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. snally, at the bottom of the chain-of-custody record, the sender and receiver of the
sample are identified and sign the form to acknowledge their involvement. The sender is the
supervisor of the sampling event. The recipient is the person at the laboratory that received
the sample. The last information recorded on e chain-of-custody record is whether the seal
was intact upon release and upon arrival at the laboratory. The laboratory will not analyze
the sample if the seal on the cask was broken enroute to ensure that no contamination of the
sample occurred before analysis. The seal number and sample number are also confirmed to
ensure that the proper cask was received at the laboratory. There was nothing in this section
that was out of the ordinary for tank U-110.

It can be concluded from the chain-of-custody record that, with the exception of the
poor sampling recoveries, there was nothing during the sampling of tank U-110 that was
irregular or would be considered a safety concern.

3.5 TANK U-110 WASTE SURFACE

The waste surface in tank U-110 is shown in Figure 3-3, which is a montage of
photographs taken at different locations on the tank waste surface. These photographs were
taken through riser 7, the observation port riser. These photographs were taken in July
1979.

Several of the riser locations are easily identified by the pipes rising vertically from the
waste surface. These risers are identified in the color figure. While riser 13 is actually in
the center of the tank, in the figure it appears to be far back in the tank. Note that not all of
the existing risers have a pipe connected from the riser to the waste.

The most distinguishing feature on the waste surface is the mound of waste located on
the right hand side of the diagram, next to the tank wall. This mound is located directly
under the cascade inlet pipes. The mound is semi-spherical in shape and has a radius of
approximately 1.8 (6 ft). This mound is also identified in the color figure.
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The second layer comprises most of the waste in the tank. This layer encompasses the
second and third segments of the core samples plus part of the top of the fourth segment in
many instances (see Appendix C, Brown and Jensen 1993). This layer is dark brown to
black in color and ranges in consistency. The layer is more moist and cohesive than the first
layer and many of the segments retrieved in t! ; layer held the cylindrical shape of the
sampler upon extrusion. Many of the segments in this layer, particularly the ones that held
their shape, were described by the technician as having the consistency of clay. This layer
ranges from being smooth to granular and also ranges from being cohesive to being
noncohesive.

The last layer is made up of the last segment of the core (or the bottom portion of the
last segment in some instances) and represents the waste closest to the bottom of the tank
(see Appendix C, Brown and Jensen 1993). The fourth segment extruded from every core
was always crumbly and in some instances also contained runny or sludge-like material.
This layer was also a lighter brown than the second layer. In many of the fourth segments,
small solid chunks of material were observed, 1ich is expected because any solid waste
would have settled to the bottom of the tank. It is possible that the chemical makeup of this
bottom layer and the middle layer are similar and that the major difference between the two
is the settling of the larger solids that has occurred in the bottom layer.

Again, this description of the stratification of the waste in tank U-110 offers only an
approximate description of the waste. For a specific description of the waste at one of the
sampling locations in the tank, refer to the photograph and the written description of the
sample appearance of the segments. For more specific physical characteristics of the waste,
refer to Section 5.1 of this report or to the phy :al tests section of the data packages.
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From the physical measurements performed on the extruded samples, the densities of
the segments may be estimated. This density estimation is shown on Table 5-1. The first
two columns in this table provide distinctive identification for each segment. In column
three, the length of the segment is given. In column four, the volume of the segment is
approximated by the laboratory using the segment length. The complete segment length is
48 cm (19 in.) but because the core recovery r this tank was poor, the length of the
segment was frequently less than 48 cm (19 in.). The volume is calculated by multiplying
the length of the segment by the cross-sectional area of the segment. Because the cross-
sectional diameter of a segment is constant (2.5 cm [1 in.]), the approximate volume is
dependant only upon the segment length. This information was obtained from the data
packages for tank U-110. Column five gives the mass of the segment (in grams) as
measured in the laboratory. In column six, the densities of the segments are calculated
where data is available by dividing the mass of the segment by the volume of the segment
and then adjusting to the units of g/cc. As the statistical data shows, the density from core
to core varies from 1.0 to 1.9 g/cc, with an average of 1.5 g/cc.

