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Executive Summary

Tank 241-B-201 (hereafter referred to as B-201) is a 208,000 liter (55,000 gallon)
single-shell waste tank located in the 200 East B Tank Farm at Hanford. Two cores were
taken from this tank in 1991 and analysis of the cores was conducted by Battelle’s
325-A Laboratory in 1992. Characterization of the waste in this tank is being done to
support the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement),

Milestone M-44-05 (Ecology 1993).

Tank B-201, located in the 200 East Area B Tank Farm,vwas constructed in 1943 and
put into use in 1947. ..e history of this tank is relatively straightforward, compared to
other tanks. For its entire lifetime, B-201 was used to hold wastes from the 224 facility, a
lanthanum fluoride-based separation process that discharged wastes containing low
concentration fission products. Waste from the 224 facility was pumped into this tank,
allowed to settle, and the liquid effluent was allowed to overflow into cribs (long trenches
engineered to receive waste material disposed into the soil). This tank was retired from
service in 1975, and in 1980 surveillance data indicated the tank leaked 4,500 liters
(1,189 llons). Tl tankyv con itly ir stabilized in 1981. Ti tank p itly
consists of 110,000 liters (29,000 gallons) of sludge-like waste. Historically, there are no
unreviewed safety questions associated with this tank and none were revealed by a review of

the data from e latest core sampling event in 1991.

There were no difficulties encountered during the core sampling of this tank. Core

recoveries were generally 100%, and an extensive set of analytical measurements was run on
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the core composites. Core 26 was taken from riser 2 and core 27 was taken from riser 7
(see Figure A-1). Since core 26 was taken near a waste inlet/outlet (i.e., a place where the
waste was frequently disturbed) and the core 27 was on the side of the tank far from the
inlet, these two cores should represent the extremes of sampling conditions in the tank. In
fact, the two cores exhibited many significant differences, and this core-to-core variability is
the principal contributor to the uncertainty in the tank inventory estimates. For example, in
the case of aluminum, the relative standard deviation (RSD) of the mean estimate is 74 %,

caused in large part by a core-to-core RSD of 102%.

The constituents found in highest concentration (> 10,000 ug/g) in the B-201 core
samples were water, bismuth, nitrate, sodium, silicon, manganese, lanthanum, iron, and

calcium in descending order of concentration.

The results of the chemical analyses have been compared to the dangerous waste codes
in the Washington Dangerous Waste Regulations (WAC 173-303). This assessment was
conducted by comparing tank analyses against dangerous waste characteristics ("D" waste
codes) and against state waste codes. The comparison did not include checking tank analyses
against "U," "P," "F," or "K" waste codes, since application of these codes is dependent on
the source of the waste and not on particular constituent concentrations. The results indicate
that the waste in this tank is adequately described in the Dangerous Waste Permit Application

for the Single-Shell Tank System; this permit is discussed in De Lorenzo et al. (1994).
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1.0 INTRODUCTION

Analysis was conducted on materials obtained from tank B-201 to coc  ‘te the
Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement), Milestone
M-44-05 (Ecology 1993) to sample, analyze, and report on 20 tanks. Other objectives that
these measurements and inventory estimates support are as follows:

® Obtain estimates of both the concentration and total quantity of key analytes
relating to safety issues such as organics and radionuclides.

® Provide input to risk-assessment-based decisions for disposal of the waste.

® ] plement physical property measurements such as rheology, bulk density, and
particle size.

These measurements are necessary for the design and fabrication of retrieval,
pretreatment, and final waste disposal systems.

1.1 PURPOSE

The purpose of this report is to characterize the waste in single-shell tank (SST) B-201.
"Characterization" includes the determination of the physical, chemical (e.g., concentrations
of elements and organic species), and radiological properties of the waste. These
determinations are made using analytical results from B-201 core samples as well as
historical inf( nation about the tank. The main objective is to determine average waste
properties; but in some cases, concentrations of analytes as a function of depth were also
determined.

This report also consolidates the available historical information regarding tank B-201,
arranges the analytical information from the recent core sampling in a useful format, and
provides an interpretation of the data within the context of what is known : >ut the tank.

1.2 SCOPE

The waste properties are determined from core samples, which were chemically
analyzed by the Pacific Northwest National Laboratory (PNNL, 325-A Laboratory).
Additional relevant information on the waste has been compiled from historic: sources.
Types of historical information that are routinely checked include:

® Past sampling events
® Routine tank surveillance measurements
® Tank transfer records.

1-1
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This historical information has been reviewed and compared with the laboratory data to help
interpret the laboratory data correctly. However, the characterization estimates presented are

-derived from the laboratory data unless otherwise indicated. The laboratory data is

considered to provide the most authoritative description of the tank waste.

