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Summary

Rheological and physical properties testing were conducted on actual AN-107 and AW-101
melter feed samples prior to the addition of glass formers. Analyses were repeated on the
AW-101 samples following the addition of glass formers. Once a glass formulation is
available for the AN-107 samples, glass formers will be added and the analyses will be
repeated with these samples. Samples from both feeds were tested at the target sodium
values of nominally 6, 8, and 10 M. This data on actual waste is required to validate and
qualify results obtained with simulants.

The AW-101 feed samples and the AN-107 feed samples at sodium concentrations of 6M
and 8M contained no visible solids following evaporation. The 10 M sodium AN-107
sample contained roughly 1 vol% settled solids following evaporation. After approximately
2 weeks, solids rapidly precipitated from the 10 M Na sample resulting in a settled solids
layer occupying roughly 70% of the sample volume.

With the exception of the 10 M Na AN-107 sample, the rheograms of both AN-107 and
AW-101 samples prior to glass former addition show Newtonian behavior with a linear
relation between shear stress and shear rate with no observed yield stress. No thyxotropy
was observed comparing the increasing and decreasing shear rate curves or between repeat
analysis of the same samples. With the exception of some solids in the 10 M AN-107
sample that effected behavior at low shear rates (below ~100 s), the rheology of the
AN-107 and AW-101 feeds were indistinguishable. The viscosities of the 6, 8, and 10 M Na
feeds at 500 s were 8, 12, and 21 cP respectively at 25°C, and 4, 7, and 12 respectively at
50°C. The 10M Na AN-107 sample displayed Bingham behavior with a thyxotropic

component.

Rheograms of the AW-101 samples after glass former addition show nearly Newtonian
behavior with only a 20-40% drop in viscosity between 33s” and 500s”. No thyxotropy or
yield stresses were observed. The viscosities at 500 s' of the 6, 8, and 10 M Na feeds were
30, 88, and 230 cP respectively at 25°C, and 16, 46, and 130 cP respectively at 50°C.

A mixing and aging study was conducted on the 8 M Na AW-101 feed following glass
former addition. Glass formers were added and the slurry was stirred at a rate consistent
with that expected in the River Protection Project Waste Treatment Plant flow sheet. The
viscosity of the slurry increased from 52 cP at 350 s after 1 hour to 67 cP after 1 day. The
viscosity then remained essentially constant as indicated by the 64 cP measurement after 1
week. These measurements were all conducted at 25°C. Sample behavior was nearly
Newtonian. No thyxotropy or yield stresses were observed.

The 8 M Na AW-101 samples with glass formers were then allowed to settle for 1 week. No
gas retention or gas releases were observed during the study. After one week two settled
solids layers formed in the sample. Both were analyzed for shear stress versus shear rate at
25°C and displayed near Bingham behavior with a linear increase in shear stress with shear
rate above a yield stress. The yield stress for both layers was 4.6 Pa. Both samples also
displayed a thyxotropic component with a decreased viscosity and no yield point on the
decreasing rate portion of the rheograms.
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1.0 Introduction

The scope of the present work was to obtain physical and rheological data on actual LAW
melter feed samples. The physical and rheological properties of the LAW melter feed are
important considerations in the selection of the melter feed preparation flowsheet and
processing equipment such as mixers, pumps, piping and sampling. Measurements on actual
waste are required to validate and qualify results obtained with simulants.

Actual samples from tank AW-101 and AN-107 were used in this testing. Multiple samples
from each tank were received from Handford’s 222-S laboratory. Using this material, a
composite was prepared for each of the tanks. Entrained solids were removed from the AW-
101 composite by ultrafiltration. The cesium and technetium were then removed by ion
exchange. Entrained solids, St and transuranics (TRU) were removed from the AN-107
material during the St/ TRU removal process. Cesium was then removed from the AN-107
material by ion exchange.

Solids concentration, settling rate, density and shear stress versus shear rate were measured
on the samples after evaporation to three sodium concentrations (nominally 6, 8 and 10 M)
at ambient temperature and at 50°C. The same measurements were conducted on the three
mixtures from tank 241-AW-101 after the addition of glass formers. The 8M Na AW-101
slurry was mixed for 1 week at a shear rate consistent with that expected in the facility.
During this mixing, shear stress versus shear rate was measured after 1 hour, 1 day and 1
week. A shear stress versus shear rate analysis of this slurry was conducted again after 1
week with no mixing. Tests involving AN-107 slurry with glass formers will be conducted
once a glass formulation is developed.

This report describes the experimental approach and results of the testing. Specifications for
this work were provided to Battelle by BNFL under Task Specification Number
TS-W375LV-TE00001. This report also provides a means of transmitting to BNFL the

completed test plan and analytical data'.

! Results presented in this report are based on work conducted under Technical Procedure 29953-010, and Test
Plan 29953-46.
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2.0 Experimental Approach

2.1 Evaporation and Settling Study

The actual waste samples used in this testing were prepared under conditions similar to those
anticipated in the River Protection Project Waste Treatment Plant flow sheet. Both the AW-
101 and AN-107 wastes were received for this task following cesium ion exchange. The
process flow sheet includes technetium ion exchange for both of these wastes prior to
evaporation. However, the technetium ion exchange process does not significantly alter the
waste composition. Therefore, samples were not subject to technetium ion exchange prior
to this scope of work.

The density of the waste samples were measured at ambient temperature (~23°C). This
measurement was conducted by placing a subsample in a graduated glass cylinder of known
mass. The density was then calculated by dividing the mass by the volume. The measured
densities were 1.246 g/ml and 1.236 g/ml for the AW-101 and AN-107 samples respectively.

Following the density measurements, each waste was partitioned into three subsamples.
Each of the subsamples was then evaporated to one of the target sodium concentrations
(6M, 8M, or 10M). The evaporation was conducted in a vacuum oven at ~50°C under
approximately 23 inches of Hg vacuum. Three subsamples of each waste were weighed into
glass beakers. Using the density of the initial slurries, target weights required to produce the
desired sodium concentrations were calculated. Water was then evaporated from the
samples. For estimating purposes, it was assumed that for every gram of water evaporated
the volume of the samples decreased by one milliliter. Figures 2.1 and 2.2 show the AW-101
and AN-107 samples, respectively, after evaporation.

Following the evaporation step, the samples were placed in glass-graduated cylinders, and
the density of each was measured at ambient temperature (~23°C). This data was then used
to calculate the actual sodium concentrations of the evaporated samples. The AW-101
samples were calculated to have Na concentrations of 5.9 M, 7.7 M, and 9.4 M. The
AN-107 samples were calculated to have Na concentrations of 5.9 M, 7.9 M, and 9.7 M.
The 9.7 M Na AN-107 sample contained approximately 1 vol% settled solids at 23°C.
These settled solids were clear to white in color and consisted of particles approximately 1
mm in size. These solids settled within a few seconds after agitation. None of the other
evaporated samples contained visible solids. The densities of the samples were measured at
50°C by placing the sealed graduated cylinders containing the samples in an oven at 50°
overnight. The samples were removed from the oven and the volumes were immediately
recorded. The samples were allowed to cool before they were reweighed.
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Following the density measurements at 50°C, additional solids were observed in the AN-107
10 M Na sample. This observation was made approximately 2 weeks after completion of the
evaporation. A photograph of these settled solids is presented in Figure 2.3. It is estimated
the sample contains roughly 70 vol% loosely settled solids. Settling studies at 25°C and
50°C are currently being repeated on this sample and will be reported in a revision to this
report.

Figure 2.1. AW-101 Samples and Glass Formers Prior to Mixing. Samples A, B (B-1 and
B-2), and C are 6M, 8M, and 10M Sodium Respectively
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Figure 2.2. AN-107 Samples Following 24 hours at 50°C. This Photograph Was Taken
Two Weeks After Completion of Evaporation. Note Solids in Sample C That Were Not
Observed 2 Days Prior to This Photograph. Samples A, B (B-1 and B-2), and C are 6M, 8M,
and 10M Sodium Respectively

Figure 2.3. Close Up of Solids Precipitated Out of 10M AN-107 Sample. While Loosely
Packed, Solids Account for Roughly 60% of the Sample Volume

23



Following the 50°C density measurement on the AW-101 samples, but before the 50°C
density measurement on the AN-107 samples, the evaporated samples were stirred using an
overhead mixer. While stirring, subsamples were removed for shear stress versus shear rate
analyses. Samples were analyzed for shear stress versus shear rate in duplicate at 25°C and
50°C using the Bohlin CS viscometer modified for glovebox operations. Concentric
cylinders with a 25-mm-diameter inner cylinder and a “Small Sample Cell” outer cylinder
were used as the measuring geometries. The gap for this geometry set is 0.75 mm.

As per our procedure (29953-010), the Test Plan (29953-046), and manufacturers
recommendations, we performed a single point calibration check on the instrument every 30
days. This was done with either the 50 cP or 95 cP standard. This calibration check needs
to be within 10% of the certified value for standards above 10cP. Rheograms for standards
can be found in Appendix A, Figures 1, 15, and 48. The measured viscosity of both the 50
and 95 cP standards were not constant over the entire shear rate range, but remained within
the required 10% criteria between approximately 10 and 550 s. Since the measured
viscosity was not constant over the range, reporting a particular error is not appropriate.
The viscosity is the ratio of shear stress to shear rate and the viscosity of the standards were
within this acceptance criteria over the 10 s'to ~550 s range. Therefore, this single
standard is an effective check of the instruments torque calibration over 3 orders of
magnitude. Manufacturer recommendations are only for this single check even if some
samples display viscosities above the stress range of the calibration checked provided they
are not beyond the maximum torque of the instrument. None of the samples exceeded the
maximum torque of the instrument.

Shear stress versus shear rate rheograms were obtained by measuring the shear stress
produced at a specific shear rate. The increasing shear rate curve was generated by gradually
increasing the shear rate from approximately 0.1 s” to the maximum achievable shear rate
for the given sample, nominally 700 s”. The decreasing shear rate curve was generated by
reducing the shear rate back down to 0.1 s'. While the instrument is rated to 1100 s” with
this geometry set, these high shear rates are not easily attained with these slurries. At high
shear rates, the system tends to overspin producing poor quality data. The shear rate analysis
was conducted again with the same sample still in the instrument. A difference between the
first and second run would indicate potentially unusual behavior in the samples including
(but not limited to) settling of the solids within the instrument, the sample being effected by
shearing in the instrument, or water loss through evaporation. In all cases, the first and
second runs were virtually identical.

The 8M Na AW-101 sample was divided into 2 equal aliquots. Glass formers were then
added to the 6M Na sample, one of the 8M Na AW-101 samples, and the 10M Na AW-101
sample. The second 8M Na AW-101 sample was retained for mixing and aging studies that
will be described in Section 2.2 of this report. The AN-107 sample is currently being
retained until a glass formulation is provided to Battelle. Glass former quantities were based
on the formulation provided by VSL. The VSL formulation was provided for a 4.59 M
sodium feed on a mass per liter basis. The quantity of glass formers were first adjusted on a
per liter basis to the targeted sodium concentrations (6, 8, and 10 M). The masses to be
added to the 6M Na sample were multiplied by 1.31 (6/4.59=1.31), the masses added to the
8M Na samples were multiplied by 1.74, and the masses added to the 10 M sample were
multiplied by 2.18. These adjusted masses on a per liter basis were then multiplied by the
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volume of sample to calculate how much material to add to each sample. Table 2.1 lists the
quantity and type of glass formers added to each of the AW-101 samples.

Prior to addition, the dry glass formers were weighed into a flask and hand mixed using a
spatula. The glass former mixture was then slowly added to the samples while the samples
were stirred using an overhead mixer. Following the glass former addition, the samples were
stirred for an additional hour.

After stirring for one hour, the stir blade was removed and the volume of settled solids was
monitored for three days at ambient temperature. After three days, the mass and volume of
the bulk samples were recorded and used to calculate the densities of the bulk slurries.
Figure 2.4 shows the AW-101 samples during this settling study. The samples were then
placed in an oven at 50°C overnight before repeating the settling study at 50°C.

Following the 50°C settling study, shear stress versus shear rate analyses were performed on
the AW-101 samples at 25°C and 50°C as described previously for the evaporated samples.

10 AR
=

it
=

=

Figure 2.4. AW-101 Samples During 25°C Settling Study Following Glass Former Addition.
Samples A, B-1, and C are 6M, 8M, and 10M Sodium Respectively
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2.2 Mixing and Aging Study

The second 8M Na AW-101 sample was subjected to a mixing and aging study as specified
in the BNFL Task Specification. The 8M Na sample was placed in a 250 ml round bottom
flask with a side tube. The sample was stirred using an overhead mixer while the glass
formers were added. The flask was then sealed using a Teflon stirrer bearing. The sample
with glass formers was continually stirred for 1 week using a 1-inch (2.54 cm) diameter blade
at 480 rpm. The volume of the sample with glass formers was 6.1 in’ (100 ml). The 480 rpm
mixing rate provides the same energy per volume as anticipated in the River Protection
Project Waste Treatment Plant. The following equation (provided by BNFL) was used to

calculate the proper rotational rate:
N’ =1.85x10’ V/Df [1]

For this equation, N is the impeller rotational rate in rpm, V is the sample volume in cubic
inches and D; is the impeller diameter in inches.

Samples of the 8M Na slurry were removed from the mixing vessel after 1 hour, 1 day and 1
week. These samples were immediately analyzed for shear stress versus shear rate at 25°C.
These analyses were conducted as described in Section 2.1 for both the evaporated samples
and samples with glass formers.

