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Summary

- Approximately 1400 g of wet Hanford Tank C-104 Sludge was evaluated by Battelle for the high-
level waste (HLW) pretreatment processes of ultrafiltration, dilute caustic washing, and elevated-

temperature caustic leaching. The filterability of diluted C-104 sludge was measured with a 0.1-pm
sintered metal Mott filter using a 24-inch-long, single-element, crossflow filtration system (cells unit filter
[CUF]). While the filtrate was being recirculated prior to washing and leaching, a 6.9 wt% solids(a)slurry
was evaluated with a matrix of seven 1-hour conditions of varying trans-membrane pressure (30 to 70
psid) and axial veloci~ (9 to 15 fl.k). The filtrate flux and backpulse efficiency were determined for each
condition. The slurry was concentrated to 23 WtO/O solids, a second matrix of six 1-hour conditions was
performed, and data analogous to that recorded in the first matrix were obtained.

The low-solids-concentration matrix produced filtrate flux rates that ranged from 0.038 to 0.083
gpm/ft2. The high-solids-concentration matrix produced filtrate flux rates that ranged from 0.0095 to
0.0172 gpmh?. In both cases, the optimum filtrate flux was at the highest axial velocity (15 fds) and
transmembrane pressure had little effect. Nearly all of the measured filtrate fluxes were more than an
order of magnitude greater than the required plant flux for C-104 of 0.00126 gpn@. In both matricies,
the filtrate flux appeared to be proportional to axial velocity, and the permeability appeared to be
inversely proportional to the trans-membrane pressure. The first test condition was repeated as the last
test condition for each matrix. In both cases, there was a significant decrease in filtrate flux, indicating

*

some filter fouling during the test matrix that could not be removed by baclqx.dsing alone, although the
bac@ulse number and duration were not optimized.

Following testing of these two matrices, the material was washed within the CUF by continuously
adding approximately 5 L of 0.01-M NaOH and then removing it through the filter as permeate. The
purpose of this washing step with O.01-MNaOH was to remove water-soluble components that might
inhibit dissolution of salts during caustic leaching, while avoiding peptization of the solids that occurs at a
pH below 12. After washing the sludge with dilute caustic, it was combined with 3-M caustic, and the

slurry was leached in a stainless steel vessel at 85°C for 8 hours. This leaching was followed by two
0.01-M caustic washes, each conducted in a stainless steel vessel to dilute remaining analytes from the

interstitial liquids. Each rinse was performed at 85°C for 8 hours. Permeate fi-om each of these process
steps was removed using the crossflow filter system. Samples of the permeate fi-omeach slurry-washing
activity and all intermediate process steps were taken and analyzed for chemical and radiochemical
constituents. The fraction of each component removed was calculated. Key results are presented in
Table S.1.

(a) Solids concentrations are generally reported on an insoluble solids basis. This is done by
mathematically subtracting out the dissolved solids from the sample.

.. .
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The primary components in the initial tank sludge were sodium and aluminum. With these two
constituents removed during the washing and leaching steps, the primary components in the final sludge
were Th, U, and Zr. These became the limiting species in the HLW glass.

The theological properties of the C-104 slurries were determined with a viscometer according to

. procedure BNFL-TP-29953-O1O. The initial 6.9-wt?40material exhibited Newtonian behavior with a
viscosity between 2-4 cP. The water-washed slurry that had a measured solids concentration of 24 wt%
was found to be yield pseudoplastic and thixotropic. With the initial increase in shear, the viscosity of the
slurry at 100 S-*was 300-360 cP. During the decrease in shear, the viscosity of the slurry at 100 s-’was
180–240 cP. The final slurry samples with a solids concentration of -20 wt % solids also exhibited yield
pseudoplastic behavior with a viscosity at 100 s-l of 30 to 40 cP.

Table S.1. Volubility of C-104 Sludge Key Components in 0.01 M NaOH and 3 M NaOH

Fraction Removed in~ Fraction in Solids

Component Water Washes (’?40) Caustic Leaches (%) Residue (%)

Al 2.4 90.8 6.8

Cr 7.0 43.5 49.5
Fe 0.01 0.08 99.9
Na 91.1 NIA 4.6
P 18.9 52.2 29

Th <().1 <0.4 .>99.5

u 0.6 <1.4 >98
I I I

Zr 0.01I 1 0.014 j 99.98

N/A = Not Analyzed. It is difficult to measure the small amount Na removed with large Na
additions.

The initial C-104 sludge had a hi-modal particle size distribution centered at 1.6 and 22 microns with
a significant quantity of sub-micron particles. During the course of pumping, washing, and caustic
leaching, the large particles or agglomerates were broken up, and the smaller particles tiere dissolved,
creating a single distribution at approximately 1 micron.

Flow-induced shealror sonication did not easily break the particle agglomerates in the initial sample.
The PSD of the final slurry was much more easily shifled to smaller particle sizes by shearing. Whether
this is just an effect of grinding during pumping or whether it is a chemical effect of washing and leaching
is not clear.
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Units

‘c

glx4~g/g-~g/mL
pCi/g - ~Ci/mL

mL
mmole/mL

nCi/g
pciJg
VO1’?40
Wt%

M

degrees Celsius
gram
gram per milliliter

microgram per gram/microgram per milliliter
microcurie per gram/microcurie per milliliter
milliliter
millimole per milliliter
nanocurie per gram
picocurie per gram
volume percent
weight percent
molarity
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1.0 Introduction

The River Protection Project Waste Treatment Plant (RPP-WTP) flowsheets developed by British
Nuclear Fuels Limited (BNFL) Inc. plan to use caustic leaching and/or water washing for pretreatment of
the Envelope D Hanford sludge before high-level waste (HLW) vitrification (DOE-RL 1996). These
pretreatment steps reduce the quantity of HLW generated by removing components such as Al, Cr, Na,
and P that are soluble either in water or high-temperature caustic and often limit the waste loading in the
glass.

The RPP-WTP flowsheets also use crossflow filtration to separate the leach and wash solutions from
the solids between each step. Unlike traditional dead-end filtration, which has a declining rate caused by
the growth of a filter cake on the surface of the filter medium, in crossflow filtration, the filter cake is
swept away by the fluid flowing across it. This filtration method is especially beneficial when there are
very fine particles and when system simplicity is required.

The first objective of this work was to test crossflow filtration using actual Envelope D Hanford tank
waste (C-104) in a modified cells unit filter (CUF) fil~ation rig fabricated at Battelle. Similar to the

studies with supematants, the permeability of the diluted C-104 sludge through a single-element O.l-pm
Mott filter was evaluated as a function of trans-membrane pressure, axial velocity, and time for both high
and low solids concentrations (Brooks et al. 1999; Hallen et al. 2000). The radioactive tests with the
single-element CUF unit will provide information for equipment-performance evaluation and a design
basis for a scaled process.

The second object of this work was to evaluate washing and leaching characteristics of the C-104
sludge. The slurried feed was de-watered and then washed multiple times with 0.01 M NaOH to
determine the concentration of water-soluble components. It was subsequently leached with NaOH at
elevated temperatures to determine the concentration of caustic-soluble components. The chemical and
radiochemical composition of the filtrate and the final leached solids was measured to determine the
efficiency of the filtration, leaching, and washing processes.

This repo~ describes the test apparatus, the experimental approach, the results of the tests, and the
chemical and radiochemical analysis of the sludge from Tank C- 104 and filtrates generated during the

‘a) This report also provides a means of transmitting to BNFL thewashing and caustic-leaching steps.
completed test instruction and raw filtration and analytical data.

(a) The results presented in this report are based on work conducted under Test Plan TP-29953-047, test
instructions TP-29953-029 and-051, and Procedure TP-29953-020. Some data are recorded in
Laboratory Record Book (LRB) #l 3745. Conditions for conducting these tests were given in the “C-104
and C-106 Caustic Leach Test Specification,” TSP-W375-99-OOO05,Rev O.
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2.0 Test Conditions

Small-scale radioactive crossflow filtration, water-washing, and caustic-leaching tests using shwry
samples from Tank C-104 were conducted from 8124199through 8128199. The work was perfoxmed in the
High Level Radiochemistry Facility (HLRF) hot cells located in Radiochemical Processing Laboratory
(RPL) facilities.

2.1 Test Material Preparation

Battelle received samples from Tank 241-C-104 from Hanford’s 222-S laboratory on March 3, 1999.
This material was received in 14 glass jars. Figure 2.1 lists the sample numbers along with the mass of
material recovered from each jar. The material in the jars was transferred to a stainless steel mixing
vessel equipped with a motorized impeller. Before being used, all components of the mixing vessel were
rinsed with methanol and then baked in an evaporation oven at 102°C for 12 h. Materials in the vessel
were mixed for 1 h and 20 min before collecting subsamples. The materials were actively mixed while
subsamples were collected through a 1.9-cm (.75-in.) ball valve located on the bottom of the vessel. The
hot-cell temperature during the mixing process was 34°C.

The first three subsamples (C-104 COMP A, B, and GL) were collected and allowed to settle. After
approximately 10 days, the volume of settled solids in these three samples was measured to determine the
effectiveness of the sub-sampling technique at collecting samples with representative solidsfliquid ratios.
It was assumed that after 1 h of active mixing, the settled solids were effectively homogenized. The three
subsamples contained 88.9, 89.2, and 89.9 VOlO/Osettled solids. Given that these results are within 1 VOlO/O,
the sampling technique was determined to provide representative subsamples.

The remaining material in the mixing vessel was then collected in three glass jars during active
mixing. These jars were labeled C-104 COMP C, C-104 COMP D, and C-104 COMP E. A significant
amount of material remained in the mixing vessel because of a flat bottom. The vessel was rinsed with
two 50-mL aliquots of 0.01 M NaOH, and the rinse solution was collected in a jar labeled C-104 RIN.
The vessel was then rinsed again with another two 50-mL aliquots of 0.01 M NaOH, and the rinse
solution was collected in a jar labeled C-104 RIN 2. The material in the jars labeled C-104 COMP A, C-

104 COMP B, and C-104 COMP E was used for “as-received” regulatory analysis. The material in the
jar labeled C-104 COMP GL was used for the volubility versus temperature, and small-scale caustic and
water-washing tests. CUF process testing utilized the material in the jars labeled C-104 COMP C, C-104

COMP D, C-104 RIN, and C-104 RIN2.
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“As Received” I

C-104 “As Received” Samples
Sample # Weight, g Sample # Weight, g

16273 150.046 16280 141.802
16274 157.638 16281 142.608
16275 176.435 16282 160.345
16276 157.212 16283 159.172
16277 162.65 16284 160.251
16278 164.872 16285 147.301
16279 149.645 16286 151.652

Total = 2181.629 g

5.7% loss
124.129 g

Analytical Samples
C-104 Comp A 168.9 g w

+
I Composite& Homogenize [

Sample

SE2_E2-” 2057.5 g total

29 WY. insoluble solids

nCUF Ultrafiltration Testing

C-104 Comp C 605.7 g

C-104 Comp D 608.5 g
C-104 RIN 172.4 g

GI04 RIN2 40.9 g

Total 1427.5 g I

*
Solublity vs. Temperature and

Water & Caustic Insoluble

Solids Tests

C-104 ComD GL 165.6 a

Figure 2.1. Sample Flow Diagram for the C-104 Sludge Before Crossflow Filtration Testing

2.2 Overview of Testing

For the C-104 crossflow filtration experiments, measurements of filtrate flux as a function of trans-
membrane pressure (TMP) and centerline crossflow velocity were recorded for both a dilute and a
concentrated slurry. The dilute feed was 6.9 wtYosolids$) and the concentrated feed was 23 wtO/Osolids.
The filtrate was recycled back into the feed tank to maintain the steady-state solids concentration for
testing. Each condition was run for 60 min with data taken every 10 min. The system was backpulsed at

(a) Solids concentrations are generally reported on an insoluble solids basis. This is done by
mathematically subtracting out the dissolved solids from the sample. If solids are reported on a different
basis, they will be delineated as such.
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least twice between each condition, but not backpulsed at any time during the condition. The slurry
temperature was maintained at 25 * 5°C for all filtrate rate testing.

The filtration test conditions are based on an empirically derived matrix to determine the optimum de-
watering conditions for the feed slurry. A 5-point matrix around the center-point at 50 psid and 12.2 ft/s
tests the conditions of TMP (30 psid, 50 psid, 70 psid) and velocity (9.1 ftfs, 12.2 ft/s, 15.2 ftls). It is
hypothesized that the subsurface filter fouling (that cannot be removed by simple backpulsing) may
influence the selection of optimum de-watering conditions as each testis conducted. To incorporate error
introduced by the substiace filter fouling, and to account for such errors in selecting an optimum de-
watering condition, the center-point was used for the initial testing conditions and repeated for the final
testing conditions.

Following the filtration tests, the slurry was washed at 25°C in the CUF system. This was
accomplished though seven consecutive additions of 0.01 M NaOH washing solution to the CUF slurry
feed tank, followed by the removai of an equal amount of filtrate using the crossflow filter. The filtrate
from these washes was collected in three separate containers, and each was sampled for analysis.

The slurry was then put though a caustic leaching process. The slurry was transferred from the CUF
to a separate leaching container, combined with 3.O-MNaOH, heated to 85”C, and held with steady
mixing for 8 h. The leached slurry was then transferred back into the CUF, and the slurry was de-
watered. Following the leaching step, two 8-hour, 0.0 1-M NaOH wash cycles were performed at 85°C to
reduce the dissolved solids contained in the interstitial liquid.

The final washed sludge was transferred into a storage container for additional HLW pretreatment
and vitrification tests. The available solids and the minimum operating volume of the CUF (800 to
900 mL) limited the maximum solids concentration that could be attained in the CUF. All wash solutions
and four slurry samples were analyzed for chemical and radiochemical constituents. Additional samples
were obtained to determine theological properties and to verifi by in-cell centrifbgation the approximate
solids loading at specified points. These samples were added back to the system after completion of the
procedure when possible.

2.3 Testing Apparatus

Crossflow filtration testing of the feed was conducted on a Battelle-modified CUF, with the following
specifications:

●

●

●

●

single-tube filter module, 24’’-long tube; 3/8” ID

O.1+.tmMott liquid-service stainless steel filter

recirculation flow such that 5 rds (15 ft/s) maximum linear crossflow velocity can be achieved
through the filter tube with water

maximum trans-membrane pressure 80 psid with water.

A process flow diagram of the CUF is shown in Figure 2.2. The slurry feed is introduced into the
CUF through the slurry reservoir. Three baffles are installed in the slurry reservoir to prevent vortex
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formations. An Oberdorfer progressive cavity pump (powered by an air motor) pumps the slurry from the
slurry reservoir through the magnetic flow meter and the filter element. The axial velocity and trans-
membrane pressure are controlled by the pump speed (which is controlled by the pressure of the air
supplied to the air motor) and the throttle valve position. An air booster was added outside of the hot cell
to increase the building pressure to the air motor. This was done in an attempt to achieve higher axial
velocities during actual slurry testing. The impact of this pressure booster on the transmembrane pressure
is described in Section 2.5.

Deionized (DI) water and dilute caustic (0.01 M NaOH) additions into the CUF were made through
the chemical addition tank located outside of the hot cell. The chemical addition tank is hard piped into
the cell where it is attached to a long piece of flexible tubing that can be gravity drained into the slurry
reservoir. Concentrated caustic or acid solutions were added to the CUF using pre-filled polyethylene
bottles transferred manually into the cell.

Filtrate that passes through the filter can be either sent to the backpulse chamber, reconstituted with
the slurry in the slurry reservoir, or removed. The filtrate flow rate is measured by means of a graduated
glass-flow monitor that is fill-and-drain operated. Higher filtrate flow rates can be monitored with an in-
line rotameter. Filtrate samples are taken at the three-way valve upstream from the slurry reservoir. This
is also the point at which filtrate is removed for the de-watering step. Filter backpulsing was conducted
by partially filling the backpulse chamber with filtrate, pressurizing the backpulse chamber with air, and
forcing the filtrate in the backpulse chamber back through the filter.

During the majority of the testing in the CUF, the slurry temperature was maintained at 25 * 5°C by
flowing cooling water in jackets around the slurry reservoir and on the tube between the magnetic flow
meter and the filter. The slurry temperature was measured by a thermocouple installed in the slurry
reservoir and controlled by a 1000-watt chiller. When filtering leachate and washes at elevated
temperatures (85”C), the chiller was turned off. A heat tape surrounding the slurry reservoir and pump
inlet tubing heated the slurry to the required temperature. The temperature was then maintained using a
proportional-integral-derivative (PID) temperature controller.

The elevated-temperature caustic leaches/washes were performed in a 2-L stainless steel beaker. The
slurry in the stainless steel container was continuously stirred with a mixing blade while being heated on a
hotplate. A thermocouple, immersed in the slurry, measured temperature and fed the data into the
temperature controller. This allowed for automatic temperature control for the 8-h wash cycles.
minimize evaporation loss, a stainless steel lid with a small hole for the mixer shaft was used.

●

●

●

●

The critical CUF measuring equipment included

a magnetic flow meter to measure the slurry recirculation rate

two flowmeters to measure the filtrate flowrate at high and low levels

To

three pressure gauges to measure the filter module inlet, filter module outlet, and filtrate pressures

two thermocouples to measure the slurry temperature in the CUF and in the leaching beaker.
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All measuring equipment was calibrated, and the calibration information was recorded in the test
instruction document.

2.4 CUE System Verification Testing

Testing to establish a background filtrate flux was conducted with de-mineralized, 0.1pm filtered
water in the CUF at 20, 10, and 30 psid. The filtrate fluxes for these tests averaged 1.59, 0.95, and 2.38
gprrJft2, respectively. The water testing showed very little filtrate flux reduction over the 30-min testing
times. This confirmed that the CUF was sufficiently clean to begin testing with the C-104.

2.5 Experimental Approach

A flowsheet of the testing is shown in Figure 2.3. The test instruction for this work is found in
Appendix & and a mass-balance spreadsheet is provided in Appendix B. The homogenized C-104
Comp C, RIN, and RIN2 were added to the CUF followed by 1458 g of inhibited water (0.01 M NaOH)
to bring the insoluble solids concentration down to -10 wt%. Approximately 1 L of the slurry was
removed due to maximum CUF volume limitations. Approximately 1185 g of inhibited water was added
to the remaining slurry, creating a solids concentration of 6.9 wt$%. The removed slurry was Iater’added
back into the CUF, de-watered, and used for the second testing matrix with higher solids loading.

The first testing matrix to determine the optimum de-watering conditions for dilute slurry conditions
was run at five combinations of TMP and crossflow velocity with two conditions being repeated to
determine filter fouling over the course of testing (see Table 2. 1). The conditions below were performed
in the order described. The system was backpulsed two to four times between each condition, and only
between conditions. It was not backpulsed during the course of any l-hour condition. The cognizant
engineer determined the required amount of backpulses needed based on the drop in flux during the
previous condition and on the amount of recovery achieved with the first two backpulses. The filtrate
flux results are found in Section 3.1.

An external air-booster was used for the test conditions requiring both a high TMP and a high flow
rate. These conditions are noted in the tables with an asterisk. When the air-booster was in use, the air-
pressure supplied to the air-motor driving the pump pulsed rhythmically over a 10- to 20-psig range. The
pulse frequency was approximately 60 cycles/rein. This caused fluctuations in the crossfiow velocity and
corresponding pulses in the TM? of 5 to 10 psig. During normal operations without the air-booster, the
equipment vibrations created vibrations in the pressure gauges of between Oand 5 psig.(a)

(a) At the conclusion of the testing, the C-104 slurry was filtered at 50 psid and 7.2 ftis both with and
without the air booster over the course of 10 minutes. No change in filtrate flux was observed due to the
pulsations of the air booster.
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Figure 2.3. C-104 Crossflow Filtration Test Experimental Steps
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Table 2.1. Test Conditions for Dtiute Slurry(a)

Condition # Target Flowrate Average Velocity

4 9.1 9.0 50[”) 50.2
5(D) 15.2 15.1 50(’) 49.3
6 12.2 12.3 50 49.9
7 9.1 9.0 50(’) 51.2

$
(a) Matrix from pre-October 1999 BNFL experimental design change.
(b) Air Booster used to attain required pressure and flow,
(c) Determined to be the optimum pressure condition, based on raw data. Including filter fouling
over the course of the study, the optimum pressure condition was later determined to be 30 psid.

After completion of the first test matrix, the slurry was de-watered. The liter of slurry that was
removed was re-added to the CUF, and de-watering commenced a second time. Sample C-104 Comp D
was added to the CUF, and the combined slurry was de-watered a third time until an estimated pre-wash
target of 20 wt ‘XOsolids was reached. The filtrate horn these three de-watering processes was collected in
1-L bottles labeled “Filtrate #l” and “Filtrate #2~ and totaled 2075.75 g. Representative samples of these
filtrates and the final combined slurry were taken for analysis.

This concentrated slurry with a solids concentration calculated at 23.2 wt’Mowas run through a second
a

test matrix to determine optimum de-watering conditions at higher solids loading. Testing procedures for
Matrix 2 were identical to the testing for Matrix 1. The actual and targeted conditions are shown in
Table 2.2.

Table 2.2. Test Conditions for High-Solids-Loading Matrix(=)

Condition # Target Flowrate Average Flowrate Target Pressure Average Pressure

(ftis) (ft/s) (psid)

1 12.2 11.24 50 53.0
2’ 12.2 11.53 30 33.67 It I 1 1
3(”’ 12.2 11.77 70 71.33 1

I I I I

4 9.1 9.09 50(C) 52.43 I1 1 I 1
5(”) 15.2 14.35 50(C) 52.86 tl

I I I 1

6 50.83 1
(a) Matrix from pre-October 1999 BNFL experimental design change.
(b) Air Booster used to attain required pressure and flow.
(c) Determined to be the optimum pressure condition, based on raw data. Including filter fouling
over the course of the study, the optimum pressure condition was later determined to be 70 psid.
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The original test plan called for the slurry to be washed three times after the testing at -20 wt% solids
was completed. Due to maximum volume limitations, it was decided to conduct the wash as a continuous
process and collect the wash filtrate progressively in three equal volumes. The total wash volume was
divided into seven equal parts of approximately 715 g and added separately to the CUF. After each
addition, the system was de-watered by collecting the filtrate until a similar volume was removed. About
half of each addition was added through the backpulse chamber to effect two backpulses between each
de-watering stage. The remainder of the wash water was added directly into the mixing tank.

During these water washes, approximately 600 g of wash solution or permeate was lost. This resulted
in a slurry of approximately 33 wtOAsolids that did not mix homogeneously in the slurry reservoir and did
not produce homogeneous samples. To return the slurry to the correct volume and weight percent solids,
641.11 g of additional inhibited water was added, and new “reconstituted” slurry samples were taken.(a)

After completion of the water-washing steps, the slurry was removed fi-omthe CUF and leached at
85°C with 3 M NaOH for 8 hours. The slurry was pumped into the leaching beaker and then 2899.26 g of
3 M NaOH was divided into two batches and used to rinse residual solids from the CUT before being
pumped into the leaching beaker to mix with the slurry. This resulted in a slurry with -8.6 w-W.solids in

the leaching beaker. The temperature of the slurry was raised to 85* 5°C and maintained at 85°C for 8
hours. The slurry was continuously stirred with a mixer blade throughout the caustic leaching.
Approximately 15 minutes before the end of the leaching time, the heat tape on the CUF was activated to

pre-warm the system so that slurry could be maintained at 85 * 5°C for the de-watering process. After 8
hours, the slurry was transferred back into the CUF to de-water back to original solids concentration (-20
wtVOsolids).

The slurry was pumped around in the CUF and heated to bring its temperature back to 85* 5°C
before the de-watering process was started. Filtrate flux, TMP, temperature, and flow-rate data were
taken every 10 minutes during all de-watering steps when possible.

Following the caustic leaching steps, the solids were washed twice with inhibited water,
0.01 M NaOH. Each inhibited water wash was conducted in the same manner as the caustic leach. Dilute
Caustic Wash”#l consisted of 1405.22 g of 0.01 M NaOH added to the slurry. This produced an
-11.8 w-t%solids concentration in the leaching beaker. The solution was heated to -85*C and held for a
period of 8 hours, then de-watered to the pre-wash concentration. Dilute Caustic Wash #2 consisted of

1512.18 g of 0.01 M NaOH added to the slurry. The solution was heated to 85 * 5°C and held for a

period of 8 hours, then de-watered at 85 + 5°C to the pre-wash concentration. The extent of de-watering
was limited by the minimum volume of the CUF, approximately 800 mL. Duplicate sub-samples of each
permeate were taken and analyzed for soluble components removed.

The slurry was drained and collected in a 2-L bottle. Approximately 1018 g of washed and leached
C-104 sludge (wet) was collected from the CUI?. The CUF was rinsed twice with 1000 mL of DI water,
and the solids from this were also collected and saved.

‘a)Mass balance results on individual analytes indicate that the wash solution lost contained
any non-water components. Whether it was water not added or pe&eate lost is unclear.
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The CUF was then rinsed multiple times with water to remove all of the remaining solids and to
attempt to recover the initial clean water fluxes. To assist in cleaning the filter, the water was added to
the backpulse chamber and forced backward through the filter. When the water being removed was

relatively clean, an external cartridge filter with a 0.05-pm rating was attached to the system. Roughly
2/3 of the flow continued through the CUF, and the remaining 1/3 of the flow was circulated through the
cartridge filter in an attempt to remove the remaining solids. This recirculation continued for several
hours while intermittently backpulsing. At the conclusion of this cleaning step, the filtrate flux was
measured with clean water. The filtzate flux was significantly below that measured before the C- 104 test,
and it was determined that acid cleaning would be required.

One liter of 1 M HNOS was backpulsed into the CUF and allowed to recirculate for several hours.
The nitric acid was then drained horn the CUF and found to be very dark and fill of solids. A second
batch of 1 M HNO~ was added to the CUF through the backpulse chamber and allowed re-circulate
through the system. This second batch of nitric acid was considerably cleaner. The system was then
rinsed until a neutral pH was obtained, and the clean-water flux was measured again at 20, 10, and
30 psid. The resultant fluxes over 20 min were 1.38,0,84 and 1.77 gpm/fl?, respectively. These values
are approximately 12 to 25°Alower than the initial fluxes. Further cleaning in the plant maybe required
to maintain a high clean water flux. In the CUF system, the acid can damage the pump stator, so less
extensive cleaning is possible.

2.6 Sample Analyses

The sample names, descriptions and associated analyses are shown in Table 2.3. For both permeates
and slurry samples, analyses included

●

●

●

●

●

●

●

●

●

total organic carbon (TOC) and total inorganic carbon (TIC)

ion chromatography (IC) (for soluble anions)

inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (for metals)

gamma energy analysis (GEA) (137CS,154Eu,‘S5EU,241Am)

strontium chemical separation followed by beta counting (WSr)

inductively coupled plasma-mass spectrometry (ICP-MS) (for 99Tc)

alpha emission analysis (AEA) (for 241Arn,243Cm, 2aCm)

total alpha analysis

laser fluorescence (for total U).
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Table 2.3. Samples and Analyses Performed

Sampling Step

“Initial Slurry Sample’’(a)
CUF-C104-OO1 PSD

(BeforeMatrix 1)
CUF-C104-OO2 slurry PhysicalProperties
NIA Rheology

“InitialPermeate”
(First De-Watering CUF-C104-O19 Permeate Chemicaland Radiochernical I
After Matrix 1)
“InitialPermeate” 1
(SecondDe-Watering CUF-C104-OO5 Permeate Chemicaland Radiochernical II
After Matrix 1)
“WaterWashPermeate 1“ I CUF-C104-O16 I Permeate I Chemicaland Radiochemical I
“WaterWashPermeate2“ CUF-C104-O17 Permeate chemical and Radiochemical
“WaterWashPermeate3“ CUF-C104-O18 Permeate chemical and Radiochernical
“WashedSlurry” CUF-C104-OO6 PhysicalProperties
(AfterWaterWash CUF-C104-OO7 slurry PSD
high solids loading) WA Rheology
“IntermediateSlurry”or CUF-C104-OO9 PhysicalProperties
“ReconstitutedWashed WA slurry

Rheology
Slurry” (AfterWaterWash,
diluted sIurrv)

CUF-C104-O1O Chemicaland Radiochemical
-’,

“CausticLeachPermeate” CUF-C104-O11 Permeate Chemicaland Radiochexnical
“CausticWashPermeate 1” m-cl 04-021 Permeate chemical and Radiochernical J
“CausticWashPermeate2“ CUF-C104-022 Permeate Chemicaland Radiochemical

CUF-C104-O12 PSD
CUF-C104-O13 Chemicaland Radiochemical

“Final Slurry Sample” CUF-C104-O14 slurry Chemicaland Radiochernical
CUF-C104-Final
Rheology

Rheology& PhysicalProperties

Final DecantedSupematant CUF-C104-O14 Permeate AcidDigest/ICP-AES(forNa)

~

The slurry samples were prepared by both acid digestion and KOH fusion to obtain complete
dissolution as well as measure the K and Ni concentration. A precious metals group (PMG) fusion was
also performed to obtain the Pt concentration in the slurry. In addition to the above analysis, the
following additional analyses were performed only on the solids:

●

●

●

●

ICP-MS (for ~7Np, 12%n,1291,Pr, Rb, Ta, Pt)

extraction and Beta Count (for 3H)

combustion release and beta count (for 14C)

cold vapor atomic adsorption spectroscopy (for Hg)
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. cyanide and ammonia concentrations.

The physical analyses of the slurries included density, weight percent dissolved and undissolved
solids, and volume percent settled and centrifuged solids. The results of these analyses, along with a
further description of the experimental steps, are provided in Section 3.3. The theological work measured
shear stress as a function of shear rate. The results of this work along with a fkrther description of the
experimental steps, are provided in Section 3.4. The particle’ size distribution (PSD) measurements were
performed for selected samples using Microtrac X-1OOand Microtrac UPA particle analyzers. The results
of this work along with a fhrther description of the experimental steps are provided in Section 3.5.
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3.0 Results and Discussion

This results and discussion section is divided into five subsections: crossflow filtration results, water
washing and caustic leaching results, physical property results, theological results, and PSD results.

3.1 Crossfiow Filtration Results

3.1.1 Low Solids Loading Matrix Results’

The low solids loading matrix test consisted of seven conditions. All were performed at 6.9 wt%
insoluble solids concentration, and each was 1 h in duration. The average filtrate fluxes from these
conditions are shown in Table 3.1. A graph of the filtrate flux as a function of time for all seven
conditions is shown in Figure 3.1. The high initial flux rates drop within a few minutes to a lower, more
consistent flux rate that slowly decreases over time. For comparison of test conditions, the flux rate is
averaged over the 1-h run time, except for the first 10 min of operation. All the flux data presented in this
section have been corrected to 25°C using the following formula provided by BNFL to correct for
viscosity changes:

( 1125@I—-—
Flux25c = FluxTe 273+T 298 ) (3.1)

where FIux25Cis the corrected filtrate flux, and T is the temperature ~C) at the flux measurement (FluxT).
All of the raw data for the filtrate flux measurements are included in Appendix D.

Table 3.1. Average Filtrate Flux for Low Solids Matrix (-6.9 wt%)

I Average \ Average Pressure I Average Filtrate II
Condition # Velocity (ft/s) (psid) Flux (gpmlft2)

1 12.8 50.7 0.083 i,
2 12.0 30.6 0.080
3{aJ 12.1 70.2 0.057
4 9.01 50.3 0.038
51aj 15.1 49.3 0.081

6 12.3 49.9 0-065
7 8.95 51.2 0.051

~e air booster to achieve the required
pressure and flow.
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Figure 3.1. Filtrate Flux as a Function of Time for the Low Solids Matrix

The initial condition (50.7 psid, 12.8 ft/s) had the highest average filtrate flux. As with previous
crossflow filtration studies (Brooks et al. 1999, Geeting & Reynolds 1997) on Hanford tank wastes,
during each condition and between conditions, the filtrate flux steadily decreases over time. This is
evidenced by the deerease in filtrate flux that was observed in Conditions #1 and #6. With nearly identical
pressure and velocity, Condition #6 (49.9 psid, 12.3 ills) had a filtrate flux 21% lower than the initial
condition. Condition ##l(50.3 psid, 9.01 IVs) and Condition #7 (51.2 psid; 8.95 Ws) are also nearly
identical in pressure and velocity. In this case, there is actually an increase in filtrate flux between these
two conditions. These results may indicate that Condition #2 (30.6 psid, 12.0 R/s) and more likely
Condition #3 (70.2 psid, 12.1 ilk) produced most of the overall deerease in filtrate flux and thus the
irreversible fouling of the filter.
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The initial, final, and average filtrate flux results are shown in Figure 3.2. The first three conditions
show the effect of trans-membrane pressure on the filtrate flux. While the initial filtrate flux is nearly
identical for all three conditions (suggesting no significant fouling of the filter), the average and final
filtrate flux of the 70-psid condition (#6) is much lower than 30 and 50 psid. It appears that higher
pressures may compact the filter cake or foul the filter, reducing the benefits of increased pressure. It is
also interesting to note that the lower axial velocity Conditions #4 and #7 both have a significantly lower
initial as well as average filtrate flux. It appears that the lower axial velocity prevents the complete
removal of surface fouling during backpulsing, reducing the initial filtrate flux.

0.12 , I

o~ 1
0 1 2 3. 4 5 67

Condition Number

~+ Initial Fiux ❑Average Flux A Final Flux \

Figure 3.2. Initial, Average, and Final Fiitrate FIUXfor Each Condition in the Low Solids Matrix

In spite of the overall decreasing trend in the filtrate flux, the influence of trans-membrane pressure
and axial velocity can be seen. Between 50 and 30 psid (Condition #1 and #2), there is little decrease in
filtrate flux, and there is a substantial decrease when the trans-membrane pressure is increased to 70 psid
(Condition #3). The effect of pressure can best be seen as a fimction of permeability. In Figure 3.3,
permeability is plotted as a function of pressure for the f~st three data points. These three points are
nearly linear with a two-fold increase in pressure, resuRing in a 3-fold decrease in permeability.

In contrast, higher axial velocities show a significant increase in filtrate flux for similar trans-
membrane pressure. The higher axial velocities at constant trans-membrane pressure were measured for
Conditions W through #7. The results of these tests are shown in Figure 3.4. There is a linear impact of
initial and average filtrate flux with respect to axial velocity. Higher axial velocities produced higher
filtrate fluxes. Overall, a 40’XOincrease in axial velocity resulted in a 40% increase in filtrate flux. Higher
axial velocities also improve the recovery of the backpulse following a 1-h test condition. These results
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would indicate that at 6.9 wt!/o solids, particle convection from the surface of the filter membrane
dominates the filtration rate.

3.1.2 De-Watering from Low to High Solids Loading

The slurry was de-watered in two steps, once on the initial slurry containing C-104 MN 1 & 2 and C-
104 COMP C, and again on the slurry after it contained all C-104 sludge material to be used, including C-
104 COMP D. The initial de-watering removed approximately. 1500 mL of supernatant over the course of
28 min for an average flux of 0.072 gprrd~. The filtrate flux for this dewatering step is within 10% of
the flux for Condition #6 (49.9 psid, 12.3 R/s) of the low-solids-loading matrix. The solids concentration
varied from 6.9 WtO/Oto approximately 17 WtO/Osolids over this time. The second de-watering step
removed an additional 500 mL of supernatant. This de-watering step required approximately 43 min.
The filtrate flux for this step was measured at 0.0175 gprn/ft2. During this de-watering, the solids
concentration ranged ftom an estimated 16 to 20 wWOsolids. The average filtrate flux during this step of
dewatering was 3.5%higher than the initial condition for the high-solids-loading matrix.

3.1.3 High-Solids-Loading Matrix Results

The second filtration matrix was performed after the slurry had been de-watered to a calculated solids
concentration of 23.2 WtO/Osolids. This matrix consisted of six conditions. The first and last conditions
were repeated to evaluate filter fouling during the course of the testing. The average filtrate fluxes for
this mat@ are shown in Table 3.2. The filtrate fluxes as a function of time are shown in Figure 3.5. As
done previously, each condition was performed over the course of 1 h with 3 to 4 backpulses between
each condition. During the de-watering step between these two test matrices, the outlet pressure gauge
became plugged. Thus, the pressures provided in this discussion are only for the filter inlet and not the
filter outlet pressure (typically 1 to 4 psid lower than the inlet). Once again, to achieve the correct
pressure and velocity for Conditions #3 and #5, the air booster was used, resulting in slight fluctuations in
pressure and velocity.

Table 3.2. Average Filtrate Flux for High-Solids Matrix (-23 wt%)

Average Velocity Average Pressure Average Filtrate
Condition # (ft/s) (psid) Flux (gpndftz)

1 11.2 53.0 0.013

2 11.5 33.7 0.014

3(a) 11.8 71.3 0.014

4 9.09 52.4 0.010

5(aJ 14.4 52.9 0.017

6 11.7 50.8 0.0095

(a) Conditions #3 and #5 requiredthe air boosterto achievethe requiredpressureand
flow. This resultedin greaterfluctuationsin pressureand flow during the test than
were seen during other conditions.
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Unlike the low-solids matrix, the highest average flux did not occur at the first condition. Instead, it
occurred at the condition of highest axial velocity. Furthermore, Condition #2 and #3 both had higher
average filtrate fluxes. This may indicate incomplete backpulsing following the de-watering and before
starting Condition #1. Once again, the average filtrate flux appeared to decrease over the entire matrix as
evidenced in the decrease in filtrate flux that was observed in Conditions #1 and #6. With nearly identical
pressure and velocity, Condition #6 had a filtrate flux 27% lower than Condition #1.

0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10

Time (hcmin)

V (ftls) P (psid) Condii

+11 53

+;1 33

*:2 71

+:.1 52
4
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x

Figure 3.5. Filtrate Flux as a Function of Time for the High Solids Matrix

The initial, final, ahd average filtrate-flux results are shown in Figure 3.6. For the first four
conditions, there is little difference between the initial, average, and final filtrate fluxes. In contrast, the
low solids matix exhibited a 50’?40decrease between the initial and average flux as compared to only 25%
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for the high-solids matrix. The initial filtrate fluxes also appeared to be controlled significantly by the
axial velocity. Apparently, the higher axial velocities prevent significant filter cake build-up throughout
the test.
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o
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F&ure 3.6. Initial, Average, and Final Filtrate Flux for Each Condition in the High-$olids Matrix

The filtrate fluxes for this test were significantly lower than those seen in the low-solids matrix.
the 3.3-fold increase in solids concentration, the filtration flux decreased 5 fold (see Figure 3.7).

With

Similar to the low solids matrix, the axial velocity has a significant effect on both the average and
initial filtrate flux for the high solids loading matrix. The filtrate flux is presented as a function of axial
velocity for the first five conditions (Figure 3.8). In spite of pressure variations, the data are nearly linear.
Only the final data point falls outside of this trend. Transmembrane pressure, on the other hand, has little
to no effect at all on filtrate flux at this solids loading. Within experimental error, fluxes for 30, 50, and
70 psid have nearly identical average filtrate fluxes.

3.1.4 Filtration Results During the Washing and Caustic Leaching Steps

Washing with dilute caustic was performed in seven steps. In each step, approximately715 mL was

added to the CUF, and then an equal quantity of filtrate was removed. During each of the steps, in theory,

the solids concentration should increase ffom approximately 17’%up to 23Y0. The filtrate flux curves for

these seven steps are presented in Figure 3.9. As can be seen from the data, de-watering steps 1,2,3, and

4 are nearly identical in filtrate flux overtime. De-watering Step 5 and especially 6 and 7 are

significantly lower. As discussed in Section 2.5, at the end of the seven dewatering steps, the volume was
-600 mL lower than expected. This resulted in the final solids concentration being 33 WWOrather than
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Figure 3.9. Filtrate Flux as a Function of Time for De-watering During Washing Steps

23 wt?40. This higher solids concentration due to the material loss maybe the cause of the lower filtrate
flux during Steps 6 and 7.

Filtrate flux data was also taken during the caustic leach de-watering. During these tests, the filtration
was performed at elevated temperatures. The filtrate flux rates at 85°C, not corrected for the elevated
temperature, are shown in Figure 3.10. During this tesL caustic leach slurry (4 L total) was added in three
batches to the CUF for de-watering. Overall, the insoluble solids concentration was increased from -8.6
to -22.5 VVWOsolids. The filtrate flux was much higher than matrices and de-watering done previously.
Using the correction in Equation 3.1, the filtrate flux is reduced by 507.. However, the filtrate flux values
were still higher than previous flux data. Similarly high filtrate fluxes were also seen during the 85°C de-
watering steps following the caustic wash steps, While higher temperatures may be beneficial for
filtration, after several days, white flaky solids were found in caustic leach permeate from this de-
watering step. These are probably the result of aluminum precipitating out of solution after the permeate
was allowed to cool to ambient temperature (-35”C), probably in the form of A1(OH)3. The caustic leach
permeate and solids were archived for possible future analysis. No solids were seen in other samples
including the two washes after the caustic leach.

3.1.5 Statistical Analysis

The goal of the statistical analysis is to determine the error associated with these tests and to develop

a model that best predicts the average flux for C- 104 over the range of conditions studied.

By comparing how well each of the filtrate-flux measurements are to be repeated, the pure error of

the measurement technique can be estimated. For each test condition, seven measurements were taken at
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Figure 3.10. Filtrate Flux as a Function of Time for De-Watering During Caustic Leaching

(Note: Due to CUF volume constraints, during filtration, additional slurry was

added twice during dewatering.)

the same relative time over a period of 1 hour. If it is assumed that the change in flux (absolute) with
*

respect to time after the first 10 minutes is considered to be constant, the error can be calculated. While it

is true that the flux does continue to deerease even after the first 10 rein, the values calculated in this way

provide an upper bound on the possible error in the measurements. The idea behind calculating pure error

is that repeated measurements should be identical. The differences found from repeated measurements

provide a means of estimating the error associated with measurement. In this experiment, since replicates
were not available, points that were “close” were treated as replicates, and an approximate pure error

calculated. The results of the error calculation for each matrix individually and for the combined set are
shown below$)

● low solids matrix only (7 points): 0.0017 gpmh?

. high solids matrix only (6 points): 0.0004 gpm/f~

● both matrices (13 points): 0.0009 gpmhl?

(a) The calculation is done by subtracting the mean of the data points taken at the same location
(replicates) fi-orneach raw measurement squaring those differences, adding them up, and dividing that
total by the number of degrees of fi-eedom.
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A statistical model can be used to understand the important factors, predict filtrate-flux performance,
and eliminate effects particular to the CUF test and equipment that would not be seen in actual operation
(i.e., run number). Four possible factors were evaluated: linear velocity in ft/s (Velocity), pressure in psid
(Pressure), time or’run order in hours (Run), solids concentration given as fraction of insoluble solids
(Solids), or any combination of those vafiables. The following assumptions are used for fitting these
models:

●

●

●

●

The fixed components of the errors are negligible. That is, the errors have a zero mean.

The errors are mutually uncorrelated, or their covariances are zero. This means that the value of one
error does not depend on or help determine the value of any other error.

Though generally unknown, the variances of the errors are equal.

The errors are normally distributed.

A model was developed that incorporated both the low and high solids loading matrix and was found
to take on the following form:

Flux (gpm/ft2) = -0.03711 + 0.022206*Run – 1.116*Solids + 0.01298 *Velocity – 0.00063 *Pressure..

. . .– 0.00199*Run*Velocity + 0.05746* Solids*Velocity + 0.003 13*Solids*Pressure.

The model was a good fit, yielding a high R* of 0.9959 and a low mean squared error (MSE) of
0.00292. For a model to be considered a good prediction model, it is desired, among other things, that the
R* should be as close to 1 as possible, while at the same time, the MSE should be as low as possible.

This model shows, as would be expecte~ that solids loadings and pressure have a negative
relationship to the filtrate fluxes, and axial velocities possess a positive relationship with the filtrate fluxes
at the solids loadings tested. Although it’s not intuitive, the requirement of the second order terms in the
model show that an interaction exists within the factors and their relationship with filtrate flux in order to
give abetter prediction of filtrate fluxes. Simply using a model without the interaction information would
yield an inferior model in terms of having more unexplained error, as opposed to the chosen model, which
has very little unexplained error.

This model was used to determine the optimum conditions without the effect of run order for both
solids concentrations. In the case of 7 wt’XOsolids, the optimum filtration condition is 30 psid and 15 ftis.
At 23 wt% solids, the optimum condition is 70 psid and 15 ft/s. In both cases, but especially at 23 wt%
solids, the pressure effect is very small. This can be seen in Figure 3.11. Filtrate flux is a strong fimction
of axial velocity and a weak function of pressure in both cases.

This model should allow an estimate of the filtrate flux for tests run between 1 and 13 hours, for C-
104 solids concentrations between 7 and 23 wt%, and over the transmembrane pressures and axial
velocities studied. It should not be used for conditions outside these parameters, especially since it is an
empirical and not theoretical model.
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Figure 3.11. Filtrate Flux model for constant run number at (a) 7 wt% and (b) 23 w%. Note that

the highest fiitrate flux occurs at lowest pressure with 7 wt~. solids as compared to

the highest pressure at 23 WtO/O solids. a

3.2 Sludge Washing and Caustic Leaching ResuIts

The chemical and radiochemical analyses obtained from the slurry-washing and caustic-leaching test
are presented in this section. Slurry samples were taken on the initial feed after all C-104 sludge was
added to the CUF, following the three water washes, and at the conclusion of the tests. Liquid samples
were taken on all permeates removed during the course of testing. The results of these analyses are
shown in Table 3.3.
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Table 3.3. Non-Radioactive Component Concentrations (Contd)
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Table 3.3. Non-Radioactive Component Concentrations (Contd)

Water Water Water Caustic Caustic
Initial Wash Wash PWas ~ Intermediate Caustic Leach Leach Final
Slurry Initial Permeate Permeate Permeate Slurry Leach Permeate Permeate Slurry
Sample Permeate No. 1 No. 2 No. 3 Sample Permeate No. 1 No. 2 Sample

Analyte pglg pg/mL pg/mL pg/mL pg/mL pglg pg/mL pg/mL pg/mL pglg
No~ 18,690 3100 4100 1400 490 690 220 70 30 100
NO; 9590 1500 2200 610 230 730 180 120 90 320
Po4’- 1490 190 <200 <50 <50 150 630 330 90 525
S04’” 2290 320 <200 110 80 210 <50 <50 <20 65
c~04’- 7290 1100 260 240 120 240 <50 <50 <20 50
cN- 18.5 -na- -na- -na- -na- 18.0 -na- -na- -na- 14.2
NH3 2.64 -na- -na- -na- -na- <0,8 -na- -na- -na- <0.8

j.lglg pgig pgig pg/g P8k pglg pgig pglg pglg l%%
TIC 15,800 6340 995 320 145 5760 280 320 190 18,450
TOC 5180 3785 980 250 122.5 17,850 -@O 175 145 20,900
na: no analysisperformed.
Note: <Y denotesa value less thanthe detectionlimit, Y, for that analyte.
Note: Analyticaldata for slurrysamplesare on a dry weightbasis (driedat 105”C),liquidsare on a wet basis.



Slurry samples were measured on a dry basis (water removed by drying at 105”C), and permeate
samples were measured on a wet basis. These results indicate that the primary metals in the initial slurry
were, from highest to lowest concentration, aluminum, sodium, thorium, zirconium, uranium, and iron. The
dilute caustic washing removed a majority of the sodium species while the caustic leaching removed a
majority of the aluminum species. Thus, the metals in the final slurry were, fi-omhighest to lowest
concentration, thorium, zirconium, uranium, iron, sodium, and aluminum. During the course of washing
and leaching, most of the soluble anions measured by IC were washed tlom the solids. TIC and TOC
concentrations, however, remained high in the solid portion of the sample.

The radioactive component concentrations are shown in Table 3.4. Of the major radioactive isotopes,
only ~37Cswas significantly removed during leaching and washing. As would be expected, the 90Srand
transuranic (TRU) isotopes remained with the slurry.
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Table 3.4. Radioactive Component Concentrations

Caustic Caustic
Initial Water Wash Water Wash Water Wash Intermediate Caustic Leach Leach Final
Slurry Initial Permeate Permeate Permeate Slurry Leach Permeate Permeate Slurry
Sample Permeate No. 1 No. 2 No. 3 Sample Permeate No. 1 No. 2 Sample

pCi/g ~Ci/mL pci/mL pCi/mL pCi/mL pCi/g pCi/mL pCi/mL pCi/mL pCi/g

Gross a 9.8 3.lE-4 5.lE-4 2.9E-4 3.7E-4 13 2.3E-4 1.9E-4 1.3E-4 25

‘c 0.00373 na na na na 0.00431 na na na 0.00343

‘Sr 572 -=X).(I2 <0.03 <0.03 <0.03 699 <().03 <0.(33 <0,025 1280
‘Am 6.0 ~ 1.7E-6 5.5E-6 2.5E-6 6.5E-5 7.4 1.9E-6 2.OE-6 3.6E-7 13

“Cm, ‘“”Cm 0.087 <3.E-7 c4.5E-7 <4,E-7 6.OE-7 0.11 <2.E-7 <2.E-7 <2.5E-7 0.17

‘“Cm 0.011 <1.8E-7 <2.5E-7 <2.E-7 2.lE-7 0.01 <2.E-7 <2.E-7 <1.4E-7 0.017

“u 0.22 na na na na 0.23 na na na 0.42

‘Pu, ‘4UPU 5.5 na na na na’ 6.4 na na na 13

Sum of a’s 12 na na na na 14 na na na 26

‘co 0.25 4.3 E-3 5.8E-3 1.6E-3 6.7E-4 0.22 7.6E-4 5.2E-4 2.7E-4 0.41
9~ 0.11 na na na na 0.11 na na na 0.24
T‘“CS <0.025 na na na na 0.16 na na na <0.03

‘Cs 75 3.5 4.8 1.6 0.69 54 2.1 1.6 0.93 53
1“Sb <0.3 <0.007 <0.009 <0.004 <0.()()2 0.26 <0.006 <0.005 <0.004 0.39

‘Sb <0.08 <0.003 <0.003 <().002 <0.0003 <0.04 <0.0008 <0.002 <0.00055 <().()4
‘1~ <0.2 <0.004 <0.006 <0.002 <().0008 0.086 <0.004 <0.003 <0.003 <0.3

‘“Eu 1.8 <0.0004 <0.00035 <0.00014 <0,00015 2.1 <0.0004 <0.0003 <0.0003 3.9

~ 1.1 <0.005 <0.007 <0.002 <o.oi)2 1.2 <0.005 <0.004 <0.004 2.3

‘“’Am 5.3 na na na na 6.4 na na na 13

ICP/MS nglg ng/mL ng/mL ng/mL ng/mL nglg ng/mL ng/mL ng/mL nglg

‘Tc 2.7 87 120 38 22 2.5 21 52 28 2.5
1“’Ru 25 195 249 72 36 43 25 13 12 44
-1‘OSn 25+1 na na na na 3*1 na na na 3+1
-1“1 3.7~0.8 na na na na 1.65k3 na na na <().4
1“Np 8.9 na na na na 15.5*1 na na na 14*3
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The removal efficiencies both for the initial dilute washing and the caustic leaching of the non-

0“
radioactive and radioactive components are shown in Tables 3.5 and 3.6, respectively. The results
indicate that 91YOof the sodium was removed from the slurry during the water-washing steps. Nearly all
of the soluble chloride, nitrate, nitrite, and oxalate were removed during the first water washes.
Phosphate was the only exception, having only 14% removal during the water washes. Other non-
radioactive components with significant removal efficiencies during the water wash were Ru with 69°4
removal, Bi with61 ‘/0removal, K with 46°/0removal, Mo with 31‘Aremoval, and B with 42°/0removal.

In terms of radioactive components, 50% of the 137CS,44’%of the 99Tc,and 22% of the ‘Co were
removed during the initial water-wash steps.

The caustic leach and subsequent caustic washing steps were performed at estimated 2.0,0.9, and 0.3
M NaOH concentrations. The leaching efficiencies of these steps are also shown in Tables 3.5 and 3.6.
While only 2.4% of the aluminum was removed during the dilute caustic washing, 9 l% was removed
during caustic leaching and this almost exclusively in the first leaching step. It appears that subsequent
leaches would not be required for aluminum oxide removal from the C-104 sludge.

T’heas-received C- 104 waste did not fall within the DOE Contract feed limits due to its high thorium
concentration. Thus the original HLW glass limits described in the DOE contract do not apply. Instead,
BNFL Inc. is to formulate a glass composition that maximized waste oxide loading to the extent practical.
Thus, no attempt will be made hereto determine the reduction in HLW glass produced due to dilute
caustic washing and caustic leaching.

a Other non-radioactive constituents significantly removed during the caustic-leaching process were B,
Be, Cr, K, Li, Mo, P, Se, Sn, and V. Greater than 50% of Al, B, Cr, K, Li, P, all of the IC measured
anions, TOC, and TIC were removed during the combined washing and leaching steps. Of the radioactive
components, only 137Csand tritium were removed in significant quantities during the caustic-leaching
process.

