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for the tar layer. The historical tank content estimate mod predicts 1C1 waste to contain
greater than 1.00 weight percent  sodium, bismuth, iron, hydroxide, nitrate, and
phosphate; aluminum, calcium, 1 te, carbonate, sulfate, silicate, and fluoride are expected
to be present in greater than 0.100 weight percent quantities. 1C2 waste is predicted to
contain greater than 1 weight p t of sodium, aluminum, hydroxide, nitrate, and
phosphate; bismuth, calcium, ir arbonate, sulfate, silicate, and fluoride are expected to
be present in greater than 0.10( ght percent quantities. Table A3-2 shows the historical
estimate of the expected waste ¢ ituents and their concentrations.

Figure A3-1. Tank Layer Model.
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segments 4, 6, and 8 were similar, as shown in Table B2-4. Note also that the centrifuged
solids and bulk sample densities were in contrast between segment 2 and segments 4, 6,
and 8. Procedure PNL-ALO-504 was used to measure the weight percent solids.

Rough density estimates were made for each segment and drainable liquid sample by dividing
the weight of the solids or drainable liquid recovered from each segment by its estimated
volume. However, because of the large uncertainties associated with estimating the volumes,
results varied widely.

B2.4.2 Particle Size

Particle size analyses are performed by passing a laser beam through a sample that has been
suspended in a dispersant. The amount of light attenuated by the particles is a measure of
the size and number of the particles in the sample. The particle size analyzer has a range of
0.5 to 150 um, and is set up to give the short diameter of the particle, irrespective of the
particle’s shape. From these data, the number and volume probability densities are
calculated. The number probability density is an indication of the average size of the
particles based on the number of particles measured, whereas the volume probability density
is an indication of the size of the particles that occupy most of the sample volume. A small
difference between the number probability density and the volume probability density is an
indication of relative uniformity of particle size; conversely, a large difference indicates that
most of the sample volume is occupied by a few large particles and the remaining volume is
occupied by many small particles. Table B2-6 lists the particle size analyses results, along
with standard deviations. For all segments, a relatively large difference exists between the
number and the volume probability densities. This shows a large range of particle size in the
sample.

The chemical properties of the dispersant are vital to the particle size test in that the particles
can be dissolved or additional particles can be precipitated in the dispersant, thereby
changing their size or number. Drainable liquid, or ‘mother liquor’, is a suitable choice
because it is in chemical equilibrium with the solid portion of the waste, and will neither
precipitate the solids nor dissolve them. In the case of tank 241-T-104, water was used as
the matrix. The choice to use water may have been made because the waste was relatively
insoluble, and any error would likely be small.

Inspection of the tank 241-T-104 particle size data shows no discernable trends in the vertical
variation of the data.
B2.4.3 Rheology

The shear strength of segments 2, 4, 6 and 8 was measured from core 45. Table B2-7 shows
the shear strength of each segment.
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Shear stress measurements were also made on the dilutions of segment samples at ambient
temperature and 95 °C (203 °F). The water:sample 1:1 dilution at both temperatures
exhibited yield pseudoplastic behavior, although segments 4, 6 and 8 had low yield points of
<0.2 Pa and segment 2 had a yield point of 1 Pa. The viscosity of the sample decreased as
the temperature was increased. The 3:1 dilutions for all segments exhibited Newtonian
behavior.

B2.5 INORGANIC ANALYSES

Inductively coupled plasma spectroscopy was performed on the 1992 core samples to
measure the concentrations of metals. Ion chromatography was used to measure the
concentrations of anions. The concentration of each analyte is present in tables at the end of
Section B2. The discussion accompanying each analytical method includes the digestion
method, the analytical method, and comments about any problems with the analysis.

In each table, the “Mean” column is the average of the result and duplicate values. All
values, including those below the detection level (denoted by the less-than symbol, “ <),
were averaged. If both sample and duplicate values were non-detected, the mean is
expressed as a non-detected value. If one value was detected while the other was not, the
mean is expressed as a non-detected value. If both values were detected, the mean is
expressed as a detected value.

B2.5.1 Inductively Coupled Plasma

The ICP analyses were performed per procedure LA-505-151 and were prepared by water,
fusion, and acid digests. The concentrations of metals in the samples as measured by ICP
are shown in Tables B2-8 through B2-38. The results from three preparation methods,
water, fusion, and acid, are presented for the metals. Composite samples were prepared by
acid digestion prior to analysis. Other samples were prepared by fusion with potassium
hydroxide in a nickel crucible, or by a water leach. The nickel results for the ICP fusion
analyses are biased high, because the samples were prepared in a nickel crucible by fusion
using potassium hydroxide.

B2.5.2 Jon Chromatography

Samples for ion chromatography (IC) were prepared by water-digestion and performed in
duplicate per procedure LA-533-105. The concentrations of anions by IC are shown in
Tables B2-39 through B2-44. Only water soluble anions could be measured. The presence
and concentration of insoluble anions can be inferred from the ICP data in some cases (i.e.,
phosphate and sulfate).
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Table B2-83. Tank 241-T-104 Analytical Results:

Neptunium-237 (Np237).

175 Core 45 WHOLE | < 0.0216 |< 0.0215 | < 0.02155%
176 Composite  'WHOLE | < 0.0108 | < 0.0108 | < 0.0108%%
179 Core 46 WHOLE | < 0.0269 | < 0.0108 | < 0.01885%
180 Composite  SyHOLE  |0.137 < 0.0213 | < 0.07915

Table B2-84. Tank 241-T-104 Analytical Results: Pu238 to Pu ratio (Mass Spec.).

