - 0.01
126n-0.0016 0.0016

Uranium 0.00094 0.00006 - 0.001
Totals (rounded) 54 36 1 1.7 92
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4.2 TECW'NOLO)GY orfONS

Tb* NRC guidelines outlined in Chapter 2.0 have been used to assess radionuclide removal
tehologies andi evaluate the praticality of achieving highe degrees of separation, from the
LAW fracion. This section focuse, %,.. the technologies for separation of radionuclides from
supernatatits, to produce LAW. This evaluation consists of identifying: (1) individual
technology options for radionuclide sepaatins processes. (2, the stans of the technology,
(3) defining the riionuclide removal efficiency and (4) determining the cost of implementing
the technology. The cost of intplemeafin a given technology, with an estimated curie
removal for the techinology, is assesse in terms of cost per curie to provide, a measure of
economically practical. Ail economic Assessment is provide only if a tehnology is
considered to be lechnically practical. 2

Technology options for radionuclide removal are considered for the radionuclides of interest
as defined in Section 2.3.4. The radionuclides discussed in te sections below aWe '37 Cs.
"0Sr. TR-U, "0Tc, "Se, '4C, "of,. 3H and uranium isotopes. 7he technology options for echb
or the key radioijtaclides are evaluated and compared using the definitions of technically and
econcmically practical.

4.2.1 Cesdum Removal

The liquids for prereatment contain approximately 34.1 MOi cesium for furthe separations.
Technology option considered in t study for removal of soluble cesium from the waste
Supernatanits and wash liquors are: (1) a cesium ion exchange process using column
operation. (2) in-tank precipitation or sorption process and, (3) volatilization of cesium from
the LAW melter.

Cesium is the key radionuclide requiring additional restoval to establish a new LAW limit.
Cesium represents approximately 91 percent of the cwuies in the liquid fraction after
solids/liquid separations have been performed. lbe dbmnibution of cesium concentration in
the tanik wastes is shown in Figure 4- 1. Adding the toals. from the firs three blocks in
Figure 4-1 shows approximately 90 percent of the cesium curias is contained in 21 percent of
the tota volume.

tCost estimates are based on 1995 dollars. In some eaises, cost dama wern obtained from
documents completed before 1995 and data ane in 1993 or 1994 dollars. However, the
ovfrll costs, will not be impacted by a I or 2 year cost escalation.
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4.2.1.1 Ion Excanp-Cdulaa Opertdon. Cesium can be removed from alkaline
solutions high in sodium with cation exthange mits. Beginning in 1967. cesium was
extracted from tank wastes and recovered in 8 Plant using regenerable ion exchange
processing. Thw use of gogeerable cesium iorn exchange in 0 Plant was the basis for
radionuclide removal in the NRC determination. Ion-exchange using non-regelerbl@ rein$
for cesium removal is also considered as a technology option.

The following sections discuss cesium ion exchange processes for single- and two-cycle
technology options.

4.2.1.2 S~nl Cycl of Inu Exciaaa. The current design basis for evaluation, of cesium"
ion exchange is based on ion exchange rein CS-l0O'. and the laboratory data generted
over several year of testing at Westinghouse Process Chemistry Laboraory and Pacific
NorthwestNational Ieborawry. It as an engincerertgjudgemt that the properties of CS-1OO
provie a consrvative basis for ion exchang denipg. Mmate ion exchange atrials.
e.g., resotcinol fbrmaldehyde, graular potassium cobalt hexacyanoferrat. crystalvw %ilico-
titanante (CST) and SupeLigm 6444, ame also being evaluated for cesium removal from
alkain soluions (Loe et al. 1996). Silkcowanates have been used at the West Valley
Demonstration Project (WVDP) fac it'r at West Valley, New York for cesium removal from
tan wastes. The silicotitmnate used tWest Valley was in the form of ttnia do*e seolite
in columns.

The cesium ion exchange process in the reference fiowshect (Orine 1995) has a design basis
of 99 percent removal of the soluble cesium from supernatants and wash liquors. 11he
experience at B Plant with ion exchange during the cesium recovery campaigns for cesium
capsule production was typically 90 piercent recovery in order to maximize the total curies
removed per unit time and w, to minimize the cesium concentration in the treated liquid
(Barton et al. 1986). A design basis of 99 percent cesium removal fom the clarilied
superirAtai and wash liquors is imposed as tecnially feasiude. The cesium ion exchange
process is evaluated based on a 97 percent cesium remnoval efficiency to allow for resin
degradation and design and operational uncertainties.

TechnIa Practicality of Single-Cycle Ion Exchang. Cesium ion exchange with an
organic resin was used at B~ Plant to recover the 55 MOi of I"Cs for the encapsulation
campaign at the Hanford Site. Removal of cesium using ion exchange tech nology is
considered to be technically practical. Selection of an appropriatt ion exchange material
continues to be developed and tested.

3'Duolite CS- 100 is a reegistered trademark of Rohin and Han, Philadlphia.
Pennsylvania.

"SuperLig 644 is a polymer resin of the covalendly bound SuperLiaTI macrocycle family
of sequestering liganids from IBC Advanced Technologies (American Fork. Utah).
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Cost of SlmgleCycie Ion Exchang. Tbe cost for ces-it removal by ion exchange is based
on data in the TWRS Environmental Impact Study (EIS) data package (Slaathaug 1995.
Table F-36). The capital cost for cesium ion exchange is $380 million. The total operating
cost for the cesium ion exchange system including decontamination and decommissioning
(D&fl) caots is $602 million go process all the waste. If all of the soluble waste is treate
using a cesium ion exchange process, up to 33.1 MCi (97 percent separation efficiency) of
1316 is removed at a total cost of $982 million. This resuzlts in an average cost of $30/0i
337Cs.

The cost per incremental curie cesium removed is driven primarily by the operational! cost
of a cesium ion exchange facility. For this evaluation, a tank waste retrieval sequence was
optimized to retrieve the monb with the highvest cesium cnntaion first. Data from~ the
*baseline retrieval sequence' (Certa 1995) were optinized for removal of cesium. The
retrieval sequence was prioritized to process only wastes for selected cesium concentrations.
Output of the optimized sequence includes the waste volume processed and the resulting MCi
cesium disposed in the LAW (Slaatha4S 1996b). From this data, Figure 4-2 plots the SIC
cesium removed versus the cesium concentration in the feed. For an optimized retrieval
sequence, the operational cost per curie begins to, incrowee s!;..?-0'tAndy at cocnrtosless
than 0.05 Ci 1"Cs/L. If a concentration of greater than 0.05 Ci '"Cs/Lis selected as the
economically practical limit for terminating cesium removal processing. t"i results in a towa
cesium rer-oval of 29 MCi cejium with approximately 5 MCi cesium remaining in the LAW.

Table 4-2. Incremental Operating Cost for Removing Additional Cesium.

Cooceuatio of

<0.01 420.9* 1.0 982 147
0.01 255.7 1.9 850 59
0.02 130.5 ?.6 749 28
0.05 88.7 4.8 715 11
0.1 78.1 5.6 706 S

0..59.6 8.6 691 3
0.3 29.6 15.7 667 2
0.5 6.5 23.6 648 0.5

*Total volume of decanted tank liquids. adjusted. to 7M sodium. no wash
solutions included.
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4.2.1.3 SeOMW Cych of Cal. I** Exchan. A second cycle of Cesiwn iont exchan
tres the raffinate fro i the firs: ion exchange cycle and removes an additional 1 .0 MCi
'"Cs assuming. 97 pet :ent reovery in the second cycle. This results in a total reicovery of
99.9 percent for two tycles of cesium ion exchange and separates approximately 34 MOi
Csium.

Technkca Practkcai of Seond-Cycle Ion Exchang. The technical practic:Jity of a
second cyecle of cesium ion ex.!,hange is similar to a single cycle of ion exchange.

coo of Secmd~yde Iorn Exchange 71*i aonts asociated with a second cycle of cesium
wo exchange ate derivd fro die difference in mots for separations facilities; containing two
Cycle and ON cycle Of Meium ion exchange deeloped in the Facglir CW$,tadoa Reprt
(Boomer et al. MAI3 (sec Appendix 9). The difference in capital costs attributed to the

seodcycle is $275 inillior. The operating cost differences for te second cycle of cesium
ion exchange are 547 million for materal. SlS million for equipment replacement, and
S83 millon for D&D costs. If all soluble wate is treated. t additional I MCi of '"Cs is
separaed fm acostofS420 million. Ths results inaanot of $420/0i'37CL

4.2-1.4 Cedusm Precipiation hi-Tank for AD Wt. Several materials have been
proo1 fi!11 removal of cesium from alkaine Hanford Site wastes by precipitation or

sOnpnx. JAes-. include nickel ferrocyanide, tetrnphenyl borate, and silicotianates

Sodium ferroyanide and nickel sulfate were used at Hanford Site to remove cesium fromn
SST supernatants. Concerns with (1) potential safety problems (nitrae~cyanide mixtures in
the tanks). (2) a requirement to add acid to the wastes for pH adjustment before
precipitation. and (3) process sensitivity to pH1 control have eliminated sodium ferrocyanide
from consideation of full scale application for Hanford Site wastes.

The in-tank precipitation of cesium by the addition of terahenyl borate is used at the
Savannah River Site (SRS) for treatment of tank wastes. Tetraphenylborate co-precipitat-
potassium with the cesium. Hanford Stes wastes are different from the SRS waswe because
Hanford Site wastes contain significant quantities of potassium. Hanford Site wastes Conti inl
737 MS of potamium, which wouild result in 6.750 M~g or 70 million L (18 lggs)
(dEntremont and Walker 1987) of Precipitate. The excessive quantity of chemical
consumption and quantities of metal-orgnic precipitates to store and process through HLW
vitrification have eliminated terraphenyl borate from consideration.

Subsequent to the West Valley applicaion of silicotitnates, research has evolved
silicoitanates into a more selective material, CST. The CST material have been developed
by Sandia National Laboratories, in conjunction with Tean A&M University and UOP
Molecular Sieves as an altenative to organic ion exchange resins for cesium removal from
Hanford site tank wastes. The CST material has been mauatrdinto a suitable
engineered form and is Commercially available. If ob~tained in bulk quantities, CST may
offer an increasd ion exchage capacity, eliminae saft concern regarding, organic resin
degradation. and reduce seondary waste generation compared to the use of organic resins.
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CST is not regenerable. Therefore. the CST material cannot b,- cluted and must be disposed
in a loaded form.

An evaluation of how the use of CST; would impact HLW glass prdion was peribomed
by Swenson (1995). The reference evaluated removal of '"Cs to produce 10 CCam' in
the LAW and concludes that there is no benefit to ini-tank Cs removal using CM~. CST
material contans TiO 2 which is predicted to have a l*%- solubay in the MLW glass product
0I wt%). This results in a maximum usage of approximaaely 230 MT of TA before the
I wt% T4O is exceeded. Because of dhe large quantity of CST materia required for an
in-tank process for all waste, dhere is a significant increase of the HLW Slas production
whether by single-batch (14,303,900 MT at I percent titania) or column conacin
MAD00 MT at I percent titania) of the CST with the wast. 71w current TWRS flowsheet

(Oran 1995) projects 22.800 MT of I{LW glass.

Tchnical Practicalit of Cesium Predpiatim Iii-Tank for All Wasties. Cesium
preci'pitation in-tank for all wastes using CST is not practical due to the quantty of CST
material required to remove greater than 99 percent of the cesium.

Cost of Csium Precdpitalmo In-Tank for AI Wastes. No economic analysis is provided
since the technology is not practical.

4.2.1.4.1 In-Tanc Prptat o for Seeced Wute. Selective treatment of ta" wastes, is
also an option for CST. Treating only the tank wastes more concentrated in cesium can
signifkiatly reiduce CST usage andl HLW volume. The selective CST tretment Of ank
wastes more concentrated in cesium can maxim the total cesium removed by a fixed
amount of CST and the contained TiO. The HLW canisters (1.26 e~ glss per canise is
assumed for this report) produced arm a funtin of die total MutiacniednteCS
used to treat all wastes. Mhe quantity of CST used to treat the liquid pbase of tank wastes is
proportionial to the volume of waste, degree of desired cesium removal [Decouwamiution
Factor (DF)J, and the method of supetrostantlCST contact.

The selective CS? treatment of tank writes is b&%4d ou maximizin hkal cesium removed
by a fixed amount of CST and the contined r4. This optimizaioa assumes That each
batch of composite waste produced by the waste retrieval system is treated with a variable
amount of CST and variable DF to produce a constant cesium wo sodium ratio in the treated
superratants and an approximate constant cesium to TiOz rato in the loaded CST.

The projected amount of vitrified HLW allows the addition of tia u'p to 1 percent. Ibis
reults in a potentiail use of 230 MT of titania contained in CST withot significant penalty.
less than 136 canisters of additional HLW. The conpent1aio of 1'1Cs in waste tank
supernatants also varies significantly betweenumnk.

An evaluation of selective treatments using CST is provdm in Slaathaug 1996L. Mwi study
shows a 90 percent cesium removal is achieve with the incrementa additions, of CST
equalling 230 MT Ti0 (note: 230 MT Ti02 is the amount allowable before exceeding the

A 0



I wt% Itawua solubility iuzait in HLW glass) Pat sigl batb toumacts. an estimaied 8 MCi
137Cs would remain in dir LAW %%tug trus tetnouigy

Technica Practicaliy of b3-Tmnl Pnvelpitation for Selecieai % aes. Selective ratmnent
o~f :-.k wastes using CST is w euicaltv prascticw i tuB analysts due to dhe development
work still required (i.e rni-ta, vinuols sod scae-up issueu For this documnt, it is
assumed further developm.vx is neeeo to accuratrly defit te capacity of different formsa of
CST for application to Hanford Sizm tank wastes The reference study (Swenson 1995)
recommnends additional study to accuriely define the caay of different forms of CST and
to increase the allowable concemtratmon of titania in HlL W glasses.

Cant of in-Tank riptao for Seleted Wastes. Since the use of CST for cesium
separation is not considered technically practical for this analysis, no economic assessment
has been provided.-'

4.2. 1 . Cod=u~ Volofltlitmu. The volatilization of some cesium during the melting of
radioactive waste glasses is intrinsic to dhe via afaaion process. A LAW inclter could
provi*d: removal of volatile radinuclides from the LAW glass by routing volatile
radionuclides captured in the melter offsu scrubber solution to the HLW feed stream instead
of recv'-le to'the LAW melter feed.

The melting of HLW glasses typically volatilizes 20 percent of dhe feed cesium from Joule
heated inelters. TMe KLW melter, typically operate with a cold cap and a maximum
temperature of 1100 *C to minimize cesium volatiity. Operation of a Joule heated LAW
melter at temperatures of 1300 *C or greater and with sparging to disrupt the cold cap could
expect toincrease cesium volatility up toS50prcent. Tests WnFY 1995 (lliley 1995) with
hot gas heated melunr for LAW vitrification gave indicate cesium volawtirs of S0 to
90 percetu of the feed cesium.

Tedmicad Pracilcality of Volatilization. Cesium volatilization and recovery is a design
feature for full scale IILW melters. The details of process control needed to maximize and
control ce'tium volailization have not been established. The removal of cesium from
aqueous on-gas treatment requires developmn and no production scalb applicamn have
been performed. Therefore, cesium removal using only a volatilization technology is
considered not technically pacical.

Cost of Volatilization. No economic analysis is provided since the techtnology is considered
not technically practical.

-'Appendix B, Cost Estimates. which contains limited cost data for CST that have been
recently investigated, is provided for information only.
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411. Suretim Rameva

rhe liquid fraction lot tfrohs PreteaMent atain apomtey 3.46 MCi "Sr (Miunded to
3.5 MCi) for further sproa. Of the 3.5 MC.. .8 MCI is soluble "0Sr and 1.57 MCi
(roundd to 1.6 MQi is insoluble OUS from solids wryover. No futhe removal is
provided for die 1.57 MOi insoluble "Sr (see Section 4. 1. 1).

Technology opuom consdrd in this stuy for rtmoval of soluble imfioum from the waste
suprous and wash iquo ame: (1) pwecqin by cliemical nddauon (2) deactivation of
the complezans, (3) complexzm destruction and, (4) solvent extrcin

An analysis of DST radiouacide removal ftu-emnt on a tank-by-tank basis tSchulz 1995)
has deg=mie "us no additonoal -emoWa of soluble "kS a required for any tank so meet &he
NRC Clas C criteria. Thbe '0Sr PooPetration in slowse made from aiernaianm liqid in at
least 21 of the DSTs will contain les than 150 Ci O*S/m witou pumrent, which is
below the Class B limit for "mSr. The highest - ron of soluble suromium is found in
CC wasme. Prechpitatioa pfomses discussed for TRU removal result in "1Sr that
co-precipitates with te removal of solubl. TRll (see Section 4.2.3.3).

ITMe CC sw'crnatant contains multivat cauom of radionuclidas such a sountium and
fansuruats in greaser noocer Papons than norMal in alkal solotion. ThiS iOCrease

% -- . 3own because of the presence of complexants aidded during previou srontium
SWd cesium rery campaigns in B Plant.

4.2.2.1 ftcPi I lo- of Strontium Pbophate fom All Tank Wanes. Treating all dhe
DST and SST wates (177 tanks) at SM Na to remove 1.8 MOi of the 1.9 MCi soluble 1%S
would require 50,000 MT of Sr(N3h and would increase the number of HLW canitters
from 6.800 to 14,200.

The precipitation of strontium from the complexant bond by the addition of nonradioative
strontium, involves isotopic exchange between two dissove strontium atoms. This mtactio
may require rapid and intensive mixing before the nomadioactnve strontium becomes
unavailable for the exchange reaction due to precipitation as hydroxide or phosphate.

Techukal Practicality of Strudu Phosp~ hae rspltatou fo AD Tank Wags.m
Precipitaion of strontium phosphate bas been investigated with limited hot b einc scale
testing and is considered not technically practical. Treating all the wastes would signficandly
impea (increase) t amount of HLW glsh.

cn of Strontluzn naosphate -udlao for AN Tank Wastes. No economic analysis is
provide since the technology as considered not technically practical at this time.

4.2.2.1.1 --- iato oi Stronimmi PhospAte lfrom SelectedI Wase. Recent
radionuclide removal tests indicates that "Sr is effectively removed from CC waste
(95 percent removal) by addition of 0. 1 molar nonradioactive Sr(N03)2 to precipitae
Srl(P04)2 (SchulZ 1995).
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rem .0.4 Ma f i* s~t~u5 lfs~S uii~et ~,anhM. Treatinentof the

108W =3 in Mm & tan e*waitrequire dweqwalevi of 114 Mg of SrO be
inccrmaae ath ae NLW glass Auaminiug a RLIA gLu vasw oxide loading of 45 w9%

and an average SrOwncenamjvof0.5 rw' icleaw LW slau.anexta 75caniter
Of HLW $I=s would restaa

in preciuz 3f stroaum t zo tm 1aju&-, mw twy the addtio of nonradioactive
stoanum involve isotpic exibup wru -mor d auoed woazium atom. Thi Aco
may reqirc tpid anditinrnve -w t#ef be aOw)4oactivC strontld u CCOUIs
uaailakl far the exchange reactiom dte w procipmatio as hydroxide or pbobase.

1ecbuhal h'actca~ty of Shiedvni Pbapbsft~dkd for SeetdWat.
Precipitaton of striTtum phosphate has only been Investigted with limited hot bencd scale
esing and is not technically practical.

carn or suremn Phosphat NePI ado for SeetdW~tM No econoi w aysis is
provided since the techongy 'a conuidered not acinically practical at this ti.

4.2.1.2 Strontium Removal by Capexaft- Dsuat I AN W". 71w complexants
that solubilize stontiumn in an alkaine solution can be desroyed i' seveal minume by
thermal digestio at vlevated temperature and pressure. A cootinuous flow application
requires a temperature greater tdan 200 C. After destucon of the com pleants. the
nultivalent iota precihaw fom the solution, and are remnoved with solids/liqid seperoks
equipment. The separated Woids mre slurried to DSTs for lag storage and futur vimrficatoo
as HLW.

Tchmlca Practicaliy of cepemtDestruction for Ad Wume. The de---lopmen stonu
of complexant destruction by digestion a elevated leMpraor and pressure has been
demonstrated by bench scale testing for commercial Donradacactie applications. No pot
plant testing or productio wale processing has been performed on radioactive wastes similar
to the Hanford Site tank wastes. Therefore fti process is considered no technialy
practical due to the required development work.

cost Of Coplicn Deftruction for AN Wastes. No economic analysis is provided ai-c
t tchnology is notC technically practical.

4.2.2.2.1 Strontium Removal by Coo*MpeatDatato for Seleted Win"e. The
complezants that solubilize strontium in an a"Waine solution can be destroyed or deactivated
by thermal digestion as discussed in Section 4.2.2.2. Applkcation, of thermal digestion for
selected wastes cam be performed in-tank. An analysis of in-tank heat a&W digest to
deactivate the complexant in CC waste tank, 241-AN.102. 241-AN.107. and 241-AY-101
was performed by Klein (199S).
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Technica Practicality o! Compluxnt Deactivation for Seleced Wastes. Test of the
heat &W digest process Ls still in progress. The cotuplexant Ls decompose by slow Chemica
reacosperformed by h g thek contentto90*C o 10*C for n exmeed period
uf t. Ta. The proces is predicted to require 4.21to14.3 years to perform iwtank at 100 *
amc Jie final performance is unwWra,3. Cotuplexant deactivation for strontium removal is
c.)nsidered not technically practical.

Cans of Complexant Dewcivation for Selete Wastes. No economic awlys-s is provided
since the technology is consmL-red not technically practical.

4.2.2.3 Striitau Removal by Solvent Extrato in AD W&s The alkaline solutions
Mhat contain strontium are acidified using nitric acid. Strontium is removed from die
acidified solution using a solvent extraction system similar to the prootsses described wn the
Tank Waste Technical Opions Report (Boomer et aL M99). Strzontum recovery by solvent
ex action is included with TRU separations. This process, using the solvent developed by
Arkonne National aborazmry (ANL). is cafico Samium Extraction (SREX).

Techn~cml Practicality of Solvent Exatior in Ad Wasoms Solvent Pxtraction separation
of strontilnm with SREX has been demonstrated in laboratory testing. However. no Pilot
plait toting or production scale processing using the SREX process bas been performed on
raoioactive wastes similar to the Hanford Site tank wastes. Solvent extraction using other
solvents has previously been used in B Plant at Hanford Shte to recove strontium.
Therefore, solvent extraction for strontium is considered technically practicalI.

Cast of Solvent Eatraction In AU Wastes. The cost for strontim removal by solvent
extracion Ls based on facility designs presented in the Fa&iliy C&OeuraaNo Snidy (Scorner
et at. 1993). The cost of a solvent extrction system, collocated with another prcsins
facility is oased on the cost differences between two pretreatment faciiies with and without
the solvent extraction system. These two facilities are identified as Solvent Extraction B
-*SOLEX B) and Sludge Wash B (SWE). with and widwut the solvent extracto.
respectively, in the reference report (Boomer et al. 199). Tbe capital camn for thee two
facilities are updated for this report. A su.ary of the update SWB cost estimate is found
in Appendix B. The difference in cam between SOLEX B andl SWB provides a basis for the
cost difference of a LAW vitrification facility with and without solvent extraction capability.
The difference in capital costs associated with traiwuraitics removal by solvent extraction is
$1.22 billion. The differece in operating cosft associate with opertin of fte solvent
extraction system is identified by the difference in operating costs for dhe SOLEX B andl
SWB facilities of $6.69 billion (Bcoomer et al. 199).