This wide range is most likely because the method of volume approximation did not
account for any porous spaces in the waste material. Any liquid within the porous spaces of
the bulk of the waste is called interstitial liquid. Depending on the porosity of the waste at
any location, the bulk density of a sample will vary. Another consideration that needs to be
made with this type of volume measurement is the void space created when a sample
crumbles upon extrusion. For these reasons, a wide range in the densities of the samples
must be expected.

For the best approximation of the dry density of the waste matter, void space should be
neglected as far as possible, which is done by choosing the highest density (approximately
1.9 g/cc) because these samples most likely had the least amount of void space. For the
apparent or wet density, the average density should be chosen which is 1.5 g/cc.

Column seven shows the voli of the | 1id drained from the sample upon extrusion.
Drainable liquid was mentioned in Section 4.0.

In the last column, the penetrometer reading is given, which measures the ability to
penetrate the waste. It is a measurement of the force required to overcome the resistance of
the waste to the penetrometer. A high penetrometer reading would indicate that the waste is
either hard or very cohesive. A low penetrometer reading would indicate that the waste is
soft or very friable. This information could be used in future sampling efforts when the
waste will need to be penetrated by a sampler. There is no recognizable pattern in the
penetrometer readings from segment to segment or from core to core.

At the bottom of Table 5-1 is a brief section showing basic statistical information for
both the density and the penetrometer readings.
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5.3 PARTICLE SIZE ANALYSIS

Particle size analysis was performed on every segment that was delivered to the
laboratory. The aliquot for particle size analysis was taken from the segment before the
segment was homogenized. The particle size analysis was performed using the Brinkmann
Particle Size Analyzer at the 222-S Laboratory. The output for these analyses is found in the
segment data packages (Data Packages 1991).

To perform particle size analysis, a small amount of sample is placed in a dispersant.
A dispersant is the liquid that is used to disperse and suspend the particles from the solid
sample. Water was used as the dispersant for cores 5, 6, 7, and segments 2 through 4 of
core 14. A mixture of 75 percent glycerine and 25 percent ethanol by volume was used as
the dispersant for cores 8, 12, 13, 15 and the first segment of core 14. This dispersant was
placed in the Brinkmann Particle Size Analyzer. The Brinkmann Analyzer works by means
of a thin beam of laser light that passes through the dispersant. The diameter of a s« d
particle in the dispersant can be determined by the amount of light that it blocks as the
particle passes through the beam. The size that is measured by this method is across the
short diameter of the particle. This method means that if a particle is oblong, the machine
estimates the shortest length across the particle (i.e., the width of the oblong shape, not the
length). The term "diameter"” throughout this text will be used to describe the linear profile
of any shape.

The data assembled from the Brinkmann Analyzer consists primarily of a statistical
summary of the particle size as well as several particle size density and distribution graphs.
Because of the amount of data produced by the Brinkmann Analyzer, all the data will not be
included in the appendix. An example from core 6 segment 4 will be given in Appendix E,
Brown and Jensen 1993.

At the top of each of these data printout pages is an information strip containing
information regarding each particle size analysis event. At the very top of each page is the
sample name and file name. The sample name records which specific bottle number the
sample came from. This number corresponds to a specific segment and core number. Also
given in this sample name identifier is the particular dispersant used (water or ethanol-
glycerine). The file name identifier assigns a unique number to each particle analysis run.
The cell type for each of these analyses was a magnetic stirrer as shown at the top of the
page. The acquisition range indicates the size in microns that the analyzer is supposed to
look for. Particle sizes below 0.5 microns cannot be detected by the analyzer. The required
confidence for all samples is 95 percent. The analyzer will count particles until it has
counted enough particles to reach this desired confidence.

The first page of the Brinkmann Analyzer data pages is the statistics summary page
(see Appendix E, Brown and Jensen 1993). On this page, the mean, standard deviation,
median, mode, and confidence of the particle sizes are given. These are given for a number
of different particle size distributions. The two most important distributions for | ticle size
analysis on tank waste are (number, length) and (number, volume). The first distribution
(number, length) represents the distribution of the diameter of the particles based upon the
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the volume distribution of the particles should not be neglected. That is, particles with
diameters of over 5 microns should be considered in these designs.

The technician who performed the particle size analysis recorded on some particle size
data sheets that particles larger than 150 microns probably exist in tank U-110. Because the
acquisition range on the analyzer was set for no more than 150 microns, any particles larger
than 150 um will not appear in the data.