Tables 3.7 and 3.8 show the masses calculated present at each process step. The final column shows
the percentage recovery. The mass recovery is the comparison of the total mass ofanalyte recovered
throughout the test (what is removed in each process step plus what remains in the sludge residue) to the
mass of analyte present in the initial sludge. The mass recovery can be represented as

(3.2)

This value provides a means of evaluating the closure of the mass balance (i.e., how much of each
component is not accounted for). In general, the recoveries are reasonably close to 10O”/O.There are
some cases where the recoveries are very much larger or much smaller than 10OO/O.These values most
likely indicate significant error in one or more of the analyses (e.g. Me). R is not surprising that the mass
recoveries of the IC anions are not close to 10O”/O.IC measures only the soluble fraction of these anions,
which may change during the course of washing and leaching. The major constituents indicate that
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Table 3.5. Distribution of Non-Radioactive Analytes in the Wash Steps

Dilute Wash Caustic Leach Caustic Wash Caustic Wash
Analyte ?40 Efficiency ‘?4. Efficiency 04 #1 Efficiency% #2 Efficiency YO Residue %

Ag 0.01 <().3 <0.2 0.10 <99.5

Al 2.4 90.8 <0.003 <0.0006 6.8
As 0.8 na na 99.2 0
B 42.0 41.5 a.1 4.5 <11.9, >8.9
Ba <0.3 <().8 <().5 <().08 >98.3

Be <1.7 28.1 <2.5 <0.4 <71.9, >67.4

Bi 60.9 na na 39.1 0
Ca 0.09 <0.4 <0.2 <0.04 >99.2
cd 0.4 <0.3 <().2 <0.03 <99.6,>99,
Ce <0,7 <1.9 <1.1 0.4 >95.9
co 8.4 <13,6 0.6 3.6 <88.0,>66.7
Cr 7.0 32.9 10.6 <0.02 49.5
Cu 7.0 0.9 <0.6 0.5 <91.5, >91.0
Dy <8,9 c23.3 <13.0 <2.3 >52.5
Eu nd nd nd nd nd
Fe 0.01 0.08 <0.006 <().()010 99.9
Hg nd nd nd nd nd
K 46.2 41.0 <15.5 12.9 0
La <1.1 <3.0 <1.7 0.7 -=99.3,>93.5
Li 6.2 54.0 <0.09 .4.02 39.9
Mg 0.011 <3.3 <1.9 0.2 >94.6
Mn 0.005 <0.009 <0.005 0.002 99.99
Mo 31.3 36.7 <6.4 1.5 <30.6,>24.2
Na I 91.1 na na na 4.6
Nd <2.4 <(5.3 <3.5 1.5 <98.$ >86.3
Ni 5.9 0.1 <().1 0.07 94.0
P 18.9 52.2 <0.1 <0.02 29.0
Pb 0.02 3.0 0.3 <0.2 96.5
Pt nd nd nd nd nd
Ru 69.2 na I na 30.8 0
Se 3.4 75.5 17.4 3.7 0
Si I 11.7 8.9 <0.07 0.1 79.3
Sn 2.6 39.4 <6.9 <1.2 <58.o,>49.9
Sr <().4 <0.9 <0.5 <0.09 98.2
Th <f).10 -=.03 <0.1 <().02 >99.5

Ti 0.024 <o+6 <0.3 0.05 >99.0

u 0.6 <0,7 <0.4 0.3 <99.2,>98.1
v 2.1 18.4 3.4 1.4 74.7
Y <1.8 <4.8 <2.7 0.6 <99.4,>

Zn 2.2 6.2 <0.4 <o.08 <91.6, >91.1
Zr 0.009 0.01 <0.004 <0.0008 99.98
cl- 100 0 0 0 0
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Table 3.5. Distribution of Non-Radioactive Analytes in the Wash Steps

Dilute Wash Caustic Leach Caustic Wash Caustic Wash
AnaIyte ‘/0 Efficiency YO Effkiency ‘Yo #1 Efficiency YO #2 Efficiency% Residue %

NO~ 97.0 3.0 0 0 0
NO; 92.2 6.0 1.0 9.0 0
Po4J- 13.9 83.2 2.4 0 0.5
so4’- 99.0 0 0 0 1.0
co3’- 99.8 0 0 0 0.2
TIC 73.9 5.7 2.5 0.5 17.5
TOC 67.7 0 3.4 1.0 27.9
~. nd nd nd nd nd
NHj’ nd nd nd nd nd

(a) Accountsfor carry-overof interstitialliquid.
(b) Percentagesbased on total materialremovedand what remainedin the residue. Sodiumpercentagesbased

on startingmaterial.
Note: na: not applicable-detectionlimit too large (or too muchNa added in washes.)
Note: nd no detect-analysisnot performed.
Note: <Ydenotes less than the detectionlimit (Y), >Z denotesa value greaterthan the value Z.

Note: <P, ~ denotesa value determinedto be greaterthan Q but less thanP.

Table 3.6. Distribution of R@ioactive Analytes in the Wash Steps

Dilute Wash Caustic Leach Caustic Wash //1 #2 Efficiency
Analyte Efficiency ‘/. Efilciency ‘%. Efficiency YO % Residu”e‘/.

‘Sr o 0 0 0 100
L“’Am 0.008 0 0.0001 0 99.99
L“’Cm ‘“4Cm 0.007 0 0 0 99.99
L“’Cm 0.02 0 0 0 99.98
‘co 21.9 2.5 0.4 0.07 75.2
1“CS 50.3 20.8 3.7 1.2 24
1“Sb o 0 0 0 100

-I‘“Eu o 0 0 0 100
1“EU o 0 0

‘Tc 44.6 6.1 9.9 0.9 38.5
1“RU 10.6 0.7 0.03 0.1 88.5
Note: ** accountsfor carry-overof interstitialliquid.
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Table 3.7. Mass Recovery of the Radioactive Components

Initial Initial WaterWash Waterwash Water Wash Caustic Leach
Sample

Caustic Wash Caustic Wash

Dewater Permeate #1 Permeate #2 Permeate #3 Permeate Permeate 1 Permeate 2

yCi pCi yci yci pCi jlci pCi pCi

Grossa 5772 0.60 0.88 0.50 0.60 0.62 0.30 0.19

“c 2.19 na na na na na na na

%3r 335,885 <39 <52 <52 <50 <82 <48 <3(j

‘q’Am 3498 3.4E-3 9.4E0-3 4.3E-3 1.lE-1 .: 5.lE-3 3.2E-3 5.1E-4
L“Cm, 51 <5.8E-4 <fj.7E-4 <6.9&4 i .OE-3 <5.513-4 <3,2&4 <3.(jE-4
244~m

‘q’Cm ;.2 <3.4E-4 <3.2E-4 3.5E-4 3.4E-4 5.5E-4 @.2E-4 2.OE-4
‘“u 130 na na na na na na na
‘Pu, 3249 na na na na na na na
240pU

Sumof 6933 na na na na na na na
a’s
‘co 145 8.3 9.9 2.8 1.1 2.1 0.83 0.38
‘Nb 62 na na na na na na na
1“CS <14 na na na na na na na
1“CS 44,109 6796 9288 2725 1144 5835 2521 1334
I“Sb <lfj(j <14 <16 <6.9 <3.3 <16 <8.8 <5.7

1‘OSn <44 <5.8 <5.2 <3.5 <0.50 <2,2 <3,2 <0.79

%EEa
3.6 66

89 76
2646 90

=1=
84 77

<25,>17 >35
<6.2 <58

11,013 80
81 <90

<11 <65
1“EU <Ill <7.8 -40 <3.5 <1.3 <1I <4.8 <4.3 <48 <82
t“Eu 1050 <().(jg <o.60 <0.24 <0.25 <1.1 <(3.48 <0.43 811 86
1“EU 648 <9.7 <12 <3.5 <3.3 <14 <6.4 <5.7 470 80
,?4rAm 3136 na na na na na na na 2644 93
lcP/
MS w ng ng ng ng ng ng ng l%
“TC 1.5E+3 1.7E+5 2.1E+5 6.5E+4 3.6E+4 5.5E+4 8.4E+4 4.3E+4 4.9E+2 83
1“iRu 1.5E+4 3.8E-I-5 4.3E+5 1.2E+5 5.9E+4 6.8E+4 2.1E+4 1.7E+4 9.2E+3 77
1‘OSn 1.9E+3 na na na na na na na 8.4E+2 >24
1“1 2.8E+3 na na na na na na na 4.2E+I <6.1
L‘lNp 5.2E+3 na na na na na na na 3.5E+3 >58
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Table 3.7. Mass Recovery of the Radioactive Components

Initial Initial Water Wash WaterWash WaterWash CausticLeach CansticWash CausticWash Final
Sample

Recovery
Dewater Permeate#1 Permeate#2 Permeate#3 Permeate Permeate1 Permeate2 Sample , 0/0

pCi Hci pCi vCi pci KCi pCi wCi yci
Tritium

Weight 28V0 na na na na na na na 1g~o na

0/0
Solids
Entire 9.4 na na na na na na na 3.6 38
slurry,
~Ci
Dried o na na na na na na na o nd
Solids,
~Ci
Water, 9.4 na na na na na na na 3.6 38
~Ci
na: noanalysisperformed,na: notapplicable,na notdetermineddueto inadequateinformation.
Note: KYdenoteslessthanthedetectionlimit,Y,>2 denotesavaluegreaterthanZ.
Note: <P,>Qdenotesa valuedeterminedtobegreaterthanQbutlessthanP.



Total
Material

Analyte
Ag
Al
As
B
Ba
Be
Bi
Ca
Cd
Ce
co
Cr
Cu
Dy
Eu
Fe
Hg
K
La
Li

Table 3,8. Mass Recovery of the Non-Radioactive Components

Caustic Caustic Caustic
Initial Initial Water Wash Water Wash Water Wash Leach Wash Wash Final

Sample Permeate Permeate #1 Permeate #2 Permeate #3 Permeate Permeate 1 Permeate 2 Sample Recovery

!-%! w w w M w w? w 1% Yo
5.8E+5 <146 <129 <130 <124 <1023 <600 222 4.0E+5 ’76
7.4E+7 40,674 556,109 370,302 233,659 4.3E+7 1.2E+7 3.8E+6 7.7E+6 98

<1.5E+5 <777 <687 <694 <661 <5454 c3202 1052 <3.6E+4 nd
1.5E+5 6631 6654 6006 4736 19,361 5283 397’5 1.1E+4 47
1.3E+5 <97 <86 <87 <83 <682 <400 <72 9.0E+4 76
1.8E+4 <97 <86 <87 <83 3000 464 37 1.2E+4 95

<6.1E+4 <971 2035 581 711 <6817 <4002 1557 1.5E+4 nd
2.5E+6 <971 1374 <868 <827 <6817 <4002 <718 1.8E+6 80
4.4E+5 676 477 <130 <124 <1023 <600 <108 3.5E+5 90
3.4E+5 <971 <859 <868 <827 <6817 <4002 1005 3.9E+5 131
3.7E+4 427 644 <217 <2o7 <1704 <1001 287 1.2E+4 41
8.9E+5 14,311 22,925 7871 3810 161,702 92,131 40,613 4.1E+5 92
9.7E+4 1078 1334 234 2480 1391 <600 323 9.8E+4 121
1.8E+4 <485 <429 <434 <413 <3409 <2001 <359 , 1.6E+4 97

<6.1E+4 <971 <859 <S(js <827 <6817 <4002 <718 6.8E+3 nd
2.2E+8 <243 575 <217 670 9271 2802 1155 1.9E+7 94
1.2E+4 na na na na na na na 6.8E+3 63
8.3E+4 81,554 124,498 23,432 <16,531 139,069 <80,045 40,183 1.1E+5 nd
6.5E+4 <243 <215 <217 <207 <1704 <1001 251 6.2E+4 107
2.4E+5 6531 4445 1872 509 81,706 20,113 7317 1.0E+5 99

Mg 2.5E+5 <971 26 <868 <827 <6817 <4002 323 2.2E+5 101
Mn 5.2E+6 <49 <43 <43 102 <341 <200 56 4.1E+6 89
Mo 3.5E+3 1942 2404 755 380 4636 1521 796 6.5E+3 1130
Na 9.0E+7 2.4E+7 3.2E+7 1.2E+7 5.9E+6 1.3E+8 3.4E+7 1.IE+7 1.2E+7 nd
Nd 1.3E+5 <971 <859 <868 <827 <6817 <4oo2 1005 1.2E+5 98
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Total Initial
Material Sample

Analyte ~g
Ni 1.4E+6
P 2.3E+6
Pb 8.4E+5
Pr 3.3E+4
Pt <697

Rb 4.2E+4
Rh <1.8E+5

Ru 8.7E+2
Sb <3.1E+5

Se <1.5E+5

Si 6.6E+6
Sn 5.5E+5
Sr 5.0E+4
Ta 2.0E+3
Te <9.2E+5

Th 3.2E+7
Ti 1.2E+5
T1 <3.1E+5

u 2.5E+7
v 1.6E+4
w <1.2E+6

Y 1.7E+4
Zn 1.6E+5
Zr 2.7E+7
cl” 5.1E+5
NO~ 1.IE+7

Table 3.8. Mass Recovery of the Non-Radioactive Components

Initial I Water Wash
Permeate Permeate #1

1% I !-%
25,146 29,364

na I na
na I na
na na

<2913 <2576

874 1228
<485 <429
<485 584

190,779 268,743
<9709 14,425

<49 43
na na

<9.2E+5 <4293
3.2E+7 <6869
1.2E+6 15

<3.07E+5 <2147
2.51E+7 25,334
1.60E+4 189

<1.23E+6 <4203
1.70E+4 <86
1.60E+5 4113
2.75E+7 <215
5.2E+5 3.8E+5
6.0E+6 7.0E+6

Caustic Caustic Caustic
Water Wash Water Wash Leach Wash Wash
Permeate #2 Permeate #3 Permeate Permeate 1 Permeate 2

l-w I w I M I’% I w
8592 3959 2127 I <1201 488

52,071 21,738 987,116 226,526 57,835
<521 <496 12.175 4507 2526

na na na na na
na na na na na
na na na na na

<2604 <2480 <20,451 <12,007 1363
<651 <620 <5113 <3oo2 588
<434 413 <3409 <2001 933
434 <413 8999 4402 2224

118,288 45,295 340,855 44,345 21,527
<8678 <8266 149,976 42,424 11,533

<43 <41 <341 <’200 <36
na na na na na

<4339 <4133 <34,086 <20,011 <3588
<6943 <6612 <54,537 <32,018 <5740

<43 <41 <341 <200 17
<2170 <2066 <17,043 <1o,oo6 933
20,828 20,664 <136,342 <80,045 31,572

<130 <124 2072 929 524
<4339 <4133 <34,086 <20,(I11 <3588

<87 <83 <682 <400” 51
<174 <165 7335 <800 <144
<217 1091 1963 <1001” <179

2.8E+5 1.2E+5 <6.8E+ <4.0E+ <1.4E+

2.4E+6 7.9E+5 6,0E+5 1.1E+5 4.3E+4

Final
Sample

l-w
1.2E+6
9.1E+5
6.2E+5
2.lE-I-4
<211

5.6E+3
<4.4E+4
<1.6E+5
<7.3E+4
<3.6E+4
4.6E+6
3.6E+5
4.0E+4
3.2E+2

<2,2E+5
2.4E+7
6.3E-I-4

<7.3E+4
2.1E+7
1.4E+4

<2.9E+5
1.6E+4
1.7E+5
2.4E+7
<1.3E+
1.9E+4

4.Recovery
%

100
126
85
74
nd
18
nd ,-

nd
nd
nd
96

115
88 .,

<46, >15
nd

1
83
61 ..

nd
95

122
nd

102
128
96

161
105



Table 3.8. Mass Recovery of the Non-Radioactive Components

Caustic Caustic Caustic.
Total Initial Initial Water Wash Water Wash Water Wash Leach Wash Wash Final

Material Sample Permeate Permeate #1 Permeate #2 Permeate #3 Permeate Permeate 1 Permeate 2 Sample Recovery

Analyte pg M W M 1% 1% 1% W W ?40
NO; 5,6E+6 2.9E+6 3.8E+6 1,1E+6 3.8E+5 4.9E+5 1.9E+5 1.3E+5 6.5E+4 113
Po4’- 8.7E+5 3.7E+5 <3,4E+5 <8.7E+4 <8.3E+4 1.7E+6 5.3E+5 1.3E+5 1.1E+5 287
so4’- 1.3E+6 6.2E+5 <3,4E+5 1.9E+5 1.3E+5 <1.4E+ <8.OE+ <2.9E+ 1.2E+4 31
c204’- 4.3E+6 2.1E+6 4.5E+5 4.2E+5 2.0E+5 <1.4E+ <8.OE+ <2.9E+ 8.4E+3 29
CN 1.09E+4 na na na na na na na 3.0E+3 31
NHJ 1.55E+3 na na na na na na na <1.7E+2 <11
TIC 9.3E+6 1.3E-t-7 1.8E+6 5.6E+5 2.4E+5 8.4E+5 5.3E+5 2.8E+5 3.9E+6 93
TOC 3.0E+6 7.5E+6 1.7E+6 4.4E+5 2.0E+5 <2.7E+5 2.9E+5 2.1E+5 4.4E+6 259
na noanalysisperformed,na: notapplicable,na notdetermineddueto inadequateinformation.
Note:<Ydenoteslessthanthedetectionlimit,Y,>Zdenotesa valuegreaterthanZ.
Note:<P,>QdenotesavaluedeterminedtobegreaterthanQbutlessthanP.
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approximately 5 to 10°/0of the total slurry mass was unaccounted for during the process. This could be
due to actual material loss, but is more likely due to analysis and measurement errors, which in some
cases are within this range.

The insoluble radioactive-component concentrations provide a means of measuring the capability of
the filter to separate the insoluble solids from the liquids. The isotope 241Amis basically insoluble in
caustic solutions and its concentration was measured for all permeates and slurries so it was used to
measured filter removal efficiency. This can be done in terms of a decontamination factor (DF) for each
step of the process using the following equation:

CAm,wlidswt%s.lids
DF =

loocAm,pmmte

(3.3)

where CAmP~m=kis the 24iAmconcentration in a given permeate sample, C~,,otik is the 24]Arn
concentration in the dried slurry taken during that time, and wtOAslurry is the weight percent solids in the
dried slurry. For the initial de-watering, the decontamination factor for 241Amwas 243,000. The water-
wash decontamination factor was >23,000, and the caustic-leach decontamination factors were
> 1,300,()()().” ~ese high decontamination factors indicate good solid/liquid separations using the Mott

O.l-pm sintered metal filter.

Besides the sludge washlcaustic leach study described in this report, Lumetta et al. (2000) also
performed sludge washing and caustic leaching on a subsample of the initial C-104 material. In that

m

work, the dilute caustic washing and caustic leaching were performed on separate subsamples of material.
The leaching efficiencies (defined as a percentage of the starting material) for these two tests are
compared in Table 3.9. The relative percent diffmence is also provided for ease of comparison, a

‘a)The major metalsnegative value indicating better efficiency in the CUF than in the beaker-scale tests.
that were significantly removed, such as Al, Na, Cr, P and most anions, are very similar in washing and
leaching efficiency, indicating good fit between the two sets of data. Minor constituents, and those that
were only slightly leached out of solution, do not correlate as well. It should be noted that the CUF
material was washed and leached, while the bench-scale material was either washed or leached but not
both. This may also account for some of the differences.

The final caustic leached slurry is also compared in Table 3.9. No initial characterization of the
sludge sample in the small-scale testing was performed. Thus, only the final caustic-leached material can
be compared. The metals compositions between the two leached samples are very similar. This would
indicate similar homogeneityduring initial sampling, similar leaching characteristics, and good scale-up
from small to pilot scale. The anions and radionuclides do not compare quite as well. The reason for this
difference is not clear.

(a) The relative percent difference is defined here as the difference between the two values divided by
their sum.
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Table 3.9. Comparison in Washing/Leaching Efficiencies between the Small-Scale and CUF Test

Dilute Caustic Wash Efficiency Caustic Leach Efficiency Caustic Leached Slurry Composition(a)

Small Scale Small Scale Small Scale
Analyte % CUF % RPD !4. % CUF ?4. RPD % (Pgk) CUF (~g/g)
Ag

RPD Yo
1.33 0.01 99 1.45 0.54 91 1790 1895 -6

Al 1.67 2.41 -18 94.96 93.22 2 34250 36700 -7

Ca 4.71 0.09 96 4.17 0.77 1.37 8131 8547 -5
Cr 14.57 7.02 35 56.77 50.53 12 1895 1953 -3
Fe 0.01 0.01 16 0.05 0.09 -58 81350 89029 -9
Mn 0.003 0,005 -16 0.03 0.02 34 18775 19671 -5
Mo 15.40 31.26 -34 53.96 75.85 -34 51 31 49
Na 92.55 91.11 1 98.51 nm 34850 58529 -51
Ni 6.43 5.87 5 2.14 6.14 -97 5550 5664 -2
P 30.97 18.87 24 70.76 71.20 -1 4690 4290 9
Pb 0.24 0.02 87 10.37 3.50 99 3042.5 2949 3
Si 15.42 11.72 14 9.98 20.79 -70 22400 21950 2

Th 0.16 0.10 26 0.76 0.51 39 116500 113043 3
u
b u 1.16 0.58 34 0.22 1.93 -159 100100 99914 0.2
m Zr 0.004 0.01 -42 0.03 0.02 9 102500 112250 -9

TOC 60.66 67.72 -5 56.46 72.10 -24 16950 20900 -21
TIC 84.88 73.86 7 76.21 82.51 -8 6900 18450 -91
cl 96.23 100.00 -2 96,69 100.00 -3 160 <11

N03 95.48 92.16 2 96.19 100.00 -4 1250 320 118
sod 93.15 99.02 -3 >51 99.02 240 65 115
Pod 89.00 13.87 73 >67 99.49 240 525 -75

pCi/g pCi/g
1“CS 64.03 50.28 12 44.63 75.95 -52 135.5 53 88
‘Usr 0.01 <0.06 0.004 <0.15 2820 1280 75
“TctO) 43.36 44.59 -1 44.16 61.49 -33 0.05945 0.0025 184.
‘“’Am 1.44 0.01 99 0.52 0.01 194 26.3 13 68

(a) Concentrationon a dry solidsbasis (b) “TCconcentrationin pg/g
1

0



3.3 Physical Property Results

The C-104 samples were analyzed for density of the bulk slurries, settled solids, settled supernatant,

centrifuged solids, and centrifuged supernatant. The density results are listed in Table 3.10. The weight
percent (wt?40)and volume percent (vol’Yo)settled solids, wt’XOand vol’Yocentrifuged solids, and wt’?l.total
solids were measured for these samples as well. The WtO/Oand VOlO/Osolids results are listed in Table 3.11.

A known mass of each slurry was placed in a volume-graduated centrifuge cone. If sufficient
material was available, samples were prepared in duplicate. The samples were then allowed to settle for
3 days. The total mass (h@ and volume (VB)of the settled samples were recorded, and the density of the
bulk slurries was calculated (DB=M~/V~). in addition, the vohnne of the settled solids (V,,) and volume
of settled supematant (V,l) were recorded. The VOlO/Osettled solids was then calculated
(VO1%,,=VJV, x 100!4o).A portion of the settled supematant was then transfemed to a graduated
cylinder, and its mass (h&lb)and volume ~,lb) were recorded. Using this data, the density of the settled
supematant was calculated (DSl=MSlflSlb).

Since all of the settled supematant could not be removed from the centrifuge cone without disturbing
the settled solids, the mass of the settled solids (MS) could not be measured directly. Therefore, the mass
of the settled solids was calculated. This was done by frostcalculating the mass of the supematant (on top
of the settled solids) from the measured supernatant density and volume (MS]=p~lx V~l),then subtracting
this mass fiorn the mass of the bulk slurry to get the mass of the settled solids (M,,=M~-M,l). The density

of the settIed solids was then calculated (pSS=M$JVSJas well as the wt’?/osettled solids (Wt?/O~~=M~JMBx
100%).

The settled supematant was then added back to the centrifuge cones and centrifuged at approximately
1000 times the force of gravity for 1 h. All of the centrifuged supematant was then transferred to a
graduated cylinder, and its mass ~1) and volume (VCl)were recorded. Then the density was calculated

(P~l=MCiWCd.The mass W,) ~d volume 0’~.) of the centrifuged solids were then recorded, and the
density was calculated (pW=lQVC,). In additionj the wtYocentrifuged solids (Wt%C,=M@f~ x IOOVO),
and volOAcentrifuged solids (VOIOAcl=VcJVBx 100°/0)were also calculated.

The centrifuged solids and supernatants were then each dried at 105”C for 24 h. The mass of the
dried centrifuged supematant ~1) and dried centrifuged solids (h&CS)were then measured. Assuming
all mass lost during the drying process is water and not another volatile component, the weight percent
total solids in the bulk slurry was calculated:

Wt% total solids= (h&.+MdC1)/~,+~l) x 100% (3.3)

The results in Table 3.10 suggest that the density of the supematant did not vary by more than 2’%.before
and after the processing step with a value of-1.01 g/mL. Since dilute caustic and water were the only
solutions added to the system, this consistent density result is not surprising.
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Table 3.10. Density Measurement for Samples of C-104 Slurry Feed Samples

Density, g/mL
Settled Settled Centrifuged Centrifuged

Sample Description Slurry Solids Supernatant Solids Supernatant
Diluted Slurry 1.07 1.21 1.01 1.37 1.01
Feed

C104-OO2
Duplicate 1.04 1.18 1.02 1.49 1.02
Average 1.06 1.20 1.02 1.43 1.02
Relative Percent 3% 2% 170 8% 170
Difference

C104-OO6’ Washed Slurry 1.22 1.28 NA 1.43 0.98

clo4-oo9a
Reconstituted 1.16 1.18 NA 1.34 1.00
Washed Slurry
Final Slurry 1.13 1.18 NA 1.38 1.00

clo4-
Duplicate 1.14 1.18 NA 1.36 1.01

FINAL Average 1.14 1.18 NA 1.37 1.00
Relative Percent 1.0% 0’%0 NA 2?40 1940
Difference

‘Insufficient sample for duplicate analysis.
NA = insufficient settled liquid for density measurement.

Table 3.11.. WtOA and VolOA Solids Data for C-10.4 Slurry Feed Samples

Wt%. Wt@/o VO1°/e Vol”!o Wtyo
Sample Description Settled Centrifuged Seffled Centrifuged Total

Diluted SlurryFeed 35.4 16.0 31.3 12.5 10.4
Duplicate 30.5 13.4 26.9 9.4 9.0

C104-OO2 Average 33.0 14.7 29.1 11.0 9.7
Relative Percent
Difference

C104-O06= Washed Slurry 98.1 54.2 93.8 46.2 24.9
C104-OO9a Reconstituted 96.8 583 95.0 50.6 22.1

Washed Slurry
Final Slurry 98.9 52.1 95.2 42.8 21.7
Duplicate 98.4 49.7 95.2 41.7 20.8

C104-FINAL Average 98.6 50.9 95.2 42.2 21.2
Relative Percent 1’% 5% 0% 3% 4%
Difference

~

Note: Wt% in this table includes interstitial liquid.
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The density of the bulk slurry follows a trend expected from the processing flow. The diluted feed

a
had a bulk density of 1.06 g/mL. Following washing and concentration, this density increased to 1.22
g/mL and then dropped to 1.16 g/mL following the reconstitution step. The material was then washed
with only a small change in the density (a drop from 1.16 to 1.14 g/mL). The density of the settled solids
followed this same trend except there was no final drop in density following the final washing. The
density of the centrifuged solids, probably a much better measure of the actual solids density, did not vary
significantly during the testing, although some variability between samples is apparent. The initial
centrifuged solids density for the duplicates were 1.37 and 1.49 g/rnL. The values following the
processing steps were between 1.43 and 1.36 g/mL; therefore, it is likely that the initial value of 1.49
g/mL is high. Ignoring this high initial value, the density of the centrifuged solids was between 1.43 and
1.34 ghnL with no apparent trend.

From Table 3.11, the settled solids content of the initial diluted feed was 29.1 VO1’YO.After the first
washing, the settled solids content increased to >93 VOlO/O.Given the high level of solids, the,settling
solid WtO/Oand VOlO/Odata for the remaining samples are all very similar and >94°/0. The wtOAtotal solids
(dissolved and undissolved determined by drying) is the best measure of the solids content in Table 3.11
and follows the trend expected from the process flow. The initial total solids were 9.7 W“A. After
washing, this increased to 24.9 wt%oand then dropped to 22.1 wt%ofollowing reconstitution. The solids
content then decreased slightly following the final processing steps to 21.2 wtOA.This is the same trend
seen in the bulk slurry density discussed above, showing that the trend in bulk density is the result of the
trend in solids content.

An additional calculation was performed to determine the v&T?.solids in the samples, excluding all

e
interstitial liquid (wtYoundissolved solids). This W-WOundissolved can also be thought of as the solids left
if all the supematant could be removed fiorn the bulk slurry. The following equation was used: ‘

[1
~M&c-—

WtVOundissolved solids= 1–
Me, M

A4d,l
= x 1000/0

l–—
x MB

Mcl

(3.4)

This calculation assumes 1) that the supematant and the interstitial liquid have the same composition,
and 2) that all mass loss during the drying of the centrifuged solids is water loss from interstitial liquid.
The results of this calculation are listed in Table 3.12 along with the weight percent dried residue from the

centrifuged solids (Solids Residue=MC@ldC,x 1000/0),and dried centrifuged supematant (Supematant
Residue= Mkl/M,l x 100%).

Table 3.12 shows that the wtYoundissolved solids in the initial diluted feed was 6.9 wt’Yo.Following
initial washing, the undissolved solids content was increased to 24 WtO/Oand decreased to approximately
21 wtYofollowing water additions for reconstitution. The undissolved solids content decreased slightly to
20 wt70 following the final treatment steps. This trend is what would be expected based on the process
flow as well as the trend observed in bulk density and wtYototal solids content discussed above.
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‘-
Table 3.12. Results of Wt’% Residual Solids and Undissolved Solids Calculation FolIowing

Sample

C-104-OO2

C- 104-006’

C-104-OO9 a

c-lo4-
FINAL

aInsufficier

Drying at 105”C for 24 h

Wt% Residual Wt% Residual wtYO Average
Centrifuged Centrifuged Undissolved Wt% Undissolved

Description Solids Supernatant Solids . Solids
Diluted Slurry 49.1 3.1 7.6
Feed 6.9
Duplicate 47.9 3.1 6.2

WashedSlurry 45.2 10 24 NA
Reconstituted 37.6 0.5 22 NA
WashedSlurry
Final Slurry 40.5 1.4 21
Duplicate 40.4 1.5 20

20.5

sample for duplicate analysis.

3.4 Theological Property Results

The C-1 04 slurries were analyzed for shear stress as a fi.mction of shear rate from approximately 0.1

to 300 S-*according to procedure BNFL-TP-29953-O1O. Several of the final slurry samples were also
analyzed from 0.1 to 1000 S-l. The slurries were analyzed using a Haake M5 measuring head modified
for hot cell operations. An MVI measuring geome~ was used. Samples were analyzed in duplicate at

25”C. A 49.9 CPstandard, BrooWleld lot 102298, was used to check the calibration of the instrument
before samples were analyzed.

Prior to shear stress as a fimction of shear rate analysis, the samples were stirred to combine the
separated liquid and solid layers. Shear stress as a fimction of shear rate data were obtained by measuring
the shear stress produced at a specific shear rate. The shear rate was gradually increased from
approximately O.1to 300 S-l(O.1 to 1000 s-l in some cases) generating the increasing shear rate curve, and
then back down to 0.1 S-lgenerating the decreasing curve. The shear rate analysis was conducted again
with the same sample still in the instrument. A difference between the first and second run would
indicate potentially unusual behavior in the samples including (but not limited to) settling of the solids
within the instrument, the sample being effected by shearing in the instrument, or water loss through
evaporation. The sample cup was then cleaned and a duplicate sample was analyzed using the same
parameters.

The tabular results for viscosity and yield sti-essare listed in Table 3.13. The rheograms are presented
in Figures 1 though 18 in Appendix F. The initial diluted slurry 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 (between 2 and 4 cP) over the shear rate range examined.
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Table 3.13. Viscosity and Yield Stress for C-104 Slurry Samples During Increasing Rate Analysis

~ Viscosity (cP)
100 s-’ 100 s-’

Yield Increasing Decreasing
Sample Sample Analysis Stress (Pa) Curve Curve 300 S-l 1000 s-’

1
1 ND 3 NA 2 NM

Diluted Slurry
2 ND 4 NA 2 NM

2
1 .ND 2. NA 2 NM

2 ND 2 NA 2 NM

1
1 20-38= 300 182 76 NM

Washed Slurry
2 27 270 191 85

2
1 25-40a 360 240 110 NM

2 28 300 230 103 NM

1
1 3 38, 21 13

Reconstituted 2 2 29 21 11
Washed Slurry

2
1 2 28 21 11
2 3 41 25 14 NM
1 3 42 27 18 NM

1 2 3 37 34 16 NM
Final Slurry 3 3 35 31 14 7

2
1 3 40 33 15 8
2 3 37 31 16 8

tD = Yield stress not detected or below 1 Pa.
NA = Thixotropy not observed.
NM= Not Measured.
a Thixotropy makes interpretation of yield point difficult.

The remaining slurry samples had a much higher solids content. As a result of this higher solids
content, the theological behavior is more complex. These materials exhibited a yield stress along with a
non-linear relationship between shear stress and shear rate. The concentrated washed slurry and the
reconstituted washed slurry exhibit behavior referred to as yield pseudoplastic. These samples also exhibit
a higher viscosity on the increasing shear rate curve portion of the curve than on thedecreasing shear rate
portion of the curve. This shear history dependence is referred to as thixotropy. Thixotropy was greatest
for the washed slurry as would be expected given this material has a higher solid content compared to the
other C-104 slurry samples. High solids concentrations provide more opportunity for particle
interactions--one of the primary causes of thixotropy.

For a yield pseudoplastic, the viscosity, or resistance to flow, decreases as the shear rate increases.
This is an important parameter when considering transport, processing or pumping. Pseudoplastic
behavior is common for emulsion, suspensions and dispersions. Under shear conditions, particles find an
orientation more conducive to flow, reducing the paficle contribution to resistance. This reduces the
apparent viscosity. When the material is pseudoplastic without thixotropy there are no shear history
effects, so when the shear rate drops the apparent viscosity climbs backup as the particle orientation is
lost. However, with thixotropy a more complex system exists. Slurries that exhibit thixotropy usually
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form a structured network of some kind within the slurry. This structure is easily broken down under the
influence of shear but will begin rebuilding when the shear forces are decreased or removed. If a
thixotropic liquid is measured at a constant shear rate, the apparent viscosity will drop asymptotically o

with time until it reaches the sol-state, or lowest viscosity achievable at that shear rate. The sol-state
numbers can not be acquired from a standard rheogram. The combination of pseudoplastic and
thixotropic behavior in the C-104 slurries is consistent with testing done on other tank waste slurries.

3.5 Particle Size Distribution Results

The particle size distributions (PSDS) of the initial slurry (sample CUF-C104-OO1), the water washed
slurry (sample CUF-C104-OO7), and the final slurry (sample CUF-C104-O12) are described below. The
first sample was C-104 that was fed into the CUF and diluted to 6.9 wl% solids (initial slurry). The
second sample was the slurry that was taken at the end of the washing steps (washed slurry). The third
sample was the final slurry, which was caustic leached and was caustic washed twice (final slurry). The
sample number associated with each cross flow filtration experimental step is presented in Table 2.3 and
the experimental process is described in detail in Section 2.

A Microtrac X-1OOParticle Analyzer and a Microtrac Ultrafine Particle Analyzer (UPA) were both
used to measure the PSD of these samples. The operation of Mircotrac X-100 and Microtrac UPA
analyzers were checked against MST traceable standards from Duke Scientific Corporation. The PSD
results of NIST traceable standards are documented in Appendix H.

The Microtrac X-1OOParticle Analyzer measures particle diameter by scattered light fi-oma laser
beam projected through a stream of the sample particles diluted in a suspending medium. The amount
and direction of light scattered by the particles is measured by an optical detector array and then analyzed e
to determine the size distribution of the patiicles. This measurement is limited to particles with diameters

between 0.12 and 700 ~m. The Microtrac UPA measures particle diameter by Doppler-shifted scattered

light. This method is limited to particles with diameters between 3 run and 6.5 pm.

The PSDS of these three samples and their duplicates were measured on the Microtrac X-1OOafter
applying a variety of circulation time, circulation flow rate, and sonication treatments. The treatments in
successive order included 1) circulation at 40 mLls, 2) circulation at 60 mL/s, 3) circulation at 60 rnL/s
with 40 W sonication for 90 seconds, and 4) circulation at 60 mL/s with 40 W sonication for 90 seconds
for the second time. The PSDS of these three samples and their duplicates were then repeated using the
Microtrac UPA under conditions of Brownian motion. For each sample replicate, the PSD was measured
three times and averaged. The PSD of the averaged data on a volume-weighted basis and on a number-
weighted basis is reported. The suspending medium for these analyses were surrogate supernatants based
on the ICP-AES and IC data obtained for the applicable C-104 supernatant. The composition of these
three supernatants is reported in Table 3.14.
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Table 3.14. Surrogate Supernatant Composition
c--

~ Water-Washed Slurry Final Slurry 1

Component Concentration (NIJ Concentration (NJJ

NaNOS 5.64 E-02

NaOH- 6.87 E-01 1.12 E-01 3.02 E-01
Al(NOJ)~ -9 H20 8.61 E-03 5.30 E-03
NazCzOq 3.64 E-02 1.36 E-03
Na2S04 1.03 E-02 8.33 E-04
NazHP04 -7 HZO 7.90 E-03 9.47 E-04
NaCl 1.84 E-02 1.98 E-03

r t

NaN02 2.07 E-02 1.04 E-02 6.52 E-04
NaHC02 1.19 E-01 7.44 E-03 1.21 E-02
NazCO~ 1.85 E-01 1.12 E-02 1,58 E-02
A1(OH)3 9.81 E-02

In Appendix H, the PSD plots for the samples and their duplicates under all conditions measured are
presented in volume-weighted distribution and number-weighted distribution form. The number-
weighted PSD is computed by counting each particle and by weighting all the particle diameters equally.
The volume-weighted PSD, however, is weighted by the volume of each particle measured, which is
proportional to the cube of the particle diameter. In this case, larger particles are treated as more
important in the distribution than the smaller particles. In general, the PSD plots show that under all

o

conditions the samples were polydispersed, and as a result the mean size of the volume distribution is
much larger than the mean size of the number.

In Figure 3.12, the averaged PSDS for the initial slurry, water-washed slurry, and final slurry in
cumulative under-size-percentage form are presented for the Microtrac X-100 system. The volume-
weighted PSDS for these samples are illustrated in Figure 3.13. The reproducibility of the two replicate
PSD plots for each sample (initial shn-ry, water-washed slurry and final slurry) suggest that the slurry was
thoroughly homogenized and each extracted sample was a representative specimen. The cumulative
under-sized-percentage plots using the UPA system (see Figure 3.14) show the samples and their
duplicates. There is more scatter between the sample and its duplicate. Because of settling and the
smaller sample size, reproducibility is more difficult to achieve with this instrument.

The PSD analysis (Figures 3.12 and 3.14 combined) of all three C-104 slurry samples indicate that
the large majori~ (> 99 V.) of the volume and number of the particles have diameters greater than 0.2 and

less than 50 pm. On a volume-weighted basis, approximately 80% of the particles in the initial slurry
sample and 90°/0of the particles in the water washed slurry were greater than 1pm, whereas only 5O’%0of

the particles in the caustic leached slurry were greater than l~m. In general the plots indicate a reduction
in pa~icle size from the initial slurry to the final slurry.
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The volume-weighted distribution plots (see Figure 3.13) of the initial slurry and the final slurry show
a bimodal distribution formed from overlapping two Gaussian distribution ‘peaks. While the water
washed slurry distribution plots show a tetramodal distribution. The major particle-size peaks along with
the relative volume or number percentage that each peak represents are summarized in Tables 3.15 and
3.S6.

Table 3.15. Peak Mode Location for Volume-Weighted Particle Distribution of C-104 Samples

X-1OO (40 mL/see) UPA (Brownian Motion\

Sample Mode Vol % Mode Vol !40
Diameter Diameter

(pm) (pm)

Initial Slurry 22.6 3370 2.8 89 ‘?40

(CUF-C104-OO1) 1.6 67% 0.1 1170

18.8 40 ?40 0.92 95 %

Water Washed Slurry 6.0 45 ‘YO

(CUF-C104-OO7)
0.9 14 ‘YO 0.22 5 Y.

0.25 1 ‘YO

130 3% 2.0 60%

Final Slurry

(CUF-C104-O12) 1.2 ~ 75 % 0.58 40 ‘%0

0.33 22%

Volume- and number-weighted histograms of the initial slurry, water-washed slurry andthe final
slurry are presented in Figures 3.15 and 3.16 for the Microtrac X- 100 system and in Figure 3.17 for the
UPA system, respectively. Once again, these figures indicate a reduction in particle size. The decrease
in the particle size distribution from the initial slurry to the water-washed slurry after pumping in the CUF
may indicate that the solids are eroded and smaller particles or agglomerates are probably formed due to
vigorous mixing and shearing of particles in the CUF re-circulation line. The significant reduction in the
PSD from the water-washed slurry to the final slurry is probably attributed to the dissolution of the
particles or agglomerates at high caustic concentration during the caustic leaching step. In addition, the
PSD analysis of the UPA system (Figures 3.17 and 3. 18) reveal that the number of sub-micron particles
(>0.1 pm) is reduced, and the broad distribution of particles denoted in the initial slurry is narrowed as the

slurry was water washed and caustic leached.
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Table 3.16. Peak Mode Location for Number-Weighted Particle Distribution of C-104 Samples

UPA (Brownian Motion) X-1OO(40 mLAec)

Mode Mode
Diameter Diameter

Sample (pm) Num O/O (~m) Num ?4.

Initial Slurry 0.3 10070 0.06 100 TO
(CUF-C104-OO1)

Water Washed Slurry
0.2 100 %

0.8 ‘ 23 %

(CUF-C104-OO7) 0.2 77 ?40

1.9 3 Yo
Final Slurry

(CUF-C104-O12)
0.25 100 %

0.52 97%
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Furthermore Figures 3.15 and 3.16 compare the volume- and number-weighted histograms of the
three samples for the Microtrac X- 100 at 40 and 60 mL/s circulation flow rate. These plots indicate that
as the circulation flow rate increased from the 40 mLA to 60 rnlls a large fraction of agglomerates in the
water-washed slurry and the final slurry were broken down. It can be seen from Table 3.17 that the
Reynolds numbers for the crossflow filtration and the Microtrac X-1OOparticle size analyzer are
comparable. Thus, it is speculated that in qualitative terms the particles experience similar vigorous
mixing and shearing in the particle analyzer and crossflow filtration unit. It should be noted that this
comparison does not account for the kinetics of de-agglomeration as a function of circulation time.

Following sonication (see Figure 3.18) a considerable fraction of agglomerates in the washed slurry
and the final slurry were further broken down. In contras$ changing the flow rate did not influence the
PSD of the initial slurry. The washed slurry and final slurry agglomerates are weaker than those of the
initial slurry. This observation may suggest that during cross-flow filtration testing of washed and caustic
leached slurries, there could bean initial decrease in filtration flux due to rapid agglomerate breakage.
This hypothesis needs to be flrther validated with cross-flow filtration testing.

3.45

—



0
4.0 Conclusions

Based on the testing and analysis performed on C-104 sludge described in this document, the
following conclusions have been obtained. They have been divided ihto categories for clarity.

C-104 Cross$ow Filtration

●

●

●

s

For a slurry at 6.9 wt% insoluble solids, the average filtrate fluxes over 50 min of operation ranged
from 0.038 to 0.083 gpm/fl?. Over the range of conditions studied, higher axial velocities appear to
improve the filtrate flux while lower axial velocities and higher trans-membrane pressures appear to
foul the filter and decrease overall filtrate flux. Based on modeling, the optimum condition for high
solids loading over the range of conditions studied is 30 psi and 15 ills.

For a slurry at 23 wt% insoluble solids, the average filtrate fluxes ranged from 0.0095 to 0.0172
gpm/ft2 over 1 h. This filtrate $lux is 4 to 5 times less than the first matrix, although it is still nearly
an order of magnitude larger than the required plant flux for C-104 slurry of 0.00126 gprnlf?. Over
the range of conditions studie~ similar to the first matrix at lower solids loading, higher axial
velocities improve filtrate flux. Trans-membrane pressures, in contrast, appear to have little effect.
Based on modeling, the optimum condition for high solids loading over the range of conditions
studied is 70 psi and 15 ft.k.

In all cases, there is a reduction in filtrate flux over time, although it is not as significant as seen in the
case of AW-101 or AN-107 supernatants (Brooks et. al. 1999; Hallen et al. 2000).

The filtrate decontamination factors for 241Am(ratio of concentrations in the slurry to the
concentration in the filtrate) are> 104to >1OGfor the filtrates collected, indicating excellent solid-
liquid separations.

Filtrate fluxes at 85°C during the caustic leaching and washing were roughly 3 to 4 times higher than
similar solids concentrations at ambient. Elevated temperature filtration however, allowed
precipitation of solids ailer the filtrate cooled.

A statistical model of filtrate flux as a fmction of solids concentration, trans-membrane pressure,
axial veloeily, and run order was developed for the conditions studied. This model could provide a
means of comparing transmembrane pressure, axial velocity, and solids concentration without the
induced effect of run order.

Nitric acid (1 M) cleaning appears to be required to recover most of the clean water filtrate flux.

C-104 Wash and Caustic Leach Testing

●

●

e

Dilute caustic washing removed 91’%0of the sodium and nearly 100% of soluble anions.
Approximately 74 and 68V0of the TIC and TOC were removed during washing. The only radioactive
isotopes significantly removed by washing were 137CSand ‘Tc.

The first caustic leach removed 91% of the aluminum. This indicates that a second and third caustic
leach is not required. Caustic leaching also increased the removal of P and Cr as well as the water-
soluble components such as K, Li, and 137CS.
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●

●

●

Mass recoveries were close to 100’XO,indicating good overall mass balance closure during testing.

Th, Zr, U, and Fe were the zmalytes of highest concentration in the final composition of the final @

Ieached/washed sludge.

The total mass of solids was reduced by approximately 50’?40during the course of water washing and
caustic leaching.

C-104 Physical, RheoIogicaI, and Particle Size Properties

●

●

●

●

●

The initial slurry sample at 6.9 wt% exhibited Newtonian behavior with a viscosity between 2-4 cP.

The water-washed slurry that had a measured solids concentration of 24 wtYoand a calculated solid
concentration of 33 WtO/Owas found to be yield pseudoplastic and thixotropic.(a) With the initial
increase in shear, the viscosity of the slurry at 100 S-*was 300-360 CP. During the decrease in shear,
viscosity of the slurry at 100 s-]was 180-240 cP.

The final slurry samples, washed and leached, at -20 wt YO solids exhibited a yield pseudoplastic
behavior with a viscosity at 100 S-lof 30 to 40 cP.

The decrease in the particle size distribution from the initial slurry to the washed slurry after pumping
in the CUF may indicate that the solids are eroded and smaller particles or agglomerates are formed
due to vigorous mixing and shearing of particles in the CUP re-cinmlation line. The significant
reduction in the PSD from the washed slurry to the final caustic leached slurry is primarily attributed
to the dissolution of the particles or agglomerates at high caustic concentration during the caustic @
leaching step.

As the PSD circulation flow rate increased a large ii-action of agglomerates in the water-washed slurry
and the final slurry were broken down. Following sonication, a considerable fraction of agglomerates
in the water-washed and the final slurry were further broken down. In contrast, changing the flow
rate “didnot influence the PSD of the initial slurry. The results indicate that the strength of the
agglomerates in the initial slurry is stronger than the other steps. .

(a) The difference in the calculated and measured solids concentration was caused by inhomogenity in the
CUF sampling at these high solids concentrations. For example, videos of the feed tank during this time
showed it was not well mixed and there were large stagnant areas that appeared to be at high solids
concentration.
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1.0 Applicability

This test instruction is to be used to perform the testing of the Cell Unit Filter (CUF) in the *
HLRF A-cell with approximately 142mLofC-104 rinse solution and 835 mL of C-104
slurry.

2.0 Supporting Documents
This test instruction is not a stand-alone document. It will be used in conjunction with
PNNL Operating Procedure BNFL-TP-29953 -020.; which contains the necessary procedural
information for the safe operation of the CUF. It is also linked to PNNL Test Plan No.
BNFL-TP-29953-047, which contains an overall description of the project, ES&H
compliance, emergency response, and the hazards assessment and mitigation.

3.0 Responsible Staff
The staff responsible for executing this test plan are:
. Task Manager – Kriston Brooks
. SFO Manager – Randy Thomhill
. Test Engineers – Kriston Brooks’, Ken Rapp6, Lynette Jagoda

“. Hot Cell Technician – Don Rinehart, Ralph Lettau, Mac Zumhoff
. Radiological Control Technician

4.0 Materials, Equipment, Supplies and Reagents Needed

●

●

●

●

●

●

4.1 Materials Required
Twenty-eight 20-mL glass scintillation vials for filtrate and slurry samples, pre- 8
labeled as follows:

.

CUF-C104-OO1 through CUF-C104-O28.
Three 1-L polyethylene bottles. They should be labeled as follows: “C-104
Filtrate#l ~’” C-104 Filtrate#2,” and “CUP C-104 First Wash.” The bottle labeled “C-

104 Filtrate#l” should be marked with a line for 530-mL volume. The bottle labeled
“CIJF C-104 First Wash” should be marked with a line for 1-L volume.

Thee 2-L polyethylene bottles labeled “C-104 water wash permeate#l” through “C-
104 water wash permeate#3”. “C-104 water wash permeate#l” should have marks

indicating 715, 1430, and 1670-mL volume. “C-1 04 water wash permeate#2° should

have marks indicating 475, 1190, and 1670-mL volume. “C-1 04 water wash
permeate#3° should have marks indicating 235,950, 1660-mL, 1700-mL, and each

50-mL increment from 1700-mL to 2000-mL volume.
Two 2-L polyethylene bottles labeled “C-1 04 caustic leach permeate#l” and “C-104
caustic leach perrneate#2”.” C-1 04 caustic leach permeate#l” should have marks

indicating increments of 500-mL. ““C-104 caustic leach perrneate#2° should have
marks in increments of 100-mL. These bottles will need to be marked and placed in
the cell at a later time.
Two 2-L polyethylene bottles labeled “C-104 caustic wash permeate#l” and “C-104
caustic wash perrneate#2”. Both bottles should have marks indicating increments of
500-mL. These bottles will need to be marked and placed in the cell at a later time.
Two 2-L polyethylene bottles labeled “C-104 final s~mple” and “C-104 decant.”

a
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●

●

●

●

●

●

●

Three graduated centrifuge tubes.

Tubing for de-watering mode.
*%7’tubing to attach to V 10 and remove the slurry for caustic leaching.

Two 10 liter containers, one labeled for the alkaline rinses and the other labeled for
the acidic rinses.

Containers for draining from the bottom of the pump and from the sample valve.
Transfer C-104 RIN, C-104 RIN2, C-104 COMP C, and C-104 COMP D from C-cell
to A-cell.
4 liters of 0.2-micron filtered DI water for washing the CUF upon completion of C-

104 processing.

4.2 Equipment
. 4000 gram balance
. pH paper
. Hand held camera. Used for making difficult readings and volume estimations.

. Stopwatch

. Calculator

. CUF Ultrafiltration system with 100 mL plug in place
● Caustic Leach equipment: graduated SS beaker with lid, stirrer, thermocouple, and

temperature controller
. 1000 watt Chiller

4.3 Reagents Needed
● ;51.8g of O.01-M NaOHa9 labeled”5 W ~0 dilution.”
. 5-L of O.01-M NaOH~q labeled “water wash solution” split uP into seven seParate

-Ofsolutionineac’one-liter containers containin
. 3-M NaOHaq labeled “caustic leach so~ution,” AmourIt tO be determined”
. TWOcontainers of O.01-M NaOH~q labeled “caustic Wash solution#l” and “caustic

wash solution#2.” Amount to be determined.
. 1-L of filtered, distilled water labeled “CUT rinse.”
. 1-L of 2-M HNO,aq labeled “CUP wash acid.”
● 1-L of filtered, distilled water labeled “shut-down water.”

4.4 Other Supplies
1. Workplace Copy of Operating Procedure BNFL-TP-29953-020
2. Extra Copies of Data Sheets 1,2, and 3
3. Laboratory Record Book
4. DAS disk for recording data
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5.0 Test Instructions
The laboratory record book (LRB) shall be used to record other testing information as
required by this procedure and alI test conditions not stated by this procedure.

Cross-contamination between samples and contamination of samples fi-om outside
sources must be minimized at each step. Use new tools and bottles for each sample as

much as possible. Those tools that are reused should be washed and rinsed prior to reuse.

Keep all test materials in sealed containers as much as possible to prevent them from
drying.

5.1 Pre-start
5.1.1 Inventory materials, equipment, supplies, and reagents to ensure all required items

are available. Assure that all materials have been modified for remote handling.

5.1.2 Do the following and initial and date when each item is completed.

/ Review PNNL Operating Procedure BNFL-TP-29953-020.

J Review the work instructions in BNFL-TP-29953-029.

5.1.3 Conduct the “0.0 Pre-Start” operations in BNFL-TP-29953-020. Drain the system
overflow container.

5.1.4 Conduct the “10.0 Draining the s~stem” operation in BNFL-TP-29953-020.

5.2 Start-Up
5.2.1 Obtain the following information:

Balance 2: -i

Calib ID 36>- ~L- 01-()54Calib Exp Date ‘L %Qm

Location W luof.1~

Data Acquisition System: ~lwk= l-$~~

Calib ID %275
+

Calib Exp Date I@

Location -1 WA

Thermocouple 1: 5>G423

CaIib ID 3W3
A

Calib Exp Date 9 *Q

Location A-cell Sow+k

4



Thermocouple 2: 3>5.4>(Q
Calib ID %()()0 W@ ‘Calib Exp Date ~ .
Location cfXG+\~:(=3,.4p4- /

5.2.2 Weigh each jar with lid and C-1 04 rinse solution. Record the weights below.

C-lO4 RIN C-104 RIN2

5,.2.3 Conduct the”1.0 Start-U~” operations in BNFL-TP-29953-020 using C-1 04 R-TN
and lUN2. Shake the jars thoroughly before adding them to the slurry reservoir.
There may be “some solids left the jars that cannot be transfemed by shaking. If so,
consult with the cognizant engineer on recovering these solids. Water addition using
“5 wt% dilution” or scraping the sides with a spatula could be attempted. Record the
method of recovery in the LRB.

5.2.4 Record the weights of the jar and lid in the spaces provided below. Calculate the
amount of material remaining in the jar. If the differences below are> 2 g or
significant solids are visible, fi.n-thersolids recovery is warranted. Record the method
of recovery in the LRB.

C-104 MN C-104 RIN2

5.2.5 Add the contents of the container labeled”5 wt ‘%0dilution” via the tank outside
the cell to RIN ~d RJN2 and then to the slurry reservoir following ”1.0 Start-up”
operations in .BNFL-TP-29953-020.

