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Summary

Rheological and physical properties tests were conducted on actual AN-107 and AW-101
pretreated feed samples prior to the addition of glass formers. Analyses were repeated
following the addition of glass formers. The AN-107 and AW-101 pretreated feeds were
tested at the target sodium values of nominally 6, 8, and 10 M. The AW-101 melter feeds
were tested at these same concentrations, while the AN-107 melter feeds were tested at 5,
6, and 8 M with respect to sodium. These data on actual waste are required to validate
and qualify results obtained with simulants.

The AW-101 pretreated feed samples and the AN-107 pretreated 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 at 1 vol%, solids precipitated overnight from
the 10 M Na sample resulting in a settled solids layer occupying roughly 70% of the
sample volume. These solids dissolved quickly after dilution to 5 M.

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 thixotropy
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
thixotropic 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 thixotropy
or yield stresses were observed. The viscosities at 500 s! of the 6, 8, and 10 M Na feeds
were 36, 88, and 230 cP respectively at 25°C, and 16, 46, and 130 cP respectively at
50°C.

After glass former addition, the 5SM Na AN-107 melter feed sample showed nearly
Newtonian behavior with no thixotropy or yield stresses. The 6 and 8M Na feeds
displayed yield pseudoplastic behavior with a thixotropic component. The viscosities at
450-500 s of the 5, 6, and 8M feeds were 44, 360, and 1100 cP respectively at 25°C. At
50°C and approximately 275s™ the viscosities were 15, 175 and 1000 cP. The yield
stress of the 6 and 8M feeds were 15 and 180 Pa at 25°C, dropping slightly to 12 and 160
at 50°C.

A mixing and aging study was conducted on the 8 M Na AW-101 and AN-107 melter
feed following glass former addition. Glass formers were added and the slurries were
stirred at a rate consistent with that expected in the River Protection Project Waste
Treatment Plant flow sheet. The viscosity of the AW-101 slurry increased from 52 cP at

111



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 thixotropy or yield
stresses were observed. The AN-107 sample viscosity increased at 350s™ from 280 cP
after 1 hour to 540 cP after 1 day of mixing. The viscosity after 1 week was 440 cP
indicating a possible minor drop during the week although the viscosity at lower shear
rates (33s”) only dropped by ~8% during the week. Rheograms displayed yield
pseudoplastic behavior as well as a thixotropic component.

The 8 M Na AW-101 and AN-107 melter feed samples were then allowed to settle for 1
week. No gas retention or gas releases were observed during the study. After one week
the settled solids were analyzed for shear stress versus shear rate at 25°C. In the AW-101
sample, two settled solids layers formed. These layers were analyzed separately and both
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 thixotropic component with a decreased viscosity and no yield point on the
decreasing rate portion of the rheograms.

Only one settled solids layer formed in the AN-107 sample. The 8M Na AN-107 melter
feed contained very little standing liquid. Therefore, the rheology of the settled solids
was similar to that for the slurry. After 1 week of settling, the AN-107 settled solids
displayed yield pseudoplastic behavior as well as a thixotropic component. The viscosity
of the settled solids was only slightly higher than the mixed slurry, and the yield stress of
the settled solids was similar to that of the mixed slurry.
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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 Hanford’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 was then removed by ion
exchange. Entrained solids, Sr 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. Applicable reports are listed in Table 1.1.

Table 1.1. Reference Documents for Melter Feed Samples

Activity Reference Report
AW-101 Entrained | K.P. Brooks, P.R. Bredt, G.R. Golcar, S.A. Hartley, M.W. Urie,
Solids Removal J.M. Tingey, K.G. Rappe, L.K. Jagoda, “Ultrafiltration and

Characterization of AW-101 Supernatant and Entrained Solids”,
PNWD-3000, Battelle Memorial Institute, Richland, Washington,
October 1999.

AW-101 Cs D.E. Kurath, D.L. Blanchard, J.R. Bontha, “Small Column Ion
Removal Exchange Testing of Superlig 644 for Removal of '*’Cs from
Hanford Tank Waste Envelope A (Tank 241-AW-101)”, PNWD-
3001, Battelle Memorial Institute, Richland, Washington, June
2000.

AN-107 Entrained R.T. Hallen, P.R. Bredt, K.P. Brooks, L.K. Jagoda, “Combined
Solids and St/TRU | Entrained Solids and Sr/TRU Removal from AN-107 Diluted

Removal Feed”, PNWD-3035, Battelle Memorial Institute, Richland,
Washington, August 2000.

AN-107 Cs D.E. Kurath, D.L. Blanchard Jr., J.R. Bontha, “Small Column Ion

Removal Exchange Testing of Superlig 644 for Removal of '*’Cs from

Hanford Tank Waste Envelope C (Tank 241-AN-107)”, PNWD-
3039, Battelle Memorial Institute, Richland, Washington, June
2000.

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
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formers. Measurements were repeated on the AN-107 sample at sodium concentrations
of 5, 6, and 8M after addition of glass formers. The 8M Na AW-101 and AN-107 slurries
were 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.

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, the AN-107 samples were not
subject to technetium ion exchange prior to performing this work.

The densities 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 net 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
yield 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 volume and
mass 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
59M,7.9M, 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 colorless to white in color and
consisted of slushy material with some crystal like particles up to 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.
Later in the testing, the 10 M Na AN-107 sample was diluted to 5 M. Upon dilution, the
solids returned to solution.

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 70% of the Sample Volume
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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 a 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 over spin producing poor quality data.
The shear rate analysis was conducted again with the same sample still in the instrument.
If a difference between the first and second run was observed, it 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. 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
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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 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.

The 10M AN-107 sample was diluted to 5M with respect to sodium. Upon dilution, the
solids formed during the evaporation step dissolved. The 8M Na AN-107 sample was
divided into 2 equal aliquots. Glass formers were then added to the 5SM Na sample, the
6M Na sample, one of the 8M Na AN-107 samples. The second 8M Na AN-107 sample
was retained for mixing and aging studies that will be described in Section 2.2 of this
report. Glass former quantities were based on the formulation provided by VSL. The
VSL formulation was provided for a 4.8 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 (5, 6, and 8 M). The masses to be added to the SM Na sample were
multiplied by 1.0417 (5/4.8=1.0417), the masses added to the 6M Na samples were
multiplied by 1.25, and the masses added to the 8 M sample were multiplied by 1.6667.
These adjusted masses on a per liter basis were then multiplied by the volume of sample
to calculate how much material to add to each sample. Table 2.2 lists the quantity and
type of glass formers added to each of the AN-107 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 samples at 25°C and 50°C as described previously for the evaporated samples.
Shear stress versus shear rate analysis were performed on the AW-101 samples using the
25-mm-diameter inner cylinder and a “Small Sample Cell” outer cylinder. The AN-107
samples with glass formers were much more viscous and required use of a 4/40 cone-and-
plate measuring geometry on the Bohlin CS10 viscometer.
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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

2.2 Mixing and Aging Study

The second 8M Na AW-101 and AN-107 samples were subjected to a mixing and aging
study as specified in the BNFL Task Specification. The 8M Na samples were placed in
250 ml round bottom flasks with a side tube. The samples were stirred using an overhead
mixer while the glass formers were added. The flasks were then sealed using a Teflon
stirrer bearing and 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°’=1.85x 10" V/D [1]

For this equation, N is the impeller rotational rate in rpm, V is the sample volume in
cubic inches and Dj 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.
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The 8M Na samples were then transferred to 100 ml glass graduated cylinders. The
samples were left to settle undisturbed for 1 week. During the settling time, the samples
were monitored for any gas retention and releases. Visual observations were
supplemented with time-lapse video. No gas bubbles were observed in these samples or
any other AW-101 or AN-107 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 samples, the Bohlin CS rheometer with the “Small Sample Cell” concentric
cylinder geometry could not used.

For the AW-101 sample, a Haake M5 measuring head modified for hot cell operations
was used with an SV I measuring geometry. The SV 11is a concentric cylinder geometry
with a gap of 1.45 mm and a maximum shear rate range of 350 s. 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 ramped 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.

The AN-107 mixing and aging study was conducted using a Bohlin CS viscometer

equipped with a 4/40 cone and plate geometry. The 4/40 cone and plate geometry is
capable of measuring samples with higher viscosities than the “Small Sample Cell”.
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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. The 9.7M AN-107 sample was later diluted
to a sodium concentration of 4.8M. In this section, samples will be referred to according
to the nominal sodium concentrations (5M, 6M, 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 at 6M Na to 1.80
g/ml at 8M Na; 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 With Glass Formers
Formers
Sample 25°C 50°C 25°C 50°C
S5M AN-107 1.22 NA 1.61 1.59
6M AN-107 1.28 1.26 1.71 1.70
8M AN-107 1.37 1.33 1.79 1.79
10M AN-107 1.44 1.38 NA NA
6M AW-101 1.31 NM 1.59 1.59
(1.27)
8M AW-101 1.37 NM 1.80 1.81
(1.33)
10M AW-101 1.44 NM 1.77 1.80
(1.38)

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. The density of the SM AN-107 slurry was not
measured at 50°C without glass formers., and glass formers were not added
to the 10M AN-107 slurry.
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As described in Section 2.1, the AW-101 and AN-107 samples with glass formers 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 AW-101 samples and Figure
3.4 and 3.5 plot the same data for the AN-107 samples. Figures 3.1 and 3.4 uses a
semi-log scale while Figure 3.2 and 3.5 are linear.

With the exception of the AW-101 10M Na sample at 25°C, all samples finished settling
within the first 24 hours. The AW-101 10M Na sample at 25°C reached a constant
value after approximately 45 hours.

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. For the AW-101 samples 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. The AN-107 8M samples did not settle, so the volume percent
settled solids it 100 and the data was not plotted in Figures 3.4 and 3.5.

Table 3.2. Volume Percent Settled Solids for the AW-101 and AN-107 Samples with
Glass Formers

Sample 25°C | 50°C
AN-107 5SM 85 74
AN-107 6M 98 93
AN-107 8M 100 100
AW-101 6M 55 49
AW-101 8M 72 66
AW-101 10M 83 72

Figures 3.3 and 3.6 plot 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 Figures 3.3 and 3.6 have been smoothed using a four point
moving average.
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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 AW-101 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.

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 AW-101 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.
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After approximately 4 hours of settling, the settling rate for all of the samples drop
dramatically as seen in Figures 3.3 and 3.6. This drop indicates the end of any free
settling, and a transition to hindered and compression 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 AW-101 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.
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3.2 Rheology

The results of the shear stress versus shear rate analyses are presented in this section.
The full set of theograms, 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
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
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” 5005
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 (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 c
were calculated by a best-fit regression to the data. The results of this fit are presented in

3.11



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 thixotropic component, so ¢ 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 thixotropic component.

Table 3.4. Yield Power Law Fit for the I0M AN-107 Samples at 25°C

Sample a (Pa) b (Pa-s) ¢ (unitless) r
1 0.62 0.0187 1.00 0.997
1.7 0.00824 1.13 0.998

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. Analyses of the AN-107
samples were conducted approximately three 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.