Another important consideration involving the analysis of particle size is the dispersant
used. As mentioned before, the dispersant used for about one half of the samples was water.
Becau of the presence of some immiscible organics (mostly NPH from the drilling
operations), the other half of the samples were analyzed using an ethanol-glycerine mixture
to avoid agglomeration. The primary concern involved with using these dispersants is the
dissolving of the particulate. Any water solub (or ethylene-glycerine soluble) particles
existing in the tank will dissolve or decrease in size during the analysis. This means that the
particle size analysis presented in the tank U-110 data packages may not represent the true
particle size distribution in the tank. If for any reason a true particle size distribution is
required, the mother liquor of the tank should have been used because the tank particulate
are already in equilibrium with the tank mother liquor. However, because retrieval
operations will probably be performed with water, the particle size data acquired should be
accurate.

There is no recognizable difference in the particle size distribution curves between the
water spersant and the ethylene-glycerine dispersant analyses. A statistical analysis of the
particle size data would have to be performed to prove if there was a difference or not.

A statistical analysis of particle size distribution will not be performed in this report. It may
also be of some use to fit the particle size data to a particle size distribution curve, however
this will not be performed in this report.
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The composite data are located in Appendix B, Brown and Jensen 1993. The data are
found in Tables B-1-1 to B-4-6. The data are given for the eight core composites that were
analyzed from tank U-110 (Data Packages 1991). Each page contains data for two
composites and six pages are required to present the data for these two composites. For
example, on the first table (Table B-1-1, Brown and Jensen 1993), the data from composite 5
and composite 6 are presented. The data from these two composites are given from
Table B-1-1 through Table B-1-6, Brown and Jensen 1993. The order of presentation is the
same as with the segment ¢ a. That is, the 1 digested imple data is presented first,
followed by the fusion, water, and finally the acid data. However, more analyses were
performed on core composites. Likewise, composite 7 and composite 8 are presented from
Table B-2-1 through Table B-2-6, Brown and Jensen 1993.

The layout of the data is the same for both appendixes (Brown and Jensen 1993). The
sample value is presented first, followed by the duplicate value. These represent analyses
that were performed on two aliquots that were taken from the same sample. These values
should be very similar to each other. Next to some of these sample and duplicate values is
the letter "L." This "L" means "less than" and signifies that the number shown is the
detec »Hn limit value. This means that the actual concentration of that analyte is less that the
detection limit. The third number given is the average of the two. Actually, the third
number shown is only the average of the sample and duplicate value if both the sample and
duplicate are not "less than" values. If the sample value is a "less than" value, the number
shown in the average column is the duplicate value and vice versa. If both of the values are
"less than" values, a "0 L" is shown. This signifies that in both cases, the analyte in
question was not detected. If neither the sample or duplicate was analyzed, a "0" is shown
in the average column signifying that value is missing. It is up to the data user to decide if a
“less than" should be treated as a missing value, or as the number 0, or as the actual
detection limit. For the statistical analysis given later in this report, the "less than" values
were treated as being missing values. For the mass and charge balances performed later in
this report, the number 0 was used in place of the "less than values."

Sample data that are not presented in Appendix A or B, Brown and Jensen 1993, will
have to be obtained from the actual data packages (see Section 10.1 Data Packages, for
references). This includes information such as spike recoveries, reagent blanks, and other
similar data that will not be considered in this report.

6.3 DATA VALIDATION

Data validation procedures-for-both-chemical-and radiotogical-data ‘were in place during
the analysis of tank U-110. The procedures for the validation of chemical data, also known
as Resource Conservation and Recovery Act of 1976 (RCRA) data, are described in de " in
WHC-CM-5-3, Sample Management and Administration, Section 2.0 (WHC 1991). The
procedures for validating radiological data are outlined in Section 2.4 of the same manual.
Validation of the radiological data for tank U-110 was not performed because of t____:
constraints. However, validation of the chemical (RCRA) data for tank U-110 was
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Table 7-3. KOH Fusion Dissolution Statistics.