The in-faciity process for strontium removal by siolvent extraction treatment of all wastes is
expected to remove 3.4 MOi of the 3.5 MOi SO& for further pretreatment. The removal. of
3.4 MCi of I*Sr at a total cost of $7.9 billion results in a radionuclWid removal cost of
$2.320/Ci of "Sr and is not economically practical. No economic anaysis is currently
available which provides the cost of solvent extraction for selective treatment of tank wastes
(i.e.. small scale processing).
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4.2.3 Traumwic Ranioval

The Iquid fraction for further pretrament coritains approximately 0.009 MUt soluble
TRLJ, rounded to 0.01 MCi, for further separation. Technolgy opioa m iedints
study for removal of soluble TRU fm Ite wast. superntam W wash hquos are:
(1) complexant destruiction, (2) deathion of the complexamti, (3) precipitation by chemical
ad~dition. and (4) solvent extraction. No furtber removal is provided for the 0.004 MOi of
entrained, insoluble TRU fractioii resulting from washing and decanting inefficiencies.

An analysis of DST radionuclide removal requirements on a tank-by-taa* basis (Schulz 199)
has aeterinined that only three DSTs (24 I-AN. 102, 241I-AN- 107 and 241-AY-l0l) reqire
some removal of soluble ThU from spaa~nown to meet &.c NRC Class C requirement of
less tn 100 POi ThUi glass. These three wiltks are clasified as CC watts and contain an
estimated 0.0054 MCi (56 percent) of the tota soluble TRU.

The CC supernaant contain multivalent catins of radionuclides such as, TRI) and strontwm
in greater concntrations tl-vi roormal in alkaline solutions. This increased cocara
occurs uccause of t presnce of cozoplexant added during previous strontium and cesium
recom-ery campaigrs in D Plant.

4.2.3.1 Tn rd*ae Removal by CouMPlexnt lustruC~lm In AE Wst The
complexant deactivation of all wastes is discussed in Sectioni 4.2.2.2 for remval of soluble
strontium and is applicable to TRU removal. The complezan destruction process will
remove an estimated 0.0099 MOi of the 0.01 MCi of soluble TRU in addition to the removal
of the 1.87 MOi of soluble "Sr.

Technica Pniieficality of folez aot Destructon. As discussed in Section 4.2.2.2. 1.
ThU removal by complexant deactivation of all wastes is not technically pramika1.

Cost of Compleiat Destimction. No economic analysis is provided since the teichnology is
not technically practical.

4.2.3. 1.1 Transiwanlc Remsoval by Comrlezazt Deactivation In Seled Wag"e. The
complexain deactivation of selected CC wastes (241-AN-102, 241-AN-l07, and 241-AY-101)
was discussed in Section 4.2.2.2.1 for remval of soluble strontium and is applicable to TRU
removal. The cornplexat deactivation proces will remove an estimate 0.005 MCO of the
0.0054 MG~ of the soluble TRU in the CC wastes.

Techn"a Practicality of Complexant Deactivation in Seleced Waaae. As disussed --n
Section 4.2.2.2.1 for strontium rentoval, coniplexant deactivation for '11W removal is
considered amt technically practca.2

Camt of Cop- zn Deactdvation In Sieeced Wante. No econemic analysis is provie
since the technology is not tachnicallly P~ractical.
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412.3.2 Tnnmnki Remoeval Free AD Wasta by Solvemnt src*Ios The solutions
that contain tramsuranics in an alkaline solution are acidified using tutric: acid. Thraanics
are removed from the acidified solution using a solvent extraction system similar to die
Pro1!CCe3se described in fte To* W~~t Tech CD OptiotS Ripe (Romwet al. I99).
Traasurmc recovery by solvent einrction is pant of Solvent Extraction B. Thetamuai
extraction process is gCDSualy called TRUEX.

Technical PractIcalt of Solvet Eucirco for AU Wass Sulveol extraction sprto
using TRUEX has been 4emonstmul d houh laboraory keung and pilo seae tesg
Solvent extraction usitg other solvent exaution processes as previotsly been used in
Reuction Oxidation (REDOX) and Plutonium-Uramum EUnction (PURVC) at the Hanford
Site and at other sites to recovr uranium, plutonium and neptunium. Trawiranwas removal
by TRLYEX Is technically practical based on the extensive laboraroty and pilot scale onst.

Con of Sovent Etracdi for AN Wagtes. 71e cost for iramuraric iemoval by solvent
extraction is based on facility designs presented in she Facilty Coplpzranon &kdy (Boomeir
et al. 1993). The cost of a solvent eztrai~tion systcm collocated with another processing
facilicy is hancd on the cost differences between two pretreatroat facilities with and without
the solvent uxzraction system, These two facilities are identified as SOLEX h and SWE.
with and -vithout the soh~ctt extraction, respectively, in di~e reference report (loomer et al.
1993). The capital costs for these two facilities are updated for this report. A summary of
fte updated fWB cost estimate is found inl Appendix R. The diffeen in costs between

SOLEX B '.4i SWB provides a basis for the cost difference of a LAW vitrification facility
with and r'itout solvent extraction capaility. The difference in capital costs associated with
transurattics removal by solvent extraction is $1.22 billion. The difference in operating costs
associated with operation of the solvent extraction system is identified by the difference in
operating costs for the SOLEX 8 and SWB facilities of $6.69 billion (Boomer e? al. 199).

The solvent extraction treatment of wastes is expected to remove 0.01 MOi of the
transuranics. The removal of 0.01 MCi trassuranict at a tota cost of $7.9 billion results to
a radionuclide removal cost of more than S790.GO/Ci of transuranics and is nom
economically practical.

4.2.3.3 Hydroidde Precipatona of Trarisuranles from Selected Wastes. The analysis of
DST radionuclide removal requirements (Scholz 1995) indicates that TRU removal for the
three CC wa DSTs (241..AN-102. 241-AN-107 and 241-AY-101) cant be attained wit
additions of NaOH as demonstrated by Laborator) testing (Harting I99. 1994, 1994b,
Washington 1990). The results indicate that wastes in taubk 241-AN4107 and 241-AY- 101
can produce < 100 nm'i TRUgZ LAW glass by adjustment of the supemnatsats to 3.04 and

.5M hydr&,xide ioni, respectively, and addition of 0.O1M ferric ion to serve as a Fe(OH) 3
carrir Precipitate. Data for hydroxide adjustment for 241-AN-102 are not available at t
time. 'Me available laboratory data indicate that TRU removal increases with additional
contact timne. The developmient work also indicates that approximiately 20 percent ef the
soluble strontium may be co-precipitated by the hydroxide precipitation process (0. 1 MCi of
the 0.5" MCi soluble "0S; i the three CC tubk).
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Liibww tsta gw io*, to performrd &swg 0. IM Fe('... and 3OM tNaOH for die
Precapitatio. of TRU. - ig ThU as asorbed on the sutimc of the ferric hydroxide foc:
formed by precpk..,w. la-tea mxers awe requied to k*Te due Uo in suspension and
available to dhe soluble *TRU for adswrpuo- As denwmaumafroti laborW

preemzmiof NOe,M4,0~ hms C v. - sle renowts 84 to 96 pamAtO Zlhng Aw and 60
t75 percent of te soluble 14awum. ISchuaI7 19951 The deejpmwa work as idicaw

tha spyWoximateCy 50 peCCUI of vL solc.ole tumIUiw may ak- be removed by the ferric
hydroxide precipiation process tv.26 MCi of ae Ot $7 MOi soluble *Sr). Howiever. die
addsw. of ibon impt t vuw of HLW glass produced.

Technical 4 F4 FI CAs 5Mfto of Uydmlwd p ,cladm. far SelecWe WsiiL It has bmc
delriita (chulz 1995) that oly three DSTk require some removal of sokul ThU from

superaMS. Laborwu tsi has been peformed with waoo from Mo of die div CC
tanks and inbink mamig with chenical addition hos been well -o .a . Therre
this technology is considered to be technicaly pracica. For thre CC taks, conmian an'
estmated 0.0054 MOi soluble ThU, 0004 MOi is removed using hydroxide puipition.

he quMfiy of aqo-pciwed O*St fr this mecholoy (0. 1 MC) is subtracad fret' d. tota
"Sr :a LAW.

COMa of Hydroxie Pselpkadle forSw ce Wase.. The or, cots for adjustmeu of due
hydroxide Concentmio anid addition of 0.0WM won iW die DSTs (sveral weeks or ioiu
before retleval and solids/liquid separation) is $6 million to Sig million (Appendix 0

-rvie addnmWo ems daw).

Thw addiosi of 19M NaOH to te three tank to obtai a final wanion of 3M N&Oll
increases die toWa tank waste sodium by 250 MT or 0. 14 equialent vaults. 7h. dispoal
cost Per vault of solidified LAW is approxImatey $10 million (Slaajhaug 199. Tabl F-36)
and the incremenaW Na usage results in $1.4 millio increase in LAW dispoal cowt. The
addiution of NaOH to t tauls is assumed to cat $0.6 million. Thjerefore, tie LAW cost
increase is aproximately $2 million.

The addition of the 0.01M iron resuths in an additional 5 w 21 canisters of HLW glass. The
canisters are assumcd to coat-in 1-26 in' of Vlass and a mnaxium F%%O content of 12 wt%
(Orrm 1994). The miramunm HLW canister imnpact is basedon30 will Fe1Os if the HLW
flit sprocesn &at k than the 12 wt%FeOs limitandte maimum HLW

canister impact is based on the 12 wt% R20O, limit. With ant incremental HLW canister cost
of S745.000 per HLW canister (Slaadtaug 199), this results wn an additional operating cost
of approximately $3.7 to $16 million.

The resulting $6 million to $18 million total mat for removal of approximately 0CON MCi
TRU (from Wore tanks) necessary to men the < 100 nCi/Z critea results in a caon of
$3,500 to $4.500/C0 ThU. If the 0. 1 MCi of co-pecipitated "Sr is included. die cms is
reduced to $6OfCi to $l7OICi.
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Con of Faenk Hydroxide Pdpkatl for Selected Wagtes. The addition of 0. IM
Fe(NO,), and 3I0M NaOH for precipitation of ThU to the three CC canks results in a

.Aunum additional S0 to 210 caniters of HLW glass. The canisters are assumed to contain
1.26 in' of glass and a mximum F;%%3 content of 12 wt% (oine 1994). The ini mm
HLWcamisr rinact is baued onS0 w% F%%O ifthe HLW facility is processinggStan a
less dma the 12 wr% NO limit and the maximumr HLW canister impact is based on the
12 wt% FeA limit. With an incremental HLW canister cost of $745,000 per 141W canister
(Slaadzaug 199$). this results in an addiinal operating cost of approximately $37 to

$ 160 million Thw iereineatal LAW am are $2 -milion due to the additional sodium (see
ecrinc of hydroxide recipion) anm provides a $39 million to $162 million aoai cost

for removal of apoitey 0.005 MCi TRU and 0.28 MCi copreciitated "Sr. This
results in a remnoval cost of $140/Ci to S57010i.

4.2.3.4 Tramwmi RanvaJ by CAumplexam eaTivto In Selected Wuto. Thw
zonpiczant deacivation of selected CC wastes t241-AN-102, 241-AN-Wi7 and 241-AY-101)
is discussed in Section 4.2.2.2.1 for removaliof soluble strnium. An analysis of*. ank
eas and digest to deactivate the complexant in CC waste mobk was performd by Klein

(1995). The complezant deactivation. process will remove an estiinad 0.005 MCI of The
0.0054 MICi of the soluble TRU in addition to the reuoval of t 0.54 MCO of soluble "Sr.

Technala Practicality of Conlxs ec~ainfor Selected Wastes. The complexant
deactivatio process for CC wastes is expected to require 4.2 to 14.3 years in-tank at 100 -C
and the final performance is uncertain. Therefore, complexant deactivation is noc technically
Pfactical.

Cont of Complexatnt Descidvation for Selected Wagtes. No econic analysis is provided
since the technology is riot technilly practical.

4.2.4 Tecbnetium-99 RemoYaJ

The soluble "Tc fraction of the tank waxte contains an estimnated 0.0223 MCi. Incorporating
the entire quantity of Eechnetiun (0.032 MCi. soluble and insoluble) into the L.LW glass
would result in approximately 0.2 Ci "rcim) ghiss. On a tank-by-tank basis. nio additional
removal of 9 Tc is required to meet the Claws C limit of 3 Ci/rn3 in the solidified LAW
(Schulz 1995)Y However, "reT removal may be necessay to meet the disposal system
requirements based on the performance assessment.

No demonstrated technology exists for in-tank precipitation of soluble "Tc from DST waste
solutions. Candidate preipitation compounds include Tc2S7 and tetrapiscnylpbosphonium
perrechnetas (Schulz et *1. 1995). Candidate technology optiow for remova of soluble
techractium in the preuceaflent Or vitrifacmion facility include mixed bed ion exchange, anion
rsin ton exchange, and volatilization.
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4.2.4.1 Mixed Bed Technetium and Cesium Ion ExcLiuge. Argonne National Laboratory
and Eichrom Industries, Inc.. have developed a technetium-specific resin for use in
laboratoy and analytical applications (Horwitz 1995). Preliminary scoping stidies, of
applying resin to large scale processing of Hanford Site wan wastes has been performed.
T1e rein a tailored on the molecular level to specifically absorb technetium. The resin,
named Tc-Spcc 5, is commercially available as an anaytkWa reagent. Tc-Spec: 5 strongly
absorbs technetiumn from solutions greater than WM salt and technetium elutes with water or
dilute nitric acid. These properties are identical to the chemical behavior of cation tin
exchange resins used for cesium removal. Operation of a single ion exchange colum system
containing a mixture of the resins allows simultaneous recovery of tech6tiu aNd cesium.
A mixed bed ion exchange system is a common induistrial practice a&d is significantly less
expensive than building and operating two aon exchange system ini series.

The laboratory work to dame for the application to Hanford Site "aa wastes is iniia proof of
principal experimnts with 241-SY-101 simulant only to determine distribution coefficients.
Use of Tc-Spec 5 in a mixed bed configuration eliminates the use of a water scrub so displace
interstitial feed frm the cc'---.- before cesium elution. The water displacemen Bous would
prematurely clute technetium. Thie water flush would have to be replaced with draining the
interstitial feed from the column. Thie less efficient removal of feed sodium fro the column
by draining would have a currently undefined impact by increasing I4LW volume. If the
increase in HLW volume is excessive, alternate designs with Tc-Spec 5 columns in Series
with the cesium ion exchange columns would be investigated. Significant additional cold and
hot laboratory development work is required.

Technical Pracicaity of Mixed Bed Ion Exchange. The mixed bed ion exchange recovery
of "rc with Tc-Spec is nom technically practical at this time.

Can of Mixed Bled Ion Exchange. No economic analysis is provided since the technology
is not technically practical.

4.2.4.2 Teclimeti Anion~ Exchange. Technetium can be removed from alkaine solutions
high in. soc.urn with anion exch~ange resins. Thie removal of technetium with a stong base
anioni exchange resin has tzen demonstrated vith a single large scale batch loading of the
resin at the Hanford Site (Beard anti Caudill 1964). The loaded resin was shipped to another
DOE site for elution. Multiple load and elution cycles of technetium on ion eXChange resins
has not been demonstrated.

The current design basis for evaluation of techinetium ion exchange is based on a strong-base
organic anion exchange resin (Schultz 1980). More recent analyses have been performed on
the sorption of techntetiumt from DSSF simulants using Reillex-HPQ anion exchange resin and
is limited to hot lab scale experimnts.

The technetium ion exchange process loads technetium from the alkaitz feed stream onto the
resin by passing the feed through a columin of resin particles. When breakthrough of
technetium occur, in the column raffinate. the feed is diverted to a parallel column and, the
loaded column is flushe with water. Following the flushing operation. the technetium is
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eluted from the column with strong nitric acid (6M NO3). Following the techntium,
elution, the column is flushed with water. The column is then ready for another feed loading
cycle.

Tlhe technetium product stream elu . am, the eolurmn with nitric acid is concentratd AMd
te bulk of the nitric acid bojed off from the tec-hnetum, solution for ftactionation an
recycle to the next eluio cycle. The residual nitric acid in the concentrated lachnetum,
product is theen neutralized with sodium hydroxid. The neutralized techinetum. concentrate
is then traadfcrred to a DST fat interim storage before voiitmaton as HLW-

Technical ?racdcauiy of Anion Exduaq The itchnetum on exchae process; mets the
definiton of being technically practical baned on the lage demonutra on-U recovery of 27 Ci
of "Trc at the Hanford Site using tehaetium ion exchange (Bead aOW Caudill 1964).
However, information cantained in Schroeder et a). (1995) indicate some senus questions
for appdicAtion of ion exchange to existin Hanford Site "an wastes due to toe uiwauatis
in the valence state of the techinetium (i.e.. the prutenate ion. vaiance 7. is extractable but
other oxidation states are not extractable.) Therefore, "Tc anion exchange is nex consdered
ttr=aly practical at this time.

Cost of Anion Exchae T1he cost for technetium removal bv i'nw excharige is based on
fiacility and equipmrent designs presented in the T4n4 Wavte Teohncal Option Reprt
(Boome et al. 1993). The cost of a technetium ion exchange system coliacta with another
processing facility is based on the cost differences between two piecaeatment facilstats with
and without the technetium ion exchange process. These two facilities wre identified as
Sludge Wash D (SW!)) a&W Sludge Wash B (SWR). with and withow the Otewium ion
exchnge, respectively. in the reference report (Boomer et &1. 1993). Both ftciities uiude
sludge washing, solids/liquids separaion, and cesium ion exchang. The caital camt for
these two facilities ame updated for thi report. Summaries of t updated SWD and SWB
cost estimates awe found in Appendix 9. The difeec in costs between SWD and SWB
provides a basis for the cost difference of a LAW treatment or vitrification facility with and
without technetium ion exchange capability. TMm differecm in apital cam associated with
technetium ion exchange processing is $260 million. 7he difference in operating casm

aozd with operation of the technetiu ion exchang prc ing ir identified by the
difference in operating costs for the SWID and SWB facilities of $400 million (Bomar
et &I. 193)

The technetium ion exchange process recoves 0.0226 MCi of "Tc for a total cost of
$660 million. This results in a cost of $29.00010i *Tc and is not eonmically practicaI.

4.2A.3 TebeinVolsIlatulmn. The volatiliauon of tchetum fronm glass melter and
calciners is an intrinsic feature of the operating tpeaus. Prose and melter: for the
vi ication of HLW gLaus are designed to suppess volatilizattion and recycle volatilized

tecneium to the melter. Design of the LAW melter features control of melter chemistry.
and removal of technetium, from the offgas stream with minmal recycle to the melter results
in the LAW melter system~ providing technetium removal. The degree of removal that can
be obtind by this proces needs to be confirmed by additional) development.
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ReVews of awchneium V04lAtiY from slasses have shown up to 95 percent removal (OF
Of 20) Of techneti (LaigoWii 1995. Vida 1994) Metter ifrs~gri can be mnodified to
enhance fechnetium voluly by disruption of t cold u~p ugig tie molten glass of use
of a Pas heated melter. "Me mrelter etetsui tan be Imdifed to eatianc teclintum
volatility by increased temperature andlmr ctag from reducig to oxidizmg conditions.

The a.:dhuon of tutum removaJi to a noauamto, s ystem -quires neutralizaion with
sodium hydroxale and addition uf sodium sturae te tkdr scrubber czanceaw for ftcetium
pweipitaion a TcS, The FY 1995 flowsliee for TIRS Opwied Processing Suampg
(Slathaug 1996a) shows MNaO and NO~ are idded to the concentnae and before filrution
for separation of t technetium sulfide. The rechnetium depleted filtrate is reccled to fte
melter feed tak. Th TcS, a sluniod to a DST for intrirn storap before HLW
vitrificatio. An altme method of "Frc removal fom the concetrae as to use Absorption
on TcSpec 5 in iscolumn.

Teehkaial ?rvmkaly wit VeIatiIlzadem. 71w teclinetiwn volatiliawno process is not
technically practical becons the process has, not been adequately demoF1osrawe

Cwst of Volaeillzado. No economic a=aysis is provided since tha technology is not
(echawIty-practical.

4.2.3 Seleslum-79 Removid

The tnk waste contains an estimaed000103 MOiof "Se. All ofthe selenium in the tankt
waste is* assumed to be soluble.

No demomnated technology exists for in-tank precipitatin of soluble "Se from DST Waste
solutionis. In-tank precipitation would allow selenium to, be removed by solids/liquids%
separattions process discussed in Section 4,.1. 1. Although selenium is known to Precipitate
from water upon addition of sulfur dioxide. it is not known whteter "hi techniqu Would
work as an in. Nwk precipiati~n process due to the very small amount of sedclam present in
the waste. A cursory revaev' of commercial selenium recovey processes has not revealed any
processes suitable for direct removal of selenium frow the Hanford Site tank wasse solution;
during pretreatment. Laboratory methods for removal of selenium have rat been reviewed
for scaled up appication in a preatment at vivrification operation. ton exchange processes
may exist, buit the identification of selenium specific ion exchange resin has no been
pursued.

4.2.51 Seleniua Volatilizatio.~ '1114 volatilization of selenium haom commercial gias
melters and the pyc nealhagical industry is a well known phenomena. Seleniumn is
comatercialy reovered by the routing of copper ores aW runidues from electrolytic copper
recovery. Selenium is recovered from roasung, flue deposts by subitiabon or leaching.
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The commercia glass industry has routinely experienced selenium koses of up to S0 Percent
or more (Kirk-Oduner 1982). Melter design cmn be mcidified to enhance selenium volatility
by disrutio of te cold cap. sparging the molten glass, or use of a gas heated aser. The
mcer chemisitry can bo modified, to enace selonium volatility by increiised teinperanare
ad/or by chiaqgig from reducing to cedliing moditm. Melter desin Could also iniclude
4 1.o11ai of selenium from the offgas mainm wit no racycle to the melter.

An optmo for selenium purificationovolves precipiation with suilfar dioxide in the scrubber
solutmo from a LAW melte and offgas symm.n It is assumed that selenim cam be
co-precipiated, with technatium by nerlization of the scrubber cocmIt"e with sodium
hyd*ozie and additio of sodium sulfide to precipiat selenium as a sludge
(Kirk-Othiner 1982). The selenium filtrate an be recycled to the melter food rank. The
selenium sludge a&M TcAS is slurried to a DST for interim storage before HLW vitrification3.

To d aa Pra tic N of SAW=a Uslalzai . The selenium volatilization proess is
not echtnically pracial since t process has not been demonstrad at plant scale '

radioactive wastes.

Cost of SI.hinw Velatilbat No economic analysis is provided since dw tachnology is
axot ecL.acally practical.

4.2.6 Carbon-14 Removal

The esutimated tniventory, of "IC in the tank wastes is 0.005' MCi "IC. Te estimated
inventory of 0.0053 MOi IC repeeJs 120 kg of t 14C isotope and is diluted by
approximately LI80.00 kg of natural carbon in die tank wastes a carbonate and organic&.
Thie chemistry ot carbon results in 14C being disiriliuWa in supenatants and solids of all
tanks The organic carbN ind carbwate coafnret of the wastes will be converted to carbon
dioxid. C%3. as a result of tt-. LAW vitrL...uon process. In the vitrification process a toWa
of 6,500.000 kg of CO% , -1- released in t offgas. To capture and remove the 14C. the
6,500,000 kg of CO, couic uc basorbed in slied limhe as 15.000,000 kg of C&CO3.

An analysis of the impact of not removing 14C SWl 1"I indicates the maimum offite
individual will receive a 50-year dose commitm iit fromi atmrospheric releases of less tban
0.7 rmrem/yr (Colby 1994). This is 0.2 percent of t national average individual dose from
background of 300 mreinlyr.

Tachnical Prmaccay of Carbon Removal. There is no currently known isotopic
enrichmient technology that can sepa'e, the 14C isotope from natural 12C for Haniford Site
w*n wastes. Therefore. "C separation for dispoWa as HLW is am technically practicail.