For the AW-101 sample, 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.

The 5SM AN-107 sample with glass formers displayed nearly Newtonian behavior with no
yield stress and only a slight decrease in viscosity. However, the 6 and 8M AN-107
samples with glass formers have a much higher solids loading compared to the
comparable AW-101 samples. As a result, the AN-107 samples do not show the same
Newtonian behavior. The AN-107 samples with glass formers displayed a significant
decreasing viscosity with increasing shear rate. The 6 and 8M samples also displayed a
yield stress. A decreasing viscosity with increasing shear rate above a yield stress is
referred to a yield pseudoplastic behavior. The 6 and 8M samples also display a
thixotropic component.

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.
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Table 3.5. Viscosity of Melter Feed Samples with Glass Formers in cP. With the
Exception of the AN-107 8M Sample, Values at 25°C are the Average of Duplicate

Analyses.
25°C 50°C
Sample Yield Stress | 33s’ | 450-500s™ | Yield Stress | 33s™ | 450-500s
(Pa) (Pa)
AN-107 5M ND 46 44 ND 27° 15°
AN-107 6M 15 1100 360 12 510° | 175° (276s™)
AN-107 8M* 180 4800 1100 160 5700° | 1000° (276s™)
AW-101 6M ND 46 36 ND 26 16
AW-101 8M ND 110 88 ND 60 46
AW-101 10M ND 260 230 ND 160 130

ND  Not detected
* Due to thixotrotropic behavior only the increasing shear rate curve data was used.
® Due to sample drying only data from the first sample was used.

3.3 Mixing and Aging Study

As described in Section 2.2, an 8M Na AW-101 and an 8M Na AN-107 subsample were
used for mixing and aging studies. Glass formers were added and the slurries were
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. The samples were then
left undisturbed for 1 week. The standing liquid was then decanted and the settled solids
were analyzed for shear stress versus shear rate at 25°C. A “Small Sample Cell”
concentric cylinder geometry on the Bohlin CS was used with the AW-101 mixing study
subsamples. The AW-101 settled solids were too viscous for the “Small Sample Cell”, so
the settled solids were measured using a Haake M5 viscometer with an SVI concentric
cylinder geometry.

The AN-107 mixing and aging study was conducted using a Bohlin CS viscometer
equipped with a 4/40 cone and plate geometry. The 4/40 cone and plate geometry is
capable of measuring samples with higher viscosities than the “Small Sample Cell”.

The results are presented in tabular form in Table 3.6 at 33s™ and 350s™. The rheograms
show an increase in viscosity for some duplicate runs. The increase in viscosity is
probably the result of sample evaporation between analyses. Therefore, only results for

the initial runs are presented.

The 8M Na mixing study samples displayed the same rheological behavior observed
previously. The viscosity of the AW-101 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. The AN-107 samples displayed yield pseudoplastic behavior as well as a
thixotropic component.
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SVI Concentric Cylinder Geometry. Values are in cP

Table 3.6. Viscosity of 8M Na Melter Feed Samples with Glass Formers During Mixing
and Aging Study. Analyses Conducted at 25°C Using a Haake M5 Viscometer with an

Sample® Yield Increasing | Decreasing | 350 s
Stress Curve @ Curve @
(Pa) 3357 335’

AN-107 After 1 Hour of 20 1100 610 280
Mixing

After 1 Day of Mixing | 10 1300 980 540

After 1 Week of 15 1200 900 440

Mixing

Settled Solids 20 1900 1400 570
AW-101 After 1 Hour of NO 59 NA 52
Mixing

After 1 Day of Mixing | NO 77 NA 67

After 1 Week of NO 76 NA 64

Mixing
Loosely Settled Solids | 4.8 270 180 130
Tightly Settled Solids | 5.3 360 260 220

* Due to sample drying between analyses, mixing results are for initial samples only.
NO, Yield stresses were not observed
NA, Viscosity of increasing and decreasing rate curves are similar

The results in Table 3.6 show a 30% increase in viscosity over the first day of mixing for
the AW-101, 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 changes in viscosity for the AN-107 samples were similar to the AW-101 samples.
The AN-107 sample viscosity increased at 350s™ from 280 cP after 1 hour to 540 cP after
1 day of mixing. The viscosity after 1 week was 440 cP indicating a possible minor drop
during the week although the viscosity at lower shear rates (33s™) only dropped by ~8%
during the week.

The samples were 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 the AW-101 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. The AN-107 sample
contained only one layer.
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As seen in Table 3.6, the viscosity of the loosely settled AW-101 solids decreased from
270 cP at 33 5™ to 130 cP at 350 s™. The tightly settled solids decreased from 360 to

220 cP over 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 thixotropic component as seen in the lack of a yield point on the
decreasing rate portion of the rheogram, and the slightly lower viscosity.

The 8M Na AN-107 sample with glass formers contained very little standing liquid as
noted Figure 3.4. Therefore, the rheology of the settled solids is similar to that for the
slurry. The AN-107 settled solids displayed yield pseudoplastic behavior as well as a
thixotropic component. As seen in Table 3.6, the viscosity of the settled solids is only
slightly higher than the mixed slurry, and the yield stress of the settled solids is similar to
that of the mixed slurry.

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(Pas) | 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 Evaporation 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 Evaporation 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 immediately following
evaporation. After approximately 2 weeks with only 1 vol% solids, additional solids
precipitated overnight 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 thixotropy.

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

AW-101 Melter Feed Settling and Rheology

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
thixotropy 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.

AN-107 Melter Feed Settling and Rheology

e The initial settling rates for all three sodium concentrations increase with
temperature and decrease with increasing sodium concentration (i.e., 5 M Na
samples settle faster than 6 M Na, and 50°C settle faster than same sample at
25°C).

e The SM Na AN-107 melter feed sample showed nearly Newtonian behavior with
no thixotropy or yield stresses. The 6 and 8M Na feeds displayed yield
pseudoplastic behavior with a thixotropic component. The viscosities at 450-
500 s of the 5, 6, and 8M feeds were 44, 360, and 1100 cP respectively at 25°C.
At 50°C and approximately 275s the viscosities were 15, 175 and 1000 cP. The
yield stress of the 6 and 8M feeds were 15 and 180 Pa at 25°C, dropping slightly
to 12 and 160 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 thixotropy or yield stresses.

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

e 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 thixotropic component.

4.2



8M Na AN-107 Melter Feed Mixing and Aging

e The AN-107 sample viscosity increased at 350s™ from 280 cP after 1 hour to 540 cP
after 1 day of mixing. The viscosity after 1 week was 440 cP indicating a possible
minor drop during the week although the viscosity at lower shear rates (33s™) only
dropped by ~8% during the week.

e Rheograms of slurry samples analyzed after 1 hour, 1 day, and 1 week displayed yield
pseudoplastic behavior as well as a thixotropic component.

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

e The 8M Na AN-107 sample with glass formers contained very little standing liquid.
Therefore, the rheology of the settled solids is similar to that for the slurry. After 1
week of settling, the AN-107 settled solids displayed yield pseudoplastic behavior as
well as a thixotropic component. The viscosity of the settled solids is only slightly
higher than the mixed slurry, and the yield stress of the settled solids is similar to that
of the mixed slurry.
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Appendix A: Figures for AN-107 & AW-101
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Title: LAW Melter Feed Rheological and Physical Properties Measurements
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Yes No X _NA
| Approval Signature Date
Author fa—/ Y P P LA LR

D;I

Technical Reviewer

24 |F

won Lo AWM

Project Manager &%/f/&’u

ol

Building M’maoer %ﬂ/%
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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 ~50°C to three sodium
concentrations as specified by the client prior to initiation of work (probably 6, 8, and 10 M).
Following evaporation, 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 initation 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 intecface. 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 achievernent 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 time
of the operation. —

e

4

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 a cognizant scientist.
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Prerequisites

1) Keep the sample in 2 sealed glass container as much as possible to prevent it from drying and
reduce the potential for organic contaminaton.

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:

Balance 1:

Calib ID Slo0b-06]-007 Calib Exp Date §-2e02
Location H"ﬂp 2 Lbsty

___ Balanc
Calib ID

Calib Exp Date
Location Net nee o f PR 3/ze]oo
i [ .
"r"\.‘fﬁ'\-oh.t-*‘v

Calib ID A< sT +n.ul::)r¢t z2oo-0/f Calis Bscp-Ersa
o Cerdifret see|od 65 85
Location Heedd # ¢ . b 17

Digital. Thermometer:
Calib

Calib Exp Date
Locauon
Vacuum Gauge:

Calib ID Calib Exp Date

Location
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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 a 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.
{8) '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 a 3

g7 day period at 50°C.

10) While strring, 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 quantites of glass formers to each of the three graduated cylinders and stir
for one hour using an overhead mixer: - - c_’l‘fﬁ::;:\?\: § Adtn for shrbo Veilled =t q Shegre Rora T s [
12) Measure the density of the material in each of the graduated cylinders at ambient. ~ 3
13) Mobilize the material in the graduated cylinders and monitor the settled solids volumes over a 3
day period at ambient temperature (~23°C). = 93¢ Yok & mea w47 ""[73{4"\«‘)
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 50°C.
16) Mobilize the material in the graduated cylinders and monitor the settled solids volumes over a 3
day period at 50°C.
17) While surring, 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 =
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.




‘elly/1g

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.

Na]=_ 4.6 (CDhH Data Source Desn kuvrnth <5 Tk X‘/” o

2) Record the [Na] targets provided by BNFL. T H"E)L" et Steosd Ao

Target [Na]= é M (C2a) ? _;:r
Target [Na]= % M (C2b) 1.7¢
Target [Naj= IO M () aw

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.