The minimum required sampling and analysis was performed on tank B-201. This
sampling is intended to determine mean concentrations (through composite analysis) and is
thus intended to meet process design characterization objectives for waste treatment. Process
design generally requires knowledge of total inventories. However, a few measurements
were made to predict the spatial distribution of specific analytes in the tank.

1-2
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2.0 HISTORICAL TANK INFORMATION

Since 1944, underground storage tanks in Hanford’s 200 Areas have been used to store
radioactive w te generated by processing plants and laboratories on the Hanford Site.
A study of waste management operation records yields information about the process waste
types transferred into a tank and the physical state of the waste. By reviewing the plant
effluent stream composition, transfer records, and the subsequent history of the service life
of a tank, hypotheses about the expected contents of the tank can be made.

The B Tank Farm is located in the 200 East Area and was constructed during 1943 and
1944. The B Tank Farm is one of the original four tank farms (B, C, T, and ) made up of
SSTs. There are 16 waste tanks in B Farm. Four tanks (B-201 to B-204) have a nominal
capacity « 208,0001 rs (55,000 gallons). Tanks B-202, B-203, and B-204 are connected
together via tie lines whereas tank B-201 is not. The remaining 12 tanks (B-101 to B-112)
have a capacity of 2, 6,000 liters (530,000 gallons).

2.1 TA £ DESCRIPTION

A summary of the basic design for tank B-201 is presented in Appendix A. As can be
seen from the schematics presented in the appendix, B-201 is a small tank with a capacity of
208,000 liters. The tank is buried under approximately 2 meters (6.5 feet) of earth for
shielding purposes and is not connected in cascade or by tie lines with any other tanks. The
tank was classified as a leaker in 1980 and it is estimated to have leaked approximately
4,500 liters (1,189 gallons) of waste.

2.2 PROCESS KN( ’LEDGE

The process history for this tank is relatively straightforward. Tank B-201, as well as
the other three 208,000-liter tanks in B Farm (B-202 through B-204), received waste from
essentially one source, the LaF, Plutonium ~ ncentration Process (one of the final steps in
the Bismuth Phosphate Process) located in the 224 Building. This "224-waste" has a very
low radionuclide content (low enough to permit ground disposal). When tank B-201 was in
operation, the waste from the 224 Building was run into the tank and the solids were allowed
to settle out. The liquid waste was then directed into a crib, a long trench engineered to
receive wastes for disposal into the soil. An estimated 110,000 liters (29,000 gallons) of this
waste is currently in the tank and its historical composition is as described in Table 2-1.
These estimates were derived by Los Alamos National Laboratory (LANL) and are tabulated
in Brevick 1994. The numbers given in Table 2-1 are the estimated composition of the waste
in B-201, rather than the composition of the waste stream from the 224 Building.

2-1
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4,500 liters in 1980. The total volume of solids in the tank is 106,000 liters and the total
volume of supernate Juid is approximately 3,800 liters (1,004 gallons). Jungfleisch and
Simpson 1993, also obtained tank content estimates for B-201 (via the Track Radioactive
Components odel [TRAC]). However, all of the estimates supplied by ...AC were zero,
and therefore, TRAC results are not included here for comparison to the LANL historical
estimates. (See Figure 2-1).

Figure 2-1. Tank Waste Level Summary for B-201.
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2.3 SURVE _ANC™ DATA

Each of the 177 underground tanks at the Hanford Site is routinely monitored for
changes in supernate levels, solid waste levels, and temperature readings. A monthly
surveillance report lists the results of this monitoring and the status of each tank (e.g., watch
lists, leak status, unusual events).

A possible discrepancy can be seen in the data between 1952 and 1972. he solids
levels reported over this time period rise as high as 7.3 meters (204,000 liters). It is
doubtful that the solids level ever rose above 3.8 meters (approximately 110,000 liters).
This is due to the fact that approximately 117,000 liters (30,908 gallons) of supernate were
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2.4 TANK STATUS

B-201 is presently not on any watch list and has no unreviewed safety issues. B-201 is
an interim isolated tank, which means that all access to the tank not required for long-term
surveillance has been sealed in a way that provides at least one barrier to the inadvertent
addition of liquid. This tank is also interim stabilized. This means that B-201 is an inactive
waste storage tank, and that as much of the free liquid as possible has been removed with a
salt well pump. B-201 was put on the assumed leaker list after an observed drop in the
waste surface level (approximately 4,500 liters) was detected in 1980.
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3.0 TANK SAMPLING OVERVIEW

This section describes the latest tank B-201 core sampling event (1991) and another
core sampling event in 1978. For the 1991 sampling of tank B-201, details are given about
the core sampling equipment, the sampling process, the location of samples taken from the
tank, the sample recoveries, and the transfer of the core samples to the 325-A Laboratory.