Cose of Carbon Removal. No economic anaysis is provided since t technoloty is not
technit.%aly practical.
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4.2.7 Iodine-129 Removal

The estiated inventory of "~'I in the tank wastes is 0-000051 MOi (51 CO). Iodine
confinement wecnology that has been dgveloped in the nucla industry was aimed at
rclatiwly high comcetratuma and purity as releae in reactor accidents or from nucclw fuel
reprocessirng dissolvers. The relatiey high concentration; and absence of organics aINuws
evolution o)f die reulting iodine compounds into the vapor phase and sorption w:Lh solids or
liids. The abseme of chlorides and fluorides also thmaaases competitive coabisotption of
halides on solid sorbamu. However, the alkaline tank wastes contai significant quantities of
halides and organic materials.

Joule heated melters used for vitrification of the LAW typically operat under reducinig
conduaoa to promae the electrodes frm "utstrophi oxidation. Operation under reducing
conditions will result in significant organic content in the melter offgas. The technology for
organic sodide, conrinemem in reprocesing was never fully satafactory, and effosns were
Made to lumit organic inpuat into the dissolver system (the amount of PLIREX organic diluent
soluble in recycle wate f-.-n dhe acid fractionator was of conwor).

The iodine cocntai in the tank wastes is typically 1.000 to 10,000 times lower than
would exist.in commercial fuel dissolver sdlons that iodine removal technology was
developed for. Thus. there is no technicaily practical iodine removal and confinement
technology for tank Wastes.

The paith of '"Ij i I the LAW vitrilication process is, release to the atmosphiere and an
unknown quansity to the chloride purge streifl. The chemoitry of iodine suggests the
potential removal of iodine from die chiloride purge stream in the LAW offgas treatmnt
system. The similar cliemical behavior of the halides (fluorine. chlorine, ant! iodine) suggest
that significant quantities. 20 to 80 percent, of te 'I inventory may accumulate with the
chloride and fluoride streams concentrated in toe offgas tretment system fcr puwge and
disposal as grout. If '"'I concentraes in 6m~ streams, %eclunology could be investigated to
deteror vi if cost effective syswmis for separ- don of 129j frm mixed chlorides and fluorides
exist.

An analysis of the impact of not removing '4C and 129 indicates thsat if all is reeased to the
atmosphere, t maximum otfhte individual will receiv a 50-yea dose commitmnent from
atmosphicit releases of lIss than 0.7 mteua/yr (Colby K!94). This is 0.2 percent of the
national average individual dose from background of 300 mirem/yr.

Tecca Pruscait of Iodine Removal. '"Ij removal is considered not technically
practical bmaum no technology has been demonstrated for the relatively small concentrations
in the Hanford Site tank wastes.

Coot ov Iodine Removal. No economic analysis is provided since rr. s291 nrwoval
tecottology has been provided.
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4.. TrlIums Removal

Tritum N3 ) contained in the tank wastes is estimated to be 10,000 Ci (Colby 1994) and will
be discharged from the pretreament andI waste vitrification facilities in the process
condensates a vitiated wat. 7Ue excess process condensates that ame not reccled within
the TWRS processing operation are routed to the 200 Area Effluent Treatment Facility
(ETF).

The ETh process doen not renm the tritium isotope from the natural h)*rogn in [he water.
The separation of tritium from the treated condensate was evaluated and it was determined
not to be technically practical (DOE 1994b).

The chosen akernative for disposal of the rank waste tritium in the treted water is to
dischage this water to the subsurface and allow tritium to decay into non-radioactive helium
b-cfnre it reaches, the Columbia River. The effluent infiltration gallery, also known as the
Stato Approved lLand Dispaai Site (SAWDS) is lccated just north of the 200 West Area. -A
study (Golder Asscae 1990) shows that SALDS provides z 105-year travel tinme before
tritum bearing ground water discharges to the Columbia River. The study concludes tha
through natural decay and subsurface dispersion. the concentration of tritumu will be well
within d- -king water stadards when it reaches the Columbia River.

4.2.9 TIn Removal

The tank waste for pretreatment contains an estimated 0.00 16 MOi of insoluble '26Sa. No
technologies for tin remova were reviewed for this evaluation. For perfrmane asesmnt
studies, some tin tc the LAW fraction is assumned to ensure continued consideration of tin for
intruder dose consequences. The 126Sn is no a signifctm contributor to the total corses and.
as discussd for other radionuclides with smnall inventories, would nsot be economically
practical lar removal.

4.2.10 Uranium Removal By Solvent Exacion for MI Wsmes.

The soluble waste fraction contains an estimated 0.00006 MCi (60 rCi) of uranium isotopes.
Uranium was routinely recovered and shipped as a product at the Hanford Site and other
nuclear reprocessing facilities around the world. The tecnology most applied in the paut for
uranium is solvent eztration with tributyl phosphate in a hydroarbon diluent. The solvent
exutraton recovery of uranium from the alklum supernatants and dissolved salt cakes
require acidification of the supernatants and dissolved salts be-fore the solvent extraction
process. The acidification of tank wastes was demonstrted by the recovery of both uranium
and strontium from Hattfoid Site tank wastes followed by solvent extraction recovery in
U' Plant and B Plant, respectively.
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The alkaline solutions tat contain uranium are acidified using nitric acid. Uranium is
removed fromn the acidifed solution using a solvent extraction system similar to the processes
described in the Tank Worte Technical Opnow~ Rtpon (Boomer et al. 1993). The process 'a
Steierally called TRUEX Uranium is recovered by solvent extraction only when the
TRUEX process is available and used after the supernatant is acidified, Since uranium
exibits Aikallne solubiliy and is distributed over all the wastes, all wastes are assumed for
trearm. At.

Technical PracticaLity of Solvent Extraction. Solvent extraction using c r solvent
extraction processes Mas previously been used in U Plant, REDOX and PU -X at the
Hanford Sime to recover uranium, plutonium and neptunium. No producuion scale processing
using the TRUEX process has been performed an radioactive wastes similar to the Hanford
Site tank wastes. However. unraiaw removal by solvent extraction separsuon using TRUEX
is technially practical Ibasedan the extensive laboratory and pilot scale tests.

Cost of Solvtot Extruatov. The cost for uranium removal by solvent extraction is based on
facility designs presented in the Tank Waste Techncal Opdons Report (Boom-- -t al. 1993).
The cost of a solvent extraction system collocate with another processing facility is based on
the cost differences betwn two pretratment faciities with and wiibout the solvent
extraction s-sten. These two facilities are identified as Sludge Wash 8 (SWB) and Solvent
Extraction B (SOLEX 0), with and withot the solvent extraction. iespectively. in the
reference report (Boomer et al. 1993). The capital costs for these two facilities have been
updated for this report (see Appendix B for cost estimates). The difference in costs between
SOLEX B and SWB provides a basis for the cost difference of a LAW vitrification facility
with and without solvent extraction capability. The difference in capital costs assoiciated with
solvent extration is $1.22 billion. The difference in operating cost associated with
operatio of the solvent extraction system is idr-Itifted by the difference in operating eost for
thie SOLEX B and SWE facilities of 56.69 billion (Boomier et al. 1993).

The solvent extraction treament of all wastes is expected to remove 60 Ci of the soluble
uranium. Combining the recovery of 3.4 MOi soluble strontium, 0.0095 MO i uAnsranics;
and 60 Ci uranium results in a potential total recovery of 3.4 MCi for about $7.9 billion and
results in a removal cost of z4,roximately S2.320/Ci. Solvent extraction for all wastes is
considered not economically practical

4.2.11 Radiornaclde Removal Techraology Options Summary

*The radionii:lide removal technology optionas discussed in the sections above rre summarized
in Tables 4-3 and 4-4. Table 4-3 addresses the *tachnically practical* criteria and
summarizes the technology staru of options discussed. Table "4 provides the costs and the
MOi separated for the technologies det,.rmined to be technically practical.
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-
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S.0 RADIONUJCLIDE SEPARATIONS TO MEET THE U.S. NUCLEAR

REGULATORY COMMISSION GUI]DELINES

The goal of the LAW determination is to estusblish an inventory for all key radionuclides in
the LAW that satisfies the regulatory intent of lechnically arid economically practicalo and
meets the limits and performance objectives of 10 CFR Part 61. This section summarizes the
evaJuation of the three NRC guidelines.

S.1 REMOVE RADIONUCLIDFS TO THE MAXIMUM EXTVhNT PRACTICAL

Radionuclide removal technologies evaluated to meet die removal to the mraximum extent
practical guideline include pt :vious removals. solids/liquids separatin, and additional
removal from the liquid fraction. Table 5-1 shows the radionuclide removal tcchnolo-gies and
curies removed that are identified as both technically and economically practical. Additional
remval technologies from !he liquid fraction include selective TRU removal (i.e., thrm CC
tanks) and! cesium removal uszing a single-cycle ion exchange process. The selected
tehnologies provide an initial selection criteria to estimate total curies remaining to be
disposee in #be vitrified LAW.

Transuranic ic-moval must be provided for three DSTs to meet the Class C concentation
limits and is assumed to use a hydroxide precipitation process. Some radionuclide removal
will occur during vitrification of t LAW for the volatile species. However, curie removal
euring melter operation bas not been added to the radionuclide removal totals.

Table 5-1. Maximum Practical Key Radionuclide Removal
(December 31. 1999, Decay Date).

Radkuud tedua aom
Previous removals 84.1
Solid/liquids separations 52
Single-cycle cesium ion exchange (>0.5 Ci 29 '?,'Cs
'"7Ca/L)_____ 

___

Selective hydroxide precipitation for 0.004 transumirc
transuranic (3 CC tanks) 0. 1 "Sr
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5.2 KELT CLASS C CONCENTRATION LINITS

The second NRC guideline for classification oi the LAW fraction is t0 incorporate the waste
in a solid physical form at a concentration that does riot exceed the applicable concentration
limits for Class C low-level waste as set out in 10 CFR Pan 61. Table 5-2 shows
radioniuclide concentrations tt would result from vitrfication of the liquid fraction of tank
was".. after ahe proposed additional separation of radionuca~cs from the liquid fraction. As
shown, radionuclide concentrations in the vitrified waste form would be Class C for
£ransuranics, Class B for 137Cs and '0SY. and Class A for the others listed.

Tble 5-2. Solidified Waste RAdionuclide Concentrations After Supernatant
_________ Sepatrations Versus 10 CPR Part 61 Limits. ____

Awsp

-~~ ----M a . I CmA Cm h

F13C''* s 32 1 44 4.600
'*St 3.4 22 0.04 150 7.000
Transuranics 0.01 25 nCi/g 10 nCi/g NLE 100 n ilg

"IC 0.032 0.2 0.3 -3.0

71Sc 0.00103 <0.006 NLE NLE NLE
"4C 0.003 <0.03 0.8 I4LE 8.0
129 1 0.000051 <0.0003 0.008 NLE 0.08

0.01 <c0.06 40 NLE NLE
"'6Sn 0.0016 <0101 NIA N/A N/A
Uranium_ 0.001 <0.006 NLE NLE J NLE _

NLE -No limit c'tablisbed.
*To be conservative. it is assumned[ that 100 percent of the "Te. 7 'Se, "4C. 3H. 129 1

and '16Sn iawentories (soluble and insoluble fractions) are incorporated into the
immobilized low-activity waste. See text in Section 4.0 for discusion.

"'Ile sum of the fractions rule for mixtures of radionuclides has been applied.
Thc low-activity waste volume is estimated to be 158,000 in0 of glass.
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S.3 MIEET DISPOSAL PERFORMANCE ODJECTIVE

The third NRC guideline for classifirltion of the LAW fraction as *=crial 2ast is 0o
manage the waste so that safety requirements for disposil performanc are compatle to the
performance objectives of 10 CPR Pant 61. Defense waste wre also manegd and disposd
under guidance from DOE SS2u.2A. The DOE order requires that a PA be prepared for time
disposal system. A PA fur LAW disposal has not yet been prepared.

The completed PA will identify a&=a of coacern fbr loog-term release of radionuclide to the
environment from the disposa system. At that time, mitigating features, such AS additional11
radionuclide removal atidlor disposal system barrnn, will be evaluated and incorrtd into
the treatment and disposal system as neddto meet PA requirements.

Altough technetium is not a significant contributor to the total activity it. the LAW, "Tc is
the largest contributing radioisotope for meeting the maximum 4 inter/yr criteria. within
I 0,000 years from closure, from the consumption of groundwater contaminated by:' LAW
disposal site.

Uranium isotopes and "'Sc are minor contributors to the total activity in the LAW but ame
sirn- ic -!t with respect to the disposal performance objectives. "Se is significant with
respect to meeting the maximum 4 inrem/yr criteria, within 10.000 years from closure, from
tht consumption of groundwater contaminated at the LAW disposal site.

Sensitivity studies of LAW disposal system features indicate that the exposure from "Tc can
exceed te 4 mrern/yr criteria if the LAW glass is disposed without the use of engineered
barriers (Mann et &L. 1995). The assumptions used in the current environmetal assessment
calculations are considered conservative. 'Me studies indicate that a LAW "Tc inventory
rEduction, of less than a factor of 10, will substantially limit the contribution of the "Tc to
the first dose peak which arrives at about 10,000 years. 71e LAW inventory reduction can
be met by a combination of accurate definition of the oak waste inventory and providing
some removal of soluble 9 'Tc. A combination of engineered barriers, and 99rc removal carn
mitigate the potential of exceeding the 4 mrenaiyr criteria during fhe first 10.000 years.

Decisions made for removal of "Tc, 79Se and uranium isotopes will be based on potential
performanc assessment impacts. not the total combined activity in the onsite disosed LAW.
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5.4 PROPOSW DEIUAMINATION 0F HANFORD SMT TANK WASUh
CLASSIFICATION

It is proposed that radionucides be separated fom Haod Sit teak waste so that dmos
remainin in the LAW fratio w lked h quantities linted in Table 5-3. For Comparison
purposes. Table 5-3 also includes t previous NRC determination fOr DST waste Only.

Table 5-3. Comparison of Previous and Proposed
U.S. Nuclea Regulatry Commission Determinations.

Uhp - NR

&woe, number oI w&.ne tea 28 DST& 28 DSTs and 149 SSs
Low-activity waste (LAW) fOrm Grout -Glass

Low-activity waste VOWu.*e m 23,000 500
Radionuclides in AW (MCi)_ _ _ _ _ _ _ _ _ _

'J7CS 6to 7S
OSr I to 3.4
imuranic 0.0 to 0.01 - 0.01

________________ 0.016 to 0.029 0.3I <0.001
_____________ 0.07 <0303

0.00033 Zawl05
FI <0.01
Inn < 0.00t69
g~z- -.4.0016

Total (without daughter) 7 to 15_5.
DST -Double-shell tank
NRC -U.S. Nuclear Regulatory Commission
SST -Single-shell tank
- = No value established
&Decay date December 31, 1995
bDocay date December 31, 1999.
cAnd as required by the Performance Assessmnt.

It is concluded tt cesium removal from liquid frawtion and T11W removal from CC taks
before LAW vitrification, represents radionuclide remova to the maximum extent Practical.
Therefore, thee liquids could be considered "iwcidental waste provided the immobilized
LAW qualify for disposal in a shallow land disnosal facility under DOE waste manaement
requirements comparable to 10 CFR Part 61 requirements. This waste would then be
disposd onsite. newr surface, as LAW in accordance with the DOE awd Washington State
Department of Ecology (Ecology) regulations for LLW at M~ixed LLW. The residual waste
left in the tanks after retrieval is excluded from this determination and will be considered
separately at a later time.
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APPENDIX A

CORRESPONDENCE

This appendix comiii correspondence between the U.S. Department of Energy, the
Washington State Department of Ecology, anid the U.S. Nuclear Regulatory Commission on
the subject of LLW classification. The loers, a described below, wre presented in
chronoloica order and documnent the history of die Hanford Sif waste classicatioo sse

Nownibar29 1"$
Bell. Michael L. Chief Regulaor Brach. Division of Law-Level Waste
Management owS Deco.miSig Office of Nuclea Materials Safety and
Safeguards. U.S. Nuclear Regulatory Commission. Washington, D.C. wo Ronald E,
Gentoa. Waste Management Div'ision, U.S. Departmnt of Energy, Richland
Operations Office. Riehiaud, WA.

Ith NRtC provides coinments on DOE's proMo -A approach. for clasifying
Doible-Shell Slurry Feed (DSSF). In general, the NRC staff support DOE's
e. .'ars in: (1) seeking an NRC-DOE consensu on the dassifaiAm ef double-
shell tank wast; (2) using the source-based concept in classifying wast as
HLW o non-HLW; (3) descibing the prior teatment of any incidenualo
wate: and (4) dcm tinig VIsM charactkis before lasi Fication.
Specific comments on the classification approach indicate if DOE could
demonstrate that the largest practical amount of the total site activity (expectd
wo be 90 percent or more) awibutable to *first.cycle solvent extraction' waste
had 1heen segregated for disposal a HLW. then the NRC would view the
residual as a rn-nHLW. This residual would not be subjec to NRC licensing

2. March 6. 1989
Rizzo, A.i., Assistant Mager for Operations, Department of Energy. Richlnd
Washington to R.M. Bernero, Director. Office of Nuclear Mateials Safety and
Safeguards, U.S. Nuclear Regulatory Commission, Washington. D.C.

The Departsnent of Energy, Richland asks the NRC for concurnace that the DST
waste planned for disposal by grouting is wit HLW, and thereore no subjec to NRC
licensing. An overall radkwxulide material. balance for all Hanford Site tank waste
shows that 3 to 5 percent of the key radionuclides which entered tranks will be
disposed of a. LLW when the PST wases we prouted. To meet the NRC arieria of
segregating the largest practicai amount of activity, DOE als propose to remmv
93 percent of the Cs- 137 from t coniplexamt concentrat waste for disposal as
HLW. Mae additional rdionuclide removal would reduce the 3 to 5 percent maeial
balance wo 2 to 3 percent. Tbe incorporattion, of '"1Cs, "St anid TRU into grout would
reult in radionuclide concentrations comparable to or below Class C (10 CFR 61)
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LLW and Class A ior 14C and '291 without additional removals. Removal Of "Tc was
considered not to be practical or cost effective.

3. September 26, 199
Bernero. R.M.. Director, Office of Nuclear Materials SafMr and Safeguards.
U.S. Nuclear Regu~latory Commission, Wasta!ngbon. D.C. to A.]. Rizzo, Assistant
Manager for Operations, L)epaument of Energy. Riciwn. Wasbington.

The NRC agrees that the grout facility for disposal of DST waste would not be
subject to NRC licensing. However, the NRC also states that their position on DST
waste does not reflect a decision on SST waste, and they will defer judgemnent on dhe
classifticm of SST waste until after DOE has completed its waste characterization
program-

4. November 17, 199
Gregoire. C.O.. Director, Departmept of Ecology, Stat of Wasthington to K.M.
Carr, Chairman. U.S, Nuclear Regulatory Commission, Washington ro.C.

The Wash igton Deparuzr i of Ecology notifies the NRC weuiate state of Washington
mit As to petition the NR( for rulemaking concerning the classification of high-level
and *incidenal wastes.

5. January 2. I99
Hlusseman. T., Assistant Diretor, Waste Magement. Department of Ecology, State
of Washington to S.J. Chilk. Secretary. U.S. Nuclear Regulatory Commission.
Washington, D.C.

The stat of, Washington transmits their petition for rulemaing regarding the
classification of HLW at the Hanford Site. The state of Washington asks that the
NRC revise the definition of HLW to establish a procedural framework for
determining whether cenain Hanford Site wastes are HLW or not.

6. December 17, 1990 ar55 FR 51732, "D)efiniton of the Term 'High-Lavel Radioctive Waste,~ eea
Register.

The above petition for rulemaking regarding the classification of HLW at the Hanford
Site is published in the Federal Register.

7. March 2. IM9
Berweo, R. M., Director, Office of Nucea Materials Safety and Safeguards.
U.S. Nuclear Regulatoy Commission, Washington. ID.C. to J. Lyile. Deputy
Assistan Secretary for Waste Operations, Office of Waste Managemn,
Environmntal Restoration and Waste Managment, U.S. Departmen of Energy.
Washington, D.C.
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The NRC denies the petiton for rulemaking, submitted by the state of Washington. It
is believed the principles for waste classification are well established and can be
applied on a case-by-case basis without revision to the regulations. The NRC states
that disposal of DST waste would not be subject to NRC licensing based on the
assurance that DOE would segregate the largest practical amount of the towI site
activity for disposal as HLW, leaving behind only a small fraction of moderately
radioactive material which would be regarded as 'incidental" waste.

S. Mdarch 4. 1993
58 FR 12342. Docket No. PRM-.50-4, "States of Washington aW Oregon: Denial of
Petition for Rulemaking. " Federal Register.

The above petition denial for rulemaking is published in the Federal Register. In the
denial text. the NRC refers to information presented in t March 6, 1989 letter from
DOE to the NRC (see Item 2 above) ane states: The concentrations of radionuclides
in the grout would be comparable to Class C for cesium and transuranic wa-% and
to Class A or 8 for the remiinder. 0 The NRC understood this statement to connote
tha cesium- 137 and transuranic radionuclides in ame residual waste would be less than
the-concentration limits for Class C low-level waste, as defined in the NRC's
requirements in 10 CFR Pan 61, and that the concentration of other radionuclides
would be less than the concentration limits for Class A or B low-level waste.
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Z t 114

Mr. laort ft. lero. Director
Office of Nuclear Dtattrils Isfity

and sar.;uards
U. S. Nucltsr Atsulatory Cerission
hfashir4ton, 0. C. 200SS2

Dear Mr. Bernero:

Me'fert of our staff$ Se,#e 014i* tei 's t4dscuss the clissification an~d
dIzsw~l of tht yHftford dU10~14-W tan~k Wastes. ?he central Issue is the
dartoallJfft of whlv aste (RII atd tit apolication Zf %She NO
deffnition in the ?Iatfcrl 02fenst a istv ivironmnts) Impact Statesent.
!- r forty-fit~ years sf .5Aford c~trutions have resulted in nuasrous was's

strtaasj Iivolving severil taittttt ittIiitis. Iit sakes classification
of wastes scmaurhit co-p'1ex. Varica &;;roaches have been discussed in detail
to resolve the classifiation issue. lb. alternate approac%4 svmested in
the November 29, 3998, letter from Mr. Michael J. Sell of ths Nuclear
Regulatory conmislioa (NAC) to Mr. U004l E. Oerton of my staff, on
classifling tht fraction of Hianfor's double-shell tank waste planned for
disposal by grouating In ntor-surfice vaults, appears to us to he the
appropriate way to ",acted. 7his approach utilizes in overall material
balance of tank waste at the Wanfors sitt to 4emonstrate that the largest
praciaical amowt of the 1tua1 site activity attributable to *first-cycle
SOlVent *ztractlOn WIStIS his beta sa~rv'atod so that only the residuals
will be Srjutre. J6.m

An overall radlsnuclide zeoerial Wilnce for a)ll Hanford tank wastes has
beer, prtpared and fs enliostf. In W;~ ton to the KLW, we have included other
liquid wastes (Icy-levtl waste (LLVd) an transursaic waste) which- have entered
the waitet tanks, howevtr,' their radionutliWe contribution (in curits) I
small as cum~arvd to the Rt'd stras. I~s- site ial;balsncv-shors 3-S, ,
the Aii. radionixlides whicN vntortl the, tr mv-Qdlspsi'd as LLII~iw UeAr-
~svpYiacie ;TVT5*7WRZ W-.. i-MlTO -asa are grouted.- Use
cmnimtraion of rim ildes will he camqarablt to Class C for ce~r :i, and
trasuraimc, and to Class A or I tort he reminder. The total amount of
such waste will be greattr thin the m~unt of Class C waste that sight be
contairsed in a typical tcerPWa burial Sround, It is our -Wnerstandi~g
that the AtCs, concern a-ir thet aEmutt of Class C wist* is related to tnt
pausib~lity of intruiin and tht deqri of iftstitutional conrol to be
Pt i1ained. MInford's Sr:zit dis;osal syste.2 All provide excellent protecticn
agaiftst intrusion since th~e grout vaults are a solid concreate sass that will
have a miittllayer engirm.rid barrlier on top. In addition, Hanford, as I
dedicated ",ernmenit facility, shculd his a ;rfater Iikiklihcod of maintai.,ial
fastitu!.-mal c~fltrols -,! rtlatiiel. lotg times.
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Mr. Rotor! .4. terten

lased on c:nsideration of plantus~rtc ricesses. &ad to autt t~
suggigtod criteria of segregating thle largest practical amount of activity,
the Otpart.Nnt of (Aargy, Aich'?and Operations Office. prop~oses to rezove
additional radionuclides from the doubietzhhll tank waste for disposal is
HLII. Specifically, we will remavv at least*-11. of the Cs-137.frox lte

cmplexant-concontiatw waste. This will reduce the 35atii~lic~
valus VtV0-01. -

Ut bulfoivt that the data in the tnclosuro and d~scttssad in th~is letter
lemonstrrg1 that the Coublt-shel1 Mak ;iaste ;19aM$ for disposal by ;r*UVt1-9
in near-lmrfae, vaults is no:t MLWI, ind 'hat W4 licansing is no: reculred.., alzi your concurrence so that we ca; ;rccvtd with this vitl wste
;lspoWa ;rcgraa.