Fer  _ r Vel
o0t 150 j5omy TAEEET
V1a=(C2a/C1) x 200ml  — NS~

S i
ViaZ'é.0/4 L x2oo = 24:0.;/#/-- 140 ml (/v6x1s50 =196
Vib= §/%Cv20s =39 % [ aLl oy ®/eéxise = 26/

Vie= /0/4¢txzo0 = 435 / 220 ml Jolpexise T 52y
i

aso 7
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 AVW-101 EVAP B AW-101 EVAP C
A 22568 G:ak 14500 Gr-d ' 2uva.|
SAeifer 613 i (e T Tiegper 302

Teas_ Tare A0 2 Tare. A3\.4 g Tare K392 g

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

e B LU

High 350 4odm L

Low [ O ml 50m0C

Distance AD.D cm [c[,a{ C.,r'f‘\.,?? . .
= C.OQ7 e~/ f L2 0. 8689~ 0.657 =

2850 au

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

Distance cm Distance cm

"H QYL'LJL\}"' ry e -PL_
Tame  pRE B[ 20/
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6) Place approximately Vla 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 -
Total 104%2.2 ¢
Tare 420.3 g— 500 gvad
Slul’l’}’ () &3 ) ‘ g

Volume 500 ml

7) Calculate the Density of the AW-101 feed.

sk..JfP L,_ Ll?%ﬁ/ﬂ-/(

Density= .34 4 CWENS o/ml _I"“ Dios Blicdisf
8) Using this density, calculate the mass of material required for samples A, B,and C.
Mla= Vla x Density for (SO, £ C-\/
Mla=_ )ab we x)aghd > 24943 g 196X ,:.—'i%;??g f‘_‘fjx
Mib= QL1 % 1adey = 325.3 g eTAR R (2 2 g-:'@}i
Mlc= 93b X Lygyby > 8063 g 226 x 1827 = ‘/06}’
9) Weigh three 250 ml glass jars.
AW-101 EVAP 1 AW-101 EVAP 2 AW-101 EVAP 3
Tare 1151 g Tare Qo 1149 g Tare3ea__ 1150 g
AL i13.4 2L ivs.3 s

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

AW-101 EVAP 1 AW-101 EVAP 2 GA) AW-101 EVAP 3
Total 2L0.0 o ITotale. __237.] 15.’1.5‘7.)\"1‘0[21]50 ot Ak 3.0
Tare LLgi7 g aTare a.__ 114-% 33,9 Tare 3. ns.o0 lip 1153

Slurry 244.3 g 2Slurrye 183,17 A 743.38lurnyze 149,139 A 0T
o~ Y 2

i —n
R Stoer Tt = 0T + = Yoo 4
11) Calculate the target mass for each sa ple assuming a?_l nﬂ‘a;é loss is the result of water evaporation. 3

150-'1‘- +""}Jfrﬂnvt L o

o VH_.« o
Targetla=M1a-(V 12-200) Tungdll | wssveiy, (572X
S qug A L2 T Mia(Vie-150 )
il /TZE;?FM‘ (ae=ise) = 148D g 158w Tle= Y9 =()94-150)=1G 5,
'0/5'3‘/qq h"‘\__—;\ WE [RYY a\,;_‘ br\.,'olg-;!qfl ;’
Targetlb=88F ~ (201 - 150) co-od’ g 170wt
17

Targetlc=‘{bb.">"(3.:.s- iso) T 21y g bR




i 7= 2 1B
Moere M"kv/ e ,"‘a’r'tq ';:51‘:) hled 2p = 3.30.3/:)@-7)4-{/&' 322349
Tare iy = a3y ‘(% \Wol
PR Bredt Test Plan: BNFL-TP-29953-046
14 its.? = Ay d
oonagy L 1éE sl *-’(';"%;)* e Page 7 of 54

=313
é = Q-D?.

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).

<3 : A b
13) Monitor the mass of each sample m basisto assess the rate of evaporation.
TRRCET 314 iz 208 22 b o ¥ 5
+ fune AW-101 EVAP | AW-101 EVAP 2 AW-101 EVAP 3
Date [C-a2-91 n,, Date  “/za/1; Date /22745
Mass 3.55.5 ' Mass  144d.0 254.7 Mass 345 2 236.5
% Date Jo-325-91 ues. Date ——- Date e
Mass 358.0 Mass 24,5 10 Mass >12 501, Bekeba
. 2y Bk
Datﬁ [ E-'*b"i?@,-[_r/,,_ Date — Date AOVJA..l f{
Mass 341.7 Mass &18. 4 2373  Mass 290 % Tog § ratz 4,
L , cue(ﬂfw flr-—u;;pl.
Af’ Li Date [2-27-91 §xn-  Date 10Jo1/11 @ § Amm Date rofa1/i5 @ §an .u,:;‘b,,.,
Ve Mass 3367 Mass 2614 £23.7  Mass 2(..° 272.3
foa® @ 10
Date Jc-2B-2¢ Sam Date -~ — — Date —
Mass 313.¢ Mass a42.7 Jo1.L Mass 5a%.5 236.€
_ S’i‘D(F"Q . T
Date io~-a28 -975@ ‘{ﬂm Date : Date
Mass 3 la- Mass 234.7 A07.. Mass 3282 2236.8
Date Li-1c*4% @, ‘¢~ Date Date : Q 4
Mass 21a.4 Mass A34.T 2077 Mass 2352 23%.2. 5+°f’(‘1"
CcJc rc'_..Q R
Date ‘Date Date SEnp (7
Mass Mass Mass tif10/q Z2
labk welie o wines @it / /'QQE.L
wg YCUBAR Ly avf95 @A~ Date ‘Viem (@R i0An Date 2954 ¢ 234.7 g 52
\\iq,v./q‘\ Mass 313 .7 Mass 2349 20%.4 Mass y
e Sanmpla slurria *h.rﬁ.u{- Moadtee Wean 4 exeted S Thea ol (wted & eneet
14) When the mass of each of the slurrie? reaches the targets calculated above, remove them from the Tt inace,
vacuum and cap the sample. Record the mass. Sa o PeERE i 0
3 . r\f-&ﬂ\'_)g f—"b‘-’—\.‘Q w:}{\ f*-/\..z-fl W ;’7
AW-101 EVAP 1 W-101 EVAP 2 AW-101 EVAP 3 : "'/‘11
CAM ¢ tﬁ N o)
Total 213.7 g Total 2343 des y g Total 2359 4341 ¢
Tare (V5.1 g Tare 1Y% 3.9 g Tare 150 [1§.3¢
Slurry A% . D ¢ Slurry 113.% 454 Slurry 11¢6.9 194 g
N \*/5
~ B¢ ‘4D 230
iy R 3

X (\"M’U-\hl @ la.:Lln'H,D - NS blu»ad—( ~ femp ~ T0°C
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W bev

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

Split B Sec pdjasr T refank O T
AW-101 EVAP A AW-101 EVAPB -1 T AwW.101 EVAP C Slesisk Gy
Total Hdogd ‘ESI) Total M}Pﬁ:{ Total L3, J - . 4 73,%
Tare 292.0 g Tare 319 g Tare . 2695
Slurry _ 1 %5.4 ¢  Slmy g Slurry g z0%.%

Volume 11 mldT Volume | 59 ml Vo]uny 1SS ml 145

16) Pre\x eigh 3 teflon coated magnetic stir bars.

o 19231 "
&, = 1.a23386 @ﬁme ' [.2093¢
o s e B e Seritr War/aq Sk
3.813e5 ¢ 3.89 025 ¢ 5:85 755 g
‘_50 LT o rT
17) Pre weigh/3 J&ml volumetric flasks, — Neek 3ize of 1omL oslamat A28 rilamstoy n e sn ”@ :
"&q‘il-ﬂ st bar OfG‘\oiL! ')5 "/-"F‘/‘H ’\ :‘LAL\”‘JCL
1 -1
A B & =
c- 6k-¢l-
Weipht A ik 3496276 ¢ it g el o , i
fithiud 0@ T 31133 -

P f\1' Wailqy ¢ 1¢.¢
18) Place one stir bar in each-of the volumetric flasks and fill to the mark with DI water. Record the mass Cy = !

of the volumetric ﬂasL}L Calculate the volume ofthe stir bars by the displacement of water.
Remuce Vs1ie Den S(rc.ntm_ R-.f.u;t e AL AV R by o 'q'%j""" i ER el Coud c"c""fL»&I‘

A B = n/
Total £1.45152 ¢ Total £1.50927 ¢ Total £7.4595% ¢ M/‘t‘(
Flask ((34.9w 210 )g Flask (24 52376 }g Flask (24.9t 276 )g T
L B 3 21305 s YR 505755 joo 8
2.8 7 Bar ( t13c5 e Bar (3. %4¢25 ) Al - ©5 )g -
” Water 4§ 1571 ¢ Water _4@.bSL26 g Water _#§.¢252) g
e = D145 gfmL 5. ACT8 31647 2,

19) Place stir bar A in AVY-101 EVAP A, stir bar B in AW-101 EVAP B, and stir bar C in AW-101
EVAP C S‘-n"f‘{ ~o S.\fl'&-g_ e W T co,l( A LR Stir ban MH_,

Date
AY-101 EVAPB Date
AW-101 EVAP C Date
0 Jir e
O mL uj Ao S»> IJ.S
5 gd. 8l 3% /R LB

< S auEis L o/‘/é 023073



PR Bredt Test Plan: BNFL-TP-29953-046
09/24/99 Page 9 of 54

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)

day.

AW-101 EVAP A without glass formers at ambient temperature

Target Da\\ time Total Solid Liquid
(ml) (ml) (ml)

5 min N

15 min

25 min N

335 min %

45 min \

55 min \

1 hour \

1.5 hour \

2 hour \

2.5 hour 5

3 hour \

3.5 hour N\

4 hour X

4.5 hour X

5 hour \

5.5 hour \

6 hour \

6.5 hour X

7 hour N

24 hour \

28 hour \

32 hour \

48 hour D

52 hour \

56 hour \

o salds
/1379

FRE



PR Bredt
09/24/99

A}V‘\wl EVAP B with

out glass formers at ambient temperature

Test Plan: BNFL-TP-29953-046
Page 10 of 54

Target \

Date

tume

Total
(ml)

Solid
(ml)

Liquid
(ml)

5 min

N\

15 min

N\

25 min

AN

35 min

45 min

53 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

536 hour

T,

‘57(-'25

/23/)%7
P RS

N o
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\\\'-101 EVAP C without glass formers at ambient temperature
Tatget Date time Total Solid Liquid
}K (ml) (m) | (m)

5min \

15min N
25min |\
335 min N\

45 min \
55 min \
1 hour
1.5 hour
2 hour \

2.5 hour \

3 hour \

3.5 hour \

4 hour \
4.5 hour , N
3 hour \

5.5 hour \

6 hour \

6.5 hour \

7 hour \
24 hour . X
28 hour
32 hour \

48 hour X

52 hour \
56 hour \

No 5*‘" 'ﬁs

”/1,5/??
RO
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Test Plan: BNFL-TP-29953-046
Page 12 of 54

and volume.