3.1 CORE SAMPLING

All Hanford waste tanks are underground tanks, usually buried under 2 meters
(6.5 feet) of earth. Consequently, access to the waste is limited to existing risers, as
illustrated in Appendix A. Special core sampling equipment, which is mounted on trucks, is
used to 1 e cores from the tank. During sampling, the truck is positioned over the desired
riser and a "drill-string" containing the sampler is lowered into the tank. Two types of
samplers are used at Hanford, push mode and rotary mode. The rotary mode samplers are
much more effective in producing a complete sample of the waste (a rotary mode sampler
can actually be used in push or rotary mode). However, the rotary mode sampler takes more
time to set up, and there are some safety concerns associated with it (e.g., generation of heat
at the drill bit and potential ignition of the waste). Therefore, push mode sam; ng is used
whenever possible. Since the waste was expected to be relatively soft, push mode sampling
was used in tank B-201.

Several (ctors enter into the decision of which risers to sample. When possible,
samples are t 2n fro risers that are widely spaced, usually on opposite sides of the tank.

“This choice provides some information on the lateral variation of the waste.

The sampler is constructed of stainless steel and is 48 cm (19 in.) long, with a 2.2 cm
(7/8 in.) inside diame :, and has a volume of 187 mL. The sampler is fitted with a piston
inside the cylindrical sample reservoir to control entry of the waste. As the drill string is

“lowered, the | iton recedes from the sample reservoir and creates a partial vacuum that pulls

the sample into the waste column. The sampler fits into a 5-cm (2-in.) drill pipe fitted with
abluntdrill b  After each segment is filled, the sampler is extracted from the drill pipe and
another sampler is inserted. The drill string is then lowered another 48 cm (19 in.).

Some deficiencies associated with the sampler can have an impact on the
representativeness of the sample. For example, because of the location of the risers, the
sampler cannot extract the waste in the dished portion of the tank. Since the waste at the
bottom of the tank may be significantly different from the rest, this can cause an important
bias. Also, the sampler sometimes gets plugged and may gather much less than the standard
48 cm sample. Percent recovery estimates on a core or segment basis, express how
completely the material has been sampled.
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Figure 4-2. Segment Photographs for Core 27.
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Sample weights and/or final volumes were altered to increase the concentration
of certain analytes of interest. This was done to meet the concentration ranges
needed to perform the analyses, as specified in the procedures.

These deviations are not expected to have a substantive impact on the analytical results
or on any conclusions derived from them.
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the duplicate pairs from core 26. That report attributes the large RPD values to poor sample
homogenization. For this reason, these results were removed from the random effects model

fits.

The cobalt-60, tritium, and uranium-235 results reported in Table 5-4 were outside the
range of other results for the given constituent. The core 26 data report (Shaver 1993)
indicates that e process blanks showed significant tritium contamination from | :vious
tritium work. These three results were not used in the random effects model fits.

Figure 5-2 shows a residuals pattern that was noted for several constituents analyzed by
the ICP:A methc  This plot shows the predicted values from the random effects model fit
plotted against the residuals from the fit. If the random effects model (Equation 1) were
valid, this plot would show a horizontal band of residuals varying evenly about zero. The
four residuals that have the largest absolute values are from core 26, composite 1. The
core 26 data report (Shaver 1993) notes that these large differences between the sample and
duplicate results are due to poor sample homogenization or poor subsampling. " ese
anomalous results were not removed from the statistical analysis, however, because of the
limited amount of data a» lable.

Figure 5-2. Residuals Plot for ICP Acid Digestion Aluminum Analysis.
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Two different types of ICP fusion analyses were performed on B-201 core samples.
The first used sodium peroxide with a zirconium crucible. It was noted that this method
created an unknov  white precipitate during sample analyses. The second used potassium
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The ANOVA algorithm produces variance estimates for each of the deviations listed in
the model above: ‘

o, = Horizontal variability estimate

o2 =  Vertical variability estimate

ol =  General spatial variability estimate
o2 = Residual variability estimate

as well as estimates for all of the model terms. These varia ¢ estimates provide the best
summaries of tank spatial homogeneity.

For example, if o, is dominant, then there are large h« zontal variations in the waste.
If o is dominant, then the waste has very definite layers. Finally, if o is dominant, then
the waste is spatially inhomogeneous, but the inhomogeneitic are not associated with the
vertical or horizontal direction in the tank.

For this particular data set, the segment term was coll: sed into three levels: top
(segment 1), middle (segments 2 through 5), and bottom (se; ients 6 through 8).
Appendix C provides a complete description of the ANOVA sults. The first part of
Appendix C lists the variance estimates for all the constituen available and the second part
provides tank profile plots.