If you shcuild hive an4y quisti-t-s er c:=a.,ts. oloism fell fret to contaczto~
or Mr. Winld E. Certom of my stif! on (!It) 371--ES.

iantMaae

£Tnclosurs:

~~ionuclide Maera 
paipnc

X-J . LAW
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IiUtV.F.D 7XIM 44IASf W RICUCLIrDE HAMI 1;4 XCE

At the 11askford Sits. reprocessing of irradiated ewcloar fuel Started in
1944. Thre urarium and plutonium recovery process#$ have both used: bismuth
phoaphats. reduction..aidation (AIDOX), and plvtORlInUM-raftlus etacIWOR
(MMft).

Each of these facilities qgetrstod a source-based hi 1h'ltvtl was** stream
(first-cycle waste fra recovery process) and severs? lcw.ltvtl waste s~rtl:
including sue* wastes, miscellantivs wastes, organic traitzent wastes, f1
decladdireg wastes.

Supporting operaticns such is plut~nivm purification (Plutnia Finishing
Plat), equipment decontsofnation (T Plant). and on-site 1a-boratorits ftteta:j
tasuraniC tu) and low-level waste. 00contasingtion ceratiorts in iS .

Npatmet o Enrgy's nuclear roictor (.01 geactor) also ;roducr low-lree
waste. Thes& low-l evel wastes and the trted liculds f7= the processes
described below hive rcutirteiy been czacentrated in svza,:rators to regce:
the waste volume to be storad. The process conensates were discharged to
ground (typically after Ion ecangee to remove entrained CSd)37) wihil1e the
Concentrate It stored for lattr grout disposal.

The wastes are currently stored in underground single-shell (S-ST) and
double-shell (DS7) tanks. The SST I have been rtemoa from active liquid
waste service (some residual liquid is still bein removed). The 057 wast#
Invmnte-y will be feed to tht grtut and vitrification disposal processes.

VASTE PAR71T10C4W1

First-cycle waste generated nrlor to 1983 has gone throgh a combination
'of treatments such that the supernate of thteae seIscsdre
low-level waste, The trauents Include neutralization/decantstion, cesiva
removal, and strontium razoval (sit Figure 1).

Al, facility wastf. sttord in underground tanks haye always been flevtraliztzo
with sedigu hydro-Vide to a ctrstir enidpoint. USe nettralization prtcipizatis
the actinides ar4 the bulk of the fission produ'ts including strontium-5O
[Sr-TO).I The solids settle in the 75-foot diamettr tanks and form a su;
layer. opa~rtiot radionuclides that ore primarily solubli and retain in tho
alkalin% supernate 4re tarbon-34 (C-14)l, tvchne'.lu-t Tc9 iodine-I!?
(1-129), ind ctslum-127 (Cs-117).

Tha settled solids remain if 6%b@ tanks when tht mrnmate is decanited ax.1
transferred for further pr~ttssinj. Special eff~zrts sich as sluicing ctr
agitation with *W~ng pimrips art r~quird to traniftr tha settled solids.

_____ - ~ ' E COPY
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Cs-137 has Ueen Tmvi~c !r:T n' :r~~ via seifrs) U~'s . th first.-
Ccle wastes fr~z Vto .. t:!.A*& prxuss Wert 1tl .01vt 81-Wi ,
G.brcyonid3 In t"e s2-m19 Of~rcivttS# I the cda.'U, in A=e *tnglo-1sheil
tanks.

The alkaline supornstus generated ay the AMDO "- PURE; psts prior to MA6
were processed iI 3plant for cesium removal by fou nxcharnp. This process
will also be used to reove ceium from MARU Plant 41kalivo supernates
generated since 1183 During the period from HOl vatil th* IVRLX Plant

thbtomu In late Mi7. the acidic PuRLX Plant HM was routed to I Plant
vithout neutralization. A phosphotingItic acid (PTA' precipitation~ process
*AS thent Used in I Plant to remove who cesium.

The cesium recovered in i Plaft was purified and de-Obt ,rcasulated for
I*g-tera stors-9t. This cesium will be disposed in a geologic repository.

As discussed previously, the routlis urliain~iatt. of first.
cycle eXtractiol waste Provides a 5,410 sAd actinitt s.,.arsiin. Nowvtr.
s=a f lrst-cyclt txtrav.MI?. w'aste hal further £'~ ruavi'a 9'@*,
7h# Sr-10 in acid RUEX Pl sit YL'J was rs.o',d in I ;lint via % solvent
extraction process concurrently with the cesium PTA precipitation. 1he
S Plant residual astes were than nautralizod and routed to the underground
storage tinks.

The settled Sludge Prcducod fron the neutralised PAMREX Plant first-ccli
mxtr#Ctien% vSs Prior to 1961 wits sluited, acidified# and processed for
Sr-90 moval via the 8 Plifit solvent extraction process.

The strontium rtc3te*it 3 Plant was doubly incsnsalated for long-term
SWoAMe Ti MS :nL wi 1 41113 be disposed in a ;tolc~ic te-asitryr.

7hePIJAfl Plant 9'd i.ad~t (contAining the Sr-10 &Ad transuranic nuclies)
generated sinco t, 1193 rostart will be separated from th* sgpornast. The
Sludge along withi ts-137 removeS free the super-nato. will be incorporated
into lass in the Hairf-'d Waste Vitrification Plant (NVYP) for disposal in
a Stologic rtpositor).,

7h§ organic vssl~a t sd in t 8 Plant Solvent exrction protess to
Facovi? irontium tend to solubil!zt the 4trontiuz anid actinides and inhibit
their PrtCi~it t1vnr. I),* cnmplesarnt conftnrtrzte JCC) waste contains tht bulk

of the waste fromJ 3 Plant 16tTiVL$I raecovery anid will I.e treated In I Plant
vith thetrnu tac.o (IMEUX) process to rt~vt transuranics (IRU)

i$ Mch will be rcoatd to ? V? for di-apasal in a seoloq~c repository,

The slha4ge fr-n Ith %,M Plant fitutraliz*d cladding rtzoval waste (,yC~rj)

anid this solids froa th.t Pltoinii VFi~iiing Plint (?VP) vastts cntain
Sreater than 100 K~i/ Iu TAtwncli~vs. Thest %uqt~s wil also be treatil
In 3 Plant with V.he 1atE^ ;rocts to rcvt 79U wichd' be .?cttj %.:

hV for disposal jin a ;4010glt ropoitory.
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HANFORD
WASTE PARTITION I NG

LOW LEVEL (INCIDENTAL) WASTES

To 600"I TO CAOUT 015,L
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COWIO(~ATE

HXNFORD TREATMENT PROCESSES
FACILITIES o NEUTRALIZATION

a SETTLE/DECANT
o FiLTRATION

*REPROCESS#4. o Wi2F*(CN)g PRECIPITATION (Cs REMOVAL)
PLANrTS o PTA PRECIPITATION (Cs RECOVERY)

o ION EXCRANGE (Cs RECOVERY)
*P'LyyOMjj o SOLVENHT EXTRACTION (Sr RECOVERY)
nms~wo o SLUDGE ACIDIFCATION (Sr RECOVEX(Y)

PLANT 0 TMJUEX (7RU REMOVAL)
* CONCENTRATiON

irECOVtED Cs FROM4 PRacp1TA1E
H CAW SVVEMJATE AM WASHED

TO GEOLOGIC REPOSITORY
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MAI&MCLIDE PIATURA. BALAN1CE

total activity froa Hanford rapro#Wng wastes is shov'4 Ire figure 2.

The bases for the radiongoclide Inventories used to calculate the percentages
are estimates of the rsdionuclidt invntory that entered the S5T end DST
wastes Orfor to 1983, the measured iventery in strontium and cosive cavsules,
and estiates. of the radionuclidas in wvastes produced after the PUAUX Plant
restarted In 19M.

The pre-1983 SST/flST ustlmatas art from the 14saford Defense Vasta Environatal
120act Statement (DOE/IIS.0113) and the Hanford input to the Integrated Data
BaSO (101) JScument for IM1 (O/fl$-oOO. Rev,. 4). The INI docwaen: was the
source for the strentim/cesium capsule Inveiitory. Both docutents used te
Track Radtiative C&aVottts (TUAC) Systea as the prinary source for the
radionuclide 1ave:..ry its the Ma-.ferd tanked wat. Input data for the MAIC
System wert historical recrds of reactor, reprocessing, and wast* management
operatiens. The ComUtar ;rrsras 4130-2 and DCCO. were used to calculate
the radionuclides in the irradisad rtactor fNO. The TWA mcdel Owen used
these IftPut, t* calculato the waste jeerated by te rt~rzcessing plants as
a fN-vcton ~ftime and follow t wase through tht various waste zinagement
PreceSOSs an' -*rafnactfons to arrive at the final waste tank inventories,

The radionuclide Invt.-tories for post-)583 wastes Pert estimated using the
ONICEN-2 computer proirsa to calculate the radionuclldes In all irradiated
0 eA&Ctvr fuel to be reprocessed following the 1923 restart of the PUREX
Plant. The PIJAU Plant. waste mnagement and planned A Plant pratrearument
flewshoets were used to estisate-the partiioning of the radionuclides between
141W (VP eed) and UIV (grout feed).

The radionuclide inventcries As sOwn In the EIS an INB documents are best
#tftlst~ but are subject *3 umcartainties Ibecause of fa~tors such is:

o iAc*"U$t#/Iaccuratt rtcards dating back t* 1944;

a the use of boyndingq fuel '.ipurlty Hialts to calculate smzim
activation products, i-t. C-14. since actual analyses are
no longer awaible; and

o incoaplte unerstatdiftg of the 01t2isty. i.W resulting
pathways of SM flecAnts in the raprocessing And waste
treatment processes.

Ideally, actual analytical data for all Hanford tanked waste would be
available- All Srout aRd vitrification feeds will have such analyst% btfort
thiy art proctssed. Hoover, only lfafttd analytical results are currently
aiatlabla. 7heso anlYi@. Inialt t tho tatal Cz-137 thiat may exist i-
fru fi'M tou4 btas awc s 20 zlhonc :irias (ti) vice, the 12-13 m1'fli;:
1r. Wh~ich is. tha bW5 f~rth 1 ring* thoun i" Figure 2. jSO.h of thest
WV9At4ri@S i'e C--Tr@tg 1CF d ~ ~ d- On d ORA C C 199S.)



RADIONUCLIDE MATERIAL BALANCEIi 1-HANFORD TANK WASTE
DECAyED oURD4G STORAGE RMINING INSS GROUT 34 NEAR StN1VACC

T Sr 37 5s..1 to-232 S - 01-4X

' 3'cm 3 % - C:4-5X cs -o j-2
TOTAL ACTIVITY 56X TOTAL ACTMvTY 11-1.31 TOTAL ACTIVTY - -5

>WASTE GENERATED VIA1I4 I GRTOUT1 944 - MO t rACCITY

ROUTED TO' Uc
149 ssy T
le OST tU

1001~~CvS AL.NICIJE EMOVAL-
_____ALL________S AND ENUAlI SLATION I

TO GEOLOGIC REIOSI~rn,-yVI
HWVP

PERCENTAGES I3ASED ON 13. 31a O
CURIES DCCAYED To DEC. 1995. t Cs - :52x*

"PER9CENTAGES BASED 094 " - 0 2-55X
12-13 MCI 13Co *1 GItJ TOTAL ACTVITY 202:
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t1'~ n~.talledcvrvet acd was.* pC ,4?UREX plint firit-tycle 1ex'ract1o
Vasti), Vh .lutralim, ..*doing rozoval waste {UC3IJ) solids, thin Plutonium
Fillishing Plant (Pr?) wasto solid~s and c~pg~lAO"' concafltraff (CC).

The NCAW will be transferrtd to A Plant where ORe 3il Containing the Sr-Sn
and Wcialdes wV1 be resnoved and the clarified supornate ion exchaft d for
Cs-137 roseval. Tht wished NCAtV solids and the recovered Cs- 137 wil be
roej:td to HWYP Wn the docotauinaitd sernett steol for grout feed.

Th# Z2IJ and WP siolids are lZU wastes. These solidt will be trinsferred to
a PrInt. dissolved In~ azid and t't trilted usin~g the Ta1.rX txtra:tteft ;recess.
The TAU concentrate frtz the Moil V;roclss and arty undiusolved solids will be
rov.tod to FWY,.

Ic:. stored tooltlnt concentrate it N~U wisto. Present plans are to treat
All the CCi Ir F la%% for coop1exsrt destruction and then M tA'val by t:.e

'-rl protest, The TAU concantrat* and any undissolved sulids ,tl1l be routed
to Ol'I Thes# plat's say be mcdified if further charictmr4zati~n tettrilnos
s=4 of the Wasts a rt tinr.TAV or. that c:plexant dwsructious.fs nct ro-ciree.

Uthf-nTRU wastes from the above pretreoatet p. oceiss are considered to be
Suitable LLV grout foods. Waste solids wuld be routed directly to a grout
foed tank while. the supernates may be further concentrated.

go additional treatimt is planned for double-shell slurry foods (OSSF)- -The
05SF is produced by evaporation of tht dilute Hanford LLV; e.g. MCAV supernate,
Or' supornatte PUPREl and I Plant miscellaneous wastes, pretreatment wastes
an SSI rosituil liquids.

XW:',tral 4t1!eit:4 t of :e-s S"Irry ".3 !s n:t ;OAnree. 7he :S3
is *,reduaced by f!rther concentration of ossF %past the sodiun &14zinate phase
boundary. 'hs stored vaste contains solids and dilution/dissolution will be
reivirtd for retrieval.

POTENTIAL ADOIIONAL RADlOMKIJC!E REI10YVtL

c ,!2sttd curies disod to Srout for key radlonucli~as are shc-.n in ale 1.
The incorporationt of these nuclides into grout would result In radionuclide
concentrations comparable to or below-Class, C. (pJO CF6I) LLW*

Th*tsttiatfd concentrations of.C.14 and 1-129 in the grout would be
cc~erxblo,to Class AO AF*~iii' hr s no viablit technology
available to further remove these nucl ides from the large Yalum* of
sr:ut feed. As oreviously indicated. t)he inventory of C-14 is probably

overstated. The estimated z~xlsm concentration of Ic-99 in grout feed
I~t~ t* * protrtattd 1XCAV supernAtt) would be near or %lightly above the
C4:s A Itzit. MditI:i@al remvail or C-P990 sin Ion exchanqe pfroCess is

OCA1.1 PS.; .*Ei.7'[ N V-Ihg L COPY'4 rt4~erp~ci
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TrIAnwrailkc W,1tas will be ;rwtrtA'.1d for Ihlj renzoval. 7he treated grout
fee ~Ad~ec ::rsto :;. f.,;11 C tV;

The inytutorlei of Sr-10 and CI1 ecminatf *.t estimitad total activi~y to
be disnasad to grcut. 3The invent~'r'es of these Avcl ides estimated for Srzut
disposal art not significant in the Performance A~sessmet for grout due to
their relatively short half-lives (Sr-10 * 23,3 years. Cs-137 *30.0 cears).
The estimated iazimum conentration or Sr.PO plus Cs-137 to grout would be
a factor ef approximately 30 below the Class C ULV limit. However, posstil
additlofalI ronval processes were examined to assess the practicality of
further renaval of these nuclides from grout fecd.

The Sr-** inventory tstizits art uncertain. tut the bulk of this nuclide
to in t~t C~qlex1.n1 co"Rit~nr~te tCC) --hlh c-ittins a large fracticin of
0recW~.&ted sol193. The CC is treated with the TAUEX process to reduce
the quntty of solids rzutted '-V? for itc7r~tr5tioft into glass. Ater
acidificati if the CC 4-n 3 Plat.t to Uissolvi solids, c=,plexant destruction.

endTAUremva bytheTK1f* ;rzvs. te r-10 would remain in solutic.
It then would be rv*.d to Sr:%A..It d h o711wse I ti ias
to toz-Vie the SP-10. vie W.0 ;'f:cess wouls n.*t be used bu~t rather the Sr-90
sold 1A-7 -'ids voul. b# roti tjXV by t~v-rilizationllprtci;itatict- afte-
co=Pltx..r distrui:e. Vc>-ovir. tht total -:tuzt of vitrifed waste wo-Od
bo incrtilet (aorz1al 1.'; sd a 1tivil sts of abcut SM ailion
would -61 iftevrrtd. it is iII ' at 11torratv ;r~ceszas could 4600t~~ce
to reduce these tdloWa volumos and costs.

Smar 4vantities of Sr-SO are contained in the 05SF. 7he pirtsence of low
concentratlins of czaplexant In the D:$F precludes further Sr-IO removal by
precipitation pr~cessts. Destruction of the dilute complexant in 05SF in
I Plant for Sr-10 removal would delay the grout program by about 5 years
while ;Yoctss etvicwnat was designed, fabriCated and installed and the initial
grout *aeE batcN was ;rocassed. The c;ltzint diatruction would racuire
aVroe1telY ficir years Vf 3 P's.* tr!itreticn ird incrtiss I Miant and 1iWN

7he cesium nickel forrocyanfide ;rtcipitation process used previously In
Hanford S~is could effecoively raoove ts-137 from tantked waste. Hlowvevr,
the ferrocyanida precipitate, if routed to WrP, could result in potential
explosion halards and "~tal phase production in the glass miller which would
not )* !4holltd.

7h* presence of pctassia in sc=& lRnf~rd b^S- prtcludets the use of the U~P
process of cesium tetraphtnyl baron peiition since the potassium would
be ca-prtcipltsad-vith the cesium. At least two orders of so rnitude mart
tetraphonyl boron (iL#., thousands of ton%) would be rtiquirtd lor treatment
of the Katvford wit as co~patd to the SRP waste, with the attendant
preblams in-Vobd i5 handling this bmn cvzpourd.

Ion exrhingi rt~ilns ai ZA cialy totecilli viabla process for rizovi.-. the
cs-iV~. Use of tWS process is already planned f:r the RCAW supernate, with
startup schedultd for IM 11 in ?lenit. The ;roce-s could be used on other
Srout feeds, t~ut there and~or~ ~ logistics .roblams. It. ion txchince
rezoval of Cj*717 wfri f~ty utililt fcr ill 9rct feeds, the voluae of len

tichait feed VcUld incrtz~a frm 1a1,ut stven cillHon gallons to N't-rox1~attly

~T ~1111PI, COPY
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ESIIMA7!D RADM0UCLIDES DISPOSED 70 GAOUT

Yc-SIff$ .Z

1-121 33 x 1

CS-137* 12 - 13

0.02 0.01

Total Activity" 33-- 21

*Th* Sr-IC and Cs-137 cur~ies are decayed to t end of CY 1115

**Total activity tak*rr as sk- of Sr.I0 plus Cl-137 Since, thtse tuo
Awclidos (and their dauqht'r products) donimatt the total iriveritory.

A-18
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is zillion~ galons. This iercreasIt voluzi re"rejhfl awaximattdly IS yi~rs
a~i;:~a 4*a~c ,.h: :nt :rtoa't ion !-a; s ;t:sa e or 10 yttrs

If the tanks that Are now availa )* for grout food are hold for ion #rchange
Procesing (uhich wanoi stArt befere 1992), th. grout pr-ogram would have
to shut do"n. Theta tinks then, would not be tmotiod and made available to
store waste currently being Senerated. A waste storage space shortfall would
result- New vast% storae tanks could act be provided in -time to support
Hanford programs. including removal of residual liquids from SSTs And
production operations.

Full ion ic'iarngo trtitment of' all grout foods would route xpproxicattly
12.3 IMCI Of Cj-137 to glass raL.%*r than grout. 7TMs would reduce the total
radiowc.1vity disposed to gS'out by about SIX,. Yowever, Cs-137 is not the
radion~uclide of priaar:' conctrn for the grout lcrig-te?2 ptrformance
Aslosi~ont, &1d the Cs.137 removal -would not s~iq-vcAi~tlY enhance the
safety of the grout dis;osal systiz.

The cost fo.r Cs-137 ret.oval fron INCAV supernate fn B Fisn" vill bet
appr~axtely S3/Cl (allcisted operati~ng cost;. 7h# tstl:Ated PC" costs
(ir- -e~a capihal ;lzs allocattl operatir.;) for Cs-137, Sr-90 remoal
from the rouaining grzu: ftes art is follcws:

DSSF/O$3 6-? ZS-30
cc -6 .4

OSSF/DSS 0.25 -0
cc 1-8 20-H-0

The a:c.'a :a:s wouald incrst it Ctasled a%,ziss of fic!iI311ty~
schsculos (4.g., PvflL, a ?)&nt. Fr.'JP) dettrzi-nad that unproductive sincby

-Aim# for A facility was unavoidable.

CONCLUSIO0N

As discuissed prvtouslyj dtlaying the grout processing of currently avaflable
feeds, I.e., DSSF/D$S, will severely impact Hanford site programs. Witwir,
pretreatment of tha CC In 9 Plant is not scheduled to begin until tY 2000.
Thus. time is available for flowsheat development and designfinstallatioi of
additional equipmera. as aecessary to rtmoveCS-131 from this CC. The razioval
and vitrificsotion of the Cs-117 from CC is txpectd to result in less than 10
additional carsisters for repository disposal, a iiimal impact. Figure I
shws that If the &p;roximattly 6 M0C Cs-117 contained Ift the CC Is aztve8,
the pacertago of ts-117 a&M total actijvity in the grout would drop to

'K~poximtel 3% nd -3_ es ctivvly. This additional pretreatment is now
being propoxf-.

It is concluided that with the aditivn of Cs-11. rt~oval frtz CC, the ;anned
grout feed prttrtataini rtprisents a qqg::d faith* effort to maximize isolation
of Klit fr.o Hanford site~ LMW

fl~T I ABLE COPY
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~~RADIONUCLDE MATERIAL BALANCE
HANFORD TANK WASTEm F A0011ONAL UCsi REMOVED FRlOM COUPL1EXA,4T CONCENTRATE

DECAYE DURNG STORACE MEVAINNG IN SST CRO'JT IN NEAR SURFACEtwo#a~m 00W A ~Wo wSa VAULTS
KOO 3FUNIND)

'r57% "sr .t3-23c "S - 02-4:c
07 0C3i 4-SX 13C2 . 3%

TRtUmII-tl~ TRU - -4%TOTAL ACTVITY -56Z TOTAL ACTIVITY TOTAL ACTIVITY -2-X

> ~WASTE GENERATEDp VI
1944 - 1996

ROUTED TO: 
a

28 i

10%AtN * Cu/Sr REMOVALIoo~cALL NCIJZSAND EU1C.PSUI.ATION
TO GEOLoCIC REPOSITORYVI

'EIRCENTACES BASED ON "Sr. tlCs S
CUrES DECAYED TO DEC. 1995. c lo*

PERCENTAGES DASED ON TRU 02-05%
ro.q MCI '~cs IN GROUT, TOA tt.A~tvt
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Mr.~~ A. !'I=*

U.S. Deparzin: of Eiervy
ICh)lan Operatloog O 4 1c
P. 0. Jo la.