The 8M Na samples were then transferred to a 100 ml glass graduated cylinder. The sample
was left to settle undisturbed for 1 week. During the settling time, the sample was
monitored for any gas retention and releases. Visual observations were supplemented with
time lapse video. No gas bubbles were observed in this sample or any other AW-101
samples during this study.

After one week of settling, the standing liquid was removed, and the settled solids were
immediately analyzed for shear stress versus shear rate at 25°C. Given the high solids
content of the sample, the Bohlin CS rheometer could not used. Instead, a Haake M5
measuring head modified for hot cell operations was used with an SV I measuring geometry.
The SV 1 is a concentric cylinder geometry with a gap of 1.45 mm and a maximum shear rate
range of 350 5. A 95.5 cP Brookfield viscosity standard was used to check the calibration
of the instrument before samples were analyzed. The calibration check was within 10% of
the certified value. Upon close inspection, the settled layer in the 8M Na sample was found
to consist of a loosely settled layer on top of a firmer higher solids content layer. Both layers
were analyzed separately. The shear rate was gradually increased from approximately 0.1 to
350 s generating the increasing shear rate curve, and then back down to 0.1 s generating
the decreasing curve.
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3.0 Experimental Results

This section details the results of tests conducted on actual AW-101 and AN-107 samples
following evaporation to nominal sodium concentrations of 6M, 8M, and 10M. The
AW-101 samples were evaporated to 5.9M, 7.7M, and 9.4M. The AN-107 samples were
evaporated to 5.9M, 7.9M, and 9.7M. In this section, samples will be referred to according
to the nominal sodium concentrations (6 M, 8M, and 10M).

3.1 Density and Settling Study

The densities of the evaporated samples with and without glass formers are provided in
Table 3.1. As expected, the densities of the samples prior to glass former addition increase
with increasing sample concentration and decreases slightly with temperature. No
temperature trend is seen in the AW-101 samples with glass formers. The densities for the
AW-101 samples with glass formers increase from 1.59 g/ml to 1.80 g/ml for the 6M and
8M Na samples respectively; however, the densities of the 8M and 10M Na samples are
similar at roughly 1.80 g/ml.

Table 3.1. Density of AN-107 and AW-101 Samples at 25°C and 50°C With and Without
Addition of Glass Formers in g/ml (Error is estimated at 2% of the Measured Value).

Without Glass Formers With Glass Formers
Sample 25°C 50°C 25°C 50°C
6M AN-107 1.28 1.26 NA NA
8M AN-107 1.37 1.33 NA NA
10M AN-107 1.44 1.38 NA NA
6M AW-101 1.31 NM (1.27) 1.59 1.59
8M AW-101 1.37 NM (1.33) 1.80 1.81
10M AW-101 1.44 NM (1.38) 1.77 1.80

NM = not measured due to elimination of 50°C settling study on AW-101
evaporated samples. Values in parentheses are estimated based on sodium
concentration.

NA = not available. These measurements will be completed following
determination of the AN-107 glass formulation.

As described in Section 2.1, the AW-101 samples were agitated and then allowed to settle at
25°C and 50°C over a 3-day period. The solids settled leaving a clear supernatant above
with a distinct interface between the settling solids and the clarified supernatant. Figure 3.1
and 3.2 plots the vol% settled solids (interface height/sample height x 100%) versus time
for the samples. Figure 3.1 uses a semi-log scale while Figure 3.2 is linear. With the
exception of the 10M Na sample at 25°C, all samples finished settling within the first 24
hours. The 10M Na sample at 25°C reached a constant value after approximately 45 hours.

3.1
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Table 3.2 lists the vol% settled solids for the samples. As expected, the data shows the
volume percent settled solids increased with sodium concentration and decreased with
temperature. At 25°C, the volume percent settled solids increased from 55 to 72 to 83 vol%
for the 6, 8, and 10M Na sample respectively. At 50°C, volume percent settled solids
increased from 49 to 66 to 72 vol% for the 6, 8, and 10M Na sample respectively. This
trend is the result of adding larger mass ratios of insoluble glass formers to the higher
concentration samples. The decrease in vol% settled solids with increasing temperature
could be the result of one or more soluble species in the precipitate at the lower
temperature. This trend could also be the result of a lower viscosity and yield stress leading
for greater compaction of the solids at the higher temperature.

Table 3.2. Volume Percent Settles Solids for the AW-101 Samples with Glass Formers

Sample [25°C [ 50°C
6M 55 49
8M 72 66
10M 83 72

Figure 3.3 plots the settling rate as a function of time. The settling rate was calculated by
dividing the change in settled solids height by time. Minor parallax errors can be magnified
by this calculation and result in significant scatter. To minimize scatter the data plotted in
Figure 3.3 have been smoothed using a four point moving average.

Three settling mechanisms are generally observed for this type of sample matrix: free
settling, hindered settling, and compression settling. Free settling is settling of discrete
particles or flocculated particles without interaction from other particles or the vessel wall.
Free settling is denoted by a linear decrease in vol% settled solids over time as the particles
fall with fixed velocities. A linear decrease in settling velocity would be seen as a constant or
flat portion of a settling rate versus time plot. For flocculating systems, the velocity generally
increases as the mass of the particles increase, although particle shape changes can also
decrease the settling velocity. Hindered settling occurs when the when particle-particle and
particle-wall interactions effect the settling velocities. In an ideal system, hindered settling is
denoted by the break from a linear decrease in vol% settled solids with time (i.e. a decrease
in the settling rate). Compression settling is the final portion of the vol% settling curve as
the system approaches the stable value. Two or even all three of these mechanisms usually
occur simultaneously.

All samples in Figure 3.3 show an initially constant settling rate. This region is probably a
combination of free as well as some hindered settling. Free settling of the smaller particles is
dominating the behavior of the observed solids interface. However, the majority of the
solids are at a much higher concentration at the bottom of the column where hindered
settling is the dominant mechanism. For the 6M Na and 8M Na samples, the initial settling
rates increase with temperature and decrease with increasing sodium concentration (i.e. 6M
Na samples settle faster than 8M Na, and 50°C settle faster than 25°C). The initial settling
rate of the 6M Na sample at 50°C was the highest (~0.02 cm/min) followed by the same
sample at 25°C (~0.005-0.015 cm/min). The initial settling rate of the 8 M sample at 50°C
was between 0.004-0.007 cm/min and at 25°C between 0.001-0.002 cm/min.
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This increase in settling rate with increasing temperature and decrease in sodium
concentration is probably the result of several factors including a lower supernatant viscosity
as well as a decrease in the solids content. Viscosity results to be presented later in this
report show that the viscosity of the samples decrease with increasing temperature and
increase with higher sodium concentration. The vol% settled solids data in Table 3.2 shows
the solids content of the samples decreases with increasing temperature and increases with
increasing sodium concentration.

The initial settling rate of the 10M Na sample at 25°C (~0.004 cm/min) is higher than the
same sample at 50°C (~0.001-0.003 cm/min) and is higher than the 8M Na sample at 25°C.
The reason for this reverse in the trend observed for the 6 and 8M Na samples is unclear
from the available data. It is probably the result of several factors that could include more
effective flocculation of fine particulates at higher solids content of the 10M Na sample,
competing with a higher concentration of fine soluble particulates that can not be dissolved
at the higher temperature with the higher solids loading. This is speculative and more
information would be needed if this is to be resolved.

After approximately 4 hours of settling, the settling rate for all of the samples drop
dramatically as seen in Figure 3.3. This drop indicates the end of any free settling, and a
transition to hindered and compression settling. This region of the settling curve is probably
a mixture of compression settling and hindered settling.

The transition from the combination of both hindered and compressive settling to only
compression settling as the dominant mechanism is seen at different times for the samples.
From Figure 3.1, the 6 M Na sample at 50°C shows the very slow linear decrease in settled
solids volume expected for the compression settling at 6 hours, and the 6M Na at 25°C
show the linear decrease starting after 24 hours. With the exception of the 10M Na sample
at 25°C, compression settling becomes the dominant mechanism at ~24 hours.
Compression settling does not appear to be the dominant settling mechanism for the 10M
Na sample at 25°C until after ~60 hour. This late onset for compression settling of the 10M
Na sample at 25°C suggests that while the sample is very close to a stable value, the sample
may not have reached its final settled height.

3.2 Rheology

The results of the shear stress versus shear rate analyses are presented in this section. The
full set of rheograms, both samples and calibration checks, are included in Appendix A.

3.21 Rheology of Evaporated Feed Samples

Shear stress versus shear rate analyses were conducted on the AW-101 evaporated feed
samples approximately one month after the evaporation step. The AN-107 sample analyses
were conducted approximately 1 week after evaporation. The tabular result for the
viscosities at 33s" and 500s™ are listed in Table 3.3. These results are the average of 2
duplicate samples. With the exception of the 10M Na AN-107 sample at 25°C, the
evaporated samples for both AN-107 and AW-101 displayed a nearly linear relationship
between shear stress and shear rate over the shear rate range examined with no detectable
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yield stress. This is referred to as Newtonian behavior. Since the viscosity is the ratio of the
shear stress to the shear rate, the viscosity was nearly constant over the shear rate range
examined. As expected, the viscosity of all samples from both tanks increase with sodium
concentration and decrease with temperature.

Table 3.3. Viscosity of Evaporated Feed Samples in cP. Values are the Average of Two

Duplicate Analyses
25°C 50°C
Sample 33s 500s" 33s 500s"
6M AN-107 9 8 6 4
8M AN-107 14 13 10 8
10M AN-107 56 21 14 11
6M AW-101 8 8 6 4
8M AW-101 13 12 7 6
10M AW-101 22 21 14 12

It should be noted that the results for the AN-107 samples are similar to the AW-101
samples. The only significant difference in the two data sets is the viscosity of the 10M Na
samples at 33s”. Under these conditions, the AN-107 and AW-101 samples have viscosities
of 57 and 22 cP respectively. The higher AN-107 viscosity is probably the result of visible
solids in the AN-107 sample while the AW-101 sample was a clear liquid with no solids.
The increasing shear rate curve for the AN-107 10M Na samples were models using the
following yield power law:

Tau = a + bD" 2]

where Tau is the shear stress in Pa, and D is the shear rate in s'. The constants a, b, and ¢
were calculated by a best fit regression to the data. The results of this fit are presented in
Table 3.4. In the equation, the constant a is the yield stress which is an average of 1.2 Pa for
the two duplicates. The divergence of ¢ from unity is a measure of the samples shear
thinning (c<1) or thickening (c>1). The duplicate suggests shear thickening, however, this
sample also displays a thyxotropic component, so c is greater than 1 for the duplicate as a
result of the model trying to fit the initial thinning of the material. Therefore, this material is
best described as a Bingham plastic with a thyxotropic component.

Table 3.4. Yield Power Law Fit for the 10M AN-107 Samples at 25°C

Sample a (Pa) b (Pa- s) ¢ (unitless)
1 0.62 0.0187 1.00
2 1.7 0.00824 1.13
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3.2.2 Rheology of Melter Feed with Glass Formers

Shear stress versus shear rate analyses were conducted on the AW-101 melter feed samples
approximately two weeks after glass former addition. These analyses were conducted after
the ambient and 50°C settling studies. The tabular result for the viscosities at 33s™ and
500s" are listed in Table 3.5.

While a the viscosity of the sample decreased slightly with shear rate, approximately 20-40%
between 33s™ and 500s, this is still a nearly linear relationship between shear stress and
shear rate over the shear rate range. In addition, no yield stress was observed. Therefore,
the samples with glass formers are still roughly Newtonian in behavior.

As seen in Table 3.5, the viscosities of the samples increase with sodium concentration and
decrease with temperature. The sodium trend is expected since the amounts of glass
formers added were proportional to the sodium concentration. The glass formers were
primarily insoluble in these solutions. Therefore, the higher sodium samples have higher
insoluble solids content as well as higher dissolved solids content. Both higher dissolved and
insoluble solids result in an increased viscosity. The temperature trend is also expected as
the viscosity of most liquids and slurries decrease with increasing temperature.

Table 3.5. Viscosity of AW-101 Melter Feed Samples with Glass Formers in cP. Values are
the Average of Two Duplicate Analyses

25°C 50°C
Sample 33s 500s" 33s’ 500s"
6M AW-101 46 36 26 16
8M AW-101 110 88 60 46
10M AW-101 260 230 160 130

3.3 Mixing and Mixing Study

As described in Section 2.2, an 8M Na AW-101 subsample was used for the mixing and
aging study. Glass formers were added and the slurry stirred for 1 week. Subsamples were
removed after 1 hour, 1 day and 1 week and immediately analyzed for shear stress versus
shear rate at 25°C using a Bohlin CS rheometer with a concentric cylinder geometry. The
results are presented in tabular form in Table 3.6 at 33s” and 350s”. The rheograms show an
increase in viscosity for the duplicate runs, therefore; only results for the initial runs are
presented. The increase in viscosity is probably the result of sample evaporation between
analyses.

The viscosity of the sample decreased only slightly with shear rate, approximately 10-15%
between 33s” and 500s™. This is a linear relationship between shear stress and shear rate
over the shear rate range. In addition, no yield stress was observed. Therefore, the samples
during the mixing study exhibit Newtonian behavior.
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Table 3.6. Viscosity of 8M Na AW-101 Melter Feed Samples with Glass Formers During
Mixing and Aging Study. Analyses Conducted at 25°C Using a Haake M5 Viscometer with
an SVI Concentric Cylinder Geometry. Values are in cP

Sample* Yield Increasing | Decreasing | 350 s
Stress (Pa) | Cutve @ | Curve @
33s 33s

After 1 Hour of Mixing NO 59 NA 52
After 1 Day of Mixing NO 77 NA 67
After 1 Week of Mixing NO 76 NA 64
Loosely Settled Solids 4.8 270 180 130
Tightly Settled Solids 5.3 355 260 220

2 Due to sample drying between analyses, mixing results are for initial samples only.
Settled solids results are the average of two duplicates.