+ g,f-$s - Ati Come L ++’- tih fJ4 d
O.oi&lfl~O+-

. . e- the level in the sluny reservoir.
*.

i[

+

Height P 4 Y inches

-% Lfi~ .- -—------;]

5.2.7 Obtain two slurry samples of at least 20 grams each following “7.0 SlurrY
Sampling” in BNFL-TP-29953-020 and using the pre-labeled sample vials. These
will be used for physical property and particle size distribution analyses. If required,

more than two sample vials may be used. Record the weights and sample numbers in
Data Sheet 3.

a



5.2.8 Using the rheometer”sample cup, obtain 40 mL of slurry material for theological

measurements following “7.0 Slum Sampling” in BNFL-TP-29953-020. This may
require as many as eight samplings to obtain this material.

5.2.9 Adjust the flow to K 2 gpm and the pressure to z 10 psig or turn off the pump
while the rheology of the material is measured. Pour the 40-mL used for theological

measurements back into the CUF.

5.3 Operation

First Test Matrix
5.3.1 Conduct the “3.0 Operation during Ultrafilter Recvcle Mode” operations in

BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should be
monitored and data collected as specified in the operating procedure. After each
condition, the test engineer should initial and date the table below.

/- W kdod k+ !
/ 5.3.2 Weigh each jar with lid and C-104 slurry. Record the weights below.

L$5??C-104 COMP C $? C-104 COMP D
“v ,(J

%7$52 g Total ~’~. ~ x g
!l/p

Total

I 5.3.3 Shake the jars thoroughly then add them to the slurry reservoir. There maybe
some solids left the jars that camot be transferred by shaking. If so, consult with the
co=~izant engineer on recovering these solids. DI water addition or scraping the sides

\
with a spatula could be attempted. Record the method of recovery in the LRB.



5.3.4 Record theweights of thejarad lidinthe spaces provided below. Calculate the
amount of material remaining in the jar. If the differences below are> 2 g or

significant solids are visible, fin-ther solids recovery is warranted. Record the method
of recovery in the LRB.

J

$P’

C-104 COMP C C-104 COMP D &

.$ ~Lid i~~~ “

$

Tare37$Yd

\
y;$[,~ !::L’d 2 g$@y/47 3y7#5LY

?j“byl Total j.q~b g Total “1.7 <~ g - r(%qq
$+ ~.3.~ b AM /J d’ Fi’,)vflI?ltia-2 & c h slurry mservk- -)

5.3.5 Obtain two slurry samples of at least 20 gr$ms each following “7.0 SlurrY
Sampling” k BNFL-TP-~9953-020 and using the pre-labeled sample vials. These
will be used for chemical ahd radiochemical analysis. If required, more than two
sample vials may be used. Record the weights and sample numbers in Data Sheet 3.

+-fls
5.3.6 Tare-weigh the 1-L bottle labeled “C-104 Filtrate#~.” 2[~~

;;,,;%7=,Weight of empty “C-104 Fihrate#~ with hd
/.

5.3.7 Pre-weigh one of the labeled 20-mL glass sci~tillation vials and record its
weights. Mid-way through the following step (5.3.8), obtain two filtrate samples of at

least 20 grams following “8.0 Filtrate Sampling” in BNFL-TP-29953-020. If
required, more than two sample vials may be used. Record the weights and sample
numbers in Data Sheet 3. These will be used for chemical and radiochemical
analyses.

5.3.8 Conduct the “4.0 O~eration durins Ultrafilter De-waterinu Mode” operations in
Bl@L-T.P-29953-020 using the optimum conditions from step 5.3.1. Fill “C-104
Filtrate~” to the ~-mL line.

4r?- io~~ ~L

5.3.9 Replace the lid on the bottle and weigh.
\ (s4 .03

Wpight of “C-l 04 Filtrate#~’ with lid
~k

g
Total weight of material removed { i04’lJT.~ g ~~

~

~m 5. ~:
i, (07-G .00 ~ *1

5.3.10 Record the level in the slurry reservoir.

Height tiof- d~?lc, inches
+ ~’/ ~~_ ~~fi~i fl _

7
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Second Test Matrix
5.3.11 Conduct the “3.0 Operation during Ultrafilter Recvcle Mode” operations in

BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should be

monitored and data collected as specified in the operating procedure. After each

condition, the test engineer should initial and date the table below.

Transmembrane Initial and date
Condition Flowrate (gpm) Pressure (psig) when complete

1 4.20 50
2 4.20 30 X$iki .
3 4.20 70 /(/
4 3.13 Optimum fi-om 1

5 5.23 Optimum from l’+ y/LL\

6 4.20 50
L-

/ %7’t.$v k%s--lw

Three TVater Washes

5.3.12 Weigh all seven one-liter bottles labeled “water wash solution.”

*J%
5.3.13

-,-7

with solution &g &g ,71 y, Zg

Obtain the tare weight of the three empty two-liter bottles labeled “C-104 water

wash permeate#l” through “C-104 water wash permeate#3.”

permeate#l permeate#2 penneate#3

Empty bottle ~qz.$fg

-%-

2~i7 g ~~pa g

%3. ~~> ~~h. “63,4 %
5.3.14 Add one bottle of “water wash solution” to the slurry reservoir via the tank

outside the cell. If the filtrate fluxes have dropped significantly during the run, the

water wash solution can be added to the backpulse chamber. This is done by opening

V7 towards the slurry tank, opexiing the vent valve and then slowly adding solution to

the top of the backpulse chamber. Close the vent valve and backpulse using “6.0

Back pulsing” operations in B~L-TP-29953-020.

5.3.15 Conduct the “4.0 Operation durinq Ultrafilter De-waterinq Mode” operations in

BNFL-TP-29953-020 using the optimum conditions from step 5.3.14. Fill “C-104

water wash permeate#l .“ Add a bottle of “water wash solution” for each of the first

two graduated marks reached. Switch to “C-104 water wash perrneate#2° when the o

u 8
. >



*

third markis reached. Repeat until allofthe ``water washsolution'' isaddedmd ``C-

104 water wash permeate#3° is filled to its 1660-mL mark.

5.3.16 Weigh the seven empty one-liter bottles labeled “water wash solution.”
-4 ~D.b~

,/ + ‘90<b& #3H “ .~+

Bottle #f
without solution ~;7J g %8-71 g qu?tg % I g

&l j%+ #)

Bottle #5 , #6 #7
without solution @flL~ g 4Q!~~g qo,ng

5.3.17 Obtain the tare weight of a graduated centrifuge tube.

Tare weight of centrifuge tube= ~,f7z.s- g

5.3.18 Obtain 1 slurry sample of at least 10 grams following “7.0 Slu “ “.
~tf~rm,~ BNFL-TP-29953-020 andusingthegraduated centrifuge tube. D~~~;~w;ght

of the sample (Wt=~P,J and the total sample volume (V=WJ. Centrifuge for 15
&W-
+7 ~~,ti%’? minutes full speed, remove, and determine volume of centrifiyjed solids (V,OHJ.

@
&

Weight (tube and sample) = [5,7s7
ebb+;

g.“
.J&’f- Wt,ample=

@q ‘o, Weight (tube and sample) – weight of centrifuge tube= g49U g

f#@’
v=<samole ‘?,‘t mL
vw,i~= 3.75 mL

T
5~a~= =+ ‘a @*LUc’.h@Qr (Al b &+ Nr?msth {: @

5.3.19 Calculate the volume of required leaching solution, 3-M NaOHaq and place in
“caustic leach solution.” Place a mark indicating this volume on the bottle labeled “C-
104 caustic leach permeate#l”.

v~,~ = 3,75 Cc
Volume of 3-M NaOHaq to be used =

34&Q
mL V&pw.7,’1

3 * slurry volume * w@& i Vwllpl,) =
+.mj Mu% %-l”?Q)rd- ( L..: -A : ~il~f~y@iLLfWa+ ~f{,:~, ----~Prm.

5.3.20 Determine the wt ‘Yo solids (Wt%,ofi&)in ~heS1 ide if further de-watering +5
is required prior to caustic leaching. From the following calculation, if it is
determined the wt YO solids is< 17%, then continue to the next step (5.3.21).
Otherwise, skip to step 5.3.23.
In the following calculation 1.75 g/mL is the estimated density of the wet centrifuged



5.3.21Determine the amount of additional permeate to filter out of the slurry.
In the following calculation 5 is a factor accounting for 20 w % solids and 1.05 g/mL @
is the estimated density of removed permeate.

3

,,-

Volume of permeate removed=

(Vslq 1Vsalnple)* [(100/ Wt%~lJ - 5]* 1.75* 0.5* VW~&/ 1.05 - ‘~%~. S
/

-(~ti

7.

‘Jf#--mL
5.3.22 Conduct the “4.0 O~eration during Ultrafilter De-watering Mode” operations in

BNFL-TP-29953-020 using the optimum conditions fi-omstep 5.3.14. Continue
filling “C-104 water wash permeate#3° to the closest 50-m”Lmark associated with the
volume calculated in the previous step.

5.3.23Record the level in the slurry reservoir.

Height ~0~ w&\o.k~ inches 7: “ fro,. * -+$)p.+ +’+ k
-h ‘b St$q

5.3.24 Weight the three fill two-liter bottles labeled “C-104 water wash permeate#l”
through “C-104 water wash permeate#3 .“

perrneate#l permeate#2 permeate#3

..----’-/&-

5.3.25 Obtain three slurry samples of at least 20 grams each following “7.0 SlurrY
Sampling” in BNFL-TP-29953-020 and using the pre-labeled sample vials. If
required, more than two sample vials may be used. Record the weights and sample
numbers in Data Sheet 3.

5.3.26 Using the rheometer sample cup, obtain 40 mL of slurry material for theological
measurements following “7.0 SlurrYSamrdinq” in BNFL-TP-29953-020. This may
require as many as eight samplings to obtain this material.

5.3.27 Adjust the flow to< 2 gpm and the pressure to <10 psig or turn off the pump
while the rheolo=~ of the material is measured. Pour the 40-rnL used for theological
measurements back into the CUF.

10



a Caustic Leach
5.3.28 Tare Weigh the caustic leaching/washing container an@record the level.

Tare weight of Container ~ ~ ~. z g

5.3.29 Drain the system of slurry following”1 0.0 Draininz the System” with the
following changes: rather than placing a container underneath sample port VI Oto
collect slurry, tubing will be connected to the sample port and flow directed into the
caustic leachinghvashing container. Weigh the fill container.

Weight of fill caustic leach container ~ti~&.cd g

5.3.3o Add the half the volume of 3-M NaOHaq to the slurry reservoir and pump

through the system for five minutes. Drain as described above (5.3.29) into the
caustic-leaching vessel. Repeat with the second half of the 3-M NaOH. . If the
filtrate fluxes have dropped significantly during the run, the solution can be added to
the backpulse chamber. This is done.by opening V$towards the slurry tank, opening
the vent valve and then slowly adding solution to the top of the backpulse chamber.
Close the vent valve and backpulse using “6.0 Back pulsing” operations in BNFL-TP-
29953-020.

5.3.31

5.3.32

5.3.33

Determine the weight of 3-M NaOHaq added.
_ ~yy,jl>.” i“~”

+ I’ll-i.‘Lj q.q J?ol. +44 k
Container with 3-M NaOHaq = i%
Container without 3-M NaOHaq = — g fid$- Wmg

(
j$~+.i

f&M\ i151*f6~ I-z?:,..L

Record the level in the caustic leach/wash container.

Level .+ ~~- s,O~r G~ mL
_-J-J )?c~

( ~gj&J +j’?s. b) (’”4 1)
Begin heat& the slurry and set the controller temperature to 85”C.

p‘~&”/r/Ls

Secure the
top on the leaching/washing vessel along with the attached mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
will continue for 8 hours from this time.

Time 85°C is reached

Shutdown time (above time plus 8 hours)



~ 5334 Obtain the tare weight of the two empty 2-L bottles labeled “C-104 caustic leach. .
perrneate#l” and “C-104 caustic leach perrneate#2.” o

permeate#l perrneate#2

Empty bottle Mg ~

caustic leach. When leaching is complete, stop the heating/mixing the caustic leach.
Add approximately 2000-mL of the leaching slurry to the slurry reservoir.

5.3.36 Begin pumping the slurry through the CUF with V4 closed using the optimum
conditions from step 5.3.14. Allow the temperature to rise to 85°C. Continue heating
the caustic leach/washing container during this time. Record the time 80”C is
reached.

Time 80”C is reached

5.3.37Conduct the “4.0 Operation dm+w Ultrafilter De-waterhw Mode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3.14. Fill “C-104
caustic leach penneate#l .“ Add an additional 500~mL of slurry to the reservoir for

?
j~~fi,t- each -mL of permeate removed. Repeat until “C-104 caustic leach perrneate#l” is

fil ed to its mark made in step ~ ,~~ all of the slurry has been added to the
$

*
reservoir. Rinse the caustic leach% ssel with an additional 100-mL of DI water or the
quantity of water evaporated (whichever is greater) to remove any residual solids on
the bottom or sides and add to the reservoir. Determine the weight of DI water added.

Container with DI Water= ~g
Container without DI Water= ,/ ~ “[s Q”~4

* Cuf

5.3.38 Obtain 1 slurry sample of at least 10 grams following “7.0 Slurrv SamDlinq” in
BNFL-TP-29953-020 and using the graduated centrifuge tube. Determine the weight
of the sample (W~,wJ and the total sample volume (V=w,,). Centrifuge for 15
minutes at fill speed, remove, and determine volume of centrifuged solids (V~O1i&). .

Weight (tube and sample) = l~,@ g’
Wt,,mp,e= 7,QS~6 ~ >
Weight (tube and sample) - weight of centrifuge tube= $? ?3s- g

v=ssmple 6 .q mL

‘solids =
i.q mL



e 5.3.39 Calculate thevolme ofrequired washing solution (O.Ol-MNaOHaq) forthe next
two washes tid place in “caustic wash solution# l” and “caustic wash solution#2.”
Place marks indicating this volume on the bottles labeled “C-104 caustic wash
permeate#l” and “C-104 caustic wash permeate#2”.

Volume of O.01-MNaOHaq to be used =
i~fz% nl.=4 * slurry “volume* (v,~li&/ V,.~PJ

~2@\ :7 $--~ ffim q~ ~@o*~
+

o.~>
5.3.40 Determine the wt VO solids (WtYOWli&)in the slurry to decide if further de-watering

is required prior to the next two caustic washes. From the foIlowing calculation, if it
is determined the wt ‘?Ao solids is <17 Yo, then continue to the next step (5.3.38).
Otherwise, skip to step 5.3.40.
In the following calculation 1.75 g/mL is the estimated density of the wet centrifuged
solids and 0.5 g is the estimated mass of solid material per gram of wet centrifuged
solids. + 1.7s

* L-f g/M ~
WtYO~Ii*= 10070. ~ ,V,~fi&* @ * 0.5/ Wt*~P\,

I I.& -w~~o .0(- ~4.s2Ldt%
5.3.41 Determine the amount of additional permeate to filter out of the slurry.

In the following calcu~ation 5 is a factor accounting for 20 wt % solids and 1.10 g/mL
is the estimated density of removed permeate.

Volume of permeate = [(100/ Wt%~fi&)- 5]* 1.75* 0.5* ‘~~~,&/ 1.10 G

= mL

5.3.42 Conduct the “4.0 Operation dunn~ Ultrafilter De-watering Mode” operations in
13NFL-TP-29953-020 using the optimum conditions from step 5.3.14. Fill “C-104
caustic leach pexmeate#2° to the closest 50-rnL associated with the volume calculated
in the previous step.

h ~ S(wrr+ pfi~ Yw@d ~

Height S7S c~ -

5.3.44 Weight the two full two-liter bottles labeled “C-104 caustic leach permeate#l”
and “C-104 caustic leach permeate#2.”

permeate#l perrneate#2

With permeate -~
(q45.55 g

13



First Dilute Caustic Wash
5.3.45 Drain the system of slurry following “10.0 Draining the Svstem” with the

following ch~ges: rather than placing a container underneath-sample port V1O to
collect sluny, tubing will be connected to the,sample port and flow directed into the
caustic leaching/washing container.

5.3.46 Add the above volume of O.01-MNaOHaq @ the slurry reservoir from “caustic
wash solution#l” and pump thrcmgh the system for five minutes. Drain as described
above (5.3.42) into the caustic-leaching vessel. Determine the weight of O.01-M
NaOHaq added.

Container with 0.01-M NaOHaq =
Container without O.01-MNaOHaq = ~: l~owb0.0\ ,PJji:o(+

5.3.47 Begin heating the slurry and set the controller temperature to 85”C. Secure the -
top on the leaching/washing vessel along with the attached mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
will continue for 8 hours from this time.

Time 85°C is reached Q~: ‘s@M

6~3hM&JShutdown time (above time plus 8 hours) _ __

5.3.48 Obtain the tare weight of the empty two-liter bottle labeled “C-104 caustic wash
permeate#l.”

perrneate#l

Empty bottle

5.3.49 Begin heating the CUF approximately 15 minutes before until the end of the
caustic wash. When washing is complete, stop the heatinglmixing the caustic wash.

/

Add approximately 2000-mL of the washing slurry to the slurry reservoir.

5.3.50 Begin pumping the slurry through the CUF with V4 closed using the optimum <a ;?:,
conditions from step 5.3.14. Allow the temperature to rise to 85”C. Continue heating 1 ;
the caustic leach/washing container during this time. Record the time 80”C is \JrJ $(’1

reached.

Time 80”C is reached
4

“f~:y~ M

g~jg C
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5.3.51Conduct the “4.0 Otieration duiin~ Ultrafilter De-waterinszMode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3.14. Fill “C-104
caustic wash permeate#l .“ Add an additional 500-mL of slurry to the reservoir for
each 500-mL of permeate removed. Repeat until “C-104 caustic wash permeate#l” is
filled to its mark made in step 5.3.36, and all of the slurry has been added to the
reservoir.

5.3.52 Record the level in the slurry reservoir.

Second Dilute Caustic Wash
.& &J! L &-

/
5.3.,53 Drain the system of slurry following”1 0.0 D&inin~ the System” with the

following changes: rather than placing a container underneath sample port V1Oto
collect shny, tubing will be comected to the sample port and flow directed into the
caustic leaching/washing container. /.

5.3.54 Add,the same volume of O.01-MNaOHaq to the slurry reservoir as in the
previous wash from “caustic wash solution#2° and pump through the system for five
minutes. Drain as described above (5.3.49) into the caustic-leaching vessel.
Deteg-nine the weight of O.01-M NaOHaq added.

l~jdf+ O,c I&p..
Container with 0.01 -M NaOHaq = /
Container without O.01-M NaOHaq = ~: ;07.(%)‘i7d

5.3.55 Begin heating the slurry and set the controller temperature to 85”C. Secure the
top on the leachinglwashing vessel along with the attached mixer. Initiate steady
mixing. Wait until the slurry temperature reaches 85°C and note the time. Leaching
will continue for 8 hours from thk time. .

Time 85°C is reached

Shutdown time (above time plus 8 hours) ~ ~: @&M

5.3.56 Obtain the tare weight of the empty two-liter bottle labeled “C-104 caustic wash -
permeate#2.”

permeate#2

Empty bottle 19L.q ~ g

5.3.57 Begin heating the CUF approximately 15 minutes before until the end of the
caustic wash. When washing is complete, stop the heatinglmixing the caustic wash.
Add approximately 2000-mL of the washing slurry to the slurry reservoir.



5.3.58 Begin pumping the slurry through the CUF with V4 closed using the optimum
conditions from step 5.3.14. Allow the temperature to rise to 85°C. Continue heating e
the caustic leach/washing container during this time. Record the time 80”C is
reached.

Time 80°C is reached ~s:/~@~M

5.3.59 Conduct the “4.0 Operation during Ultrafilter De-watenn~ Mode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3;14. Fill “C-104
caustic wash penneate#2.” Add an additional 500-mL of slurry to the reservoir for
each 500-mL of permeate removed. Repeat until “C-104 caustic wash permeate#2° is
filled to its mark made in step 5.3.36, and all of the slurry has been added to the
reservoir. Rinse the caustic wash vessel with an additional 100-mL of 0.01-M
NaOHaq to remove any residual solids on the bottom or sides and add to the
reservoir. Determine the weight of 0.01-M NaOHa9 added. Cover the washing
vessel.

5.3.60

5.3.61

Container with O.01-M NaOHaq =
Container without O.01-MNaOHaq =

Record the level in the slurry reservoir.

Height
“3”
7 )Q inches %.+ +0/2GJk- F@ QJ Ww’m ~

~OZS,T~‘a \“$Q/corQ.qp ~% gJ dl’+iq re*.w-’-
Weight the two fill We-liter bottles labeled “C-104 caustic was permeate 1