The—
AW-101 EVAP A

Total g Total

g Tare g
Slurry g Slurry g
Volume ml Volume ml

22) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass

AW-101 EVAP B

Tare

AW-101 EVAP C

g pﬁ@
g ‘

ml

SH

s

Slurry
Volume

AW-101 EVAP Time

AW-101 EVAP C

Date

Date

Date

S‘a[fap.f
”/’2,'5[?7

PR

e
.
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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

g

time

Total
(ml)

Solid
(ml)

Ligia
(ml)

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

3 hour

5.5 hour

6 hour

6.5 hour

7 hour

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

| X

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

57(.‘#@ S

/t/2

7
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“AW-101 EVAP B without glass formers at 50°C

Targ\\

Date

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

S5min N

15 min

N

23 min

N\

35 min

X

43 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

i 7 hour

| 24 hour

l 28 hour

32 hour

48 hour

52 hour

56 hour

Mo SDL“J)

Test Plan: BNFL-TP-29953-046

Page 14 of 54

(]23 /%71

7 RE



PR Bredt
09/24/99

“AWW-101 EVAP C without glass formers at 50°C

Tardet

Liquid
(ml)

3 min

15 min

25 min

35 min

43 min

53 min

I 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

Ss I,-!S

KB

Test Plan: BNFL-TP-29933-046

Page 15 of 54
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- PR Bredt <guilibrr yeedl G b e Test Plan: BNFL-TP-29953-046
09/24/99 B o 4 0 E"F" ¥R - Page 16 of 54
WL ¢ime L Al&‘ re—gyt bt
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 Kl LS ~ Location 5te Geometry_C-25 sho- I~
Viscosity_41.2 P Lot Bevep# 179430 Manufacturer g’oakﬂ«-{ﬂ
02 Fl00 A ;;/(/‘;weﬂff Expiree 2 41— geei

¥ File name p2.e 2 gf A Date analyzed %{Q{'&Eb '
03030t DK — 5 §S.Sep <t Al PRE380 C

FN‘-“I " D
27) Remove the graduated cylinders from the oven and allow to cool overnight. Too et £ \ E
‘l/ﬂf‘ﬁ 5 ANt sig, hew

28) %&M&Me&move subsamples from each of the graduated ?

cylinders and analyze for shear stress as a function of shear rate in duplicate. Conduct the analysis at ,w;aY
25°C and 50°C from 0 to approximately 1000 s™. Print out a copy of the rheograms and attach to this —
test plan. G A (S A A . e v.'L )
AW-101 EVAP A File namcoa 2‘2 00 FDate analyzed__ (D 2~ 02 ~3-000
AW-101 EVAP A Duplicate  File name 028200 & Date analyzed
c AW-101 EVAP B File name Date analyzed
AW-101 EVAP B Duplicate  File name Date analyzed
FEP :
AW-101 EVAP/B <l ugesy File name Date analyzed
ff i
AW-101 EVAP,BZDuplicate File name __\ l{Date analyzed V|7
29) If possible, return this matenal to the respective graduated cylinders. ’v
ﬁ"c_ Aol oA D;\ J'L—-
Aw-701 A 0202 .m0 Q D 2.-5c0> ~
Doy 4% P B
5 6C : . 6 }
00 p2o02 g4 N
D"f \\’) P
(-
b2oa 00 W

D.p \L (KL

\

Sl aagas %/5)/91000
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Test Plan: BNFL-TP-29953-046

Page 17 of 54

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)

Glass Formers:

Stir Stop (time/date)

S, 8
Source  ~~ Manufacturer | Lot# Target wt% Amount (g) Actual Added
Chemical ~ (@)
\
%
N
N
ot
N
AN
\\
™,
N
x
N
o
D
N
=
\\-
See aHaeo L oy F
(R A
2/9/0>

Lgede



Ko "

rEVap O SpLT TS
S‘-.,h. él L.J

— a--\‘y"‘--

adLad priec 1= [1* ‘“”'} %

’l._,s $-r s S

PRBredt S+7 3', se-pv B-2 AL 4lss £ ~“Fost Plan: BNFL-TP-29953-046
0924199 < dd  Pries 4o 5L Y3 pp g 320/ 0 Page 18 of 54
AW-101 EVAP B Stir Start (time/date) Stir Stop (time/date)
Glass Formers:
Source Manufacturer | Lot# Target wt% Amount (g) Actual Added
Chemical (g)
\ .
AN
\\
\
X
X i
o
/i 7
N St 0©
N4 Gl
N (RS
N Y
A
~
AN
X
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
N
N
N
N

T
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31) Cap the graduated cylinders and record the mass and volume.

AW-101 EVAP A

}fr’-v' £1s.9
g Povy Total S g
D omats  Tare s And.p ¢
e;-r-,'ai** Sluny 3 03 7 g
x A;Q"D ~ Volume 144" ml
T

\_9""(1

AW-101 EVAPB -

q401.9
Totsl _Eaf— o
Tare 2 319 g
Slurry 176.2 ¢
Volume T35
q g rqs

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

AW-101 EVAP C
7‘5 . b 1

Total g de—werebotere
Tare 2.69.5 ¢ a.h-u. ]PMM,A
Slurry __Y06C. ! ;}/ R
Volume __ 145 - 3 e /oo

2D :

5/22
/ / / F{ 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.

AW-101 EVAP A
AW-101 EVAP B

AW-101 EVAP C

el suer kol
Cole brate®
Ggea&»‘r Shivee- 10X
J0bdrpm
[OD0 @
1350

Date 2 -(6-0D

Date

Date 4

NisT Trecet Poto techotzs

D14 S° Am

Time °

Time [Oo 30
Time (DL OD

I/}\_\((Ce'v-‘

- 1§01

= {00 |

- b

K 7104885

eV

37// bf/ 0d ?W
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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.

AmpieTteme 3 3.5°C

AW-101 EVAP A with glass formers at ambient temperature

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

5min_ [dejee | g9:so [ 1€C 141 | 1L 14)
15 min e 151 1 %1
25 min [ KR 1 &S
35 min 19 1 1§
45 min [G1 | &0
55 min \ 141 1719
| hour \ 1 G} | %
1.5 hour \ 161 177
2 hour ‘ g 17¢
2.5 hour = —
3 hour 140 by
3.5 hour 190 o5
4 hour g 13:430 130 O -—-C-(“‘"‘"Q il € it
4.5 hour ) 9D 1 57
5 hour | 140 150
3.5 hour % REL 145
6 hour \ } ¢ 0 ] $o
6.5 hour Hib et W et kg

a2 Lhour | nfec |d72:30 190 107
24 hour @ jo el 190 to S
28 hour N 2 gm 140 15
37 hour g 140 199

¢/ (| 48 hour Mgfoe 10f:eC 190 loS o !

52hour | ‘{ (2 po (99 05 4
56 hour \V [ 08 ke g0 s

éﬂﬂﬂ‘ sfpe Gam WA o /
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AW-101 EVAP B with glass formers at ambient temperature

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

Smin__[Yesmo | 10:30 | G€ | TR —

15 min Q¢ 9¢g

235 min af La

35 min ¥ | 9¢

45 min q €51 a¥

35 min g 9%

| hour ; T4, & Cf‘{.:,/

1.5 hour %S | fT

2 hour — A A VN
2.5 hour g3 9.5

3 hour g4 96.5

3.5 hour Y9 9 (, . &((&uﬁ- 5“"(‘04-—1/ ;\-l.—u,(‘
4 hour qq 45,5

4.5 hour 99 q<

5 hour 1 L

5.5 hour N G4

6 hour 944 ——= 35— wWedtbhodas srz.l:‘:
6.5 hour
L hour |a/i1foc| £7:%0 | 4G9 7 —

24 hour R fo 30 q9 i &Y

28 hour N% A O 99 7(.5

32 hour 4 P 9§ 1.5

A8hour | 2/igjco | B Ao 99 |

52 hour { i - 19 i

36 hour \V fltis geq | 7y

bhge Sfopor G 1 TS

/ o
G
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AVW-101 EVAP C with glass formers at ambient temperature

Test Plan: BNFL-TP-29953-046
Page 22 of 54

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

Smin /e | j0ico | ABe | 230 —
15 min ’ 235 |23 e
235 min S35 230 —
33 min 3¢ =230 i
43 min :
53 min
| hour
1.5 hour
2 hour X330 Dag
2.5 hour P Luveh Flne
3 hour A3 30 KA <
3.5 hour 2.3 A7 regleal
4 hour 1330 2%0 | 215 ;/’F“-ao*) b;::f’f'i ‘
4.5 hour 23 213
5 hour P RO
5.5 hour 22
6 hour N 211
6.5 hour e e r—w -a =il LV, ol O, LTS

A\ oy _Jhour J:/['}?/oo D130 2 S.00
24 hour 8 v i C m~— S 4 A
28hour | 1} Ao | 393 | 148
32 hour 4 r(;n_ 2324 197

g, | AShour  |H@ioe | ¥ A 228 192
52 hour [ 12X g 227 19\
56 hour \ 0O 22 | 144

P -(Oﬂméb “fggjw 9 am axq 490 %

X7
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A & 34) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass

and volume. Star 51/3_1/00 @ qam rys

AW-101 EVAP A AW-101 EVAPB - l AW-101 EVAPC
Total S15.% ¢ Total _4¢7.2 ¢ Total _ L1755 ¢
Tare 2720 g Tare 2314 ¢ Tare LG8 g -—*5:::(&@
Slurry 30324 ¢ Slurry ___( 75, g Slurry __Y25:¥ g
Volume 14 ml Volume 497 ml Volume 225 mi

;. i . 6 Verhasd mixer ft="e
- 35) Mobilize the material in each of the graduated cylinders using a-magnetie-stirplate. After ~2 munutes,

turn off the stie-plate and record the time and date for each of the three samples. X

v (e
AW-101 EVAPA Time 0345 Date_J-23-4p
AW-101 EVAPB Time ;0 05 Date 2-23-80D
AW-101 EVAP C Time O9 S0 Date oL-<L3 -—ﬁﬂ

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

¥ Smal Hm“"’r Samgle = lottrm Tha mixer rok & blcfe o~ el 5ol <,Sml

r r—;& eeted Jooes,

%K = éub{;-w 5{-5‘,(:45 &’«Jabj’ o bUeY 3 ¥ I < S Ay g

L

97/93/%5
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37) After tumning 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)
Tmin adfy | $9:50 | 14| \8 9 Seli Lewe
5 min [aipe | 151 | ¢ & . "
25 mun 102 | 14 150 (& (oulf (€
35 min 103 @ a0 d B 11
45 min \ 92 49 140 113
55 min 10' 59 14 168
1 hour llsoo |90 164
L.5 hour TR ) 1S L
2 hour . T~ —_— '
2.5 hour R V90 | &5
3 hour |t s [41 !"'l'D
3.5 hour [ 30 | 30
4 hour 1 o~ : s
4.5 hour ! Li3o \ fos
5 hour S e %2 19 8
5.5 hour . 330 | 9s5.5
6 hour 4 on| W 95 e
6.5 hour ———— | homa (5>
7 hour
24 hour Y 2¢/00 | $9 : 00 143 9 4
28 hour \) 13:0p B I
32hour  |2/5¢/,, | faiow (st | 94
48hour Bracs., |13 c.0 158 94
52 hour
36 hour