NO, Yield stresses were not observed during the mixing study for the 8M Na slurry
NA, Viscosity of increasing and decreasing rate curves are similar for the 8M Na slurry

The results in Table 3.6 show a 30% increase in viscosity over the first day of mixing, but no
change after the first day. The viscosity at 350s" after 1 hour was 52 cP and increased to

67 cP after 1 day. However, after 1 week the viscosity did not increase again and was
measured at 64 cP.

The sample was then transferred to a 100 ml graduated cylinder and allowed to settle for one
week. No gas retention or releases were observed during this work. After one week, the
standing liquid was removed and the settled solids were analyzed for shear stress versus
shear rate at 25°C. During sample collection, it was noted that the settled solids had formed
in two distinct layers. The upper layer appeared to be more soupy and containing finer
solids. This upper layer was referred to as the loosely settled solids layer. The lower layer
was pastier and appeared to contain more solids that had less interstitial liquid. Both layers
were analyzed separately.

As seen in Table 3.6, the viscosity of the loosely settled solids decreased from 270 cP at
335" to 130 cP at 350 s”'. The tightly settled solids decreased from 355 to 220 cP of the
same range. This is still a roughly linear relationship between shear stress and shear rate. To
quantify the sample behavior, the increasing shear rate curves were modeled using a yield
power law as described in Section 3.2.2. The result of this fit is presented in Table 3.7. Both
samples displayed average yield stresses of 4.6 Pa. The average value of ¢ was 0.976 for both
samples indicating a nearly linear relationship between shear stress and shear rate. This is
defined as Bingham behavior. These samples display a thyxotropic component as seen in
the lack of a yield point on the decreasing rate portion of the rheogram, and the slightly
lower viscosity.
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Table 3.7. Yield Power Law Fit for the 8M AW-101 Settled Solids following Glass Former
Addition. Analyses Were Conducted at 25°C

Sample a (Pa) b (Pa-s) | c (unitless)
Loosely Settled 1 5.2 0.183 0.929
Loosely Settled 2 4.0 0.110 1.019
Tightly Settled 1 5.7 0.223 0.983
Tightly Settled 2 3.5 0.240 0.969
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4.0 Conclusions

The following conclusions were made based on the rheological and physical properties of
the AN-107 and AW-101 evaporator and melter feeds. These conclusions have been
divided into categories for clarity.

Evaporation

e Fvaporation of the pretreated AW-101 feed to sodium concentrations of 6, 8, and 10 M,
resulted in clear yellow solutions with no visible solids.

e Fvaporation of the pretreated AN-107 feed to 6 and 8 M Na resulted in darkened brown
solution with no visible solids.

e The 10 M Na AN-107 sample contained only ~1vol% solids following evaporation.
After approximately 2 weeks, solids rapidly precipitated from solution forming a settled
solids layer representing roughly 70 percent of the sample volume.

Rheology of Evaporated Feeds

e With the exception of the 10 M Na AN-107 sample at shear rates below ~100 s’ the
rheology of the AN-107 and AW-101 feeds were indistinguishable at similar sodium
concentrations. The viscosities of the 6, 8, and 10 M Na feeds at 500 s were 8, 12, and
21 cP respectively at 25°C, and 4, 7, and 12 respectively at 50°C.

e The 6, 8, and 10 M Na AW-101 feeds as well 6, and 8 M Na AN-107 feeds exhibited
Newtonian behavior with no thyxotropy.

e The 10 M Na AN-107 feed at 25°C exhibited Bingham behavior with yield stress of
approximately 1 Pa, and a thyxotropic component.

AW-101 Melter Feed Settling and Rhbeology

e For the 6 M Na and 8 M Na samples, the initial settling rates increase with temperature
and decrease with increasing sodium concentration (i.e. 6 M Na samples settle faster than
8 M Na, and 50°C settle faster than same sample at 25°C).

e The initial settling rate of the 10 M Na sample at 25°C is higher than the same sample at
50°C and is higher than the 8 M Na sample at 25°C. The reason for this reverse in the
trend observed for the 6 and 8 M Na samples is unclear from the available data. It is
probably the result of several factors that could include more effective flocculation of
fine particulates at higher solids content of the 10 M Na sample, competing with a higher
concentration of fine soluble particulates that cannot be dissolved at the higher
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temperature with the higher solids loading. This is speculative and more information
would be needed if this is to be resolved.

e The AW-101 melter feed samples show nearly Newtonian behavior with no thyxotropy
or yield stresses observed. The viscosities at 500 s' of the 6, 8, and 10 M feeds were 36,
88, and 230 cP respectively at 25°C, and 16, 46, and 130 cP respectively at 50°C.

8M Na AW-101 Melter Feed Mixing and Aging

e The viscosity (at 500 s and 25°C) of the slurry increased from 52 cP after 1 hour of
mixing to 67 cP after 1 day. The viscosity then remained essentially constant at 65 cP
after 1 week of mixing. For comparison, the viscosity of the 8 M Na melter feed sample
that was used in settling studies was 88 cP at 500 s and 25°C. This other sample was
analyzed approximately 3 weeks after glass former addition with only occasional stirring.
This suggests that a combination of additional aging and lack of mixing could result in an
additional increase in viscosity.

e Rheograms of slurry samples analyzed after 1 hour, 1 day, and 1 week show nearly
Newtonian behavior with no thyxotropy or yield stresses.

® No gas retention or releases were observed during 1 week of settling.

o After 1 week of settling, 2 settled solids layers formed. The upper layer appeared to have
a lower solids content while the lower layer had a thicker consistency.

e Rheograms of the two separate settled solid layers exhibit Bingham behavior with a
similar yield point of 4.6 Pa. Both layers displayed a thyxotropic component.
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Appendix B: Test Plan (BNFL-TP-29953-046)






Client Number: TP-W375-99-00032

Rev.No.: 0
Document Control: Only the original
- sicned copy is controlled

PNNL Test Plan Document No.: BNFL-TP-29953-46

Title: LAW Melter Feed Rheological and Physical Properties Measurements

Work Location: Radiochemical Processing Page 1 of 54
Laboratory
Author; Paul Bredt Effective Date: Upon Final Approval

Supersedes Date: New

Use Category Identification: Reference

Identified Hazards: Required Reviewers:
Radiological _X_Technical Reviewer X Project Manager
" Hazardous Materials X Building Manager X RPL Manager
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LAW Melter Feed Rheological and Physical Properties Measurements

Scope

This test plan defines work to be conducted on AN-107 and AW-101 slurry samples following
pretreatment. Samples are to be evaporated under vacuum (40-80 torr) at ~ 0°C to three sodium
concentrations as specified by the client prior to initiation of work (probably 6, 8, and 10 M).
Following evaporaton, solids concentration, settling rate, density and shear stress versus shear rate
will be measured on the samples at ambient temperature (~25°C) and 50 °C. Glass formers, as
specified by the client prior to initiation of work, will then be added to the samples. Following glass
former addition, solids concentration, solids settling rate, density and shear stress versus shear rate
will then be measured on the samples at ambient and 50°C. One of the samples will then be
actively mixed for one week in a vessel with an impeller to vessel diameter ratio of 77:120. Mixer
speed will be specified by the client prior to initiation of work. During this week of mixing, shear
stress versus shear rate will be measured after 1 hour, 1 day and 1 week. The slurry will then be left
undisturbed for 1 week while observations are made of any gas retention and release behavior by
focusing a remote video camera on the solid-liquid interface. The viscosity of this slurry will be
further measured after 1 week with no mixing.

Test instructions will be issued to provide specific details to RPG staff regarding the
implementation of Technical Procedure 29953-010, “Measurement of Physical and Rheological
Properties of Solutions, Slurries and Sludges”. Client expectations for successful achievement of
project data needs have already been established via the “LAW Melter Feed Rheology” test
specifications, numbered TS-W375LV-TE00001, provided to Battelle by BNFL.

Justification of Use Category

This procedure is reference use. Reference use was selected as the use category since this analysis is
not a complex process and there are no safety impacts to the order of events. In addition, we may
wish to modify the order of analyses or eliminate some analyses depending on the needs at the ume
of the operation. :

Applicability

This test plan applies to RPL staff performing work on BNFL Privatization samples under Project
29953.

Work with actual samples is to be performed in radiological fume hoods and glove boxes in the
RPL by staff under the direction of 2 cognizant scientist.
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Prerequisites

1) Keep the sample in a sealed glass container as much as possible to prevent it from drying and
reduce the potential for organic contamination.

2) Cross-contamination between samples and contamination of samples from outside sources
must be minimized at each step. Use new tools and bottles for each sample as much as
possible. Those tools which are reused should be washed and rinsed prior to reuse.

3) Secondary containment is to be used whenever practical to minimize sample loss in the event of
a spilled sample or. broken sample bottle.

4) This Test Plan requires work in an oven or viscometer at 50°C. Unless otherwise indicated, a
value of £5°C 1s acceptable.

Quality Control

Quality control has been implemented in Technical Procedure 29953-010, “Measurement of
Physical and Rheological Properties of Solutions, Slurries and Sludges”. This work is to be
conducted under the quality requirements of the Standards-Based Management System (SBMS).

M&TE List:
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Work Flow

1) Load 3 subsamples of a waste in glass jars and place in vacuum oven.

2) Apply a vacuum (40-80 torr positive pressure) to the jars at 50°C. (£5°C).

3) Monitor sample masses.

4) At predetermined mass loss intervals, remove each subsample from the vacuum and cap.

(3 Transfer each subsample to 2 graduated cylinder and measure the density.
- _6) Mobilize the material in the graduated cylinders and monitor the settled solids volumes over a 3
* day period at ambient temperature (~23°C).
(D) Place the graduated cylinders in an oven at 50°C for 1 day.
{® Measure the density of the material in each of the graduated cylinders at 50°C.
9) Mobilize the material in the graduated cylinders and monitor the settled solids volumes over a3
P.%  day period at 50°C.

10) While stirring, remove homogeneous subsamples from each of the three graduated jars in
duplicate and analyze for shear stress versus shear rate at ambient temperature (~25°C) and
50°C.

@ Add the prescribed quantities of glass formers to each of the three graduated cylinders and stir
for one hour using an overhead mixer. - _ c’l‘ff«‘;’:;‘;\: 4 At for stivrbis Vled o Cade of SRnp Leray s fuy

@ Measure the density of the material in each of the graduated cylinders at ambient. ~ s

13) Mobilize the material in the graduated cylinders and monitor the settled solids volumes overa 3
day period at ambient temperature (~23°C). - 53+ V2% & wagy wires “['ﬂl“‘\.—.\)

14) Place each of the graduated cylinders in an oven at 50°C for 1 day.

15) Measure the density of the material in each of the graduated cylinders at 0T, 7

16) Mobilize the material in the graduated cylinders and monitor the settled solids volumes overa 3
day period at 50°C.

17) While stirring, remove homogeneous subsamples from each of the three graduated jars in
duplicate and analyze for shear stress versus shear rate at ambient temperature (~23°C) and
50°C.

18) Transfer one of the three samples prepared in step 15 to an airtight glass mixing vessel with e
sampling port. The vessel is to have a impeller to vessel diameter ratio of 77:120. '

19) Mix this sample for one week at ambient temperature. The impeller speed will be specified by
the client prior to initiation of work.

20) During the week of mixing, remove subsamples after 1 hour, 1 day, and 1 week through the
sampling port. Immediately measure the shear stress as a function of shear rate on these
samples. These shear stress versus shear rate analyses are to be conducted at ambient
temperature (~23°C).

21) After the week of stirring, transfer the material back to the graduated cylinder and leave
undisturbed for 1 week at ambient temperature (~23°C).

22) During this one week, monitor for gas retention/release behavior using a video camera focused
on the settled solid-liquid interface.

23) After one week, measure shear stress versus shear rate on the sample at ambient temperature.

/
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From: tuart Amn [SAm@bnflinc.com]

Sent: Tuesday, October 12, 1999 8:06 AM

To: Bredt, Paul R

Cc: Smith, Gary; pegg@cua.edu; GMcArthur@bnflinc.com; MBeary@bnflinc.com;

AProjectDocumentControlMailbox@bnflinc.com
Subject: Target Sodium Concentrations for Processing the AW-101 Sampl

Paul,

Please use the target sodium concentrations of 6, 8 and 10M in the AW-101 sample rheological
and physical property measurements.

Thanks,
Stuart.
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Work Instructions
AW-101

1) Record the current sodium concentration of the pretreated AW-101 feed.

NaJ=_ 4.6 (Cl)  Data Source Demn kurath CSTK Reper &

2) Record the [Na] targets provided by BNFL. & el J enstl £ cted A
c 4 & P, P i -

Target [Na]= é M (C2a) :ﬂ_;:l )
Target [Na]= % M (C) -7
Target [Na]= /oM (C2) 2.¢

3) 200 ml of each evaporated slurry are required for this testing. Use the formula below to calculate the

volume of pretreated slurry (V1) required to achieve 200 ml of evaporated slurry.  fFor B V el
50 : soms Taesl
& PEAY )
Vl1a=(C2a/Cl) x 200ml  — W T Zoe »

VieZbolilxien = 260 M §= 140 m L/16x/50 7 196
Vib= ‘3/‘K£,y2==o "398- i Bty ua G /4exése 26/ bf -

Vie= 70/ % bx200 = 435 WK %2y ml /o/46x/Se "'32(":_(
3
as0
4) Weight three 300 ml glass graduated cylinders labeled AW-101 EVAP A, AW-101 EVAP B, and
AW-101 EVAP C (Fisher cat #08-566-11F or equivalent).