and “C-1 04 caustic wash permeate#2.”
>}3” ‘d ),* .

~~~,atJ#l permeate#2 /yp2

With permeate ‘ m~Ly q/@-f

TqrQ WUj~ CQm)Ci$~w -/vb ~gTestinq Finale
5.3.62 Obtain 1 slurry sample of at least 10 grams following “7.0 Slurrv %rnuling” in

BNFL-TP-29953-020 and using the graduated centrifuge tube. Determine the weight
of the sample (Wt,~~J and the total sample volume (V,,mp,c).Centriii.ge for 5
minutes, remove, and determine volume of centrifuged solids (V,Oli&).

Weight (tube and sample) = \5[GG g

‘<ample =

Weight (tube and sample) – weight of centrifuge tube= T, P/z g

v= (~
.

).

sample mL
V,~li&= f.ti mL



5.3.63Determine the amount of additional permeate to filter out of the slurry to reach 25
wt 0/0 solids. Mark “C-104 permeate#2° at this volume.
In the following calculation 4 is a factor accounting for 25 wt % solids, 1.75 g/mL is
the estimated density of the wet centrifuged solids, 0~5g is the estimated mass of
solid material per gram of wet centrifuged solids, and 1.05 g/mL is the estimated
density of removed permeate. &!@

e ~“??,%
Volume of permeate = [wt~.ltl~l~- (4* ‘* ‘.7 ‘,~lJ] / 1.05

,( ).

&

.@!* V..m+%

= !Y3~ ‘b!..! mL

v,ml %
5.3.64 Tare-weigh the l-~ bottle labeled “C-104 Filtrate#2.”

Weight of empty “C-104 Filtrate#2° with lid
&g

5.3.65 Conduct the “4.0 Operation during Ultrafilter De-watenn~ Mode” operations in
BNFL-TP-29953-020 using the optimum conditions from step 5.3.14. Fill “C-104
Filtrate#2° to the mark made in step 5.3.59.

5.3.66 Record the level in the slurry reservoir.

\
Height \ inches

5.3.67 Replace the lid on the bottle and weigh.

\
Weight of “C-104 Filtrate#2° with lid
Total weight of material removed +;

.3.68 .Using the rheometer sample cup, obtain 40 mL of slurry material for theological
t measurements following “7.0 Slurrv Samt)ling” in BNFL-TP-29953-020. This may

require as many as eight samplings to obtain this material.
~afe P@I~!lcj ( C-loq ~~Q~ %’.pl~ K&d y

7?)i 5.3.69 Adjust the flow to <2 gpm and the pressure to <10 psig or turn off h pump
while the rheology of the material is measured. Pour the 40-mL used for theological
measureme

d!

back into the CUF.

Fflai Wqhf -@/q.:@’
J

th+(l C’igfiGQ ishyl~ Rkalq(jy

V 5370 Increase the flow and press re to its optimal value and repeat step 5.3.68 and. .
5.3.69 for a second 40-mL slurry sample.

V 5371 Obtain three slurry samples of at least 20 grams each following “7.0 Q. .
Sam~linq” in BITFL-TP-29953-020 and using the pre-labeled sample vials. If
required, more than two sample vials may be used. Record the weights and sample
numbers in Data Sheet 3.

17
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Drainin~ and Rinsinq the Svstem
~ 5.4.1 Tare-weigh the2-Lbottle labeled ``C-104 final sample.'' e

Weight of empty “C-104 final sample” with lid

/

jz. 1( &+ -7 +: d%w;
5.4.2Drain the system of slurry following”1 0.0 Drainins the Svstem” into” -104 final ~ p’, ‘i”

samDle.” -b-’&. ./
,- LOF ~’”ww

~ 5.4.3 Add the 1-L of filtered, distilled water in “cm rinse” to-~eservoir. open V4

and pump through the entire system for 5 minutes. Vr-=/o~/. g7
*

Gtic yqv. 222

~lq ‘])7~

~5.4.4 Back-pulse the system once following “6.0 Back-Pulsing.” K3

w 5.4.5 Shutoff pump md drain the system following “1().()Draining the System” into

“C-104 final sample.”

~5.4.6 Allow the slurry to settle in the 2-L bottle. Analysis of the permeate from the
h/Q~ ~r raf~$iond caustic wash, “C-104 caustic wash permeate#2,” will determke if further

~ \faYwashing is required. If no further washing is required, decant off the liquid on top of
. the settled slurry into “C-104 decant” until 1 to 2 inches of liquid remain. Weigh the

amount of liquid removed.

Weight of empty “C-104 decant” with lid g
Weight of full “C-104 decant” with lid g

5.4.7 Conduct the “9.0 Rinsing the svstem” operation in BNFL-TP-29953-020. The
first rinse should be done with 1-L of filtered, distilled water. This liquid should be
collected and saved in the container labeled “CUF C-104 First Wash.” The second
rinse should be done with 2-L of filtered, distilled water, and the final rinse with 1-L
of filtered, distilled water. The second and third rinses should be collected separately
from the first in the alkaline rinse storage container. Filtrate flow rates should be
checked with the third rinse to determine if an acidic rinse is required. The acidic
solutions, if necessary, should be placed in a separate container.

5.4.8 Conduct the “3.0 Operation durinu Ultrafilter Recvcle Mode” operations in
BNFL-TP-29953-020 using the conditions below and the 1-L of filtered, distilled
water in “shut-down water.” Filtrate flow rate should be monitored and data collected
in the operating procedure. Each test should be performed for only 20 minutes and
the system should be back-pulsed.
initial and date the table below.

After each condition, the test engineer should

18



I Trammembrane Initial and date I
Condition Flowrate (gpm) Pressure (psig) when complete

1 4.20 20I I
2 4.20 10
3 4.20 30

5.4.9 Conduct the”1 1.0 Shutting down” operation in BNFL-TP-29953-020.

5.4.10 Conduct the “12.0 Lay Up” operation in BNFL-TP-29953-020.

5.4.11 Remove and weigh all appropriate samples horn all permeate bottles.

6.0 Sample Analysis
The point of contact for physical property sample analysis of the slurry samples is Paul
Bredt. The point of contact for the sample analysis of the filtrate, wash, and filtered solids
samples is Mike Uric and Rick Steele.

6.1 Slurry Sample Physical Analysis

The slurry samples taken following the de-watering step.will remain in A-cell for physical

testing. These samples will be used for obtaining the following information: bulk density,

supematant density, particle size distribution, volume percent settled and centrifuged solids,

and suspended solids loading. Each of these analyses will be done in duplicate. The

viscosity of these samples was performed previously during testing in Section 5.0.

6.2 Chemical and Radiochemical Analysis
The following samples should be transferred to the SAL hot cells for prep work and analysis.
G One sample from the first de-watering step, 5.3.4.
● One sample taken from the bottle labeled “C-104 water wash permeate#l°
. One sample taken from the bottle labeled “C-104 water wash penneate#2°
s One sample taken from the bottle labeled “C-104 water wash perrneate#3”
. One sample taken from the bottle labeled “C-104 caustic leach permeate#l”
● One sample taken from the bottle labeled “C-104 caustic wash permeate#l”
● One sample taken from the bottle labeled “C-104 caustic wash permeate#2°
. One sample taken fi-omthe bottle labeled “C-104 decant”

The following will be performed on these samples: TOC/TIC and IC on the original sample
and acid digestion followed by GEA, Sr-90 analysis, ICP-MS for Tc-99, total alpha and ICP-
AES.

.
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Appendix B: Testing Mass Balance

B.1



I

~

DateTfime Description
Volume : Density

~ Caustic
Mass (g) : Molarity

Undksolved Solids Weight. Percent
(mL) (g/mL) ~

(M) (g) UndissolvedSolids

Rinl 265 272.4 ~ 1.03 : 0 5.5.2 20.3%

Rin2 140 140.9 i 1.01 lo 13.1 9.3%

Comp C 410 605.7 ~ 1.48 lo 171.1 28.2%_-. —._—-—
InitialPre-testSample#l 756 944.9 .1 1.25 ~ O ; 239.3 25.3%

Amountlost 2 2.6 ~ 1.25 lo’ 0.7 25.3%
I

EffectivePre-testSample#1 754 ‘ 942.3 ; 1.25 ! O ~ 238.7 25.3%
InhibitedWaterAdded ‘–1458 ‘ 1458.3 I 1.00 ~ 0.010 ~ o’ o%
Slurryremovedforlater 886 962.02 ~ 1.09 / 0.007 ; 95.6 9.9%
InhibitedWaterAdded 1185 1185.2 ! 1.00 ~ 0.010 ~ o 070
Inhial TestSample#1 2511 2623.8 i 1.055 \ 0.008 I 181.0 6.9%
SlurrySample.-001 19 20.5 1 1.055 0>008 ~ 1.4 6.9%
slurry samDle -002 19 ~ 20.4 [ 1.055 I 0.008 ~ 1.4 ‘ 6.9%I

I I I

24-Aug-99 Fhst Test Matrix I

& Dewatering 1
1;1

DeWateredfiltrate(-019) 1942 ; 1975.8 I 1.02 0.008 ; o: 070
SlurryIte-addition 886 962.02 ~ 1.09 0.007 \ 95.6 ; 9.9’%.

Anount lost I 3 ‘ 3.0 1 1.09 0.007 ~ 0.3 ‘ 9.9~o

CompD addition 1 425 608.50 i 1.43 Oi 170.9 ! 28.l”A
Amountlost I 2~ 2.4 I 1.43 ,o~ 0.7 I 28.l”A
SlurrySample-003 18 : 20.80 j 1.15 0.006 \ 4.8 j 23.29’.

SlurrySample-004 I 18 20.73 ~ 1.15 ~ 0.006 ~ 4.8 : 23.2°h
TestSample#2 1801 ~ 2131 I 1.15 i 0.006 I 493.8 I 23.2%
Dewateredfiltrate I 94 ; 100.0 i 1.06 0.007 ~ o 0%
Filtrate Sample-005 I 20 ! 21.6 I 1.0602 0.008 ! 0: 09(0

!
25-Aug-99 Second Test Matrix 1

\
25-Aug-99 Water Washes I I

!

TestSample#2 1 1765 : 2089.1 ~ 1.18 0.006 ! 484.2 ~ 23.2%
WaterWashes-Added #1 ~ 716 716.07 1.00 i 0.01 ~ o: 0

#2 : 716 715.81 ~ 1.00 I 0.01 \ 0; o
#3 i 715 715.15 i 1.00 ~ 0.01 0: 0
#4 j 716 i 715.62 i 1.00 ~ 0.01 I o I o
#5 i 715 714.93 \ 1.00 I 0.01 i o ~ o
#6 ; 715 715.36 I 1.00 \ 0.01 1 0, 0
#7 : 714 ~ 714.16 i 1.00 ~ 0.01 ; 0; o

RemovedWashPermeate #l , 1717 1771.82 1.0318 ! 0.009 : 0 09’0
#2 1736 1748.02 ! 1.01 / 0.009 o 09!0,

1 1 #3 ‘ 1653 1653.61 1.00 ! 0.009 o 070 -1
LOstPermeate I 606 613.84 1.01 ~ 0.009 0 0’%0
RemovedCentrifisgeSampIe 7.4 ‘“ 8.96 1.21 ; 0.01 ; 2.03 ~ 22.6%
TestSample#2 1052~ 1300.0 : 1.22 ~ 0.009

—-
432.2 I 33.2%

SlurrvSanmle-006 10 11.95 1.22 i 0.009 4.0 33.2% 4
L

Slu~ Sample-007
—.- .— —.—
9 10.52 1.22 ‘ 0.009 3.5 ‘— 33.Mo

Inhibited Water Added 649 ‘“ 649.1 1.00 0.010 — o 0%
InhibitedWaterLost 15‘--- 15.0 i .00 0.010 “—--”—-—

—.——.-
0 0% 1

[

—
TestSample#2 1648.0 “- 1911.6 1.16

—-. .
0.009 424.3 ‘— 22.2%

SlurrySample-008
——

13.3 15.4 1.16 0,009 22.29’0-.
SlurrySample-009

— .—
13.0 15.1 : 1.16 ‘1

—— ..—.
0.009 3.3 22.2%-. _——



Date~ime Description

lShmy Sample -010—.. —-
1

85°C
Evaporation
TestSanmle#2
Shurylostintransfer
WaterAdded
RemovedLeachPermeate

I
]PerrneateSample-011——
ITestSmrmle#23 .
lRemovedCentifuze %nmk-.
1WaterAdded
I

Volume Density
Caustic ~~ndi=olved Solids,

Weight Percent
(mL) Mass(g) (g/mL) ‘~~ ~ (g) UndissolvedSolids

P
15.5 18.0 1.16 ; 0.009 ! 4.0 : 22.2’70

I
,
I

2570 2899.3 1.13 ~ 3.0 ~ 0: o%
I I

I
I \

169 169 1.00 : 0 ! o I o%
3955.4 4593.4 1.16 I 1.928 ; 380.7 8.2878%

17 20 : 1.16 j 1.928 ~ 1.2 j 6.1599%
100 ~ 100 1.00 ! 0.000 [ 01 o%

#1 1525 : 1669.87 ~ 1.09 i 1.928 I o~ o%
#2 , 1186 ~ 1298.97 1.09 j 1.928 I 0: 0’%

15 16.5 I 1.09 1.93 i o~ o%
\ 1311.4 ! 1688.0 1.29 i 1.782 ~ 379.5 I 22.4792%

6.9 ‘ 8.44 ; 1.22 ! 1.782 ] 1.5 ]7.2134’%

107 : 107.18 1.00 i 0.000 I 0! o%
1

27-AuK-99 lCausticWash #1 1 I I I, , 1
10.01MNaOHAdded I 1405 ~ 1405.2 ~ 1.00 ; 0.01 Oi. 070
ICooked for 8 hours @, I I I

i85°C I I I I[ , I
Evaporation I 100 ~ 100.0 ; 1.00 j o ~ o~ o%
TestSample#2 ~ 2716.9 ] 3092.0 ~ 1.14 i 0.861 / 347.8 I 11.29(0
RemovedWashPermeate #l ~ 1601 ! 1671.33 I 1.044 0.861 0! 0’+’0

28-Au~-99 lCaustic Wash #2 — T

I II I 1 II I r I @
WaterAdded 107 ~ 107.19 ; 1.00 ~ 0.000 ~ Oj o%
0.01MNaOHAdded I 1405 I 1405.0 ] 1.00 I 0.01 ! o I o%
Cookedfor 8 hours@ 1 \

185°C I I
Evaporation 100 \ 100.0 I 1.00 \ o \ 0! o%
TestSample#2 ~ 2528.2 ~ 2832.9 ~ 1.12 I 0.386 340.8 ! 12.070
RemovedWashPermeate #2 i 1435 i 1453.04 i 1.0125 ! 0.386 I o 1 0??
InhibitedWaterAdded 157 ; 157 ! 1.00 ~ 0.01 Oj o% -
WaterAdded 363 ~ 363 ~ 1.00 ~ o 0! 0?/0
TestSarnoIe#2 1629.6 ; 1900.1 : 1.17 I 0.262 340.8 ! 17.9%

ActualTestSample 954.8 1113.2 1.17 0.262 \ 211.0 I 19.o’%
r RemovedCentrifugeSample I 6.7 7.81 1.17 \ 0.262 ~ 1.5 ~ 19.0%

SlurrySample-012 9! 10.72 I 1.17 : 0.262 I 2.0 ! 19.0’70
SlurrySampIe-013 I 14 , 16.53 { 1.17 ~ 0.262 ~

.—
3.1 19.0%

SlurrySample-014 14 ! 16.22 ~ 1.17 \ 0.262 ~ 3.1 19.0’%
t <

FinalTestSample 910.8 ~ 1062.0 1.17 : 0.262 i 331.1 : 31.2% -—

TheoreticalTestSmpl#2
———

I

with #7 stillin 2479 ~ 2803.3
.—..

1.13 f 0.009 ~ 484.2 17.3~o
Liquidthatwouldhavetobe

—— .-.—.
_-—_—

removedtoreach36.6wt%0 1302 1328.0 1.02 0.009 0: 0’%
TheoreticalTest Sample#2

.—, 1177
——..

: 1475.3 1.25 : 0.009 398.2 ~ 27.o~o

a
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Slurry Samples Analytical Evaluation

The ICP and GEA data fromthe acid digestions and fhsion for samplesCUF-C104-O10,-013,
and -014 were evaluated. The samples and duplicates for samples -010 and -013 were found to
be very inconsistent. The original material from these samples was acid digested a second time
and re-run for both ICP and GEA. The results of these re-runs indicate that:

The originalacid digestion and fhsion data for CUF-C104-O1Oand CUF-C104-O13
“samples”(but not duplicates) are mixed up. That is, the CUF-C104-010Sample
results shouldbe reported as CUF-C-104-013Sample results and vice versa.

The variability in the samplesand duplicates are higher than normal, suggesting
significantheterogeneityof the subsamplesprocessed (by fision and acid digestion)
for analysis.

Someof the variability noted is due to the differences betsveen the digestion
techniques and the after processing additions. The original acid digestions and
fisions were process per procedure and had some small quantity of residue evident in
the preparation media. The rerun acid digestions added a little hydrofluoric acid to
assist in maintaining volubility of some of the analytes.

A look at the overall analysis indicates that the KOH fusion for CUF-C104-O13 D
was not representative of the homogeneous sample and was thus not included in the
mean.

*
The attached file summarizes selected analytes based on “as reported” and again after switching
the sample results for the -010 and -013 “samples” and removing the KOH fision for CUF-C 104-
013 D. Although the RSDS are a little higher than normal after “switching”, the data appears
quite consistent with the rerun acid digestions.



‘4
Ca
Cr
Fe
Mn
N?.
Ni
Pb
m
u
%r

CO.60
CS-137
Eu-154
Eu-15S
Atn-241

Al
Ca
Cr
Fe
Mn
Na
N,
Pb
m
u
Zr

CO-60
CS-137
Eu.154
Eu-155
AM-241

34000
8310
1800

87500
19200
57300
5450
2760

117000
98200
41700

.

158000
4850
1720

49200
11300
33400
3160
1660

68900
55900
38600

1s1000
S230
1760

48000
10900
35100

1800
64900
49600
59200

0.259
55.9
2.27
1.36
6.53

114467
6152
1782

60917
13700
41467

3708
2108

72233
64267
62033

0.286
55.2
2.63
1.54
5.13

100000
3110
1090

31000
7150

20200
2010
1050

43200
34800
26700

34800
8640
1860

89900
20000
59100
5700
2880

119000
10400
39900

74300

6900
1800

65800
15000

46300

2360
77500
68200
82500

0,352
55.9
3.29
1.94
10.2

68600

7033
1800

72433
16058
50183
4850
2435

93683
66450
75300

0.353
53.1
3.38
1.97
10.9

55%
21%
8“/0

25yo
22V0
2oQ/o
4~o

21%
36%
64%
460/0

10%
10%
12%
7~o

16%

67460
7060
1800

73760
16270
50960
4850
2450

96920
66100
73860

56%
36%
23%
384/0

36%
39%
39%
37”/.
420/,
69%
580/,

bluehighlight= 010 md 013 resultswithed (i.e., assumedsamplesstithed)

100000
3110
1090

31000
7150

20200
2010
1050

43200
34800
26700 1

151000
5230
1760

48000
10900
35100

1800
64900
4!)600
59200

0.259
55.9
2,27
1.36
6.53

139167
4827
1633

47367
10725
33350

2848
1662

53000
49500
52483

0,251
55.4
2.30
1.37
6.93 —

34000
8310
1800

87500
19200
57300
S450
2760

117000
98200
41700

34800
8640
1860

89900
20000
59100
5700
2880

119000
104000
39900

74300
6900
1800

65800
15000
46300

2360
77500
68200
82500

0.352
55.9
3.29
1.94
10.2

43900 43% 37820 12%
8358 l1% 8650 3“/9
1948 7Ye 1978 7%

85983 16% 90020 5~o
19033 13% 19840 3%
58300 13% 60700 10%
5710 3% 5710 4%
2882 12% 2986 60/0

112917 219/0 120000 9“/0
96817 21% 102540 11%
84850 43% 85320 48V0

0.388 12%
52.9 10%
3.72 11%
2.14 13%

11.90 10%



Al
Ca
Cr
Fe
M.
N%
Ni
r})
Th
u
Zr

CO-60
CS-137
Eu-154
Eu-155
Am241

Al
c.
cc
Fe
M.
N.
Ni
PI,

ml
u
Zr

CO-60
CS-137
Eu-154
Eu-155
AIII-241

14 014
‘d,’s KOH

9-2526 99-2526 Avemge

33700 34100 339(
8310 8270 82$

1830 1950 18$

87800 85300 865!
19300 19200 192!
54300 51900 531(
5480
2740 2970 28!

114000 77300 956:
100000 86700 9335
51200 104000 776[

0.428
57.8
4.1

2.52
12.7

14 014
cid KOH
1-2526 99-2526 Average

33700
8310
1830

87800
19300
54300
5480
2740

114000
100000
S1200

34100
8270
1950

85300
19200
51900

2970
77300
86700

104000

0.428
57.8
4.1

2.52
12,7 I

33900
8290
1890

86550
19250
53100

2855
95650
93350
77600

59925 55%
7348 27%
1823 180/,

75963 29%
16856 28”/o
50913 30”/0
4976 33%
2540 28V0

9417s 35%
73175 50%
75875 47”/0

0,368 13”/0
54.0 8“/0
3.52 14%
2.08 14%
11.2 17%

13itnd014
vemge RSD
Ming 013 KOH)

36700 38V0
8547 7%
1953 7V0

89029 10“/0
19671 9“/0
58529 12“/0
5664 4%
2949 9%

113043 19%
99914 15%
83114 41%

--J
0.396 9%
53.9 8%
3.79 9%
2.22 12%
12.1 9%
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Battel/e PNNf#325B/d~RPG4norganic Analysis ...
iCPAES Data Report

Project: 29953
Client: K. Brooks

----------------------------------------------

ACL Number(s): 99-2523 through 99-2535
------- —-----—------------- ——----------------

Client ID: “CUF-C104-OO5” through “CUF-C104-O15”
--—----------------------------------------

ASR Numbe~ 5500
-------------------------------------------------

Total Samples: 13

- ----------------------------------- -----------

Procedure: PNLALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst: JJ Wagner

Analysis Date (Filename): 9-15-99 (A0543, ALO-128),

9-24-99 (A0544, ALO-l 15 K/Ni fusion),

9-28-99 (A0545, ALO-129 [K & Ni only])

See Chemical Measurement Center 98620: lCP-325-405-1 File for Calibration and
Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520

Metier AT400 Balance – Ser.No. 360-06-01-029

Page 1
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Battelle PNNU325 Bld#RPMnorganic Analysis .. .
/CPAES Data Report ID

Nine radioactive licwid sanmles, CUF-C104-OO5through CUF-C104-O15 (ACL# 99-2527
through 99-2535), were analyzed by ICPAES after preparation by the Sample Receiving and

Preparation Laboratory (SRPL). Samples were prepared by SRPL using PNLALO-128 acid

digestion procedure and plastic vials. Approximately 4 ml of sample (weighed) was processed

and diluted to a final volume of 20ml. The final volume was weighed and the density estimated.

Density of each original supernatant sample was also estimated by weighing a ten ml a.liquot.

Upon addition of nitric acid some samples formed a gel (CUF-C104-O16, the duplicate and CUF-

C104-O2 1, and duplicate)., Additional acid solubilized the gel. AJ1.erdigestion all samples were

brought to 20rnl volume, remained clear, and did not require filtering. Some material was lost

during processing ofCUF-C104-O11 duplicate and was therefore not analyzed.

Four radioactive solid samDles were prepared by Shielded Analytic Lab (SAL), CUF-CI04-004

through CUF-C104-O14 (ACL# 99-2523 through 99-2526), three in duplicate (ACL# 99-2523

through 99-2525), and analyzed by ICPAES. Approximately 0.2g aliquots were used to prepare
samples using fusion procedure PNL-ALO- 115 (KOH/Ni). The fusion samples were diluted to a
final volume of 100 ml and diluted 2.02-fold further using 2% VIVHC1 because of ALARA
radiation dose concerns. Additional dilution of 5-fold was sometimes necessary during ICPAES
analysis because of high sodium, iron, thorium, uranium andor zirconium concentration. Fusion
prepared samples required additional HC1 to dissolve brown precipitates or gels that formed after
samples were fused. All solutions remained soluble after final dilution. ‘e

The four solid samples identified above were also processed using PNLALO-129 acid digestion
procedure for solids by SAL. These samples were analyzed by ICPAES onlv for Ni and K.
Sample size processed varied ffom about O.19g to 0.3 lg. Samples were processed using plastic
vials as requested by client. After digestion each sample was diluted to a final volume of
approximately 20ml. A lml aliquot taken from each processed sample was weighed and the
density estimated by dividing the a.liquot weight by the weight of water using the same pipette.
The final volume of each processed sample was determined using the final weight of processed .
sample divided by the estimated density.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reported are in p.g/g for the solids and pghnl for liquid samples. Volumes and weights
have been recorded on bench sheets and included with this report. Please note, detection limit
for fusion prepared samples have been modified to reflect uncertainties for some analytes due to
unusually high concentration of thorium, uranium and zirconium in the solid samples. Detection
limits were modified as judged by wavelength scans of fusion prepared samples.

I.QfM.m

Page 2
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Batielle PNNU325 Bld~RPG/Tnorganic Analysis ...
ICPAES Data Report

Specific analytes of interest requested for solid samples (ALO# 99-2523 through 99-2526)
prepared using PNL-ALO-115 fusion mocedure are identified in ttble 1.2,page 12, “Analytical
Requirements for Filtrate, Washed Solids, and Wash Solutions” (Washed Solids). Analytes
required included: Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Fe, K, IXLLi, Mg, Mn, Mo,
‘Na, Nd, Ni, Pb, Pd, Sb, Se, Si, Sr, Te, Th, Ti, Tl, V, U,”W, Y, Zn, and Zr.

An additional sample preparation for solid samples (ALO# 99-2523 through 99-2526) was
performed using PNL-ALO-129 acid dkestion of solids. These samples were analyzed for K
and Ni only. Potassium was not detected in any of the samples.

Specific analytes of interest requested for liquid samples (ALO# 99-.2527 through 99-2534)
prepare using PNL-ALO- 128 are identified in table 1.2, page 12, “Analytical Requirements for
Filtrate,3Vashed Solids, and Wash Solutions” (Filtrate, Wash Solutions). Analytes required
included: Ag, Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, Pb, Si, Ti, U, and Zn.

Sample CUF-C104-O15 (ALO# 99-2535) was prepared using PNLALO-128 but analyzed only
for sodium.

The fbsion memred solid sanmles contained high concentrations (1 to 15 Wt%) of aluminum,
iron, sodium, silicon, thorium, uranium and zirconium. The acid digested solid sanmles also
contained high concentrations of the same elements similar to the fused samples but were
generally lower for zirconium, silicon and other refractory elements. Analyze concentration in
the original sample diquot of CUF-C104-OIO was considerably different than the duplicate
aliquot. Aluminum and several other analytes varied greatly (125 to 50%RPD) between sample
and duplicate. The same acid digestion prepared solid sample also had similar high $ZORPD’S.

The liquid samples contained high concentrations of sodium. A few samples had high
concentrations of alu@num. All other analytes measured were much lower in concentration.
Thorium was not detected in any of the liquid samples.

Quality control check-standard results met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES
analysis tolerance requirements under MCS-033.

Page 3
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Battelle PNNU325 BldgLRPG/inorganic Analysis ...
ICPAES Data Report o

Five fold serial dilution:
(Solid samples/fusion)

(Solid samples/acid dig.)

(Aqueous samples)

Results were within tolerance limit of< 10% after correcting for
dilution except as follows. Thorium was somewhat high
(approximately 17%) in only one of seven KOH/Ni fusion prepared
samples, 99-2526-Ni. The discrepancy maybe caused by non-
linearity. The measured concentration was several times higher than
the high calibration concentration of 10 pghn.1. The concentration in
the undiluted sample measured about 75 ~ml.
Analytes of interest included K & Ni only and were within tolerance
limit of S 10!ZOafter correcting for dilution.

All results for analytes of interest were within tolerance limit of S 10%
after correcting for dilution except barium, silicon, chromium, and
‘hickel. Barium concentration varied up to 7390 for sample 99-2527
and 99-2527-D (duplicate). This may be affected by the presence of
sulfate in the sample. When diluted with additional acid, barium
becomes more soluble. Thus the 5-fold dilution measured higher in
concentration (dilution-corrected) than the undiluted sample for both
original and duplicate of the same sample. Silicon concentration
varied by more than 1007o in nearly all samples. The reason for the o
large variability is not clear. Perhaps silicic acid had begun to
precipitate. Depending upon where in the sample vial the dilution
aliquot was withdrawn may have affected the amount of silicic acid
measured in the diluted sample. The undiluted sample typically
measured higher in concentration than the 5-fold diluted sample
(dilution-corrected). Chromium and nickel concentration varied up to
23% difference only in sample 99-2534 but was within tolerance limit
when measured in the duplicate sample.

Dutdicate RPD (Relative Percent Difference):
(Solid samples/fhsion) All analytes of interest were recovered within tolerance limit of < 20%

relative percent difference (Rl?D) except aluminum, thorium and
zirconium in sample 99-2525-Ni and its duplicate, all analytes in
sample 99-2524-Ni and its duplicate, and barium in sample 99-2523-.
Ni and its duplicate. Sample 99-2524-Ni and its duplicate do not
appear to be related or is non-homogenous. Aluminum, thorium and
zirconium appear to be non-homogenous in sample 99-2525-Ni also.
Barium in sample 99-2523-Ni may be caused by the presence of
sulfate in the sample.

Page 4
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Battelle PNNU325 B/d@RPG/inorganic Analysis .m.

/CPAES Data Report

Duplicate RPD (Relative Percent Difference):
(Solid sampleshcid dig.) All analytes of interest were recovered within tolerance limit of S 20%

relative percent difference (RPD) except nickel. A large difference in
RPD for nickel was found between sample duplicates 99-2524 and 99-
2525. RPD for nickel in sample 99-2524 was about 53%, and about
96% RPD in sample 99-2525.

(Aqueous samples) All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD) except for barium, silicon and zinc.
Barium varied by about 60%RPD in sample 99-2527 and 99-2527-D
only. This may be related to the presence of sulfate in the sample as
indicated by the poor recovery of barium when diluted as mentioned
above (serial dilution). Silicon varied up to about 32%RPD in three
samples (99-2527, 99-2531, and 99-2534). The variability between
duplicates may be related to formation of silicic acid precipitate as
mentioned above. Zinc varied up to 57%RPD in three samples
(99-2527, 99-2529, and 99-2530). The reason for the variability is not
apparent. It maybe related to sample homogeneity. In general most of
the analytes me&mred were found to be less than 10%RPD.

Post-S~iked Sanmles (Group A):
(Solid samples/fusion) All analytes of interest were recovered within tolerance of 75% to

125%.

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):
(Solid sarnplesKusion) All analytes of interest were recovered within tolerance of 75% to

125%.

(Solid sampleshcid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Page 5



Battelle PNNU325 Bld~RPGZhorganic Analysis ...

Blank Sdce:
(Solid samples/fusion)

(Solid samples/acid dig.)

(Aqueous samples)

Matrix Stilted Sanmle:
(Solid samples/fusion)

(Solid samples/acid dig.)

(Aqueous samples)

ICPAES Data Report

A blank spike is not require for fusion prepared samples.

None prepared.

All analytes of interest in the blank spike were recovered within
tolerance limit of 80$%0to 120% except Ag (53/54%) in sample
‘99-2527-BS and 99-2527-BS-Duplicate and Zn (61%) in sample 99-
2527-BS only. Chloride from the sample or from the hydrochloric
acid used to prepare the sample using PNL-ALO- 128 digestion
procedure may have precipitated the silver resulting in low recovery.
The apparent low recovery for Zn appears to be caused by zinc
contamination in the associated process blank. The duplicate spike
blank and duplicate process blank indicated a zinc recovery of 91%,
well within tolerance limits.

A matrix spike is not require for fusion prepared samples.

None prepared.

A matrix spike was not prepared due to limited sample availability.

(@litv Control Check Standards (solid samdes/fusionk
Concentration of all analytes of interest in the KOH/Ni fusion prepared
analytical run was within tolerance limit of* 10% accuracy in
standards: QC.MCVA, QC.MCVB, and QC.SSTMCV except as
follows. Beryllium was low (-12%) in QC_MCVA one out of three
times and silicon was slightly high (11%) in QC_SSTMCV one out of
two times.
Calibration Blank (ICP98.0) concentration was acceptable, less than
two times IDL.

High Calibration Standard Check (solid sarnDles/fusion):
Verification of the high-end calibration concentration for all ana.lytes
of interest is within tolerance of * 5% accuracy.

KmLc?2
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Battelie PNNU325 Bld~RPGRnorganic Analysis ...
ICPAES Data Report

C)ualitvControl Check Standards (solid sanmleshicid dig.):
Concentration of all analytes of interest was within tolerance limit of A
10% accuracy in standards: QC_MCVA, QC.MCVB, and
QC.SSTMCV. Calibration Blank (ICP98.0) concentration was
acceptable, less than two times IDL.

High Calibration Standard Check (solid samrdes/acid dig.):
Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of+ 590 accuracy.

C)ualitvControl Check Standards (m ueous sanmles):
Concentration of all analytes of interest in the acid digested aqueous
prepared analytical run was within tolerance limit of A 10% accuracy
in the standards: QC_MCVA, QC_MCVB, and QC_SSTMCV except
as follows. Sodium was high, up to 17% in three of five QC_MCVA
check standard measurements. The high sodium value may be due to
memory effect or carry-over from one measurement to the next. It may
have been caused by not allowing sufficient time to clean out the
sample delivery system between measurements of a previous sample
containing very high concentration of sodium.
Concentration of silicon was greater th~ 2 * IDL (up to 10 times IDL)
in the calibration blank ICP98.O measurement checks dqring the run.
As mentioned earlier, precipitation of silicic acid in the samples may
have been the cause, requiring longer than normal clean-out time
between sample measurements.

High Calibration Standard Check (acweous samples):
Verification of the high-end calibration concentration for all analytes
of interest was within tolerance of k 590 accuracy.

Process Blank
(Solid samples/fusion) All amdytes of interest were within tolerance limit of < EQL or < 5%

of sample concentration in PNL-ALO- 115 KOH/Ni fision prepared
samples. Sodium is known to be present in the reagents used to
prepare the samples but was less than 590 of the lowest concentration
of sodium found in any sample measured.

Page 7



Battelle PNNU325 BldgfRPG/inorganic Analysis .m.

ICPAES Data Report e

(Solid samples/acid dig.)

(Aqueous samples)

All analytes of interest were within tolerance limit of < EQL or c 5%
of sample concentration.

All analytes of interest were within tolerance limit of S EQL or e 5%
of sample concentration except Ba (>> 1“00%of the sample cone.) and
Zn (greater than 17% to 91% of sample cone.) Both blanks appear to
be contaminated with barium and zinc. Barium concentration in the
blanks is much higher than that found in the samples. Zinc in one
blank was five times higher than zinc measured in the duplicate blank.
The source of contamination is not known. Since both barium and

zinc are very high in the process blanks, sample measurements for
these two analytes should be considered suspect.

Laboratory Control Standard (LCS):
(Solid samples/fusion)

(Solid samples/acid dig.)

(Aqueous samples)

All analytes of interest except strontium, at a concentration equal to or
greater than EQL were recovered within tolerance limit of 75% to
125% in fusion prepared LCS standards. SRM-271O Montana Soil
was used for the LCS in bothPNL-ALO-114 and PNL-ALO- 115
fusion preparations. Strontium recovery was high (127% recovery).

*
No LCS was prepared for PNLALO- 129 acid digested samples.

No LCS was prepared for PNLALO-128 acid digested samples.

Analytes other than those requested by the client are for information only. Please note bracketed
values listed in the data report are within ten times instrument detection limit and have a
potential uncertainty much greater than 15~0.

K!LM!n
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Comments:
1)

2)

3)

4)

5)

Battel/e PNNU325 Bld@RPG//norganic Analysis ...
ICPAES Data Report

“Final Results” have been correctedfor all laboratorydilution performedon the sampleduring
processing and analysis unless specifically noted.

Detectionlimits (DL)shownare for acidifiedwater.Detectionlimits for othermatricesmaybe
determinedif requested.

Routine precisionandbias is typically~ 15%or betterfor samplesin dilute,acidifiedwater(e.g.
2% VIVHNQ or less)at analyteconcentrationsgreaterthanten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentrationin the
sample is less than5000 @mL (0.5 per cent by weight).

Absolute precision, bias anddetection limits may be determinedon each sample if requiredby the
client.

The maximumnumberof significantfiguresforall ICP measurementsis 2.

0
ML!w!iE
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Batte//e

@

Multiplie~

AL=

Client ID=

Det. Limit Run Data=

PNNURP&Tnorganic Analysis 8*8 ~CpAES Data RepO~ Pw I of 4

(u@mL) (Analyte)—“.. . ... .... .. .. . . ...”.”...”.””.....-(ug/mL) (ug/mL) (ug/mL) (ug/mL) (ughnL)

0.015 Ag [0.39] [0.30]
0.060 Al [0.31] 231 234 15,600
0.080 As. ... .. ....... . .. . . . . ... .............. ... . ... .... . ...”. [0.46]
0.050

...””. .....”..””.... .. .. . ..............,
B

.“-.. ””..”...”...,
4.s8 5.17A ~.1]

0.010 Bs 13.6 7.21 1.98 1.06

O.ofo Be—.. —. —... —” . . . . . . . ... .. . . . . .““””. .. .... .. [1.1]

0.100
. ..-.....””””””

Bi
.. . ... . ...... .

[0.971
,.”..”-—” . .....

[0.66] B.3] @4]
0.100 ea. [1.3] -. r2.51 12.o]
0.015 cd [0.11] [0.0s4] 2.11 2.02— .... ... —.--”. . . . . .. .. . . . .. .
0.100

.. . ..... . ..... . .. . . . . . . .
Ce

.“”.”-””””...... ““.”. . . .............

0.025 co [0.651 P.@
0.020 Cr 18.4 18.7—“--... . .... . .. .. .... . ... . .. . .. .. . . . . 59.3,.-”...— . .
0.015

.. . . . . . . .. .. . . . ..-”.”...
Cu

. .... ... . ..””..”....”.
2.18 2.14 [0.51]

0.050 DY -
0.100 Eu~... —” ....... . . . . .... . . .—.
0.025 Fe

—.”—..- .... .. ... . . ....
1.45

. . ... . .. .. .. . .
[1.2] [3.4]

2.000 K 169 165 [51]

0.025 La. ... . . .. . ..—, r
0.005

.. . . . ...
Li

.. . . . . . .
ro.owl [0.038]

.. . ... .... . .. . ......”....”.””“-,
8.43 6.54 30.0

0.100 Mg [0.551

0.005 Mn. . ... .. ... . —

@

o Mo
.-...”—. ...—-”-”. .- . ...-”... ”.”... .. ....... ..... .. . .

2.56 2.63 [1.71

Na 7.82 .“-- . ~.~ ,–— . ... . . 31,800 31,900 48,500. ...”-...”.””..
Jo Nd

.. ...”....””..”..””.
. .

... ...... .... . . ..””.....

0.030 Ni 35.4 36.0 [0.78]

0.100 P 344. . . .... ... . ........ . . ... .. . 349 362.....”““........,.! ,.. .. . ...”......-””.
0.060

. .... . . ... .......
Pb

...”. ...”........”””.
[o.471

... .............. ......
[0.40] [1.8] [1.0] [4.9]

0.300 Pd

0.300 Rh. .. . . . . ...... ........ .... .. .. —- —...-.., ..........—””” .. . .... . ..... “- . .............. ........ . ..”..”.....”....”””.

H--i “1+-+ l=+ W-i I+--l

:: :i Ei:E:E...............................
Note: 1) Overall error greater than 10-times detection limitis estimated to be within % 15%.

2) Values in brackets O are _ 10-timesdetectionlimit with errora likely to eXCS??d15%.

3) “--=indicate measurement is -w detection. Sample detection limit maybe found by

multiplying Wet. limit=(far left column) by “multiplied(top of each column).

Data (1) from ‘A0543 K.Brooks ASR5500 ALO-1 28 BNFL CUF-C104 ICP98 Iow.xls 10/12/99 @ 12:52 PM



1

Battel/e PNNL#?PG/inorganic Analysis ... ICPAES Data Repoti Page 2 of 4

Muftipliew 5.0 5.0 [ 5.0 5.0 1 5.0

ALO#= 98-2529 W 9$2526-D W 88-2530621 SS-2530-D @l 89-2531 al

CJient ID= CUJ=CI04-076 CVJ=Cl@L076 CJJF-C104-O17 cuJ=cio6-o17 CVJ=C104-O1 8 *

D@. Limit Run Date= sn5196 sn5f89 91We9 en5f86 9n5M

(u#mL) (Analyte) (ug/mL) (U* L) (ugfmL) L)......... ....”...-...-”........””...”.- (Ughn (ug/mL)

0.015 Ag

0.0s0 Al 321 327 212 215 143

0.080 As. . . . . .. . .. ...... ..... . . .... ..”—.”.- “...”..”.”-”...”.
0,050 B

.... . ... .. . .——-,
3.69

.—-——. .
4.06 3.32 3.60 286

0.010 Ba 1.13 1.17 [0.19] [0.261 [0.23]

0.010 Se. ...... . . ... .. ..... . . . . ..... —-”.”.. .. . . . . . . . .
“-Z1OO

. ... . . . .... .
Bi

-.-— ““.
[2.3]

...- .. . .. . .
[1.71 [1.3] [1.0] [0.89]

0.100 Ca [1.51 [1.4] [0.99] [0.53]

0.015 cd. . ..... . . . .... . ..... ....... . [0.38] .......-- .. ..”....4 [0.38] !“””.””— .... ...” [0.10] [0.10].....”..........”.”
0.100 Ce

...—........”””. ............”””.”..”.

0.025 co [0.371 ~.38]

0.020 Cr 13.3 13.4 4.50... . . ..... . ...... . . ... .. . . . 4.57 2.32.“..—”””””””. .“.... ..”” ”....-.” ..... . . ..-...—
0.015 Cu 0.773 0.781

..... . . ..””.....-.!
[0.14]

,“”... ......””.-..
[0.13]

0.050 DY -
0.100 Eu““”.. . . ... .. ...... . . .. ... . . . . . . . ... . . .... .... .. .. .. . .
0.025 Fe [o.3q [0.31]

...—””” . . . .... .“””. ........-.”.
[0.41]

2.000 K U3] ml [13] [14]

0.025 La. . .... .. . . ........ ... . .. .. . . . . . ..””.”.... ”......”
0.005

,.””..”....”
Li

.-.”... “.”.-
2.51 2.74

.. . .. . . .
1.08

.“.””.......””.. ..
1.14 0.350

0.100 Mg [0.5s1

0.005 Mn. .. . . . . ......... . . ..... .. ... .....””-..””. [0.060]

-“&330 Mo
.. .. .. .. .

[1.4]
. .. .. ..... . ..

[1.4]
.. .. ..”.. .-..-.

ro.43]
,.- ......”--- “.

[0.441 [0.23]
0.100 Na 18,700 ‘8- . .. . .. .. .. 7,030. . ..”-..— 7,000 3,840

0.100
...—” -“ ... ..— .. . . ...”. . . . . ...... .

Nd e

0.030 Ni 16.9 17.3 4.89 5.01 2.40

0.100 P 136 136 29.7 30.3. . . .... .. . ...... .. .. ... ..... . ..... .... ...... 13.2..”.-” .......-””
0.060 Pb [0.50]

.-..” ....”””””
[0.371

.... .. ...... . .... ..””””””..”—..

0.300 Pd

0.300 Rh. . ... ... .. .. ............ .. . .. . .-””” ..-- .. ,..”..-”-.”-”.
0.075 Ru. [0.721

. .. ... . . ... ““”””.”......”” .“””....””””.... .
[On] -“

0.050 Sb -.

0.050 se” [O*... . . ...... ...... . . ... . ... .... . .. [0.33] ._e_.__..” -. . . .. . . . . . .
0.100 s 136

. . . .. ... . . ..
177

... . ........ ... .
622

.............. . ........
74.1 31.7

1.000 Sn [8.4] [6.4]

0.005 Sr [0.0271-“-.”. -.-.””......”..””........”.. . ... ... ... ......... [0.034] ... . .. .. .. ...........
0.500

. ...”””.. .... ...... .“-.. . .... . ......
Te

. .............. .......

0.800 l-h

0.005 Ti [0.071]. . .. . .. . . . . . . . ........... .. . ..........—”... [0.0371 .-..”....e_ - ........ .... ... ... .
0.250 l-l

.. ...... . . .. ... ... ............. ....... ....

2000 u [171 [16] [12] [Iq [12]

0.015 v-—”” . ......””” ””...... ....... . . [0.11] . ........... ......... [0.11] ... ...... ....... . ... .... ... . ............. ......””..”””..”....
0.500 w

............”””...”....

0.010 Y

0.020 Zn 9.s8 5.47 1.12. ....... .................................. .. ..... ...””””- 1.39 1.10.. ........ . ........ .. .........”..”””””.. ..... ............. ......
0.025 Zr

...- Q... ... ....... ..

— [0.66]

Note:~~vera# error greaterthan 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets o are m lo-times detection limit m“therrors likely to exceed 15%.

3) ‘-” ‘indicate measurement is -w detection. Sample detection limit maybefound by

multiplying Wet. lim~ (far Jeftcolumn) by “multiplie~ (top of each column).

Data (1) from ‘A0543 K.BrooksASR5500ALO-128 BNFL CUF-C104 iCP98 Iow.xls 10112/99 @ 1252PM



.

Battel/e PNNURPG/horganic Ana/ysis ... ICPAES Data Report “9’ 3“f4

, <

e Muftipliek 5.0 I 25.0 25.0 I 5.0 5.0 [
ALO#= ~2531-D @l 88-2532 @5 88-2532-D @5 98-2533 W 99-2633-D @l

Client 10= CUF-C104-O18 clfF-clo4-02 1 CUF-C104-O2I CLRC104-O22 CUF-C104-O22
Det. Limit Run Dete= 9nw98 en5fe9 en6fs9 9n5m8 9/15/69

(ugfmL) (Analyte) (u@mL) (ugfmL) (ug/mL) (ugfmL)—.. .....” . .. . . . .......” (ug/mL)

0.015 Ag [0.060] W.23]

0.060 Al 140 7,580 7,950 &700 2$00

0.060 As-——.—- .. . . .. . . [o.421 V.3]. ... . .— —.......-”.
0.050 B

.. . . ... . . . .“”-. ””.”....-!
2.n WI

.. . ... .. .. ...
[3.3] 2.76 2.78

0.010 Ba [0.068] [0.12]

0.010 Be. . . . . .. . . .. ... .. . . . . ...-.”—. [0.28] ,..”..””..”.... .....” [0.30] ..... . . ..——. [0.051]. . . . .. ..... .
O.lw ‘i fl.6]

....”...”.=” ... .
R.1] [1.71

0.100 Ca -. u

0.015 cd—.-................-”. —..”.. ”... “...””... ,—-...”-..
0.100

.... . .. ..... . .
Ce

.. . .... . .......... ,..”......”-”” ”....
[1.4]

0.025 co [0.lq [o.271

0.020 Cr 2.29 56.Q 59.1. . ... .......... . . . . . . .. . 27.9 26.7.“..”.”.”..”p, ,““..... ....“—”
0.015

...—”... ”..”-
Cu

. . . . . . . ......”..—”””..”
[0.lq [0.30]

0.050 DY -

0.100 Eu. . . .. ... ........ . . . . ... . ... ..—.... -- ,. . . . . . ...
0.025

.. . . . . .. .
Fe

.“”. . . .. . ....... .
[0.40]

,“...”........ ...... .
[1.q [1.8] [0.751 [0.66]

2.000 K [12] [44]

0.025 La.. .... . .... . . .. . . . .— . ... ...-. ,. . . . . . . .. .. .. .. . . . .. . [o.3q

-“&05
.. . ...... . .......... .

Li 0.339
,... .....””---....”

12.3 12.9 5.32 4.95

0.100 Mg [1.0]

0.005 Mn. ...... ... . . . . ... . . .. . . . [0.063] [0.0271 ....”.---..-m--”.. [0.051]. .. .. . ,.. ........ . .... ... .. . . . “—.-”

d

.030
... . .. ....... ..

Mo [0.23] [0.91] [0.98] [o.471 ro.’q

o Na 3,550 20,600 21,500 &050 7,660..— ....-”.. ,“..... ...... . ... . ..... . . . . . ...“ ... .. ...... . .. .
W

,... ................. ...
[1.4]

0.030 Ni 2.39 [0.26] [0.40]

0.100 P 13.1 138. . . .... . . .... . . . 145 36.6 42.0.......... . ... .. .
0.060

,..... . . ..
Pb

... ...”..-- ““..... . ...”“.......””....-
WI

... ... . .. .. .. . “.
[3.q [1.21 3.19

0.300 Pd [3.3]

0.300 Rh. ....... .... . ... .. . . .. . .. . ..“..”..”- . . ... ........ ..... .. . ..# .“.. ”.””” . ... [1.9]

0.075 Ru
.......”...”.”..””... ......... ......... . . .

m.82]

0.050 Sb [1.3]

0.050 se. .. . .. .. ............ . ..... . ....... .. ........””-- .“.., [2.q [2.9],.... ...... ......... [1.0]....”””..-”---- [2.1]

0.100 s 23.1 28.0
..... ... ........ ....... ...... .. .......... . .

27.4 14.4 15.6

1.000 Sn [=1 ~8] [6.1] [10]

0.005 Sr. ..... ..... ..... . .. . ..... . . . ... .——..-. ...
0.500 Te

...“.”...”.....”.. ..“”””..-..”..... .. ...... ................ ........... ..............

0.600 Th A

0.005 Ti—--” . . .... ... .... . . . ...... . . ..“.-.-... -.....”4 ... ...”..”.........””. [0.026]... ....... ....... . . [0.0s6]

0.250 l-l
... . .................... ....... .......... .....

[1.3]

2.000 u [13] [14] r30]

0.015 v. .. ......... .. . ... .... . . ....... . . . .““”-..-........””, [0.55J [0.61],... . . ..... . .... ... . ...... ....... ........ [0.31] [0.42]

0.500 w
..“.......””..”.”.... .... . .............””....

0.010 Y [o.071]

0.020 Zn. .. . . ................ ................ ... . [0.66] .... . ........ ......... [4.0] “ [4.1]..“......”..””....”.. ro.46] [0.52]................ .. .....
0.025

................... ......
Zr [0.66]

..........................
-’

Note: 1) Overall error greater than K&times defection limit is estimated to be wfiin +/ 15%.

2) Values in brackets f) are &j@& lo-times detection limit m“therrms likely to exceed 15%.

3) “–” indimte measurement is ~w detection. Ssmple detection limit maybe found by

0

multiplying “det.limit” (far left column) by ‘multiplied (top of each column).

Data (1) from ‘A0543 K. Brooks ASR5500 ALO-128 BNFL CUF-C104 lCP98 Iow.xls 10/1 2/99 @ 12:52 PM



Batfelle PNNURPW/norganic Analysis ... /CpAES Data RepOff paw 4 of 4

MuftiPliar=

ALO#=

Client ID=

Dat. Limit f?un Date=

~u~m~ @naiyte). —. . ...-”. .--.—

I 5.0 5.0 I 5.0

8+2534 W 892534-D W 99-2535 W

CLJF-C7W01 9 clfF-clWo19 Cw=clorwl 5

8n5/88 9n5A19 8n5188

(Ughn )L (ughnL) (u@mL)
1

-!i--~--””H---”H----w
-=”-”---=tGIdI””--””-t”””--”””--bd”--”---

~E”-:--ww”-””-”B--
0.025 Le——-”..--.- .. . . . .. .. .. ,.. .... . .. .
0.005 Li 3.40 3.40 3.86 ‘—

0.100 Mg

0.005 Mn—“..”— .......-. ——..- .. . .. . . . . . !. . ..”......”- [0.14]

0.030 Mo [1.0] [1.q [0.31] ‘.-—

0.100 Na 11,100 13,800 6,980-.. —.... .. . .. . . .
0.100

—“.—. ““
Nd

0.030 Ni 13.0 12.9 [0.18]

0.100 P 101 100 63.1. . . ... . . .... . . . . . . .... . . .. .. .. . .
0.060 Pb

!.—— ......-. .. . . . . . . .

0.300 Pd

0.300 Rh.... .. .. .. .... .... .. . . . . . .. . . . .— “---- .. . ... .. . ...
0.075

.. . .. .....
Ru ~ [oAq

0.050 Sb

::: EEI::B::EI:I.“..”Hs!?. . . . ....”......%!--- -

—.: .. ..” ....”... ”-- .....—
0.500

0.800 :B
0.005 Ti. . .. . . . ................ . . ....... .... . .......”-..”..-..”

: .E :

...”. ....”.”””...
0.250 n

...-..”...”....”..

2.000 u. [16] [171

0.015 v [0.0831 .“”””,.....””...”. [Q.Q871. ... .... . ............. . .......... . .......................... .... [0.11]
0.500 w

... . ...... .... ...
-,

0.010 Y
0.020 Zn [0.48] [0.31] [0.41]. . . .. .............. ... ..... ... . .... .. ............””””....
0.025

... . ....... . . ... .
Zr

... ........ . ... . .
[0.39]

l’r

E3
.....-—......—

. ...——— “,

. . . . . . . .

..—..—

. . . . . . —- . .

. .“...”. —”.,....

=“-----”=

a“E.....................--.........................................