Vt htave rtylewed YcUr.r 1a.e '?95if3 C_-FCe-r'q t-to
Cs. . # W0.1C9ir Erg I& dli c i e -.t IF4."f14 du- 4~-V6. u nk taasts. Yctii

lettif And s;Pzip rj a;r:c Assc-: AL.: Vm cujne1 k 'ELI:*
pente4 fzr sincial by trutiq 1.1 uar-v1ls vaults is sct. bilshtr)

WASCSW). Ing~a U.S 1k~cc~eir 1*jz#vhtrY Cr -sslc.- (I) ws'
is Ago. reaquiree.. Yc-.,r lctir re;vass I(AC 2cirt'nesC in *±I rtsiticn.

,As yeg Lk , Sur suj#lfs have =#% cA javeral oc:1s~omS ever V114 pas.4 ytar
13~ An' effort to etimine vhicht -. f e Esard tank viss art przerly

clailf Was Jay. go czPnSied. et~z t~i Appibla edftiti-co of LW,
fiwr p'jrpcuas Or classffl t.a gisferf Utan wastes, Is t~a: jet 1crV6 'on
10 V11 Part 0~, Apc:t1x F. 1;ecificuIly. )MVW Is defized as 'Vhuie
AgultUS VIstss re uig fr= th. cq.ratin of 4.1 firs: cycle sz.,vait

W*toe;:1,3G sys~an or ejvl a:, th t:.'ntratae wasta fr=
Ssaqcgv'tyet u-.rvc'.!cn cycles, or t-quivalen, in*& facilitr fer

r1Pr--C8'Ai~s r-adiatsd rtecr i.i.

7h* rulm MAkgn rtc.-rd for 4;~ Iz s~ecficallr it::uii:11 A zuzbtr tf
'1d4,*1 Acn-)W wastaM WE=s aus.ocfatad ~itth reprcassiz, plant

Operations. 7hoe, Inclue cliedd14 bills, Ica qd&Ange tWdi, sludges,
and XWsflhiAn.ous Itnj3 fantrat*4 turUS~ r-t~~rz631D#g *pIrWUSt. Wn

uWRVl814 hoeeur. art wastas resalting frur fwrLher proass-1ag of Mir
(a.ig. volt=e reuction) or rtieving saa.,udlACIive matU Uat we-.t

Ad4*4 U e lWJ for 14rvtda pzncassin *nd/or starlit Cost.*& ths
&ddition4 of 1,lka) n. uarial t* za ci1c )CULWh). At sim Til ley
ad the Savannah liver Plant* =~ bas 4iril LAt such wustes are Act
RMV. At Vtaaftr4 . .1A*jtstikl of vtswa, clasification (nd tIC lfcans"Ing

auttrir) is ectczzlicludty .Nealzngof wasts frei various
asce r )has. 4icyar hi ixn a~'s O~anqe5 t!e trig-.A& I

c.Urac%*r1stj.cs of 441M wastas WU his rtsululd,: in 2=4 Us&$. is &.t
Mixlfn 0" A~W an~d lcW-jevel Wita MOV. C.-naqueatyo it is ACV

scurts4aled Wa1Initic~ : 04;atdal 1.

A-21



1.1 earlier zietrgs C', c.r Stiffs. cria'14 wort 2q4viS.Ad -.-r
Oearzin;Aq W'4." auv vias ;-u d 1.j4 clasziff"0 as "Mncldan0.61 buwAs

?ivl-g? t~hn as xL7J, ane two~ cri:.rla ut tecmt*Iz4 in our l~ru*r of
x1Sv&4v1 29 MR1L M:~r OarI W lot-tar~ rm~rcs U.S. Depar~mat cat

Eri~~ys(~c~s) ;~ii~' .n 131ts crizaria. - picifically, your,
Ittlr pm;sts t -6. bulk o' the hi ayTdiarIds; (I.e.. szmV=~,
011102 and L zraraf) v~1d .4 sigat for :digual in a #12)egft

?ipdt~ry. so Oast only thint ta five ItruZ of ti origInAl
Jlltai:riot of tUase rstionmcifits vuj to dis.d by Orcuttig Ilk

avir-sur'ac* vl. ?c-.r Uttar also s£laes '.&At :. c~oacmntatlma of
radic-0101itin t!# fgr:uva vill be ccprab1e :* Class C W(Y as efinred

ky 10 CPFR Pa.-& 51 !.: casfuzz ctd :rjranswenfc3. d to Class A cr S for
4. ra11dser. Fluly you I,::v e~rous tL t ;acticability and
visteffao1,unass 4*! Additicut ra eeciffe rc-mv1. An led;:lcuRl

S#puitjon PfVCtISS bfYond thws*_4ri 1MjllYcaaT ed Vi foud4tV be
ffc.v fzr ramval of in ad ~~)sz Ica Cries of asfuz.
M' i; Iqkevd ?rthr ?aiva th tuu aca.1yity d1isoss4 fa1A Vot :v

aeiltz uy to ti, t.hrii, poiazt 'ef -teafn J a r mo . t.a GriffAS 11
as~~~tjnfi ^ ,~~a .s n pr~siat to patram i~4 t~c a

®rinuk ratl fii ia MeIso mtioai of KLVI. The XAC if resthat b~ ~'li y DGE 'or classlfIcatica of ada Smut fttd is LW
or# APPMrlstt. Tharsfort, the 1rut iectllt7:tcr the dispesal of the

£etubit-zSiell tank W454.2 VC0l4 notb i 4zb.ez twotjr licasulml ivttoriTY.

Ytvr ittter 1iltial t~t Lhe raengVzid, 1nvit:ry is in estimu.
bai.! ~ us~n c:;gtsr geils, rather t~lan kctual analyses of tank

WAS4.s. il A-1. VAC1inty in vto mulil rad!:aVc~ide iflvtyin7r we
treIP'SO Your pla,-s %3 3ampin and acal~u the j"INZ fotds before disposal
in &J" Otfop"t; %2~ , tsi fir.0 =cGlitien of t~te ~rt fttd. llrfn I

jte.Curse of =r;,c6 I4q this riira! 4o fin ta I
Rsfky AcuU CI e.Ant$ it% rrnat ficility art

,Sgn9Tz islr t~s~9g nw asiraa, ou. Should obtifi vi *so that,
Plasiifclillen of t~e Wasts can be rcinsiiid." "tThe XXC rsq ests

tv 4t480E ;eriodically iubait 3lW~rie ' t'x. iftlytlu;l mCults of all
t~he samr~es t* tAC ad czler amucd r-tlits in a timly ramnr.

Our pos:tton ca L~t decubl-s11l Lnk kruc s.1,40d act be intarprotsd ta
ri *t d*-is-Nn za eiszcsal of sinqla-0-0e1 Uznk waste or to eStblish

aprocaudvit .1 a~y gvg ivataxt. "t In" md 0~ fafe' judv*~ on V~e
c assification at~niz~i t-ank vastm atil after OCE his =04td

t=nO. vi t issuie ftr toillc oaz*n: befirv a dicislnift i m
~ft~L'~S~asl rr. vr.3-e*3l tank w&S-.
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DEPARTMENT OF ECOLOG V
Aid' u'1 *QO a. &'1P UJC.CIT * (.'UO? m3Hw

The Nonorable 94AAeth HI. Carr'
Chahirua
U.S. Nuclear legulatory Comission
Vashifigto D.C. 20555

Dear Chairant Carr:

The purpose of this lettir Is to notify you that the state of Washington
intends to petition ~th q. i uclear Reuatr Coulssion (USNRC) on a atter

of iss isrtace.Specifically, this petition for rulemaking (under
subpart H ef 10 CFA Part 2) will address the USNAC's Approach to the
classification of high-level And *Incidontal* wastes. Through it, we intend
to stress the need for a credible definition of lincidentaP' waste, one which
is based on a thorough and sound technical evaluation, and which is subjected
to indepenent peer review and close public scrutiny.

This action is being prompttd by a nuaftr of discussions And correspondence
between our respective staff. Miost recently, an August 4. 1989. Vashington
Despartuent of Ico)ogy staff Det with USNAC staff to review a March 6, 1189
U.S. Department of Inergy (USDOE) proposal ncernlng the classification of
hi gh-level wastes as it relates to USDOE's Hanford double-shell tanks.
Fol lowing this Peeting, Terry Hussizan of my itaff suc~.rized our major
concluions, co~wnts, and conceras in an August IS. 1539 letter to Robert MI.
shroero (USNftC). 0

Mr. Rernero's response wis contained within letters dated Septeaber 25. 1599
to Mr. Hussesan and to Mr. A.). Rizis of the USDOE. In sisry, Mr Bernero
declined any USNIC oversight'role &% Hanford, and changed the classification
of siso Hanford doublo-shull -wastes from high-level to low-level waste
(letters enclosed). Our'.request that the USNRC define its actions through
'Publication within the fidt'al register, and through Appropriate opportunity
for public covrnert was also denied. It is our feeling that the LISNRC, as the
agency responsible for the licensing of hiShlevel radioactive waste disposal.
Should MCOniei' this aCitn . poahtthmngentfittnL

i want to e1phazsize that USDOE's hnctd praht temngmnto t'
vistas (Marth 4, 1949) is 9merally coflsistent with the ter-ms of the Kinforg
Luerdal Fa~tv Aorvment itnd' Cpnsnt Ordgr. As such, moving &head with the
greut disposal pro~ra is eissntial to Hanford cltanup, and care should be
taken In order thil this program not bt delayed by legal challenges or becaust
ofq a lack of public participation.
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Noe 6*11eve that Wy~es rotating to: the elagsslfiatton and mASAS2emet of those
Wailise the appropriate level of USJRC 1Uvolvmmeht, and Associated public
participation, art too 1"Gorunt to & im;1lmataE by letter from e~mission
staff.

I have CONSIepently asked sy staff to prepare appropriate petition
docurntatien. and hope to subat It to you Mo later than January 3, 1390.

If you have questions or conents regarding this issue, please contact ae or
Mr. Tarry KulSmman, at (209) 4SO-5158 And 459-4029 respectively.

Sincerely,

Ckristi 0. regoire.

Dirictor

'Enclosures

cc,- Sammal J. thilk
can Silver
Mike Lawrence
Robit Russell
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NU~CLEAR ,AiGULATCNY COMM'S#SI

office of waste planagament
Enviromnts Restoration
aFd WaSt KIA99Aget

U.S. Department of IEftrzy
Wasisgta, D.C. 2011

Dear As. Lytle:

Members of the Nular Aquinto" C~mision staff appreciated the opportunity
to wiet with the Department of Energy (001) staff, DOE cantrictars, and other
parties on Juldy 16, 1112, to review new waste characterization data and

,current DOE plans for canalecmnt of radioactive tanx waste at Naniford. The
pur'pose of this letter is to provide DOE with the staff's assessment of that
infotastion as It relates to DOE's program to clssify, pracess, and dispose
*- laford tank wastes. We are also taking this opportunity to respond to the
related Kovesbr 4,.lift, Iletter from teo P. Duffy to Chairman Ivan M*1in.

During the setting, DOE presented revised task vast# inventory estimates,
based on current claricterizatlen data. The Information indicated that the
doubli-shell tank activity that would be grouted in mear-surfsce vaults is
vithin earlier range estioates. The MRC staff is concerned. however, that
Cs-11? quiatities are now star the upper end of the range, rather than at the
lower end, as previously believed, especially givtn' that DOE indicated that
uncrtainties associated with the activity estimatis resain becaus& of the
limited saaplial and analysis that has beeni conducted to date. Contsequently,
we mncura~t DOE to eaaine available mechanisma for achieving greater
radionucli de separatiton.

In presenting its current plans for waste manageuent, DOE outlined it4
intention to co4lett. by march .93, a broad reevaluation of various
treatment options for both single and double-sholl tanks. These options
include a new facility to be used to separate radionhuclides for repository
disposal of high-level radioactive wasto (IILY).

.As you recall, RIC indicated to DOE, in 1313, its agreemnt that the criteria
DOE used for Classification if grout feod as low-level waste were appropriato,
am, coslity tthat tht grout facility for disposal of double-shell tank~

E:~ AVILABLE COPY



Rs. Jill Lytle 2

waste womlE mt In subject to our licensing1 authority (A. Neraen, NAC letter
tU A. Maie, C01, Seoenber 25, 318). This A8rineat was pre3dicated on our
undorstmngm that DOE would segrelate the largest practical aamt of the
total its activity attribuatable to *first-cyl solvent extraction, or
oquiv&)sat* for Visosa as KLV. leaving behind only a small fraczion of
mh'destoly ratioactivs saterill.

The Comisle his recently tagpleted Its review of a rulemaking petition from
the States of tVaskifullow n Oregon *A the subject of the #oubl-shell tank
wastes an~d has indicated, in the encelose4*0etition denial,* that It would
regard tihe residual friction is sincidoAtil' waste, based on the Camisuion's
understanding that WE1 will assura that the vast*: 11) has been processed (or
will1 be further processed) ts remve key radiwwclids Ita tho aximum extent
that Is technically a"d memicAlly Practical; (2) will be imcorporsad in a
solid physical form at a comantration that does not excee the appi icabi a
conlcen~tration linits for Class c 1ev,-level waste as sat i~t in )a CFx Par-. 61;
and (3) Vill he sanated, pursuant to the Atomic Energy Ac:. so that safety
requiremnts couarable to the performance objectives set out in
10 CPA Part $1 are satisfied.

It Is thertfort essential, in the light of this position, that 001s prisont
reevaluation of tank waste reuedistion options. Wn subsequent'periodic
evaluations as say be gznducted, include the application of these principles.
We rscoguie that there may be significant economic, prograutic, and safety
factors Affecting the resediation, Pogram but the consideration of such
!&CtOrS At they may relate to the possible Jurisdiction of xAC should be made
clear.

If. during yout pirfodic evaluations, it becms apparent to you that gay
wASts MaY be subject to UKC licensing. it will be necessary for you to
caemmlcate that concern to NRC. It will then be necessary to determine what
form of pre-licensing interactions, analogous to reposimory site
characterization, would be needed 's Weine the appropriate disposition of
Umes vtsta;. We expect that DOE ;ill docament the results of the andlyss
Supportinig its conclusions and that this documentation will be adequate for an
SAU review, should that be appropria.i.' e believe it would be prudent for
any such documentation to be developed with good record-katping and under an
adequate quality assurance prvcess.

I 'trust that this letter and the enclosed petition denial provide the
information requested in Lio P. Duffy's Noveer 4, 1932. letter to Chairman
Ivan Salta, regarding WRC's inte~ded response tU the rulemaking Petition by
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Ms. Jill Lytle

the States of Washinton &#4 Oregon. if you have any further ouestions,
plosse fall free- to cintaic: as, At 301-S04-3312, or 53J. Youngblood, Di retor
of USe Division of IHilN~vve) Wasu kNamient, at 341-144-34.

Sincerely.

Robert N. gerstro. Dirtictor
Office of Kucloar fiattrial Safaty

and Safelvards

volition Denial

cc. . Tse". DOE-VI48
J. Attisho. tOE
L.. Iarratt, DOE-RW-1
P. arfom. Oq[-D-j
0. Duvian, EPA
R. Stableyi Vsins toft State
J1. Francs, Oregoni Hsu
At. Jim, YINK
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health a.d saty.- 311 Fit 17334. Of aslymaodely edisuitlv asmnal, the . lose submission. the NRC staff
November 14. 1170. As we read the 60 #aisalaed is 30 CY Soeppend La Z;;cluded that DOE's proposed
AZCas Intent. the Mrernce to "a high F "lcopn~ nte=pomaan ol onv b agsdelrue of econtamination capability" 3ear~isl Actwgghis e msn would bosrepatcl muto th ie largest,
ts s ust os Io da ot ofdscoio. sl amoriitily s e subjec~t Ia IC attrbutableto HLW. for disposal in aIt crtanlydo" ot uleout ionuls dee goloo; rpository. This findingconsidsieflon of economnic faclon as Inrsose__ osiee h wee baed on: (t) Peast and planned

welas mpoaeota ng twieA ' practiceaocnsdr~lity of Various Woot@ processing treatment of the lank wasts. 12)Contmpoaneus acl A t Al Or alteroativesi and prsetd the mull of radionuclide centration end malaialIfasce I mpts at, for exampe in ~spuee U~ balam and 131 cost-effectivenss of
osoattlliw releetes of radloectios study by letitrdatlo Wm G.iOe additions) radionuaclide removal1. Thea.
onalories Frm licensed Ucltb to the IIb# musu were also prsented at a conclusions reflected DOEs

baetli "t thniclilly and inn Oman$ Interested Pati". unde..k~ns both to achieves high
economkcally practical.- AtC Masnal inluhding t pet~tioner,, hold on degree of separtan and to provide
Chapter 0511, When the AIM spoke of August 4. R2gM, (Idinutes of the meeting prtcinopulchahad aty
a -hgh dfsyue of decontainations ane available ror publ-'o Inspection in the Astcto or publl. ts alff aoncldd shaetye
capability, we believe tha It was guided NI Puli Doumn Rom DOE'rsdslwse ol tb
Ly similar Considerations, Moreover, haola- ipoalpon oud oe xece reidal ad would u not be
from a policy stand point. this Inis reovered all but about n2-1 million ht-o4 at n ol hsntb
good Sats foao long as theme is Moses of aaum147, together with air njec to NRC licensing outhority. The
adequate pmotection of public neaslt and lesser activities at avtum.u90, staff thtereupon advised MIE that SAC

Siloy, I woud no be udet to tni a'ilca, and other radionuchide agrood that the criteria used by DOE forsoel.OtEoud o btu pnrudent toe p ..- lclo classification of the grout feod areexpend potentially vast sums without a DS stuldo inicte aprhrit prctcadt thotefutfcl
comnuat aettion of benefit to removing an additional 6 filo uisaordiapo ando tht douelt cltay

helth BA the environment."twolntbesjcto RAchieving a "high degree of 'Lasurbw buia it. s. li. 1ft.wulUwbVsbec o R
deconteminaaion capability" implis. *(wae Wallat~.o i.. et ~ om =agns authority.__
then, that the facility should soerate for C"e. 604 Ie1otqi. #%7W It Reset X Co~naa "M~ inhgUMae abl etasau4sa wo G~e"e .5
dispooal as Much of the radioacivity @a Dllw.Wallsa mo Uveiem ostiie. la ftalmdvuuu66 w saicw r64Wdl&aoft Lb
possible, using processes that are *POW"" Mae. UO 4ob St.11054.lh* -w, -- fst -ft" ts IN&t0 am aefwst
techinically and eonomically practical. J$N he.~ CI ~ itt A O C i.u4. wat, .otwad is

- Fe Wihll' vo toaw S ia * eles at 5.W ww 11taf""i 0 CM F ~ l ,ba V IkIn addition, however. 40the AEC'se h60llewetesg'JwaM. W4 as ettwbe assnnilaof 0admdawtii -w'ldhm be rni1144MatMe IniCAtes, the MeidUal villood, s a pousi manw. by -etdms tWans" thes lho 0ineee -We. to MW ca Aw W .'..v
radilecilve contamination should be W"h It abwtus swpsruaaosl level. wt.
suflicIaly low as not to endanger aj,) 1P60 A. J. Waime. AWOMMui I ame w Lw *&. st mah M. aweft~. aemw. OtwOPwseae Ae~on Opeuemsl 01... IDOL is o N N 1441 Nuslee hhua anad sailstuds, Nt~U Wpubltc health end ety. ram X. Ileere Diweom" a"6 Nucatmg #_. s. A shiamm be.ag to Opw~ugaiThosse ptinceaptee-high 1 5

eaetel* as 61m 6hed~ ' w~: No" l 0% s- b.A C)=0& 00m. VOL Sopmulow aS.4scntineiasn capability and lt. 101 ll e bI Lld up&* to W. aa'ie
protection of bealh anid "alety-or the =9 60"d to 'Mt "w"h. left twit boa uC si 7*ttm ajlslnut
esenrtial benchmnarks that have RUM5 4# Saiwis bl heed to issue~d swulalige 5set fay radissude .ewthl ins $fowl

Influenced the development of NRC's 0'* ' to 10 ollile e.#4 *Vsv uk hjiti 7 allil WW M068tr.4sr"~ l? llb. WIse OPiN
positioa va e DOE on the quetioln M tit ,1 i t-)miAeeb "~dAd DUE Mhe ~
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At a meeUt in Lclmd. Washington b"a prioraA bvn b, ria imitod prscuceaffectofthe,
*a lullP 35. mSl, D01111 salPresented pout process is kept wti/ 44so.. is .itiow-l a.. miWar$d to %be ManfOrd
WQ.Y 4-iad doubtashall tank wasiC Fttmiis Thty '.sej) -to Iscu.icif ' ia- it, *.&Ak- is Meason enoulb to Proceed by
Precosiq Option$ and, based all ecfi auil that schievement Of tiise wity 0; #djudWAUStu tastead Of
anilyses ummJtitid 4%,ilabl# tomparaturt coattail rmens toy lulaiin$. The ComAaission is
LAWfost Ot the ChaftStttCS Of unusual onlitsiernrig challenge. In anm persusded hutiter be need to avoid
Wat within the tanks DOtE Current eveont, ifeneauc as tb4 ComatiMs.6b fl-eik premiumw eadsioe wtt
eStiUnWe Of the tOtAl *Mnt~ at doo not cons ier the stout prathrce n is saret to the, wait## storted at Man ford
radioactivity propOS46 for disposal A ccordance with VEts plans to be tulb- a4 5i-1h Ittns that sm, not t.
gsout its nasr-ourhce vaults is within levsl waste, it does not have Lb. subject of pendig treatment plans- it
earlier tanse eatimalt but is mtow authonty it ""y bail this aversighit the Comissaioni were to ststeblib stile
believed to be nearot th~e uppjer ant of NAjo. to Apply to the Westes saiwo in
Ut. sang., OM also clarifie Itso th**attl. out tnqviry would vAI to
intention toapply criteria comtpatible to 8- PVOCedwS* ISSUtt be greatly broliaenad: and It might
the Perform~ance Obooiaiseet out in i 1. Whether Aulamaburi. !sNceW become necessary to considar a wide
L" part 01, Among *thatrist, Lbs and Desirable nttWWI ofshiIMusdo that might at mih
lperlwrmartz objectives Include not etver cams to poes in the future.

nm ria adiaexnfposurle limits for te Petitioners ure that the;
Prolet ior of " isgnte ppu louon Commission Initiate rNlemWSkf 2. Whatharr the Comrsslon Is
from Mlaselsfrdsc~t n Groaduroa that would result in te Adequately Wafrmed
requ~ires a design to achieve lon~g-term eetablisbroont of suhstadtve cra for Pstltioners sugges that their propoe

oD tedepaise determinn whether particulat tO~'W5 h nld
Dollnnd to complete.4 reaidctiVe vistas #eliit are ot are Doi tank-by tank assessment.. innesar~y

assessmnII& of the tank twaste high-level wails. Genierally, a decision to eonsure confidence In the treatment
preassing oplions by March 1#3. r..:. whether to proceed by rmismahfl (as process employed by DOE and to build

vuasasmen. h* NRC staff requesed) at to mael determination$ In c..tfidenee thAlth Ltlreatmlent standard
uniferstands. will include. aIndividusl. ad hoe ltgation lies within is being met.
mexamination of the practicality of the Informed discretion of tLe cognizant The ssuUC to be decided by the
*tsivist hiior degreof 61'parsti n. admiflistti~vii spi.~ lusakn Is :amisifo isea much narrtower one: It
perticulserly with respect 1o thao lanl Motsrpit wherean. sency seek Is merely to determine whether thethat contain subotauitial quantities of key 'arbshaen,) activities being undertaken by the

Asnttng~df 'hlmnetnO DE. popceeai.b pley" Dopanmont of Energy fall within the
pAnssni dewbed taio a(O' pm ie satiet of feactua boeh. appl erd in a NW# statutory Jurnadicuon. As in thoples s dscrbedabve.thtwie V~Issu f o an ency nxs.. .bst came of other pesons who"e activitiesCommission conclude: that any theIo Was lan tol ey inevoles ths m fall within owt s'sulatery sphere.

todioaclive, material from the doubt, aplcto of lo to avery cii the Comnmission may from lie to time
shell tanks that Is deposited InteSu htsituation it no 'epcal ht demand information tso as to be able to
facility would not be highthevt repreeentalive 0f determlie whether or niot to iniutiat anjoaclisewaste hsh~levelother matters that may need to beaco.Th Cstfhs
licensing Jrisdicin, . thes acted. the this~r. manner In its. Inquiries to

mipnsiiliy or oley mnainjthee mreefficient and more to the Point to DO It ba obtained end evaluatedwaestellstth sei managint o deci do byea process of adjudication li*. Information that is relevant and mataialI
Enrgy. The baltis for the Commlssion's on a case-by-case basis). to a determination whetheir at not the
coclsion is that tha reprocessixig Applying thew. princdples to the proposed activities of the 001 ame

-#its disposed of in the grout facility peition at band. the Commission has subject to NRC licensing )wiadictin.
would be "incidniaar wastes because I tit dit.,,liy in conclird.ril that All the Information obtained an4
of DOE's assurances that they: (1) Have rulemAking iSMOMltSrnecASS1aryllOt evaluaWe has been trid* available
been ptocessed for will be furtt desirable, Repracessing wastes are contemporaneousty to the public.
processed) to remove key radionuclides iocated at Only four principol locstiona arover. s#e4 practical matter, NRC
to the maximnum extent that is in the United State#. The Commission recognizd the wicettalt.iee assodstod
technically and economically practical. has previovsly determined diat the with the projected radionuclide
(2) will be incorporated In a aolid residual cointsminaion" Afticillezed hrn inventories in the tank wastes and
physical lorm at e concentratilon that proposed operations at Savannash Rivet endorsed DOE piens (fo aimpling and
dces not exceed the applicab'. should be characterized as Incidental anslysing the gpout foods before
concentration limits for Clots C low. waste and flat high-level vast$ life; 52 dispoe~I. The objectve of these efforts, is
level "taste 6s set out in 10 C'R pan $I. FR 3563. Feb. 27, 1237, cited above. at to control the float composition of the
avid (1) a to bei menaled, pursuant to fotnte 1.4 Watte. generated at the pouti wait*&. If DOE finds that It can no
the Atomic Energy Act, to that safety Wdho atemical P~rocessing Plant ane longer aessure that these wastes will be
requirement. comparable to Lbs mnaedly different from those at managed In accordence wit the driteris
porformance objecive. set out In 10 Hanford, cAd Savannah. Therefore. it previously discussed, DOE should
CPR part o) are sealifled, quostions about classification of the notify NRC.