G AW-101 EVAP A AW-101 EVAP B AW-101 EVAP C
) 23258 Grak 18500 Graa ' 203l

SHeider 643 S B Tteppee L2
Tewsy Tare 212,08 Tare A3\.9 g Tare A39.D ¢

5) Measure the distance between the highest and lowest graduation on the graduated cylinders using a

e L s,

High S50 m dedm U

Low | O ml 50m

Dista.t;ce D ,b cm [clq c,n’\.l?? P
3. o h R — St
1‘1';9: C.097er /4 23850k 0.667% 0.057 -{

AW-101 EVA W-101 EVAP B AW-101 EVAP C

Distance cm Distance

el eyliadns are o
S a e pPAE 3 /20/x
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6) Place approximately V1a ml of pretreated AW-101 feed into graduated cylinder AW-101 EVAP A.
Record the mass and volume, and then return this material to the primary AW-101 feed container.

AW-101 EVAP A o
Total l bq 27 * 3 fod
Tare 4890.2 g~ 500 %v—w&
Slurry La3.l ¢

Volume 500 ml

7) Calculate the Density of the AW-101 feed.
haslp b [22F 5 /~A

Density:' I . lq LQL\ o f.q.\ | _g/ml ‘;;.A Daor ﬁ/—a:‘.,
=7 :
8) Using this density, calculate the mass of material required for samples A, B, and .
Mla= Vla x Density Lo 370 ~ L Cn./
Lade S ry>s
Mla=__ )4l we xtaghd > 2442 y 19 6x #3352 24%, )y
_ 3=
Mlb= 2Lt x ravey T 325.3 g 241 x LT = .3—55;-1
Mle= 936 X 1gyuy > 4065 g 32l -R2Y = '?0621
9) Weigh three 250 ml glass jars.
AW-101 EVAP 1 AW-101 EVAP 2 AW-101 EVAP 3
Tare i1s.1 g Tare Jo__1/4:4 g Tare2e 1150 8 .
Ab i13.4 3p 1183 %

10) Transfer the required mass calculated above (Mla, M1b, and MIc) into each of the 250 ml jars (M1a
in AW-101 EVAP 1, M1b in AW-101 EVAP 2, and Mlc in AW-101 EVAP 3).

AW-101 EVAP 1 AW-101 EVAP 2 (&) AW-101 EVAP 3
Total 3L0.0 g {Totale. _ 297.] gb.‘Z.S‘T.J\Totalf,»Q 3i0.7,. % ‘B‘H" g
Tare f1g.9 g afare a__1/4-9¢ 3 13,9 Tare 3 1\5-0“3)52'3 i3
Slurry g4d. 2 g 3Slurrye 183,47 gy r43.33lurryza 145. 723 , IO 7T
[ 2 ’ﬁ\ Sange-
#) SiueogTotd, = .335.1’;25% _ + = Ype.d
11) Calculate the target mass for each sample assuming all masa loss is the result of water evaporation. 3
1SomC teryX frud i ! ewmitas L5
Targetla=Mla-(V1a-200) Te 'A"éf;; # EEER 7/ = .
/-r—) 244 i = T :M"-(W"’So"')
\m\s Targetla= #44- (190 ~150) = 198.2 g 158me T).= 19/ ’(/?L-JS'D)‘-‘]Q'.(
IG/:J‘{‘T‘I b @g_’a 1AL a4 ERA e 9/ 33/a7 ;’
Targetlb= ~ (261 -150) cooh g Ito-c
17

Targetlc=’406.‘:"(5.u- :so) < ;L‘:L,d,'b g b




Cele L—f TaReel
Mo 'Muﬁ-‘vl
T are s

PR Bredt
z ile.7
0924/09 L nét

= 3(3.1
3

. apda
#2 . - %"‘i(%&f’éﬂ 1149

= 23494

Ak =3~~4_4(|5}_-2_:J4 113.9

2a5.
= QoY .~

A

32 T 3,’.15.3\:;‘_'4/‘ T

b= .130-5(%&9“‘1@ 32 2347

oL
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12) Place glass jars labeled AW-101 EVAP 1, AW=101 EVAP 2, and AW-101 EVAP 3 in a vacuum
oven at 50°C (+5°C) and adjust the vacuum to an indicated pressure of 40-80 torr (this need not be
done with a calibrated vacuum gauge).

@ A o _
e o rm— - R —_—
13) Monitor the mass of each sample on a regular basis To assess the rate of evaporation.
TRecET 314 235 208 a2l AR
+ foe.  AW-101 EVAP | AW-101 EVAP 2 AW-101 EVAP 3
o, 1) o SeTe—
R
Date 0-22-91 Ao Date /22717 Date /2247
Mass 353.5 ' Mass as4.L 547 Mass 3as5.32 3%20.5
-%1- Date Jo=25"71 Y Datq s Date i bl D
Mass 358.0 Mass 246.5 241 0 Mass _>1x 501.8 FDS”' R
H | o Beex
Date to- -39 @& f s Date — Date ’f oven, §
Mass 3411 Mass 4184 2373 Mass <290 §¢ o5 § etz 1,
"-"‘-'&VQ
20 N .
'lf‘;c ; Da?:f f£-27-11 §xn-  Date 0f21/19 @ ¥ am—  Date  ‘°/27/55 @ $an wﬁ‘i/ﬁ
e Mass 336.1 Mass 2611 23.7  Mass Zge.© 212.3
ot @ 10
Date ic-28-49 Fam Date =~ — — Date =
Mass 313.% Mass A442.7 207.0 Mass 228.5 236.%
. S-b(r’-'*Q — we
Date io-25 -9% @i/m Date - Date
Mass KT | Mass 2387 207 Mass 3282 2368
Date 1i-16+4% @ ‘¢~ Date Date S Q 4
Mass 2129 Mass 234. 1T 077 Mass 5.2 A3%.2L Topf <
C_coQc rc...Q R
Date Date Date SAnyp b7
Mass : Mass Mass 1/ 16/49(@ \33¢
VY LG:-L’LIJ-* “\‘kb“, 4'f/}bfu@iﬁh / / Ca\-__
W ¥ "Da W /3ef95 @A~ Date Wachr (& 70A~ Datc/-’ 2259 4 347 § r‘gb
g‘/qﬁ Mass 313.1 Mass #3493 203.4 Mass

k4

AW-101 EVAP 1

Sampla slecria For
14) When the mass of each of the slurries reaches the targets calculated above, remove them from the Tongedtm
vacuum and cap the sample. Record the mass. — g, b<
“TEA

\‘J‘f“c‘::uk,ﬁ W ot (M,bfil.n \";5

C’gijl ]EV@P 2

Modtee Wean g¢

exstedf § Thon odjwted T CAeel

1t
AW-101 EVAP 3 tofaq
)

Total 21371 g Total 2343 gusy g Total 2254 2341 ¢
Tare (V5.1 o Tare W8 H3.4 o Tare (1S5S0 1§3¢g
Slurry (A%.D0 ¢ Slurry 18.% 4.5, Slurry 11e.§ 1194 g
+ N\t
~ Bhe Das ‘5\\4.‘5% 9&0.58

¥ (’\w-w.b,[ @ 43 v H,,D i Lot (1_;& '_\J ‘0«»“—( p— *f.u...P -~ 7%
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wr bav

B

15) Transfer the material in AW-101 EVAP 1 to graduated cylinder AW-101 EVAP A, AW-101 EVAP
2 to graduated cylinder AW-101 EVAP B, and AW-101 EVAP 3 into graduated cylinder AW-101
EVAP C. Record the mass and volume of matenal in each of the graduated cylinders.

+ 6 Se¢ tq’-’-d'q'-""r bw-\f‘ﬂw-q L) t:,

AW-101 EVAP A AW 101 EVAPB -1 £ X=-AW-101 EVAP C SRt Bk
e . L
Total _ Hu&d 45" Toul M%ag’( Toml _ Headr g AW
Tare ~ T - 2. . Tare #31-9 g Tare 2383 ¢ RS
Slurry 1%5.5 ¢ Slurry g Slurry g 'Zaf_"?
Volume 11 mi9t Volume )59 ml Volurr; / J55  ml 1945
16) Pre\\. eigh 3 teflon coated magnetic stir bars.
v& - 133380 ghuml 19230 [ 2093¢
’ A B L ”/31/4.:( 15
3.81 3¢5 ¢ 3-89 0S5 ¢ 385755 ¢
| - . o saail Brh
17) Pre weigh/3 L& rnJ volumetric flasks, — Neek size of 1omL 0 slumaeteic §35moolamefaty & s "'@ :
Fedlow str par of choice. \b ”/2-?-/‘]‘} ALANC
i B o At -200
1 "BlLec- 6k-tl-C
it Ak 3dabates == - e = vl
Fith il 0 T T g besors
’\1" Matfay

18) PPace one stir bar in each-of the volumetric flasks and fill to the mark with DI water. Record the masd Cy = 1o, e

of the volumetric ﬂask}L Calculate the volume of the stir bars by the displacement of water. j
(';-‘rr-nu. \s1:ir ben 3:(‘45-{.,..2, Ro(&ox -]D"" an { Bk St e A'q‘j"'"’r ettt C\CWKL\-:} -‘

A B C il
Total 87.4515S2 ¢ Total £7.50927 ¢ Total 7. {595 ¢ /ﬂ.‘t/qc(
Flask ((3d4.9w21% )¢ Flask (34.5.37¢ )g Flask (=24.9627€ )3 .40 7c
4487 Bar (3 ¢2i3c5 g Bar ('3.¥9¢c25 lb"““( "Bat (2 %5755 )g Z Pa’s
- Water d¢ «i571 o Water 42065626 g Water #§.¢352) ¢
- d = D415 gfme D ALTE 386 T 5,

19) Place stir bar A in AW-101 EVAP A, stir bar B in AW-101 EVAP B, and stir bar C in AW-101
EVAPC. Sivce wo Solid et Pasndt T ol ALKKL stir bon LTo

Date
AW-101 EVAPB Date
AW-101 EVAP C Time Date

N o T~
50 i ke " Ao S» f.'j,S

4, s1N3% m/ MR A
= 8 b:L’l“’ 5 11/43/77
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er turning off the stirrer, record the ambient temperature volume of settled solids and liquids after 5
tes, then every 10 minutes for the first hour, and then every half hour until the end of the work
s well, record these volumes every 4 hours during the second and third day.

21)
m
day.

AW-101 EVAP A without glass formers at ambient temperature

Target Da\e\ time Total Solid Liquid

(ml) (ml) (ml)
5 min LY

15 min N\

25 min N

35 min \

45 min X

55 min \

1 hour \

1.5 hour \

2 hour \

2.5 hour \

3 hour _ X

3.5 hour \

4 hour \

4.5 hour ‘\

5 hour \

5.5 hour N\

6 hour \

6.5 hour N\

7 hour \

24 hour \

28 hour \

32 hour N

48 hour iy

52 hour \

56 hour \

e So(’ﬂs
/1307

v
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AMI EVAP B without glass formers at ambient temperature

Target \ Date time Total Solid Liquid
N (ml) (ml) (ml)

5 min g

15 min N\

25 min R

35 min N

45 min

55 min N

1 hour \

1.5 hour \

2 hour N

2.5 hour - \

3 hour \

3.5 hour \

4 hour \

4.5 hour N

5 hour ' AN

5.5 hour H

6 hour \

6.5 hour \

7 hour \

24 hour N

28 hour

32 hour \

48 hour X

52 hour \

56 hour \

‘59(:&5

/23197
AL

Mo

.‘. .
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\WJOI EVAP C without glass formers at ambient temperature

Ta\g{

Date

tume

Total
(ml)

Solid
(ml)

Liquid
(ml)

Smin \

15min__\

25min__ |\

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

3 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
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“/1,5/??
405
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22) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass
and volume.
e

AW—IOIBXP‘A AW-101 EVAP B AW-101 EVAP C

g Total otal

g Tare g Tare g ‘

g Slurry g Slurry s 7/ L‘I/F ©
ml Volume ml Volume

Date

Date

Date

S‘le&p./(

PRL
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these\yolumes every 4 hours during the second and third day.

AW-101 E

P A without glass formers at 50°C

Target

!

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

5 min

N\

15 min

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

36 hour

Test Plan: BNFL-TP-29953-046

Page 13 of 54

er turning off the stirrer, record the volume of settled solids and liquids after 5 minutes, then every
inutes for the first hour, and then every half hour until the end of the work day. As well, record

ﬁp 57(‘”g S

/r/z/;/g
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“AW-101 EVAP B without glass formers at 50°C

Targ%\

Date

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

5min N

15 min

i

25 min

N\

35 min

N\

435 min

33 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
Page 14 of 54
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“WW-101 EVAP C without glass formers at 50°C

TaN

Date

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

5 mun

15 min

25 min

AN

35 mun

iy

435 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
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26) If not performed in the last 30 days, analyze one standard between 10 and 100 cP for shear stress as a

function of shear rate at 25°C from 0 to approximately 1000 s”. Print out a copy of the rheogram and
attach to this test plan.