93-1807-H1  [45: 9 WHOLE  |0.018 0.015 0.0165%C
93-1808-H1 WHOLE | 0.044 0.03 0.037%C4
93-1809-H1 | Core 45 WHOLE | 0.003 0.004 0.0035¢+
93-1810-H1 | COMPOsite  ROROLE | 0.002 0.004 0.004%4
93-1811-H1 | Core 46 WHOLE _ |0.006 0.006 0.006%+
O3-1812-H1 | COmPOsite  RURGLE  0.006 0.007 0.0065%C+
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Table B2-85. Tank 241-T-104 Analytical Results: Pu239 to Pu ratio (Mass Spec.).

93-1807-H1 | 45: 9 WHOLE | 98.0454 98.1677 98. 1065°C:
93-1808-H1 WHOLE | 97.4645 97.577 97.5207°C
93-1809-H1 | Core 45 WHOLE  |96.9134 97.0094 96.96142C
Composite "
93-1810-H1 WHOLE | 96.8341 96.8423 96.8382°C
93-1811-H1 | Core 46 WHOLE | 96.6298 96.6803 96.65519C4
93-1812.H1 | ComPosite o oTE . 96,5371 96.6492 96.59319C+

Table B2-86. Tank 241-T-104 Analytical Results: Pu240 to Pu ratio (Mass Spec.).

93-1807-H1  |45: 9 WHOLE | 1.7948 1.7279 1.76135%
93-1808-H1 WHOLE | 2.3497 2.2204 2.28505%+
93-1809-H1 | Core 45 WHOLE _ |3.0423 2.9444 2.99335%"
O31810-H1 | COMPOste  URGIE  |3.132 3.1254 3.12870CH
93-1811-H1 | Core 46 WHOLE  |3.3115 3.2622 3.28685%C+
o3 1812-H1 | COMPOsie  RURGLE | 3.4061 3.3003 3.35320C+
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C; = the effect of the j* composite sample from the i* core,

Ay = the analytical error associated with the k™ duplicate in the j* composite
from the i® core,

a = the number of cores,

b; = the number of composite sampleé in the i core, and

n; = the number of analytical results from the j® composite sample in the i®
core. :

For cores 45 and 46 there are two core composite samples (i.e., b, = 2).

The variables §; and C; are randor effects.  is assumed that §;, C;, an A are each
distributed narmallv with mean zero and variances of ¢%(S). ¢*(C). and ~( A\ recnertivelv
timate FAQLALIAIUILLE AvIDANWLLLAN WSS

Estimation (REML). This method applied to variance component estimation is described by
Harville (1977). The REML estimates were obtained using the statistics program S-Plus’
(Statistical Sciences 1993).

The mean concentration of each analyte of interest in the tank was calculated using the
following equation:

where

y=1 v =l j-lk-.=l j=1 k=l
y _a-i-zlyi“ aiz-l: n, aiz.l: n.

i+
b, =n,
_ > Vi by
Yoo = ge1 k=l and l‘li* = Enij.
i+ j=l

This mean gives.the results from.each core the same.weight regardless of the unbalance that
may exist for a particular analyte.

Trademark of Statistical Sciences, Sea! :, Washington.
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Sample-based inventory estimates can be calculated by multiplying the means in Table B3-6
by an estimate of the total sludge mass. Some analytes had data from fusion, acid, and water
digestions. In such cases, the fusion digestion results were generally used to calculate the
inventory because fusion digestion usually results in more complete dissolution than acid
digestion. Acid digestion results shor | be used for potassium because the fusion digestion
was performed by fusing the sample with potassium hydroxide. Acid digestion results should
also be used for boron, cadmium, lead, and tin because the higher dilutions of the fusion
digestion resulted in high dete« on limits for these analytes.

The volume of the sludge in tank 241-T-104 at the time of sampling was 1,673 kL

(442 kgal). The samples that were recovered had density measurements that ranged from
1.24 g/mL to 1.42 g/mL with an average of 1.285 g/mL. Using the average density and the
estimated sludge volume, an estimate of the total mass of sludge is 2.15 x 10° kg. The
inventory values (with the exception of the Pu and U isotopic results) can be calculated by
multiplying the n  n ¢ irai | values Table B3-6 ; s number. For the Puand U
isotopic results given a: sent of total Pu or U, the percentage results need to be ratioed to

A~~~ sV TT Vit anlacidnbn mmcmmacbeatian an Vi e oAe ool hofAara munltnlving

o -

Since the time of core sampling, saltwell liquid has been removed from the tank. Because
solids have not been removed from the tank and because the core composite used to generate
the concentrations in Table B3-6 did not include drainable liquids in the core samples, the
present tank sludge inventory should be close to that calculated in the manner described in
the previous paragraph. To provide a lower bound on the tank inventory, one can assume
that the saltwell liquid pumped has the same composition as the drainable liquid that was
analyzed, calculate the inventory of waste pumped from the tank (by multiplying the
drainable liquid concentrations by the 317 kL pumped), and subtract is 1« it from e
initial tar  inventory.
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WHC, 1996, T-104 Riser Pre; n n, Work Package WS-95-00291, Westinghouse Hanford
Company, Richland, Washington.
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APPENDIX C

STATISTICAL ANALYSIS FOR ISSUE RESOLUTION
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APPENDIX D

EVALUAT N TO STABLISH BEST-BASIS
INVENTORY FOR TANK 241-T-104
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APPENDIX E
BIBL RAPHY FOR TANK 241-T-104
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