'Tht peihioners elso requested that tha Idaho wastes should arise. precadents 111 a standard of lUargst tecbnically
Commission exercise oversight to assure established at Savannah River and achievable amount' # * will be
that the pouit meats temperature Hanford might be difficult to apply. Any isolated** were to be applied, then the
requirement. for low-level wite foms, wastes at the Western New York facts submitted by DOE might not be
They acknowledge that DOE's vaul Nuclear Service Center will require sutfflcment to coniclude that NRC lacked
design is protective of human hoalth treatment in actardance with the jurisdiction. However, the proper
and then environment ifhatt produced APOlCablo provisions of the West Valley standard includos considerations of
Ity residual tsdianirvily. logether wj',h D4,1noni41amon Pinted ALI scononticet proctiraliy as wvell As
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iidicssd In a.at oats Wa of Wse *edifty ake an expres mentjan of Th Cmseonah be. Puevaeosy
docIA". "t Commissi'on bas obtaied blo-hole West*? It is aim necessay jay addMM4 60 ath o and boavats Of

j*E4 jjji jie ht is suffcia,4t for b th e 6 Cuesission to address tbn'.m WSIOW eyse o*ftitve

PF50. questions si length in aider to disposea s memw"ludm has ilsole ior We
3 FtuW Wdatasn tPulli patitio.1kSs Is WIUNd Is the Olsest @1

Th poma coatonhplaie that ifa IV. Public Commis tbo eition 'uhwalw an dipal of f 0)a
role"M t a t acordace Te W mcoired atin Irm 22 CIA C wwto 15 i) 17790. may if.

wih t r vla Mamntsore Two loionr woes baom 361 F urlter coadettie of thoe.
heM444 fbw specdli wastes laste r.,soed. w oeDai sPW boS7ad the see of WeI

woud a haoleriaw ud heW b -e*A Publi interst puoape amo wasboa ~PedO Mosemaa oKUe.
toi~iu~ml adiiiia veceds. nacw Industry capontLs d ern NClz iaAuMy

r i s ways, bum private iadividuala. Meal
cooloviod y po ensrs o 0Massw wn opoe el1W pwot. SSu comumont ss d eD0 n the

hO~il Ofi~ii OL%*Ladslicnosin wutastes Dof W ed that
!POC11104a of 604 111*the Atorm A POwese &Ad SWeANIS5 ropi . A M0Js i i nmor8 Untwss. Msl

lfoyAct " mndd 41 U.&C 22)9. Miia the vulemakin. eu led Ihouh.eian
Ajdctions to Weu type of proc~eding Seveial comments ezprossod concern w"ud Snvolh' R1ii regulationi of

an In "am casUM to be awndeteted in tu SMM ilti poto wol a*a DWte poodispoos waste Uovslment and
amIsfbift~a~ with 2.s homelg of ps~it WAhJO which would be

a~dnwWt II eaigP~~~ Adverse efect all the direy isosalofOLVl.
Thiepar L of s o1te CY W' 2ta atHifr.7I g IMMOISIst with NRC outhonty to

appropriate with let~ocunte it cen.... mca~umany of the Hanford 11mmas Specifc 009 Wai~ties under the
ilit, an tibioi 1. NX... ia' y d WO4t tanke~s eelUN as niesnA: sirYI@5IAtO ~ 1
lisisg Awthority. Hoevert. to NAC osceeding teydospHis.. The Aftotheral 0iU*t st an sition

I outtsemlyWnin s ? on" of the tuleakling Propoed JimSLcessta
cc -t that is piroposd-so0 46ISA0i~i In e 60 rtion wage viwtd as limiing wj= sttuor ft~aiuo d

wl~hho NAC bag jiitdictiaii int ste fnsl DM's 11eaibiity ini salactins the most ladhesiwas.en
pies". To do so would ontoal the ofia hrat , wset~etnn uher response. It may 60 emphasised.

and disposal. The petitioner's vust; hwvr Vn fteCmiso
taonduit of &A edaudicatory prce' that 'eUn available isechloSy" wond foun to haeJrsdcin
In order -IM~A whether b n VI in removing HLW material heom the disosa fa ii.I would "netraalic
behlud. Momr lima~por ceimuttantlte t We was eses as ignorifts cant either the mak th1 lVe of the

Ca mmson oses thfantly t. ofitig a dispoal, e0"o10re to workat. and haliiebeig used toPrces the

Cmm ialios sIer th atua Uteia a imacs woo in thse too.s; sd %hr is
infuormation needed fora decsiont and Smae comments disputed the rosso i can~ tha I"PlementsLion

that nm uialved material tact.ual pationars claim that the rulemaking of the peltivoisrs ptoposal "Wahl draw
441194 rsmu~ln l 'htWould esquireft tr raoad in the petition would offer a h oaelaip.ei m
proceedings.0 Clef 5 Pla e classification Slid regulation ofma tee.htilea.

Conideatinsdisposal *f(te Hated talt wastes. A msaemnter smscludail that 00t
4. Other Thniestoslwea. mmentere did not soe Osay woo cmstly int Violation of to CFR

While both MXC and IDO hewe odwentage In the proposed V.roseesIever 30 equirements for a license
Iac'dsad their attention upon the the Process 1ar classiAkalon and LMuse various near-suufao waste
amain# of the statutory tomu -big%. disposal cueaty in se. One comment disp l clies at PHinford an, being
level wvAe" and Its application to "h Fuoo tha th oms~nsod for -long-term sterg'o ih
materials 10 $t10mg. as Hanford. ether eu I AkWn srIMg disposel of levl radimuzve, waste.T IJsse is not
onadonatione mighit Come into J ay in C.44101.wn..as Cwaste insv g eooc pertlaent to te subabe metter n'I %be

detnnnlo wetioras otDI epository or Cotamission-apr= posttfn. However. in any case. the
actiiies ame subieW to licensirig. In alternative I." FR 37710 MeY IC. 1"9) commnt doam ro Ws atet
partIcular, it should be mualled that might fOme DOE to allocitte tss~tuu to emasderstlon the judicial lawepoisaion
NRC asseciss ficering authority under handle the hazads. ralhar than to waste of "s term in Nvt'ul 4iesourcMs
seaimn 20214) only aslto "facilaiaa further time ftloasly sanhin at Dofins Concil, lac, v. US. Nuclear

authorized for the expres purpose of ways to remove mane and moe adiivily Rliy Cmss.6041 T.2d 1261
subequent long term steralle of IDOE. frem one pen of the waste. The action M. CI.171 The D.C. Circuit Court
#tnertod high-is") waste.' Thei propoe byhe p etitioners wasn viewed :f Ipas rualed In this wase a asupport
consent of Individual waste tanks Is by 4e XVot lnait the msafty of disposal ofNCS posltou vuet the wik& have
no mea aps~eof the quit, !on of the wasts. not been sulhorjs-,d for use as longterm
whether the teclltios tot atorage of the Tits Comssiaaon ballovees that slawg of dieposel and ane. thernlors,
treated waste am etibjec to liGOnsiNS. A adhororms to the standard of technical no subim to NRC licensing.
number of other factorse y be relevant sai economic proaulcalt generally
and mataria I as -w*ll: 4)) What ams the reflects epeooma with ONee comments. A Public Input
limits, aophically said functionally., L Cretio of ik-o A number of toutttet stressed %he
of 'fidlite" (2) beve these facilities rasfwitnl)VMImportance of adequate public Input
"ita -Outhorizod- Irid by whom is C~sisae~ ytmInto decision making egarding disposal
ovch authorizaion rqiuirad); and 13) 54ariii A.CMMIAt. while ncting that of the HAnfod itnk wastes. somea vAlled

-. 5v iltoza cT"11W*2 k..tn ~ IM~ N I.M~ il- ptpotd by Utid petition (01' Plahbi h~arines an U\,'- subjed to be
"'f-~~ ~ X; '4a ."zf U at wfould riel j 4t . f'otPp aation of S held In thfe Pactic N-c.wst. Orto

- ~ ~ a MMMIIA14 hoto that ..... Z- which,. ~,-.
Ta -1_. 4,0'4fl3 561;jttzl- l; & dreir4nodpv~o %
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OPPelIUAlly 101! pabic COMrnMer.1 tho . Lthor a.iss &ov .. dinaset oiqo, -,dah iniijstrafl (FAA). Tranirport
A.tiethat caminoyktr believed that the of imnplementatiton. 08e smps.-U if ui. A.rp! in, Direclorste, A?.1m4-103
GommiAwton's ruleffliknt procadures provislons would vvy bor ali* to soi Alitliort: Rules DO"ke NO. B-1
did t W 0141 km publif a bettat AA indiar ad above, the Ccfrtia.r Is OS-AZ. 1601 Lid Avevue. SW..
opportunity for input thant does the ssr.s'tivo to t.311 considomugmo yet Renton, Waihingo N SOSS-40st.
caneni lacensig preoedwa. rt~swe that %ho opodg. Cama at band Cotr- onto may ha Losp-coed at this

As Indicated &01 the Discurssion sbovo silly aegis to bm scd&,eaaid Wf .bias loca.ti~aon between 9 a-ut. ad 3 P.M.,
the NRCO reiew of1 ailusuaft wilu Sam# co411'al& u,2 d the Monday thmo Fniday. eacapt Fedeali
respect to the doubla'.Wallad tanks has CAmmlm&ijV 21ot $o Zhange tbe premant hzLdays.
been a ned out publicly bon the stemt difeu~t of ILW The aontissiou Is The service Information referenced an
140111118 inkh DOC bowe been op". utss tct :.Nas.-I lba prmovi .. ettWtko. the proposed ?Ule may be Obtainted born
oftlest ott of the peUee (the Stat.t 1 Basin# Commord I Aurplasoe Croup.
of Washington) bas been provided 7LCuis?0. Box 3707. Miltler. Washington

60640c neMce and an mppontunity to For thetoL no Frse 1A This ff124-120?. This InifamsLion May be
autead. ocumenta e a been, placed in documisi. ihe po..Uon lot iulamakmngis s tamintidish FAA. Trnsport
tho Public Documeont Romand have dllsvC t Airplane Directorsts. 1601 Lind
been Made AVeilabl* for public Nied at lackvia. Maryland Ud. 20t dsy Avenue. 5W.. Rariton, WesbiAL on.

irlpei*L Ii appears ts tLeo ef Tsa'y. I "I. FOA PJATAm eV#o0UAr4No C4fACTr:
C Immioan that the asence of the Fme the NutMOON "Waltery Catinloa@. Siopben Dray, Aerospace Engier

isaut concerns the appropriate staridard Saa,,W 1. CUXi. Seattle Aircyaft cernJcat~ioniskw.
for Oevating Whether certain wastes soevtaio/llAs Cwiwwti4, Propulsion Drench. AN).-IeOS. FAA,
should be regaidaid as, hiigh-loviaI waste I VM 6344 tled 3-"-4: 8:43 min Trenoporl Airplcne rol-Motot. 1601
01 not. SUMfCient 1609ual iflrM111%Iot, 1*Lnd Avenue, SW.. Ranton. Waahingion
availsble to carm out iteae eveluelions. __________68 -4056: telephone 11-. ;) 27-211.:
Als. the poth~en few roakntg his t ax (206) 22 7-1 is1.
affor"e an, oppotunmity 1* views to be DEPARTMENT OF TRANSPORTATION ~pg~~~~vMDRA~
expreseed wio teepec to the UF IWAV00PMnk
opproptiotoness ef the, standard. Fedetral Aviation Admirilat'eiion i.;omnenau Jnvied

A sloitiat thst NXC Wak ficen sIng F a12lneutdprosa Ivedo
1urisdicsiont does not mean thaet 14CP #,,30Inerste pen s h n m invitof to

OepMo ~tWl let Public Input will bepatcaeInhem n&ote
denied. As DOE unidertakes its wait* Moh No 3-H4- proposed rule by submitting such

pooeetactivities, it will afford Airwor Nneaa Directives; Bseins theyon.y dt.ews. War, zeinmall
oppmrtunities lot public peWiciautien to Mottel 73? Sete# Airpienoe themy t ulm oceti ne ahoid
-he indent requited by its awn snabln IdniyLo ue okgnmo n
6141:1es. regulations. and orders. AO~a": Federal Aviation be submitted in ut plicata to the address

~. c~, ~AdmInIsition. D=T. specified *bow*. All communications
Aciame: Nodie at proposed rulemaking received an or bere the closing date

01 OnecMMenle teok eanep IQou t41 the (JfPRM). for comments. saeified above. will be
petitioras claim that the radioactive considered bforet aitiig action ort the
inventory of the Hanford lank wastes &WHAN: Thia document propoWs the proposed rule. The proposals zonta4
was 01inadquai sly known. The suporsedure or ani editingl aiworthiness in this notice may be chaenged In light
commenatr believed that the contents of dlirective (ADJ. eppliksble to cean t*1 of t comments received.
the. tanks can Ite bounded well enough Boeing Model 737 series airplanes. iba Comments grm spoclically Invited on
to judge the relative "(t oeious currently requires repotlLvo inspectiors #Ae overall regulatory. econowic.

dip~lOto s ft Of th Win$ m1int Uank (1oat SWatc snv~roamerttal, and energy aspects of
hismCommpsion considers the elecuical conduits for tinpped water, th pmo~ rule. All comments

available Inloortio to be suafficiently a1dremoval of " wate:. if founid. This submitted will be avallable. botla befone
bounded to ensb*e it to conclude that eCtiOR Would reaUlre InStalaISn Of sand after the closing do.. for Comments.
DOE's proposed operations (with Pea&$ lIt the Wn. .or of the lost sitch it, this Rules Dodet for eusmlnation by
respect to ihs masterial stoand in the conduits. which would terminaite the Intersted persons. A report

4doublevahell tanks)I can result in the requairement far repetitiv Inspeiaons of summari each FAA-public contact
rvmovsl Irou the Hanfard double-sael the conduits. This action would als concerned with the substance of thus
tanks of at much of the red naictive expand the applicability of the rule. prpoa will be filed in the Rules

'Weoole as may be techniically end This proposal is prompted by the 'lt
eo-nomhically P111tiCAL. And that the development of at modification that Cortmenters wishing the FAA to
epplicable regulatory Objectives have Would preclude the possibility for water acknoawledte recall. of their comments
been stiiri Onto these ludgment am to accumilate In the conduits. The submitted In rosponse to t colica
madet. It is not the IlRCs roe to Jaudge actions specified by the Kipoad AD mus suabmit a melf-addrused. stamnped
the, relative safoty of various dispoaI ane Intended to prevent I leakage postcard on which the following
options. end we decline to do so. from the wiin& Main Lak& Which Could statement Io made: "Commenu to

on* coMment stated that while the propagate down the wing lead ing edge Docket Number 93-NM-as-A.D,' The
petition was aimed solely at the Hanrk'd cavity, on ttj the nsapctlvo en tall pscr wii be date stamped and
tank wastes. its pro'rlsiona could the nue anetenl ieg=t returned to the commienter.

potntiilyaffctall radioactive wastes hwig
hvtn proasing. Including those at OATU: Comments mult be rufaived by Availabilty of l47JIA&

savannah River. Wast Valley. and the A0ui 27. 1993. bryprsnmy obtain a rzorof this
1alt, Matial Engineerngi LebworoY. AMOM691i: Sub-nl rommetits In NPRM y au:bmiatinj a request to the

As the watts msnsamaot Prolfams a1 triplacs'* to the Federal Aviation FAA. Treniport Airplane D,Tvcnor*'e.
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APPEN "(3B

COST ESTIMATES

The study used costs taken from existing soures to the extent possible. T1hese sources
include prior ens tneerng studies, conceptual designs, and data packages supporting the
MWRS Environmental impact Statement (fin prepaation). This appendix provides a reference

to the sources used for cost estimation, In addition, dhe study includes allowances for
technologies rot completely evaluated by previous engineering swdies. Soime economic
assessments, art presented for technologies determined no &D be technically practica and are
provided for information only.

For the technologies with developed cost estimates, the cost presented represent a Total
Estimated Cost (TEC) without escalation applied. The estimates have engineering factors
applied depending on the types of facility ran~irg from 20 to 40 percent and a contin&Qncy of
30 to 40 percent,

For die technologies costed by allowance, the allowances have a great deal of conservatism
built into them The cost to deploy these technologies should be lower than the cost used in
this study. These technologies* costs come from similar or more complex systems.

BIA) BASELINE PRETREATMENT PROCESS

This baseline pretreatment processing differs from the current TWRS baselit. process by the
absence of cesium removal using ion exchange. Cesium removal by ion exchan~ge is
addressed as a radionuclide removal technology option in Section 4.2.2. The baseline
pretreatment processes, along with cesium ion exchange, were adopted as the basis for the
Tri-Party Agreement (Ecology et al. 1994).

The baseline processing resvlts, in an estimated total capital, operating, and geologic disposal
cost savings of $9 billion over geologic disposal of all tank wastes (no separation of a LAW
fraction). The cost savings is determined by difference of the capital. operating, and
geologic disposal costs defined in technical data packages for the TWRS Environmental
Impact Statement (EIS) for no separations (Colby 1995) and the Tn-Party Agreement
alternatives (Slaathaug 1995). The Tri-Party Agreement alternative data package costs are
adjusted for this comparison by subtracting the cesium ion exchanrig portion rf the costs to
obtain the costs associated with solids/liquids separations (which includes enhanced sludge
washing).
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B1IA CESIUM REMOVAL COSTS

This sect-on reviews the z:ost basis for the cases carried in the document to remove cesium
from the tank wastc. supernatant. The technologies costei include cesium volatility, single-
cycle cesium ion exchange. second-cycle cesium ion exchange, CST in facility, selective
CST in Lank, and selectivz in facility single-cycle cesium ion exchange.

EI. CESIUM VOLATELIZATION

An allowance of $30 rmllion ( - capital and S20 million for operations is used for cesium
volatilization (Section 3.2.3). 1 tic base line faciiies contain m~ucb of the eqlipmern to
support cesium recycle to the melter. To remove the volatilized cesium. it is necessary to
modify the equipment design and configuration. The modification include separations:
equipment for volatile species.

An estimate is not : pecifically available for this equipment. However far more complex
modification of the melter offias system was estimated by Fluor DanL. Inc. (Odlorid:
Remo'al from Wirfilcaionz Off,~as, WHC-SD-WM-TI-702, Rev. 0, May 23. 1995,
E_ J. Slaadiaug. pages 19-20) for WIIC to estimate chloride removal systems. Table B- I
shows the results of that study.

Table B-1. Chloride and Fluoride Removal System Costs.

Chloride and fluoride purge distillation and grouting equipment 48.4
Facility differential 8.7
Annual operating 8.3

The chi -7ide and fluoride estimate specified L-.stelloy and Inconel materials in the equipment
to withstand tht corrosion which cost more than stainless stee' necessary for the cesium
removal system,

What can be learned from this comparison is fht cesium recovery equipment is required to
recycle cesium back to the melter under any scenario. The delta above the recycle capability
to route the cesium to HLW storage is conservatively bracketed by the above chloride
estimates ai 130 million capital and 120 million operating. A preliminary material balance
shows no need for the addition of extensive unit operations to support this option.
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81.3 SINGLE-CYCLE I1ON EXCHANGE

The cost for cesium removal by ion exchange is based on data in the TWRS EIS data
package (Slnathaug 199. Table F-3#; 7be capital cost fcT cesium ion exchanges is
$380 million. The total operational cost for the cesium ion exchange system including
research and development, start-up. operation, and Decontamination and Decommnissioning
(D&D) costs is $602 million.

This design used a transfer aisle facility design as the basis for cost, The development of
these costs come from detail material and energy balances, staffng. estimates. equipment
lJsts and facility layouts. The basis for this estimate has evolved over a five-year period.

Table B-2. Cost from Slaathaug 1995, Table F-36.

CWdsen C40.

Reseacri and development 83
Capital (e.g.. construction) 380
Labor for start-up, operations, and decontamination arnd 276
decommissioning_______

Equipment Replacement 57
Materials for start-up, operations. decontamination and 186

fdecommisso 1 ng
Total 982

81.4 SECOND-CYCLE ION EXCHANGE

The ccsts associated with a second cycle of cesijm ion exchange are derived from the
difference in costs for separations facilities containing two cycles and one cycle of cesium ion
exchange developed in the TWRS Facility Configuration Study (Boomner et al. 1994). The
second cycle of cesium ion exchange increased the capital estimate by $275 million
(Table 6.3-1, Boomer et a]. 1994). The facilities' cost come from a low maintenance facility
design. This facility design has a lower estimate than the facility design used for die single-
cycle cesium ion exchange. If the transfer aisle design was used, this delta would increase.

The operating cost difference for the second cycle of cesium ion exchange is $47 million
(Table 4.1-4, Boomer et al. 1993). The second-cycle, cesium ion exchange has increased
equipment replacement cost of $15 million and increased D&D cost of $83 million based on
the capital cost delta of $275 million. The other costs associated with cesium ion exchange
were estimated not to change between the single-cycle and double-cycle ion exchange.
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Table B-3. Cost Differences from Boomer et al. 1994.