Viscometer_D o hla LS Location_ & & Geometry C-25 sher [~

Viscosity 4.2 cP Lot * 430 Manufacturer lgrae»&ﬂ I
0,2}1(!'00 A £ V';Lac-c‘(f ‘EK()“‘* 24— 221
_% File name p2.0 2 K A Date analyzed %[Q;{Egvb ' c

ot ol - D
27) Remove the graduated cylinders from the oven and allow to cool overnight. "ﬁa Sl o L |
Ly \ E
93{{“ /A)" Sﬂ\ta-n: L\enca K -
28) eemove subsamples from each of the graduated

cylinders and analyze for shear stress as a funchon of shear rate in duplicate. Conduct the analysis at ,»,_1117

25°C and 50°C from 0 to approximately 1000 s"'. Print out a copy of the rheograms and attach to this

test plan. ~ (S~ A each .o 20~ v. wls

AW-101 EVAP A File nameQ- P2 00 FDate analyzed_ () 2-02 ~2-000

AW-101 EVAP A Duplicate  File name 022300 @’ Date analyzed f (‘p
- AW-101 EVAP B File name Date analyzed

AW-101 EVAP B Duplicate File name Date analyzed_ |

AW-101 EVAPB ¢ Pt .- FFﬂe name Date analyzed L__

AW-101 EVAP ,H'LDuplicate File name __\ IiDate analyzed

29) If possible, return this material to the respective graduated cylinders. e
ﬁrlg Aot D Fo
Aw-101 A 020200 N D _2-2co> r\

d.r \L

%

o & \&92:2&4_’\\\
Bunge 2
- p2oa oo W

D.p m.

-

£ Gt ‘;Z/a/cleoo
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30) Add the BNFL prescribed quantity of glass formers to each of the three graduated cylinders and stir for
1 hour. Use the space below to record the quantity of glass formers added and the time and date
stirring started and stopped.

AW-101 EVAP A Stir Start (time/date) Stir Stop (time/date)

Glass Formers:

SR
Source  —~~] Manufacturer | Lot¥ Target wt% Amount (2) Actual Added
Chemical S (2)
o~
oy
g
g
g
Y
5
A
N
N
N
N\
X
Y
N
N
,Y
\\
See aHae A N

(R A
2/9/0>

; Sh—\‘f‘



e )
ko 1 cBuap B sprtiate Z Sempls (Bl and B-2)

. . contin
s«—,k 6, 1..', ’f__,‘ -F‘-l Mmer S a ,{M f;; er +- /f < }
PRBredt S+ 3!, sempi B-2 Ao 5 Lss £ "Test Plan: BNFL-TP-29953-046

09/24/99 < ddd  FPries 4o St 93 pp s g)20/e0

AW-101 EVAP B Stir Start (time/date) Stir Stop (time/date)
Glass Formers:

-~

Page 18 of 54

Source Manufacturer | Lot# Target wt% Amount (g) Actual Added
Chemical (2)
\\
\\
* d
.
/i <
N St 1 <10°
e AL b
'R
N\ %
N
N
LN\ e
AW-101 EVAP C Stir Start (time/date) Stir Stop (time/date)
Glass Formers:
Source Manufacturer | Lot# Target wt% \ Amount (g) Actual Added
Chemical N (2)
N
X
X
N
N\
X
N
X
!

‘i"\“




Glass Formulation used for AW-101 testing is proprietary to GTS Duratek and has been
intentionally removed from this report.
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31) Cap the graduated cylinders and record the mass and volume.

AW-101 EVAP A AW-101 EVAPB -

e 515.9 334 401, 9
s Total % o TOT&I hll—a-j_—'—gi’ g 1
i rat Tare 332, ¢ Tare 2219 g
sppeods Slury _303.9 g Sy __176.9 ¢
TS Volume j4-2" ml  Volume 1735  ml

. 1 3
TN 5 ¢ "

Test Plan: BNFL-TP-29953-046
Page 19 of 54

AW-101 EVAP C

L75. b |
Total ‘]q f— ) 2re boto e
Tare 26945 g lewe )OQ,M,A
Slurry __9eb.l g ~
= Z K
Volume ___ 145 3 Zcfoo
a2z -

pe )
¥ / / Ff 32) Mobilize the material in each of the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir plate and record the time and date for each of the three samples.

D%% S °® Am
AW-101 EVAP A Time
AW-101 EVAPB  Time__ [0+ 30
AW-101 EVAP C Time /b, OD
VLS@Q duer heaod (K
Coic bratteR
ém Shvees 10X \l?
JOVdepm s 1519
jOR0 v@n = {00 |
150 - e

Date 2 -(6-0D

Date

Date Y

MAST Trewintte [Pt teohsutis

K 7104983

3

315/62 (? S LTS
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33) After turning off the stirrer, record the ambient temperature, volume of settled solids and liquids after 5
minutes, then every 10 minutes for the first hour, and then every half hour until the end of the work
day. As well, record these volumes every 4 hours during the second and third day.

. # lt('nJ’ Tu"" a '3‘ 50 ("
AW-101 EVAP A with glass formers at ambient temperature H

Target Date time Total Solid Liquid
(ml) (ml) (ml)
Smin__|dfejoc | ggrs0 | 1€C 41 | 180 14)
15 min e 190 157
25 min (90 1&8
35 min 1S\ g2
43 min 14 | §0
55 min \ 141 119
1 hour \ 14 1<
1.5 hour \ Y 177
2 hour \ g 116
2.5 hour l —_— —
3 hour 140 16 Y
3.5 hour 140 o5
4 hour . 13:30 90 J o —-—-—C‘f’f"""“q Shepfe
4.5 hour RES) 1 57
5 hour 140 }50C
5.5 hour X {4v 145 ;
6 hour 140 J#2 |
6.5 hour Hep i~ W et e
w2l hour  |fnafec |f7:30 | 190 | 107
24 hour € jo:ee 190 105
28 hour A 2 g |40 1v9
37 hour 4 g K P oS
tf(,| 48hour  [>igfot |Of :¢c© 490 oS
52 hour | [ g (3o 0S5
56 hour \Y , & 00 i~ jqv re5”

Cy‘Q“(]“ bsfpe Gam WA toS /
C )0
e
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AW-101 EVAP B with glass formers at ambient temperature

Test Plan: BNFL-TP-29953-046
Page 21 of 54

A &(Iw.ﬂ- S‘t:'(f’w l\.e_.u,{\

grek

Target Date time Total Solid Liquid
(ml) (mD) (ml)
5 min e oo | 10830 %Y _19K8 —
15 min o Qe 3¢
25 min q¢ %
35 min a¥% q9f
45 min 3 €51 g¥
55 min 9a.o | ¢ ¢
1 hour 3.6 | 41.5
1.5 hour ag:is 197
2 hour — | el
2.5 hour g9 6.5
3 hour 49 96.5
3.5 hour 995 9
4 hour qQq G e, 5
4.5 hour q9 q <
5 hour 1 gy
5.5 hour N a4
6 hour 449 . e — Wenst haona
6.5 hour
SG-lhour  |a/itfoc| £7:%0 G9 i —
24 hour \ o ! 30 99 i
28 hour \V A P 99 1.5
32 hour H @ 9 5 1.5
s A8hour | 2/igjco | 8 aome 19 il
52 hour i, P2 g T4 e 3 1
56 hour \V jGeo g9 wd
¢ 715

(0“2‘34—« 97/?7{06 q Am

e
(\Z% o177°
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AW-101 EVAP C with glass formers at ambient temperature

Target Date time Total Solid Liquid
(ml) (ml) (ml)
Smin | Hfefer | joico | ABe [ 230 —
15 min ' 230 230 S
25 min S35 230 —
35 min Z 3 230 —
45 min .
55 min
1 hour
1.5 hour
2 hour 230 2325
2.5 hour —_— Loveh Floe
3 hour 230 220 T
3.5 hour 2.3 = s il
4 hour T FETERETE-Y 'g-/F"“ﬁof_’ ;;;LFT'Q
4.5 hour 23 213
5 hour o 1) e 8
5.5 hour A2
6 hour \ 211
6.5 hour Gt — W) et e rs
A\ Wi _Jhour 3‘-/(77/0:: D130 2729 300
24 hour N (o /0 Ane P 2o
28hour | 17 Apnm =L 3 148
32 hour Y ';.._ 3324 197
Y, [ A8hour |H@ree | ¥ Axr 228 193
52 hour | 12 g~ 221 161
56 hour N (500 2321 L4

—~— CacQaKrj j/ﬁl/oo 9 A~ axy  hae

X7
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\':‘\4) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass
and volume.
o Staxr Qfaz2fe0 (2 14 cos

AW-101 EVAP A AW-101 EVAPB - | AW-101 EVAP C

Total 5158 ¢ Total HY67.7 g Total 15 > ¢
Tare 2 12.0 g Tare 2319 g Tare 2L4.5 g —Seeyg K
Slurry __393.¢ ¢  Shmy __1758 ¢ Slumy __425-% g o
Volume 141 ml  Volume____ 97 ml Volume_ &2S ml
- - ; . 6 Uerhood mixer g
35) Mobilize the material in each of the graduated cylinders using a wagnstee-stirplate. After ~2 minutes,
turn off the stit-plate and record the time and date for each of the three samples. X

YN v
AW-101 EVAPA Time 0345 Date_J-23-4p
AW-101 EVAPB Time ;O 05 Date 2-23%-80
AW-101 EVAPC Time ©O9 S0 Date L-<L3-— éﬁ!ﬁ

36) Return the graduated cylinders to the oven at 50°C.

¥ Smatl Am‘\'°r 54fr~([( S ottt Tha mixer rod *- bl~Qe o~ et ‘3‘\"‘("& <,SmL ~

ﬂro‘s ceted Joos.,

%3{ . @ubb«— Stppers E’«Jobi“ wovew o~ B 4 C Shmy g

517/93/?@'
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Test Plan: BNFL-TP-29953-046
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37) After turning off the stirrer, record the volume of settled solids and liquids after 5 minutes, then every
10 minutes for the first hour, and then every half hour until the end of the work day. As well, record
these volumes every 4 hours during the second and third day.

AW-101 EVAP A with glass formers at 50°C

Target Date time Total Solid Liquid
(ml) (ml) (ml)
?_mﬁ% 2 m{/m p?:fp; l: | :8{15 Solid kiwe
S mun f: 151 e ; €z
25 min 0ol 14l 1g0 @ ot i
35 min 101318 140 176
45 min \ (49 140 113
55 min \ JJ:_g'p 14 18
1 hour llio0 - 14e 164
1.5 hour 4o 1o IS
2 hour — — b
2.5 hour 2.45 V40 | &5
3 hour |t (&1 140D
3.5 hour 1739 ] 3B
4 hour 12 o~ Il s
4.5 hour ' L3P [os
5 hour & P K 98
5.5 hour 3130 1 5.9
6 hour = on W 9 s il
6.5 hour howa 5
7 hour
24hour  |2/ay/00 | $9 00 143 94
28 hour \L' i3:0p 19— | 94
32hour |2/, oo gv 58 4 %4
48hour Bocs. | 13 00 198 94
52 hour ik
56 hour

,41@@:;"“” J/’}{o T EY

w

e
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- ,
AW-101 EVAP B with glass formers at 50°C 0 RV
Target Date time Total Solid Liquid
(ml) (ml) (ml)

5 min J23/00l10: (0 9%.5 | 9685 | ~——

15 min , T 2. i 5¢.5

25 min / 30 | A0S | gs

35 min { {o 94

45 min | 5o \ 93

55 min | (L g0 HL.5 93

1 hour \ Wi | i3

1.5 hour \ ETD) 3 9.5

2 hour \ - et

2.5 hour \ (%L S qe.8 Q0.5

3 hour | |2 its gR

3.5 hour ['30 2 1

4 hour 2 g g5

4.3 hour \ 'J.:?o v £€3.5

3 hour 2 e W.S Ba

5.5 hour 330 \ gLS

6 hour ; 4 gn WV ® 1. \Past

6.5 hour il D home_ s

7 hour

24 hour | 2{24/o0 | 4 an .5 | 4 i

28 hour i\i:l 13 po 2 by /

32 hour 5 o v b [ /

28 hour _|Hag/ae | gq00 s | Gy a0 TR

52 hour llg__qr/,, [ j'1 Heo 7¢.% (Y \ /\w

56 hour o ' j—/ﬂ'g/OO
qoh.- Wee el J/;E/DD 1D Aw CIG.\'; é‘-\ /

- ."J'
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AW-101 EVAP C with glass formers at 50°C

Target Date time Total Solid Liquid -
(ml) (ml) (ml)

5 min Lazxn/ps | DESS 221 b By B

15 min 1 lybeto | 2a24a | 2232

25 min [0 @ 20 L%

35 min 3o 21 221

45 min yg | AALD 220

55 min v 50 | 230 120

1 hour L ov L0 220

1.5 hour N A 2.8 215

2 hour ~— N

2.5 hour 12145 218 2i% d-'tl}'b{’?

3 hour (145 1 1 p

3.5 hour [:3 \ N /H-«,Q_‘f-o-{-tlfﬂﬁc"m

4 hour A180 L1¢ 22 St r‘w

4.5 hour 2130 2

5 hour N e 218 21b Eot ot

5.5 hour 3:30 | |

6 hour \ v \V ¥

6.5 hour | ——F—— i ol

7 hour

24 hour | Hav/o, 1 q 00 220 fe|

28 hour N 13 oo 225 i le © -

32 hour N 14y 225 (Lo ‘

48 hour |2/35/el #ago Lad [ed |

52 hour ::'.r/,;:/oo 1260 - a®) (60

56 hour /”4_/
pee— 2 R
ﬁfppundgf%o [0 am Ao ‘1561 @“}
Hop
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38) If not performed in the last 30 days, analyze one standard between 10 and 100 cP for shear stress as a
function of shear rate at 25°C from 0 to approximately 1000 s, Print out a copy of the rheogram and
attach to this test plan.