Table 6-2 summarizes the spatial variabilities found in e tank. Vertical variability is
the largest, with general spatial variability o a close second. Horizontal variabi vy is the
smallest observed spatial variability, although from a qualitative standpoint it appears
significant as well (e.g., the visually discernable difference observed between cores 26 and
27).

Table 6-2. Summary of RSD Values.
Mean xov (%)

Oc O0s Ocs Og

Anions 0 13 13 4
Metals 14 44 33 14
Organics 38 27
Physical 10 17 11 28

Radionuclides 18 31 16 31

6-3
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Table 6-3. Anal
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Temperature Phosphorus*
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Yield point
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Core x Segment (0.5)

Phosphorus* Manganese

Barium Silver
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Titanium Particle size n
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Weight % sol
Cobalt-60
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Figure 6-1. RSD Distributions for Variance C 1ponents Calculated
from the Segment-Level Da
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WHC-SD-WM-EL-350 Rev v

This page intentiona

B-2































WHC-SD-WM-ER-550 Rev v

This page intentional <.
















DAYEUCH o
;}5:3 ﬁ 3‘3”?35 e ﬂh.}li.htw

WHC-SD-WM-ER-550 Rev 0

Figure C-1. Plots for Best Method of Analysis. (page 2 of 14)
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Figure C-1. Plots for Best Method of Analysis. (page 4 of 14)
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Figure C-1. Plots for Best Method of Analysis. (page 6 of 14)
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Figure C-1. Plots for Best Method of Analysis. (page 10 of 14)
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Figure C-1. Plots for Best Method of Analys‘~. (page 11 of 14)
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Figure C-1. Plots for Best Method of Analysis. (page 12 of 14)
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Figure C-1. Plots for Best Method of Analy-'s. (page 13 of 14)

Toluene
§-
+
' #
Ly oot
g -L :
-
T 1 L]
Cezem Matte Te
Gapwend Lovels
Exvation Ovpanic (VOA)
(49)
Weight loss percent
8 -
8 -1
sop27
"
eary2?
A cap2?
8 4
T 1 ¥
Betiem ] Tep
OGapmend
Scan. Thermagravimelsig Ans.
(51)

C-18

\  me percent centrituged solids
i
!
R - l
]
|
s
) |
i
barpt$ oorpes
8- !
|
f
!
$ - !
!
!
d i
- e e
Gapwend Leovele
Ponienl Prapertios
(50)
¥V jht percent centriluged solids
8+ .
g..
3 !
wrpht -F
8
|
|
g - i
1] L 1
nem ] Yeo
Sopuani Levels
| =
(52)




WHC-SD-WM-ER-550 Rev 0

Figure C-1. Plots for Best Method of Analysis.
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APPENDIX D

RAW DATA SET SUMMARY
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APPENDIX D

RAW DATA SET SUMMARY

This appendix describes the format of the B-201 data set used to produce the results

discussed in this :port. The data set contains chemical measurements made by the 325-A
Laboratory on B-201 core samples. The data was originally downloaded from the Tank
Characterization Database (TCD). The following changes were made to the data set in
preparation for the various statistical analyses:

1.

The Na,0, Fusion ICP analyses were removed for all constituents with the exception of
nickel and potassium.

The KOH Fusion ICP analyses were removed from the data set for nickel and
potassium.

Only 17 of the original 40 TCD fields remain in the data set. The 17 fields remaining
in the data set are those that are pertinent to the data ana sis.

Any sample result that was below the detection limit was replaced with the detection
limit value if it was available.

All of the TCLP results from the Acid Digestion ICP analysis method were removed to
avoid confusion with the standard Acid D :stion ICP analyses.

The blanks were subtracted from all constituent sample results for the ICP Fusion
analysis method.

The organics results were converted from parts per billio to parts per m ion.

An electronic ASCII copy of the B-201 data set is availal : upon request. This data

set does not include any of the QA data (i.e., matrix spikes and method blanks). The B-201
data set is 5,109 cords in length. Table D-1 describes the contents of each field.
Reference DOE 1994 contains more information on the format of the data in the TCD.
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The 3:1 dilutions also exhibit yield psued( lastic behavior with a yield point of less
than 0.5 Pa. The viscosity and yield point of the samples was so low that no attempt was
made to model the data. At shear rates greater than 100 s, the viscosity of the 3:1 dilution
samples was less than 5 cP. The v1scosny of the 3:1 d11ut10n decreases significantly with
increasing temperature.

Plots of shear stress and viscosity as a function of shear rate for the dilutions are
shown in Figures E-1, E-2, and E-3. '

Figure E-1. Settling Behavior of Segment 2 (Core 26).
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Figure E-3. Settling Behavior of Segment 8 (Core 26).
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