%@ﬁ_wo}{-% (0 A~ |q 9y
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& .
AW-101 EVAP B with glass formers at 50°C RV A
Target Date time Total Solid Liquid
(ml) (ml) (ml)
5 min W/23/o0l10: 10 98:5 | L= —t
15 min J . 20 v 5¢.5
25 min / | 30 |aL\g 65
35 min [ Lo | 9y
45 min [ Vs ¢ 93
55 min [ (00 9.5 | 92
1 hour | i ] i3
1.5 hour \ D) \[' 93.35
2 hour \ fome A
2.5 hour \ ESE qe.3 90.5
3 hour [i(s Qe
3.5 hour It 30 g1
4 hour 1 g gs
4.5 hour | 1230 83.5
5 hour 3 2~ C\lo\g B:L
5.5 hour 330 \ RIS
6 hour v 4 g N B et
6.5 hour s B o rps
7 hour
24 hour | 3fayfoo | 4 anm aL.5 | (L 4 i
28hour |y~ [j3p0 ORI Y /
32 hour o Vv 6 i T
48 hour |Hae¢/oo | FQov 46.5 Y N b *“)a/"/
S2hour [2fc/ug | ymeo | tc.c | (d \ "‘(5
S6hour | l j7/5"-3/00
Af}-cf Wee Kl a/;,&?oo [0 R C“P-‘:; e‘"\ / ;

» .--.\5 4
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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 Lzx/po| PESS 23 22
15 min - EWE- s o a8 221
25 min [®: a0 e Vg
35 min 3o 21 201
45 min Y& 4.0 220
55 min v 50 2o 220
1 hour IR A Lao | Azo
1.5 hour s ey 2.8 215
2 hour ~— [ e L
2.5 hour 12145 L8 215 (,?
3 hour (1S L 1 AL
3.5 hour 1130 ! N /H--\.Q-%'f'de“fc{m 3
4 hour A.190 LY LT — —
4.5 hour X130 N w
3 hour U Q1€ 210 €ST T
5.5 hour | 3:305 1 |
6 hour \r Y (9 e \Vv v
6.5 hour e I — LO ST he e
7 hour
24 hour Ysiten |G g 00 220 [ 6|
28 hour v 1300 Jax e ©
32 hour N Lty oo 225 L, »
48 hour :1./;5,/00 ¥300 ALao [Ld
52 hour 5{./._;;;/(,0 /300 230 (6O

56 hour
3l Jo S 54 e J’“”'/

Mo}/ 5o 0 s ’ @ i

ﬂfé‘*ﬁ 00 =
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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 23°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 Sob Geometry C-25- shat-
Viscosity__ 47- 2 P LotDar gl 179430 Manufacturer Bf.ok Pdp
20 bR EYg/ame0 Ea(ﬂ’q. 2-- -2001
¥File name _p 20 2, psi A Date analyzed_2/2 /24,0
: r‘d‘ llo‘
020244 &= O{'f‘"” 5 4S.5cPss e Name>
39) Remove the graduated cylinder! mr the oven and allow to cool overnight. 2 L of C

40) While stirring the samples on a magnetic stir plate remove sumsamples from each of the graduated E
cylinders and analyze for shear stress as a funcnon 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 1o this

test plan. _ AS°C —— S=se rrevt P ‘CQO <
AW-101 EVAP A File name €301 ¢ O Date analyzed £3-c1-00 rﬁ

E- — St @ k-‘},‘u‘ fhree o f Gapla duteyTreg»f
Date analyzed

AW-101 EVAP A Duplicate  File name

AVW-101 EVAP B File name Date analyzed

AW-101 EVAP B Duplicate  File name Date analyzed

Date ana[yzed e
O eer STress
4 s GME s~ gl
Date analyzed .;1 r— .2_..&—.

AW-101 EVAP * File name
AW-101 EVAP QDuplicate File name

41) If possible, return this material to the respective graduated cylinders. 340 -,_-.

M)'l\ p\uw-o‘*‘\- 3-a. FO Ser

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

CL—;Z:_._
Part Vendor Catglog-mamber

500 ml O-ning Sealed Kettle, 3.75 | Labglass -1.G-8071-100
inch OD, 5 3/8 inch flange e

Clamp Labglass _—" LG-7316-106
O-ring Labetass LG-1022-476
Kettle top with three 24/4 s | Labglass LG-8072-100
2 3/8 diameter 4 btade impeller | Fisher Scientific 14-5035-20G

Melikied s ‘QJ‘“’F e T SAmpde Volme om Spl& m_l ézg‘[jmc_ (Sei_,w]m_,_
Sfetch )v-z,&, ﬁ-ﬂg §F§ Fn ,,\Qp_g,,ﬁ mx\(r\:] lf(‘.f-se

o \-FP
g@
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38) If not performed in the last 30 days, analyze one standard between 10 and 100 P 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_onlia (. S Location__ 5 (» Geometry_C -25- sho-t-
Viscosity_ 47 2. P LotPercate (79430 Manufacmrerﬁr.ok iﬁdj
20 pfbn 2/l ase0 Exgre 2-1-2001

&File name _p 20 2 ﬁﬁ A Datc_a.nz_al)fzcd 2/2 /2000 .
010.1/5/ B — QR wt linb 5 45.5Pgts [l Names

(asll i "
39) Remove the graduated cylinders/ from, the oven and allow to cool overnight, P g éd CD
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 to this

test plan. ] 56 600G, ks

AW-101 EVAP A File name § 202¢¢ L Date analyzedf3¢ 2 (A [ ¢°
AW-101 EVAP A Duplicate  File name i "] Date analyzed p 302 (: 52 forn "

: = ; 05 5-}”‘5/5% 2 iU
AVW-101 EVAP B File name {36200 i Date analyzed 0302.@ (2.0 ¢ e i
AV-101 EVAP B Duplicate  File name 5L I i Date analyzed_ [aLs ‘? o Bl CR a5

i L eI
AW-101 EVAP ¥}, File name O3 -$ 24§ H Date analyzed_3-2=6¢ '35 @ 3p2 p¢f O u&g{f{&
. _ E* axo

AVW-101 EVAP EDupIicate File nametﬂ&éé I Date analyzed 5L 11'45 G abL v

E ¥ pph SCL <
- Gavese

42) 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.

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

Part Vendor Catalos-mimber
500 ml O-ring Sealed Kettle, 3.75 | Labglass ~TG-3071-100
inch OD, 5 3/8 inch flange /
Clamp Labglass __— LG-7316-106
O-ring Labetass LG-1022-476
Kettle top with three 24/4 s | Labglass 1LG-8072-100
2 3/8 diameter 4. btade impeller | Fisher Scientific 14-505-20G
”"M/M/ﬂ thiy Qe dee T Sanpk volome en Spid MJ bemp TImC (seu abjout
. 5 . L g v [N L
s LI.+6 ‘\) r‘&b 1{;(/6# Fr\ ﬁ\@ﬂt{'t‘c,g mos \(“‘J ([(’. Cge ( A ”a- /.’//,.

4 0 0/4 a; E i.?\l‘lbt.ob:'{“lt‘_ der'_‘> 107 H’ff"‘"* U‘tsu:-\f:
D iJquu-...gl o &4..19 w*v-\.l Lu_._.‘g G D e 0(-4"-‘-—
e b teo .‘”w L~ Uin ‘-_,-C.z;‘ E Eur_.f‘n—'z‘—:-

~ Cell l Seeqactits (Y Bfagyo
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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 a¢ O- 3. Date >/ 1/ 86 Time_(8, q A~

44) Turn on the stirrer and adjust the rotational speed to that specified by BNFL. Record the time, date
and speed below. Coo Attectal b ik rS

Speed 0 pm Date_ 2/ [g_;’ﬁ Time_ (@ 9 :08 k.
4®0 X  3/y 0
45) After 1 hour of stirring, remadve apszgwple 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 030160 A Dateanalyzed > -1 -00 (@,04~
z - tf‘a.-, .‘l‘n)
Run 2 File name l B Date analyzed 2-1 -vo (@ 10:39 ~ R (f Fys
D Ce J-t-00 C 1045

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. ~ {Pasded Swmqeta 3 -2 =00 (L5 mo

. ~N
Run1 File name 03 $< tﬁ(é A Date analyzed 030300 (@ G &5 tar- @a“!' LR EE ‘{"a”‘f/'&j'st/

, o it @St e — OK reme
Run 2 File name 0 502 ,2‘?5 B Date analyzed l (R Lo ( ; L‘\ ik ’)
@30:‘%@.’ il N @& 1015 Q /
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. p B il 3/5/00
Run1 File name 03 jﬁ& 00 D( Date analyzed ;/{g/bb (4% @ £:30 gr— &

‘ [/ 9 _— e

*
Run2 Filename 073 Pq\ 00 6 Date analyzed
030800 C-

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

AW-101 EVAP E?"”‘J\ 3-&,00@ §.dY¥ Hm
Total J\ffr(p ¢ g Total al.s” ml Switeha to 1A ha Rec mobor
Tare 142, A g Solids .5 ml S e T
Slurry g Liquids L ml @ i e

A ppetef m"'dﬂ $low

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

cognizant scientist. %/}m’o

B AT ewougn Sample ot i @awf- : T
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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

&Lﬂ copy of the rheograms and attach to this test plan. selids ‘*-'yuj-« HLRF
s‘[/ﬁ" Usiag MmS hee o +h SV
e —@unl File name @ 3{500C Date analyzed 3/1s/o® Seasor. 2typ uu(-s::#Lf
: bvp INEI S 31r5/00 Solds i et Cre .P 1) Jeesdy < f4l4
: \.*‘7 Run 2 File name o}; Feo Date analyzed 3//5'/ab 1) +ihil, sefikld . B.L/V
‘*"HLLLC ‘ A 95.5< -}— nmeg_ Ly “J”J 5‘//""4‘/’"'
shenderd F L—% '
;S
See 030%00 D, T Qe V=
< 16 o2
Q/ E -Pc\ 955 ¢cf \is *‘]
80 (“Y?
sl
TaPs # L Lobatell - Au-io R
o 4 b el e
fo"a—o'f' t» C—“—V. o vl o~ F—f\i....l 5//10/3-0'00
H‘Oudf_.dor Wiew @@A*‘\ - Qec. S o S'{-"{/ atl-n—r.dtr"]
——r l/-b ‘f—u-yg_ rm.:-d—i.
No 55%\/ 7" g= eUo[wtisw wWoe poted over APy b
I LestaR ' oX 1l S Aerqete r& 3//3/0&
Aw-101 B-a Afh ek
ﬁ-@m-&_ ﬂ\uj..;ol 643\ s -
et — S il {
Totg Wil TLS ¢
p‘Nu{V’!’ 7. 5% FY‘\""Q”T ;LD—-)'&( Solife 1{9«6_
A TTARE A Tere 43.0
AGM b e =

{\@ 3/15//00



- 0 [

4o FRE 3l2e/ov /K%/z sTo0
AN-107 Feed composition: not sulfate removal (Tc IX effluent) [
Tec 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 2.1 F 3492
Cr 443 NO?2 28392
Cu 11.7 NO3 112500
Fe 8.5 oxalate 1375
K 715 PO4 1400
La -- 504 4008
Mg -- OH 0.8 M |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
8 17.4
P 303
Nd | --
Sr | 135
w 76
Y .
2t 2.9
Note: -- indicates below detection limit | !

[Aﬂ: P ﬂ?,/%._ /o’é'.,-z’ Comb gesod”
’éz;t: ?:%7/ _{9

= Y ez M

page 1 file: vit feed.no sulfate removal.xls

RN
N
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AN-107

52) Record the current sodium concentration of the pretreated AN-107 feed.