Viscometer Boh lia CS Location_ S0k Geometry C-25- Shat
Viscosity__ 47- 2 P LotBarcate 179430 Manufacturer _{3 cask 2,
20 ppb i 2/t/ ane0 Exgre 2-1-2001
¥ Filename p2.0 A 64 A Date analyzed_2/9 /2400
: thaa limby
0101/5/6“0'(’;”“" i , 4S.5cPgts Fil Name
(ue e e 6

39) Remove the graduated cylinders from' the oven and allow to cool overnight. g 2pdof C
40) While stirring the samples on a magnetic stir plate remove sumsamples from each of the graduated =

cylinders and analyze for shear stress as a function of shear rate in duplicate. Conduct the analysis at
25°C and 50°C from 0 to approximately 1000 s”. Print out a copy of the rheograms and attach fo this

&
test plan. _ QAS°C — S=ae rey! (POrga Lo .
AW-101 EVAP A File name @301 ## O Date analyzed £3-c1-00 f‘_@ﬁ

A sty Tra R

AW-101 EVAP A Duplicate File name Date analyzed

AW-101 EVAP B File name Date analyzed

AW-101 EVAP B Duplicate  File name Date analyzed

I

Date analyzed )
O ter Stressed)
3 4 runs GSIE 5 orbha "
Date analyzed Dt Bl

'\)c.’h-i' bt {_a'? Ko
. Pao  TE
‘U}[\QIM-'—M 3-—51,GPO S

AW-101 EVAP ! File name
AW-101 EVAP QDuplicate File name

41) If possible, retumn this material to the respective graduated cylinders.

Ser
42) Assemble a mixing vessel using the following parts or equivalent. Attach impeller to a StiTing MoOtOr  re -
capable of maintaining a constant rotational rate from 100-1400 rpm. |
e
Part Vendor Cat mber
500 ml O-ring Sealed Kettle, 3.75 | Labglass FTG-8071-100
inch OD, 5 3/8 inch flange /
Clamp Labglass _— LG-7316-106
O-ring Labgtsss LG-1022-476
Kettle top with three 24/4 s | Labglass LG-8072-100
2 3/8 diameter 4 btade impeller | Fisher Scientific 14-503-20G

«—m iy M dee T SAmple Voleme em Srq[r'r mil b&;g"]_j-_,ic_ (See_f&&j
.Sf-mﬁ‘\)n? 9-/::.[5# Fn m@&é%:ﬂ m‘w.cr‘ua Uccse[ P T

,[)\’W)(
ﬂﬁ
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Fao
38) If not performed in the last 30 days, analyze one standard between 10 and 100 cP for shear stress as a
function of shear rate at 25°C from 0 to approximately 1000 s™. Print out a copy of the rheogram and -

attach to this test plan.

Viscometer 60h|.‘ + CS Location_ 590 Geometry C-as- shat

Viscosity__ 47- 2 P LotDarcate (79430 Manufacturer _[3 rask Rdﬁ

]
. 1d‘ﬁdﬂ' Y 2000 Eg{a’q. 2- | =200
¥ File name p 2.0 4 pg A Date analyzed_2/2 /2400
: withod Limity
0101/6/{ 6~ D:‘H 5> 9S.5¢P ot ‘ELME
39) Remove the graduated cylinder! rnr the oven and allow to cool overnight. B Lpa of
40) While stirring the samples on a magnetic stir plate remove sums’amplcs from each of the graduaﬁed | E

cylinders and analyze for shear stress as a functlon of shear rate in duplicate. Conduct the analysis at
25°C and 50°C from 0 to approximately 1000 s”. Print outa copy of the rheograms and attach to this

test plan. _ L0°C O~
AW-101 EVAP A File name § 2 02£¢ L Date analyzedf3¢ 2 (R /¢
AW-101 EVAP A Duplicate  File name M Date analyzed 302 (3¢ Revan * -
e c:?'.?«—? a3
AW-101 EVAP B File name 36200 -8 Date analyzed 03020 (205 \ﬂ ens —
AW-101 EVAP B Duplicate  File name >L 4. Date analyzed IS (D Brny O 2.8
—f.ig PN —_
AW-101 EVAP ! File name O%-¢26¥ H pate analyzed_3--6¢ '35 g 3p2 pg D t*f*““\
e ¥ 9
! J oxgp E ¢
AW-101 EVAP Q_Duplicate File namet}?»é%é Q I Date analyzed 3 e e ' X ‘3”{‘ 5._4; s’
4]) If possible, return this material to the respective graduated cylinders. Q’) &‘Y Q g{,u
42) Assemble a mixing vessel using the following parts or equivalent. Attach impeller to a stirring motox
capable of maintaining a constant rotational rate from 100-1400 rpm. \
Part Vendor Cataloe-mimber
500 ml O-ring Sealed Kettle, 3.75 | Labglass ~TG-8071-100
inch OD, 5 3/8 inch flange e
Clamp Labglass _— LG-7316-106
O-ring Labgtass LG-1022-476
Kettle top with three 24/4 Labglass 1LG-8072-100
2 3/8 diameter 4-btade impeller Fisher Scientific 14-505-20G
f—ﬁmﬂb Qs Lot T S Ample Uoi-ﬂc.m's‘ﬂ(f!l"mﬂ.-‘l 623‘73:11(_ (s.zuu,.- 1—/
S L.,Jrck Q{;L/,fﬁ Fn modified m \\Cr\a (fecse [ drs B,

0 & E *—r \Jtl":-Los."'{'u-‘_ HJW(. > 0% H’ff“‘* u"1$a=:+: -
D ‘p\er't--._;.Q_ La gt &.:...‘a V‘“‘*—nl L_n_._‘g G O et
e o Teo (witaned (o Vis colXy e E vepan—Ton

i~ Coll co Seagactil. TG g/.é‘l—/nd
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43) Transfer the sample specified by BNFL to the mixing vessel (do not transfer the stir bar). Record
which sample was transferred as well as the day and time transferred below.

Sample transferred E\J ad (- 2 Date 5[{{9’_@ Time (8, G Av~—

44) Tumn on the stirrer and adjust the rotational speed to that specified by BNFL. Record the time, date

and speed below. S, Arbasksd Clmod TS
Speed 0 pm Date_ 2/, 9%’{ Time @22 08§ ko
480 X 3/ g
45) After 1 hour of stirring, remdve a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately
1000 s". Print out a copy of the rheograms and attach to this test plan.

Run1 Filename 03 0} 60 A Date analyzed b —1 -00 (D0 A~

w ot ash D
Run 2 File name [ B' Date analyzed 2-1 -vo @ 10:39 ~ SO (fute ) s

J-(-00 & 1p:¥5
46) After 1 day of stirring, remove a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately
1000 s”. Print out a copy of the rheograms and attach to this test plan. Ousded Sepmqptn I 6oL Y e

4 I Rt ; e L SEE 5 -_;_ ) -.-_" -’2‘515!’-—
Run1 File name 03 << gﬁ‘é A Date analyzed 020260 (@ Gt 45 for- @‘f—" by te T3 & dofdast )

e N v gl gt - DK ree—
Run2 File name 0 %05 £P B Date analyzed l g T (GJ L\ B 8 )
0203l C V&ees (O 4
47) After 1 week of stirring, remove a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately

1000 s”. Print out a copy of the rheograms and attach to this test plan. IO Wil Snenads 3/5,/0 o
Runl Filename 03 ;6& 00 ﬁ( Date analyzed ?/E/bb {u?b @ £:20 goe =

L,
—_— i

Q
%
Run 2 Filename 03 ?5{ 00 6 Date analyzed d)
030800 C .

48) After removing the last sample (after 1 week of stirring), transfer the sample back to the graduated
cylinder. Record sample ID, volume and mass of material.

AW-101 EVAP_E:)_:_"'JA 3-¢-0o0 @ 5.4 A
Toml 296.l g Toal __ QLS m  Switbkl te 1R Rec mader
Tare 142, N g Solids .5 ml e T
Slurry g Liquids y.4 ml R s

A ppantefd \r‘uubbd Slow

49) Focus a video camera on the solids-liquid interface of the sample and collect video for one week taking 5
care not to disturb the sample. Report any observed gas retention and/or release behavior to the

cognizant scientist. % /3.94,9
B AT ewowgn Samfle ok s @n»{'. . =z .

/
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50) After the sample has remained undisturbed for 1 week, remove the standing liquid using a glass pipette.

51) Gently collect a subsample of the settled solids and immediately analyze for shear stress as a function
of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately 1000 s". Printouta

: _BLO copy of the rheograms and attach to this test plan. selids ..-!),,_.,P,-_\ HLRF
S'[fy vsiag MmS hee of i '+L CUT
b —@unl File name @ 3¢500C- Date analyzed 3/15/0® Seator. 2 Fypesob u#L,{
: bvwp ost 560 3)s5 /o0 So)ds .‘g(o"k‘c:t.P :) l-.,d), S;HL:{
5\.*5 Run2 Filename 03¢ 5% F Date analyzed_ 3//5 /e 1) +ohdl, sethd . B FA
L.L.C‘) o 3/ ez 1.7,‘, “"'Jﬂ"" S-_//gf-"t} -
® | £k o31s008 q5.5 <P BeoKISTf 44 10027,
SAenderd B iS00
See 030%b0 D, \J L Qo V=
. ‘5 c is bbba‘”l
Q/ ¢ % 45,3 cf
' 7
q |00 7Y
A4
Tafe # & Lebatell  — pu-ro J...-H-f[.\', Stedy

‘;\'J,gk,v- ol e

fo"apdf = C—ts—r_ ouvd o~ F_"‘io—l S//IO/JMD

Hou)cdcr Wiew @.8“‘“ = @e(__ S o S'{‘-{[ OKWJ‘"7
——r - t/'a ‘f—&r:_. Y‘¢...,-...:-—‘-Q .

NO =7 ’f j"'; e volwfimw wWon Ajaﬁteae e A,‘c; ‘f'M&‘
T Lestal oXf tle Samwpi Vale 3/13/00

Aw-101 B-a B | ek
H@M‘A— Aw-i0r B2 j -
= T__‘gbl“&/x/ {

Tohe Vel _Cl_lé-_%

Fvator 7.5 % Svad wi 207.4 Solide 4%.S p
iy
A TTRRE A Tere 3.0 m

-

(\‘(/' }/55 00



A ot o Veen KT
Tost 5:’{;‘53 2/25/00 1:14 PM
PRE 3l2e/o® fK'bz/z s700
AN-107 Feed composition: not sulfate removal (Tc IX effluent)
Tc Tc
Effluent/vi Effluent/vi -
t feed t feed
average average
ug/mL
ug/mL
Al 2378 TOC 13,600
Ba | -- TIC 7940
Ca 163 Br < 500
Cd 26.9 cl < 500
Co 24 F 3492
Cr 443 NO2 28392
Cu 193 NO3 112500 -
Fe 8.5 oxalate 1375
K 715 PO4 1400
La - 504 4008
Mg -- OH 0.8M |estimated
Mn 1.4
Mo 16.4 !
Na 111124 Notes: 1) F content is probably due to organic
Ni 214.5 interference.
Pb 58.7
Si 31.5
Sn -
Ti --
U -—
Zn 8.0 -
B 17.4
P 303
Nd --
Sr 135 e
W 76 b
: =
Zr 2.9 |

Note: — indicates below detection limit

ZN3: Lx oS ,u/j/%_-

= T Y ez W

page 1

/0" é"{
/gj )

I m. L

'235/ ’

jooo,
7

file: vit feed.no sulfate removal.xls
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AN-107
52) Record the current sodium concentration of the pretreated AN-107 feed.

[Na]= Ll%b M (C1) Data Source_Qaon Kureth Tela vogert 57° e

(ege affecal
53) Record the [Na] targets provided by BNFL. B o b
Target [Na]= G: m‘ - (C2a) 1. 24272 Q"[""/"o
Target [Na]= 8 M (C2b) 165063
Target [Na]= ) O m‘ (C2¢) JicTe
CHN f&a 180 + (224 G me = LHSmL .Kevm.m} Ariic

541200 of each &apora%d slurry are required for this testing. Use e formula below to calculate the
volume of pretreated slurry (V1) required tg achieve 268-ml of evaporated slurry.

/\C'\,-‘._Q TareeT V:i, SIS AT16ed Qo s nq_,,.-..—c@c- GdSN_'ruM Sherprle -
\1’ Vla—(C2afC1)x2-99rrﬂ 5 s c_,
G0 Jeent Via= (oMA gzm x#ze }M 1'.‘;14—%: f?,zm P [{b‘(/o
J e & v1b=5/4-83 » 186 = 298.1 ml /7;4*9«: o °j°“l‘£3¢
oot yilWies « 5 - -91—2:-30 mn;{’% it

o
=1 Toewl = fgammb S54b.ant 42 -L/}qfo
55) Weight three%\OO nﬁlglass graduated cylinders labeled AN-107 EVAP A, AN-107 EVAP B, and AN-
107 EVAP C (Fisher cat #08-566-11F or equivalent).