0

——.—

,....—-”

. . . . . . . . .

. ...—. a-.

... . ..... .... .

. .......... ... ... .

“...”.....””.....”,

Note: 1) Overall error greater than lo-times detection limit is estimated to be within+/- 15%.

2) Values in brackets o are -n lo-times dataotion limitwitherrorslikely to exceed 15%.

3) ‘- ‘ irufioate measurement is &w detection. Sample detection limit maybe found by

multiplying “dat. limit”(far left column) by “muttiplief (tcp of each column).

o

Data (1) from ‘A0543 K. Brooks ASR5500 ALO-128 BNFL CUF-C104 ICP98 IOWXIS 10/1 2/99 @ 12:52 PM



Battel/e PNNURP@Tnorganic Analysis ... ICPAES Data Report Page 1 cd2

e Multiplier= 1072.4 I 1131.0 [ 960.5 \ 1141.9 [ 1132.9 I

ALO#= 98-2623-PB-Nia 9*2S23W a 98-2623-D-NI a 88-2624-N et 9S-2624-D-Ni W

c/iantID= w= -1 cuf=clMoof$ Wwlw Q1 JwF-ci 04-010
Vat.Umft RurrDsk 81z419e 9LM#8 8R4t98 9i7WS9 et24’98

(ug/mL) (Analjte) Ugfg Ugig Ugfg @9— . . .... . . . . .. . Ugfg. . .. . . .
0.025

-.. —”.....”..
Ag

. .....”-.... —
1,020

. . ... . . .. .. .
971

,“”.”.”..... .. .. . .
1,720 977

0.060 Al [98] 123,000 121,000 34,600 151,000

0.100 As. . .. .. . .. .. .. .. . . . . . . . .. . .. .. .. . .
0.060

—.—. .. . .
B

. ...”....... ....
[260]

.. ...””.”.”””.-
[250]

.. . .. .. . .... .. ... .
[66] No]

0.010 Ba 302 174 370 206

0.010 Be pl] [31] [56]— . .. . . ...--.-z”. . . . . .. ... .. ... ....... .. .. .. . p9]
0.175

. ........”....”...””..
Bi [380]

!-—..........”- ... ............ ....... ..

0.260 Ca [6401 4Ji6rl 4310 8,660 5,230

o.oi5 cd 740 736—“ ........”..- .......”...”..”._..-. ...— 1,600 S02... .. . .... . .. . .
1.160 Ca

““..”””...””.”. . . ..... . . . . ... ... .. ........ ........

0.060 cc” - [64] [59] [62]

0.020 Cr 1,620 1,470—-.- .......”””.....”.”-.-”-””. —.—. ... .. ..--..-.” 2,020 1,760

0.425 Cu
... .... . .. .. . . .. . . .. ...... . ,..”””.....”.”-””.

0.085 ti, -
0.100 Eu. . .. .. ..... .. . .. .. . .. . . . . . . . .
0.025

.. .. . . . . ... .. . .
Fe

.. . . ..
[120]

.. ....... . . .. . ...
36,300 36$00 B+300 46,000

0.275 La—... . . . .. ... ... . . .. . .--” . .. .. . .
0.030

.. . . . . .
Li

.—... ””..— ....”..........””..
354 365

...-—” .....””....
400 447

1.s00 Mg

0.060 Mn 8,600 8,660. .. . . . .. .. .. . .. . . . —.—..— 19W .. . .. .. .. .. . . . 10*

0.060
———..

Mo
>.... .. .. . . ..... ...

0.160 Na 2,170 li4@o Ill,ooo 54#oo 36,100

0.675 Nd. . . .. .. ... . ... .. .. .. . .... ... .

+

1 P [310] 3,s60 3,s00 4,780 4,290

Pb [11o] l=.... ... . .. . . . . . 1,510. .. .. . ..- . ..--”..”..... 3,040 1,600.. . .. . . . .
60 Pd

.. .. . . . . . . ,...... ..... .. . . . .

0.300 Rh

1.100 RI. . . .. ...... ........ ... .. . .. . .
.-

-. .. . .. . . . ..... ... .. . ..... .
0.500

. .. ... ...”.. ...”..”- .. ...... . .... . ....
Sb

,.. ............... ..... ..

0260 Se

_.””..”.”-e...”.-...q-._”.0.600 - 11,000 10,s00 22,300~..--” -.. 12,s00..“....... . .... . . ...”...”..”...”-.”.
2.400 Sn

“.”........””......”. ......................... ..

0.015 Sr ~9] [871 [66] 176 [100]

1SoO Te—... - ...... ....... ..... . ....... .. ... . ......... . ....”- .. . ...”.-”.
1.000

..—..”...”.-..”..
Th 63,600

“.”— .. ...””.. ...” .......................”...
63,600 104,OOO 64,800

0.025 Ti [2001 [210] 421 &o]

0.600 TI. . .. .... ........... ..... . ... ...... . . —...” .. . ...-
2.000 u

......”.. ..—.—“., ... .. .. . . . ... .. .. ,.——.-. . ....
40,400

,........”.”........””..
40200 66@o 49,600

0.075 v

2.000 w. ... . ... ......... .. ..... . .. ..... ... . . . .. . . . “.”.”. . .. .... .. . .“......”..........”.. ..... .. .. ......
0.075

..... .. .......... . ...
Y

0.050 Zn [240] [230] 724 [270]

0.060 Zr 46* 47* 109,000 59300

Note: 1) Overaf/ error aretrterthan lo-times detectionlimitis estimatedto be within+/- 15%.

2) Valuesin bnwketsD are _ lo-times detectionlimitwitherrvrsIikeiyto exoeed 15%. -T

3) “-” indicatenreastmsmentis -w deteotion.Sample detectionlimitmay be foundby nwi+ k
muttipiylrgWt. limit”(far Ieft mlumn) by “multipliefl(topof eaoh mlumn). 7

I.&r

a
Data (1) from .A0544K.Brooks ALO-115 CLJF-C104-004 KOH-Ni fusion ICP98 hi.XLS

-1’c p+

/3

10/11/99 @ 458PM
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:~FS:R:-E—“-.-.”,. ”.”..-.. ...-.” .. .. . .
0.175 Si

0.250 es 5,600 67S00 >

H

8,270

0.015 cd 1,110 1,230 -_.”-”-””... ..- .. ......”----- 1,560.. .. . . . .. . . ..—”, ”.”..”.
--I&a Ce

.. ...””.-.......”.”
H

...........”..””.”.....
--

0.060 co [66] [66] PO]
0.020 Cr 1,s40 lm... . ...... .. .. . . 1,s60.- . .
0.425

.. . . . .. . ----- ... . . . .. . . . . . . .
Cu

... . . . . . ..
-,

0.0s5 w -
0.100 Eu. .... . . ....... .... . .. . . .—.. .“..”......” .. .. . .. .. . .. .
0.025 Fe

. . . . . .. . . ,..- ..—-
59$500 66,600

........ .... .......... ...
66,300

0.275 La— .. . .. ........ ... .. . .. ...... .. .. . .“...”. .. .... ...”.”.”. - . .. . .. .... . .
0.030 Li

““” .... ...””....”...
447

. ... . .. . .... . ... ....... ... ..
402 41+

1.500 Mg

0.050 Mn 13,500 15,000. ..””... .. .. . ...... .. . .—-—! 19200
“-&&

..... ... . . .
Mo

. .. . .. .. . . ..-...—”-. ... . . ... .. . ....

0.160 Na 42,600 46S00 51,900
0.675 Nd— ....... ... . ... ... .. ....
0.100 P 1,910 3,520 2,660

0.100 Pb 2,070 2,360... . . . 2,970.. .. . ... ...
0.760——”--”P:—”. -

... . . . ..-.....” ... .. . ..”...... ... .-”—.—..

0.300 Rh

1.100 Ru. .... .............. .... .. .. . ... ..... .. . . . .... . . ..”-. ”.....”.
0.600 Sb

..—....-”.- .... ... .... . ..... . .. ......... . ........ ..

0.25Q Se

0.500 Si 15,eoo 17,700. . .... .... ............... .... .. .. ..... 21,600... .. ...... ....... .. ,
2.400

..”...,”.........””.” .. .. .... ..... .. .. .
Sn

........ ........ ... ... ........... .. ........ ....

0.015 Sr [120] [140] 177

1.500 Te. ... ... .............. .... . ......... .... .— .. ...”.”......”- .. .. .. .... ... . ... .
1.000 Th

. . . . . .. ... .
62#0

-“ .....”....”.-.....
77,500

.... ....... . ...........
77,300

ao25 l-l 2s2 326 376

“0.600 TI. . .. . ... .. ..... . .. . .. .. .... .. . -.... - ..- . . .. —--- . .. ...— “
2.000 u 61300

... ... . . .. . .. .
66?200

......... .... . ... .......
66,700

ao75 v

2.000 w. . ... ..... ...... .......... ....... . ..... .. .. .. .. . ... . . .. .. . .. . . . .. .
0.075

... .. .. .. . ... . ....
Y

.... ... .. . ... . .. .......... .. ..............

0.050 Zn . [3s0] [4s01 644

Q.050 Zr 66,700 82,600 104,OOO

Note: 1) Overallerror araaterthan 10-timesdetectionlimitis estimatedto be within+/- 15%.

2) Values in btacketsOare - 10-timesdeteotiorrlimit witherrora likely to exoead 15%.

3) “-” indicatemeasuramenfis -w detection.Sample detectionJirnitmay be foundby

multiplying“det.limit”(far left solumn)by “multiplier”(top of each column).

(.7;

*

e

Data (1) from ‘A0544K.BrooksALO-115 CUF-C104-OO4 KOH-Ni fusion ICP98 hi.XLS 10/1 1/99 @ 458 PM
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1

.*

Multiplier= 81.3 [ 486.8 604.9 1 361.1 543.3 1
ALO#= 99-2523-PB@l 98-2523@5 99-2523-D@5 99-2524@5 99-2524-D@5

Client ID= Process Blank CUI=C104WO4 CUI=C1O.WO4 CUFC104-O1 o CUF-C104-O1O

Det. Limit Run Date= 9/28189 9J2ti99 9f28183 9128189

(uglmL)

8128189

(Analvte), . Wf9 .“.””.”.....””.”.... W9 .“.”.”.”.”. . .... W .-”-” ..... . ....... Q9 . .. . . . ........ @9 ,....-— . . . ... ...... ....... .... .. ... ..... .. .... ..
0.025 Ag 172 [15] 207 295

0.060 Al [23] 127,000 123,000 34,000 168;OO0

0.250 As. ...... . . . .. .. . ..... . ...... .“—.” .............”. .. ... . . .... ......
0.050

.. . .. .. .. ... ... ...
B

.. ...-””.. ”......”
[160] [190] [25]

,..—”-—”. ....
p3]

0.010 Ba 12.3 177 144 404 217

0.010 Be [31]. .. .. .. .. . . . . .. .. ... . . .. [30].. ... ...... .... ... 51.7“-.”.........”” ..... plo]

0.100
... .... .. . .... .

Bi [19]
. .. .. ........... ... .. . . . .. . .

0.250 Ca 3,800 3,700 8,310 4,860

0.015 Cd 756 734 1,620 844. .. . . .. . .. .. . ...... ... . .. . .............. . .. .. .. . .. .......
0.200

. . .... ..... . .. . ....-”..
Ce

.. . . .. ... . .....
[600]

.. .. . . . .. . . ..
[550] 767 [570]

0.050 co [44]

0.020 Cr 98.3 1,330 1,280. ... .. ....... . .......... ...... ......... . . . ..... ... .......... 1,600 1,720. .. . .. ........ .. ... ... ... .................. ....... ..................
0.025 cm 174

,..”.”.”..”....”..”...
154 391 224

0.050 Dy [30] [32] [64] [38] -..

0.100 Eu.... .... . .. . . ... . .. ..... .... . .... .. . ....... ... .. ..-... ”.”.”....”
~025

...... .. . .... .. ....
Fe 473

.“.......”.”.....”.”.
38,400 29,000

..”.”.. . . . ... .. ...
67,500 49,200

2.000 K

0.050 La. . . . .... . . .. .. .. .. .. .. . ... . [120] ..-.”.”.............. [100]...... ............... .. 267“...............”....”. ,... ..... . ...... .. ... [160]

0.030 Li 411
.... ...... ... . . . .. ..

396 473 539

0.100 Mg [440] [420] 886 564

0.050 Mn [11] 8,800 . 8,210.. .. ......... .... ... .. .. ..... . ..... . ... .......... .... . .. 19200 11,300.........”.......”..””
0.058

. ......... .. ..... ....
Mo

,.. .. ...... .............
[9.3] [24]

..“..,...”..”....”..-..
[20]

0.150 Na [43] 106,000 108,OOO 57300 33,400

--?

. Nd ~,.””....”.”-- .......”.”... [220].. . . ... ..... .. .... 539..“.”””..”....”..”. -— ..... .. .. ...... [300],.. ... ........ ........
Ni 67.7 2,520

... ..””” ..... . ..
2,320 5,450 3,160

0. 00 P [400] [360] [210] [86]

0.100 Pb - 1,290 1,070 2,760.. ........ ... . ... .... .... ....... ...... .. ... . .......... .. ..... ..“.....”..”...-”.”.. 1,8s0. ..... ... .... ......... ,... ...... ...... ... ...
0.750 Pd

,- .....”.- ....””....

0.300 Rh .-

1.100 Flu
\

... . . .. ....... ....”.”..... . . .. .. ..... . . ....... ........... .. .... -,

0.500
.. ................ . .. . .. .. ... .. ...... ....

Sb
............. ............. ............-.......”..”..

0.250 Se

.—+!?!!2” ......”.””.. ..?..” ........ - [l,8m] 3,020.....................”.... 4,930.. ...... ........ .... 2,850

1.500
. ... . ... .. ...........

Sn
,... . .... .............

[1,100]
~..“.”.....”.”..”..”..

~60] [1,700] [1,400]

0.015 Sr 79.1 p2] 183 102

1.500 Te. ..”-.... ”....... .... .......... .. .. .. ....... . .... .. ........... ... .. . . . .. ..... .. .
1.000

. ... ..... . .... ......
Th

,“. . . . .......... .
56,100 54,100

.... ..... ........ . ......
117,000 68,800

0.025 Ti [120] [110] 229 149

0.500 11.. .. .... ............... ............. ..... .. . .“.. .. ... ........... .. . . ........... .. ..
2.000

“.. .. ... .. ...........
u

... . ..... ......... ...
43,500 41,900

...... . .. ... .. .........
98s00 55,900

0.050 v [27] [27] [36] [34]

2.000 w.. . .. . ............ .......... ................ ........................... .. ... .. ..... ........ .............. ...........
0.050

..........................
Y [30] [26]

......... ...........”......
[64] [37]

0.050 Zn [13] 343 1,250 288

0.050 Zr 39,100 36@0 41,700 38,600

Note: 1) Overall arror araater than lo-times detectionEmitis estimatedto be w-thin+/- 15%.

2) Values in brackets1 are m W-times detectionlimit w“therrorslikely to exceed 15%.

3) “--”indicate measurementis -W detection.Sample detectionlimitmaybe foundby

multiplying“det.limit”(far left column)by “multipliefl(topof each column).

m
Data (1:

Analytes requested by client:

Potassium and Nickel only

from ‘A0545 K.BROOKS ASR-5500 ALO-1 29 Solids K&Ni only ICP98 ti.XLS 9/29/99 @ 12:25 PM
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Muitiplieti 332.5 384.3 I 345.8

ALO#= 99-2525t25 98-2525-D@5 9S2526@5

Client 10= CWF-C104-O13 CW=C104-O13 CUF-C104-O14

Det. Limit Run Date= 9naf98 9f28&9 9f28fs9

(ug/mL) (Analyte) Ugfg Uglg Uglg. ..... ... ....... . ......... . ...... ........ ..“....”.-”..”......
0.025 Ag

“.”.””.... ..... .....
[62]

.“...”. ...”....”.-”
141 162

0.060 Al 100,OOO 34$00 33,700

0.250 As—“ . .. . . . ....”-- . ........ .. . . ........ ........ .. . .. ............ ......
0.060

... ....... . .. ... ...
B [44] [29]

0.010 Ba 195 430 478

0.010 Be...”..”....””-.. ... ... . ... .... .. [26] 53.7 53.0:—.........”....”,., “.......”.”.”.”.”.” . ...... .... ..... ..
-“Iwo Bi

0.250 Ca 3,110 8,640 8,310

0.015 Cd 596 1,690... . . . .. . . . .. ... . ., 1,630.-... ”- .....”.”..
-“I&lo

.. . .. .. .. ..... . ...
Ce

.. ..... .. . ..... .. ..
[390] [680] 976

0.050 co [19] [46] [43]

0.020 Cr 1,0s0 1,860—“ .... ......-..”.-.......-..-”......”.. .... ... . .. ....... 1,830

0.025 Cu
... ...””...... ... .

142
. . ... ........ .......

412 405

0.050 DY [26] [69] [671

0.100 Eu. . .. .. .. .... .. ...... .... . .... ......... . . ......
~025

. ... . .. ........... ...
Fe

......”.”.”.””..”...
31,000 89,900 87,800

2.000 K .-

0.050 La [100] 286——. ..... .. . . ... . ... . .. .. ... 281... . ... “..—.”,
0.030 Li

.. .....”.”.”.”.”.”..
336

-...” .......”.”.”..
495 478

0.100 Mg 393 923 881

0.050 Mn 7,150 20,000. .. . . .. . .... .. . .. ..... .. . ... 19W.. .... . ....... ...... ... . .... ..... ......
0.050 Mo

“.”...”.”.”.......”.
[19] [19]

1
0.150 Na 20300 59,100 54,300

0.100 Nd [200] 651... ...... ..... . .. . .... ... . . 641 -i
... . . .. . .. ........

-“&&30
.. . . . ...............

Ni
.“. ...”””. -.”....

2,010 5,700 5,480 I

0.100 P [66] [330] [250] 1
0.100 Pb 1,050 2,880. ..... . . ... ... .... ..... .... .. .. . .... ....... . ...... 2,740.. .. . ............ ....
0.750 Pd

... . . .............

0.300 Rh

1.100 W. . .... .... .. . . ....... ...... ........... .. .. .. ............... . . . ...... ........ . ....
0.500 Sb

...”.””.-.”. ”......
-.

0.250 Se

_“...,”..” . ....””. ......R.”. ........0.600 [940] 4,080 3,880...... ........ ...... .... ... ... ...... .. ........
1.500 Sn

.... .... .. ... ......”.....
[900] [1,800] [1,s00]

0.015 Sr 65.4 192 188

1.500 Te. .. ..... .. ... .. ..... . . ...... .... .., ... .. .. . ............. .. .. ...... ........... .
1.000 Th

..”...”.”...”...””..
43,200 119,000 314,000 -.

0.025 Ti 95.5 222 240

0.500 TI. . . .. . . . ... . .. .......... .... ..... . .. .. .. ...... .. ..
2.000 u

... .. .. ....... .........
34,800

...........”.”.”.”.”.
104,000 100,OOO

0.050 v [23] [38] [39]

2.000 w. ..... .... .. ... ... ...... ................ ..“.-... ”.”.”.....”,. “,.... .. ........ ....
0.050 Y [24] -

.... .. ..... .. .........
[66} [66] I

0.050 Zn 626 726 974

0.050 Zr 26,700 39,900 51Jmo I

. . .. . . ... .

-.”.”......—.

“..........”...”.”.

. ...”......””..”..

. ..”...””.......”.!

‘..”. . . . . . . . . . . . . . .

“..”......”......”.

““,.”.............

......... ........ ...

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . .

=t

. . ... ... .... . . .

a..................
3 ..” . . . .. —”.” . . . ...”

-..

4
.- .....”................”..

...... .... .... ..”. ”.”..”

3!...........”....”...”... . . . . . . ..”.” . . ..”.”....

. . . . . . . . . . . . . . . . . . . . . . .

I

a .....................
+----l. .. ...... . .. .........

1
I

Note: 1) Ovemll error greater than 10-timesdetectionlimitis estimated to be wiihin+/- 15%.

2) Values in brackets0 are * 10-timesdetectionlimit&h errors Iikely to exceed 15%.

3) “--”indicatemeasurementis -w detection.Sample detecthr limitmaybe foundby

multiplying“det.limit”(far/et column)by “multiplier(top of each column).

Analytes requested by client:

Potassium and Nickel only

Data (1) from .A0545 K.BROOKS ASR-5500 ALO-129 Solids K&Ni only ICP98 hi.XLS 9129/99 @ 1225PM
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Batte//e PN/VLX325BldgYRPG/inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: R.T. Hallen & K.P. Brooks

-------------------------------- -----------------

ACE Number(s): 99-2524-R through 99-2525-DUP-R
[re-runs]

----------------------- --------------------------

Client ID: “CUF-C104-OIO(Orange)” through “CUF-C104-013(Black)”
----------------------- --------------------------

ASR Number: 5500.01
-------------------------------------------------

Total Samples: 4
-------------------------------------------------

Procedure: PNbALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst: D.R. Sanders

Analysis Date (Filename): 11-04-99 (A0550)

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029

0 1
.1. . i., ) ~ . /. f&-cm

o~?%“
,,

L Review’@ by
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Batte//e PMVU325 BldgXRPG/inorganic Ana/ysk ...
ICPAES Data Report ●

Four radioactive solid samules CUF-C104-OIO(Orange) through CUF-C104-013(Black)
(ACL# 99-2524-R through 99-2525-DUP-R) were prepared by SAL using ALO-129 acid
digestion of solids procedure. Prepared samples were analyzed by ICPAES. Approximately
0.02g to 0.32g aliquots were processed and diluted to a final volume of about 20 ml (weighed).
Some dark-black residue remained insoluble from all the samples after processing. The final
volume of each processed sample was determined using the final weight of processed sample
divided by an estimated density. Analytical dilution of 5-fold to 50-fold was required because of
high concentration of aluminum, iron, manganese, sodium, thorium, uranium, and zirconium.
Sample CUF-C104-OIO(Orange) was prepared with only about one-tenth the amount of solids
compared with the other three samples. As a result, only a 5-fold analytical dilution was
required.

The concentration of palladlum reported previously appears to be an artifact caused by spectral
interference particularly from high concentrations of thorium and uranium. Because of this, the
actual concentration of palladium is too low to determine by ICPAES without chemical
separation of the interfering analytes. Sodium in sample CUF-C104-OIO(Orange) appeared to
be about ten times higher than the other three samples. The reason for the discrepancy is not
known.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reporied are in yg/g for the solids samples. Volumes and weights have been recorded on e

bench sheets and included with this report.

Quality control check-standard results. met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES
analysis tolerance requirements under MCS-033.

Five fold serial dilution:

(Solid sampleslacid dig.) Analytes of interest were within tolerance limit of S 10% after
correcting for dilution except silver, magnesium and uranium.
Because of the very high concentration of thorium, interference
correction to silver, magnesium and uranium were incorrect leading to
inaccurate concentration values in the 5-fold diluted sample. At

25-fold and 50-fold dilution all analytes of interest were within S 10%
after correcting for dilution.

UumQ

Page 2
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Battelle PNNU325 Bld~RPG/7norganic Analysis ...
ICPAES Data Report

Duplicate RPD (Relative Percent Difference):

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance limit of S 20%
relative percent difference (RPD) except silicon in ACL# 99-2524-R
and its duplicate analyzed at 5-fold dilution. As noted earlier the
reason for the large (150% RPD) for silicon is not known.

Post-Spiked Sanmles (Group A):
(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to

125%.

Post-SPiked Sarnules (Grouu B):
(Solid sampleskicid dig.) All analytes of interest were recovered within tolerance of 75% to

125%.

Blank Smike:
(Solid samples/acid dig.) None prepared.

Matrix S~iked Sanmle:
(Solid samples/acid dig.) None prepared.

(lualitv Control Check Standards (solid sarndes/acid dig.):
Concentration of W analytes of interest was within tolerance limit of
* 10% accuracy in standards: QC_MCVA.
Tin and thorium were low (-15% and –61 % respectively) in
QC_MCVB. Single element standards of 2 ppm tin and 10 ppm
thorium were measured separately and were within the tolerance
limits.
Several analytes: iron, potassium, manganese, sodium, nickel, lead,
silicon and zirconium were a little high (11$ZOto 15Yo)and out of
tolerance limits in check-standard QC_SSTMCV.
Calibration Blank (ICP98.0) concentration was acceptable, less than
two times lDL.

High Calibration Standard Check (solid samdes/acid di~.):
Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of i- 5?0 accuracy except potassium,
which measured 229Z0high at the end of the run. Potassium was not
detected in any of the samples.

Page 3
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Battelle PMVU325 Bldg/RP@7norganic Analysis ...

Process Blank:
(Solid samples/acid dig.)

iCPAES Data Report

All analytes of interest were within tolerance li~t of < EQL or < 5?Z0
of sample concentration except silicon. Silicon concentration in the
blank was equivalent to about 1300 ug/g. Silicon at about 25,000 pg/g
was only found in sample CUI?-C104-O1O(Orange)
(ACL# 99-2524-R).

Laboratom Control Standard (LCS~
(Solid samples/acid dig.) No LCS was prepared for PNL-ALO-129 acid digested samples.

Analytes other than those requested by the client are for information only. Please note bracketed
values listed in the data report are within ten times instrument detection limit and have a
potential uncertainty much greater than 15%.

Comments:
1)

2)

3)

4)

5) ‘

“FinalResults”havebeen corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.

Detection limits (DL)shown are for acidified water. Detection limits for other matrices maybe
determined if requested.

Routine precision and bkis is typically &159’oor better for samples in dilute, acidified water (e.g.
2% v/v HN03 or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 w@L (0.5 percent by weight).

Absolute precision, bias and detection limits may be determined on each sample if required by the
client.

The maximum number of significant figuresfor all ICP measurementsis 2.

-
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Battelle

@
Det Limit

(ugfmL).. .............. . .......

PNNURPG/?norganic Analysis ... ICPAES Data Report “9” ‘f’

A~O#= =5 s-R@25

MuMpIier=

.fEi....”T..”.mr.......E. ...EI .......
0.025 Ag pool 1,060 1,850 1,650

0.060 Al 144,000 165,000 40,100 39,400

0.250 As.... ....... .. .. ... . ... . ... ...... . . .... . ... ..................””. ................”..”....
0.050 B

.. .. .. ...... ....... .
[1,300]

............. ..........”..
m [80]

0.010 Ba [210] 226 412 472

0.010 Be..........................”..........”””..”..”.. . ......... .............. [49] [69].. . ........ ............ [66]

0.100
. ........ .... ...........

Bi
............. ........”....

0.250 Ca [4,900] 5,210 8,830 9,410

0.015 Cd 854 978 1,730 1,830.......-..."..........."........."............".. ....... . ............... ............. ............
0.200

... ....”..............”.. ........””.........””..
Ce [420]

0.050 co

0.020 Cr 1,620 1,630 2,130 2,190........ .... .... . . . . ........... .. ........... .........-............”..
0.025

.......................”. .. ...................... .........................-
Cu [210] [270] 485 523

0.050 Dy

0.100 Eu......... .... ...... ..... ...... ............ ... . .. . . ................... ..........................
0.025 Fe

,“.....”.....””..”...
46,000

................ . . .. ...
52,500 91,300 97,100

2.000 K

0.050 La -....... .............................. . ... . .... [140].......”............””. .......... . . ........... [250] [290]

0.030 Li
...”................””.

[470]
.... . ................ ...

567 513 536

0.100 Mg [910] [990] 1,570 1,710

0.050 Mn 10JOO 11,600 20,300.. ... ....... . ................... ...... .. ...... ... ...... .... .......... 21,600........ .......... . . ..
0.050 Mo

.... .... . ............ ......... ......... ...
-.

0.150 Na 33,400 36,100 68,700 63,800. ... ... . ............. .. .. .......... ..... ..
0.100 Nd

. .. . ... . . .... ... . ......... ....... ..
[290] [560] [600]

0.030 Ni 2,990 3,350 5,860 6,230

0.100 P 5,080 2,510..... ....... ...... . . . ... . .......... .......... [1,000]. .... ...”....--....” [1,200].... .... ................
0.100

.. ..... .......... . ..
Pb [1,600]

......... ............ ....
1,870 3,170 3,350

0.750 Pd [3,700]

0.300 Rh.... .... .... ...... ... . . ... ... ............... ...... . ............. . . ... ...... ... . ........
. 1.100. Ru

... ......... . ..... ... .......... ................

0.500 Sb

0.250 se” -....... ....... ...................... ............... ..... .............. ..... ........ .................
0.500 Si

..... ...................
25,200 [2,500]

....... ..... ............
[1,700] [1,700]

1.500 Sn

0.015 Sr [110] [110] [190] [210]....”...............”....”...............””””.. . .......................” .. ...... ... . ..........
1.500

........ .. ... . . . .. ..... ......... .. ... ....
Te

1.000 Th [5,900] 73,600 126,000 134,000

0.025 Ti.................. ........................ ..... .... [160] [170] [300].......................... . ..... ............ ... . [320].... ....................
0,500

.. . ......................
TI

2.000 u [42,000] 52,600 93,500 100,000

0.050 v [80]............... ...................................... ...... ................... .......................... ......... .......... .....
2.000 w

..........................

0.050 Y

0.050 Zn [340] [300] [650]......... ............................ ............... ~60]

().050 Zr 60,600 64,600 113,000 123,000.............. ............................... .......
Note:1) Overall error areater than 10-times detection limit is estimated to be within+/- 15%.

2) Values in brackets 0 are - 10-fimes detection limit with errors likely to exceed 15%.

3) ‘--=indicate measurement is -w detecfion. Sample detection Iimifmay be found by

multiplying“clef.limit” (far Iefi column] by “multiplier (fop of each column).

Data (1) from ‘A0550 RT Hallen ASR-5536 ALO-129 K Brooks ASR-5500.01 ALO-129 ICP98 hi.XlLSW5/99 @ 12:38 PM
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BatteIle PNNLJY?PGXinorganic Analysis ... ICPAES Data Report ‘a~e’ “f1

Multiplier= 50.5 6177.8 1 1256.0 I
ALO#= 00-0083-PB 00-0083 W2S 00-0083-DLtP @2.5

Client ID= Process Bian k WASHED SOLIDS WASHED SOL!DS

Det. Limit Run Date= 11!4199 1114199 1l!4f99 *

@tAIIL) (Ana[yte] tlgfg. . .. .... ........ ...... ........”.”...”..”... Ugfg Ugfg........”.....”.....”.. ..................”......
0.025

........”............”.. ..... ............ .. .... .“....-”....”...”.-.
Ag [971

0.060 Al [5.9] .8,500 8,400

0.250 AS
. . . .... ........ ... ... . ... ................. ................. ........ ...................”..... .

0.050
.......................... ............ ............. ............ . . ....”””.

B

0.010 Ba [0.91] [400] 387

0.010 Be. .. . ..... ...... ......... . . .... ... .. .. ... . . .... .. . ...... ........ ... .. .........
0.100

........ ........ .. .. . .........”.....”””.... .. . .... .... .. . ..
Bi

0.250 Ca {5,900] 5,750

0.015 cd. . ......... . ..... . . .. . . ...... . ............... ...... ... [31]....... .................. .... .... .... ..........
0.200 Ce

.... ........ . . . ... . ...-.......”......”..
[1,300] [1,300]

0.050 co

0.020 Cr 3,580. . ... ... ..... .... ...... ... ....... .... 3,510............ . ........... ... .. . . ............... ..........................
0.02.5

............ .............
Cu

.. ...... ... .. .....
-.

0.050 fly

0.100 Eu. ... . ................ .......... . . ... .., ........... .............. .. ..... .......... ..... ............... ..........
0.025 Fe [4.4]

........... ............
53,900

...... ....... .. ......
50,700

2.000 K

0.050 La [8<0] 785... ... ..... . .................... . .... ......... ...... ......... ................... ......
-%030 , Li

,..... ................... ... ........ ............. ... .......... . .. ....

0.100 Mg

0.050 Mn. ... .. . ........... .... ............ ..... 139,000 126,000... .... .... . .........
0.050

........ . . . ........... ......................”. ......... ........ ....... ... ........ .
Mo .-

0.150 Na 71,300 91,200........ ............. .- .. ..... ........... ... .
0.100 Nd

............ ............ .. ........ ....... .....
[2,500] 2,380

8

...”....”----

0.030 N1 [8.6] [130)

0.100 P. .. . . . . . ........ ...... ......... ..... ... ................. . roo] - plo].........-...”....”.-. >.........................
0.100 Pb [5,300]

- ........................ .“.””.....”..-—
5,360

0.750 Pd [1,000]

0.300 Rh. . ... . ............... . ... ............... ........... .............. .............. ........... .................”..”...
1.100

..........L.... .........
Fill

... ........ .. ...”-....

0.500 Sb L

0.250 Se -.
. . . ...................................... . ...... .......... ........ ....... . ........ .......

0.500 Si
,....... ........ ........

948 [3,800]
...... ................... .... ..........

[4,000] .-

1.500 Sn

0.015 Sr 289,000 280,000. ... . .................. . .............. ... . . . ................ ........................... ........... . ... .......
1.500 Te

.... . . .. .......... .. .. . ... ... . . . .

1.000 Th

0.025 Ti -. [33]. . .............................. . ......... ... ................. ....”... .... ................ ...., ,.......... .......... ...
0.500 TI

.’”............ .......... “............ . .. .. .

2.000 u

0.050 v. ........................ ..... ... ............. ... ... .................. .......................... . ....................”..
2.000 w

.... ...”.....”......”.. ...“...”. .....”--------

0.050 Y [320] [320]

0.050 Zn [330] [310]. ........ .................. ........... ....... ... .. ...................
0.050 Zr [2,300] 2,180. . .. ... ................................. ...

Note: 1) overall error greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets ~ are @@ 10-times detection limit with errors likely to exceed 15%.

3) “--”indicate measurement is *W detection. Sample detection limit maybe found by

multiplying “ctet.limit” (far /eff column)by “muIti91ie?(top of each column).

ASRS536 R_Hallen from .A0550 RT Hallen ASR-5536 ALO-129 K Brooks ASR-55~.01 ALO-1 29 lCp9s hi.xLS 1Z6199 @ 2:57 PM
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VVTVoSOLIDS DATA SHEET
(325 SHIELDED ANALYTICAL LABORATORY)

CLIENT Kriston Brooks WORK PACKAGE: W48489 ASR/ARF/LOl/T1: ASR 5500

QA PLAN: MCS-033 IMPACT LEVEL PROCEDURE NUMBER: PNL-ALO-504

CUF-CI04SLURRIES
SAMPLE IDENTIFICATION

WT?40SOLIDS=13- TARE OATEfllMEIN ~ .{3.V9 , 2:36 OVEN TEMPERATURE: ]tb-’
A-TARE “m

DAWT!ME OUT ?-/ 4-97 //. ~bd LA_’OVEN TEMPERATURE: ~

THERMOCOUPLE:

Analysl, ~ Date

&,

Date:
e .-’. @

9-/3- 97. Jzk@-



Battelle Pacific Nofthwest Laboratory

Radiochemical Processing Group-325 Building 99-2523

Chemical Measurements Center 11“/12/1999

Client: KP Brooks

Cognizant Scientist:
&lGJ

Date : /’/hJ”/? q

Concur: ~~til>a - L Date :
m

Procedures: PNL-ALO-41 8,474

Measured TritiumActivities

ALO ID

Client ID

99-2523

CUF-CI 04-004

99-2523 MS*

CUF-CI 04-004

RPD

99-2524

CUF-CI04-010

99-2525

CUF-CI04-013

99-2526

CUF-CI04-014

Blank

Blank Spike

uCi/g uCi/g uCi/ml

Slurry Dried Water

Wt.% Solids Error YO Error VO Error ‘Yo

27.54% 5.35 E-3

6%

27.54% 3.49 E-3

6%

42?L0

22.2270 3.87 E-3
6%

18.95% 3.29 E-3
6%

O.OOE+O 7.38 E-3

6?40

0.00E+O 4.82 E-3

6%

.

O.OOE+O 4.98 E-3

6%

O.OOE+O 4.06 E-3

6?40

18.95Y0 3. IOE-3 0.00E+O 3.82 E-3

6% 6i40

< 3. E-4

108?40

*Note: This sample was not spiked; it is a duplicate of CUF-CI04-004.

The measured tritium is assumed to be in the water fraction. Drying would remove all of

the trtium from the samples. Hence, results are reported per weight of the as received

slurry and per volume of water in the slurry. Results per dried material are assumed to

be zero.

Page 1 of 1



~Baltelle
Project Number

Date

To

From

Subjeb

Pacific Northwest Laboratories

Internal Distribution

329)4 File
October 1; 1999 LSO Project File

K.P.Books
Mike Uric

Tom Farmer
Q~Lh

lCP/MS Analvsis of Submitted Samtdes

(ALO#99-2523 through 99-2526)

Pursuant to your request, the 9 Ni/KOH fusion samples that you submitted for analysis
were analyzed by ICPMS for selected elements. The results of this analysis are
reported on the attached page.

Johnson-Matthey standards for Rb, Ta, Pr, and Sn, an Amersham ‘Wc standard and
isotope Products 1291and 237Npstandards wereused to generate the calibration curves.
Independent standards were used as the continuing calibration verification (CCV)
standards. Unless otherwise specified, the overall uncertainty of the values is
conservatively estimated at *1 OYO,and is based on the precision between consecutive
analytical runs as well as the accuracy of the CCV standard results.

Values for tin were obtained using the response of a natural tin standard. Because
12%n standards were not used and the concentrations were determined indirectly, these
results shoud be considered semiquantitative.

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99;i.e., everything obseived at m/z 99 is
due to 99Tc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Approximate 101Ru
concentrations are provided for your information.

If you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624



w-
?b
00

~cn
O.P
bin

a



@Batt Pacific Northwest Laboratory

.

Radiochemical Processing Group-325 Building 99-2523
Chemical Measurements Center 10/5/1999

Client: KP Brooks

Cognizant Scientist: 1wb~ \---“- Date: 16L”/7y

Procedures: PNL-ALO-450
Gamma Energy Analysis
Measured Activities (uCi/g)

ALO ID CO-60 Nb-94 CS-134 Cs-137 Sb-125 Sn-126 Eu-152 Eu-154 Eu-155 Am-241
Error % Error ?4. Error ‘?4. Error % Error % Error % Error % Error % Error ?40 Error %Client ID

<3.E-3 9.95E-3
9%

6.90E-I
2%

<1. E-2 <5.E-3

<3.E-I c8.E-2

<3.E-1 <8.E.2

<7.E-3 <8.E-3 <9,E-3 <2.E-299-2523PB
Process Blank

<3.E-3

2.54 E-I
4%

2.41 E-I
3%

5%

4.36 E-I
3%

2.59E-I
3%

51%

2.97 E-I
3%

3.52 E-1
3%

17%

4.28 E-I
3%

99-2523
CUF-CI04-004

1.04E-I
8%

<3.E-2 7.61E+l
2%

<2.E-I 1.76E+0
2%

I.ll E+O
7%

5.27E+0
1o%

99-2523 DUP

CUF-CI04-004

RPD

I,09E-I
7%

<2. E.2 7.43E+I
2%

<2, E-1 1.82E+0
2?40

3%

I. IOE+O
6%

1%

5.42E+0
10%

370570 2%

99-2524
CUF-C104-OIO

2.37E-1
8%

<3,E.2

<3.E-2

‘5.68E+I
2%

4,29E-I <8.E.2

15%

<3,E.I 4.13E+0
2%

2.45E+0
5%

1.25E+1
1o%

5.59E+1
2%

99-2524 DUP
CUF-CIO4-O1O

1.57E-I
6%

2.17E-1 c7.E-2
32%

c2.E-1 2.27E+0
2%

1.36E+0
6%

6.53E+0
1o%

41% 2?40 66% 58?4. 57% 63%RPD

<2.E”I 2.79E+0
2%

1.70E-1
8%

c3.E.2 5.76E+1
2?40

3.52E-I <8.E-2
22’%0

8.43E+0
1o%

99-2525
CUF-C104-OI3

1.76E+0
5%

99-2525 DUP
CUF-C104-O13

2.44E-1
5%

C3.E.Z 5.59E+I
2%

4.37E-I <8.E-2
15%

<3,E.I 3.29E+0
2’3’0

1.94E+0
5%

1.02E+1
1o%

36% 3’%0 22% 16% 1o% 19%RPD

2.45E-I
7%

<3,E-2 5.78E+1
2%

3.80E-’1 c7.E-2
14%

<3,E-1 4. IOE+O
2%

2.52E+0
5’%0

1.27E+1
1o%

99-2526
CUF-C104-O14

Page 1 of 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building 99-2524R
Chemical Measurements Center 11/11/1999

Client: KP Brooks

Cognizant Scientist: 4&@. ‘ate: -iLL.Ib
Concur: Date:

*

Procedures: PNL-ALO-450
Gamma Energy Analysis
Measured Activities (uCi/g)

ALO ID CO-60 Nb-94 CS-134 CS-137 Sb-125 Sn-126 Eu-152 Eu-154 Eu-155 Am-24 1
Client ID Error !40 Error ‘h Error % Error ‘%0 Error ‘A Error ?40 Error % Error ?40 Error ?40 Error %

00-0083PB <5,E-4 <4.E-4 5.34E-4 2.96E-2 <2,E.3

27% 3?40

c4. E-4 <2.E-3 <2,E.3 <2,E-3 c2. E-3

Process Blank

1.64E-I ‘6.06E+I <3,E-I

8% 2?io

2.18E-I
4%

1.38E-I
8%

8.65 E-2

4%

46%

<6. E-2

<6, E-2 <3,E. I 1.97E+0
2%

1.IIE+O
70/0

6,08E+0
10?40

99-2524-Rerun
CUF-CIO4-O1O

<2. E.2 8.63E-2 2.15E+0
8% 2%

99-2524 DUP-Rerun
CUF-CI04-010

2.29E-1
2%

<I, E-2 4.73E+I 2.64E-I
2?40 8%

1.23E+0
4%

6.67E+0
9%

25% 9% -109’0 9%RPD 5940

99-2525-Rerun
CUF-CI04-013

3.98E-I
3?40

<3,E.2 5.14E+I 4,33 E-I
2% 14!40

<5.E.2 <3.E-I 3.83E+0
2?40

2.12E+0
570

1.29E+I
7%

99-2525 DUP-Rerun
CUF-CI04-013

RPD

3.66E-I
3%

<5,E-2 <3.E-2 4.75E+I 3.34E-I
2’XO 17?40

<4.E-2 <8.E.2 3.61E+0
2!40

2.05E+0
5940

1,20E+I
7%

9% 8?40 26% 6% 3% 7%

Page 1 of 1
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@
Battelw Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurements Center

m
99-2523
10/21/1999

Client: KP Brooks

\ j]
Cognizant Scientist: ,;: --ZQ-l! c-eJ2.~’-Z / Date:

Concur:~ ~. Date:

Procedures: PNL-ALO-420/421, 476,417

Measured Activities (uCi/g)

ALO ID
Client ID

Gross Alpha Sr-90 Am-241 Cm-2431244 Cm-242 U-233 Pu-239/240 Sum of
Error ?40 Error % Error ?4. Error % Error % Error % Error YO Alphas*

1.19E-3
9%

6.61E-2
20?40

8.69E-2

<2.E-5

1,54E-2
41%

5.32E-3
45~o

97%

1.1OE-2
48%

1.76E-2
48!40

1.14E-2
34%

43%

<2.E-2

2.08E-2
50%

~7.E-4

2.50E-I
570

2.12E-1
5%

16%

2.05E-I
5%

3.23E-I
4?40

2.31E-1
5%

33?40

3.63E-I
4V0

4.14E-1
4?/0

2.60E-2
6%

9.58E+0
2%

8,61E+0
2%

11%

1.14E+1
2%

2.57E+I

5.86E-I 7.95E-3
3% 570

5.72E+2 5.77E+0
3% 570

5.72E+2 6.IOE+O
3% 4%

o% 6?40

5,75E+2 6.04E+0
3% 4~o

1.22E+3 1.21E+1
3% 49!0

7.00E+2 7.41E+O
3% 4?40

54% 48%

8.75E+2 9,06E+0

3% 4%

9,93E+2 1.08E+1

3!40 4%

13% 18!40

9.02E-3
11%

1.82E-2

1.15E+I

1,19E+I

99-2523PB
Process Blank

99-2523
CUF-CI04-004

5.44E+0
2%

99-2523 DUP
CUF-CI04-004

5.51E+0
2%

1%

11%

27%RPD

99-2523 Rep
CUF-CI04-004

I.ll E-1
14?Jfo

5.69E+0
2!lo

1.21E+I

2.51E+I1,48E-1
15%

1.25E+I
2!40

99-2524
CUF-CI04-010 2%

1,29E+’
2%

66’?40

1.12E-I
11%

6.36E+0
2!”0

1.41E+199-2524 DUP
CUF-CI04-010

65%RPD 28%

99-2525
CUF-CI04-013

1,81E+1
2%

1.94E+I
2%

7%

1.30E-I
15?40

8,65E+0
2940

1.82E+I

2.09E+I9.58E+0
2?40

99-2525 DUP
CUF-CI04-013

9.63E-2
18%

13%RPD 30?40 10?40

Page 1 of 2



Measured Activities (uCi/g)

ALO ID Gross Alpha Sr-90 Am-241 Cm-243/244 Cm-242 U-233 Pu-239/240 Sum of
Client ID Error 0/0 Error 0/0 Error 70 Error VO Error Y. Error YO Error 9’o Alphas*
99-2526 2.32E+I 1,33E+3 1.33E+I 1.93E-1 1.66E-2 5.22E-I
CUF-C104-OI4

1.26E+1 2.66E+1
2?40 3% 4% 13% 45’%0 3940 2%

Blank <2.E-3 <2.E-2 <I, E-4 <1.E-4 <4.E-5 <2.E-4 <4,E-4’

Blank spike 102% 93% 99% 105%

Sample spike 109?40 108% 96% 91!40

*Note: The sum of the individual alpha emitters is a better estimate of the total alpha activity due to absorption effects.

Page of 2
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Chemical fvleasurements Center

Client: KP Brooks

Cognizant Scientist: C 50.LTy,;&0
fi

Concur: ~J

99-2523

1/24/2000

Date: “k-q-ocl

Date : /Iy’&/tifi

Measured Concentration (ug/g)

ALO ID

Client ID

99-2523PB

Process Blank

99-2523
CUF-CI04-004

99-2523DUP

CUF-CI04-004

99-2524

CUF-CIO4-O1O

99-2525

CUF-CI04-013

99-2526

CUF-CI04-014

Ammonia +/- lcs

<1.0

2.49 6%

2.78 13?40

< ().8

< ().8

< (3.8

—
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ProiectNumber..

~Battelle

Date

To

From

Subject

Pacific Northwest Laboratories
internalDkNribution

329/4 File
October 6, 1999 LSO Project File

Mike Uric
K,P.Books

.,- : 1:
Tom Farmer “ &J@W@-.o ~

~-, .;” 4
. .

lCP/MS Anaivsis of Submitted Samdes

(ALO#99-2523 through 99-2526)

Pursuant to your request, the 9 PMG fusion prep samples that you submitted for
analysis were analyzed by ICPMS for platinum. The results of this analysis are reported
on the attached page.

A Johnson-Matthey platinum standard was used to generate the calibration curve. An
Aldrich platinum wire standard (99.99Y0 LOT#06927CN) was used as the continuing
calibration verification (CCV) standard.

The response for platinum in the samples was determined to be caused by oxide
production from hafnium present in the samples. Since the highest concentration seen
at platinum (mass 195) was 0.86*0. 17pg/g, the results for the samples is reported as
<1pg/g of original sample.

If you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624



K.P. BrooksPlatinumAnalysis
October 7, 1999

Results are reported in pg analyte/ g of original material.
The uncertianty of the results is estimated at *1 OYO.

Sample Client lcP/Ms Pt
Number Number Number pglg

1%HN03 9a05al 0.17+0.06
1%HN03 9a05a7 <0.2
1%HN03 9a05al 8 <0.2

99-2523- PB-Zr Process Blank 9a05a8 <1

99-2523-Zr CUF-C104-OO4 9a05a10 <1
99-2523-Dup-Zr CUF-C1 04-004 9a05al 1 <1

99-2524-Zr CUF-C1 04-010 9a05a12 <1
99-2524-Dup-Zr CUF-C104-O1O 9a05al 3 <1

99-2525-Zr CUF-C1 04-013 9a05al 4 <1
99-2525 -Dup-Zr CUF-C104-O13 9a05al 5 <1
99-2525-Zr + spike CUF-C104-O13 9a05a17 5.1
Spike Recovery 95V0

99-2526-Zr CUF-C104-O14 9a05a16 <1

SRM 27i0-Zr LCS/99-2523/Zr 9a05a9 <1

CCV results are reported in rig/ml (ppb)

0.491 ppb Pt CCV 9a05al 9 0.489
0.982ppb l% CCV 9a05a4 0.992

DATA REViEVy “

Reviewed by (f2An4?.?.iz f+a

Date: Td? ~ Pages:

+



Baftelle PNNURPG/inorganic Ana/ysis -- IC Reporl

WO/Project: W48489/29953
Client: K. Brooks

ACL Numbers: 99-02523 through 99-02534
ASR Number 5500

Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”
Analyst: MJ Steele Analysis Date: September 24-27, 1999

M&TE: IC system (WD2521 4); Mettler.AT400 Balance (360-06-01-03 1) See Chemical
Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and
Maintenance Records.

Notes:
1) “Final Results” have been corrected for all dilution performed on the sample during processing or analysis.
2) The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results

and assume non-complex aqueous matrices. Actual detection limits or quantitation limits for specific
sample matrices may be determined, if requested.

~) Routine precision and bias is typically+ 15% or better for non-complex aqueous samples that are free of
interference and have similar concentrations as the measured anions.

Final Results:

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in ASR
5500. The liquid samples were diluted at the IC workstation up to 10,000-fold to ensure that all
anions were within the calibration range, and the solids samples were diluted an additional
100-fold following leaching per procedure ALO-103. The anion results are presented in the table
below. The solids samples are reported on a per-dry-mass basis.

ASR 5500 Brooks.doc Page 1 of2
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Battelle PNNfJRPG/inorganic Analysis --- lC Repoti

solids

99-2523 PB lProcessBlank I 4.21 I 22.33 I
99-2523 CUF-C104-OO4 4.27 29.19 45,000* 830 17,800 9,200 1,400 2,200 6,900

99-2523 tip CUF-C104-OO4 Dup 4.27 29.19 46,000” 930 19,600 10,000 1,600 2,400 7,700

RPD (?/o) 2% 1170 10% 8% ls~o gyo llVO
CUF-C104-OO4 MS Recovery 127% 95% 109% 108% 108% 109~o 112%

Working SpikeRecovery 112% 94~o lo7% 108% 110% 110?40 lo9%

99-2524 ICUF-C104-O1O 4.38 22.22 8,80V 190 700 740 160 220 250

99-2525 ICUF-C104-O13 I 4.08 I 18.95 I 190* I < 11 I 120 I 320 I 550 I 70 60
1 I , 1 I 1 ! 1 I 1

99-2526 ICUF-C104-O14 4.11 I 18.95 11O* < 11 I 80 320 I 500 I 60 I 40

199-2534 ICL.JF-C104-O19 I 6,100”- j 270 I 3,100 I 1,500 ] 190 I 320 I 1,100 I

99-2529 CUF-C104-O16 1,200”- 220 4,100 2,200- <200 <200 260

99-2530 CUF-CI04017 3,500” 160 1,400 610 < 50 110 240

99-2531 CUF-C104-O18 2,100” 70 480 230 < 50 80 120

99-2528 CUF-C104-O11 40” I <25 220 180 630 < 50 < 50

199-2532 ICUF-C014-021 I 5W 1<25170112013301 <501 <501

199-2533 ICU’F-C104-O22 I 32W I <10 \ 30 I 90 I 90 I <20 \ <20 \

RPD = Relative PercentDifference (between sampleand duplicate/repIicate)
* = Quantified by IC systemas tluoride; however,slightretentiontime peak shift and peak shape suggest

significantorganicanion interference. Highprobabilitythat littleor no fluorideis actually present in
the samples.

Q.C. Comments:

Besides the duplicate, matrix spike, and working spike QC, the following are results of analytical
quality control checks performed during IC analyses. In general, quality control checks met the
requirements of the governing QA Plan.

System Bkmk/Processing Blanks: Twelve system blanks were process during the analysis of the
sample. With the exception of only two nitrate values, no anions were detected above reportable
concentrations in the system blanks or in the processing/dilution blank.

oualitv Control Calibration Verification Check Standards: Fourteen mid-range verification
standards were analyzed throughout the analysis runs. Except for a two fluoride values, the
reported results for all analytes of interest were recovered within the acceptance criteria of *1 OO/o
for the verification standard. For two fluoride failures, no recoveries exceeded*15% of the
standard values.

ASR 5500 Brooks.doc p~~~ 2 Ofz
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Date
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November 3, 1999

K. Brooks

Z%?&

.
M. Uric

Carbon analysis of CUF-C104 Solids

project No. 29953

Internal Distribution

File/LB

Samdes

The analysis of the subject samples submitted under ASR 5500 was performed by the hot

persulfate wet oxidation method, PNL-ALO-381, rev. 1. The hot persulfate method uses acid
decomposition for TIC and acidic potassium persulfate oxidation at 92-95 ‘C for TOC, all on the
same sample, with TC being the sum of the TIC and TOC.

The samples were analyzed on October 28, 1999 and Table 1 below shows the results, rounded
to two to three significant figures. The raw data bench sheets and calculation work sheets