| - Method and anal) BMS - | (V) L.op U
0.164]  0.000949]  0.000158] 2 0.110] 0218
Total 8 1010 318000 22700 6 { 138
Cs-137 28.2 371 26.5| 6 15.6 40.8
U (ug/g) 4950| 3.01 E+06 215000 6 3820 6090
Pu-239/240 0.250 0.0130 0.00100| 6 0.176 0.325
Am-241 0.0871 0.00180 0.000152| 5 0.0554 0.119
5r-90 367 24100 2010 5 251 482
ICP (ug/g) |Al 150000 3.09 E+09| 2.21 E+08| 6 114000 187000
Bi 20600 2.9 E+08| 2.49E+07| § 7810 33500
B 3430 2.91 E+07| 2.64E+06| 6 0 7400
Ca 3200| 6.25 E+06 447000 6 1560 4830
Cr 535 105000 13100| 3 172 899
Fe 12400 4.37E+07| 3.12E+06] 6 8070 16700
Pb 1090 301000 37600| 3 474 1710
Mg 2540 1.00 E+07| 0.0000716| 6 471 4610
Mn 3460 2.78 E+06 198000 6 2370 4550
Ni 6660{ 2.31 E+06 165000 6 5660 7650
Se 1260 113000 18800 3 821 1690
Si 22200 3.16 E+08| 5.26 E+07| 2 0 5350«
Na 111000 8.75E+08( 6.25E+07| 6 92000 13100(
Sr 505 56100 4010 6 350 65t
S 846 386000 29700 6 425 1270
Zn 1080 8.76 E+06 626000 6 0 3010
Zr 372 20000 4000 2 100 644
2 y I  na Analysis
RA cal Analysis.
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Table 7-4. Fusion Dissolution, Confidence Limits as
Percent of the Mean. - ‘

Total B 1010 36.0
Cs 137 28.2 45.0
U 4950 23.0
Pu-239/240 0.250 30.0
Am 241 0.0871 36.0
Sr 90 367 31.0
ICP (ug/g) Al 150000 24.0
Bi 20600 62.0
B 3430 116
Ca 3200 51.0
Cr 306 90.0
Fe 12400 35.0
Pb 1090 57.0
Mg 2540 81.0
Mn 3460 31.0
Ni 6660 15.0
Se _ 1260 35.0
Si 22200 140
Na 111000 17.0
Sr 505 31.0
S 846 50.0
Zn 1080 179
Zr 372 73.0

CL = t*¢ 7 *100/§y
ICP Ind ively Coupled Plasma Analysis
RA = Radiological Analysis.
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7.5 REMAINING STATISTICAL TESTS FOR TANK U-110

- Analytical concentration data from the seven core samples from tank U-110 were used
to estimate the concentration of the various analytes found in the waste. Each core sample
consisted of four segments. The recovered ct : segments were homogenized and a
composite sample, representing each core, was formed by combining individual samples from
each homogenized segment.

The core composite sample was also homogenized. Two aliquots were drawn from
each core composite sample and prepared for chemical analysis. For each analyte, the
concentration estimates were computed based upon these pairs of data.

To estimate the mean composition of the SST based upon the chemical analysis of core
composite samples two assumptions must be valid.

® The 222-S Laboratory can homogenize and sample individual segments.

® The 222-S Laboratory can combine and rehomogenize samples from the segments
to form the core composite sample.

If these two assumptions are valid, the composite sample will represent the entire core.
To check the validity of these assumptions, two statistically designed tests were performed in
the 222-S Laboratory. Based upon the results from these two tests, both assumptions are
valid (Jensen and Remund 1993).

The results of these two tests are summr ized in the following paragraphs. In addition,
the results of a third test performed in the 222-S Laboratory are also summarized. The third
test, the holding time study, was designed to  :ermine whether or not the core sample
analytical concentrations " anged the samp : .

7.6 SUMMARY OF THE STATISTICAL EVALUATION
OF HOMOGENIZATION TEST DATA

A core sample of waste consists of disjoint segments. A segment is 48 cm (19 in.)
long and approximately 2.5 cm (1 in.) in diameter. In the laboratory, a segment is
homogenized (mixed), aliquots are formed fr¢ | a sample drawn from the homogenized
segment, and the aliquots are prepared for chemical analysis. The sample material in a
segment is homogenized so that-it-can be-characterized-by-analyzing a minimum number of
aliquots.