AN-107 EVAP A AN-107 EVAP B AN-107 EVAP C

Tare 2 34 .o g Tare 239.8 g Tare 30, 8 g w‘f‘f\. Q‘Mﬂff

Sto
56) Measure the distance between the highest and lowest graduation on the graduated cylinders usinga Q0 lee 2
ruler. Aso0mtL 6"&.;2 e,'a |ews m—

High LSO ml

Low {0 ml

Distance  A3.3 cm

AN-107 EVAP AN-107 EVAP B AN-107 EVAP C

Distance cm Distance cm

‘” Cy/"ajgf} ore -PL& Samc_
JRE 3/30 [feo
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57) Place approximately V1a ml of pretreated AN-107 feed into graduated cylinder AN-107 EVAP A.
Record the mass and volume, and then return this material to the primary AN-107 feed container.

AN-107 EVAP A

Total _|©239¢.2 ¢

Tare 4212 g

Slurry L1i8.0 ¢ ' =
Volume So0 o ml CQ'H. Ej'(‘b

58) Calculate the Density of the AN-107 feed. /E_\

R,ﬂ«u.fc-p .D-&-JS;"] b [..2'.2_.4?#"‘&__
DensiF I . 13(9 g/ml S e,-ﬂ‘-m" frnn G.RR_PICG Yt‘ft—r...n;\__\
,De__,__ I‘C fh's vepeert. ’.‘37 ﬂ-/:l_ﬁ/p:.
59) Using this density, calculate the m%)f material required for samples A, B, and C. ‘
wseR this Lensiy v~ Cofe.

MIla= Vla x Density YRR

1%
Thgeer Vol g e 1382 w5, P
GomC Mla= e x 13l = +SeEs o
J8¢mb Mlb=_ 24%.1 X | = 23686 ¢
18 (S "i":‘fé"'l]::& _ 395 ﬁ«;/ﬂ-]‘}'llov
q0mc Mlc=  45+0 X - g‘-j—e—q' - -
AL 7}13

60) Weigh three 250 ml glass jars.

W e g
AN-107 EVAP 1/ asv™ AN-107EVAP2 goomt AN-107 EVAP 3
4

250m=0C €¢._u.._.

Tare ”_3_(*“0‘ o Tare ldt. %Y @ Tare |]0S.03 ¢

61) Transfer the required mass calculated above (M1a, M1b, and Mlc) into each of the 250 ml jars (M1a
in AN-107 EVAP 1, M1b in AN-107 EVAP 2, and Mlc in AN-107 EVAP 3).

AN-107 EVAP 1 AN-107 EVAP 2 AN-107 EVAP 3
Total L44-21 o Total H40.52 o Total _335.38 ¢
Tare [0b.cl g Tare | X L.a) g Tare (eS.02 __¢g
Slury _i2®% .40 ¢ Slurry _368.L1 g Slury _A3%0.% 6L g
62) Calculate the target mass for each sample assuming all mass loss is the result of water gvaporation.
x9N .
Sk
Targetla=M1a-(V1a-26¢; Beaier Yer TARGET
. v ) a8 gukug Tove Grows WY 4 Bearm
Targetla=_{ 38 2 (M $me- 90 m\\f}lbﬁg + 1oLl o 2.22.4\
NS s

Targetlb= 208.5-(2RA-180) £ A4 + 13 AL + 212-31 1

J

Targetlc=a30.__b‘(l‘6l,.3-—qo>-_ }3L\j 4+ lo5.0%

'9{9‘3\[0’0 o@/

A34. D;Lg_

Ay



Swoboda, Robert G

From: Bredt, Paul R
Sant: Tuesday, February 29, 2000 7:47 AM
Swoboda, Robert G
abject: - FW: composition
Thanks,
Paul

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Paul R Bredt, Ph.D. Pacific Northwest National Laboratory
Senior Research Scientist 1 Battelle Blvd., PO Box 999
Radiochemical Processing Group  Richland, WA 99352
(509) 376-3777 paulbredt@pnl.gov

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)(XXXXXXXXXXXXXXX

-----Original Message-----

From: Rapko, Brian M

Sent: Thursday, February 24, 2000 10:56 AM
To: Bredt, Paul R; Swoboda, Robert G
Subject: FW: composition

3
x4 €¥ 5%

From this spreadsheet Dean sent me the recorded density of the feed is 1.2244 g/mL. - Brian

From: Kurath, Dean E

Sent: Tuesday, January 11, 2000 11:19 AM
To: Rapko, Brian M

Subject: composition

Brian, See the attached spreadsheet. Use the composition given for the Tc effluent/SO4 feed. Since we removed no Tc

'ring Tc 1X the composition should be ok.

s for the amount. The remaining feed is less than 1033 g (840 mL).

eed.effluent.composi
on.AN-1...

Dean Kurath

Staff Engineer

MSIN: P7-28

Chemical Separations and Slurry Processing Group
Pacific Northwest National Laboratory

Richland WA, 99352

email: dean.kurath@pnl.gov

phone:(509)376-6752

fax: (509)376-7127

o
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63) Place glass jars labeled AN-107 EVAP 1, AN-107 EVAP 2, and AN-107 EVAP 3 in a vacuum oven
at 50°C (+5°C) and adjust the vacuum to an indicated pressure of 40-80 torr (this need not be done
with a calibrated vacuum gauge).

64) Monitor the mass of each sample on a regular basis to assess the rate of evaporation.

TVARGET Gresn . 22281 375,31 239,02
AN-107EVAP 1 (a) AN-107EVAP2 (B) AN-107 EVAP 3 (C )
Date ?,-[—ﬁ’q@gﬁm Date Darte 7—
Mass O Mass AR E Mass '%H.\{
Date _ 34 - ‘dﬁ@ 3¢~ Date —————  Date——— ==
Mass 3302, Mass 419.2 Mass 201 .4
Date 3-2-00@ §a~— Date Date ad
Mass 220.1 @J{Mass Hdoa Mass Fec. 0
Pt
Date 2-%-0h @Y Date Date
Mass 22200\ Mass 2653 A e Mass 2 494
™
Vi—
p WVDate 3[1[ el Date 3’7’5?‘ Date
3 Mass A o Mass 21a.7 Mass
\,}b Date Date Date >/g-00

Mass Mass Mass i 38 g
Date Date Date
Mass Mass Mass
Date Date Date
Mass Mass Mass
Date Date Date
Mass Mass Mass

65) When the mass of each of the slurries reaches the targets calculated above, remove them from the
vacuum and cap the sample. Record the mass.

AN-107 EVAP 1 AN-107 EVAP 2 AN-107 EVAP 3
Total 236 g Total 37121 g Total ABE.q9 ¢
Tare 0G0l ¢ Tare 0 g Tare 105:° ¢

Slurry {1l g Slurry A50 % g Sturry _ 1 33.9 g

&
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66) Transfer the material in AN-107 EVAP 1 to graduated cylinder AN-107 EVAP A, AN-107 EVAP2
to graduated cylinder AN-107 EVAP B, and AN-107 EVAP 3 into graduated cylinder AN-107 EVAP
C. Record the mass and volume of material in each of the graduated cylinders. Ao

AN-107 EVAP A " AN-107EVAPB-/ AN-107 EVAP C Evae 8-2

Total 550.\ g Total _362.3 g Total 3(3.7 ¢ ,;3_&5__‘{__ %
Tare 2 35,ﬁ g Tare 2398 g Tare SAD. B & 2329, 7 >
Slurry 11l / g Slury (225 ¢ Slurry __132.9 g 1287

Volume q0.5 ml Volume . 40.0 ml Volume 9.5 ml FleS _ mL

s L EES ghl PIETARY, e T
é) Preweieh-3 teflon coated magnetic stir bars. f 7L r Jid

2 &b’d—ﬂ: /.3 é g
F s see fuge 8
2 _B _£ B
68) Pre weigh 3 10 ml volumetric flasks.
A B fK % /.-‘._ - / en

_£g g

~

69) Place one stir bar in each of the volumetric flasks and fill to the mark with DI water. Record the mass
of the volumetric flasks. Calculate the volume of the stf bars by the displacement of water.

A C
Total Total g
Flask Flask ( g
Bar ( Bar ( g
Water _— ¢ Water g Water g
A}O:'\' L= No iz ple 50[?9—&‘)
70) Plage-stir bar A in AN-107 EVA A, stir bar B in AN-107 EVAP B, and stir bar C in AN-107

g

71) Mobilize the material in each of the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir plate and record the time and date for each of the three samples.

(L
AN-107EVAPA  Time aLot Mau@ge u W

AN-107 EVAP I Date

AN-107 EVAP C Time Date
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AN-107 EVAP A without glass formers at ambient temperature

Target

Date

tume

Total
(ml)

Solid
(ml)

Liquid

5 min

(mh) /]
£

15 mun

Z

25 min

Z

35 min

/

45 min

55 min

| hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

114

52 hour

56 hour

NJ

Test Plan: BNFL-TP-
ge 3

72) After turning off the stirrer, record the ambient temperature volume of settled soli
minutes, then every: 10 minutes for the first hour, and then every half hour until
day. As well, record these volumes every 4 hours during the second and thir,

and liquids after 5
e end of the work
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AN-107 EVAP B without glass formers at ambient temperature

Target Date time Total Solid Liquid .
(ml) (ml) (mi)

5 min

15 min

25 min

35 min

45 min /

55 min Vi

1 hour W

1.5 hour /]

2 hour /

2.5 hour /

3 hour Fi

3.5 hour /

4 hour 1

4.5 hour /

5 hour /

5§ ot il

6 hour /

6.5 hour &

7 hour /

24 hour /

28 hour /

32 hour /

48 hour /

52 hour V

56 hour / | ’,gl//
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AN-107 EVAP C without glass formers at ambient temperature

Target Date time Total Solid Liquid
(ml) (ml) (ml)——

5 min BI“\'jao " 3o 92.5 lAaimL

15 min

25 min

35 min

45 min

55 min

1 hour 8_/1/.:0 £:30 qa.5 < |m

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

Thour | Yafoo | 4 P | 92.8 | <le]|

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour |8/ 8740 | ¢ A~ 92.5 | < [m
/ [

Page 36 of 54

a.s-b L2 @/‘a——ﬂ».

&

,{rM O —~toml o

e
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73) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass
and vol !
Moum“‘“é;wf 2 [2t oo ——> 3/a3/@ Crm
AN-107 EVAP A PB- | AN-107 EVAP C
et
Total 2361 g Total 3479 g
Tare 234. 0 ¢ Tare 2208 g »
Slurry lell ¢ Slurry /| g  p fecalw® P
Volume glc ml Vome __&& _ml ¥ iﬁﬁ
= ATy ft [ 339(n = 13954
_74) Mobilize the materialifi each Of the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir plafé and record the time and date for each of the three samples.

g&"?é’ ' 3/a3 /80 L g ame
AN-107 EVAP B ‘ ] pc ‘ L 4o il
\L \Y ol P’?“r +WT;\,«°\ A/\
AN-107 EVAP C Bate- TR e }pfwj -
75) Return the graduated cylinders to the oven at SQjC. ‘:2:;@ s
v
. 5 — 2 L
o b g e et
’1 —_—
/
’bz (‘\‘7 —a 1f
SRS Al
%_ZFM O Ve f‘-‘\&«e‘w-"-‘\‘f) . B it
A g C. - %
Totes_ ' 331,.] 3%8.5 348 o 3‘379‘1‘
Tosx &34 A2 % 2 30.8 2391
51*,rx 123.9 Jol.7 7.z ]z‘/:a'.7
e Blo 84.6 Be.S

L7
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76) After turning off the stirrer, record the volume of settled solids and liquids after 5 minutes, ry
10 minutes for the first hour, and then every half hour until the end of the work day. ell, record

these volumes every 4 hours during the second and third day.

AN-107 EVAP A without glass formers at 50°C

Target

Date

time

Total
(ml)

(ml)

Solid

Liquid
(ml)

3 min

9 am

gl.o

D

gl

15 min

3 /23/c0

o

25 min

/

35 min

i

45 min

s

55 min /

1 hour /

1.5 hour /

2 hour /

2.5 hour /

3 hour /

3.5 hour /

4 hour /

4.5 hour /

5 hour /

5.5 hour ¥

6 hour /

6.5 hour Fj

7 hour / L

24 hour / Z xP({J I

28 hour /

32 hour / w/

¥.r
x
48 hour P da. P

52 hour i s W P /]

56 hour of 9°1
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AN-107 EVAP B without glass formers at 50°C

Target Date time Total Solid Liquid
(ml) (ml) (ml)

5 min 3z3fec| Fam 83 L g3

15 min P

95 min el

35 min i

45 min L

55 min ]

1 hour Vi

1.5 hour /

2 hour /

2.5 hour /V

3 hour /

3.5 hour /

4 hour /

4.5 hour /

5 hour /

5.5 hour Vi gy 1 5 '((7
6 hour / D / %/
6.5 hour / = A V;/

7 hour / / 11(”’

24 hour / Y

28 hour I ) J

32 hour /| A

48 hour Fi Y%

52 hour /

/
56 hour £ L ‘/?'
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ANM07 EVAP C without glass formers at 50°C

Targc\

Date

time

Total
(ml)

Solid

Liquid
(ml)

]

5 min

915

(ml)

¥<

15 min

\3/_’.1- 3//. e

?5'.0

25 min

X

35 min

X

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan; BNFL-TP-29953-046
Page 40 of 54
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77) If not performed in the last 30 days, analyze one standard between 10 and 100 cP for shear stress as a
function of shear rate at 25°C from 0 to approximately 1000 s". Print out a copy of the rheogram and
attach to this test plan.