showing all calculations are attached. All sample results are corrected for average percent

recovery of system calibration standards and are also corrected for contribution from the blank.

All samples were analyzed directly (i.e., no preparative or analytical dilution), and are reported
in microgram of carbon per gram of dried solids (as per your request). The analysis of the
liquid samples submitted under ASR 5500 have not been completed, and will be reported under

a separate report.

Table 1: TIC/TO,C/TC Results
Results on a per gram dry weight basis*

Vvt% TIC TIC RPD TOC TOC RPD TC TC RPD
ALO Number Sample ID Solids pgclg (%) pgclg (%) ~gclg (%)

99-2523 CUF-CI 04-004 27.54 16,200 9,360 25,600

99-2523 Dup CUF-CI 04-004 Dup 27.54 15,400 5 10,000 7 24,500 0
99-2524 CUF-CIO4-O1O 22.22 5,730 16,500 22,200
99-2524 Dup CUF-C104-OIO Dup 22.22 5,790 1 19,200 15 25,000 12

99-2525 CUF-CI04-013 18.95 20,400 29,900 50,200

99-2526 CUF-C104-OI4 18.95 16,500 ~, ** 11,900 &j ** 28,500 ~~ **

99-2526 MS CUF-CI04-014 MS 104% 139?40 115%

1000 ~g TOC Std Rec. 105%

RPD = RelativePercent Difference

* ug perdry gram= ug C per gram sample/ (weight ?4. solids / 100)

** RPD calculated betweenCUF-CI 04-013 and CUF-C1 04-014 (field duplicates)

E54-1 900-001(4/96)



K. Brooks
November 3, 1999

Page 2

QC Narrative

The TIC standard is calcium carbonate and TOC standard is a-Glucose (the cer&ificates of purity
are attached). The standard materials were used in solid form for system calibration standards
as well as matrix spikes. TIC and TOC percent recovery are determined using the appropriate
standard (i.e., calcium carbonate for TIC or glucose for TOC) in either solid or liquid form.

“The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type. The QC system calibration standards were all
within acceptance criteria, with the average recovery being 98.1 ‘A for TIC and 95.6% for TOC.
The calibration blanks were acceptable, averaging 19 pgC for TIC and 37 pgC for TOC.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. The matrix spike recoveries from sample CUF-CI 04-14 were 104!Z0for TIC and
139% for TOC. The TOC matrix spike is outside the acceptance criteria of 75% to 125%. The
sample and matrix spike sample were weighed in the hot cells and transferred to the laboratory
for addition of the matrix spikes. The TIC matrix spike was added as a solid and the TOC
matrix spike was added as a liquid. Analysis of the TOC liquid spike solution provided a
recovery of 105Y0, confirming the matrix spike standard concentrations. The reason for the
appare~t high TOC recove~- is unknown.

The precision (as Relative Percent Difference [RPD]) could not be determined since the carbon 9D

concentration in the sample is less than 5 times the method detection limit. For those samples
for which samples and duplicates were analyzed (i.e., CUF-C1 04-004 and CUF-C1 04-01 O), the
RPDs are within the acceptance criteria of 20%. The RPDs are also calculated for the field
duplicates, CUF-CI 04-014 and CUF-CI 04-013. Based on these RPDs there is some concern
about representative sampling, since the RPDs for these two samples is very large (especially
for TOC). This variability may contribute to the poor TOC spike recovery obtained on
CUF-CI04-014.

\
Review/Approve: - [/3”7?

Archive Information:
\ Files: ASR 5550 Solids Brooks.doc ASR 5500 Brooks – Solids/Liquids.xls
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Battelle PNNL/RP G/Inorganic Analysis ---Hg Report page1of 2

WO/Projecti W48489129953

Clienti K P. Brooks

ACL Numbers: 99-02523 through 99-02526
ASR Number 5500

Procedure: PNNL-ALO-131, “Mercwy Digestion”
PNNLALO-201, “Mercury Analysis”

Analyst: J. J. Wagner

Digestion Date: October 21, 1999 Analysis Date: October 27, 1999

M&TE: Hg system &D14126); Mettler AT400 Balance (360-06-01-029) See Chemical
Measurement Center 98620 RIDS for Hg File for Calibration, Standards Preparations, and
Maintenance Records.

Final Results:

The samples were analyzed by cold vapor atomic absorption spectrophotometry for inorganic
mercury as specified in ASR 5500. The solids samples were diluted an additional 100-fold
following sample digestion per procedure ALO-131. The mercury concentration results are
presented in the table below.

ASR5500 Log-402Hg AnalysisBrooks.doc 11/03/99@ 1:14PM



BatteIle PNNIJl?PG/Inorganic Analysis --=Hg Report page 2 of 2

I

99-2523 CUF-C104-OO4 0.3127 79.9 100 20.5

99-2524 CUF-C104-O1O 0.2056 121.6 100 21.8

99-2525 CUF-C104-O13 0.3344 74.8 100 31.9

99-2526 CUF-C104-O14 0.2446 102.2 100 32.5

I , , , , I
RPD= RelativePercentDifference(between sample and duplicateJreplicate)
“Sampleweight”used for the processblank is an averageweightof the samples.

Notes:
1)
2)

3)

Q.C.

“FinalResults”havebeencorrectedfor all dilutionperformedon the sampleduringprocessingor analysis.
The low calibrationstandardis definedas the estimatedquantitationlimit (EQL)for the reportedresults and
assumesnon-complexaqueousmatrices. Actualdetectionlimits or quantitationlimits for specificsample
matricesmay be determined,if requested.
Routineprecisionand bias is typicallyA 15%or betterfor non-complexaqueoussamples that are free of
interference.

Comments:

Following are results of quality control checks performed during Hg analyses. In general, quality
control checks met the requirements of the governing QA Plan.

Working Blank S~ike/Process Blank Spike: Process Blank Spike recovery is 112%, well within
the acceptance criteria of 80% to 120%.

Matrix Spiked Sample: A matrix spike was prepared for the samples submitted under this ASR.
However, the concentration of the matrix spike processed and analyzed with this batch of “
samples was too low in concentration relative to the high concentration of mercury in the
samples measured. As a result, matrix spike recovery could not be assessed.

Duulicate: No duplicates were prepared.

Svstem Blank/Processin~ Blanks: A system blank was process during the analysis of the
sample. All reportable sample concentrations were many times greater than that measured in the
system blank or in the processingldilution blank.

ChmlitvControl Calibration Verification Check Standards: Over 4 mid-range verification
standards were analyzed throughout the analysis run. All were within the acceptance criteria of
80% to 120% recovery for the verification standard.

●

ASR 5500 Log-402 Hg Analysis Brooks.doc 11/08/99 @ 12:13PM



Battelle Pacific Northwest Laborato~

Radiochemical Processing Group-325 Building 99-2527

Radioanalyticai Applications Team 10/20/99

Client: KP Brooks

Cognizant Scientist Date: /u/b/y~

u
Procedures: PNL-ALO-420/421,417

ALO ID

Client ID

Date:
@Q.lM

Measured Activities (uCi/g)

Cm-243+

Gross Alpha Sr-90 Am-241 Cm-244

Error ‘%0 Error % Error Y. Error%

99-2527PB

Process Blank

99-2527PB DUP
Process Blank

99-2527
CUF-C104-OO5

99-2527 DUP
CUF-CI04-005

RPD

99-2527 Rep

CUF-CI 04-005

99-2528

CUF-CI04-011

99-2528 REP

CUF-C1 04-011

99-2529
CUF-CI04-016

99-2529 DUP

CUF-CI04-016

RPD

<3. E-5

<2. E-5

2.95 E-4

5%

3.34 E-4

5%

12%

3.22 E-4

5?40

2.27E4

6%

5.35E-4
4%

4.86 E-4

4%

10?40

<5. E-5

<5. E-5

<3. E-2

<3. E-2

<3, E-2

<3. E-2

<3. E-2

<3. E-2

<4. E-7 <5. E-7

<2. E-7 <2. E-7

4.62 E-6 2.93 E-7

11940 40%

5.37E-6 2.80E-7

11!40 53%

15’% 5?40

6.09 E-6 <2. E-7

@h

1.88 E-6 <3. E-7

17%

5.32 E-6 3.82E-7

8% 34%

5.60 E-6 c4. E-7

Cm-242

Error ‘?4.

<3. E-7

1.67E-7
40%

<2.E-7

<2.E-7

~8.E-8

<2. E-7

<7. E-8

<3. E-7

10?40

5%

Page 1 of 2



Cm-242

Error 1%0

Measured Activities (uCi/g)

Cm-243+

Gross Alpha Sr-90 Am-241 Cm-244
Error % Error YO Error % Error YO

ALO ID

Client ID

<2. E-7

<2. E-7

99-2530

CUF-C104-O17

3.07 E-4

6%

2.72 E-4

6%

12%

3.84 E-4

5940

3.46E-4

5%

10940

1.95 E-4
7%

1.75E-4

7%

11’?/0

1.24E-4

9%

1.35 E-4

9?40

8%

2.66E-4

6%

3.47 E-4

5%

26%

<3. E-5

101?40

81?40

1.65 E-6

19?40

<5. E-7<3.E-2

c3. E-2

<3.E-2

<3.E-2

<3.E-2

<3.E-2

<3.E-2

<2.E-2

c2.E-2

<2.E-2

<2.E-4

95%

102?40

99-2530 DUP

CUF-C104-O17

3.28 E-6

13%

<3. E-7

RPD 66%

99-2531

CUF-CI04-018

6.68 E-5

5%

6.77 E-7

26?4.

1.88E-7

50%

99-2531 DUP

CUF-C104-O18
6.32 E-5

5!L0

5.27E-7

31%

2.26E-7

48?40

RPD 6!A0 25Y’o 18’%

99-2532
CUF-C1 04-021

1.94E-6
25%

<2.E-7 <2. E-7

99-2532 DUP 2.07E-6

16%

<2. E-7 CZ.E-7

CUF-C1 04-021

RPD 6%

99-2533

CUF-C1 04-022
3.56E-7

41?40

<2. E-7

<3. E-7

<2. E-7

<8.E-899-2533 DUP

CUF-C104-O22

<3. E-7

RPD

99-2534
CUF-CI04-019

1.36E-6 c3. E-7

17%

<5. E-8

<3. E-799-2534 DUP

CUF-C104-OI9

2.13 E-6 <3. E-7

16%

RPD 4470

3.1OE-7
28%

Blank <3.E-7 <2.E-7

10570

104?40

Blank spike

Sample spike

Page 2 of 2
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Battelle Pacific Northwest Laborato~
Radiochemical Processing Group-325 Building 99-2527
Radioanaiytical Applications Team 9129199

Client: KP Brooks

Cognizant Scientist *L Date: YIZYJ?7

-~
Concur: z an~ “ k Date: q16?q/W

Procedure: PNL-ALO-450
Gamma Energy Analysis
Measured Activities (uCi/g)

ALO ID

Client ID

99-2527

CUF-C1 04-005

99-2527 DUP

CUF-C104-005

RPD

99-2528
CUF-CI04-017

99-2529

CUF-C104-OI6

99-2529 DUP
CUF-CI04-016

RPD

99-2530

CUF-C104-OI7

99-2530 DUP
CUF-C104-O17

RPD

99-2531
CUF-C104-OI8

99-2531 DUP
CUF-C104-O18

RPD

CO-60 Cs-137 Sb-125 Sri-l 26 Eu-152 Eu-154 Eu-155

Error YO Error % Error ?40 Error % Error % Error ?40 Error %

1.21E-2
3%

1.24E-2
3%

2%

7.64E-4
8%

5.72 E-3
3V0

5.80 E-3
3%

1!40

1.58E-3
4?40

1.59E-3
4%

1%

6.79E-4
4?40

6.63 E-4
5%

2%

9.62E+0 <2. E-2

2%

9.74E+0 <2. E-2

2%

1?40

2.14E+0 <6.E-3
2%

4.81E+0 <9. E-3

270

4.83E+0 <9.E-3
2%

o%

1.56E+0 <4. E-3

2%

1.58E+0 <4.E-3
2%

170

6.90E-I CZ.E-3

2%

6.94E-I <2. E-3

2%

170

<6. E-3

<fj. E-3

<8.E-4

<3.E-3

<3.E-3

<2. E-3

-=2.E-3

<3. E-4

<3. E-4

<1. E-2

<1. E.2

4. E-3

<6. E-3

<6. E-3

<2. E-3

<2. E-3

<8. E-4

<8. E-4

<8. E-4

<7. E-4

<4. E-4

<3. E-4

<4. E-4

<8, E-5

<2. E-4

<2. E-4

<I- E-4

<2. E-2

<2.E-2

<5. E-3

<7.E-3

<7.E-3

<2. E-3

<2. E-3

<2.E-3

c2. E-3
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ALO ID

Client ID

99-2532
CUF-C104-O2I

99-2532 DUP
CUF-C104-O2I

RPD

99-2533

CUF-CI04-022

99-2533 DUP

CUF-C104-O22

RPD

99-2534

CUF-CI04-019

99-2534 DUP

CUF-C104-OI 9

RPD

Gamma Energy Analysis
Measured Activities (uCi/g) a

CO-60 Cs-137 W-125 Sn-126 Eu-152 Eu-154 Eu-155

Error !40 Error YO Error YO Error YO Error YO Error YO Error YO

4.99E-4
1o%

5.33 E-4

9?40

7’?40

2.76 E-4

13%

2.58E-4

14?L0

7’%0

4.28E-3

370

4.22 E-3

3%

170

1.65E+0
2%

1.50E+0

2%

1o%

9.25 E-I
2!40

9.34 E-1
2%

-1%

3.51E+0

2’%

3.49E+0

2%

170

<6. E-3

<5. E-3

<4. E-3

<4. E-3

<7. E-3

<7. E-3

<2. E-3

<2. E-3

<6. E-4

<5. E41

<3.E-3

c3. E-3

<3- E-3

<3. E-3

<3. E-3

<3. E-3

<4. E-3

<4. E-3

<3.E-4

<3.E-4

<3.E-4

<3.E-4

<4.E-4

<3.E-4

<4. E-3

<4. E-3

<4. E-3

<4. E-3

<5.E-3

<5. E-3
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BattellePacific Nodhwest Laboratory

Radiochemical Processing Group-325

Client: KP Brooks

Building

+4zL/Cognizant Scientist J. f.

99-2527

11/1 0/1999

Date:
a

Date: ZZZZf.

Denstiy Determination

ALO ID Density
Client ID g/mL

99-2527 1.0602

CUF-C104-OO5

99-2528 1.0948

CUF-C104-O11

99-2529 1.0318

CUF-C104-O16

99-2530 1.0071

CUF-CI04-017

99-2531 1.0003

CUF-C404-018

99-2532 1.0440
CUF-C104-O2I

99-2533 1.0125

CUF-C104-O22

99-2534 1.0212

CUF-CI04-019

99-2535 1.0066

CUF-CI04-015

UsedAClass A volumetric flasks, except for sample 99-2535 where a 2-mL volumetric flask was used.

/0-I

Page 1 of 1
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Battelie PNNURPG/inorganic Analysis --- TOC/T\C Report

Client: K. Brooks Charge Code/Project: W48489 / 29953
ACL Numbers: 99-2527 to 99-2534 ASR Numbefi 5500
Analyst: MJ Steele Analysis Date: November 18-19, 1999

Procedure: PNL-ALO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method”

M&TE: Carbon System (WA92040); Balance (360-06-01-023).

Final Restilts:

Vol Trc TIC RPD TOC TOC RPD TC TC RPD
Lab Number Sample ID “ (ml) (gg C/ml) (%) (KgC/ml) (%) (pg C/ml) (%)

99-2527 CUF-CI04-005 0.20 2,260 2,300 4,560
99-2527 DUp CUF-CI04-005 Dup 0.20 2,180 4 2,330 2 4,510 1
99-2528 CUF-C104-OI1 0.20 270 <90 270
99-2528 Dup CUF-C104-O11 Dup 0.20 290 7 <90 nla 290 7
99-2529 CUF-C104-O16 0.40 980 980 1,960
99-2529 Dup CUF-C104-016 Dup 0.40 1,010 2 980 0 1,990 1
99-2530 CUF-C104-OI7 0.40 320 240 560
99-2530 Dup CUF-C104-017 Dup 0.40 320 1 260 10 580 5
99-2530 Spike CUF-C104-017 Spike 0.30 102% 9294. 98%
99-2531 CUF-CI04-018 0.40 130 95 225
99-2531 Dlql CUF-CI04-018 Dlql 0.60 160 17 150 nia 310 29
99-2532 CUF-CI04-021 0.40 290 . 190 I 480
99-2532 @ CUF-C1 04-021 hp 0.40 350 19 160 rlla 510 7

99-2533 CUF-C1 04-022 0.40 180 170 350

99-2533 DUP CUF-C104-O22 DUP 0.60 200 9 120 nfa 320 11
99-2534 CUF-C104-O 19 0.20 6,310 4,040 10,350

99-2534 DUP CUF-C1 04-019 Dllp 0.025 6,370 1 3,530 14 9,900 5

RPD= Relative PercentDifference (betweensampleand dupIicate/replicate)

The analysis of the subject samples submitted under ASR 5500 was performed by the hot persulfate
wet oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic
potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the suni
of the TIC and TOC.

The table above shows the results, rounded to two to three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution fi-om the blank

Q.C. Comments:

The TIC standard is calcium carbonate and TOC standard is cx-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well
as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for TOC) in either solid or liquid form.

ASR 5500 Liquid Brooks.doc page 1 *f 2



Batielle PIVNfff?PG/lnorganlc Analysis -- TOC/TIC Report

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration standards were all within acceptance criteri~
with the average recovery being 100.2°/0for TIC and l.OO.OO/Ofor TOC.

Calibration Blanks: The five calibration blanks run at the beginning and middle of the analysis run
were acceptable, averaging 12.5 ~gC for TIC and 60.8 for pgC for TOC. The standard deviation
calculated from the calibration blanks is lower than the estimated method detection limit for both
TIC and TOC.

Durdicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the relative percent differences (RPD) between replicates are within the acceptance criteria of 20%,
except for the summed TC for sample CUF-C104-018. The TOC results for this sample are very
near the MDL and the variability in the TOC results impacted the RPD for the TC.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The matrix spike for this sample recovered at 102% for TIC and 91% for
TIC, well within the 75% to 125% recovery acceptance criteria.

General Comments:

●

●

●

●

The reported “Final Results” have been corrected for all dilution performed on the sample
during processing or analysis.

Routine precision and bias are typically +15’XOor better for non-complex samples that are free of
interferences.

The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, arid RPDs are not calculated for any results less than 5 times
the MDL.

Some results may be reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

Report Prepared by:

Review/Approval by:

Archive Information:

~Files: ASR 5500 Liquid Brooks.doc ASR 5500 Brooks – Solids&Liquids.xls

ASR 5500 Liquid Brooks.doc page 2 of2



PNNL R
m

,hemical Processing Group: TOC/TIC/TC Calculatio

w

evieti” Report - Hot Persulfate Method PNL-ALO-3 9
Client: K. Brooks Analyzer M&TE~ WA92040 --701

Project: 29953 Balance M&TE: 360-06-01-023

Work Pkg: W48489 (CMC K88409) TOC STD: Glucose CSM-6007>>> 40.00yo” Carbon <<[G]

Anaiyzed: 11/18-19/1 999 TIC STD: CaC03 CMS-I 39285>>> 11.99?46Carbon <<[c]

ASR 5500

I Raw TIC I Raw TOC [

I (w c) I (Ufi c) I I TIC I TOC
I

Blanks: lCalibrationblank (startof.batch)(l1/18199) I 11,8 65.9

lCalibrationblank (startofbatch)(l1/18/99) I 10.0 68.9 R
Calibrationblank (end of batch)(l 1/18/99)

!
12.6 65.8

Calibration blank (start of batch)(l 1/19/99) 12.3 66.8 R
Calibration blank (end of batch)(l 1/19/99) 15.9 36.8

I , I I

Totat Inorganic Carbon (TIC)

[A] Raw I [B] I [D] Std I TIC 1
TIC (ug) Blk (ug) Wt (g) % Rec

Standards: Calibration Standard (start of batch) 1448 13 0,01180 101.5

Calibration Standard (start of batch) 1322 13 0.01100 99.3

Calibration blank (end of batch)(l 1/18/99) 970 13 0.00800 99.8

Calibration Standard (start of batch)(l 1/19/ 2096 43 0.01740 99.9I 1 1 I

Calibration blank (end of batch)(l 1/19/99) 3116 13 I 0.02570 100.7
I

[L] Average TIC % Rec >>>> 100.2

Total Organic Carbon (TOC)

[E] Raw [F] [H] Std TOC

TOC (ug) Blk (ug) Wt (g) % Rec

1148 61 0.00260 104,5

2299 61 0.00550 101,7

1150 61 0.00280 97.2

1395 61 0.00330 101.1

1208 61 0.00300 95.6

[P] Average TOC % Rec >>>> 100.0

Formulas: Standard TIC % Recovery= ((A-B)/((C/l OO~D)~l 05”100 Matrix Spike Recoveries:
- Standard TOC % Recovery= ((E-F)I((GII OO)*H)YI06*100 TIC % Recovery= (((Q-R)/(Ul 00))-S*T)*100/U

Sample TIC (ug C/ml)= (1-J)/(Kl/100) TOC % Recovery = (((Q-R)/(P/l 00))-S*T)”100/U

SamcdeTOC (ua C/ml)= (M-N)/(O*P/l 00) TC % Recovery = ((((QT’c-RT’c)/(L/l OO))-VT'c)+(((QT0c-RT0c)/(P/lOO))-VT0c))*lOO/UT'c+T0c

Comments: Due to the precision carried in the spreadsheet, some results may appear to be slightly off due to rounding.

The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD, MDL = 3 x pooled SD.

Ilf either the Sample or Duplicate are < 5Xmall, then the RPD is not calculated and displayed as Wall.

TIC and TOC are measured; TC is the sum of the TIC and TOC results.

Tab: Liquid Samples Archive File: ASR 6500 Brooks - Solids& Liquids-1.xls Page 1 of 2



PNNL Radiochemicai Processing Group: TOC/TiC/TC Calculations *’Review** Report - Hot Persulfate Method PNL-ALO-381

Client: K. Brooks Analyzer M&TE: WA92040 --701

Project: 29953 Balance M&TE: 360-06-01-023

Work Pkg: W48489 (CMC K88409) TOC STD: Glucose CSV1-6007>>~ 40.00yo Carbon <<[G]

Analyzed: 11/18-1 9/1999 TIC STD: CaC03 CMS-139285>>> 11.99% Carbon CC[C]

ASR: 5500

Sample Results

E=
ACL Number

99-2527

99-2527 f)lrp

99-2528
99-2528Dup
99-2529
99-2529Dup
99-2530
99-2530Dup
99-2530Spike

99-2531

99-2531 DuP

99-2532

99-2532 DUP

99-2533

99-2533 hp

99-2534

99-2534 DUP

~Client Sample ID

CUF-CI04-005

‘CUF-CI 04-005

‘CUF-CI04-011

lCUF-CI04-011

CUF-CI04-016

‘CUF-CI04-016

iCUF-C104-017

CUF-CI04-017

CUF-CI 04-017

CUF-CI04-018

CUF-CI04-018

CUF-C104-O2I

~CUF-C104-021

CUF-CI04-022

CUF-CI 04-022

CUF-CI04-019

CUF-CI04-019

[1]Raw [J]
TIC (ug C) Blk (ug C]

465 13

449 13

67 13

71 13

407 13

416 13

139 13

140 13

1124 13

65 13

106 13

129 13

153 13

85 13

132 13

1278 13

172 13

[K] Sam TIC TIC [M] Raw
Vol(ml) (ug Clml) RPD (%) TOC (ug C

0.20 2,257 520

0.20 2,177 4 527

0.20 272 73

0.20 “292 7 61

0.40 984 453

0.40 1,006 2 453

0.40 316 156

0.40 318 1 166

0.30 see below 792

0.40 131 99

0.60 155 17 150

0.40 291 135

0.40 350 19 124

0.40 181 129

0.60 199 9 130

0.20 6,313 870

0.025 6,365 1 .149

Matrix Spike Results

[Q]RawMS [R] MS Blk [S] Sam ~ MS Sam WI Sample Spike
ACL Number (Ug c) (Ug c) (Ug Clg) Vol(ml) (Ug c) Wt (g)

99-2530 S~ike ITIC Recovery 1124 12.5 316 0.30 95 0.0063

TOC Recovery I 792 I 60.8 I 236 I 0.30 71 I 0.0018

Total Carbon Recovery (TIC + TOC)

Preparer/date: {/”/9+9

Reviewer/date: /7- z “.2-?7

Tab: Li

g

amples

[N] [0] Sam Toc TOC TC TC
Blk (ugC) Vol(ml) (ug Clml) RPD(%) (ug Clml) RPD(%

61 0.20 2,295 4,552

61 0.20 2,330 2 4,507 1

61 0.20 61 (<mall) 272

61 0.20 1 (<mall) nla 292 7

61 0.40 980 1,964

61 0.40 980 0 1,966 1

61 0.40 238 553

61 0.40 263 10 581 5

61 0.30 see below see below

61 0.40 95 226

61 0,60 149 nla 304 29

61 0.40 185 476

61 0.40 158 nla 508 7

61 0.40 170 351

61 0.60 115 nla 314 11

61 0.20 4,044 10,357

61 0.025 3,526 14 9,891 5

Archive File: A$R 5500

w

- Solids&Liquids-1 .xls
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c} Baltelle
Projact Numbar

Date

To

From

Subject

Pacific Northwest Laboratories
Internal Distribution

329/4 File
September 20, 1999 LSO Project File

Mike Uric
K. P. Books

Tom Farmer

lCP/MS Analvsis of Submitted Samoles

(ALO#99-2527 through 99-2534)

Pursuant to your request, the 20 samples that you submitted for analysis were analyzed
by ICPMS for ‘Tc. The results of this analysis are reported on the attached page.

An Amersham 9%c was used to generate the calibration cuwe. An independent
Amersham ‘~c standard was used as the continuing calibration verification (CCV)
standard. Unless otherwise specified, the overall uncertainty of the values is
conservatively estimated at Al OYO,and is based on the precision between consecutive
analytical runs as well as the accuracy of the CCV standard results.

The ‘~c values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to ‘gTc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Approximate 101Ru
concentrations are provided for your information.

if you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624



.

I fJ-+’--
K.P. BrooksTc-99 Analysis 7/30/9 7
September 20, 1999

Results are reported in ng analyte/ml (ppb) of original solution.
The uncertainty of the results is estimated at +10?40.

*Based on Response of lndium, for information only.
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Appendix D: Crossflow Filtration Raw Data
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Appendix D: Crossflow Filtration Raw Data
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Slurry Filter Filtrate Filtrate
Matrix1 TotalTime Loop Flow Outlet FilterInlet Pressure Sample Time of Flow Rate Permeability
Condition Elapaed Rate Preeaure Preeaue Drop Volume Collection (mlho) FiltrateFlux (m/day/bar)

Number Time (Min) ~ ~. (9pm) (pig) (@9) (peig) (mL) (sac) Slur~ Temp C (m3/m2/day)
1 0:16 : 4.2 NA 50 #VALUE! 40 29.53 1.355 26.1 6.221
1

1,605
0:26 0:10 4.4 NA 50 #VALUE! 40 38,13 1,049 22.8 5.289 4.534

1 0:36 020 4.4 NA 50 #VALUE! 40 37.84 1.057 26.2
1

4.841
0:46 030

1.44
4,5 NA 55 #VALUEl 40 36 1,053 20.2 5.720

1 0:57 041 4.4 NA
1,506

50 #VALUE! 40 42.75 0.936 24 4,559
1 1:06 0:50 4,5 NA

1.322
50 #VALUE! 40 43,1 0,928 26,4 4,227

1 1:16 1:00
1.226

0 NA 50 #VALUE! 40 48,69 0,822 20.4 4,438 1.287

Average Preaaure= 50.71429 Average Flow= 1,028 Average Flux= 4.846
RAw AverageSlurryFlow= 3.77 Fittrete.-..—

C-104 Sludge Flux vs. Time
at 50.7 psig and 3.8 gpm

7,000 , *

L 0.000 J 1 I I I I
0:00 0:14 0:28 0:43 0:57 1:12

Time (h~min)

C-104 Sludge Permeability VS. Time at
50.7 psig and 3.8 gpm

~ 2.000

8
1.800 t

& 1.600- ‘*e
g 1,400- A

2 1.200-
4*

~ :“::

j 0,600-
~ 0.400-
& 0.200

0.000- 1

0:00 0:28 0:57 1:26

Time (hcmin)



slurry Filter Filtrate Filtrate
Matrix 1 Total Time Loop Flow Outtet Fitter Inlet Pressure Sample Time of Flow Rate
Condtion Elapsed Rate Pressure Pressue Drop Volume Collection (mL/see)

.Permeablltty

FittrateFhJX (mldaylbar)

Number Time (Min) ~ ~0 (9pm) (paig) *9 ~ (P*9) (psig) (mL) (See) ‘ - Sluny Temp C (m3/m2/day)
2 1:33 ; 4,2 . 32 2,5 40 32.82 1,219 25.1 5.756 2.715
2 1:43 0:10 4.15 29 32
2 1:53 0:20 4,25 29 32
2 2:03 0:30 4.35 28 31
2 2:17 0:44 4 31 34
2 2:30 0:57 4.4 29 31
2 2:35 1:02 4.55 29 32

Average Pressure = 30.60714
AW AverageSlunyFlow= 4.27

C-104 Sludge Flux vs. Time
at 30,6 psig and 4.3 gpm

7,000
6.000,-

5.000 A ●

4.000 4
● 64

ilii~
0:00 0:14 0:28 0:43 0:57 1:12

Time (h~min)

3 40 43.32 0.923 23 4.629 2,201
3 40 42,13 0.949 21 5.041 2.397
3 40 42.09 0.950 25.2 4.476 2,201

w Zu.z a.aul &lOo
; 40 45,:; :: 23.1 4.412 2,133
‘3 40 43.16 0.927 25,1 4.377 2.082

AverageFlow= 0.975 AverageFlux= 4.706
Filtrate

C-104 Sludge Permeability vs. Time at
30.6 pslgand 4.3 gpm

-0,000 ! ( f 1 1 1
0:00 0:14 0:28 043 0:57 1:12

Time (h~min)



Total Slurry Filter Filtrate Filtrate
Permeability

Matrix 1 Time Loop Flow Outlet Filter Inlet Preaeure Sample Time of ‘Iow ‘ate (m/day/bar)
Condition Elapeed Rate Preeeure Preeeue Drop Volume Collection ‘mUsec) Filtrate Flux
Number Time (Min) (9pm) (psig) (peig) (peig) (mL) (See) Siurry Temp C (m3/m2/day)

3 2:50 0:00 3,88 70 72
3 3:00 010 4,35 70 73
3 3:11 0:21 4.35 68 71
3 3:20 030 4,1 68 70
3 3:30 040 4.1 70 73
3 3:40 050 4.2 69 72
3 3:50 1:00 4.25 67 70

Average Preaaure = 70.21429
RAW Averaae Slurrv Fiow 4.18

C-104 Sludge Flux vs. Time
at 70.2 pslg and 4.2 gpm

7.000 “

~ 6.000 )

~ 5.000-
a
E 4.000--
a ● 4 9
E 3.000 ● 6 ●

; 2.000-
E 1.000-

0.000- ~

0:00 0:14 0:28 0:43 0:57 1:12

Time (hcmin)

2 40 34.9 1.146 22.2 5,878 1.201
3 40 50.34 0.795 26.2 3.639 0.738
3 40 58.28 0,686 24.8 3.269 0.682
2 40 56.84 0,704 21.4 3.693 0.776
3 40 57.46 0,696 24.8 3.316 0.673
3 40 58 0,690 26.3 3.150 0.648
3 40 62.96 0,635 23.4 3,149 0,667

Average Flow = 0.765 Average Flux = 3.369
Fiitrate

i

C-104 Siudge Permeability vs. Time at 70.2 peig and 4.2 gpm

1.400

1.200< ➤

1,000 “
0.800 ● w
0.600

● ● ● ●

0.400-
0.200
0.000 I I I 1

0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:min)



Matrix 1
Condition

Sluny Filter Filtrate Filtrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate
Elapsed Rate Pressure Pressue Drop Volume Collection (mUwc)

Permeability

Filtrate Flux
(m/day/bar)

Number Time (Min) (9pm) (psig) (psig) (pdg) (mL) (See) “ ‘ Slurry Temp C (m3/m2/day)
4 4:08 0:00 49 51

4 4;24 0:16 3:: 50 51
4 4:34 0:26 3.1 48 50
4 4:45 0:37 3.05 50 52
4 4:54 0:46 2,95 50 50
4 5:10 1:02 3,35 50 52

Average Pressure = 50,25
RAw Average Slurry Flow = 3.10

I
C-104 Sludge Flux vs. Time

at 50.3 pslg and 3.1 gpm

3,000

2.000-
“e + ● 4 4

1,000- “

0,000~
0:00 0:14 0:28 0:43 0:57 1:12

Time (hcmln)

2 40 44.68 0.895 24.3 4,325 1.255
1 40 90.75 0.441 22 2.274 0.653
2 40 92.16 0.434 20.9 2.311 0,664
2 40 88.16 0.454 24.5 2.180 0.620
0 40 94.72 0,422 22.9 2.123 0,616
2 40 94.59 0.423 21.2 2.232 0.635

Average Flow = 0.511 Average Flux E 2.224
Fitlrate

C-104 Sludge Permeablllty vs. Time at
.S0.3psig and 3.1 gpm

1.400
1.200 J

1.000-

0.800

0,$00 ** A A 6

0.400-

0,200-

0.000 I , I ,

0:00 0:14 0:28 0:43 0:57 1:12

Time (h~min)

@



o
shy Filter FitIrate Filtrate

Matrix 1 Total Time Loop Flow Outlet

—

Filter Inlet Pressure Sample ‘ Time of FIOWRate Permeability

Condition Elapsed Rate Pressure Pressue Drop Volume Coileotion (mUsec) Filtrate Flux
(m/dayibar)

Number Time (Min) ~ ~. (9pm) (psig) (psig) (psig) (mL) (See) Slurry Temp C (m3/m2/day)
5 5:36 : 5.15 48 51 3 40 34.1 1.173 21.% 6.086 1.783
5 5:46 0:10 5.25 49 52 3 40 37.06 1.079 24.7 5.156 ‘--1,48;
5 5:50 0:22 5.25 47 50 3 40 41.41 0,966 25.1 4.562 1.364
5 6:08 0:32 5.2 47 51 4 40 44.81 0.893 21.1 4.726 1.399
5 6:18 0:42 5.2 47 51 4 40 39.76 1.006 24 4.899 1.450
5 6:29 0:53 5.15 48 51 3 40 39.53 1,012 25,9 4.673 1,369
5 6:39 1:03 5.3 47.5 51 3.5 40 45.22 0,885 21.5 4.629 1.363

Average Pressure = 49.32143 Average Flow = 1.002 Average Flux = 4,774
WV Average Slurry Flow = 5.21

C-104 Sludge Flux vs. Time
at 49.3 psig and 6.2 gpm

g 2.000

~ 1.000

0.000 ~

0:00 0:14 0:28 0:43 0:57 1:12

Time (hnmln)

Filtrate

C-104 Sludge Permeability vs. Time at 49.3
paig and 5.2 gpm

2.000
~ 1.800
g 1.600-

A 41.400 “* ● v ●

1.200 “
1,000

_ 0.800-

i!
0.600-
0.400

~ 0.200- -
0.000 , , , I

0:00 0:14 0:28 0:43 0:57 1:12

Thne (h~min)

I



Matrix 1
Condition

slurry Filter Filtrate Fittrate
Total Time Loop Flow Outlet Filter Inlet Pressure Sample Time of Flow Rate
Elapsed Rate Pressure Pressue Drop Volume Collection (mUsec)

Permeability

Filtrate Flux
(m/day/bar)

Number Time (Min) ~ ~0 (9pm) (psig) (psig) (psig) (mL) (See) SlurIY Temp C (m3/rn2/day)
6 6:52 : 4.3 49 51 2 40 36.71 1,090 23.3 5.415
6 7:02 0:10 4,25 48 51 3 40 48.88 0.818 2608 3.688
6 7:18 0:26 4.1 49 52 3 40 57.56 0.695 21.2 3.666
6 7:29 0:37 4.25 48 51 3 40 49.69 0,805 25.4 3.770
6 7:40 0:48 4.3 49 51 2 40 51,03 0.784 23.3 3,896
6 7:50 0:58 4.1 49 51 2 40 52.1 0.768 20.9 4.088

Average Pressure = 49.91667 Average Flow = 0.827 Average Flux = 3.822
RAw Average SlurTYFlow= 4.22 Filtrate

C-104 Sludge Flux vs. Time
at 49.9 psig and 4.2 gpm

g 4,000 ●
*

● ● w

~ 3.000

~ 2.000-

3 1,000

L 0.000 1 I I 1

0:00 0:14 0:28 0:43 0:57 1:12

Time (hr:min)

C-104 Sludge Permeability vs. Time at
49.9 psig and 4.2 gpm

2.000

I

‘“’oo~
0.000 ~

0:00 0:14 0:28 0:43 0:57 1:12

Tires (hcmin)

1.571
1.080
1.054
1.105
1.130
1.186

al



slurry Fitter Filtrate Filtrate
Matrix 1 Total Time Loop Flow Outlet Filter Inlet Preaaure Sample Time of Flow Rate
Condtion Elapsed Rate Pieaaure Preaaue Drop Volume Collection (mUaec) Filtrate Flux
Number Time (Min) ~.OO (9pm) (paig) (paig) (psig) (mL) (See) Slurry Temp C (m3/m2/day)

7 8:05 3.15 50 51 1 40 42.75 0.936 26.1 4.297
7 8:15 0;10 3,05 50 51 1 40 63.59 0,629 20.9 3.349
7 8:25 0:20 2.9 50 52 2 40 68.32 0.585 22.2 3.003
7 8:35 0:30 3.2 49 51 2 40 64,5 0.620 25.8 2.872
7 8;45 0:40 3,1 49 51 2 40 71.5 0.559 22,1 2.877
7 8:55 0:50 3.1 51 59 8 40 74.69 0.536 21.7 2.786

Average Preaaure = 51.16667 Average Flow = 0S44 Average Flux= 2.978
RAw Averaae Slunv Flow = 3.08 Fittrate

C-104 Sludge Flux vs. Time
at 61.2 pdg and 3.1 gpm

5.000

4.000
}

3.000
6 A w w ●

2,000

1.000

0:00 0:14 0:28 0:43 0:57

Time (hr:min)

Permeability
(m/day/bar)

1.234
0.962
0.854
0.833
0.835
0.735

C-104 Sludge Permeability vs. Time at
S1.2psig and 3,1 gpm

= 1.400

3
s

1.2004 “

u 1.000

~ 0.800- -’
●

● 6 6

# 0.600
4

a 0.400-
8
~ 0.200-

~ 0.000- + I I ,

0:00 0:14 0:28 0:43 0:57

Time (hcmin)



slurry Filter
Matrix 2 Total Time Loop Flow Outtet
Condition Elapsed Rate Preaaure
Number Time (Min) ~ ~. (9P@. (@9)

1 12:26 : 3.6 NA
1 12:36 0:10 4NA
1 12:46 0:20 4 NA
1 12:56 0:30 3.8 NA
1 13:06 0:40 3.9 NA
1 13:16 0:50 3.9 NA

Filtrate Fittrate
Filter inlet Pressure Sample Time of Flow Rate
Preaaue Drop Volume Collection (mUaec) Filtrate Flux

(PfJ9) (@9) (mL) (See) Slurty Temp C (m3/m2/day)
55 #VALUE! 10 54.84 0.182 25 0.664
50 #VALUE! 10 70.09 0.143 21.2 0.753
51 #VALUE! 10 63.25 0.158 24.7 0.755
55 #VALUE! 10 58.32 0.171 25.1 0.810
53 #VALUE! 10 71.75 0.139 21,3 0.734
54 #VALUEl 10 65.97 0.152 23 0.760

Average Preaeure = 53 Average Flow = 0.158 Average Flux= 0.762
RAw Average Slurry Flow = 3.87 Fittrate

Permeability
(m/day/bar)

0,228
0.218
0.215
0.214
0,201
0.204

C-104 Sludge Flux vs. Time
at 53 psig and 3.9 gpm

0.900

0.850

0,800

0.750

0.700

0:00 0:14 0:28 0:43 0:57

Time (rein)

e

C-104 Sludge Permeability vs. Time at
63 pslg and 3.9 gpm

0.250

0.200

0.150

0.100
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0:00 0:14 0:28 0:43 0:57
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slurry Fitter
Matrix 2 Total Time Loop Flow Outlet
Condition Elapsed Rate Pressure
Number Time (Min) ~ ~0 (9pm) (psig)

2 2:51 : 4.1 NA
2 3:01 0:10 3.5 NA
2 3:11 0:20 4.2 NA
2 3:21 0:30 3.8 NA
2 3:31 0:40 3.9 NA
2 3:41 0:50 4.3 NA

Average Pressure =
RAw Average Slurry Flow = 3.97

FHterInlet
Preasue
(pslg)

35
37
30
3$
35
30

33.66667

C-104 Sludge Flux vs. Time
at 33.6 psig and 4.0 gpm

1.200

x ~ 1.000
z G 0.800
4!! a 0.600~~ 0400

K & 0:200

0.000

0:00 0:14 0:28 0:43 0:57

Time (rein)

Filtrate Filtrate
Pressure Sample Time of Flow Rate
Drop Volume Collection (mL/see) Fittrate Flux
(paig) (mL) (See) Slurry Temp C (m3/m2/day)
#VALUEl 10 57.41 0.174 21.4 0.914
#VALUEl 10 46.78 0.214 25,2 1.007
#VALUEl 10 65.07 0.154 22 0.793
#VALUEl 10 52,47 0,191 21,1 1.009
#VALUE! 10 64.31 0.155 24.7 0.743
#VALUE! 10 71,41 0.140 24.6 0,671

Average Flow = 0.171 Average Flux = 0,844

C-104 Sludge Permeability vs. Time at
33.6 psig and 4.0 gpm

0.500

&f 0.400
.-
a~ >0.300

E
g 0.200
E& - 0.100

0.000

0:00 0:14 0:28 0:43 0:57

Time (rnin)

0

Permeability

0.379
0.395
0.383
0.418
0.308
0.324



Sluny Filter
Matrix 2 Total Time Loop Flow Outtet
Condtion Elapsed Rate Pressure
Number Time (Min) ~ ~. (9pm) (psig)

3 4:02 : 3.9 NA
3 4:12 0:10 4NA
3 4:22 0:20 3.8 NA
3 4:32 0:30 4,2 NA
3 4:47 0:45 4.3 NA
3 5:05 1:03 ‘4.1 NA

Filtrate Filtrate
Filter Inlet Pressure Sample Time of Flow Rate
Preasue Drop Volume Collection (mUsec) Filtrate Flux
(psig) (psig) (mL) (See) Slurry Temp C (m3/m2/day)

70 #VALUE! 10 45.69 0.219 29.1 0.925
70 #VALUE! 10 49,94 0.200 27.1 0.894
75 #VALUEl 10 52.91 0,189 24.7 0.903
68 #VALUE! 10 57,93 0,173 24.1 0.839
75 #VALUEl 10 56.09 0,178 26 0.821
70 #VALUE! 10 65.85 0.152 23,9 0.742

Average Pressure = 71.33333
RAw Average Slurry Flow = 4.05

C-104 Sludge Flux vs. Time
at 71.3 psig and 4.0 gpm

1.000

~ ~ 0.800

E w 0.600

% @ 0,400t?+
~ ~ 0.200

0,000

0:00 0:14 0:28 0:43 0:57 l:f2

Time (rein)

Permeability
(m/day/bar)

0.192
0.185
0.175
0.179
0.159
0.154

Average Flow = 0,185 Average Flux= 0.840

C-104 Sludge Permeability vs. Time at
71.3 pslg and 4.0 gpm

0.250

0.200

0.150

0.100

0.050

0.000

0:00 0:14 0:28 0:43 0:57 1:12



Slurly Fitter Filtrate Fittrate
Matrix 2 Total Time Loop Flow Outlet Fiiter Inlet Pressure Sample Time of Flow Rate

Permeabitii

ConditJon Elapsed Rate Pressure Pressue Drop Volume Collection (mUsec) Filtrate Flux
(m/day/bar)

Number Time (Min) (9pm) (psig) (psig) (psig) (mL) (See) Slurry Temp C (m3/m2/day)
4 5:43 0:00 3.1 NA 50 #VALUE! 10 66,66 0.150 21.2 0.792
4 5:53 0:10 3.15 NA 53 #VALUE! 10 78.69 0.127 26.5 0.577
4 6:03 0:20 3,1 NA 50 #VALUE! 10 84.28 0.119 26 0.546
4 6:14 0:31 3.1 NA 55 #VALUE! 10 83 0.120 21.4 0.632
4 6:24 0:41 3.1 NA 54 #VALUE! 10 84.19 0.119 22..4 0.606
4 6:34 0:51 3.15 NA 50 #VALUE! 10 83.47 0.120 26,6 0.543
4 6:44 1:01 3.2 NA 55 #VALUE! 10 81.07 0.123 23.5 0,610

Average Pressure = 52.42857
IAw Average Slurry Flow = 3.13

C-104 Sludge Flux vs. Time
at 52.4 psig and 3.1 gpm

0:00 0:14 0:28 0:43 0:57 1:12

Time (mIn)

Average Flow = 0.125 Average Fiux = 0.586

C-104 Sludge Permeability vs. Time at
52.4 psig and 3.1 gpm

0.250

0.200

0.150
0.100
0$050
0.000

0:00 0:14 0:28 0:43 0:57 1:12

0.230
0.158
0.159
0,167
0.163
0.157
0.161



slurry Filter
Matrix 2 Total Time Loop Flow Outlet
Condition Elapsed Rate Pressure
Number Time (Min) ~ ~. (9pm) (psig)

5 7:19 : 5 NA
5 7:29 0:10 5.1 NA
5 7:39 0:20 5 NA
5 7:49 0:30 5 NA
5 7:59 0:40 5 NA
5 8:11 0:52 4.7 NA
5 8:20 1:01 4.8 NA

Filtrate Filtrate
Filter Inlet Pressure Sample Time of Flow Rate
Pressue Drop Volume Collection (mUeec) Filtrate Flux
(psig) (pdg) (mL) (See) Slurry Temp C (m3/m2/day)

55 #VALUE! 10 33,38 0.300 22.6 1.519
50 #VALUEl 10 45,22 0,221 24,5 1.062
55 #VALUE! 10 44.72 0,224 24.7 1.068
52 #VALUE! 10 51,25 0,195 22,6 0.989
48 #VALUEl 10 51.35 0.195 24.1 0.946
55 #VALUE! 10 45,85 0,218 26,9 0.980
55 #VALUE! 10 49.06 0.204 23.4 1.010

Average Pressure = 52.85714
RAw Average Slurry Flow = 4.93

C-104 Sludge Flux vs. Time
at 52.9 psigand 4.9 gpm

0:00 0:14 0:28 0:43 0:57 1:12

Time (rein)

Average Flow = 0,222 Average Flux = 1.009

C-104 Sludge Permeablllty vs. Time at
62.9ps~and4.9gpm

0.500

0.400

0.300

0.200

0.100

0.OOO

0:00 0:14 0:28 0:43 0:57 1:12

Permeability

0.401
0.308
0.282
0.276
0.286
0.258
0.266



*

slurry Filter
Matrix 2 TotalTimeLoopFkw Outiet
Condii Elapaed Rata Preaeure
t4umbpr Time (Min) (uPm) (m@)

6 84s 000 4.1 NA
6 858 010 3.9 NA
6 9:10 022 3.9 NA
e 921 033 3,8 NA
6 9:33 0:45 4.1 NA
6 9!% 1:07 4.3 NA

e
Filtrate FMrete

Filter Inlet Pmeewa Sample Timeof Flw Rate
Preeeue Drop Volume CdbGticUI (mL/eec) FittrataFlux
(PW (*) (ml) (See) Slurry TampC (m3/m2/day)

50 #VALUEl 10 37.89 0265 27.8 1.182
52 #VALUEl 10 88,2 0.147 23.1 0,733
50 #VALUEl 10 57.6 0,174 22.2 0,890
55 #VALUE! 10 132.72 0.075 27.7 0.331
50 #vALuH 10 128.28 0.079 21 0.420
48 #VALUEl 10 111.* 0.08s 25.2 0.421

*

Permeability
(m/dey/her)

0,337
0.204
0.258
0.087
0.122
0.127

Averagepreeaure = 50.63333 Average Flow = 0,138 Average Flux = 0.559
RAw Average Slurry Flow= 4.02

C=I04 Sludge Flux vs. Time
at60.8 psig and 4.0 gpm

● 1.500
x=
g # 1,000

S E
~ a 0.500
Kg

0,000

0:00 0:14 0:28 0:43 0:57 t:lz

Time (rein)

C-104 Sludge Permeability vs. Time m
60.8psigand 4.0 gpm

0.400

0.300

0,200

0.100

0.000

0:00 0:14 0:28 0:43 0:57 1:12

Time (rein)
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PNNL Test Instruction DocumentNo.: BNFL-TP-29953-051
Rev. No.: O

Title: BNFL Ultrafiltration Physical Testing: C-104

Work Location: RadiochemicalProcessing Page 1 of 18
Laboratom

Author: Paul Bredt EffectiveDate: UponFinal Approval
SupersedesDate: New

Use CategoryIdentification:Reference

IdentifiedHazards: RequiredReviewers:

Radiological JTechnieal Reviewer
—
_ Hazardous Materials

Physical Hazards—
_ Hazardous Environment
_ Other:

Are One-Time Modifications Allowed to this Test Instruction? &Yes — NO

NOTE: If Yes, thenmodificationsare not anticipatedto impactsafety. For documentationrequirements of a modification
see SBMS or the controllingProjectQA Plan as appropriate.

On-The Job Training Required?_ Yes or *No

FOR REVISIONS:
Is retraining to this procedurerequired? Yes X No

Does the OJT package associatedwith this procedurerequirerevisionto reflectprocedurechanges?
—yes — No X NIA

Approval Signature Date

Author f~&~ V? Y/77

Technical Reviewer h+.= y/2 Y/Q

L



PR Bredt Test Instruction TI-29953-051
August 23, 1999 Page 2 of 18

BNFL Ultrafdtration Physical Testing: C-104

This test instruction defines work to be conducted on slurry samples collected during the ultrafiltration of
materials from tanks 241 -C-104. The samples are to be ukrafiltered to concentrate the solids in the slurry.
Under this test instruction, samples of the initial f-d and concentrated sh.wrywill be collected and analyzed
for select rheologieal and physical properties.

This test instruction provides details regarding the implementation of Technical Procedure 29953-010.
Client expectations for successfid achievement of project data needs have already been established via the
ultrafiltration test specifications provided to BatteIle by BNFL. This test instruction is an internal
mechanism for the cognizant scientist, to communicate to staff specifics on procedure implementation.



PR Bredt Test Instruction: TI-29953-051
August 23, 1999

*
General Instructions:

1)
2)
3)

Page 3 of 18

Keep the sample in a sealed container as much as possible to prevent it from drying.
Sign and date the bottom of each page when the requested analyses are complete.
Cross-eontamiuation between samples and contamination of samples from outside sources must be”
minimimd 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.

M&TE List:

Balance 1:

Calib ID

Location

Balance 2:

Calib ID

Location_

Calib Exp Date

‘Other 1: D,$;A ~ +Lz_._&

Calib ID 2731 Calib Exp Date
~.60

m
Location 4?70/

Other 2:

Calib ID Calib Exp Date

Location

9
Signature J7J%+= Date 3/A>/oo
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Test Instruction: TI-29953-051
Page 4 of 18

Initial C-104 Viscositv Testing

1)

2)

If not performed in the last 30 days, analyze one standard between 10 and 100 CPfor shear stress as a
fimction of shear rate at 25°C from Oto approximately 300 S-l. Print out a copy of the rheogram and
attach to this test instruction. Cfivlpy

#~>

Vkcometer M~~ Location 60/

Viscosity ““~ CP Lot/0 ~ X 7~ Manufacturer
bfs. kc-./!4

Date analyzed e/2 Y/99

halyze the C-104 initial slurry provided by the ultrafiltration st.afffor shear stress as a fimetion of
shear rate in duplicate. Conduct the analysis at 25°C from Oto approximately 300 s-]. Print out a
copy of the rheograms and attach to this test “tistruction. Record the time and date the sample was
edlected from the ultrafiltration apparatus.

P Time Collected Date Collected r(z yly?

1
L(3 : 2-+v?=-

42-/3 ~ Date3/) 0/0 (r-J
Signature .,



PR Bredt Test Instruction: TI-29953-05 1
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Initial C-104 Physical Properties

1)

2)

3)

4)

5)

Record the identification number for the sample of C-104 initial slurry provided by the
ultrafiltration task.

Sample ID cqF-c]Qy.ooz (’;.:+/bs~k+[’J3/..d.>)

Thoroughly agitate the sample provided by the Ultrafiltration task and transfer -8 ml of each in
duplicate into preweighed graduated 10 ml centrifuge cones. These cones need to be rate for use at
-105”C. Weigh the loaded centrifuge cones.

7< s+ * 5 7P-” ‘-+

Agitate the cones and record the time and date.

One hour after agitation, record the volume of the total sample and the volume of settled solids.

C104A
Total g’. Q ml
Solids G c0 ml
Liquid 3-u ml

Before the end of the shift (da>
solids.

C104B
Total &. ~
Solids
Liquid ~;

1), record the volume of the to volume of settled

C104A C104B
Total ml
Solids ml
Liquid ml

C-c+xzg.~ k
34%?-GL --oi -o>

‘i”atiree”ate%
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6)

7)

8)

9)

At the start of the next day (day 2), record the volume of the total sample and the volume of settled
solids.

Date ~‘h~l~ ~ Time ‘$: s ~

C104A C104B
Total 7 ‘qs d Total 7.r# ml
Solids 2 G ml Solids a.+ ml
Liquid .<.’2 ~ ml Liquid “~. y ml

At the end of the day (day 2), reeord the volume of the total sample and the volume of settled
solids.

Date }‘~’’fj~ 1 Time ~{~f~

C104A C104B
Total 1, %< ml Total 7.~ ml
Solids ~,~ ml Solids ~ .3 ml
Liquid 4.3 5ml Liquid .< < ml

At the start of the next day (day 3), record the volume of the total sample and the volume of settled
solids.

‘ate+
Time lv! M ~-

C104A C104B
Total V , q ml Total ‘7 ●

‘\

ml’
Solids ~ ~ ml Solids ~-= ml
Liquid <, ~ ml Liquid ~~

<~’y
At the end of the day (day 3), record the volume of the total sampl and the volume of settled
solids.

‘ate-
Time 13t~~

C104A C104B
Total 7. 9 ml Total ~’~ ml
Solids 2.5 ml Solids ~- ~ ml.“ )
Liquid ~, d ml Liquid ~ . i d

.

Signature ~atex
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10)

11)

12)

13)

23, 1999 (& Q-+-4’A Page 7 of 18

/
At the beginning of the next day (day ), recor~the volume of the total sample and the volume of
settled solids.

The ~O,.~~

C104A C104B N%
Total 7.95 ml Total 7. ga ml
Solids a.50 ml solids ~~
Liquid s .+ $rnl Liquid Ls ml

Transfer a sample of the settled supematant into a preweighed graduated cylinder and record the
mass and volume of the supematant. Return the supernatant to the centrifuge cone.

C104A C104B
Total 3Q<3%$ ~ Total 3a. jM

f? ,/
/

P/
Tare z5.44b Tare z S ‘ss~

~d “

Liquid q.953 g Liquid S ~>bb

L@d’*”
Liquid .5-, 1~ ml /’

[f) /@

-.~ (.0%[
{yj

Centrifugethe conesat -1000x g for onehour. Rewe~@=thecentrifugecones and recordthe
volume of the total sample and volume of centrifuged solids.

Total 7iGo ml Total ht?a A
Solids ,

w
Solids ~ o. ZS- ml

Liquid Liquid ~.q~ ml

Decant is much of the centrifuged supematant as possible to a preweighed graduated cylinder and
record the mass and volume of the supernatant. Weigh the solids left in the centrifuge cone.

C104A C104B
Liquid+Grad ‘A2,30~ ~ Liquid+Grad 3 Z. L ~ T ~
Grad *.<“ ..(+’~ !z Grad

-..- ... 2S.7>G{
%

Liquid 65 f
e.

~ Liquid 7.GKL Q,

Liquid LA Liquid b <~1 ml
~= \.-{(

2\.~g {
L= \ .Q>.

Solids+cone g Solids+cone ~o:~qq ~
Cone [y,gl> ~ Cone g
Solids

if.77’j
\i3bt g Solids \([20 3
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14) Transfer the decanted supernatant to preweighed 20 ml vials with lids rated to 105”C. Weigh the e
loaded beakers.

C104AL C104BL
Total 23.43&’ g Total 23. $7s ~
Tare [L. L-78 g Tare .I b,tlq~ %
Supernatant &.7Li) ~ Supernatant G<q4 ~ g

15) Air dry the solids and liquids overnight to minimize splattering during the next drying step.
Consult the cognizant scientist on the use of a heat lamp or other drying technique to speed up this
preliminary drying.

16) Transfer the solids and liquids to an oven at 105”C for 24 hours.

17) Remove the solids and liquids from the oven and cap the vials. Allow the vial to cool -1 hour and
reweigh.

C104AL C104BL
Total 16,%~q g Total [7’ 1(0 ~
Tare ib,L7g ~ Tare /6 . fjfb $?

sample t0,2\l g sample C’-zztq 9

C104A C104B
Total ao.~qq s Total ~

~,o’dc :-’p,e ‘~’”> g Tare fq’7 -1$ g e

o.b7z ~ sample 0.337 ~
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Intermediate C-104 Viscosi@ Testing

1) Analyze the C-104 Intermediateslurry provided by the ultrafiltration .sWfor shear stress as a fiction
of shear rate in duplicate. Conduct the analysis at 25°C from Oto approximately 300 s-’. Print out a
copy of the rheograms and attach to this test instruction. Record the time and date the saniple was
collected born the ultrafiltration apparatus. p~~ ~/&Vyy

Time Collected 7:00 ._



PR Bredt
August 23, 1999

C-104 Intermediate Phvsical Properties

1)

2)

3)

4)

Test Instruction: TI-29953-051
Page 10 of 18

9

Reeord the identificationnumberfor the sampleof C-104 Intermediateslurry providedby the

Thoroughly agitate the sample provided by the Ultrafiltration task and transfer -8 ml of each in
duplicate into preweighed graduated 10 ml centrifuge cones.

?

ese cones need to be rate for use at
-105”C. Weigh the loaded centrifuge cones. +It s >myle A- d &c

L

One hour after agitation, record the volume of the t&l sample and the volume of settled solids. ‘