Homogenization of samples is a critical step in preparing sample material.
Consequently, to evaluate the ability of the 1z ratory to homogenize samples, the
homogenization test was performed.
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between holding times for pH, hydrogen concentration, percent water, nitrate, and phosphate
for segments 2, 3, and 4.

For segment 1, there were significant differences between holding times for percent
water and hydrogen concentration. There were no significant differences between holding
times for pH and mercury. There was insufficient data for a statistical analysis on segment 1
for nitrate, nitrite, TOC, phosphate, and sulfate. The results, for segment 1 alone, should be
viewed with caution because of the small number of observations.

7.9 SUMMARY OF THE VARIANCE COMPONENTS

The Statistical Characterization Report for Single-Shell Tank 241-U-110 (Jensen and
Remund 1993) also contains a section listing explicit estimates of the spatial and analytical
variance components for the analytes found in ink U-110. These variance components are
determined from the analysis of variance model used to estimate the concentration of the
analytes in the tank. In addition, for each of the variance components, confidence intervals,
relative standard deviations, and relative percent variance values are also given. These
statistics are used to judge the magnitude of the variance components and the degree of
heterogeneity of the waste.

The general conclusion is that there is large variability in the data (in the waste). The
analytical relative standard deviation varies between 6 and 150 percent. The spatial relative
standard deviation varies between 0 and 89 percent. The analytical variance, as a percent of
the total, varies between 1 and 100 percent. The spatial variance, as a percent of the total,
varies between 0 and 99 percent. There is no apparent pattern in the magnitudes of the
variances.
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A particle size distribution was performed on the segment samples from which the
number and volume particle distributions were obtained. The probability number
distributions from these analyses indicated that the majority (90 percent) of the identifiable
particles fit within the narrow band of 0.4 to 1.5 microns. However, the volume distribution
indicated that over 50 percent of the actual mass of the waste was represented by particles
over 5 microns. The dispersant used for these analyses was either water or an ethanol-
glycerine mixture. For a true particle size distribution, the mother liquor of the tank should
be used. The water dispersant analyses are still useful because retrieval operations are likely
to use water.

The chemical analyses performed on the tank U-110 waste were very useful in
identifying what remaining analytes are found 1 the waste. It was seen that, in agreement to
historical records, aluminum is found in abundance throughout the waste. It was already
shown that the top layer of the waste is primarily aluminum hydroxide. The remainder of
the waste probably contains aluminum in the form of aluminum oxide, aluminum hydroxide
in the form of boehmite (AIOOH), and even some in soluble forms, such as sodium
aluminate. Both bismuth and phosphate exist in high quantities in the bottom portions of the
waste probably in the form of bismuth phosphate. Large amounts of sodium exist in all of
the segments except for the top segment (white layer). Anions such as fluoride, nitrate, and
nitrite exist throughout these sludge segments as well. Most of these anions probably occur
in the form of sodium salts. The remaining sodium (that is not ionically bonded to the
anions) likely occurs as sodium hydroxide.

One shortcoming of the chemical data was that an ICP analysis was not performed on
fusion dissolution samples from the segments. Some analytes had consistently higher ICP
concentrations in the fusion dissolution analysis than the acid digestion analysis. In
particular, these were silicon, and the major metals: aluminum, calcium, magnesium, and
sodium. In future characterization efforts, if it is desired to know the concentration of
silicon or the major metals in the segment data, fusion ICP should be performed on the
segments.

By law, it is necessary to determine those tanks that have the potential to release high-
level waste due to an uncontrolled increase in temperature and pressure. Specific criteria
have been established to determine which tanks need to be kept under operating constrictions.
These criteria have been compared to the current data for tank U-110 in Table 8-1.
According to this comparison, tank U-110 is well below the established safety criteria that
define a gas-generating tank, a ferrocyanide tank, a high-heat tank, an organic tank, or a
potential criticality tank.

In the statistical analysis of tank U-110, estimates of the mean concentration as w  as
the confidence intervals on the mean concentrations were calculated (see Tables 7-1, 7-3, and
7-5). In estimating these mean concentrations and confidence intervals, it was assumed that
the 222-S Laboratory can effectively homogenize and sample individual segments. It was
also assumed that the laboratory could combine and rehomogenize samples from the
segments to form the core composite sample. Based on the results of statistical analyses on
tank U-110 data, these two assumptions are both valid.
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