Viscometer Powl.a (.5 Location 39»'5’1/ Sob Geometry C'a'g ShesT

Viscosity_ 455 e® Lot} )E | Cl gl Manufacturer 'ﬁ”“l’—:{zbﬂd
03lboo
File name 0%0%00 O Date analyzed 2/8/00

\L %JR’};Q]“L% v'i"l"{'ﬁj Wt 3plys

78) Remove the graduated cylinders from the oven and allow to cool overnight.

79) While stirring the samples on a magnetic stir plate remove subsamples from each of the graduated
cylinders and analyze for shear stress as a function of shear rate in duplicate. Conduct the analysis at

25°C and 50°C from 0 to approximately 1000 s Print out a copy of the rheograms and attach to this o
# W= « S'T"Ms @

test plan. @ geer e S rs-
fhs” AN-107 EVAP A File name[y3 ][, DO ﬁ Date analyzed_ 03~ 1{— OO (& ’tr~—
T .1‘3,,,.,-0 " . ‘ ridew 9+,E;;-»Q
2 AN-107 EVAP A Duplicate  File name ¢ 31« 0 ©\_ Date analyzed ApEc : )
Sc | v T —%Pg__ o2l DDD —'TMBQ‘JTL%G‘
AN-107 EVAP B File nameQ3 1. o0 § Date analyzed 03—/t =D0 (& /8. M =3
AN-107 EVAP B Duplicate  File name03 ib 0d F Date analyzed 5\» fm,u&, pworsuTy
s
AN-107 EVAP K. File name03 /b 56 & Date analyzed_p 3-1c-coGo (115 n
s b
. : - \_\ S ot ‘re,f*‘n
AN-107 EVAP g Duplicate  File name 03k 0L 1\ Date analyzed !t R R
Y42 [31 L pe o ﬁUh
80) If possible, returh this material to the respective graduated cylinders. PﬁwkM
s0° C 4
pekt

F
{ A Do D316 6D : y
Steess ike = il o~ dewn 5:..?.-&@3&&5-
" el
Pw-fo“? Evar B 05/@;;0’25 K; B-iv-co (&, i&11Tem

. T S-S l\-R-‘:‘Q--—A- re- & 3wos
! 69%’ 03/%/5:0/ L‘i _ 1 I _
Av-107 Evep & F¥ 031§ 1- 3 -, £ (R il S0
\ C D V 031680 N \t. R

¥ - Samgle Aak Whide boos*f‘“'& ‘&sz te 50°C i -t.k‘“'fg"‘ < Chongad ot ol
Samhe e cop 0th Lk Taepic, T el avregh @ﬁ

AR -107 € y.0 A Fre teme 03] B0 \’\f\‘/ Oxe - 3=16-¢7 & f;”;tm




o ot hmat #= [ [0 MG 7 LT Ll Mok §

:Batielle | o |
Pacific Narthwest Laboratories ENGINEER'NG WORKSHEET
sared By : o 032/2’1/00 Project: 5/\1":)_. — AT ﬁg:/&a&r

Jbject: 6/ LA U/

AN"’O_I | E V-~ 6 Qerw \)i'__s'(_.o:.;% @ cDr\S_.QC. ¥5—OOC.

— O . .
A5 C File Name SHet™ Dot ftramee. S/21/66C )0 nome
Visam )
—_ 1= c,_.‘:ﬂ O 3 - L ﬁﬁ A — ‘pter Strewl e~ ratea@ ~ 20057
~3 OB;Alp'ﬁﬁg — g T BB

Tt Al @ Ll T St _
D) Stress €K ek mFelan @ v 360 5

/Tﬂ'bcv'i

=
S = § D " O-*rP‘-QS"‘"'T”L et shit o:d;(b:»-aic'
Ovor Cfreaael 43,4_«

\/ ~[Scp E i &L“’-—va_-ﬂ. ourrh:d_.tfﬁﬁ*ﬁ‘ef.QC-/w‘g

- ?clm
| @ ™ ass 3=
~ bL.na_p\
~q 0 H

L%T:fjﬂ—%

O\)Cfﬁ"rw

JOTE t S Brple Rries Yoo 7mk‘7 Caprint; @ 50 °C

K

AL Richiena, WA & U.S. GPO: 1996 - 590-615 54-1007-114 (1/83)



PR Bredt Test Plan: BNFL-TP-29953-046
09/24/99 Page 42 of 54

81) Add the BNFL prescribed quantity of glass formers to each of the three graduated cylinders and stir for
1 hour. Use the space below to record the quantity of glass formers added and the time and date
stirring started and stopped.

AN-107 EVAP A Stir Start (time/date) Stir Stop (time/date)

Glass Formers:

Source Manufacturer Lot# Target wt% Amount (g) Actual Added
Chemical (2

L BNES

Arse csse=

5 o 1) .
) s §1-1°e™ s
- 5""/ — 3’555 Q"‘/ )
P“;..MJ 0 L) e Bl
(oun's At f,gu..

Comp? 2.
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AN-107 EVAP B Stir Start (time/date) Stir Stop (time/date)

Glass Formers:
Source Manufacturer | Lot# Target wt% Amount (g) Actual Added
Chemical (2)
AN-107 EVAP C Stir Start (time/date) Stir Stop (time/date)

Glass Formers:

Source Manufacturer | Lot# Target wt% Amount (g) - Actual Added
Chemical (2)
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82) Cap the graduated cylinders and record the mass and volume.

AN-107 EVAP A AN-107 EVAP B AN-107 EVAP C
Total g Total g Total g
Tare g Tare o Tare g
Slurry g Slurry o Slurry o
Volume ml . Volume ml Volume ml

83) Mobilize the material in each of the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir plate and record the time and date for each of the three samples.

AN-107 EVAP A Time Date

AN-107 EVAP B Time Date

AN-107 EVAP C Time Date
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84) After turning off the stirrer, record the ambient temperature, volume of settled solids and liquids after 5
minutes, then every 10 minutes for the first hour, and then every half hour until the end of the work
day. As well, record these volumes every 4 hours during the second and third day.

AN-107 EVAP A with glass formers at ambient temperature
Target Date time Total Solid Liquid
(ml) (ml) (ml)

5 min

15 min

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

5 ;'\,'(";’
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AN-107 EVAP B with glass formers at ambient temperature

Target

Date

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

5 min

15 min

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

3.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
Page 46 of 54
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AN-107 EVAP C with glass formers at ambient temperature
Target Date time Total Solid Liquid
(ml) (ml) (mi)

5 min

13 min

25 min

33 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour
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85) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass
and volume.
AN-107 EVAP A AN-107 EVAP B AN-107 EVAP C
Total g Total g Total g
Tare g Tare g Tare g
Slurry g Slurry g Slurry g
Volume ml Volume ml Volume ml

86) Mobilize the material in each of the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir plate and record the time and date for each of the three samples.

AN-107 EVAP A Time Date
AN-107 EVAPB Time Date
AN-107 EVAP C Time Date

87) Return the graduated cylinders to the oven at 50°C.
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88) After turning off the stirrer, record the volume of settled solids and liquids after 5 minutes, then every
10 minutes for the first hour, and then every half hour until the end of the work day. As well, record
these volumes every 4 hours during the second and third day.

AN-107 EVAP A with glass formers at 50°C

Target Date time Total Solid Liquid
(ml) (ml) (ml)

5 min

15 min

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour
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AN-107 EVAP B with glass formers at 50°C

Target Date time Total
(ml)

Solid
(ml)

Liquid
(ml)

5 min

15 mun

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
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AN-107 EVAP C with glass formers at 50°C

Target Date time Total
(ml)

Solid
(ml)

Liquid

(ml)

S

15 min

25 min

35 min

45 min

55 min

1 hour

1.5 hour

2 hour

2.5 hour

3 hour

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

Test Plan: BNFL-TP-29953-046
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89) If not performed in the last 30 days, analyze one standard between 10 and 100 cP for shear stress as a
function of shear rate at 25°C from 0 to approximately 1000 s™. Print out a copy of the rheogram and

attach to this test plan.

Viscometer

Viscosity cP

File name

Location -

Lot

Geometry

Manufacturer

Date analyzed

90) Remove the graduated cylinders from the oven and allow to cool overnight.

91) While stirring the samples on a magnetic stir plate remove sumsamples from each of the graduated
cylinders and analyze for shear stress as a function of shear rate in duplicate. Conduct the analysis at
25°C and 50°C from 0 to approximately 1000 s™. Print out a copy of the rheograms and attach to this

test plan.

AN-107 EVAP A File name

AN-107 EVAP A Duplicate  File name

AN-107 EVAP B File name

AN-107 EVAP B Duplicate  File name

AN-107 EVAP B File name

AN-107 EVAP B Duplicate  File name

92) If possible, return this material to the respective graduated cylinders.

Date analyzed
Date analyzed
Date analyzed
Date analyzed
Date analyzed

Date analyzed

93) Assemble a mixing vessel using the following parts or equivalent. Attach impeller to a stirring motor
capable of maintaining a constant rotational rate from 100-1400 rpm.

Part Vendor Catalog number
500 ml O-ring Sealed Kettle, 3.75 | Labglass LG-8071-100
inch OD, 5 3/8 inch flange

Clamp Labglass LG-7316-106
O-ring Labglass LG-1022-476
Kettle top with three 24/40 necks | Labglass LG-8072-100

2 3/8 diameter 4 blade impeller Fisher Scientific 14-505-20G
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94) Transfer the sample specified by BNFL to the mixing vessel (do not transfer the stir bar). Record
~ which sample was transferred as well as the day and time transferred below.

Sample transferred Date Time

95) Turn on the stirrer and adjust the rotational speed to that specified by BNFL. Record the time, date
and speed below.

Speed pm Date Time

96) After 1 hour of stirring, remove a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately
1000 s”. Print outa copy of the rheograms and attach to this test plan.

Run1 File name Date analyzed

Run 2 File name Date analyzed

97) Afier 1 day of stirring, remove a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately
1000 s”. Printouta copy of the rheograms and attach to this test plan.

Run1 File name Date analyzed

Run 2 File name Date analyzed

98) After 1 week of stirring, remove a sample through the sampling port and immediately analyze for shear
stress as a function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately
1000 s”. Printouta copy of the rheograms and attach to this test plan.

Run1 File name Date analyzed

Run 2 File name Date analyzed

99) After removing the last sample (after 1 week of stirring), transfer the sample back to the graduated
cylinder. Record sample ID, volume and mass of material.

AN-107 EVAP __
Total g Total ml
Tare g Solids ml
Slurry g Liquids ml

100)  Focus a video camera on the solids-liquid interface of the sample and collect video for one week
taking care not to disturb the sample. Report any observed gas retention and/or release behavior to the
cognizant scientist.
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101)  After the sample has remained undisturbed for 1 week, remove the standing liquid using a glass
pipette.

102)  Gently collect a subsample of the settled solids and immediately analyze for shear stress as a
function of shear rate in duplicate. Conduct the analysis at 25°C from 0 to approximately 10005
Print out a copy of the rheograms and attach to this test plan.

Run 1 File name Date analyzed

‘Run 2 File name Date analyzed
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LAW Melter Feed Rheological and Physical Properties Measurements

Instructions

Under Test Plan BNFL-29953-046, “LAW Melter Feed Rheological and Physical Properties
Measurements”, samples of the AW-101 melter feed were evaporated to 6, 8, and 10 M with
respect to sodium. Duratek has provided BNFL with specifications for glass former addition to
the initial feed (4.59 M). This addendum to the test plan defines specifications for glass formers
additions to the evaporated AW-101 melter feed.

Table 1 provides the specifications provided by Duratek as well as the adjusted levels required for
addition to the evaporated samples under step 30 of Test Plan 29953-46. Since the Duratek

specifications were provided for a 4.59M feed, these were multiplied by 1.31, 1.74, and 2.18 to <&

arrive at the targets for the 6, 8, and 10 M feeds respectively.

Table 1. Glass formers to be Added to AW-101 Melter Feed.

: - q
Additive Vendor Grade ey Tafg;‘ 1513) pet l“esrng“ o
. . Kyanite Raw Kyanite,
Kyanite (Al,SiOs) Mining Corp. | 325 Mesh 41.74 54.56 72.75 90.94
Orthoboric Acid US Borax Technical
(HsBO5) e g 127.75 166.99 222.65 278.32
) Powder
Yainstonie Mo untreated, 3244 |  42.41 56.54 |  70.68
(CaSiOg) Minerals NYAD 225 Mesh
Red Iron Oxide The Prince Red Iron Oxide,
(Fee ks ke Manufacturin | 325 mesh, 37.35 48.82 65.10 81.37
203) g Co. (5001)
QOlivine
(Mg,SiO with g':r'M'N ?;58';1)55“ 2210| 28.89| 3852| 48.14
some Fe,Si0,) P
Ground Silica = Sil-co-Sil 75
i . L ! . 458.10 572.63
Sand (Si0y) US Silia Co 500 Mesh 262.84 343.58
: : Chemalloy Premium Grade,
Rutile (TiO3) Co. Airfloated 14.32 18.72 24.96 31.20
. : Zinc Corp. of
" - i A 46.22
_ Zinc Oxide (ZnO) Smeion KADOX-920 21.21 27.73 36.97
Zircon Sand American
9.58
(2rSi0.) e Flour 325 Mesh 31.94 41.75 55.67 6
Sugar C&H Granular Sugar 51.34 67.12 89.49 111.86
¢
%- (O m _ “ ?) 0 1
H.gqn
_%,_{1\_. I
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