Shik-cyde Two ccs of Cost
tftiu !on eiumn ion fenc5I

£ exchanige cost exchang cost (S M110"..,
($ mHliozaS) ($ Willows)

Cap, al (e.g. construction) 4__6___0___275

Materials for operations 96 143 47
Equipment Replacement 45 60 15
Decontamination and 194 277 83
decommirssioning ____________

Total 761 l8 2

B1.5 CESIUM SORPTION BY CST TRtEATME1NT OF ALL WASTES

Costs for use of CST in columns for all the rank waste is analogous to single-cycle ion
exchange in columns described above. Since CST is not regenerated, the facility costs are
lowered because regeneration equipment and floor space are not required. The reduced
facility size decreases the labor cost for operation, but the material cost for CST more than
off sets this and redaction and raises the operational cost for this alternative above single-
cycle cesium ion exchange. Also The use of CST increases the volume of HLW. This
increase has an estimated value of $745,000 per canister.

A detailed .ust estimate was not developed for CST columns and allowanes have been
developed. Tabk- B-4 shows the cost for a CST facility compared to the single-cycle ion
exchnnge facility. The total operating cost for pretreatment and t HLW treatment delta is
S1,860 mnillion ($1,670 million in HLW costs and $198 million operating) for cS'r treatment
of all waste to remove cesium. The capita's and operating tota is $1 .688 million.
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Table B-4. High-Level Waste Cost .,,)m Slaataug IM9, Table F-36.

Singl-qCyd I". cqtahw 4

cost daNS datav ck h a d~ af a d
0 u311w) PC$ HRI11111S) _ _

Capita (e.g., construction) 380 200 (190)
Operational cost 602 800 198
High level waste delta cost 0 1.670 1.670

for an incremental 2,240___niI__r_
Total 982 2.670 1,618

The cost used for vr"ulating t incremental cost per HLW maister come from the EIS data
packet for the Tri-Party Agreement Alternative (Slaazhaug 1995, Table F-36). The HLW
cost from the data packet consist of fixed and variable cost. Table B-5 show.- the split
between the cost types. The fixed cost consisted of research and development costs and
capital cost both of which do niot factor into the cost of producing an extra canister of glass.
The repository cot increases by the amount of $745 thousand per incremnental HLW canister
as shown below (Slaahaug 1995, Table F-36), based on a variable cost of $3.065 billion for
6, 800 canisters.

Tabit B-S. High-Level Waste Cost from Slaathaug 1995. Table F-36.

Cow elemient Fle Co SIr"cs

Research and development 2601
Capital (e.g.. construction) 1,400 .
Labor for start-up, operations, and 639
decontamination and decommissioning ________

Equipment Replacement _________70

Materials for start-up, operations. 004
decontamination and decommissioning _________

High level waste canisters _________239

Transportation 31
Repository fee 3.960

Total J 1,600 5,065



VwL-4~-b0 -l~-r,-t99, ev

S1 -6 CST TREATNT OF SELECTED ITA.NMC

Prior estmate's do Wo provide a direct basis for CST addition to double-shell wanks. The
prOCIRs of ading the CST slurry to a double-shel tank and obtaining the required contact
ef'cmnCY is sim1plifiedi by ift tank washing and retrieval operations necessatry for other
reasona. CST addition for selected mwuk is belS below the level at which titanium impacts
the HLW giAss loading. The remaining costs include the capital to add CST to in anks as a
slurry and a WWaI operaing delta to Accommodate the mixing via operation of existing mixer
PUMPS.

The opierating cOut Per increment HLW maister i approximately S745,000 (Slaathaug
199S. Table F-36). This inclWu labo. materials, and geologic disposal. The geologic
disposal costs ame assumedl to be S$82,000 per canister assuming two repositories (Slaadaaug
1995). An allowance of $2 million per rank of treated vaste is assumed for pretreatment

operating mots i: -luding development, chemnica purchmss and incremental tank farm
OPtrations to peff. -,n the batch contacts mnd decats.

An allowance of SS million is nrovided for capita cost require.ments assocate wit ai$tion
of CST slurries to the wastes before or during the retrieval step. it is assumed that the
retrieval Operation will provide adequate contact with the CST solids before the following
settles/decant operation. The operating costs associated with addition of dhe CST slurries are
$25 million for operating labor a;d CST purchase costs, The selective treatment of wastes
with CST assumes two CST costs to bound the analysis. 's he currenciy quoted price for
small quantities is $176/kg of CST powder. An alternate p~rice for CST costs with the large
amounts envisic ied by d i .process was assumed to be equal to I/Ci of '"7Cs removed.
This assumed large volume price break results in a assumed unit price reduction of 40 to 85
percent.

B1.7 PHASED PROCESSING AND MODULAR FACILITIS

During development of the study the use of selective CST showed a favorable cost as
compared to global application of cesium ion c-change. As such. the study revisited fhe
-singic-cycle cesium ion exchange data to find ani atialogous applicauon. Table B-6
summarizes three facility cases for application of cesium ion exchange. The case and
specific sources of capital and operating costs are as foilows:

I . Full Treatment (treatment of all tanks in a full size facility) is taken from the
EIS dama package. WHC-SD-WM-F.V-lO4, Rev-0-A TP'A Aktemadve
Engineering Dara Package for the 7WR EIS E. J. Slaathaug, July 1993,
Table F-16.
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2. nth modular .rezIment concept for a 15 GPIA capacity was developed by
BNFL as a facility czonfigurakion study ( FCS) alter native for cesium removal.
The costs in the table are for treatment of 12 DST's containing the majoity of
te cesium (NCAW, CC, DSSIDSSF). WHC-SD-WM-ES-295 Rev. 0. 71W
Faciitry CoNfipraion Stuy. K. D). Boomer, July 13, 1994, Table 6.2-1.

3. Modular treatment at 5 GPM supporting the privatization RFP was developed
at the request from DOE and documented in two letters: the first for capital
costs anid the second for oprating costs. Letter 9551934. May 1, 1995.
Privacization Cost Estimate (Busines Sensitive), L S. Garfield to D. L. Veith,
u~tter 9552911. May 26, 1995, *Estimate of Privatization Operation Cost'
).S. Garlieldto L. S. Waldorf.

The costs In the table are for treatmnt of 12 DST's containing tht. majority of the cesium
(NCAW. CC, DSSIDSSF).

Table 0-6 Global and Selective Cesium Ion Exchange Costs.
Faefty1lemat. baus J Fogl mau 177 tnk -Ii~l;r ______

Throughpu(PM) 250 7W 15~S O 5M 3aSM

Costs (S millions);_____________

Capital Conmiuction 38 170 10D
- Maintenance -20 20
- AnalyticAl - 20 20

Operating Labor (LCC) 276 100 276
Replacement Equwpmnt (C)57 Is S0
Materials & Supplies

Satp21 20 10
DD109 60 40

-Chemicals & Consumnables 56 10 10
-MD83 83 83
Ttl982 493 60-9

(Totals________Used)____ (1,000) (500) (600)

'Slathaug, E. J., 1993. TPA Akenive Engineeni Data Pwckge for the TWRS
EIS, WHC-SD-WM-EV-104, Rev. 0-A. Westinghouse Hanford Company,
Richland. Washington.

2Boomer. K. D., et a]. 1994, TWRS Facility Cofguratic Study.
WHC-SD-WM-ES-295, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

'Garfield, J1. S., 1995, Privatizarion Cost Estinxt (Blusiness Sensitive),
letter 9551934 to D. L. Veiuh; and GarfiIS4 J. S., 1995, Estimate of Privaizauion
operation Cost, letter 9552911 to L. S. Waldoif.



52.0 STRONTIUM REMOVALI

Thus section reviews the cost basis for the cases carr ied in the documnt to remove Strontium
from the tank waste supenwviant. The technologies costed include solvent extraction.
strontium reitoval by precipitation as phosphate. sceftave complexant deacivation, and
complexant destruction.

52.1 MTONTIUM REMOVAL BY SOLVENT EXTRACTION

Ile cost for strontium, vemoval by solvent extraction a based on facility designs presented in
the TwAk Waste 7e*chmI Optionis Report (Boomer et al. 1993). The cot of a solvent
extraction system collocated with another processing facility is based on the cost difemeo=e
between two pretreatment facilities with and without the solvent extration system. These
two facilities are identified as Sludge Wash 9 (SWB) and Solvent Extaction B (SOLEX 8).
with and without the solvent extraction. respectively, in the reference report (Boomer et
al. 1993). Ile capital costs for these two facilities wre update for this report. Summary of
the updated SWB is found in Appendix C. Toe difference in costs between SWD and
SOLEX B provides a basis for the cost difference of a T.AW vitrification ftciity with and
without woivimt extraction capability. Solvent txtraction is used for strontium recovery with
tranuranic extraction (TRUEX) processes. The difference in capital cost associated with
solveri extraction is S1.22 biIlion. The difference in operating costs associated with
operation of the solvent extraction systemn is identified by the difference in operating costs for
the SWB and SOLEX B facilities of $6.69 billion (Boomer et al. 199).

The in-facility -rocess for strontium removal by solvent extraction treatment of ALL wastes
ts expected to remove 3.4 MCi of the 3.5 MCi soluble and insoluble strontium from the
I quid fraction. The removal of 3.4 MCi of 5OSr foc a total cost of $7.9 billion results in a
removal cost of S2,320/0,.

82.2 PRECIMiATION OF STRONTIUM PHOSPHATE

Addition of strontium nitrate to the three CC waste tanks would impact the HLW glass
volumes with in increase of 75 )ILW canisters at a unit delta of $745,000 each as explained
in Setion B 1-3. The allowance far capita costs can conservatively be zero.

Capita).
Operating: 75 HLWN Canisters a 745,000 each $56 million

B-1 0
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52.3 STRONTIUUI REMOVAL BY CONII 2"XANT DEACTIVATIO0N IN
SELECTED WASTES

Complexant deactivation is accwpasbed by in-tank beat and digest for the three CC waste
tanks affected. The capital and operating cost impacts are $150 million and $50 mdhior
respectively, The numbers are developed in the following reterence.

Klein. M. J.. Preftndnry Enginterng Evobiation of Heat an.d Digan~ Treatmentfor
In -TO*k RNOWa Of Radionuucides Fron Con p aed Ianferd Tasik Woofa,
WHC-SD-SM-TI.7 19, Rev. 0, Table 2-3.

52.4 STRONTIUM REMOVAL BY COMPLEXANT DESTRUCTION IN ALL
WAS'TES

The cost for strontium removal by complexant destruction is based on facility designs
presented in the T ': Wht Tacimcol (Ypuior &ipor (Boomer -! al. 1993). The cost of a
compleuant destruction system collocated with anothcr processing facility is based on the cost
differences between two pretreatment facilities with and without the complexant destruction
systom. Thesc two facilities are identified as Sludge Wash C (SWC) and Sludge Wash B
(SWB), with and without the compiexant destruction, riespectively, in the reference report
(Boomer et &L. 1993).

The capital costs for these two facilities are updated for this report. Summaries of the
updated SWC and SWO cost estimates are found in Section 87.0 The difference in costs
between SWC and SWB provides a basis for t cost differenc of a LAW vitrification
facility with and without complexat destruction capability. The difference in capital costs
associated with strontium removal by complexant destruction is $381 million. The difference
in operating costs associated with operation of the complexant destruction system is identified
by the difference in operating costs for the SWC and SWD facilities of $330 million for
training. operations, essential materials, and decontamination and decommissioning (Doomer
et al. 1993, Table G 16- 15). Table 8.7 shows the costs for organic destruction.

Table B-7. Costs for Organic Destruction. _______

Capitam u Otbe a TOtW togt
(Sm einin201s) (S utlm) ' ($ mIfnew)

Sludge Wash C 1.913 2,670 4,583
Sludge Wash B 1.532 2303,M7
Delta 381 330 711
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330 TRANSURANIC REMOVAL

nv -ection reviews the cost basis for the case carried in the document to remove TRU

from the tank waste supct iatw.

3. HYDROXI3DE PRECIPITATION OF 7thU FROM SELECTED WASTE

This option entails addition of 19M NaCH and 0O110 fe i on to the three CC waste tanks
to achieve a 3M hydroxide conmnwation tD precipitate dhe ThU. The allowance for capital
iMpact (rom adding chemica to the CC waste tanks as considered negligible. Features to
add chemicals awe presently available and mixing is accomplished by the mixer plimups
required for retrieval.

The tooal operating costs for adjustment of the hydroxide concentration and addition of
O.O1H iron in Jhe OSTs several weeks or months 'jefore retrieval and solids/liquid separation
is 56 mition to $18 million as summiarind in Table 154:

Tabe B-8. Hydroxide Precipitatn Costs.

Sodium hydroxide Ctemst0.
Additional low-activity waste vaults 1.4
(for 0. 14 Vaults) __________

Iron impact on high-level waste 3.7 to 16
(additional 5 to 21 canisters)_______
Towa operating 6 to 18

A LFAW cost increase of S2 million is based o- uddition of 19M Ni30H to the three Waks; to a
3Mf NaOH final concentration which increa the total tank waste sodium by 250 MT or
0.14 equivalent vaults. The disposal cost per vault of solidified LAW is approximately
$10 million (Slaatug 1995, Table F-36). This includes containers, sulfur atrix, and vault
costs. The incremental Na usage results in SL4 million increase in LAW dial costs.
The addition of N&OH to the tank is estimated to cost $0.6 million.

The addition of the 0.01M iron results in an additional 5 to 21 canisters of HLW glass. The
canisters ame assumed to contain 1.26 zn3 of glass and a maximum F62%3 content of 12 wt%
(Ovine 1994). Ile minimum HLW canister impact is based on 50 wt% F%03) if te HLW
facility is processing glass at less than the 12 wt% Fe;1O, limit and the maximum HLW
canister imupactiIs based on the 12 wt% F%.03 limit. With an incremental HLW canister cost

n I
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of S745,000 per HLW canister (Slaathaug 1995), this results ina an additional operating cost

of approximately S3.7 to $16 million.

63.2 ThANSUMANIC REMOVAL FROM SELECTED W4STES BY FERRIC
H"YDROXEDE PRECIPITATION

The addition of 0. IMf Fe(NO)) and 30A1 NkQH for pr~cipitation of TRU to the three CC
tanksresults m a maximum additional 50 to 2 10 cantisters of HLW glass. The canisters are
assumed to contain 1.26 M3' of glas and a maximum F62O3 content of 12 wl (Orine 1994).
The tminimumn HLW canister impat is based on SO wt% NeO 1 if the HLW facility is
processing Slams at less tha t 12 wt% FeO0 limit and the maximum HLW canister impact
is based on the [2 wvi% Pe2O, limit. With an incremental HLW canister cost of $745,000
per HLW canister (Slaathaug IM9), this results in an additional operating cost of
approximately S37 to 160 million. The incremental LAW costs are $2 million as developed
in Section C3-1. Total are summarized as follows:

N3Oh chemical camt $0.6 million
LAW Vault incremental cost (0. 14 Vault%) $ 1.4 million
Wi-n urpact on HLW (50-210 Canisters) $374160 million
Total operating Cost $394162 million

83.3 TRANSURANIC REMOVAL BY COMPLEXANT DEACTIVAION IN
SELECTED WASTES

Coinpiexant d*.truction is accomplished with in tank lieat and digest for the thre CC waste
minks affected. The capital and operating cost impacts are $150 million and $50 million
respectively. The numbers mre substantiated in the following reference.

Klein, M. J., Preliminary Engineerng Evaluaton of Heat and Digests Treewatmfor
In- Tank Removal of Radionuclides From Contplaed Ha~tod Tank Waste,
WVHC-SD-SM-TI-7l9. Rev. 0, Table 2-3.

53.4 TRANSURANIC REMOVAL BY COMPLEXANT DESTRUCTION IN ALL
WASTES

The explanation for the cost basis for this option is identical to complexant destruction for
strontium removal discussed in Section 82.3.

33.5 TRANSUTRANIC REMOVAL BY SOLVENT EXTRACTION

The explanation of the cost basis for this option is identical to strontium solvent extration
discussed in Section B2. 1.
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34.0 TECITMETJUM-9 REMOVAL

This section reviews the cost beas for the carts =awid in the document to remove
technetium from the tak waste supernsanm. The tacboologies include technetium,
volatilization. ixta bed technetium ton exchange and technetium anion exchange.

84.1 TECINETJUM VOLATILIZATION

The explantmo for the cost basis for this option is identical to cesium volatilization
discussed in Section 8 1.1.

34.2 MMXE BED TECHETIUMhi AND CESIUM ION EXCHANGE

The mixed bed ion exchange removal system is assumed to remove 99 percent of the soluble
"rc, or 0.0216 MCi of the 0.0228 MCi soluble '1'rc. No breakthrough data are available to
perform specific equipment sizing or material balance, calculations. The potential costs of the
mixed bed system assume that the bed volume of t combined resins anW the elution
volumes wre inrease 25 percent. ft is assumed that the capital and operating costs are
increased 10 and 20 percent, respectively, over the costs of a cesium only ion exchange
system If e Section C1.2 (Sataig 1995. Table F-36)). The capital and operating cots; of
the ceium only ion exchangg system are $380 and $602 million, respectiey. The
inmental capital and operating cost increase for the mixed bed technetium recovery are
538 and $120 million. respectively. The total incremental cost of 158 milion results in a
cost of S7.200/Ci of removed "Tc.

54.3 TECHRNETIUM ANION EXCHANGE

Thte cost for technetium removal by ion exchange is based on facility and equipments designs
presented in the Teak Wat Techoical Option Repees (Boomer et al. 199). The cost of a
technetium ion exchange system collocated with another proicessingS facility is based on the
cost differences between two preteatment. facilities with and without te technetium or,
exchange process. These two facilities are identified as Sludge Wash D (SWO') and Sludge
Wash B (SWB)., with and without. the technetium ion, exchangt, respectively, in the reference
report (Boomer et &1. 1993).

Both facilities include sludge washing, solids/liquids separation. and cesium ion exc.ange.
The capital costs for these two facilities are updted for this report. Summaries of the
updated SWiD and SWB cost estimates are found in Section C7.0. The difference in costs
between SWI) and SWB provides a basis for the cost difference of a LAW treatment or
vitrification facility with and without tecnetium ion exchange capability. The difference in
capital costs associated with technetium ion exchange procesing is $260 million. The
difference in operating costs associated with operation of the technetium ion exchange
procesing is ientified by the difference in operating costs for the SWD and SWE facilities
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of 1400 million for training. opcratioui, ,ssc-mua 'nateri-A.. and decontamination and
decommissioning (Boomer et &J, 190,. Table 0i16-15,1. Table 439 provdes the Mot for
technetium anion exchange.

The tcnumf ion echan3ge pVress reco' crs 0.0226 MCi of "Tc for a tocal cost of
$66 m illion. This results in a cost of S29.00O/Ci "Tc.

Table B-9. Costs for Tachtietiuni Anion Extchage._ _____
coot 910M*4 CApit CM (kh cad T~ada

wmefIBtl) (S aduu) (S mlam)
Sludge Wash C 1.532 2,340 3.172
Sludge Wash B 1,272 1940 3.212

Dla260 400 660

55.0 SELENIU REMOVAL

Selenium removal is sccompliWe by volatilization in the LAW melter. The cost is idenical
to cesium revroval discussed in Section 8 1 -1. Seieniu"! emoval has no incremental cot
above cesium and technetium. Selenium volatilization is not technically practical. The
economics vrovided below are for information onlv.

The mefter volatility system is assumed to remove 80 percent of te feed Se (DF of 5). T7e
melter volatility system thus removes 0.00082 MCi of the 0.00103 MCi "Se. Some
voittilization also occurs for i11( and *ic. For 1"'Cs, it assumed 50 percent of the feed
cesium volatilizes (0.5 MCi) and for "Tc, 0.0205 MCi V. the 0.0228 Mi soluble "Tc
volatilizes. The melter and offgas system tha provides radiclide removal costs
apriximately $50 million. This results in a cost of $1.00 per Ci.



B6,0 CARIION-14 REMOVAL

The chemi~stry of carbomn results in 14C being distributed in supernats and solids of all
lanis. The organic carbon and carbonate content of the wastes will be converted to carbon
dioxi., C02, as a result of the LAW vitrification process. r0 the vIu'Ifition procss a tota
of 6.300,OGO kg of CO( will be released in the offga.. Thbe ,,500.000 kg of CO, can be
&13sorbed in slaed lime us !5,000,0M kg of CaCOj.

The recovery. packaging &Wd geolo3ir disposal of 15,000 Mg of CaCO3 in approximiately
6,000 1 .26&r 3 ranisc-rs iwoula cc, approximately S5 billion. A cost of $5 billion to mitigate
tiv environmental release of 0.0053 MCi "'C results in a cost of SI1,000 OO0f/0 and is not
economicaly practical.

B7.0 URANTNIM RCEMOVAL

This option is bounded by the Solvent Extract: i1 B option discussed in the Tank Waste
Technical Optipns Re-port (Boorner et -J. 1993, sab les G016-14 and G016-15). These costs are
summarized below.

Cap~tal: $2,490 million
Qperaz.Ihg: $8.630 million.

38.0 COST TABLES FORISLUDGE WASH FACILITIS

The fallowzin tplies provide cost estimates for the Sludge Wash 6 (SWB), Sludge Wash C
(SWC-1, and Sludge Wash D (SWD) facilities defined in the Tank Waste Technicai Options
Repor, WHC-EP-0616 (Boomer et Al. 1993). nI- cost Ltirnates in the reference. were
updated for this tiocumenE to assure a consistent basis for the incremental costs of singivu
process technology options. The cost estimates hav'e been escalated to 1995 dollars.
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APPE' %IX C

SOURCE OF TANK WASTE AT THE HANFORD SIT

The Manhattan Project established the Hanford Site in 1943 to produce plutonium for maclear
weaponsi n support of World War 11. Plutonium production continued until January 1987
when the last production reactor ce~as operation at the Hanford Site. Eight production
reactors, one dual purpose reactor (N Reactor). and five reprocessinS facilities operated at
the Hanford Siti. x- support that mission. These operations created a large quantity of
radioacive wastes, much of which continue to be stored in 149 SSTs and 28 DSTs.

Figure C-1 shows the cesium, strontium, technetium.,and tranuranic curie balance for the
Hanford Site facilities. decayed to December 31. 1999. The figure depicts the route of
cesium and strontium bearing waste into and out of the tank complex.

The radionuclide inventory of 178 MCj %LDeceraber 31, 1999, decay date) for waste entering
thc tanks shown in Figurc: C- I is the sum of inventories in the tanks and known removals
from the tanks described in Sections C-2 and C-3.

CI.O WASTE ENTERING THE TANKS

The waste entering the tank came primarily from the reprocessing of spent nuclear fuel. The
following sections provide a description of the wastes and other wastes discharged to the

CIAl FUEL REPROCESSING WASTE

Tie Hanford Site used three different fuel reprocessing processes on irradiated fuel
discharged from the reactors: Bismuth Phosphate (BiPO4), REDOX. and PUREX processes.
This section provides a brief description of the processes and resultig reprocessing wastes
cizbarged to the tanks.

C1.1.1 Bismuth Phosphate Wagte

T Plant and B Plant discharged waste to the tanks from the BiPO4 process. T Plant operated
form 1944 through 1956. B Piant operated from 1946 through 1952. T!his carrier
precipitation process clsr'iarged four wastes to the tank farms: metal, first cycle, second
cycle, and 224 wastes. This. process recovered plutonium from fuel containing about four
percent of all the activity discharged to the tanks.
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Fiture C- 1. Estimated Hanfotud Site Tank Waste Radionuclide inventory.'"
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'Me process generated 'metal wasteo from the initial carrier precipitation step. This waste
contained all of the uranium, about 90 percent of die fussion product activity. and oiw percent
of the. plutonium from the original feed to the process. The process neuniized dWi acidic
waste to a pH of 7 with sodium bye--le (NaQH) and treated it with an excss of sodium
carbonate before dischargLig waste tw the tanks.

The process generated the first- and second-cycle waste from the secon and third carier
precipitation steps. These wastes contained about 10 percent of the fission product activity
and two percent of the plutonium from the original feed to the process. Thle process made
these acidic waste "lWaine by the addition at NaOH before discharging it &D the tanks.

1The process generated the 224 waste during the 11nal purifcation of the plutonium product.
This waste contained almost none of the fussion product activity (< 0.001 percent) and about
0.5 percent of the plutonium from the original feed to the process. 7'h,- process neuralized
and concentrated t4is waste before discharge to the maks.