Swe Previess

Na]=_ H.§d M (1 Data Source_ O,y Kurcth  Tela vapert

Fc:—tc alfeaial 3
53) Record the [Na] targets provided by BNFL. . "’}?
_ Ravie tuv 4:83m 2/n

Target [Na]= é ﬂl_ (C2a) 124 oo

Target [Na)= 8 M (C2b) 165 L2

Target [Na]= ] O m‘ (C2c) Jic1e

iy
CAN &6 "‘TQO < 1224 %/mn. = LH4SmL ,'?;,,.m,,,.} Ancic

54)[200 m ofeach cé{/apora d slurry are required for this testing. Use the formula below to calculate the
volume of pretreated slurry (V1) required tp achieve 288-ml of evaporated slurry.

F‘f“_e ‘A‘QGE‘T \j ‘ o 0"\ AT16eR L2, & 5 ﬁw,_(;az;.. (»‘J'SﬂL-TuM gwhf'
\L Vla= (C2a/Cl)x29f)ml y
ya‘V‘ i, 8 7 C
G0 Jeent  Via= (cﬂi/( g3 m xﬁl%e At Fﬁbﬁo
8 /. - 21 AT
1 BOm L yp= 4.3 X 1BO® = 29811 m H”'a% get £ 638
- o) JBCJ 3 e 2 24fc n-"-f‘gw“

RASRWL. oy T rea & 410 = Sex.0

Towl = aqambl Sqb.anmt 00&9 .’L/J—‘lfoo
55y Wil three S0l Blossseaditeaed 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 L 34 o g Tare .929. 82 ¢ Tare 130, 8 g w'f‘g\@"g%'
LA
56) Measure the distance between the highest and lowest graduation on the graduated cylinders using a P lace
ruler. AsomL Graf Cxé lows £a—

High LSO ml

Low [ O ml

Distance__A3%.2 cm

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

Distance cm Distance Distance cm

alf cylgd,/.,; W TR A
SRE 3/30 oo
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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 _©3¢.2 ¢
Tare 4212 ¢
Slurry Ll8.0 ¢

4 p.as%

Volume S00, 0 ml
58) Calculate the Density of the AN-107 feed. /;m - Ll:‘“é/»\t_

Density= | 2.3 gml  Sw e-mail from B.RAfKE veferioy
Deer. Rorarth's vepe,st. 03.) :2-/.‘!.‘1/9!:.

59) Using this density, calculate the masg of material required for samples A, B, and C.
' wseR this Lemsity v~ Ccote.

MIla= Vla x Density PIPIRY 50
“TARGET Vol g )38.2 rt‘ﬁlJ/’R}
GomL Mla=_ B3 x 136 = +565 g4
JB¢ Ml Mlb=_ 245.0 X | AT G s
T T rv‘-*/:-’:fs:\L ) 30.2, o2 er
q0me Mle= 4510 X 3 5~ o
~ '}}73
60) Weigh three 250 ml glass jars.
S e Bew'e=
AN-107EVAP1  3s¥""  AN-107TEVAP2 qoom‘ "~ AN-107TEVAP3 _ oo, g..
' 4 oz ,

Tare ’9‘«“0‘ g Tare 05 0 T Tare | OSi63.. 6

61) Transfer the required mass calculated above (Mla, M1b, and Mlc) into each of the 250 ml jars M1la o
in AN-107 EVAP 1, M1b in AN-107 EVAP 2, and Mlc in AN-107 EVAP 3). et

AN-107 EVAP 1 AN-107 EVAP 2 AN-107 EVAP 3
Total ~ R44-2\ g Total ’LHO-SL._g Total 335,38 o

Tare 0.l g Tare l21.a1 g Tare les. 02 _¢
Slurry  _i29 .40 g Slurry _368.L) ¢ Slurry _33%0.%2( ¢

62) Calculate the target mass for each sample assuming all mass loss is the result of water evaporation.

o e EN
\&‘X‘
Targetla=Mla-(Vl1a-269) it Yeia TrhReeT
A\ B wr M Gy WY+ Bearn
Targetla= |38[;\-(\1\.%,““?0.1\&1@}2 + 1ob.0l = 2.22.4\0
NE Am
Targetlb=_268.5-(3a-180) £ A0 fy + AL = BILB0 g
Targetlc=3\30.3'{1%&—'?0): 129 g 4+ 10s.0% = 9\3‘3'99—;

o o



Swoboda, Robert G

From: Bredt, Paul R K
Sent: Tuesday, February 29, 2000 7:47 AM L~
To: Swoboda, Robert G *‘_ ¢ p!..f'- L
Subject: - FW: composition
j p I « .. o4

Thanks,
Paul b
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX eﬁ [ 0‘0
Pau! R Bredt, Ph.D. Pacific Northwest National Laboratory ,’{ l"{
Senior Research Scientist [ Battelle Blvd., PO Box 999
Radiochemical Processing Group Richland, WA 99332
(509) 376-3777 paul bredi@onl gov

000 00 P OTOEILEIEO 000008065008 0900 0880 s080800.0000091

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

From: Rapko, Brian M

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

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 11:18 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
during Tc IX the composition should be ok.

As 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: {

phone:(509)376-6752

fax: (509)376-7127

¥
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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.

TTRRCSET Grews . 22241 S72.3 1 239,02
AN-107EVAP 1 (q) AN-107EVAP2 (3) AN-107 EVAP 3 ()
Date o ﬂa’{';f @ & A~ Date Dars 5
Mass 236 .0 Mass 43495 Mass 3l Y
Date 3 —{ - Cb’ﬁ@ 3¢+~ Date ~—— Date e
Mass 3302 Mass 193 Mass o1 Y
Date 3-2-00& §a~ Date Date il
Mass b B 17, 0| MMass Ho 2 Mass b )
Pewit

Date 2o%-gph Q21O Date Date
Mass £.9.0.1\ Mass 2bs 3 ?‘T:,L/,Mass 2 444

Q.& Date 3/#3*“"%’ Date 'b’?"ﬁ? Date

U)“ Mass 22V Mass Bk 1 Mass

\})"%:te Date Date >/q-00
Mass Mass Mass g 38 Q
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 2126 g Total 312 g Total A38.9 ¢
Tare (660 g Tare Y LK g Tare [105:° o

Slurry (Mo ¢ Slury A50 3 g Slurry 1339 &

i
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66) Transfer the material in AN-107 EVAP 1 to graduated cylinder AN-107 EVAP A, AN-107 EVAP 2
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. An 167
AN-107 EVAP A ' AN-107EVAPB -/ AN-107 EVAP C Evar 8-2
Total 350.| g Total 362.3 o Total L2 g 3654 A
Tare ;35.#1 g Tare A34% g Tare X230, 8 g 2397 o
Slurry (1 b. / g Slurry _!22S5 ¢ Slurry __ /32.9 g 1267 3
Volume 90.5 ml Volume ___90.0 . ml Volume 435l Flal  av

. 1.2% “1.3¢L : 27
AR S pro@sgprs T TR gy

teflon coated magnetic stir bars.

]0’ e 136 E

B c See e 8
2 g B e
68) Pre weigh 3 10 ml volumetric flasks.
A B F'{ éj/‘la / on
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 stif bars by the displacement of water.

C
g Total 24
)g Flask ( g
)2 Bar ( )g

Total g
Flask ( )e
Bar ( )

Water er Water g
QT Gz nle ol 2
70) Place-stir bar A in AN 107 EVAFP A, stir bar B in AN-107 EVAP B, and stir bar C in AN-107
AP C.

"-\“f"‘;“

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.

(e
AN-107EVAPA  Time ot uu@ge’w

AN-107 EVAP L Date

AN-107 EVAP C Time Date




PR Bredt
09/24/99

72) After tumning 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, day.

AN-107 EVAP A without glass formers at ambient temperature

Target

Date

time

Total
(ml)

Solid
(ml)

Liquid
(ml)

/

5 min

15 min

/s

25 min

i

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

\Jf‘l

Test Plan: BNFL-TP-
ge 3

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) (ml)

5 min

15 mun

235 min

353 min

435 min /

55 wiin | Vi

1 hour /

1.5 hour /]

7 hour /

2.5 hour I

3 hour 7

3.5 hour /

4 hour /

4.5 hour /

3 hour /

5.5 hour ‘ £

6 hour /

6.5 hour Y

7 hour /

24 hour /

28 hour &

32 hour P

48 hour /

52 hour / .

56 hour / | U
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E:‘{-;»—t& (A):) P P o

.{rM O —t0ml o

é\’,';.'o nl, Gacds,

%

PR Bredt Hos
r Y oV
09/24/99 O:‘Q- . 3 AV~ 9’(} ol M
mi ;
AN-107 EVAP C without glass formers at ambient temperature
Target Date time Total Solid Liquid
(ml) (ml) (ml)——
5 min Sa/oo 1 3o 92.5 |AauimL
15 min
25 min
35 min
45 min
55 min

1 hour Q/I/oo £.20 qa.5 <Ime

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 AR H g 2. | <1~ |

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

~Noo
oQ
X\

A V]
“y
A

3
(.
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73) Place the graduated cylinders in an oven at 50°C for 1 day. Rem.ove the samples and record the mass

N

t AN-107 EVAP A AN-107 EVAP C

Total 2361 ¢ Total F4lY e

Tare 234. 0 ¢ Tare _____Iél 30,_8__%,' .
Slurry lcZ.l g Slurry 7 g Dscatew® FF
Volume l e ml Volume S8  m*™ ifggjfd

e Jo 16y ) [- 3 239/nn = 138/

. 74) Mobilize the matenali each gg the graduated cylinders using a magnetic stir plate. After ~2 minutes,
turn off the stir pJafe and record the time and date for each of the three samples.

7EVAP A ;Ot;A(: ' 2/a3 Je0 ",;g;‘*:— 9 Am
AN-107EVAPB T Pate l P s W.m,-,z-;a\
- \Y I LS
AN-107 EVAP C e Y Bate- e }ﬂfoc“l._.i
75) Returmn the graduated cylinders to the oven at SOiC. (ﬁp,: ‘@ 2S‘C,
-
/70\‘ @ 9 o lﬂb\' pw rc(bud’ S A
b ] :
1 . i
El Ay ) T
it
%EP@UJ_ O Vepq N Ws . S"fx-é-:
A e - . 5
Towie 337y ZEn s 34B o 335 4
Tona B AR A33 2 30.8 239.7
5i*m\ 193%.9 Jol.7 /17.2- '13&/"777
Ges
sl Blo 82 o B4 &

A5
94’/0 o
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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. vell, recdrd
these volumes every 4 hours during the second and third day.