(5)

Solids =5 ml Solids
Liquid ml Liquid *:

Before the end of the shift (day 1), record e volume of the total sample and the volume of settled
solids.

//

&d@
Date Time

04C C104D
Total ml To 1 ml
Solids ml So ds ml
Liquid ml L“ uid rnI

‘i”a”re-”ate+
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6) At ‘tie start of the next day (day 2), record the volume of the total sample and the volume of settled
solids.

‘ateJ%-@-?

&

7)

C104C C104D
Total k.b ml Total

1

G&

Solids &.3 ml Solids $--.0 ~~;@

Liquid *L ml Liquid

%
/3/fl

At the end of the day (day 2), record the volume of the to 1sample d e volume of settled
solids.

C104C

&

C104D
Total 6.s ml Total ml
Solids &. 3 ml Solids ml
Liquid -w ml Liquid ml

8)

r

At the start of the next day (day 3), record the vo e of the total sample and the volume of settled
solids.

“t:~:~:%=/ F@-1

C104C
Total
Solids
Liquid

9)

f %md*evO1umeOfse”led

At the end of the day (day 3), record the v ume of the totals
solids.



PR Bredt
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Test Instruction: TI-29953-051
Page 12 of 18 *

At the beginning of the next day (Ax record the volume of the total sample and the volume of
settled solids. G

CI04C C104D

i

Q“ 4’
Total 4.25 ml Total

$&#{
e

Solids lk.~o ml Solids
Liquid ,15 ml Liquid

~e(..~

r
$Transfer a sample of the settled supematant into a prewei ed graduat cylinder and record the

mass and volume of the supematant. Return the supema t to Me centrifuge cone.

‘;W’’’’+;’Ce rifhge the cones at -1000 x g for one hour. Rewe- the centrifuge cones and record the
volume of the total sample and volume of centrifuged olids.

Total &7c+q4 g
Tare lq’-l3l $3
Sample “1.lb3 g

Total L.4S ml
Solids x 3 ‘0 & rrd
Liquid 3,4 s ml

Decant as much of the centrifuged supematant as possible to a preweighed grquated cylinder and
record the mass and volume of the supematant. Weigh the solids left in the

C104C C104D
Liquid+Grad afj,~$c % Liquid+Grad
Grad 25, 3L4 8 Grad /
‘Liquid’ 3.+a~ g Liquid
Liquid = ,-!s ~ ml ~~ {’l-~tl Liquid

& : b *T$~
Solids+cone ~ ~ . OX$ g
Cone lf.7%~ ~ Cone
Solids +,H1 ~ Solids

‘i”a’re+”ate“A’”
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14)

15)

16)

17)

@l~

Transfer the decanted supematant to preweighed 20 ml vials with lids rated to 105*C. Weigh the
loaded beakers.

C104CL C104DL
Total ,Lo’y3 Total ~ s-b
Tare ~ ~

?
glL$F3 Tare

3. $3 / ;!
- ~ o’#~

Supematan 3Yq Supematant

Air &y the solids and liquids overnight to
Consult the cognizant scientist on the use
preliminary drying.

Transfer the solids and liquids to an oven at 105°C for 24 hours.

Remove the solids and liquids from the oven and cap the vials. ow the vial to cool -1 hour and
reweigh.

C104CL C104DL
Total 1“7.of b g Total
Tare t6:$~~ g Tare
sample 0.03 3 g sample / ~

C104C Clo
Total ~~.~-?~ ~ Total ~
Tare ~ Tare /
sample

s
j.’?q) 8 sample / ~

‘i”amre*Date-
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Fhal C-104 Vkcositv Testing

1) Analyze the C-104 Final slurry provided by the ultrafiltration stafffor shear stress as a function of
shear rate in duplicate. Conduct the analysis at 25°C horn Oto approximately 300 S-l. Print out a
copy of the rheograms and attach to this test instruction. Record the time and date the sample was
collected from the ultrafiltration apparatus.

Time Collected Date Collected

Final C-104 . File name

Final C-104 Duplicate File name

Signature



a
1) Record the identification number for the sample of C-104 Final sluny provided by the ultrafiltration

duplicate into preweighed graduated 10 ~ eentrifhge cones. These cones need to be rate for use at
-105”C. Weigh the loaded centrifuge cones. ~&..V’@T [

> q.bls ~
3) Agitate the cones and record the time and date. M

Time Date

4) One hour after agitation, record the volume of the total s~ple and the volume of settled solids.

Date I o/j3
@

Time /s 4.<
/ G H

\

5) dBefore the end of the shift (day 1), reco the volume of the total sample and the volume of settled
solids. ,,

v



PR Bredt
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Test Instruction: TI-29953-051
Au~st 23, 1999 ~-[bq ct~d 5%@k <G, l-l ) Page 16 of 18 e

6) At the start of the next day (day 2), record the volume of the total sample and the volume of settled
solids;

‘ate+
C104E

Total g.o d
Solids, -2 5’ ml

Liquid ~~

8) At the startof the next day (day 3),
solids.

P
cl

Total ml
Solids ml
Li d ml

reeord the volume of the total sample and the volume of settled

C104E
Total 8.0 ml
Solids = w.% ml
Liquid ~. >= ml +

Clo
Total ml
Solids d
Liqu” ml

19) At the end of the day (day 3), record the volume of the total sample and the volume of settled solids.

1

e

‘i”amreeDatd-
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10) At the beginning of the next day (day~, record the volume of the total sample and the volume of

settled solids. 6- ~+~ * Udti

11) Transfer a sample of the settled supemat&t into a preweighed graduated cylinder and record the mass
and volume of the supernatant. Return the supematan

;;,E:~@;$$,%

12) Centnfige the cones at -1000 x g for one hour. ~eweigh the centrifuge cones and record the volume
of the total sample and volume of centrifuged solids.

%

~~ ~-to~G

g

d?

~-joq )-J

C104E C104F
Total ~q.o-l g Total ~f ~?

d< ~ple%

Tare .&o. c2$ ti.c3-l

Sample ,Sqb J ~t@L\ I



&F-c/oI&jx@~ (E, F)
PR Bredt Test Instruction: TI-29953-051
August 23, 1999 C’.iq (=:44Sa-llflu (G, H)

Page 18 of 18

1. 14) Transfer the decanted supematant to preweighed 20 ml vials with lids rated to 105”C. Weigh the
loaded beakers. ~,d’ ~

3 id

GL

C104EL CI04 C104FK rl 5 ~io~~~

Total a.,~>
7 p=:

ai,z$f& !3 >~!fb~ f

Tare l&$:t71
\

IL. S’ 9% $? -~
Supematant 3.G3L \ Supematant 4 t 3~o $3 ~

3
15) Air dry the solids and liquids overnight to minimize splattering during the next drying step. Consult the

cognizant scientist on the use of a heat kunp or other drying technique to speed up this preliminary

-g.

16) Transfer the solids and liquids to an oven at I05°C for 24 hours.

17) Remove the solids and liquids from the ove d cap the vials. Allow the vial to cool -1 hour and
reweigh. d. ~,o,e~

C104EL LWG CtOLJ J-\ L
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Figure 1. 50 CP Standard Brookfield Lot 102298, Analyzed on Haake M5 using NIVl Cup and

Spindle.
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Figure 2, C-104 Initial Slurry Sample 1, First Analysis
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Figure 4. C-104 Initial Slurry Sample 2, First Analysis

0.8

0,7

0.6

u)

%
& 0,4
u)

0.2

0.1

0
0

II

—

11111 II I I I

–~ ● h III II II @ ?

50 100

Attachm tto BNFLTest instruction 29953-051

‘6

150 200

Shear Rate (1/s)

250 300 350

30.0

25.0

20.0

15.0 “$

Q.-
>

10.0

5.0

0.0



@

0.9

0.8

0.7

0,6
z
n

g 0.5
@

8
~ 0.4

2
(n

0.3

0.2

0.1

0

Figure 5. C-104 Initial Slurry Sample 2, Second Analysis
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Figure 6. C-104 Washed Slurry Sample 1, First Analysis
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Figure 7. C-104 Washed Slurry Sample 1, Second Analysis
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Figure 8. C-104 Washed Slurry Sample 2, First Analysis
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Figure 9, C-104 Washed Slurry Sample 2, Second Analysis
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Figure 10. C-1 04 Reconstituted Slurry Sample 1, First Analysis
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Figure 11. C-1 04 Reconstituted Slurry Sample 1, Second Analysis
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Figure 12. C-1 04 Reconstituted Slurry Sample 2, First Analysis
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Figure 13. C-1 04 Reconstituted Slurry Sample 2, Second Analysis
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Extra C-1 04 Diluted Intermediate Slurry 082699: Run 2 Second Duplicate
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Figure 14. C-1 04 Final Slurry Sample 1, First Analyis
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Figure 15. C-1 04 Final Slurry Sample 1, Second Analyis
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Figure 16, C-104 Final Slurry 1, Third Analyis
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Figure 17, C-1 04 Final Slurry Sample 2, First Analyis
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Figure 18. C-1 04 Final Slurry Sample 2, Second Analyis
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Appendix G: Key Personnel Affiliated with C-104 Testing

F===
Kriston Brooks

+

F-=
Mike Uric

Ken Rappe

GM Golcar

Lynette Jagoda

Responsibility Telephone/email
Battelle Project Manager (509) 376-1982

eugene.morre@p nl.gov
Battelle Project Engineer (509) 376-6752

dean,kurath@,pnl.gov
Ultrafiltration Task Manager, (509) 376-2233
Filtration and CUF Testing kriston.brooks@,pnl. gov
Rheology and Physical Properties (509) 376-3777
Measurement paul.bredt@,pnl.gov

Statistical Analysis (509) 372-4945
stacey.hartley@,pnl.gov

Chemical and Radiochemical (509) 376-9454
Analysis mike.urie@p nl.gov
CUF Design and Testing (509) 372-3918

ken.rappe@,p nl.gov

Particle Size Distribution (509) 372-1967

Measurement @a.golcar@,p nl.gov

CUF Testing (509) 376-9951

lynette.jagoda@pnl.gov

Hot Cell Operations (509) 372-0038

rick. steele@,p nl.gov

G.1
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Particle Size Distribution Plots
For NIST Traceable Standards from Duke Scientitlc Corporation
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Particle Size Analysis Duke Standard 20um Date:~” Meas # NIA
1 mM KC! Time: 13:66 Pres # N/A

IukeStandard.”zt)ooourn,low 19411 ‘Summary Percentiles Dia Vol% Width
J1mhlKCIsolution mv = 20.98 10% ❑ 17.11 60%= 21.34 20.66 100% 6.261

Vdlm b;+?&hh w
mn = 19.65 20% = 18.26 70%= 22.26
ma = 20.60 30% = 19.09 80%= 23.60

x– /00 Cs = 0.293 40% ❑ 19.83 90% ❑ 25.36
sd = 3.131 60% = 20.56 96% ❑ 27.00 4

%PASS
100.0

%CHAN
50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

50.0- 25.0

40.0 20.0

30.0 15.0

20.0 10.0

10.0 5.0

0.0 0.0 4

0.100 1.000 10.00 100.0 1000
- Size (microns) -

~. VOPASS ‘ACHAN ~ %PASS %CHAN ~ _.%PASS YoCHAN gzJ YoPASS ‘hCHAN
704.0 100,00 0.00 9.260 0.00 0.00
692.0 100.00 0.00 7.778 0.00 0.00
497.8-’ 100.00 0.00 6.641 0.00 0.00
418.6 100.00 0.00 6.600 0.00 0.00
362.0 100.00 0.00 4.626 0.00 0.00
296.0 100.00 0.00 3.889 0.00 0.00
248.9 100.00 0.00 3.270 0.00 0.00
209.3 100.00 0.00 2.760 0.00 0.00
176.0 100.00 0.00 2.312 0.00 0.00
148.0 100.00 0.00 1.946 0.00 0.00
124.5 100.00 0.00 1.636 0.00 0.00
104.7 100.00 0.00 1.375 0.00 0.00
B8.00 100.OO 0.00 1.156 0.00 0.00
74.00 100.00 0.00 0.972 0.00 0.00
;2.23 100.00 0.00 0.818 0.00 0.00
62,33 100.00 0.00 0.688 0.00 0.00
44.00 100.00 0.00 0.678 0.00 0.00
37.00 100,00 0.92 0.486 0.00 0.00
31,11 99.08 6.01 0.409 0.00 0.00
26.16 93.07 26.26 0.344 0.00 0.00
22.00 67.81 46.38 0.289 0.00 0.00
18.60 22.43 20.82 0.243 0,00 0.00
16.66 1.61 1.61 0.204 0.00 0.00
13,08 0,00 0.00 0,172 0.00 0.00
11.00 0.00 0.00 0.146 0.00 0.OO 4
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Particle Size Analysis Duke Standard 20um Date: ~ Meas # N)A
1 mM KCI Time: 13:66 Pres # NIA

)ukeStandard-20.00urn,lot# 19411 Summary Percentiles Dia Vol% Width
m1 mMKCIsolution mv ❑ 20.98 ‘IO%= 16.20 60%= 19.99 19.29 100% 6.403

\(~&.& ~;~hbq h’m

b

mn = 19.66 20% = 17.09 70%= 20.77
ma = 20.50 30% = 17.87 80%= 21.70

(-/00
Cs = 0.293 40% = 18.69 90%= 23.20
sd = 2.702 60% = 19.29 96%= 24.70I I 1

%PASS O/oCHAh
100.0

90.0

80.0

70.0

60.0

30:o-
.-

40.0

30.0

20.0 , , 1 , t 1 I ,
1 I I I 1 II I

u ,,, ,! ,,, ,

I I I I I I I ill 1

g.. 0.100<. 1.000 t 0;00

- Size (I
~ ‘ OhPASS ‘ACHAN ~ OhPASS ‘ACHAN
?04.0
!92.0
197.8
118.6
1s2.0
~96.o
~48.9
Z09.3.
176.0
148.0
124.6
104.7
18.00
r4.()()
;2.23
52.33
Moo
17.00
)1.11
&q6
~zeoo

18.60.

w,.0

100.00
100,00
100,00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.81
97.73
83.06
38,69
4.45
0.00
0.00

0.00
0.00
0.00
0.00”
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.19
2.08
14.68
44.36
34.24
4.46
0.00
0.00

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.3’i2
1.946
1.636
1.376
f.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0,204
).172
1.146

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

100.0
.crons) -

~ %PASS ‘?40CHAN

1000

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0

SJzJ YoPASS YoCHAN



/--2...ad, /--.... i,. -
WC--l u-j IUu 1 -WI

Particle Size Analysis” Duke Standard Date: -621&4&’ Mess;: ‘N/11
1 mM KCI Time: 13:34 Pres #: N/A

tuke Standard- 50.4 urn, lot# 19213 Summary Percentiles Dia Vol% Width
11mMKCIsolution mv = 60.24 10% = 39.69 60%= 60.97 48.83 100% 17.26

Volw W-fJA’m
mn ❑ 46.06 20”h = 42.66 70%= 63.63

= 48.69 30% = 44.83 80%= 66.91

)(--/00
:.a = 0.123 40°h ❑ 46.84 90°h = 62.16
sd = 8.623 60% ❑ 48.83 96%= 67.49 9

%PASS
100.0

%CHAN
50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

50.0 25.0

40.0 20.’0

30.0 15.0

20.0 10.0

10.0 5.0

0.0 0.0
9

0.100 1.000 10.00 100.0 1000
- Size (microns) -

SIZE VOPASS ‘YoCHAN ~ .%PASS ‘kCHAN ~ ?40PASS %CHAN qzJ %PAss ‘/hCHAN
% 100.00 0.00 9.260 0.00 0.00
692,0 400,00 0.00 7.778 0.00 0.00
497.8 100.00 0.00 6.641 0.00 0.00
018.6 100.00 0.00 6.600 0.00 0.00
362.0 100.00 0.00 4.626 0.00 0.00
296.0 100.00 0.00 3.889 0.00 0.00
248.9 100.00 0.00 3.270 0.00 0.00
209.3 100.00 0.00 2.760 0.00 0.00
176.0 100,00 0.00 2.312 0.00 0.00
148.0 100.00 0.00 1.946 0.00 0.00
!24.6 100.00 0.00 1.636 0.00 0.00
104.7 100.00 0.44 1.375 0.00 0.00
38.00 99.66 1.80 1.166 0.00 0.00
74.00 97.76 7.63 0.972 0.00 0.00
52.23 90.13 24.23 0.818 0.00 0.00
52.33 6&90 39.93 0.688 0.00 0.00
$4.00 2&97 22.66 0.678 0.00 0.00
37.00 3.31 3.31 0.486 0.00 0.00
31.11 0.00 0.00 0.409 0.00 0.00
26.16 0.00 0.00 0.344 0.00 0.00
~zmoo 0.00 0.00 0.289 0.00 0.00
18.60 0.00 0.00 0.243 0.00 0.OO
16.66 0.00 0.00 0.204 0.00 0.00
13.08 0.00 0.00 0,172 0.00 0.00
11;00 0.00 0.00 0.146 0.00 0.00 9
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Pafiicle Size Analysis Duke Standard Date:—WG4WJW
1 mM KCI

eas #: N/A
Time: 13:34 Pres #: N/A

)uke Standard. 50.4 urnj lot# 19213 Summary Percentiles Dia Vof% Width
n 1 mMKCIsolution

“k &WJf’~

mv = 60.24 qO?/o= 37.26 60%= 46.78 44.88 ~00% 13.99

b

mn ❑ 46.06 20% = 39.43 70%= 48.87
ma = 48.69 30% = 41.29 80%= 61.40

/+-/00
Cs = 0.123 40% = 43.07 90%= 66.49
sd ❑ 6.993 60% = 44.88 96%= 69.46

‘?/oPASS ‘YoCHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

50.0 25.0

40.0 20.0

30.0 15.0

20.0 10.0

b

0.0 5.0

.0 0.0
0.100 t.000 10.00 100.0 1000

- Size (microns) -
VOPASS ‘YoCHAN SIZEyzJ - OkPASS ‘%oCHAN ~ OhPASS ?40CHAN __—SIZE

?04.0 100.00
YoPASS

0.00

YoCHAN
GO 0.00 0.00

592.0 100.00 0.00 7.778 0.00 0.00
!97.8 100.00 0.00 6.641 0.00 0.00
!18.6 100.00 0.00” 6.600 0.00 0.00
562.0 100.00 0.00 4.626 0.00 0.00
296.0 100.00 0.00 3.889 0.00 0.00
248.9 100.00 0.00 3.270 0.00 0.00
209.3 100.00 0.00 2.760 0.00 0.00
176,0 400.00 0.00 2.312 0.00 0.00
148.0 100.00 0.00 1.946 0.00 0.00
124.6 100.00 0.00 1.636 0.00 0,00
104.7 100.00 0.05 1,376 0.00 0.00
?8.00 99.95 0.36 1.166 0.00 0.00
r4.oo 99.69 2.67 0.972 0.00 0.00
;2.23 97,02 13.73 0.818 0.00 0.00
52.33 83.29 38.06 0.688 0.00 0.00
woo 46.23 36.31 0.678 0.00 0.00
17.00 8.92 8.92 0.486 0.00 0.00
11.11 0.00 0.00 0.409 0.00 0.00
~6.16 0.00 0.00 0.344 0.00 0.00
~z.oo 0.00 0.00 0.289 0.00 0.00
18.60 0.00 0.00 0.243 0.00 0.00

P

<S 0.00 0.00 0.204 0.00 0.00
3 0.00 0.00 0.172 0.00 0.00

.00 0,00 0.00 0.146 0.00 0.00
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Particle Size Ana/ysis Duke Standard 301um Date: GU04Q— Me;;# N/A’
1 mM KCI Time: 14:40 Pres # N/A

ukeStandard-301urn,tot#19136 Summary Percentiles Dia Vol% Width
11mMKCIsol~ion mv = 294.9 ~0% = 246.1 60%= 301,2 289.9 100% 82.79

JALWJLDkkhh mn = 278.1 20% = 268.9 70%= 314.2
ma = 289.0 30% = 269.6 80% ❑ 329.8

)(-/00 Cs = 0.021 40%= 279.6 90%= 360.6
sd = 41.39 60%= 289.9 96%= 371.6 4

%PASS OACHAN
50.0

45.0

40.0

35.0 “

30.0

25.0

20.0

15.0

10.0

5.0

90.0
0.100 1.000 10.00 100.0 1000

- Size (microns) -
yZJ ‘APASS YoCHAN SIZE OhPASS OhCHAN ~ %PASS OACHAN ~ 9WASS OhCHAN
ro4.o 100.00 0.00 @ 0.00 0.00
!92.0 100.00 0.00 7.778 0.00 0.00
197.8 100.00 0.96, 6.641 0.00 0.00
[18.6 99.0s 6.600 0.00 0.00
162.0 90.61 :4?4 4.626 0.00 0.00
~~.o 66.77 43.91 3.889 0.00 0,00
~~.g 11.86 11.29 3.270 0.00 0.00
~09,3 0.67 0.67 2.760 0.00 0.00
176.0 0.00 0.00 2.312 0.00 0.00
148.0 0.00 0.00 1.946 0,00 0.OO
124.6: 0.00 0.00 1.636 0,00 0.00
104.7 0.00 0.00 1.376 0.00 0.00
\8.00 0.00 0.00 1.166 0.00 0.00
r4.oo 0.00 0.00 0.972 0.00 0.00
;2.23 0.00 0.00 0.818 0.00 0.00
;2.33 0.00 0.00 0.688 0.00 0.00
i4.oo 0.00 0.00 0.678 0.00 0.00
)7.00 0.00 0.00 0.486 0.00 0.00
)1.11 0.00 0.00 0.409 0.00 0.00
!6.16 0.00 0.00 0.344 0.00 0.00
!2.00 0.00 0.00 0.289 0.00 0.00
18.60 0.00 0.00 0.243 0.00 0.00
1s.66 0.00 0.00 0.204 0.00 0.OO
13.08 0.00 0.00 0.172 0.00 0,00
Ifl.oo 0.00 0.00 0.145 0.00 0.00 a

—



.= -/u L +-

Particle Size Ana/ysis Duke Standard 301um Date: -WO&&leas # NIA
1 mM KCI Time: 1440 Pres # N/A

~bndard- 301urn, lot# 19136 Summary Percentiles Dia Vol% Width
11 mMKCIsolution , , . mv = 10% = 229.7 60%= 282.3 273.2 100% 74.89

mn = 278.1 20% = 244.6 70%= 292.8
ma = 289.0 30% = 2S6.3 80% ❑ 306.8
0s = 0.021 40% = 264.4 90%= 328.6
sd ❑ 37.46 60% ❑ 273.2 96%= 346.0

r I s
‘APASS YoCHAN
100.0

90.0

80.0

70.0

60.0

. ..—-—
50.0

40.0

30.0

..—

—.

20.0

00

0.0
0.100 1.000 10:00 foo.o

- Size [n_-——.
yzJ - %PAss ‘ACHAN ~ ‘?-%PASS ‘ACHAN-
ro4.o 100.00
;92.0 100.00
197.8 100.00
118.6 99.77
162.0 96.40
!96.0- 72.98
!48.9 23.30
!09.3 1.82
176.0 0.00
148.0 0.00
124.6 0.00
104.7 0.00
18.00 0.00
‘4.00 0.00
;2.23 0.00
;2.33 0.00
i4.oo 0.00
17.00 0.00
11.11 0.00
!6.16 0.00
!2.00 0.00
18.60 0.00

or‘ 0.00
0.00

11.uo 0.00

0.00
0.00
0.23
3.37
23.42
49.68
21.48
1.82
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00

9.260
7.778
6.641
6.500
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0,409
0.344
0.289
0.243
0.204
0.172
0.146

.0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.OO
0,00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

crons) -

yzJ ‘APASS YoCHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1000

~ ‘hPASS ‘kCHAN
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Patticle Size Analysis 896 nm DukeStandard Dam:~~r;;~ ;~29
log# 16924 Time: 44:17 .

95nm DukeStandard Summary Percentiles Dia Vol%” Width
~g#16824 mv = .9179 10%= .7066 60%= ,9603 .9068 100% .3401
PA mn = .8229 20% = .7T19 70% = .9994
Dseconds .8860 30% = .8228 80% ❑ 1.069

{4(M e b;+b J1’m

ma =
Cs = 6.772 40% = .8664 90% ❑ 1.143
sd = .1701 60% = .9068 96%= 1.216 4

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

~Ko.
25.0

. . —.

40.0 20.0
,“1

:~o,~i:
‘15.O

-j~,,,:);
20.0 10.0

“10.0 5.0.,

0.0
a

0.0
0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
~ I ; %PASS %CHAN ~ ‘APASS OACHAN ~ OkIPASS ?40CHAN ~ OhPASS OACHAN
$.641 100.00 0.00 0.0869 0.00 0.00
6.600 100.00 0.00 0.0723 0.00 0.00
L626 ‘ 100.00 0.00 0.0608 0.00 0.00
3.889 :100.00 0.00 0.0611 0.00 0.00
3.270; ‘ 100.00 0.00 0.0430 0.00 0.00
2.760 100.00 0.00 0.0361 0.00 0.00
2.313 ~100.00 0.00 0.0304 0.00 0.00
L946 100.00 0.00 0.0266 0.00 0.00
!.636 100.00 0.92 0.0216 0.00 0.00
1.376 j 99.08 7.73 0.0181 0.00 0.00
L166 ~ ; 91.36 26.61 0.0162 0.00 0.00
1.9723 64.84 36.03 0.0128 0.00 0.00
).8176 28.81 20.96 0.0107 0.00 0.00
1.6876 a 7.86 6.47 0.0090 0.00 0.00
1.6781 ~ 1.38 ‘1.38 0.0076 0.00 0.00 I

k48Gl 0.00 0.00 0.0064 0.00 0.00
1.4088 0.00 ‘0.00 0.0064 0.00 0.00
).3437 0.00 0.00 0.0046 0.00 0.00
1.2891 0.00 0.00 0.0038 0.00 0.00
1.2431 0.00 0.00
).2044 0.00 0.00
1.1719 ‘ 0.00 0.00
k1446. 0.00 0.00
1.1216 0.00 0.00
3.1022 0.00 0.00 a



-. -.(-, ,/ .. . . ..
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Patficle Size Anaiysis 896 nm Duke Standard Date: —O?/W8+ Mess # 60029
lrM # 16924 Time: 1417 Pres # 01

95nmDukeStandard Summary Percentiles Dia Vol% Width
)g#15624 mv = .9179 10%= .6162 60°?= .8497 .8080 100°h .3183
‘PA

o

mn = .8229 20% = .6786 70%= .8949

‘;d& ~;~~hkh-ti ma = .8860 30% = .7262 80%= .9491
Cs = 6.772 40% ❑ .7670 90%= 1.030
sd ❑ .1692 60% = .8080 96%= 1.100

%PASS YioCHAN
400.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

50.0 25.0
— —.

40.0 20.0. .-
;:..’:

‘30.0 ‘ ‘15.o

20.0 10.0

@

.0. 5.0

0.0 0.0
:0.0010 0.0100 0.1000 1 1.000 10.00

- Size (microns) - ;
WE j %PASS ‘hCHAN ~ YoPASS ‘hCHAN yz& %PASS ““ACHAN SIZE ‘kPASS ‘/6CHAN
=1 100.00 0.00 0.0869

— —
0.00 0.00

;.s00 ‘ 100.00 ‘0.00 0.0723 0.00 0.00
1.626 100.00 0.00 0.0608 0.00 0.00
L889 100.00 0.00” 0.0611 0.00 0.00 I

L270 .100.00 0,00 0.0430 0.00 0.00
!.760 100.00 0.00 0.0361 0.00 0.OO
!.313 j 100.00 0.00 0.0304 0.00 0.00 I

1.946 ; 100.00 0.00 0.0256 0.00 0.00
.636 ! 100.00 ‘o.’l7 0.0216 0.00 0.00
.376 j 99.83 2.38 0.0181 0.00 0.00
;1s’ 13.73 0.0162 0.00 0.00
.9723 ~ ?::% 31.36 0.0128 0.00 0.00
.8176 ~ 62.36 30.70 0.0107 0.00 0.00
:6876 ~ 21.66 15.94 0.0090 0.00 0.00
.5781 i 6.72 ‘6.72 0.0076 0.00 0.00
,4861 0.00 0.00 0.0064 0.00 0.00
.4088 0.00 0.00 0.0064 0.00 0.00
,3437 0.00 0.00 0.004s 0.00 0.00
.2891 0.00 0.00 0.0038 0.00 0.00
.2431 0.00 ‘0.00
.2044 0,00 0.00
;1719 0,00 0,00

B

’46 . 0.00 0.00
6 0.00 0.00

.“NJ22 0.00 0.00
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Parficle Size Analysis 96 nm Duke Standard Date: —W&61SL Meas # 60028
Iofj # 16339 Time: 14:06 Pres #: 01

i nmDukeStandard Summary Percentiles Dia Vol% Width
g #16339 mv = .1003 10% = .0720 60%= .0894 .0866 100%” .0280
)A mn = .0864 20% ❑ .0760 70%= .0939
)seconds ma = .0660 30% = .0792 80%= .0997

JUqb wkibdi m Cs= 62.47 40% = .0823 90%= .1094
sd = .Ola 60% ❑ .0866 96%= .1207 d

!LoPASS YoCHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

d
0.0

0

- Size (microns) -
WE . O~PASS ‘ACHAN %PASS OACHAN ~_SIZE ,_ — ‘APASS OhPASSOACHAN g_ ‘hCHAN——
;.641 100.00 0.00 =59 60.88 40.46
;.~o 100.00 0.00 0.0723 10.43 flo.43
1.%26 “~100.00 0.00 0.0608 0.00 0.00
1.889 \ 100.00 0.00 0.0611 0.00 0.00
L270 ! 100.00 0.00 0.0430 0.00 0.00

)
!:760 100.00 0.00 0.0361 0.00 0.00
!.3q3 100.00 0.00 0.0304 0.00 0.00
1.946 100.00 0.00 0.0266 0.00 0.00
1.63S 100.00 0.00 0.0216 0.00 0.00
1.376 100.00 0.00 0.0181 0.00 0.00
1.166 100.00 0.00 0.0462 0.00 0.00 [

).9723 100.00 0.00 0.0128 0.00 0.00
L8t76 ., 100.00 0.00 0.0107 0.00 0.00
1:6876 ; 100.00 “0.00 0.0090 0.00 0.00 I

1.6781 100.00 0.00 0.0076 0.00 0.00
),4861 100.00 0,00 0.0064 0.00 0.00
):4088 ‘ 100.00 ‘0.00 0.0064 0.00 0.00
).3437 100.00 0.00 0.0046 0.00 0.00
1:2891 foo.oo 0.00 0.0038 0.00 0.00
).2431 , 100.00 0.00
L2044 100,00 0.08
):1719 99.92 0.98
Lf446 98.94 3.66
1.1216 “ 96.28 11.66 4t.lo22 83.73 32.86
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Pati”cle Size Analysis 96 nmDukeStandard Date:-W6818& Meas# 60028
IOQ # 16339 Timtx 1406 Pres & 01

16nmDukeStandati Summary Percentiles Dia Vol% Width
Dg#16339
IPA

mv = .1003 10%= .0766 60%= .1004 .0963 100% .0423
mn = .0894 20% = .0818 70%= .1069

,0-~nds

o
,/J.@.- T@T’,$whm

ma = .0960 30% = .0863 80%= .1168
Cs = 62.47 40% = .0907 90%= .1326
sd = .0212 60% = .0963 96%= .1466

0.0010 0.0100 0.1000 1.000

- Size (fl
%PASS~ ‘hPASS?40CHAN w _. ‘hCHAN

;.641 ‘ 100.00 0.00 0.0869 29.00 26.14
5.600 ; 100.00
!.62S :100.00
3.889 100.00
L270 100.00
2.760 ‘ 100.00
2.313 \ 100.00
L946 100.00
!.636 100.00
1.376 100.00
1.166 100.00
1.9723 100.00
).8176 100.00
).6876 100.00
).6781 100.00
1.4861 100.00
).4088 ! 100.00
1.3437 ; 100.00
),2891 100.00
).2431 100.00
).2044 100.00
).1719 “: 99.33
“ - ‘46::. 94.44

R
83.62

. ;:-- 63.33

‘0.00
0.00
0.00”
0.00
‘0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.67
4.89
10.82
20.29
34.33

0.0723
0,0608
0,0611
0,0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

3.86
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

3.86
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

crons) - ,
~ ‘hPASS OACHAN

I

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
10.00

~ OhPASS ?AoCHAN



Particle Size Distribution Plots
For Initial Slurry: Sample CUF-C104-OO1

Replicate No: 1
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Padicle Size Ana/ysis C104 Slurry Date:42+W88-Mess # 00032
SampleCUP-CI04401 lime: 11:12 Pres* 01

104Slurry SampleCUP4X04JJOI Summary Percentiles Dia V03% Width
I#l SupematantSimulant mv = 10.60 10%❑ 0.787 60% ❑ 6.162 22.68 33% 26.58
0mllsec mn = 0.393 20% = 1.114 70%= 11.63 1.613 67% 4.098

vol@ b;5&lJm
ma = 1.789 30% = 1.466 80°h = 19.77
Cs = 3.364 40% = 2.106 90% ❑ 29.70
sd = 11.09 60% = 3.634 96%= 39.83 4

%PASS %CHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

...—
50.0 5.0

.-

40.0 4.0

30.0 ‘ 3.0

20.0 2.0

10.0 1.0

0.0 0.0
4

0.100 1.000 10.00 100.0 1000
I - Size (microns) -

yZE, %PASS %CHAN ~ ._‘APASS OACHAN ~ OhIPASS ?/oCHAN ~ ‘APASS OhCHAN
?04.0 100.00 0.00 9.260 66.64 2.70
592.0 100.00 0.00 7.778 63.94 2.90
$97.8 100.00 0.00 6.641 61.04 3.04
M8.6 ! 100.00 0.00 6.600 68.00 3.10
362.0 ‘.100.00 0.00 4.626 64.90 3.14
296.0 100.00 0.00 3.889 61.76 3.20
248.9 .100.00 0.00 3.270 48.66 3.26
209.3 100.00 0.00 2.760 46.30 3.36
176.0 100.00 0.00 2.312 41.94 3.70
148.0 :100.00 0.00 1.946 38.24 4.60
124.6 :“100.00 0.00 1.636 33.74 6.73
104.7 100.00 0,34 1.376 28.01 6.61
B8.00 99.66 0.46 1.166 21.40 6.16
74.00 99.20 0.66 0.972 15.26 4.49
S2.23 98.66 0.96 0.818 10.76 2.88
52.33 97.69 1.46 0.688 7.88 1.86
14.oo 96.14 2.14 0.678 6.02 1.33
57.00 94.00 3.03 0.486 4.69 1.08
31,11 90.97 3.91 0.409 3.61 0.97
;6.16 87.06 4.40 0.344 2.64 0.95
;2,00 82.66 4.23 0.289 1.69 0.93
18.60 78.43 3.63 0.243 0.76 0.76
15.66 74.80 2.99 0.204 0.00 0.00
13.08 71.81 2.62 0.172 0.00 0.00
11.00 69.19 2.65 0.146 0.00 0.00 4 )



1
.,. . -m

Patiic/e Size Analysis C104Siurry Date: —W36fW— Meas # 00032
Sample CUP-C1044)OI Time: 44:12 Pres A 01

104SIurry SampleCUP4M044101 Summary Percentiles Dia VOI”A ‘Width
I #1$upernatant$imulant
Omkc

mv = 10.60 10% = 0.218 60%= 0.310 0.280 100% 0.319
mn = 0.393 20% = 0.230 70%= 0.360

~,~G&&Yl ma = 1.789 30% = 0.242 80%= 0.465
Cs = 3.364 40% = 0.268 90%= 0.740
sd = 0.169 60% = 0.280 95% =“0.986

%PASS 9’oCHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

-50:0 ‘ 25.0
. ..—

40.0 20.0
.

30.0 15.0.-

20.0 10.0

0 “;

o. 5.0

0.0 0.0
0.100 1.000 10.00 100.0 1000

- Size (microns) -
SIZE %PASS 9’oCHAN SIZE OhPASS O/tCHAN ~ ?40PASS %PASS “ACHAN
m 100.00 0.00 GO 100.00 0.00
i92.O 100.00 0.00 7.778 100.00 0.00
197.8 100.00 0.00 6.641 100.00 0.01
118.6 100.00 0.00 6.600 99.99 0.01
)62.0 ‘ 100.00 0.00 4.626 99.98 0.02
!96.0 100.00 0.00 3.889 99,96 0.03
!48.9 / 100.00 ‘0.00 3.270 ..99.93 0.06
!09.3 .100.00 0.00 2.760 99.88 0.09
176.0 .100.00 0.00 2.312 99.79 0.18
148.0 100.00 0.00 1.946 99.61 0.36
124.5 100.00 0.00 1.635 99.26 0.77
104.7 100.00 0.00 1.376 98.48 1.49
18.00 100.00 0.00 1.166 96.99 2.34
‘4.00 .100.00 0.00 0.972 94.66 2.86
;2.23 ‘ 100.00 0.00 0.818 91.79 3.09
i2.33 100.00 0.00 0.688 88.70 3.37
14.oo , 100.00 0.00 0.678 86.33 4.06
17.00 100.00 0.00 0.486 81.28 6.61
)1.11 100.00 0.00 0.409 76.77 8.33
!6.16 100.00 0.00 0.344 67.44 13.76
!2,00 100.00 0.00 0.289 63.68 22.63
18,60 100.00 0.00 0.243 31.06 31.06

E

100.00 0.00 0.204 0.00 0,00
100.00 0.00 0.172 0.00 0.00

I -1.UO 100.00 0.00 0.146 0.00 0.00



w -, “~ Iuu u Km

Particle Size Analysis C104 Slurry Date: +2&S/S+ Meas k 00036
Sample CUP-CI04401 7ime 11:30 Pres # 01

104Slum SampleCUP4X044101 Summary Percentiles Dia Vol% Width
I#l SupematantSimulant mv = 9.717 10%= 0.681 60%❑ 6.807 21.60 32% 23.62
) mllsec mn
401- bkhikwh

= 0.386 20% = 1.020 70%= 10.44 4.646 26% 4.368
ma = 1.646 30% = 1.364 80%= q8.24 1.069 42% 1.13
Cs ❑ 3.646 40% = 2.023 90%= 27.68
sd = 10.33 60% ❑ 3.441 96%= 36.71 Q

%PASS %CHAN
1 10.0

9 9.0

8 8.0

7 7.0

6 6.0

5 5.0
...

4 4.0

3 3.0

2 2.0

1 1.0

t
o 0.0

0.100 1.000 10.00 100.0 ~ 1000
- Size (microns) -

~. ‘APASS ‘ACHAN ~ ‘hPASS ‘ACHAN ~ ‘hPASS ‘hCHAN ~ ?40PASS OhCHAN
r04.o ; 100.00 0.00 9.260 68.12 2.84
;92.0 ‘ 100.00 0.00 7.778 66.28 3.07
197.8 100.00 0.00 6.641 62.21 3.23
118.6 100.00 0.00 6.600 68.98 3.30
162.0. 100.00 0.00 4.626 66.68 3.33
~96.o 100.00 0.00 3.889 62.36 3.32
~~.g .100.00 0.00 3.270 49.03 3.26
208.3 100.00 0.00 2.760 46.78 3.21
176.0 100.00 0.00 2.312 42.67 3.37
148.0 100.00 0.00 1.946 39.20 3,96
124.6 100.00 0.00 1.636 36.26 4.98
104.7 100.00 0.00 1.376 30.27 6.92
18.00 100.00 0,38 1.166 24.36 6.91
‘4.00 99.62 0.65 0.972 18.44 4.81
;2.23 99.07 0.82 0.818 13.63 3.46
i2.33 98.26 1.26 0.688 10.17 2.46
14.oo 97.00 1.89 0.678 7.72 1.84
17.00 96.11 ‘2.74 0.486 6.88 1.48
11.11 92.37 3.63 0.409 4.40 1.28
!6.16 88.74 4.22 0.344 3.12 1.18
!2.00 84.62 4.19 0.289 1.94 1.10
18.60 80.33 3.69 0.243 0.84 0.84
15.66 76.64 3.10 0.204 0.00 0.00
13.08 73.64 2.74 0.172 0.00 0.00
I1.00 70.80 2.68 0.145 0.00 0.00

9



Ivni Oelrn

Particle Size Analysis C104 Slurry Date:= M&Is # 00036
Sample CUP-C104.OO1 Time: 11:30 Pres # 0!

:104Slurry SampleCUPZ1044101 Summary Percentiles Dia Vol% Width
I #1SupematantSimulant mv = 9.717 10% = 0.219 60%= 0.317 0.286 100% 0.300
0 mlisec mn

v

= 0.386 20% = 0.232 70%= 0.368
b;~wwwl ma = 1.646 30% = 0.246 80%= 0.463

Cs = 3.646 40% = 0.262 90%= 0.686
sd = 0.160 60% = 0.286 96%= 0.917

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

“50:0 “ 25.0

40.0 20.0
,.

30.0.,”” 15.0

20.0 10.0

@

o-.“ 5.0

0.0 0.0
rG 0.100 1.000 , 10.00 100.0 1000

- Size (microns) -
%PAssWE ?AoCHAN SIZE OhPASS ohCHAN ~ !/oPASS YoCHAN ~ ‘YOPASS 9’oCHAN

~o 100.00 0.00 -m 100.00 0.00
;92.0 100.00 0.00 7.778 100.00 0.00
197.8 100.00 0.00 6.641 100.00 0.01
118.6 100.00 :Cl: 6.600 99.99 0.01
162.0 ‘ 100.00 4.626 99.98 0.02
~96.o 100.00 0:00 3.889 99.96 0.03
~~mg 100.00 0.00 3.270 99.93 0.06
!09.3 100.00 0.00 2.760 99.88 0.08
176.0 100.00 0.00 2.312 99.80 0.13
148.0 100.00 0.00 1.946 99.67 0.27
124.6 100.00 0.00 1.636 99.40 0.67
104.7 100.00 0.00 1.376 98.83 1.13
]8.00 ‘lOo.oo 0.00 1.166 97.70 1.90,
~4.oo 100.00 0.00 0.972 96.80 2.69
;2.23 100.00 0.00 0.818 93.21 3.13
;2.33 100.00 0.00 0.688 90.08 3.74
Moo 100.00 0.00 0.678 86.34 4.72
17.00 100.00 0.00 0.486 81.62 6.38
11.11 100.00 0.00 0.409 76.24 9.28
!6.16 100.00 0.00 0.344 66.96 14.43
!2.00 100.00 0.00 0.289 61.63 22.69
18.60 100.00 0,00 0,243 28.94 28.94

P

100.00 0.00 0.204 0.00 0.00
100.00 0.00 0.172 0.00 0.00

I slo 100.00 0.00 0.146 0.00 0.00

,:

f-q>.
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Patticle Size Analysis C104Slurry Date:42UW86— Meas # 0004~
Sample CUP-C1OMO1 Time: 11:41 Pres * Of

104SlurW Sample CUP4104-001 Summary Percentiles Dia V03% Width
I#l SupernatantSimulant mv = 9.103 10%= 0.686 60%= 6.434 20.78 30% 22.60
onicatsdst 40W for 90ssq 60mlkc

(Ck-L Wk;kkm

mn = 0.326 20% = 0.966 70%= 9.443 4.660 26% 4.360
ma ❑ 1.477 30% = 1.307 80%= 16.79 1.010 44% 1.1
0s = 4.062 40% = 1.938 90%= 26.00 u
sd = 9.616 60% = 3.279 96%= 34.63

%PASS %CHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

Riio “ 5.0

40.0 4.0..

30.0’; 3.0

20.0 2.0

10.0.. ‘1.0

a
0.0 0.0

O.doo 1.000 10.00 400.0 ‘lOoo

- Size (microns) -
~ %PASS ‘ACHAN ~ ‘ACHAN ~ ._.‘kPASS ‘kPASS ‘ACHAN ~ ‘APASS ‘hCHAN
?04.0 100.00 0.00 9.250 69.67 2.93
692.0 100.00 0.00 7.778 66.74 3.16
497.8 100.00 0.00 6.641 63.68 3.34
$18.6 100.00 0.00 6.600 60.24 3.42
362.0 100.00 0.00 4.626 66.82 3.46
296.0 , 100.00 0.00 3.889 63.37 3.42
248.9 s100.00 0.00 3.270 49.96 3.32
209.3 100.00 0.00 2.760 46.63 3.23
176.0 100.00 0.00 2.312 43.40 3.32
148.0 100.00 0.00 1.946 40.08 3.81
124.6 :100.00 :0.00 1.636 36.27 4.69
104.7 ; 100.00 ‘0.00 1.376 31.68 6.64
?8.00 ‘ 100.00 0.33 1.166 26.04 6.62
r4.oo ‘ : 99.67 “0.47 0.972 20.62 4.61
;2.23 99.20 0.69 0.818 16.91 3.47
52.33 ‘ 98.61 1.06 0.688 42.44 2.62
!4.00 97.46 1.62 0.678 9.82 2.09
37.00 96,83 2.41 0.486 7.73 1.76
31.11 93.42 3.28 0.409 6.97 1.66
26.16 90,14 3.96 0.344 4.4i A.44
22.00 86.19 4.06 0.289 2.97 1.29
18.60 ~ 82.13 3.69 0.243 1.68 1.0$
16.66 78,44 3.17 0.204 0.67 0.67
13.08 76.27 2.83 0.172 0.00 0.00
11.00

4
72,44 2.77 0.146 0.00 0.00



o&’i)~\~ C?Kb

Pati”cle Size Analysis C104Slurry Date:-WWf86-Measik 00047
Sample CUP-C104-OO1 “Time: 11:41 Pres K 01

:104Slu~ SampleCUP4104-OO1 Summary Percentiles Dia Vol% Width
1#1SupematantSimulant mv = 9.103 10% = 0.186 60%= 0.276 0.249 100% 0.228
onicatedat 40W for 90seq 60 mlkec

&w IX5WX’A 0-)

mn ❑ 0.326 20% = 0.198 70%= 0.312

D

ma = 1.477 30% = 0.211 80%= 0.377

.% cs = 4.062 40% = 0.229 90%= 0.638
sd = 0,114 60% = 0.249 9S% = 0.756

‘hPASS
100.0

90.0

80.0

70.0

60.0

-. .....
50:0

.—

40.0...,..,,,,
.;.

30.0

20.0

~Q.o,

B
0.0 r

O.ioo

%CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

40.0

5.0

0.0
1.000 10:00 100.0

- Size (II
WE ; ‘APASS YoCHAN SIZE OhPASS ‘AXHAN
Ko j 100.00 0.00 m 100.00 0.00
i92.O. : Ioo.od ‘0:00 7.778 100.00
197.8‘ 100.00
i18.6 400.00
)62.0 100.00
!96.o 100.00
!~.g j 100.00
!09.3 100.00
176.0 .100.00
148.0 ‘ 100.00

124.6z 100.00
104.7 / 100.00
]8.00 100.00
‘4.00 100.00
i2.23 100.00
i2.33 100.00
14.oo 100.00
17.00 100.00
11.11 100.00
!6.16 100.00
!2.00 100.00
8,50 100.00

B
“9 .’ 100.00

100.00
0 100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.641
5.600
4.626
3.889
3.270
2.760
2.342
1.945
1.636
1.375
1.156
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.q72
0.146

100.00
100.00
99.99
99.98
99.96
99.93
99.88
99.79
99.63
99.29
98.61.
97.47
96,88
93.86
91.29
87.86
82.99
76.74
64.46
47.46
26.13
0.00
0.00

0.00
0.00
0.01
0.01
0.02
0.03
0.06
0.09
0.16
0.34
0.68
1.14
1.69
2.02
2.67
3.44
4.86
7.26
11.29
16.99
22.33
26.13
0.00
0.00

crons) -
~ ‘YoPASS YoCHAN

1000

yZJ ?AoPASS OhCHAN



Particle Size Analysis C104Slurry Date: +&8+&&& # OOb44
Sample CUP-CI04-001 lime: 11:62 Pres # 01

104Slu~ Sample CUPXI04401 Summary Percentiles Dia Vol% Width
I#1Supematant Simulant mv = 8.474 10% = 0.S62 60% = 6.021 20.03 29% 21.66
~nicatedat 40 W for 90seG 60mlhc mn = 0.326 20% = 0.930 70%= 8.609 4.647 27% 4.342
Id sonicstion

/0[- bi*&K& m

ma = 1.428 30% = 1.270 80% ❑ 16.31 1.003 44?6 1.2
Cs = 4.202 40% = 1.839 90%= 24.42
sd = 8.878 60% = 3.068 96%= 32.78 @

%PASS %W;N
.

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0,

1.0

4
0.0

“:0.100 1.000 10.00 100.0 1’000

- Size (microns) -
yZ& ‘APASS YoCHAN ~ OhPASS OACHAN &lZJ ‘APASS OACHAN ~ OhPASS 0hCHAt4
rod,o 100.00 0.00 9.260 71.41 2.98
;92.0 100.00 0.00 7.778 68.43 3.21
197,8 100.00 0.00 6.641 66.22 3.39
118.6 100.00 0.00 6.600 61.83 3.49
)62.0 100.00 0.00 4.626 68.34 3.64
!86.0“’ 100.00 0.00 3.889 64.80 3.62
!4.9 100.00 0.00 3.270 61.28 3.41
!0963 100.00 0.00 2.760 47.87 3.30
176,0 100.00 0.00 2.312 44.67 3.39
148.0 100.00 0.00 1.946 41.18 3.88
124,s 100.00 0.00 1.636 37.30 4.78
104,7 100.00 0,00 1.376 32.62 6.69
18.00 100.00 0.13 1.166 26.93 6.61
r4.00 99.87 0.46 0.972 21.32 4.69
;2.23 99.42 0.64 0.818 16.63 3.66
;2.33 98.78 0.96 0.688 13.08 270
14.oo 97.83 0.678 10.38 2.18
17.00 ‘ 96.40 ;: 0.486 8.20 1.86
11.11 94.29 2.91 0,409 6.34 1.67
!6aq6 } 91.38 3.60 0.344 4.67 1.66
!2.00 87.78 3.84 0.289 3.12 1.38
i8.60 : 83.94 ‘3.62 0.243 1.74 f.06
15.S6 80.32 3.19 0.204 0.69 0.69
13.08 77.13 2.89 0.172 0.00 0.00
11.00 74.24 2.83 0.146 0.00 0.00

8



.
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Particle Size Analysis Cd04Slurry Date:&&t& M& #“ o&l
Sample CUP.C1044IO1 Time: 11:62 Pres # 01

;104Siu~ SampleCUPZI04.001 ~ Percentiles Dia Vol% Width
~#1 SupematantSimulant mv = 8.474 10°A= 0.186 60°A= 0.276 0.2S0 100°h 0.226
;onicatedat 40W for 90seq 60 ml/seo mn = 0.326 20%= 0.199 70%= 0.312

0

sonication ma = 1.428 30°A= 0.212 80°h = 0.376

.c&w wtrib~h’ w
Cs = 4.202 40% = 0.230 90%= 0.632
sd = 0.113 60% = 0.260 96%= 0.746

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

:,.... .. .-
50.0 25.0

40.0 20.0
.,

..
30.0’: 15.0.:..
‘.,:”.,.
20.0 10.0

@

0.0: 5.0
.

.0 0.0
:0.100 1.000 10.00 100.0 1000

- Size (microns)-
3~E“‘: %P~SS OACHAN ~ %PASS OACHAN ~ ‘APASS OkCHAN ~ YoPASS

K

YoCHAN

100.00 0.00 9.260 100.00 0.00
592.0 100.00 0.00 7.778 100.00 0.00
!97.8 100.00 0.00 6.641 100.00 0.00
[18.6 100.00 ::;” 6.600 100.00 0.01
)62,0 100.00 4.626 99.99 0.01
296.0 100.00 0:00 3.889 99.98 0.02
248.9 100.00 0.00 3.270 99.96 0.03
209.3 ~ 100.00 0.00 2.760 99.93 0.06
176.0 100.00 0.00 2.312 99.88 0.08
148.0 .100.00 0.00 1.946 99.80 0.16
124.6 100.00 0.00 1.636 99.64 0.33
104.7 100.00 0.00 1.376 99.31 0.66
18.00 ‘ 100.00 0.00 1.166 98.66 1.10
r4.o(l 100.00 0.00 0.972 97.66 1.66
;2.23 100.OQ 0.00 0.818 96.01 1.97
;2.33 100.00 0.00 0.688 94.04 2.63
14.oo 100.00 0.00 0.678 91.61
17.00 .100.00 0.00 0.486 88.08 ::
)1.11 100.00 0.00 0.409 83.18 7.41
!6.16 1oo.oo 0.00 0.344 76.77 11.60
~.oo 100.00 0.00 0.289 64.17 17.36
18.60 100.00 0.00 0.243 46.82 22.16
l-- -5

p“

100.00 0.00 0.204 24.67 24.67
100.00 0.00 0.172 0.00 0.00

. 0-. 100.00 0.00 0.146 0.00 0.00

;.
1,

—



.s .,.-.,-., ... ,..Q-I” )~uu ~#&)

Particle Size Analysis CUF-C104-OO1AR Date: ~ Meas # 00030
Time l&29 Pres * 01.

.104slurry,sampleCUF~104-001AR Summary Percentiles Dia Vol% Width
sReceived
,M SupemetentSoltiion

mv = 2.502 10% = .2161 60%= 2.947 2.804 89% 2.413

PA
mn = .0676 20%= 1.063 70%= 3.269 .0973 11% .1181
ma = .6032 30°h= ‘L877 80°h= 3.662

= 9.948 40%= 2.312 90%= 4.249
l“; Di5f~~.~

Cs
sd = 1.607 50% = 2.641 96%= 4.792 6

%PASS %CHAN
100.0 20.0

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

.50m. .
10.0

—...—

40.0 8.0-.
.:-;,

~o.o’;:
6.0.,

,.
:20.0’+ 4.0

“40.0: 2.0

0.0 40.0
L. ;0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
yZ&i %PASS ,%CHAN ~_ %PASS ‘ACHAN ~ ‘APASS ‘hCHAN ~ ‘kPASS ‘ACHAN
;.641 100.00 1.80 0.0869 4.42 1.30
;.600 98.20 4.39 0.0723 3.12 1.27
i.626 93.81 9.18 0.0608 1.85 1.08
L889 84.63 14.58 0.0611 0.77 0.77
1,270 70.06 16.63 0.0430 0.00 0.00
!.750 63.62 13.s1 0.0361 0.00 0.00
!.313 40.01 8.74 0.0304 0.00 0.00
1.946; 31.27 6.13 0.0255 0.00 0.00
1.636 ; 26.14 .3.14 0.0216 0.00 0.00
1.376 : 23.00 2.16 0.0181 0.00 0.00
1;466 20.86 1.67 0.0162 0.00 0.00
1.9723 i 19.18 1.43 0.0128 0.00 0.00
).8176 : 17.76 1.28 0.0107 0.00 0.00
1;6876 ~6.47 ‘1.17 0.0090 0.00 0.00
).6781 , 15.30 1.08 0.0076 0.00 0.00
1.4S61 i 14.22 5.99 0.0064 0.00 0.00
).4088 13.23 0.92 0.0064 0.00 0.00
1.3437 12.31 0.87 0.0046 0.00 0.00
1.2891 ~1.44 0.83 0.0038 0.00 0.00
t.2431 10.61 0.91
1.2044 9.70 0.97
1.1719 8.73 0.98
).1446 ~~ 7.76 1.01
).1216 6.74 1.10
).1022 - 6.64 1.22 9



.— I-/f–- —/t- 1

Padide Size Analysis CUF-C1044O1AR tlate~ eas # 00030
Time: 14:29 Pres # 01

:-104slufty, sample CUF-CI04-001AR Summary Percentiles Dia Vol% Width
s Reoeived mv = 2.602 10% = .0461 60%= .0623 .0677 100% .0348
)#l Supemetant Solution

b

mn ❑ .0676 20% = .0484 70%= .0683
ma = .6032 30% = .0608 80%= .0772
Cs = 9.948 40% = .0639 90%= .0944

,{;;b/y Dj+ijktiow sd = .0174 60% = .0677 95%= .1162

%PASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
‘APASSHZE ‘ACHAN SIZE ‘APASS ‘ACHAN * _‘kPASS ‘kCHAN ~ ‘APASS %CHAN

;.641 100.00 0.00 ~69 86.21 11.06
;.600 100.00 0.00 0.0723 76.16 18.12
L626 100.00 0.00 0.0608 67.04 26.99
L889 100.00 0.00 0.0611 31.06 31.06
L270 100.00 0.00 0.0430 0.00 0.00
~;7Go i 100.00 0.00 0.0361 0.00 0.00 i
!.313 I 100.00 0.00 0.0304 0.00 0.00 I
1346 ~ 100.00 ‘0.00 0.0266 0.00 0.00
1.636 ; ioo.oo ‘0.00 0.0216 0.00 0.00
1.376 ‘ 100.00 0.00 0.0181 0.00 0.00
1:166 , 100.00 0.01 0.0162 0.00 0.00
L9723 : 99.99 0.01 0.0128 0.00 0.00
}.8176 99.98 0.01 0.0107 0.00 0.00
).6876 99.97 0.02 0.0090 0.00 0.00
).6781 99.96 0.03 0.0076 0.00 0.00
L4861 ; 99.92 0.06 0.0064 0.00 0.00
WI088 ; 99.87 0.07 0.0064 0.00 0.00
).3437 ~ 99.80 0.12 0.0046 0.00 0.00
L2891 ~ 99.68 0.19 0.0038 0.00 0.00
L2434 i 99.49 0.34
1.2044 99.16 0.61
).1719 98.64 1.04

v

97.60 1.84
;: 96.69 3.31

1.#lJ22 92.38 6.17

!.



PatimcleSize Analysis CUF-C1044101SONW~ Date: &IO& Mess #: 00062
Time: 16:27 Pres # 01

-104slurryOHP,sample CUF-C1044OISON Summary Percentiles Dia Vol% Width
onioated90s= “ mv = 1.666 10% = .3336 60%= .6317 2.239 1% .9477
I#l SupamatantSolution mn = .6377 20% = .3744 70%= .6770 .4891 99% .2988
‘PA = .9712 30% = .4162 80%= .6349
0saconds

hlww J)i$kl !.Mkm
:Sa = 6.178 40% = .4634 90°h = .7271
sd = .1536 60% = .4918 96%= .8266 9

OhPASS OACHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

~o:o”..
25.0

..” . .

40.0 20.0

30.0 15.0. .
..
20.0 10.0

$0.0.,. 5.0
‘“ii .(

0.0 0.0
4

;. !0.001 o 0.0100 0.1000 1.000 10.00
- Size (microns) -

SIZE OhPASs OACHAN SIZE ‘APASS OhCHAN SIZE OACHAN ~ .—,—— ‘APASS OhPASS OACHAN—— —
K .100.00 0.00 =9 0.00 0.00
6.600 ‘ 100.00 0.00 0.0723 0.00 0.00
L626 ~100.00 0.00 0.0608 0.00 0.00
3.889 :100.00 0.01 0.0611 0.00 0.00
3.270 .! 99.99

1
.0.16 0.0430 0.00 ~ 0.00

2.760 : 99.84 0.46 0.0361 0.00 0.00
2.313 ~ 99.39 0.39 0.0304 0.00 0.00
1.946. 99.00 o.2~ 0.0266 0.00 0.00

I

1.636 98.79 0.17 0.0216 0.00 0.00
1.376 98.62 0.28 0.0181 0.00 0.00
1.466 98.34 0.81 0.0162 0.00 0.00
0.9723 97.63 2.79 0.0128 0.00 0.00
k8176 94.74 8.12 0.0107 0.00 0.00
0.6876 ‘ 86.62 16.39 0.0090 0.00 0.00
1.6781 70.23 21.69 0.0076 0.00 0.00
1.4661 20.18 0.0064 0.00 0.00
1.4088 , ::: 16.67 0.0064 0.00 0.00
1.3437 I 12.69 12.69 0.0046 0.00 0.00
1.2891 ~ 0.00 .0.00 0.0038 0.00 0.00
1.2431 ~ 0.00 .0.00
1.2044 ., 0.OO000 0.00
1.17fi9 0.00
L1446u 000 0.00
}.1215 0.00 0.00

4Llo22- 0.00 0.00

. .

: ..!,~,
. ...

.,,



■
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Parfic/e Size Analysis
CUF-O1O4.OO1SON= Date: ~ Meas k ~0062

Time 16:27 Pres * 01
:-104slurry ~sample CUF4X04401 SON Summary Percentiles Dia Vol% Width
ionioeted80 seq mv = 1.665 ~0% = .4993 60%= 2.128 2.472 61% .8668
I #l Supematsnt Solution mn = .6377 20°A= .6937 70% ❑ 2386 .6324 49% .3692
1P

@

ma = .9712 30% = .6864 80% ❑ 2.682
nds Cs = 6.178 40% = .8144 90%= Z821

iulw bi$tib~h~ sd = 1.064 60% = 1.306 96%= 3.003

%PASS ?/oCHAN
100. 50.0

90.0 ‘45.0

80.0 40.0

70.0 35.0

60.0 30.0

solo 25.0
. .

40.0 20.0

30.0 t5.o

20.0 10.0

@

o 5.0

0.0 0.0
: ;0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
~. klPAss ‘kCHAN ~ ‘hPASS ‘ACHAN a %PASS %CHAN a ‘kPASS ?40CHAN

ml ; 100.00 :0.00 0.0869 0.00
5.600 ! 100.00 0.00 0.0723 M 0.00 ~
!:625 ; 100.00 0.00 0.0608 0.00 0.00
3.889 ~100.00 0.86 0.0611 0.00 0.00
!.270 99.14 11.61 0.0430 0.00 0.00
2.760 87.63 21.16 0,0361 0.00 0.00
2.313 66.48 10.83 0.0304 0.00 0.00
1.946 66.66 3.63 0.0266 0.00 0.00
1.636 ~ 62.12 1.68 0.0216 0.00 0.00
1.376 ~ 60.44 1.66 0.0181 0.00 0.00
1;166 ! 48.79 2,82 0.0162 0.00 0.00
).9723 46.97 6.77 0.0128 0.00 0.00
).8176 f 40.20 9.99 0.0107 0.00 0.00
).6876 i 30.21 11.99 0.0090 0.00 0.00
).6781 ~ 18.22 ‘9.43 0.0076 0.00 0.00
).4861 !-- 8.79 6.22 0.0064 0.00 0.00
):4088 I 3.67 12.41 0,0064 0.00 0.00
).3437 ‘ 1.16 ‘1.16 0.0046 0.00 0.00
).2891 ‘“: 0.00 0.00 0.0038 0.00 0.00
).2431 \ 0.00 “0.00
),2044 .: 0.00 0.00
).1719 $ 0.00 0.OO

p

6 0.00 0.00
6 0.00 0,00

. ,ti22 0.00 0.00

H



Particle Size Distribution Plots
For Initial Slurry: Sample CUF-C104-OO1DUP

Replicate No: 2

@

0
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Patficle Size Analysis C104Slurry I)UP Date: -&08/W Mea; # 00048
Sample CUPXI04401 Time: 13:18 Pres # 01

104Slurry DUP;SampleCUP4X04-001 Summary Percentiles Dia Vet% Width
I#l Supematant Simulant mv = 8.696 10%= 0.821 60%= 6.716 20.89 31% 17.80
)mlisec mn = 0.407 20% = 1.138 70%= 10.16 6.911 16% 3.482
uplicate Run

VOlm D;%+fibhsm

ma = 1.822 30% = 1.470 80%= 17.82 1.336 53% 1.777
Cs ❑ 3.293 40% = 2.077 90%= 26.28
sd = 9.829 60’% = 3.379 96%= 30.71 .4

%PASS %CHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

~ti.o..:.,
5.0

40.0 4.0

30.0; 3.0

20.0’ 2.0

10.0: 1.0
:.;

0.0 0.0
4

.0.100 1.000 10.00 100.0 1000
- Size (microns) -

~ . %PAss OACHAN gzJ OhPASS %CHAN _SIZE %PASS O/’oCHAN SIZE ‘APASS YoCHAN
ro4,0 100.00 0.00 9.260 68.68 2.87
592.0 100.00 0.00 7.778 66.71 3.16
!97.8 100.00 0.00 6,641 62.66 3.29
!18.6 100.00 0.00 6.600 69.27 3.29
162.0 100.00 0.00 4.626 65.98 3.28
~96Co 100.00 0.00 3.889 62.70 3.33
M8.9 100.00 0.00 3.270 49.37 3.41
~09,3 100.00 0.00 2.760 46.96
[76.0 100.00 0.00 2.312 42.39 :Z
148.0 100.00 0.00 1.945 38.43 4.82
124.6 100.00 0.00 1.636 33.61 6.08
104.7 100.00 0.00 1.376 27.63 6.92
i8.00 100.00 0.00 1.166 20,61 6.26
r&@ 100.00 0.00 0.972 14.36 4.44
;2.23 100.00 0.00 0.818 9.91 2.76
;2,33 100.00 0.56 0.688 7.16 1.76
Woo 99.44 1.38 0.678 6.40 1.23
)7.00 98.06 2.77 0.486 4.17 0.98
11.11 96.29 4.30 0.409 3.19 0.87
~$,q$ 90.99 6.17 0.344 2.32 0.84
!Z.ot) 86.82 4.88 0.289 1.48 0.82
18.S0 80.94 3.96 0.243 0.66 0.66
16.66 76.98 3.11 0.204 0.00 0.00
!3.08 73.87 2.66 0.172 0.00 0.00
11.00 71.21 2.63 0.146 0.00 0.00 4



w-,””,””

PatficieSize Analysis CI04Slurry DUP Date: +2/W89 Meas * 00048
Sample CUP-C104-OO1 Time: 13:18 Pres & 01

:104Sluny DUP;SampleCUPZI04401 Summary Percentiles Dia Vol% Width
1#1 SupematantSimulant mv = 8.696 10% = 0.219 60%= 0.316 0.283 100% 0.367
0mllsec
IU lkata Run

$

mn = 0.407 20°A = 0.231 70°k = 0.372

OW PW;bufim
ma = 1.822 30% = 0.243 80%= 0.493
Cs = 3.293 40% = 0.260 90%= 0.790
sd ❑ 0.178 60% = 0.283 96%= 1.046

%PASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.100 1.000 10.00 100.0 1000