CI.1.2 REDOX Wagte

5 Plant -shaged waste fromn the REDOX process from 1952 through 1967. The waste
fromI this i-ccsvs consisted of HLW components from a methlyisobutylketone solvent
extraction proces . The REDOX Plaut processed about 20 percent or the irrdiated fuel
discharged from the reactors.

These waste contained essentially all of the fission products in the origina feed and small
quantities (less than 0.5 percent) of the original plutonium. They contained large amounts of
aluminum nitrate used as a salting agent in the soh/ent extrac~tion prL..css ane minor amounts
of' iron and chromium.

CI-l.3 PUREX Waste

The PUREX Plant discharged Waste from reprw.cessing of irradiated fuel to the tank farms
frorn 1956 through 1967 and again from 1983 through 1988. The PUREX process used
tributyl phosphate (TBP) diluted with kerosene as the extractant. Thw HLW generated by the
PU REX process contained essentially a of the fission products in the original1 feed plus
small amountS of plutonium and uraniumn also in t waste (<~ 0.2 percent). The PUREX
Plant reprocesea about 76 percent of the irradiated fuel discharged from the reactors.

Before discharging this waste to the taks, process steps made the PUREX HLW (principally
nitric acid) alkaline, by the addition of NaOH. This method of direc storage was used from
1956 through 1967. Beginning in 1968 through 1972, the PUREX Plan transferred the
Current Acid Waste (CAW) directly to the fractionation p-oces. As discussed below, the
fractionation process removed the cesium and strontium from the waste and returned low heat
waste to the tanks. With restart of the PUREX Plan from 1983 through 1988. the
neutralized waste was routed to DSTs dp-wtgned to hold aging waste.
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C1.2 URANIUMI RECOVERY WASTE

U plan, discharged waste from the uranium rcr4very process trom 1932 through 1957, This
process used acid to dissolve uranium-bearing BIP0,, mcrai wastes' sluiced from die Storage
tanks. A solvent exCtcionl process using TBP as the extractant recoivered the uranium from
the acid feed. After uranium recoivery. the process re-neutralized the: acidified wastes,
treated the waste to precipitate cesium and strontiunm a C sN. 4 (CN),4 and Sr3(POd2, and
discharged the resulting slurries to SSM to' iow che solids to settle

C1.3 WASTE FRACTIONATION

In the 1960's. B Plant was modified to recover cesium from the tank waste supernatants and
strontium from tax* waste sludges. This processing removed decay heat from the waste to
allow concentation and in-tank solidification. The process neutralized and returned low heat
wastes to the Links for subsequent concentration and solidification. Wastes were discharged
from this process to the ranks from 1968 through 1984.

T1he use of chelating agents irn the hactionation of strontium caused generaton of a unique
waste type. known as CC waste. The organic compounds (e.g.. citric acid,
ethylenediarnineteaacetic: acid) have caused both safety and process concerns in the tank
farms. The degradation of the organic compounds has led to elevated hydrogen levels in the
tank space above the waste. These same organic compounds solubilize both strontium and
trarnsuranic radionuclides which leads to increased concentrations in the supernattants.

CI.4 PLUTOFULM F[NSHNG PLANT WASTE

The PPP discharged waste from plutonium processing to the tanks. In recent years. the PFP
discharges have gone wo tank 24 1-SY- 102 in the 200 West Area.

CLS LABORATORY WASTE

The waste from laboratories supporting processing at the Honford Site discharge to the tanks.

C1.6 DECONTAM- ' %TION WASTE

The tanks have received decontamination Waste from T Plant and by mail car shipments from
the 100 Areas. T Plant decoatamination waste comes from radionuclides removed from
equipment before repair and reuse in the plants (e.g., centrifuges). The 100 Area waste
c me from decontamination of reactor systems such as d..- N Reactor primary coolant
system.
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C2. WASTE EXI NG THlE TANKS

Waste has exited the tanks by waste fractionation and by-product recovery. planned and
Unplantned feleases to the sodl column, and as contamnation on fUed equipment The
following secions provide a description of the waste removals from the tanks.

C2.1 WASTE FRACTIONATION AND JY-ftOIDUCT RECOVERY

In the Past, tbe waste has undergone extensive processing for by-product recovery as
radionuclides packicaed in capsules for interim storage and asi direct shipment of recovered
radionuclides in casks to other DOE sites.

C2. 1.1 Cesium aMd Strontium Cap"11es

Beginning in 1967 -'-sium and stontiumi were extracted from the tank waste and purified in
B Plant. T1e fracuonaed. cesium and stiontium were encapsulated in the Waste
EnICAPSulauo"i and Storage Facility (WESF). In addition to waste from the tanks, B Plant
also received the CAW stream fromt the PUREX Plant for fractionation and subsequent
encapsulation. The DOE storms the capsules in water poohs in WESF. The DOE has sent
many of t capsules offsite for use in laboratory testing and commercial irradiation, most
have been returned.

Table C- I show the capsule inventories identiied in the July 1995 capsule location quarterly
reports (Bender 1 995a. b). The quarterly reports give dhe total number of cesium and
strontium capsies produced, the number of capsules located onsite and offisite, and the
number of capsules that have been destroyed. In addition. through the effort of the B Plant
Capsule Return Program, 95 additional cesium capules are expected to return from offsiie
before December 31. 1999. The current radionuclide inventories given in the quarterly
reports were decayed to December 31. 1999, for consistency in this report. Table C-1
presents the capsule inventory decayed to December 31, 1999.

Table C-1. Capsule Inventory, MCi (December 31, 1999. Decay Date).

Capsulub dispnd by oghm Wivu

137Cs 54.8 7.29 47.5
f~sr 23.0 2.06 20.9
Total 77.8 9.35 68.4
Total including daughters ('"Ba, 'GY) 1152.8 18.4 134.4

'Projected inventory values are generally consistent with the Integrated Data Bast
Report-1994 (i.e., 47.4 MCi 131Cs and 20.4 MCi 90Sr).
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C2. 1 .1 Hanford Atomic Prodwcts Operations Cak shxipments

The Hanford Ste begAn Shipping b~y-product material to the u.ai R tdge' National Laboratory
in 1961 using Hanford Atmic Products Operations (HAPO? cask.s The wase shipped in
do"s casks: came primarily fron PUREX waste and was in the form of 157(s loade or an
ciutable zsoite or '0Sr as a SrC01 precipitate Tht total amnouni off radionuclides removed
from the Hanford Site in HAPO cask shipment% is 3.90 MCi of "St and 2,48 MC) of "'Cs
(decay date December 31, 1999). fui, a towa of 6.39 MO i skppe4 offsiic.

C2. PLANNED AND UNPLANNED RELEAW 101)THE SOIL COLUMN

The soil column at the Hanford Site contains radionuclides from dhe waste reprocessing
operations. These rsdionocdides came both from planned and unplanned releases.

C2.2.1 Planned Relese

In the past, the Hanforci Site has used the sodl column in the management of radioactive
waste.- Some of #I--. SST waste was intentionally discharged to the ground via pumping and
cascade overflow sium 1946 through 1966. The waste discharged to the L1mavwl were those
tat had a low radionuclide concentration which did aom require tank storage, but a
radionuclide concentration too high to allow discharge to surface ponds. These discharges
includled: BIP0 4 waste, unidum recovery process waste, laboratory wastes, and equipment
decontamination wastes which were routed through SSTs before discharge to the ground.
Table C-2 shows the waste discharged from the tanks, to the sodl culumn (Waite 1992).

Table C-2. Estimated Discharges from Tankts to the Soil Column
(December 31, 1999, Decay Date).-

Radiosudid MCI
137CS 0.0131
'0 Sr 10.0108
Vlore 0.0009
Transuranics J Q 0 07

Also, non-SST waste such as process condensate waste strtams from evaporator
concentratiozi have been discharged intentionally to the ground from both wat: concentraton
activitir.; and fromt the process plants. These: sources are not significant contributors of "Sr
or "ts to soil column discharges.
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C2.2.2 Unplanned Release

In add~tion, unientional discharge of SST waste has resulted from leaks in tanks and
transfer lines and miscellaneous spills. Table C-3. Contaminated Soil Inventory, summarizes
the unintentional discharges of SST wastes, The unplanned releases of "Tc. '21, and nitrate
to the soil column was described in the Tank Waste Technical Options Report (Table M2-12.
Boomei et al. 1993). The unplannied release of I'"Cs is reported as 0.290 to 1.090 MCi
(Hanlon 1995). 1t contaminated soil inventory for the insoluble "Sr and TRU
radionuclides is assumed to be zero for this study.

Table C-3. Estimated Unplanned Releases to the Soil Column
(December 31, 1999, Decay Date).
Radioodid.MCI

'"Sr 0.0
'Sm 0.00014
1291  0.0000004
137cs _____________ 0.290w to.090

Transuranics0.

C2.3 SOLID WASTE BURIAL

Other deductions in the tank waste inventory in the form of solid waste burial of failed
equipment from reprocessing plants, B Plant. and WESP processing are shown in Table C-4.
'Me majority of activity was in failed equipment from B Plant and the encapsulation process.
The total solid waste burial is provided by the Solid Waste Inventory and Tracking System
(S WITS database (Anderson and Hagel 1995).

Table C-4. Solid Waste Inventory Summary.
Radionudidsd Total December M99 Deway MCI

'lst 0.90

Radioactively contaminated solid waste has been disposed by burial in the Zround since the

Area in 1972 and in the 100 Areas in 1973. Since 1970, waste suspoctt4 of containing

waste buria are in three categories as listed in Table C-4.
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Tranuranic waste in the burial grounds is not included in the total inventory values because
the material comes from production. did not pass through the maks, and plays no role in the
mass balance for tank waste.

C3.0 TANK WASTE INVENTORY

The tank waste inventory represents die amount of waste and contained radionuclides tha
will be ultimately processed by pretreatment and LAW and HLW vitrification. The TWRS
processing inventory consists of d,6. current tan inventory and future additions less the tank
heat following waste retrieval. The processing inventory is discussed in the following
sections

CM. CURRENT TANK INVENTORY

Table C-S contain the tank waste inventory for selected radionuclides decayed to
December 31, 1999 (DOE 1994). The inventories presented here use dhe data proposed for
dhe 1995 Intgrated Date Base report (Sbektna 1995), which provides the soluble and
insolu~le fractions (or the tank waste.

Table C-5. Tank Inventory (December 31, 1999, Decay Dat).

Ra li1 Tank Waste IR!vmmty MCI

'wSr _____1.89 52.2 1 54.1
____________ 31.4 3.01 34.4

TRU 0.00961 0.121 0.131
"Tc 0.0228 0.00930 0.0321
Total 33.3 55.3 88.6
Tank total' Icldin 65.0 110.0 175.6
daughters (I' 7 0a "Y) _________ ________

C3.2 FUTUJRE TANK AMM[TONS

The Hanford Site no longer has a production mission anW no reprocessing waste will be
discharged to the taks. Facilit' dea-uivation provides the primary source of future tank
*ate. The future tank additions ane showni in Table C-6. The majority of this waste will
come from B Plant. The Blushing of approximtely 3 MQi of cesium and strontium from B
Plant to dhe tanks is based on 8 Plaii Traruiton Enownering Radioactive lIwemory &nd
Matefial SMms (RMS) (Gehrke 1995). For mixed inventories reported by Oehrke, the
estimted 'Sr/137Cs inventory was assumed to be a 50150 split. The maximum B Plant
inventory. reporte in a range, is used in this study.
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Table C-6. Future Tank Additions.

B fwtbV~ YMC%, Deanber 31, 1.999 Dam DMe

Radioactive process liquid 0.0146 10.0147
Fadcciefilter 0.101 I0.5V7
Ridual inactive process and facility 0.0925 to 0.589' 0.336 to 2.169

TOW ___________ 0.2to 0.7 0.9 to 2.8

C3.3 RESIODUAL TANK VENTORY

The residual amount of tank inventory containee in the tank heels at completion of the
retrieva operation'-;. not yet been d-aermined and is4'qj"& w.: separate NRC
determination. For purposes of this study. the residual tank inventory is asumned to be 0.05
percent of .the DST inventory (DOE 1987) and I percent of the SST inventory
(Ecc.'ogy 1994). The residual SSM inventory -,e based on the Integrated Database
Rewort 1995 in-tntories. For the DSTs, the inventory is based on the Integrated Database
Rcport 1995 Inventories along with the future tank additions (Table C-6). Table C-7 shows
the estimated residual tank inventory.

Table C-7. Estimated Residual Tank Inventory.

Tan WateMCI, Demmbw 31, 1999, DecyDit
Tank Waite ~Sr IlCS *TC friurue

fCurrent double-shell tank (DST) 10 25.1 0.014 0.087
Inventory _ _ _ _ _ _ _ _ _ _____ _ _ _ _ _ _

Future DST Additions 0.7 2.8 0 0
Estimated Future DST Inventor 10.7 27.9 0.014 0.087
Residual DST Inventory 0.05 0.012 '7.OE-06 4.3E-05
Single-shell tank (SST) Invertory 44.1 9.3 0.018 0.044
Residual SST Inventory 0.44 0.093 1.SE-04 4.4E-04
Estimated Residual Tank Inventory 0.44 0.10 1E.44.6E-04
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C3.4 TAINI( WASTE REMEDIATION SYSTEM PROCESSING IVENT0RY

Table C-9 presents the total inventory of radionuclides that will be processed by
prer~atant,: Ile total inventory inclades the current tank inventory (Table C-5.
Section C3. 1) plus the fadionur!ide inventory to be flushed from B Plant (Table C-6.
Section C3.2) less the residual tank inventory (Table C-7, Section C3.3). The "0 Sr additions
and deletions are to the insoluble fraction. The 131Cs additions and deletions are ;a dhe
soluble fraction.

The inventries of 'H11'C. and 1 are given in Colby (1994). The inventory for "Se is
given in Mann et &1. (1995).

Table C-8. Estimated Tak Waste Remediation System Processing Inventory
_________________ (December 31, 1999, Decay Date).

Taik Wage kemmlado S roeagb Ii0"1"71 ma

' 1r1.89 52.5 54.4

Transuranics 0.00961 0.121 0.131
"Tec 0.0228 0.0093 0.0321
3H 0.01 -0.01

___________ 0.0053 -0.0053

79Se 0.00103 -0.00103

I2"I 0.000051 ________ 0.000051

TOWa 36.0 55.6 91.6
Tank total including 71.4 110.0 181.4
daughters (DY. 1378a) ________ _______ _______
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'1~ Tble D-1. Cctnparison Between 10 CFR 61 and DOE Odr5820.2A, Chapter fil.Ii NRC: 10 CFR 61. Subpart C. DOE Order 5802A. Chaptter ~ Lfoi Ow-LCPITakWat linPerformance Objectives ________M*________ efrac Assssr e (IA)f
61.4Q Genera Reurj a MD11 ferfomnce AssesMent T'he documnt, WHC-IEP-0894. i*Lamnd disposal facilities must be 'FieM Organizations with disposal stes shall undergoing internal review. Externalited, dsesiged, operated, orepare and roatain a site specific review is scheduled for FY 97. This
closed, ant! controlled so that radiological performtance assmsment for the doculeOnt use existing data to p-ovide anreasonable assurance exists that disposal of waste for the purpose of indiation early in project life on theexposures to humans are within demonstrating compliance with the technical feasibility of disposing suchthe limits established in the performance objectives stated in paragraph waste ait Hanford. A per formncperforgance okjecives 61.41 3a. assessent as required by DOE Order

throuh 61.4." 820.-2A is schedule for submittal inthrogh l.4.~ bho Disoesl Sit Meetio Decebe 2002.
(a) "Disposal site selection criteria (based

on planned waste confinment Performance objectives are iocumented inlechnology) shall be developed for PeformaNwe Obtecgive of iuie Tank Wasteestablishing new low-level waste Remedasion System Low-Level Wastedisposal sises.0 bispoal Program. WIIC-EP-0826,
(b)-(e) gife specifcK requirements Revision 0.

The performance objectives were sent to
members of the Hanford Advisory Board.
Ile Commenus received did nom require any

___________________ hang tothe performance becives.



Table D-1. Comparison Between 10 CFR 61 and DOE Oretr 5820.2A. ChI Ill.
61.41 Protection of the gentral 3a(2) &ELrfnnnAnce Mbecwe The scenario for Protection of the generalpopuation arm releas of "Assure that external exposure go the Awast Population used is that water is drawnraiodikyand concenrations of rdioactive material fronm a well 100 metr downgtadfrnt from*Concentations of radioactive which MYa be released into surface watet. the disposal facility and sed for a smallnmaterial which may be released ground water. soil. plants and animals results farm. The cmliac time 51s lOWto the general environment in in an effective dose equivalent that does not years but calculations are Carried out to aground water, surface water, exceed 25 mrem/yr to any member of the longer period of time.
air, soil. plants, or animals must public.... Reasonable effort should be made
not result in an annual dose to maintain releases of radiocyn The scenario for ALARA is based on texceeding the equivalent of 2!' effluents to the general environmnrt as low integrated dose being less than 5W0 person-tuillirems to the whole body. 75 as reasonably achievable. t em. Gienral use of water from tI emilliren,- to the thyroid, and 25 Coumi Rive by a population ol 5millirents to any other organ of million is assumedJ.
any member of the public.
Reasonable effort shouild be As Proposed by DNPSR Recommemmfmde to maintain releases of endation 94-2. the effect of all Hanford
radioactiviIn effluents io the sources on the point of compliance is alsogeneral environment S low as is calculated, Tbc Performance objective isreasonable achievble." 100 mrem in ik year.



Table D- I -Comparison Between 10 CFR 61 and DOE Odr58Z0.2A. Chapter lit.
61.42 frtection of individuals 3a(3) frinMce iM Thcve ie IPA follows tihe exmple of thefrom inadvrtnt intrusion *Assure that the committed effective d~se Hanford growt perfosniance ".sessment*Eesign, operadon. and closure equivalents rmcived by individuals who (WHC-SD..EE-4)D Rev. 1) which uses aof ahe lawo diposal facility must inadvertently may intrude into dhe facility Soo ya timle of ,~lhnewt asvensure protection of any after the loss of active instmtutigal control cotr'.oadbarirsae sd.thu passlvo
individual inadvertently (100 years) will not exceed 100 lllrtmyrfo olutt 1101 adbiers a0 used "isis als
intruding into the disposal site Cointinuous exposure or 500 uMem (Of a c~nidnt wtidt 10 pFRoe n f1.52& 00
and occupying the site or single acute exposure.* eurn rdt" rtcinltS
contacing the waste at any time yat
after active institutional cornrcls
over the disposal site are7 scenario for the acfte exposue is a

remoed."Person drilling a well through the wasteremcwed.'and being exposed tO the drill cuttings.
Mhe scenario flit the continuou exposurt

is fa hsedr to ft rethe drill
cuttings throughou a garden.



Table D- I. Comparison Between 10 CFR 61 and DOE Order 5820.2A. Chapter Ill.
61.43 Protectkiof ~ indiis an Div" Wiy gCqun$ irement is nom documented in aduigFp ield organimions sml develop and ' e rfo n gnp tte te

peAMita at the land disposal implement opeating procedures for low-level docuF ,j(~.Sft nlssRprs
facility nms be conducted in wagte disposal facilities tha protec the aft used.
compliance with the standads environment, health and safety of the pubi
for radiation protection set out and facility personnel ..

in part 20 of this chapter. except
for releases of radioactivity in
effluents which shall be
governed by 61,41 of this part.
Every reasonable effort shalt be
made to maintain radiation
exposures as low as is
reasonably achievable. _____________ ____________



61.4 t~jit ~Table D-1. Ccmison Between 10 CFR 61 and DOE Order 5 920.2A. Chpe Ill,614 ofl fthe dismga 3a(Sal Dishwsa Faility and DhQissa Ik Because of the lack of a design for theliteafte ck ff u itsdisposal facility at this early stage of the
*The disposal facility must be *Design criteria shall be established prior to prject. only limnited~ anlyses of the effectsited, designed, used, operated, the selection of new disposal facilities, new Of facility degradation were performed-and closed to achieve long-term disposal sites, or both* 'lese design critri
stability of the disposal site and shall be based on analyses Of PItYsiOgrahic, The performarce assess it submitted
to eliminate to the extent environmental, and hydrogeological data to under WoE Order 5920.2A will use the
pracial ,j. needi for on-going assure that the policy and requirements of design for the facility and analyzed the
active maintenance of the this Order can be m. cneqece.f..'derdain
disposal site following closure so3o0aclt egaain
that only surveillance, 3af9a) Dsosal Failit Opemtmn
monitoring, and minor custodial 'Field organizations shall develop and
care are required. implement operating procedures for low level

w"ite dispsa facilities that... ensure the 3
security of the facility; minimize the nedforV

logtrcnrl.admeet thae'tmet
of the closurelpost-closure plan.*

3gliPerfrmane U* nwesNo specific perfornce objective resultedQI1~LQd0 Protect public health and safety in from this requmreun
acr ldanc with standards specified in
applicable: EH Orders and other DOE

~~~Orders' o~d 0 W l ~ e

protct ir rsoucesRelease to the atmosphere shall meet the resulting in performoce objectives for
requirements of 40 CFR 61. W.' aon release (< 20 pCi m-2 3-1) and Odherradionuclides (10 Wsent in a yea).



Table D-t Comparson l etween 10 CIR 61 and WOE Order 5820-2A, Cbaw, Ill.PrOMetin Of USIVund wate 3a(41 bt malQ2= e 40 CFR 141 (Federal Driokiq Water*h wground water i'e5Orces 00iisteet Stanard) was appied to wate drawnwith Federal. State, and loWa requnementa from a well, reauting in perfobrmance

emittes (< 4 mr i a y).) Thtm
Of compliance is l0.0M0 years and the
location of die well is 100 meters
downgradieut of doe disposa facility.

The Stae of Whifttoe protection for theProtctio Ofsutf ct wlerCOIUWMb Rivet is moe regrctiVe than
(61 .0(iXS6.t))40 CFR 141 for betaphoeon emitters.

Thierefore the dose limit was reduced to1 maretu/yr. 111. Point of, compliance is a
well to groundwawe just before theK- ~~groundwater readie th ~1m iver.
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Section 61 .56a)(1 WastemotMj Packged fo Section 3.5.a Waste mugst be Packaedf isinI
disposal i catobwd or fierb~oard boxes- carboard or r*"bO"v boxes. unles such bares contain stabilized

wase wtha mniuiso(vidsp c onaiin

packged n sff-Iientabsrbemmatrialto asor mus beconvrtedint L. ormthat contains as ltl resadn
twce the volume of the liquid, and Noncorrouive liquid as s reasona*l achievable. but in no case.

shall de liquid exceed I% Sof the volume of the waste when dIe
section 61.50)(3) Solid waste containnirs liquid shall wat isin a disosa container, or 0.5 % o h oueo al
contain as little f(me standing and itot-corrooeve liquid processed to a tbefm
a a reasonably achievable. but ini no case shall the9
liquid exceed I1% of the volume.

Section 61.56(2) ...liquid wastes, or wass
containing liquid. must be convefle into a form that
contains as lit*l free standing and non-cormosim liquid
as is reasonably achievable. but in no cute shall the
lipuid exceed I % of the volume Of fte wast when the
waste is in a disposal Container designed1 to enure
stability. Or 0.5% of die VOlume of the WSte for waste

poesdto a stable form.
Section 61.S6(i)(4) Wast must not be readily capable Section 313..c Waste must MC be eaiycapable Of detonation or
of &M o or reciat nomlpesmadexplosive dpositon or reaction at normal pressures and
temperatures. or of explosive reacton with water. telupeturs or of tj) 1Q've tea~tuon with water.
Section 61.56(a)(3) Waste most niot contain, or be Section 3... (Wording idetical)
capable of generatinig. quantities of toxic gases vapmr.
or fames harmful to persons. transporting. htandling, or

disposing of the waste.-________________________
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