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

Target

Date

tume

Total
(ml)

Solid
(ml)

Liquid
(ml)

B it

TFam

£l.o

2

&l

15 min

3/23/

7

#

25 min

o

35 min

£

45 min

4

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

N

52 hour

‘
e
Tod

56 hour

()
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4 var B —|

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

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

5 min 3/;.3:/;0 9 Am 83 G g3

15 min A

25 min /

35 min A

45 min /

35 min /

1 hour /

1.5 hour /

2 hour /

2.5 hour A

3 hour /

3.5 hour /

4 hour 7

4.5 hour /

5 hour /

5.5 hour 7 S ((>
6 flour £ A ?//l/ p°
6.5 hour 7 LR

7 hour / £ xt

24 hour A Yy

28 hour 7 . i

32 hour /) Vi

48 hour it Y

52 hour /

f Y
36 hour / L [7
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ANN07 EVAP C without glass formers at 50°C

Test Plan: BNFL-TP-29953-046
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Targc\ Date time Total Solid
(ml) (ml)

Liquid
(ml)

O] -

¥s

Smin  V\3A34. Gur5
15 min Z

Ao e Cloculewt moteral e
oo

25 min \

335 min X

45 min

55 min N

1 hour ‘ \

1.5 hour X

g4

oyl Tupp-uQ 5-."&4.4:..%-; el 0t Lc:f-{.ﬂ Lt

2 hour 3/23)c0 H:ho g4
2.5 hour |- HsdXx| gy

$o

-‘\-1574 Scids — Teck r’“c‘{'wrw

3 hour ia:co\ &y

19

3.5 hour | mad N

15

st ot glow re® 4 Fefe

4 hour

Yy

Preteres aqme

4.5 hour

lo{

péb 3/-15/ 80

3 hour ) \
5.5 hour :

6 hour

6.5 hour

7 hour

24 hour

9/?—‘{!0(.‘ S A %Ll

28 hour

32 hour

48 hour

52 hour

56 hour

3/;‘1'1/co £ am gy

Ndfoo &an &4

Deelall & dilebe
E'Uﬁp C_ _t-_o 5"’\ b

Fom Edml

IVO[‘-A-n-Q_
5 e

|Om
dewblon

[68imL

r?, &'ofc0

?

r‘e.,{.-efp-*-& gl

L{_)co‘t- Wi
o Seperdle Lan sha 4 +°’——~f~u~Q

to this Sheor ?/.;,_}oo s
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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 60\'\\.9 ) Location 33—?/50b Geometry C‘a‘b/ SherT

Viscosity__45 S P Lot__| || 1 S s Manufacturer _':Qr;ok:/tiﬂf?
032ltoo

File name 050%0b D Date analyzed_3/t/no
= | Alse i .
\l: U % Heee "ff*{'lj Wt Bedeys

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

cwrr S'l!ra-.S '-“L’
test plan. (D 2s°C ’ it il oA
9 g AN-107 EVAP A File name(% J{. DO ﬂ Date analyzed_D 3~ 16- 00 (& i re—
\ .‘{'IW 7 - Ve 5{‘re.‘.-’-"‘Q
X AN-107 EVAP A Duplicate  File name ¢ 31¢ © ©{_ Date analyzed %ﬂ abse voer T
Gy | iie —Rytey 031 600 — The YesT o2 (i
AN-107 EVAP B File nameQ3 ). oo £, Dateanalyzed o3~y ~pe (g 101 s
AN-107 EVAP B Duplicate  File name0.3 it 8¢ F Date analyzed 3[ [ik.\& pFetery
v
AN-107 EVAP ﬂ, File nameQO2 /L 00O G Date analyzed_ p3-re-coGo ()15 U]\
¢ "
= v mke C
AN-107 EVAP €. Duplicate  File name 03 b Db\'\ Date analyzed !t LI (%
823 oo o ¥
80) If possible, return this ‘material to the respective graduated cvlinders. F"‘J)
@ sov° C <

# L T
A -10 ¢y, 1 Fie weme 03) g0 (\© Dxe 3-ic-g2 @& foefift

L ADw 031668 N !

Stroed LRe gk e~ db"-“'—' Swfué@?ﬁt!

P\'\!-Io“) Evar B 03/5,0/25 K - S-iv-co B iQL1Sem
\\ B D g A T S oA r{> C 3eos”
A 031668 L. _ j{
An - 101 Evep C #« 03 1Lg¢ I‘_ 3-.6- Y QNSO

! < Do V 031680 d R

X Samg'e Sond 1o hde bocs‘(-‘ﬂ-s "t‘-m‘a t0 50°C , ‘f% L Chvrgad put alf
Jamele il g weth frek Thwple I i\..leu?L w
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81) Add the BNFL prescribed quantity of glass formers to each of the three graduated cylinders and stir for
I 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)
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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)
fehai
—l‘
£
i 0 ;
£ o% A 4
o JEET R
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)
I/.
r
/£
7
/
/
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82) Cap the graduated cylinders and record the mass and volume.
m &m ¥k S X

AN-107 EVAP A AN-107 EVAPB -2 AN-107 EVAP C
Total 435.3 g Toal _53a.y ¢ Total _ eS1.94 ¢
Tare 2340 g Tare =72.49 g Tare LS. 7] 29 4
Slurry L0132 g Slurry AL 0 o0 ¢ Slurry 282, 2 g
Volume 118 ml  Volume A~ 4 & ml Volume __ 2.45.0 ml

: - . : over head store
83) Mobilize the material in each of the graduated cylinders using a.gnéguc.mf—phtc A}‘ter ~2 minutes,
turn off the stir’plate and record the time and date for each of the three samples.

(b™M  AN-107EVAPA  Time 10 Am Date & <~2(-0 0
&M AN-107EVAP B Time L ‘pn\ Date b - 22-0
Y AN-107TEVAPC  Time | o ~~_ Date e " 22-0D

X Tr el e a Seombl Grod - d;fwf-iq (_‘;Q—m Con e, .b. o(c,._..g,l.\r
\}ci fr.;-n E4dme o, HoBmL'f)L 7 ) (J i

Evap ¢ Before AR &g alawe ?’y_') z |2 2()/-\.,(
S00ntTARE « A064.7 g p= b7
Vbl a 168§ L4

W Erpe 41400 S bifos gl anlitow “ang @ raiis

ok
YE decral 4o tronfeore E‘u.-, 8-a (&n\)f?,_..b\w.ﬂ Yo 560 L
G el T gat Botte m?r.w7
SowomTare = A72f g
FrpB-2 Vol = BL.Smi
Eimvid Wt = 383-75' > befeve glons p0Qitn b/a3h.@ | 4Sgm

fets

?@ Losfoo



PR Bredt Test Plan: BNFL-TP-29953-046
09/24/99 Page 45 of 54

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.

™M

AN-107 EVAP A with glass formers at ambient temperature

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

5 min -0 005 ¥ s e -

15 min 15 ] [

25 min {

35 min /

|
43 min l 45 | A *

55 min e | & | of
.

1 hour rre |

1.5 hour \ ]
2 hour ° \ s

2.5 hour \

3 hour \ L,‘L.':)d

3.5 hour \

4 hour

4.5 hour

5 hour

5.5 hour |

6 hour V11402 \V

6.5 hour

7 hour

24 hour

—

™~

|
\)
b
-

28 hour L/a2fotl 1&s0 1| &

L
B |- Aml nuabc & ey
7?

32 hour I

;<;~§!

\L

48 hour (9/&3[:0 [6v0 |{/

52 hour \

56 hour

(o/;.’l/oo {0tpey e ~ TG 2

%w—b—ﬁ“/ L:/:@/co

3
F'_‘, ’10!. 3 - /.7/ /
T 2
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2
AN-107 EVAP B with glass formers at ambient temperature

Target

Solid
(ml)

Total
(ml)

Date time

Liquid
(ml)

5 min

"_/93;/00 Apgm 45

NS

-

15 min

e

il

25 min

/

35 min

——

i

45 min

/

35 min

1 hour

1.5 hour

2 hour

2.5 hour

q4:30 45 Tid

3 hour

At

3.5 hour

4 hour

4.5 hour

5 hour

5.5 hour

6 hour

6.5 hour

¢ FHour

L/?a/h) | v{ {

24 hour

28 hour

32 hour

48 hour

52 hour

56 hour

%J./oo §:30AC, 45 ~ 145

>

Test Plan: BNFL-TP-29953-046
Page 46 of 54

QM

(\ :,Jvé“"'/ c"’/ifo/w

005 o, 1.7 e

7 -
£ 7t

L /\]o Nisible Gafuteits

5>
&’/3-6/ 00



PR Bredt Test Plan: BNFL-TP-29953-046
09/24/99 Page 47 of 54
S M
AN-107 EVAP C with glass formers at ambient temperature
Target Date time Total Solid Liquid
(ml) (ml) (ml)
5 min efaajonl lpm |AHO ¥ o &
15 min 239 lazg |7
25 min 239 23§
35 min o234 37
45 min A38& | A3
55 min 23 & 23 S
1 hour e | 23R | 234
1.5 hour 2:%3 23Y o g T 5
2 hour N g Axo
2.5 hour :
3 hour Ll g~ 249
3.5 hour Yy T 219
4 hour
4.5 hour
5 hour
5.5 hour
6 hour il
| 3 S5 hour 7 A >3 1 2o b
20 2Hour  lb/a3fon| 9 gon 237 aAvs
24 hour Lp~ =3 1 205
28 hour dg~ | o331 | 3255
32 hour !
48 hour
52 hour ol P
56 hour vV (
“agfoo Ei30am AT 205 — WO chagl
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09/24/99
. R
85) Place the graduated cylinders in an oven at 50°C for 1 day. Remove the samples and record the mass
and volume. .
01" (" _x
1
AN-107 EVAP A ,\. AN-107 EVAPB - . AN-107EVAP C
o (
Total _H435.2 g Toal _ S32,2% g Total _CeSLT g
Tare 234.0 g Tare 2724 ¢ Tare 2691 g
Slurry 201.2 ¢ Slurry 259.% g Slurry _ 3& 2% g
Volume __11& Volume -y Volume__ 24 & ml S dge
Si&y 110 mue 2@ Saide  jq4 mfML o pgs
86) Mobilize the material in each of the graduated cylinders using a magneée-sé&-pl&te\éﬁer ~2 minutes,
turn off the stir plate and record the time and date for each of the three samples. Foanheck Shivver
wctgéi' & X

AN - T iy -37-00

AN-107EVAPA  Time /04 S Date ( -37-0 S

AN-107EVAPB-& Time __[{D:p 0 Date_ (b~27.cd 5 31.8

AN-107EVAPC  Time _{0! 3p TDate f-87-60 (o850.4

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

X B-2 Sn-nrk G fPeunaR o have Np Mrt.‘l"e% | mL ‘]pL;ﬁuiQ'wM
Shaolkt wp & tHhoe top of fhis muldwix  after l&.a —0U e
@ s0°%

Xx - Awether wl woe Wee have because 5173;\+ locsas ocewrvel
or the Mixer vobl & blefe that Coul® wet be re combime®,

& A bfy‘{’b
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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 Liguid
(ml) (ml) (ml)
3 min efoar/w | 10 50 [ L8 1L &8 o
—— =
15 min 5 Vs 1 /
25 min / \’; 5
335 min N "
45 min e K g l
55 min . 0
1 hour [ AP0 AT s
1.5 hour WL
2 hour J‘/ & Fee] ] [ >
2.5 hour
3 hour G/;f ] ¥ 30O & 3
3.5 hour
4 hour 2. 30 | 14 y
4.5 hour :
5 hour \ 3138 12 s
5.5 hour [
6 hour [ Y30 L2 (
6.5 hour
7 hour \
24 hour ‘('/}Y!go l.ps8mr \, 1o g
28 hour
32 hour J {0 Aeaa Lo )4 ‘i"/ f‘am-o.cﬁ Lo B hadd
48 hour Y
52 hour D g
56 hour 1.70 ‘,7/4
_ 1ol.t7r .
rd
¢ (e
C a/”'{
7/5/00 [2p~ iy I &9 4 & ALERRRA S fh\w 8

q—\_\n}.:\\a ‘5( fku[oa,-(
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" _— &6“)&!}5;[ A{{-Qf M‘\‘;.‘I 5 53,. 81
AN-107 EVAP B with glass formers at 50°C

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

Smin__ |Yat/se | (0 g 4S5 | %S &

15 min 7/

25 min ] yd

35 min /7
7

45 min

55 min /]

1 hour %/
1.5 hour : )

2 hour

\
2.5 hour y}ﬂ" U’g}_ i [?6’00

3 hour { \

3.5 hour L4

4 hour

y
4.5 hour \ A

5 hour

g
5.5 hour t\l / Ve

6 hour A

6.5 hour / ](°F

7 hour /

24 hour

28 hour /

32 hour 7

48 hour

52 hour

56 hour
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(sm)

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

Test Plan: BNFL-TP-29953-046

Target Date time Total Solid Liquid
(ml) (ml) (ml)
3 min Lfaylee| 1035 14D 23¢ s
15 min 45 2295 15
25 min 1{'oo 2Ll S as
35 min o 239 2 11
45 min Lo ; 20¢
55 min PosBat| ] Aos
1 hour (2 ys || A0 1
1.5 hour /2. 90 \ 195
2 hour 13:%5 | 190
2.5 hour YY) \ | 5
3 hour [+ 30 | | [ 83—
3.5 hour
| 4 hour 1:30 8'd’
4.5 hour
5 hour a 3:.%0 \! 1 1%
5.5 hour Y/
6 hour
6.5 hour
7 hour
24hour Yo fagfod | b Am | 23K 117
28 hour = i
32 hour Iy (0A™ | 23 12 ——— | resove®
48 hour i
52 hour ¢ A
56 hour
95
i 6/7({0 3 € &
P
L‘-L
7/{/00 iou 4377 115 me

Page 51 of 54

frm i1
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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. e el = N S TN

Viscometer 6::& LG S Location 33‘5/‘50&: Geometry__ (O 4 [d0 - ox 0wz

Viscosity A5. 5 Fcoph o por O PSS Manufacturer BrccdeQ
99.2¢0 cf e e i 1 Expea 2 /l/laec |

File name _Sa2¢ ol o Date analyzed 7/, ifpp — i/
T [0

Py's S2A, 6,4 C

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
cvlinders 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,

Sﬁﬁ Fc.llbio.\. P '5, S A ; B’ 3 .

AN-107 EVAP A File name Date ana‘Iyzed

AN-107 EVAP A Duplicate  File name Date analy

AN-107 EVAPB .2 File name ¢ analyzed

, 2
AN-107 EVAP B Duplicate  File name Date analyzed

AN-107 EVAP KC Date analyzed

AN-107 EVAP & Duplicate Date analyzed
92) If possible, return this material to the respective graduated cylinders.

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. 4= G fane Fermar, for B\

: em AQpE [ Tee ELEN "\‘___M__j

Sample transferred AMID ffy) Date §--3-00 Time_1li 1 30

'&Lf“ GP A

Low =t
(VRCTCERL Y
vy

Hd0

240

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

Speed L‘&C rpm Date ¢-2-co Time 1\:4§

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 out a copy of the rheograms and attach to this test plan.  Pe. oy el Semyle Sgmales iy

Run1 Filename p& panc £ Date analyzed_ ¢ o3 @ 103 To

Run2 Filename % tspr £  Dateanalyzed l (i 45 poe
Pan % ik ESs oo d '\L’ T

97) 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 rheggrams and attach to this test ol o RermunlSampte /4ot 12945
eldeds p.iaA«E}cl N’.t"}nlrm&gwu{ q_i\..u-—. mp.-e_%f-..&t..ggil 5‘\""%'"’— / / CC
- Tetuoa

*-
Run1 Filename ©8 04 oo A  Date analyzed_ D8 -cd-cc @ )& P~

Run2 Filename 0§ 4 0 5 Date analyzed l @ [:35p~ K 9
Rans > OFod oo \l/ & 1 SO vesttal picmns ov

98) After 1 week of stirring, remove a sample through the sampling port and immediately analyze for shdar
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. Rewe vk Sample Yisjpo @& | -
SASve (¢ Gw:-c-—-.f-'i’,— "an&Lt/‘{Q P - r
‘D: Wiy ‘-v"N‘rL {g.q_, —~— fL'. u',i‘"

Run1 Filename O% i\ po A Date analvzed E-1l-0D s | P 1Pam Li& mek affect Ho

' Precess  ALie-saf R el
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Frrese
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99) After removing the last sample (after | week of stirring), transfer the sample back to the graduated
cylinder. Record sample ID, volume and mass of material.
AN-107 EVAP_@"‘ —> onk loGmL  regressuatiie
Bhfee @ Vpg5am ému.—ﬁj erf Samgle Lo '*"“““'P"‘“Q
Total d34.17 ¢ Total leo ml 2 SR AU TSR o (4T S L i =
Tare 122.45 g Solids /oo A

SL\"&f.?. mMeoe 5;1,,..th o\»it‘f -lb_omL
Cewd b bien P];._UL 57/“_/“,

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

cognizant scientist. See 100) Cemt. Commenks oo Neyxt (FM}S,\.

ﬁ£‘3. 8/,5 te

Slurry g Liquids /Ef ml
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101)  After the sample has remained undisturbed for 1 week, remove the standing liquid using a glass
plpene' }emwﬁ A’tw 9'/7‘:7’6!:‘ @ {Orpene .

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 1000s™.

Print out a copy of the rheograms and attach to this test plan.
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LAW Melter Feed Rheological and Physical Properties Measurements

Instructions

Test Plan: BNFL-TP-29933-046
Page 2 of 2

Under Test Plan BNFL-29953-046, “LAW Melter Feed Rheological and Physical Properties
Measurements”, samples of the AN-107 feed were evaporated to 6, 8, and 10 M (molarity in this
document is with respect to sodium). Duratek has provided BNFL with:specifications for glass
former addition to the initial feed (4.8 M). Simulant testing by Duratek suggests that following
glass former addition, the 10M feed will be too viscous for processing. Therefore, half of the

current 10M feed will be diluted to SM prior to glass former addition. The current 10M feed

contains roughly 70 vol% solids. If these solids do not dissolve, a new 5M feed will be prepared
from the remaining initial 4.8M feed.

Table 1 provides the specifications provided by Duratek as well as the adjusted levels required for
addition to the evaporated samples under step 81 of Test Plan 29953-46. Since the Duratek
specifications were provided for a 4.8M feed, these were multiplied by 1.0417, 1.2500, and
1.6667 to arrive at the targets for the 5, 6, and 8 M feeds respectively.
Au Jo 7 AF8 g/&(/o 2
Table 1. Glass formers to be Added to AW=101 Melter Feed.

Target {g) per liter of feed

Additive Vendor Grade A8 M s M 6 M 3 M
3 ! Kyanite Raw Kyanite,
Kyanite (ALSiOs) Minina Corp. | 325 Mesh 109.07 113.61 136.34 181.78
Orthoboric Acid US Borax Technical
(H-BO-) B, Braclar 187.07 194.86 233.84 311.78
. Powder
gzgaigﬂ)""“e mﬁ%ls untreated, 111.47 | 11611 | 139.34| 185.78
4 NYAD 325 Mesh
Red liati Oxtida The Prince Red Iron Oxide,
(Fe,0) Manufacturin | 325 mesh, 51.87 54.03 64.84 86.45
2~3 a Co. (5001)
; Chemetall .
LiCQO5 Foote Co. Technical Grade 64.75 67.45 80.94 107.92
Olivine
(Mg,SiO. with (L:’EI’M'N ?;58'5’;85“ 32.92 3429 | 4115 54.87
some FesSiQ,) P-
Ground Silica - Sil-co-Sil 75,
Sand (SiO5) US Silia Co. 200 Mesh 349.70 364.27 437.13 582.83
. L Chemalloy Premium Grade,
Rutile (TiO,) Co. Aifioated 12.39 12.91 15.49 20.65
. . Zinc Corp. of
Zinc Oxide (ZnO) Frhias KADOX-920 31.81 33.14 39.76 53.02
Zircon Sand American
21Si0,) Minarals e Flour 325 Mesh 48.547 50.56 60.68 80.90
Sugar C&H Granular Sugar 20.00 20.83 25.00 3333
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LAW Melter Feed Rheological and Physical Properties Measurements

Instructions

Test Plan: BNFL-TP-29953-046
Page 2 of 2

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 RS

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.

Additive

Vendor

Grade

Targel (g) per liter of feed

4.59 M 6 M 8 M 10 M
; 2 Kyanite Raw Kyanite,
Kyanite (A1SiOs) Mining Corp. | 325 Mesh 41.74 54.56 72.75 90.94
Orthoboric Acid US Borax Technical
(HsB0.) i) i 127.75 166.99 222.65 278.32
X Powder :
gggﬁgs;‘m”e z\iﬁits untreated, 32.44 42.41 56.54 70.68
9 NYAD 325 Mesh
; The Prince Red Iron Oxide,
ieedcl)rc;n Oxide Manufacturin | 325 mesh, 37.35 48.82 65.10 81.37
o Co. (5001)
Olivine
(Ma»SiO. with g’:r'M'N ?5158';;9“ 22.10 28.89 38.52 48.14
some Fe,Si0,) i
Ground Silica i Sil-co-Sil 75,
Sand (Si0,) US Silia Co. 200 Makh 262.84 343.58 458.10 572.63
Rutile (TiO,) ggfma”“ ii‘g{;’;‘i;”derade' 14.32 18.72 |  24.96 31.20
Zinc Oxide (ZnO) i';‘;r(izc‘;‘p' °f | KADOX-920 21.21 27.73 36.97 46.22
Zircon Sand American
(2rsio. Minerals Inc. | Flour 325 Mesh 31.94 41.75 55.67 69.58
Sugar C&H Granular Sugar 51.34 67.12 89.49 111.86
.
E& (0 m it ‘JJ 0 _]
H.59M
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