- Size (microns) -
‘APASSSEE OhCHAN ~ ‘APASS OACHAN ~ ,_,OhPASS OACHAN ~ !hoPASS

~f
YoCHAN

100.00 0.00 9.260 100.00 0.00
;92.0 100.00 0.00 7.778 100.00 0.00
197.8 100.00 0.00 6.641 100.00 0.01
118.6 100.00 0.00 6.600 99.99 0.01
162.0 ‘ 100.00 0.00 4.626 99.98 0.02
!96,4 100.00 0.00 3.889 99.96 0.04
!48.9 100.00 0.00 3.270 99.92 0.06
!09.3 100.00 0.00 2.760 99.86 0.11
176.0 100.00 0.00 2.312 99.76 0.21
148.0 100.00 0.00 1.946 99.64 0.43
124.6 100.00 0.00 1.636 99.11 0.91
104.7 , 100.00 0.00 1.376 98.20 1.74
)8.00 100.00 0.00 1.156 96.46 2.65
‘4.00 100.00 0.00 0.972 93.81 3.16
;2.23 100.00 0.00 0.818 90.66 3.30
;2.33 100.00 0.00 0.688 87.36 3.63
14.oo ~100.00 0.00 0.678 83.83 4.17
)7.00 100.00 0.00 0.486 79.66 6.67
11.11 100.00 0.00 0.409 74.09 8.32
!6.16 100.00 0.00 0.344 66.77 13.66
!2.00 100.00 0.00 0.289 62.22 22.21
18.S0 100.00 0.00 0.243 30.01 30.01

h.

~eq. 100.00 0.00 0.204 0.00 0.00
100.00 0.00 0.172 0.00 0.00
100.00 0.00 0.146 0.00 0.00



—- ,”-- ,

Patticle Size Analysis C104Slurry DUP Date: 4&61&ik’ Meas # 001162
Sample CUP-C104-OOI Timex 43:32 Pres # 01

:104Slurry DUP;Sample CUP.C1044IOI Summary Percentiles Dia Vol% Width
1#1 SupematantSimulant mv = 8.789 10%= 0.708 60’%= 6.140 20.66 32% 17.40
0mlhc mn = 0.390 20% = 1.051 70??= 10.66 4.663 26% 4.400
luplicafeRun

JOJW mhbu%m
ma = 1.707 30%❑ 1.419 80%= 18.03 1.070 42% 1.1
Cs = 3.614 40%= 2.169 90%= 26.17
Sd = 9.913 60%= 3.706 96%= 30.40 Q

OhPAs.s YoCHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

50:0 5.0

40.0 4.0
;,

30.0’ 3.0

20.0 2.0

1Ml 1.0

0.0
90.0

O.’too 1.000 10.00 100.0 1000

- Size (microns) -
~., : %PASS %CHAN ~ YoPASS ‘%oCHAN s= ?AoPASS ‘%oCHAN ~ YoPASS
704.0 != 0.00

‘ACHAN
9.260 67.71 3.06

592.0 ! 100.00 ,0.00 7.778 64.66 3.37
$97.8 100.00 0.00 6.641 61.28 3,61
418.6 100.00 0.00 6.600 67.77 3,47
362.0 100.00 0.00 4.626 64.30 3.37
296.0 100.00 0.00 3.889 60.93 3.30
248.9 100.00 0.00 3.270 47.63 3.23
209.3 100.00 0.00 2,760 44.40 3.19
176.0 ~100.00 0.00 2.312 41.21 3.36
148.0 100.00 0.00 1.945 37.86 3.91
124.64 ! 100.00 0.00 1.636 33.96 4.90
104.7 ; 100.00 0.00 1.376 29.06 6.81
B8.00 ; 100.00 0.00 1.166 23.24 6.76
74.00 :100.00 0.00 0.972 17.49 4.64
62.23 100.00 0.00 0.818 . 12.86 3.32
62.33 100.00 0.46 0.688 9.63 2.34
44,00 99.61 1.29 0.678 7.19 1.74
37.00 98.22 2.71 0.486 6.46 1.39
31.11 96.61 4.36 0.409 4.06 1.19
26.16 91.16 6.36 0.344 2.87 1.09
22.00 86.80 6.11 0.289 1.78 1.01
18.60 80.69 4.16 0.243 0.77 0.77
16.66 76.64 3.26 0.204 0.00 0.00
13.08 73.29 2.80 0.172 0.00 0.00
11.00 70.49 2.78 0.146 0.00 0.00 4

I

,,

L

—
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Pattic/e Size Analysis C104Slurry DUP Date:~ Meas # 00062
Sample CUP-C1044O1 Time: 13:32 Pres # 01

:104Slurry DUP;SampleCUP4X04401 Summary Percentiles Dia Vol% Width
) #1SupematantSimulant
~ G@

mv = 8.789 ~0% = 0.220 60%= 0.319 0.287 qOO% 0.312

r mn = 0.390 20%= 0.232 70%= 0.372

i;s Wup;icati$mtw ~~%+f; b u~”~
ma = 1.707 30%= 0.246 80%= 0.472
Cs = 3.614 40%= 0.263 90%= 0.700
sd = 0.166 60%= 0.287 96%= 0.933

%PASS %a&N
100.0 .

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

~u=o..
25.0

——.

40.0. 20.0

30.0 15.0

20.0 10.0

...

w

. . 5.0..

..
0.0 0.0

0.100 1.000 10.00 100.0 1000
- Size (microns) -

ME ; ‘hPASS ‘ACHAN ~ OhPASS ‘ACHAN _SIZE %PASS %CHAN a ‘A PASS
G 100.00 0.00

‘ACHAN
9.260 100.00 0.00

i92.O ?~oo.oo 0.00 7.778 100.00 0.00
197.8 100.00 0.00 6.641 100.00 0.01
118.6 100.00 ::: 6.600 99.99 0.01
162.O 100.00 4.626 99.98 0.02
!96.0 100.00 0:00 3.889 99.96 0.03
!48.9 100.00 0.00 3.270 99.93 0.06
!09,3 100.00 0,00 2.760 99.88 0.08
176.0 100.00 0.00 2.312 99.80 0.14
148,0 100.00 0.00 1.946 99.66 0.28
24.6 100.00 0.00 1.636 99.38 0.60
04.7 100.00 0.00 1.376 98.78 1.19
!8.00 100.00 0.00 1.166 97.69 1.99
‘4.00 100.00 0.00 0.972 96.60 2.69
2.23 100.00 0.00 0.818 92.91 3.24
;2.33 100.00 0.00 0.688 89.67 3.86
4.00 100.00 0.00 0,678 86.82 4.81
17.00 100.00 0.00 0,486 81.01 6.46
1,11 100.00 0.00 0.409 74.66 9.29
!6.16 ‘ 100.00 0.00 0.344 66.27 14.36
!2.00 ~100.00 0.00 0.289 60.92 22.34
8.60 100.00 0.00 0.243 28.68 28.68

B

.
100.00 0.00 0.204 0,00 0.00
100.00 0,00 0.172 0.00 0.00

.U 100.00 0.00 0.146 0.00 0.00



Parficle Size Analysis
104Sluny Dlf% Sample CUP4M04J301
#1SupematsntSimulant
micated at 40W for 90 sac; 60 ml/see
it Sonication-Dupl icate sample

p W- b+;bdh

G-&j<o& j~~ &i&
c104 Slurry DUP Date: —W&6/6$ Meas # 00066
Sample CUP-C104-OO1 Time: 13:46 Pres # 01
Summary Percentiles Dia Vol% Width
mv = 8.736 10% = 0.660 60%= 6.306 20.30 33% 16.82
mn = 0.376 20% = 1.027 70%= 10.79 4.698 27% 4.408
ma = 1.660 30% = 1.431 80%= 17.87 1.033 40% 1.1
Cs = 3.636 40% = 2.266 90?4= 24.76
sd = 9.803 60% = 3.862 96%= 29.74 Q

[ , m

%PASS O/oCHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

9
0.0

0.100 1.000 10:00 100.0

- Size (n crons) -
yZJ %PAss %CHAN ~ ‘/oPASS ‘ACHAN ~ ‘/WASS %CHAN
‘04.0
i92.O
197.8
118.6
K2.O
~96.o
!48.9
!09.3

176.0
148.0
124.6
04.7
;8,00
‘4.00
L2.23
;2.33
14.oo
17.00
11.11‘.
!6.16
!2.00
18.60
15.56
13.08
I1.00

100.00
100.00
‘lOo.oo
100.00
100.00

:100.00
:100.00

100.00
100.00
100.00
100.00
100.00

:100.00
100.00
100.00
100.00
99.61
98.49
96.96
91.68
86.24
80.96
76.61
73.22
70.31

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.39
1.12
2.63
4.28
6.44
6.29
4.34
3.39
2.91
2.89

9.260
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.145

67.42
64.26
60.76
67.14
63.68
60.14
46.79
43.64
40.37
37.11
33.41
28.90
23.64
18.41
14.08
10.84
8.41
6.48
4.86
3.42
2.09
0.88
0.00
0.00
0.00

3.17
3.49
3.62
3.66
3.44
3.36
3.26
3.17
3.26
3.70
4.61
6.26
6.23
4.33
3.24
2.43
1.93
1.62
1.44
1.33
1.21
0.88
0.00
0.00
0.00

1000

~ ‘kPASS ‘hCHAN

4
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Pafiic/e Size Analysis CI04Slurry DUP Date!-WWS6- ~r:~s: rllo66
Sample CUP-CI044)01 Time: 13:46 .

1104SlurryDUP;SampleCUP4104JJ01 Summary Percentiles Dia Vol%” Width
I #1 Supematant8imulant mv = 8.736 10% ❑ 0.220 60%= 0.314 0.286 100% 0.269
onicatad at 40 W for 90 seq 60 ml/see

u

mn = 0.376 20% = 0.232 70%= 0.3604 nicstion-Duplioste Sample ma = 1.660 30% = 0.246 80%= 0.441

m~q ~i&fikQti~ Cs = 3.636 40% = 0.263 90%= 0.634
sd = 0.134 60% = 0.286 9S% = 0.862

%PASS OACHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
,0.100 1.000 10.00 1“00.0 1000

- Size (microns) -
~ ‘ %PASS ‘hCHAN ~ %PASS ‘ACHAN ~ ‘/&PASS ‘ACHAN ~ %PASS
ro4.o 100.00 0.00

‘~CHAN
9.260 100.00 0.00

;92.0 100.00 0.00 7.778 100.00 0.00
i97.8 - ; 100.00 0.00 6.641 100.00 0.01
118.6 100.00 0.00 6.600 99.99 0.01
162.0, 100.00 0.00 4.626 99.98 0.02
!96.o“ :100.00 ‘0.00 3.889 99.96 0.03
!4.9 , 100.00 .0.00 3.270 99.93 0.04
!09.3 , ; 100.00 ‘0.00 2.760 99.89 0.07
[76.0 100.00 0.00 2.312 99.82 0.12
148.0 ; 100.00 0.00 1,946 99.70 0.23
124.6 100.00 0.00 1.636 99.47 0.48
104.7 100.00 0.00 1.376 98.99 0.94
18.00. 100.00 0.00 4.166 98.06 1.67
‘4.00 100.00 0.00 0.972 96.48 2.19
;2.23 ; 100.00 0.00 0,818 94.29 2.76
i2.33 . ~: 100.00 0.00 0.688 91.64 3.49
14.oo 100.00 0.00 0.678 88.06 4.66
17.00 100.00 0.00 0.486 83.40 6.66
11.11 100.00 0.00 0.409 76.86 9.79
!Cmls 100.00 0.00 0.344 67.06 16.26
!2.00 100.00 0.00 0.289 61.80 23.32
18.60 100.00 0.00 0.243 28.48 28.48

B’

100.00 0.00 0.204 0.00 0.00
100.00 0.00 0.172 0.00 0.00

i ,.wd - 100.00 0.00 0.146 0.00 0.00



-—/-w/uu wr-cn

Padicle Size Analysis CI04Slurry DUP Date:+Y03J36 Meas* 00660
SampleCUlWX04-001 Time: 1400 Pres # 01

104Slurry DUP;SampleCUPZI04-001 Summary Percentiles Dia Vol% Width
I #1 SupematantSimulant mv = 8.327’ 10% = 0.624 60%= 6.001 19.84 31% 16.20
cmioatedat 40W for 90SIX 60 mlho mn ❑ 0.364 20% = 1.004 70%= 10.07 4.704 27% 4.411
Id Sonication-Duplicate Sample

Joiti- D;5+r; Mb
ma = 1.682 30% = 1.389 80%= 16.99 1.026 42% 1.1
Cs = 3.792 40% = 2.168 90%= 23.91
sd = 9.400 60%= 3.678 96%= 28.69 @

%PASS %CHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

-50:0–” 5.0
.—-

40.0 4.0

30.0” 3.0

20.0 ‘“ 2.0

10.0 1.0
(,

0.0
a

,0000.0 “
, O.floo 1.000 10.00 100.0

- Size (microns) -
~ Q~PAss %CHAN ~ %PASS ‘hCHAN ~ Yo~HAN SIZE‘hPASS _ ‘hPASS ‘ACHAN
fo4,0 100.00 0.00 9.260 68.64. 3.21
;92.0 100.00 0.00 7.778 66.33 3.62
197.8 100.00 0.00 6.641 61.81 3.66
118.6 100.00 0.00 6.600 68.16 3.69
)62.0 .-, 100.00 0.00 4.626 3.47
!96.o “ ; 100.00 0.00 3.889 2: 3.37
!48.9 100.00 0.00 ‘3.270 47.73 3.27
!09.3 100.00 0.00 2.760 44.46 3.18
176,0 100.00 0.00 2.312 41.28 3.27
148.0 100.00 0.00 9.946 38.01 3.73
124.6 100.00 0.00 1.636 34.28 4.66
104.7 100.00 0.00 1.376 29.72 6.36
)8.00 100.00 0.00 1.166 24.37 6.30
‘4.00 100.00 0.00 0.972 19.07 4.37
;2.23 100.00 0.00 0.818 14.70 3.26
;2.33 100.00 0.22 0.688 11.44 2.46
14.oo 99.78 0.64 0.678 8.99 1.97
)7.00 99.14 2.41 0.486 7.02 1.68
)1.11 96.73 4.08 0.409 6.34 1.60
!6.16 ~ 92.66 6.23 0.344 3.84 1.40
!2.00 87.42 6.18 0.289 2.44 1.27
18.60 I 82.24 4.33 0.243 1.17 0.96
16.66 ~.. 77.91 3.46 0.204 $:; 0.22
13.08 74.46 2.98 0.172 0.00
I1.00 71.48 2.94 0.146 0:00 0.00 9

I
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Particle Size Analysis CI04Slurry DUP Da& ~ !deas # 00060
Sample CUP-C104-OO1 Time: 14:00 Pres #: 01

104Slurry DU~ SampleCUP-C1044)O1 Summary Percentiles Dia Vol% Width
I #1SupematantSimulant mv = 8.327 10% = 0.203 60”h = 0.297 0.270 100% 0.247
onicated at 40W for 90 seq 60 mlho

*

mn = 0.364 20% = ‘0.219 70%= 0.338
~onication-.DuplicataSample = 1.682 30% ❑ 0.233 80%= 0.411

&w bk$(ibhtiti
!Sa = 3.792 40°A❑ 0.249 90%= 0.688
sd = 0.124 60% = 0.270 96%= 0.814

%PASS %CHAN
100.(3 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

-50:0
25.0

.—

40.0 20.0

30.0:,, 15.0

20.0 10.0

4flo-

P ‘

5.0
:1

.0 0.0
;0.100 1.000 10.00 100.0 1000

- Size (microns) -
%PASSWE ‘ACHAN ~.._ ‘APASS ‘hCHAN _SIZE ‘hPASS %CHAN ~

Ko
‘kPASS %CHAN

100.00 0.00 9.260 100,00 0.00
;92.0 100.00 0.00 7,778 100.00 0.00
197.8 :100.00 0.00 6.641 100.00 0.01
ii8.6 ! 100.00 0.00” 6.600 99.99 0.01
162.0 ‘ 100.00 0,00 4.626 99.98 O.oi
!96.0 100.00 0.00 3.889 99.97 0.02
!48.9 100.00 0.00 3.270 99.96 0.04
!09.3 100.00 0.00 2.760 99.91 0.06
!76.0 100.00 0.00 2.312 99.86 0.10
48.0 100.00 0.00 1.946 99.76 0.20
24,6 100.00 0.00 1.636 99.66 0.41
104.7 100.00 0.00 1.376 99,14 0.82
~8.00 foo.oo 0.00 ~.166 98.32 1.36
‘4.00 100.00 0.00 0.972 96.96 1.89
;2.23 100.00 0.00 0.818 95.07 2.37
i2.33, 100.00 0.00 ,0.688 92.70 3.00
woo ; ‘fOo.oo 0.00 0.678 89.70 4.06
17.00 :100.00 0.00 0.486 86.66 6.80
ill 1 ~~ 100.00 0.00 0.409 79.86 8.71
!6.16 100.00 0.00 0.344 71.14 13.71
:2.00 100.00 0.00 0.289 57.43 20.89
8.60 100.00 0.00 0.243 36.64 26.24. .-

@

> 100.00 0.00 0.204 10.30 10.30
100.00 0.00 0.172 0.00 0.00

. 0- 100.00 0.00 0.146 0.00 0.00



1 # 1

Pafiicle Size Analysis CUF-C104-OO1ARDUP Date:z ~eas~ ~&2
Time: 16:16 Pres # 01

-104shy, sample CUF-C104-OOIARDUP Summary Percentiles Dia VOI% Width
,SReoeived;Duplicate Sample mv = 2.326 10%= 1.061 60%= 2.694 2.466 92?! 1.238
I#1SupematantSolution mn = .6692 20% = V71 70%= 2.768 ;6067 8% .3287
IPA ma = 1.768 30% = 2.067 80%= 2.973

M% l’)istd~h’m
Cs = 3.414 40% ❑ 2.269 90%= 3.260 .
sd = .7426 60% = 2.430 96%= 3.498 9

%PASS %W:N
1 .

9 45.0

8 40.0

7 35.0

6 30.0

-5 25.0
..-

4 20.0

3 15.0

2 10.0

1 5.0

a
0 0.0

0.0010 0.0100 0.1000 1.000 10.00
- Size (microns) -

SIZE ; %PASS $$p~ss‘ACHAN ~ .—. ‘ACHAN ~. ‘APASS ‘ACHAN ~ ‘kPASS
=’

‘ACHAN
! 100.00 0.00 0.0869 0.00 0.00

6.600 100.00 0.00 0.0723 0.00 0.00
4.626 100.00 1.24 0.0608 0.00 0.00
3.889 98.76 8.14 0.0611 0.00 0.00
S.270 90.62 21.66 0.0430 0.00 0.00
2.760 I 69.07 26.16 0.0361 0.00 0.00
2.313 : 42.91 17.63
1.946 ‘ ~~ 26.38 8.48

0.0304 0.00 0.00 :,

0.0266 0.00 0.00
1.636 , 16.90 3.96 0.0216 0.00 0.00
1.376 12.96 2.16 0.0181 0.00 0.00
1.lWJ 10.79 0.0162 0.00 0.00
0.9723 9.29 .::% 0.0128 0.00 0.00
Q.8176 ~ 7.99 “1.33 0.0107 0.00 0.00
D.6876 ‘ 6.66 1.46 0.0090 0.00 0.00
D.6781 6.20 1.66 0.0076 0.00 0.00
D.4661 ‘ 3.64 1.60 0.0064 0.00 0.00
k4088 2.14 1.23 0.0064 0.00 0.00
D.3437 0.91 0.91 0.0046 0.00 0.00
D3891 : 0.00 0.00 0.0038 0.00 0.00 4,

0.2431 0.00 0.00
D.2044 ‘ 0.00 0.00
D.1719 0.00 0.00
D.~445 0.00 0.00
5.1216 0.00 0.00
D.1022 0.00 0.00 4



w.+iti~ d“ 4j~-.

Particle Size Analysis CUF-C104+O1 ARDUP Date:+2fH& ~r~~s: Y
Time: 16:16 .

~ &!!YIWY~ Dia Vol%” Width
S Received;DuplicateSample mv = 2.326 10% =-A = .4389 2.014 8% 1.216
I #1 SupematantSolution

lb

mn = .6692 20°A= .3277 70°h = .4911 .3874 92% 2298
a

ma = t.768 30% = .3469 80%= .6819

~’& ~;~tfihtim
es = 3.414 40% = .3702 90%= .9164
sd = .1643 60% = .4008 96%= 1.836

%PASS

:0.0010 0.0100 0.1000
- Size (r

~ OkPASS %CHAN ~ ‘APASS OkCHAN
6.641 100.00 0.00 0.0869

0.07236.600 100.00
4.626 , 100.00
1.889 ‘ 99.98
L270 : 99.80
!.760 99.00
!.313 97.37
1.946 96.63
1.636 94.04
1.376 ‘ !l:~;
1.166’
).9723 : 90:63
).8176 88.70
L687$ ~ 86.66
L6781
L4861 ; ~:;!
).4088 ; 62.36
).3437 29.03
].2891 0.00
h243~ 0.00
).2044 : 0.00
):1719 I 0.00

10
4~B 0.00

5 0.00
. “L2 0.00

k:
“:::

‘1:63
1.84
1.49
1.17
1.08
1.26
1.83
3.16
6.82
10.46
46.92
23.32
29.03
0.00
0.00
0.00
‘0.00
0.00
0.00
0.00

..
,.

0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0f28
o.o’1o7
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

YoCHAN

tooo
crons) - ,
~ ‘APASS OkCHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
10:00

~ OhPASS %CHAN



/,, -:.-/ .-, ..?.

- Size (micrmw) -
;lZE ‘%PASS OhCHAN ~ %PASS %CHAN ~ OhPASS _,— OACHAN SIZE OkPASS OACHAN
Z 100.00 0.00 0.0859 0.00 0.00
.600 100.00 0.00 0.0723 0.00 0.00
;626 100.00 0.00 0.0608 0.00 0.00
.889 100.00 0.00 0.0611 0.00 0.00
.270 100.00 0.00 0.0430 0.00 0.00
.760 ; 100.00 0.00 0.0361 0.00 0.00
.313 :100.00 ‘0.00 0.0304 0.00 0.00
.946. 100.00 0.00 0.025s 0.00 0.00
.636 100.00 0.00 0.0216 0.00 0.00
.376 100.00 0.60 0.0181 0.00 0.00
.166 99.40 13.48 0.0162 0.00 0.00
.9723 86.92 47.16 0.0128 0.00 0.00
.8176 38.76 33.48 0.0107 0.00 0.00
.6876 : 5.28 6.28 0.0090 0.00 0.00
.6781 0.00 0.00 0.0076 0.00 0.00
,4861 0.00 0.00 0.0064 0.00 0.00
,4088 ~ 0.00 0.00 0.0064 0.00 0.00
.3437 ! 0.00 0.00 0.0046 0.00 0.00
,2891 ; 0.00 ‘0.00 0.0038 0.00 0.00
,2431 ~ 0.00 0.00
,2044 0.00 0.00
,1719 0.00 0.00
.14464 0.00 0.00
.1216 0.00 0.00
.1022 0.00 0.00 9

..



Patiicle Size Analysis CUF-O1O4-OO1SON BW Date:~ ‘Mea; #: 60060
Time: 16:18 Pres # 01

:-104sluny WP, sample CUF-C104-OO1SON Summary Percentiles Ok+ Voi% Width
,onioated90sec mv = .8646 10% = .6779 60%= .8294 .7999 100% .2163
)#1 SupematantSolution ●I !Jw$\ \ * mn = .8126 20°h = .7164 70°A= .8622

lib
.

‘LM’lbk

ma = .8403 30% = .7443 80%= .9006
: = 7.141 40% = .7719 90%= .9604

= .1082 60% = .7999 96%= .9908

?40PASS %CHAN
100.0

90.0

80.0

70.0

60.0

..50:0 .,,

... .—

40.0
;4 .,,

“30.0-“

20.0-

...

h

o

.

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.0010 0.0100 0.1000 1.000

- Size (M
~i %PASS %CHAN ~ ._‘I%PASS ‘ACHAN
;.641 ‘w 0.00 0.0869 0.00 0.00
;.600 100.00
1:626 100.00
1.889 100.00
L270 . ‘ 100.00
~.750 100.00
~.3q3 100.00
1.946 100.00
1.636 ~100.00
1.376 [ 100.00
1.166 , 99.83
L9723 ; 93.60
L8f76 ‘ 66.26
L6876 , 11.80
).6781
k4861 -~ :~~
).4088 ; 0.00
).3437 ‘ 0.00
):2891 ,“”0.00
).2431 ; 0.00
1.2044 ‘ 0.00
).1719 ~ 0.00

vy:0.00
0.00

L“ U42 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
6.33

37.24
44.46
11.80
0.00
0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00

0.0723 0.00
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

crons) -
OhPAss ‘ACHAN@_

10:00

~ ‘hPASS ‘hCHAN



Particle Size Distribution Plots
For Washed Slurry: Sample CUF-C104-OO7

Replicate No: 1



Padicle Size Analysis C104Slurry DLJP Date: &&&&as #k 00020
Sample CUP-C104-OO7 Time: 10:28 Pres # 01

104Slurry DUP;SampleCUP-C104-OO7 Summary Percentiles Dia Vol% Width
I#8SupematantSimulant mv = 10.32 10% ❑ 1.179 .60% ❑ 10.37 17.76 38% 12.73
t mlhec mn = 0.378 20% = 2.938 70%= 13.46 6.986 49% 6.840
upiicateSample ma ❑ 3.036 30% = 4.721 80%= 17.27 0.869 13% 0.92

VAWV- tisk;b”~hm Cs = 1.977 40%= 6.333 90%= 22.42
sd = 8.472 60%= 8.086 96%= 26.74 a

%PASS %GI;N
100.0 .

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

SEW” 5.0
—

40.0 4.0

30.0 3.0

20.0 2.0

10.0 ‘1.O

0.0 0.0
9

0.100 1.000 10.00 100.0 1000
- Size (microns) - ;

WE ~ YoPASS %CHAN SIZE YoPASS ‘hCHAN ~ %CHAN%PASS g -——
Ei 100.00

‘APASS
0.00

‘ACHAN
= 66.61 7.11

;92.0 100,00 0.00 7.778 48.40 7.13
197.8 100.00 0.00 6.641 41.27 6.47
118.6 100.00 0.00 6.600 34.80 6.38
)62.0 100.00 0.00 4.626 29,42 4.29
!96.6 100.00 0.00 3.889 26.13 3.40
!48.9 100.00 0.00 3.270 21.73
!09,3 :

2.68
100.00 0.00 2.760 19.06 2.14

176.0 100,00 0.00 2.312 16.91 1.81
148.0 100.00 0.OO 1.946 16.10 1.69
124.6 100.00 0.00 1.636 13.41 1.76
104.7 100.OO 0.00 1.376 41.66 1.87
)8.00 100.00 0.00 1.166 9.79 1.86
rq.oo 100.00 0.00 0.972 7.93 1.67
;2.23 100.00 0.00 0.818 6.26 1.37
;2.33 100.00 0.00 0.688 4.89 1.08
14.oo 100.00 0.62 0,678 3.81 0.86
)7.00 99.38 1.63 0.486 2.96 0.72
11.11 97.76 3.24 0.409 2.23 0.64
!6.46 94.61 6.14 0.344 1.69 0.62
!2.00 89.37 6.67 0.289 0.97 0.61
18.60 82.80 7.06 0.243 0.36 0.36
I6.66 76.74 6.84 0.204 0.00 0.00
13.08 68.90 6.62 0,172 :.;(I 0.00
14.00 62.28 6.77 0.146 . 0.00 4

I

I

I

I



,

Particle Size Analysis C104SlurryDUP Date:-W!&& ‘Mea~#~ 00020
SampleCUP-CI04407 Time: 10:28 Pres # 01

;104Slurry DUfi SampleCUP-C1044O7 Summary Percentiles Dia Vol% Width
n#8SupematantSimulant

~ 40 ml/- @~
mv = 10.32 10% = 0.222 60%= 0.311 0.284 100% 0.262

J ~%ate Sample
mn

b

= 0.378 20% ❑ 0.236 70% ❑ 0.364

>+ Mtimk D ;5kl”hKw

ma = 3.036 30% = 0.249 80%= 0.4M
Cs= I*977 40% = 0.266 90%= 0.609
sd = 0.126 60%= 0.284 96% ❑ 0.823

%PASS ‘MoCHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.4”00 1.000 10.00 100.0 1000

t
- Size (microns) - ;

SIZE ~%PASS OhCHAN SIZE OhPASS OACHAN ~ ?40PASS OACHAN ~ 9’oPASS OACHAN,—— .
tio 100.00 0.00 9.260 99.99 0.01
592.0 100.00 0.00 7.778 99.98 0.02
$97.8 100.00 0.00 6.641 99.96 0.02
$18.6 100.00 0.00 6.600 99.94 0.03
352.0 100.00 0.00 4,626 99.91 0.04
296.0 100.00 0.00 3.889 99.87 0.06
~43.9 100.00 0.00 3.270 99.81 0.08
~09.3 100.00 0.00 2.760 99.73 0.11
176.0 :100.00 0.00 2.312 99.62 0.16
148.0 100.00 0.00 1.946 99.47 0.24
124.6 100.00 0.00 1.636 99.23 0.42
104.7 ! 100.00 0.00 1.376 98.81 0.76
)8.00 ‘ 100.00 0.00 1.166 98.06 1.26
M.00 ; 100.00 0.00 0.972 96.81 1.88
)2,23 :100.00 0.00 0.818 94.93 2.60
;2.33 100.00 0.00 0.688 92.33 3.46
ti.oo ; 100.00 0.00 0.678 88.87 4.62
)7.00 :100.00 0.00 0.486 84.26 6.49
)1.11 - 100.00 0.00 0.409 77.76 9.71
!6.16 100.00 0.00 0.344 68.05 1&87
~.oo 100.00 0.00 0.289 62.18 26.21
18,60 100.00 0.00 0.243 26.97 26.97-a

B

,“ 100.00 0.00 0.204 0.00 0.00
100.00 0.00 0.172 0.00 0.00

. – 100.00 0.01 0.145 0.00 0.00



Particle Size Analysis C104Slurry 3)UP Date:4&Q6J8$ Meas# 00024
Sample CUP-C1044IO7 Time: 10:49 Pres * 01

104Slurry DUP; Sample CUPZI044107 Summary Percentiles Dia VolOA Width
I ## Supematant Simulant mv = 6.316 10% = 0.714 60%= 6.489 6.711 77% 9.444
) mllsec mn = 0.31,6 20% = 4.343 70%= 8.068 0.806 23% 0.961
uplicateSample ma = 1.869 30% = 2.668 80%= 10.21

blw wk;kl~m
Cs ❑ 3.228 40% = 3.890 90%= 13.79
Sd = 6.169 60% = 6.166 96%= ‘17.lo a

%PASS %CHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

a0.0

$,
- Size (microns) -

“%PAssYZE OACHAN SIZE OhPASS OACHAN ~ %PASS OACHAN ~_ %PASS ‘XJCHAN— —
m 100.00 0.00 9.260 76.06 7.66
;92.0 -100.00 0.00 7.778 68.40 8.03
497.8 ;

,
‘i 100.00 0.00 6.641 60.37 7.69

M8.6 -100.00 0.00 6.600 62.68 6.86
362.0 100.00 0.00 4.626 46.83 6.84
296.0 100.00 0.00 3.889 39.99 4.82
248,9 100.00 0.00 3.270 36.17 3.87
209.3 100,00 0.00 2.760 31.30 3.09
176.0 100.00 0.00 2.312 28.21 2.62
148.0 100.00 0.00 1.945 26.69 2.60
124.6 100.00 0.00 1.636 23.09 2.69
104.7 100.00 0.00 1.376 20.40 2.96
B8.00 100.00 0.00 1.166 17.44 3.00
74.00 100.00 0.00 0.972 14.44 2.68
62.23 100.00 0.00 0.818 11.76 2.21
62.33 100.00 0.00 0.688 9.66 1.80
44.00 100.00 0.00 0.678 7.76 1.61
37.00 :100.00 0.00 0.486 6.24 1.33
31.!1 ~ - ; 100.00 0.46 0.409 4.91 4.22
26.16 { 99.64 1.09 0.344 3.69 1.18
22.00 98.46 2.09 0.289 2.61 1.12
18.60 96.36 3.32 0.243 4.39 0.92
15.66 ,..’ 93.04 4.64 0.204 0.47 0.47
13.08 88.60 6.69 0.172 0.00 0.00
11.00 82.81 6.76 0.146 0.00 0.00 a



Particle Size Analysis C104Slurry DUP Date: & ;ryea~~p
Sample CUP-C104-OO7 Time: 10:49 .

:104Slurry DUP;SampleCUPZI04-007 Summary Percentiles Dia Vol%’ Width
1#8 SupernatantSimulant
Omllsec

mv = 6.316 10% = 0.188 60%= 0.270 0.247 100% 0.196
mn = 0.316 20°k = 0.201 70%= 0.302

wficate Sample

@

ma = 1.869 30°k = 0.216 80°h = 0.367

J&W Dkk;~+~m
Cs ❑ 3.228 40% ❑ 0.230 90%= 0.487
sd = 0.098 60% ❑ 0.247 96%= 0.669

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

_5ao
25.0

---

40.0 20.0

30.0 15.0

.!,
20.0’ 10.0

*

.0 5.0

0.0
.“ o

- Size (microns) -
SIZE %PASS ‘ACHAN m ,—.‘hPASS oACHAN a ,-‘hPASS ‘ACHAN gzg ?40PASS YoCHAN
KO 100.00 0.00 9.260 100.00 0.00
692.0 . ~100.00 0.00 7.778 100.00 0.01
497.8 ‘ ~“100.00 0.00 6.641 99.99 0.01
118.6 f 100.00 0.00 6.600 99.98 0.02
362.0 ! 100.00 0.00 4.626 99.96. 0.02
296.0 .100.00 0.00 3.889 99.94 0.03
248.9 100.00 0.00 3.270 99.91 0.04
209.3 :100.00 0.00 2.760 99.87 0.06
176.0 100.00 0.00 2.312 99.81 0.08
148.0 ~100.00 0.00 1.946 99.73 0.14
!24.6 100.00 0.00 1.636 99.69 0.26
!04.7 100.00 0.00 1.375 99.34 0.46
B8.00 100.00 0.00 1.166 98.88 0.78
74.00; :100.00 0.00 0.972 98.10 1.17
;2.23 ~‘lOo.oo 0.00 0.818 96.93 1.62
62.33, 100.00 0.00 0.688 96.31 2.23
44.00 ; 100.00 0.00 0.678 93.08 3.14
37.00 100.00 0.00 0.486 89.94 4.64
31.11 100.00 0.00 0.409 86.30 7,16
26.16 100.00 0.00 0.344 78.16 11.67
22.00 100.00 0.00 0.289 66.48 18.61
18.60 100.00 0.00 0.243 47.87 26.66

B

“~ 100.00 0.00 0.204 22.22 22.22
100.00 0.00 0.172 0.00 0.00

.d 100.00 0.00 0.146 0.00 0.00



-—, .- ,,”” —, .-,

Pafiicle Size Analysis C104slurry WP Date: -021W8& Meas # ‘00028
Sample CUP*1044IO7 Time: 11:01 Pres# 01

104SlurryOUP;SampleCUP4H04407 Summary Percentiles Dia VolOA Width
t#6SupernatantSimulant mv = &386 10% = 0.412 60%= 4.638 6.600 60% 11.47
onioatedat 40W for 90 seq 60 mkec mn = 0.294 20%= 0.798 70%= 6.666 1.001 30% 0.934
IuplicateSample

VO1.W~ olkkibn~m
ma = 1.220 30%= 1.209 80%= 9.670 0.286 10% 0.1
Cs = 4.918 40%= 1.913 90%= 14.36
sd = 6.310 60%= 3.177 96%= 17.93 @

%PASS !YoCHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

50:0”-” 5.0

40.0 4.0
;.

:30:0,, 3.0

20.0 2.0

“-lO.O..< 1.0
3

0.0
a

0.0
0.400 1.000 10.00 100.0 1000

- Size (microns) -
~ + %PASS ‘hCHAN ~ ‘APASS OhCHAN ~ %PASS %CHAN u %PAss YoCHAN
704,0 100.00 0.00 9.260 79.~6 4.48
592.0 ~.100.00 0.00 7.778 74.67 4.77
097.8 100.00 0.00 6.641 69.90 4.98
$18.6 ~100.00 0.00 S.soo 64.92 6.00
362.0 :100.00 0.00 4.626 69.92 4.81
296.0 j 100,00 0.00 3.889 56.11 4.42
248.9 ; 100.00 0.00 3.270 60.69 3.89
209.3 ‘) 100.00 0.00 2.760 46.80 3.38
176.0 ! 100.00 0.00 2.312 43.42 3.12
148.0 100.00 0.00 1.946 40.30 3.28
124.6 100.00 0.00 1.636 37.02 3.81
104.7 ; 100.00 0.00 1.376 33.21 4.38
S8.00 “ 100.00 0.00 1.166 28.83 4.46
74.00 :100.00 0.00 0.972 24.38 3.89
;2.23 100.00 0.00 0.818. 20.49 3.17
62.33; -; 100.00 0.00 0.688 17.32 2.66
L4,00 100.00 0.00 0.678 14.66 2.42
37.00 :100.00 0.00 0.486 12.24 2.34
31.11 - ~ lcco.o; 0.46 0.409 9.90 2.36
26.16 1.34 0.344 7.64 2.39
22.00 : 98:21 2.60 0.289 6.16 2.26
ta.so 96.61 3.69 0.243 2.90 1.76
16.66 91.92 4.19 0.204 1.14 1.14
13.08 87.73 4.28 0.472 0.00 0.00
11.00 83.46 4.30 0.146 0.00 0.00 9



1 r r - - -, .-,

Padic/e Size Ana/ysk C104Slurry DUP Date: 421Q6&- Meas # 00028
Sample CUP-C104~07 Time: 11:01 Pres # 01

:104Slurry DU~ SampleCUP4H04.007 w!luMY Percentiles Dia Vet% Width
II#8SupematantSimulant mv = 5.386 10% = 0.186 60%= 0.262 0.241 100% 0.169
~onicatedat 40Wfor 90sw 60 mlhc

P

mn = 0.294 20% = 0.197 70%= 0.290
nicstion- Duplicate Sample ma = 1.220 30% = 0.208 80%= 0.334

. ..tiw WJf;bdifi
Cs = 4.918 40”A= 0.223 90%= 0.432
sd = 0.086 60% = 0.241 96?4= 0.676

%PASS ?to;Ii:N
100.0 .

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

$OTO..
25.0

—. —-

40.0 20.0

:30:0, 15.0

“,
20.0 10.0

6

.0. 5.0

0.0 0.0
0.100 4.000 10.00 100.0 1000

- Size (microns) -
WE : “hPAss OhCHAN &zJ “APASS OACHAN ~ OYoPASS “ACHAN ~ YoPASS OhCHAN
KO ! 100.00 0,00 9.260 100.00 0.00
592.0 100.00 0.00 7.778 100.00 0.00
197.8 .100.00 0.00 6.641 100.00 0.00
118.6 100.00 0.00” 6.500 100.00 0.01
162.0, -$100.00 0.00 4.626 99.99

! 100.00
0.01

~96,0 :0.00 3.889 99.98 0.01
M39 j 100.00 0.00 3.270 99.97 0.02
~09.3 100.00 0.00 2.760 99.96 0.03
[76.0 ‘ 100.00 0.00 2.312 99.92 0.06
148.0 , 100.00 0.00 1.946 99.87 0.09
124.6 ; 100.00 0.00 1.636 99.78 0.17
104.7 ! 100.00 0.00 1.376 99.61 0.34
18.00, .). 100.00 0.00 1.166 99.27 0.67
r4.oo’ \ 100.00 0.00 0.972 98.70 0.84
;2.23 100.00 0.00 0.818 97.86 1.16
;2.33 -100.00 0.00 0.688 96.70 1.64
Woo :100.00 0.00 0.678 96.06 2.60
)7.00 100.00 0.00 0.486 92.66 4.06
)1.11 100.00 0.00 0.409 88.60 6.89
!6.16 100.00 0.00 0.344 81.61 11.76
~z.oo 100.00 0.00 0.289 69.86 18.60
18.60 100.00 0.00 0.243 61.26 24.42

P

-$ 100.00 0.00 0.204 26.83 26.83
100.00 0.00 0.172 0.00 0.00

.00 -- 100.00 0.00 0.146 0.00 0.00

~:
i.,..

! 4.
.,

t ..



/ /1 71W31

Patficle Size Analysis C104 SlurryDUP Date:-&&& M&; # OOd32
Sample CUP4H044)07 Time tl:ll Pres # 01

104SlurryDUP;SampleCUPZ104-OO7 Summary Percentiles Dia Vol% Width
#3SupematentSimulant mv = 6,386 10%❑ 0.376 60%= 4:661 14.19 21% 9.018
micatedat 40Wfor90seq 60 mlhec mn = 0.268 20°h= 0.740 70%= 6.634 4.696 37% 4.6S4
idSonioation-- DuplioateSample ma = 1.132 30% = 1.~44 80%= 9.819 1.002 31% 0.9

~Q/~~ ~;5fYI’ bdim Cs = 6.301 40% ❑ 1.769 90%= 14.61 0.278 11% 0.1
= 6.480 60% = 3.004 96%= 18.08 Qsd

%PASS %CHAN
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

9
0.0

<
} - Size (microns) -.

UZE i “; %PASS OACHAN ~ OkPASS OACHAN w_ YoPASS ?40CHAN yzrJ !40PASS OACHAN
Ko 100.00 0.00 9.260 78.63 4.36 I
;92.0 100.00 0.00 7.778 74.17 4.64
)97.8 ‘ ‘“~100.00 0.00 6.641 69.63 4.64
)18.6 I 100.00 ::; 6.600 64.99 4.62
)62.0 ..; 100.00

I
4.626 60.37 4.43 .,.

!9600 100.00 0:00 3.889 56.94 4.09
!48.9 100.00 0.00 3.270 61.86 3.66
!09.3 400.00 0.00 2.760 48.’19 3.26
176.0 100.00 0.00 2.312. 44.94 3.08
148.0 100.00 0.00 1.946 41.86 3.29
124,6 100.00 0.00 1,636 38.67 3.86
104.7 100.00 0.00 1.376 34.72 4.44
)8.00 100.00 0.00 1.166 30.28 4.48
‘4.00 100.00 0.00 0.972 26.80 3.89
12.23 100.00 0.00 0.848 21.91 3.f6
i2.33 100.00 0.00 0.688 18.76 2.66
14.oo 100.00 0.00 0.678 16.09
17.00 100.00 0.00 0.486 13.66 ;::
11.11 100.00 0.43 0.409 11.24 2.48
&q6 , 99.57 1.36 0.344 8.76
~z.oo 98.21 2.73 0.289 6.19 :;
18.60 . 9S.48 3.90 0.243 3.76 1.90
!6.66 91.68 4.39 0.204 1.85 1.28
!3.08 87.19 4.37 0.172 0.57 0.67 4
11.00 - 82.82 4.29 0.146 0.00 0.00

,,

.
.



wu/u // 7-

Particle Size Analysis C104SlurryDUP Date:—&Y8%8$fi~as ~: 00032
SampleCUP-C1044O7 lime: 11:11 Pres # 01

:104Slurry DUP;SampleCUP-C104-OO7 Summary Percentiles Dia VolOA Width
I #8 Supematant Simuiant mv = 6.386 10% ❑ 0.163 60%= 0.242 0.22~ 100% 0.162
onioatedat 40Wfor 90 seq 60 mlho mn = 0.268 20% = 0.176 70%= 0.269
‘ Conication- Duplicate 3ample

B

ma = 1.132 30% = 0.189 80%= 0.308

Jxx- JX~f{) “~titi~ = = 6.301 40% = 0.204 90%= 0.392

sd = 0.081 60% ❑ 0.221 96%= 0.S16

%&ASS %CHAN
. 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

50:0 25.0
.-

40.0 20.0
.,,

30.0 15.0.,.

20.0 10.0

.z.

b

.0 5.0

(Lo 0.0
0.1’00 1.000 10.00 100.0 1000

- Size (microns) -
WE : “Y%PASS OkCHAN SIZE %PASS “ACHAN ~ OhPASS “ OACHAN ~ OkPASS OACHAN
GzO

I

100.00 0.00 G 100.00 0.00
;92.0 .,100.00 “0.00 7.778 100.00 0.00
197.8 I 100.00 0.00 6.641 100.00 0.00
118.6 :100.00 0.00” 6.600 100.00 0.00
162.0 ;. 100.00 0.00 4.626 100.00 0.01
!96.0 ; 100.00 0.00 3.889 99.99 0.01
!48.9 ‘ 100.00 0.00 3.270 99.98 0.02
!09.3 :100.00 0.00 2.760 99.96 0.02
176.0 100.00 0.00 2.312 99.94 0.04
148.0 100.00 0.00 1.946 99.90 0.07
24.6 0.00 1.636 99.83 0,13
04.7 ; ;:::; 0.00 1.376 99.70 0.26
18.00 100.00 0.00 1.166 99.44 0.44
‘4.00 100.00 0.00 0.972 99.00 0.65
2.23 100.00 0.00 0.818 98.36 0.88
~2.33 ; 100.00 0.00 0.688 97.47 1.26
4.00 100.00 0.00 0.678 96.22 1.93
:7.00 i 100.00 0.00 0.486 94.29 3.20
1.11 .100.00 0.00 0,409 91.09 6.66
!6.16 100.00 0.00 0.344 86.64 9.70
:2.00 100.00 0.00 0.289 76.84 16.47
8.50 100.00 0.00 0.243 60.37 20.21

@

:; 100.00 0.00 0.204 40.16 23.11
100.00 0.00 0.172 17.06 17.06

8.*&J- 100.00 0.00 0.145 0.00 0.00

i .
!<,

‘.
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Pafiicle Size Analysis CUF-C104-OO7ARDUP1 Date: el&s;; 00063
Time: 16:36 Pres# 01

.104slurry,sampleCUF41044)O7 Summary Percentiles Dia Vol% Width
sReceived;DuplicatedSample#1
#1SupematantSolution

mv = .8820 10%= .6136 60%= .9647 .9186 96% .3649
mn ❑ .3399 20% = .7409 70%= 1.006 .2222 6% .1186

PA ma = .7636 30% = .8099 80%= 1.063
1seconds

~0/k& DiS~f;$~b~
Cs = 7.867 40% = .8612 90%= 1.140
sd = .1936 60%= .9076 96% = 1.201 9

%PASS %~li;N
100.0 .

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

“50:0 25.0
..-.

40.0 20.0

30.0 15.0

20.0 10.0

10.0 5.0

0.0 c0.0 ‘
. ;0. ~ o,.

- Size (microns) -
SIZE .: i ‘APASS ‘YoCHAN ~ OACHAN ~ .OhPASS %PASS OACHAN SIZE %PASS %CHAN
;.641 100.00 0.00 0.0869 0.00, 0.00
5.600 ! 100.00 0.00 0.0723 0.00 0.00
L626 ; 100.00 0.00 0.0608 0.00 0.00
1.889 100.00 0.00 0.0611 0.00 0.00
1.270 100.00 0.00 0.0430 0.00 0.00
!.760 100.00 0.00 0.0361 0.00 0.00
~.313 100.00 0.00 0.0304 0.00 0.00
li846 :100.00 0.00 0.0266 0.00 0.00
1.635 ! 100.00 ‘0.00 0.0216 0.00 0.00
1.376 ! 100.00 8.16 .0.0181 0.00 0.00
1.166 ; 91.84 28.16 0.0162 0.00 0.00
L9723 : 63.68 32.42 0.0128 0.00 0.00
).8176 ;. 3~.26 16.76 0.0107 0.00 0.00
1.6876 ; 14.60 6.82 0.0090 0.00 0.00
).6781 ; 8.68 2.09 0.0076 0.00 0,00
1.4861 6.69 1.06 0.0064 0.00 0.00
).4088 6.64 0.80 0.00s4 0.00 0.00
).3437 4.74 0.83 0.0046 0.00 0.00
1.2891 - 3.91 0.98 0,0038 0.00 0.00
).2431 : 2.93 1.11
1.2044 ~ 1.82 1.16
M719 0.66 0.66
1.1445 0.00 0.00
).1216 0.00 0.00
1.1022“ 0.00 0.00 4

. .



- Size (microns) -
WE ‘I ‘ QhPAss ‘ACHAN ~ ‘hPASS ‘hCHAN SIZE ‘hPASS ‘ACHAN ~
=1

‘hPASS ‘4JCHAN
100.00 0.00 0.0869 0.00 0.00 —

i.SOO 100.00 0.00 0.0723 0,00 0.00
1.626 100.00 0.00 0.0608 0.00 0.00
.889 100.00 0.00” 0.0511 0.00 0.00
.270 100.00 0.00 0.0430 0.00 0.00
:.760 100.00 0.00 0.0361 0.00 0.00
:.313 100.00 0.00 0.0304 0.00 0.00
.94s 100.00 0.00 0.0266 0.00 0,00
.635 100.00 0.00 0.0216 0.00’ 0,00
.376 ; 100.00 0.68 0.0181 0.00 0,00
;166 ‘ 99.42 3.37 0.0162 0.00 0,00
.9723 : 96.06 6.62 0.0128 0.00 0.00
.8176 ~ 89.63 6.67 0.0107 0.00 0.00
.6876 0 83.86 3.31 0.0090 0.00 0.00
.6781 ! 80.66 2.00 0.0076 0.00 0.00
.4861 ,! 78.66 1.69 0.0064 0.00 0.00
.4088 ; 76.86 2.16 0.0064 0.00 0.00
.3437 ! 74.70 3.78 0.0046 0.00 0,00
.2891 70:92 0.0038 0.00 0.00
.2431 ~ 63.42 ;4?8
,2044 49.14 26.11
;$719 ~ 24.03 24.03
““v. ~ 0.00

p

0.00
5 0.00 0.00

!, 22 0.00 0.00

. ......
,,,. .. ....... .

:.,L ,:... ....
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Particle Size Analysis CUF-C1044O7 SONDUP1 Date: #2f6W8& Mess tk 00066
Time 16:43 Pres # 01

.104sluny,sampleCUF-C1044107 Summary Percentiles Dia Vol% Width
micated for905* Duplicated SampleM
#1 SupematantSolution

mv = 1.002 10°h = .2821 60%= 1.689 1.976 40% .4166

PA
mn = .2964 20% = .3214 70%= 1.828 .3618 60% .1398

) seconds
ma = .4983 30% = .3S20 80% = 1.976

fO\WNL mhb%~m
Cs = 12.04 40% ❑ .3811 90%= 2.122
sd = .8626 60°h= .4182 96°h= 2.208 “’ . 4

%PASS %CHAN
50.0

45.0

40.0

35.0

-30.0

25.0

20.0

15.0

10.0

5.0

0.0 4

0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
WE %PAss ‘hCHAN ~ ‘APASS ‘ACHAN ~,— ‘hPASS ‘hCHAN ~ VOPASS ‘kCHAN
L641 ~100.00 ‘0.00 0.0859 0.00 0.00
;.600 100.00 0.00 0.0723 0.00, 0.00
L626 ‘ 100.00 0.00 0.0608 0.00 0.00
~889 ‘ 100.00 0.00 0.0611 0.00 0.00
L270 100.00 0.00 0.0430 0.00 0.00
L760 ; 100.00 0.89 0.0361 0.00, 0.00
~313 i 99.11 21.38 0.0304 0.00 0.00
1.946, ; 77.73 17.61 0.0265 0.00 0.00
1.636 60.22 0.33 0.0216 0.00. 0.00
1.376 69.89 0.00 0.0181 0.00 0.00
1:466J 69.89 0.00 0.01s2 0.00 0.00
1.9723 59.89 0.00 0.0128 0.00 0.00
1.8176 69.89 0.00 0.0107 0.00 0.00
).687S 69.89 0.00 0.0090 0.00 0.00
1.6781 69.89 1.46 0.0076 0.00 0.00
1.4861 68.43 10.36 0.0064 0.00 0.00
).4088 48.08 20.98 0.0064 0.00 0.00
).3437 27.10 16.76 0.0046 0.00 0.00
L2891 ! 11.35 6.68 0.0038 0.00 0.00
1.2431 4.67 2.6S
).2044 2.02 1.39
):1719 , 0.63 0.63
).1446 ‘ 0.00 0.00
).1216 0.00 0.00
).1022 0.00 0.00 9

I
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Parfic/e Size Analysis CUF-C104-OO7SONDUP1 Date: ~ Meas ~’ 00066
Time: 1643 Pres# 01

:-104slurry, sample CUF4X04-007 Summary Percentiles Dia Vo[% Width
,oniostedfor 90saq Duplicated SampleM mv = 1.002 10°h= .1778 60%= .3136 .2926 100°A .1760
I#1Supematantsolution mn = .2964 20%= .2091 70°h= .3366
Ip

b

ma = .4983 30% = .2416 80°A = .3606
Cs = 12.04 40% = .2689 90%= .3931

:~ ~kw”btih’ti sd = .0880 60%= .2926 96%= .4203

100.0

90.0

80.0

70.0

60.0

i -–’ I -i i I I I I I }.------1

“’5@-jy’”-“ -’- -– - ---- --.–__d . ._ - —...

—- .—-

40.0 “.

30=0
..:

0.0010

—

—

/

s

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
0.0100 o.iooo 1.000

0.00
0.00
0.00
0.00”
0.00
0.00
0.11
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.49
6.83
19.88
25.12
17.90
11.96
10.64
8.03
0.00
0.00
0.00

- Size (n crons) -
yZJ YOPASS ‘ACHAN ~ ‘APASS “ACHAN ~ “APASS “ACHAN
;.641 100.00 0.0869 0,00
;.s00 100.00
1.626 100.00
L889 100.00
1.270. 100.00
!,760 ~100.00
~313 ; 100.00
1:946,! , 99.89
1.636 : 99.74
1.376 99.74
1.166 : 99.74
).9723 : 99.74
}.8176 ~ 99.74
L6876 : 99.74
L6781 99.74
).4861 99.26
1.4088 93.42
).3437 , 73.54
1~893 : 48.42
1.2431 ; 30.62
1.2044 18.67
1;1719 8.03
A446

h

0.00
6 0.00

22 0.00

0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00,
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10;00

gzJ ‘!bPASS ‘hCHAN

!-

, . ..

-..

, - .-.,
,.

. .



Particle Size Distribution Plots
For Washed Slurry: Sample CUF-C104-OO7DUP

Replicate No: 2



Parficle Size Analysis CI04SlurryDUP2 Datw +W&Y&X M-&s # 60036
J3am@eCUP-C104-OO7 lime: 11:33 Pres # 01

104Slurry DUP2;Sample CUP-C104407 Summary Percentiles Dia Vol% Width
)#8SupematantSimulant mv = 11.48 10%= 1.062 60%= 11.12 18.76 40% 16.20
1mllsec

~OiU.A DL5+; buhm

mn = 0.344 20% = 2.798 70°k = q4.68 6.013 46°h 6.878
ma = 2.796 30% = 4.768 80%= 18.86 0.870 14% 0.8
Cs = 2.146 40% = 6.630 90%= 26.29 0.246 1% 0.0
sd ❑ 9.630 60% = 8.496 96%= 31.76 Q

%PASS ‘MoCHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

50:0 5.0
-. .—.

40.0 4.0

30.0: 3.0

20.0 2.0

10.6”: 1.0
,... 4

0.0 0.0
.O.foo 1.000 10.00 100.0 1000

- Size (microns) -
SIZE‘ %PASS ‘ACHAN ~ ohPAss ‘hCHAN ~ YoPASS ‘ACHAN ~ YOPASS ‘hCHAN

E 100.00 0.00 9.260 63.23 6.61
592.0 .; 100.00 0.00 7.778 46.62 6.66
497.8 100.00 0.00 6.641 40.06 6.93
418.6 100.00 0.00” 6.600 34.13 4.92
362.0 100.00 0.00 4.626 29.21 3.91
296.0 100.00 0.00 3.889 26.30 3.08
24S,9 100.00 0.00 3.270 22.22 2.44
209.3 100.00 0.00 2.760 19.78 1.96
176.0 100.00 0.00 2.312 17.82 1.68
148.0 100.00 0.00 1.946 16.14 1.60
124.6 ‘ 100.00 0.00 1.636 14.64 1.68
104.7 , 100.00 0.00 1.376 12.86 1.83
88.00, :100.00 0.00 1.166 11.03 1.88
:;;” 100.00 0.11 0.972 9.16 1.73

99.89 0.46 0.818 7.42 1.46
62:33 99.43 0.86 0.688 6.96 1.19
44.00 98.68 0.678 4.77 0.97
37.00 97.10 ::: 0.486 3.80 0.83
31.11 94.66 3.74 0.409 2.97 0.76
26.16 90.92 6.24 0.344 2.22 0.76
22.00 ‘ 86.68 6.39 0.289 i ,47 0.78
18.60 79.29 6.79 0.243 0.69 0.69
15.66 ; 72.60 6.67 0.204 0.00 0.00
13.08 65.93 6.32 0.172 0.00 0.00
11.00-. 69.61 6.38 0.’I46 0.00 0.00

4

!.

I

i
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Padicle Size Analysis C104SlurryDUP2 Datw~ MeasW 00036
SampleCUP-C1044JO7 Time: 11:33 Pres# 01

:104SlurryDUP2;SampleCUP4X04407 Summaq Percentiles .Dia Vol% Width
m#6SupernatantSimulant mv = 11.48 10%= 0.217 60%= 0.288 0.265 100% 0.206
0 mllssc

nb bi5t~~~hti

mn = 0.344 20% = 0.227 70%= 0.323

0

ma = 2.796 30% = 0.237 80%= 0.385
Cs ❑ 2,146 “40% = 0.248 90%= 0.634
sd = 0.102 60% = 0.266 95%= 0.724

?40PASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
‘“.0.4;00 1.000 10.00 100.0 1000

- Size (microns) -
5EIE , %PASS OACHAN S3ZE OhPASS OACHAN SIZE OkPASS _—— ‘kCHAN SIZE OhPASS
mo

OhCHAN—— —
100.00 0.00 =0 100.00 0.01

592.0 100.00 0.00 7.778 99.99 0.01
$97.8 100.00 0.00 6.641 99.98 0.02
018.6 100.00 0.00 6.600 99.96 0.02
352.0 100.00 0.00 4.626 99.94 0.03
296.0 100.00 0.00 3.889 99.91 0.04
248.9 100.00 0.00 3.270 99.87 0.06
209.3 100.00 0.00 2.760 99.82 0.07
176.0 ~100.00 0.00 2.312 99.76 0.10
148.0 ‘ 100.00 0.00 1.945 99.66 0.16
124.6 “:100.00 0.00 1.636 99.49 0.29
104.7 ~100.00 0.00 1.375 99.20
S8.00 100.00 0.00 1.166 98.67 :::
r4.oo 100.00 0.00 0.972 97.76 1.41
t2.23 ! 100.00 0.00 0.818 96.36 2.00
;2.33 100.00 0.00 0.688 94.36 2,76
4.00 100.00 0.00 0.678 91.60 3.77
‘7.00 100,00 0.00 0.486 87.83 6,42
il,ll 100.00 0.00 0.409 82.41 8.23
!6.16 100.00 0.00 0.344 74,18 13.89
!2.00 100.00 0.00 0.289 60.29 24.26
8,60 100.00 0.00 0.243 36.03 36.03

r

+?:’, 100.OI) 0.00 0.204 0.00 0.00
100.00 0.00 0.172 0.00 0.00

- .Uo 100.00 0.00 0.146 0.00 0.00



G +o+’jm ~~

Paficle Size Analysk
C404 slurry tXJP2 Date: —W0618$ Meas* 00040
SamrdeCUP-C104=OO7 Time 11:47 Pres# 01

104SlurryDUP2;SampleCUP4M04407 Summary Percentiles Dia Vol% Width
#8SupematantSimulant mv = 7.24f W%= 0.704 60% = 7.466 7.340 78% 11.02
mlkec mn = 0.296 20%= 1.401 70%= 8.981 0.770 22% o.955

%PASS
10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1“00.0

90.0

80.0

70.0

60.0

50:0
.....-

40.0
1>

-30.0L.

20.0

-.
10.0.

;.,.

0.0

1.0

d
0.0

.- 1-
1000

g %PASS OACHAN

O.ioo tooo 10.00 too.o

:rons) -
~ %PASS MCHAN

- Size (n
WE OkPASS OACHAN ~ ‘APASS OACHAN
EO ‘ 100.00 71.280.00

0.00
Q.QO
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.38
0.66
1.09
1.78
2.76
3.92
6.06
6.09
6.99

9.260
7.778
6,64f
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0,146

7.61
7.69
7.16
6.27
6.29
4.34
3.47
2.76
2.33
2.23
2.40
2.66
2.73
2.60
2.11
1.76
1.48
1.29
1.19
1.16
1.13
0.99
0.74
0.00
0.00

692.0 100.00
467.8 ; i 400.00
418.6 ~100.00
382.0 100.00
296.0 400.00
248.9 100.00
209.3 100.00
176.0 ‘lOo.oo
148.0 100.00
124.6 100.00.
104.7 100.00
08.00., 100.00
74.00 100.00
62.23 ‘ 100,00
62.33, ‘ 100.00
44,00 ; 100.00
37.00 99.62
31.11 ‘ , 98.97
26.16 ‘ 97.88
22,00 ~ 96.10
18.60 ~ 93.34
16,66 89.42
13,08 84.36
11,00 - 78.27

63.67
66.68
48.82
42.66
37.26
32.92
29.46
26.69
24.36
22.13
19.73
17.07
14.34
11.84
9.73
7.98
6.60
6.21
4.02
2.86
1.73
0.74
0.00
0.00



G2/ti] /oQ &)j@

Pafiic/e Size Analysis C104SlurryDUP2 Date: W861W+leas * 00040
SampleCUP-C104-OO7 Time: 11:47 Pres # 01

:104SlurryDUP2; SampleCUP-C104-OO7 Summa~ Percentiles Dia VOloAJWidth
m#8SupematantSimulant mv = 7.241 10%= 0.184 60%= 0.256 0.234 100% 0.176
0 mllsec mn ❑ 0.296 20%= 0.194 70%= 0,284

@h~Di+(;b4tim
ma = 1.873 30% = 0.203 80%= 0.333
Cs = 3.203 40% = 0.217 90%= 0.460
sd = 0.088 60% = 0.234 96%= 0.614

%~ASS
100.0

90.0

80.0

70.0

H
60.0

..— .... ..—.,.,...
50.0

....

40.0

30.0

20.0

Q“

o

0.
“,0.100

%CliAh
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
1.000 10.00 100.0

- Size (m
yZJ . ‘hPASS ‘ACHAN ~ %PASS OACHAN

0.00 9.260 100.00 0.00
7.778 100.00 0.01

04.0 ‘ 100.00
92.0 ~. 100.00
97.8 i 100.00
18.6 .100.00
52.0: ..1100.00
96.0 i 100.00
48.9 100.00
09.3 .100.00
76.0 ‘ 100.00
48.0 100.00
24.6 100.00
04.7 100.00
8.00,
4.00
2.23
2.33
4.00
7.00
1.11
6.16
2.00
8.60

B“1.Ud

100.00
100.00
100.00
100s00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
400.00
100.00

0.00
0.00
0.00
0.00
0.00
‘0.00
0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0,972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

99.99
99.98
99.97
99.96
99.92
99.89
99.84
99.77
99.66
99.47
99.11
98.49
97.63
96.17
94.27
91.67
87.62
81.49
71.42
64.94
30.71
0.OO
0.00

0.01
0.01
0.02
0.03
0.03
0.06
0.07
0.11
0.19
0.36
0.62
0.96
1.36
1.90
2.70
3.96
6.13
10.07
16.48
24.23
30.71
0.00
0.00

icrons -
~ ‘hPASS ‘hCHAN

1000

~ %PASS ‘ACHAN

!!.

I
,.. :

1.../ i
!.. !

.



Particle Size Analysis C104 Slurry DUP2
Sample CUWC1044)O7 lime: 12:01 Pres # 01

104Slurry DUP2; Sample CUP4104-OO7 Summary Percentiles Dia Vol% Width
I#8SupematantSimulant mv = 6.918 10% = 0.404 60%= 4.830 6.714 60% 12.64
Bml{sec mn = 0.280 20°k = 0.779 70%= 6.763 0.770 40% 1.083
stSonicate40W,90s=..

~Oh.JM ~;stfi b~fim
ma = 1.206 30% = 1.210 80%= 9.864
0s = 4.978 40% = 1.996 90%= 16.60
sd = 6.664 60% = 3.340 96%= 20.91 9

%PASS
100.0

90.0

80.0

70.0

60.0

. —-. .
50.0

40.0
,.

30.0.,

20.0

10.0
+,

0.0
0.100

yzJ %PASS OhCHAN
‘04.0 100.00 ‘0.00
;92.0 100.00
197.8 100.00
118.6 100.00
1s2.0, 100.00
!96.0 ; 100.00
!48.9 ; 100.00
!09.3 , ““ 100.00
76.0 ioo.oo
148.0 100.00
24.6 - 100.00
04,7 ; 100.00
18.00 “.100.00
‘4.00 100.00
;2.23 100.00
;233 100.00
14.oo :100.00
17.00
LI.11.” -: w
!6.16 \ 97.67
!2.00 96.69
8.60 93.12
!6.66 ~~-. 89.96
13.08 86.40
11.00 82.68

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.43
0.76
1.24
1.88
2.67
3,17
3,66
3,82
4.11

- Size {n
~ OhPASS OXICHAN
9.260 78.47 4.61
7.778 73.96
6.641
6.600
4.625
3.889
3.270
2.760
2.312
1.946
1.636
1.37s
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

69.03
63.88
68.73
63.87
49.60
46.74
42.62
39.67
36.61
32.97
28.89
24.70
20.94
17.78
16.06
12.67
10.17
7.79
&42
3.20
1.46
0.28
0.00

4.93
6.16
6.16
4.86
4.37
3.76

H
3.06
3.64
4.08
4.19
3.76
3.16
2.72
2.49
2.40
2.38
2.37
2.22
1.74
1.18
0.28
0.00

YoCHAN

10900 100.0
crons) -

~ ‘WASS OACHAN

10.0

9.0

8.0

7.0

6.0

5.0

04.0

3.0

2.0

1.0

4
0.0 ‘

1000

~ OhPASS YoCHAN

4.
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Particle Size Analysis
C104SlurryDUP2 Datw& Meas# 0d044
SampleCUP-C104.OO7 Time: 12:01 Pres # 01

:104Shy DUP2;SampleCUP4W4407 Summary Percentiles Dia Vof% Width
n#8SupematantSimulant mv = 6.918 10%= 0.172 60%= 0.262 0.230 100% 0.169
iOmlhc mn = 0.280 20% = 0.186 70%= 0.279
tQoni~te~w, ~ SW.

b

1.206 30% = 0.198 80%= 0.322

tIk I);MK) ‘bufim
ma =
Cs = 4.978 40% = 0.212 90%= 0.416
sd = 0.086 60% = 0.230 96%= 0.648

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

.5b:o.:
25.0

—. ..—.

40.0 20.0...,.

30.0” 15.0
:.

20.0’ 10.0

...

p

0.0 5.0

.0 0.0
0.100 1.000 10.00 100.0 1000

- Size (microns) -
~ %PASS OACHAN ~ %PASS %CHAN m OhPASS OhCHAN ~_———
704.0

VOPASS

‘lOo.oo

OhCHAN

0.00 9.260 100.00 0.00
592.0 100.00 0.00 7.778 100.00 0.00
497.8 ; 100.00 0.00 6.641 100.00 0.00
418.6 ; 100.00 0.00” 6.600 100.00 0.01
362.0, 100.00 0.00 4.626 99.99 0.01
296.0 100.00 0.00 3.889 99.98 0.01
248.9 100.00 0.00 3.270 99.97 0.02
209.3 ! 100.00 0.00 2.760 99.95 0.03
176.0 100.00 0.00 2.312 99.92 0.04
148.0 ‘ 100.00 0.00 1.946 99.88 0.07
124.6 100.00 0.00 1.636 99.81 0,16
104.7 100.00 0.00 1.376 99.66 0.28
38.00 100.00 0.00 1.166 99.38 0.49
r4.oo 100,00 0.00 0.972 98.89 0.73
S2.23 100.00 0.00 0.818 98.16 1.03
62.33 ; 100.00 0.00 0.688 97.13
44.00 i 100.00 0.00 0.678 96.63 ;:
37.00 100.00 0.00 0.486 93.32 3.74
31.11 100.00 0.00 0.409 89.68 6.23
26.46 100.00 0.00 0.344 83.36 10.47
22.00 100.00 0.00 0.289 72.88 16.48
18.60 100.00 0.00 0.243 66.40 21.67

B

<6 100.00 0.00 0.204 34.73 24.93
100.00 0.00 0.172 9.80 9.80

..o - 100.00 0.00 0.146 0.00 0.00

t ...
.:
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Parficle Size Analysis CI04Slurry DUP2 Date: & M&&#~OO048
Sample CUP-C104-OO7 lime 12:12 Pres* 01

104SlurryDUP2;sample CUP-C104-OO7 Summary Percentiles Dia Vol% Width
IWSupematant Simulant mv = 6.666 10% = 0.361 60%= 4.337 &867 66% 13.21
~mlisec mn
d Sonioate40W, 90 see.

= 0.268 20% = 0.661 70%= 6.396 0.977 3~% 0.934

/bfw usf{,”b~ti~
ma ❑ 1.068 30% = 1.066 80%= 9.686 0.277 13% 0.1
Cs = 6.671 40% = 1.601 90%= 16.66
sd = 6.660 60% = 2.783 96%= 20.81 .@

%PASS YoCHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

~uio
5.0

—.. —.

40.0 4.0
.

30.0,, 3.0..J
.:,

20.0 2.0

10.0 1.0

0.0
a

0.0
0.100 1.000 10.00 100.0 1000

- Size (microns) -
WE %PASS %CHAN ~ %PASS %PASS ?koCHAN ~‘ACHAN ~ __, YoPASS YoCHAN
~’ 100,00 0.00 9.260 78.96 4.07 t
;92.0 100.00 0.00 7.778 74.89 4.31
197.8 100.00 0.00 6.6M 70.68 4.47
H8.6 100.00 0.00 6.600 66.11 4.48
)62.0 100.00 0.00 4.626 61.63 4.31
~96,0 100.00 0.00 3.889 67.32 3.99
~~.g 100.00 0.00 3.270 63.33 3.66
~09.3 100.00 0.00 2.760 49.77 3.16
176.0 100.00 0.00 2.312 46.61 2.99
148.0 100.00 0.00 1.946 43.62 3.19
124.5 100.00 0.00 1.636 40.43 3.76
104.7 100.00 0.00 1.375 36.68 .4.34
18.00. ., 100.00 0.00 1.166 32.34
r4.oo ‘ 100.00 0.00 0.972 27.91 ::
;2.23 :100.00 0.00 0.818 23.96 3.30
62.33 - 100.00 0.00 0.688 20.66 2.86
44.00 100.00 0.27 0.678 17.80 2.69
37.00 99.73 0.78 0.486 16.11 2.68
31.11 98.96 1.27 0.409 12.43 2.74
26.16 97.68 1.91 0.344 9.69 2.79
22.00 96,77 2.60 0.289 6.90 2.61
18.S0 93.17 3.17 0.243 4.29 2.00
16.66 90.00 3.61 0.204 2.29 1.38
13.08 .86.49 3.69 0.172 0.91 0.91
I-loo 82.80 3.84 0.146 0.00 0.00 4

:,
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Particle Size Analysis C104SlurryDUP2 Datw= i~s i:-ooo48
SampleCUP-C104q07 Time: 12:12 Pres # 01

:104Slurry WP2; Sample CUP-CI04407 Summary Percentiles Dia Vol% Width
I#8SupematantSimulant mv = 6.666 10%= 0.168 60%= 0.236 0.214 100% 0.161
0mllsec

B

mn = 0.268 20% = 0.168 70%= 0.262
onicate 40W,.90sec. ma = 1.068 30% = 0.180 800.4= 0.302

i~w mt(; M-i(n) Cs = 6.671 40% = 0.196 90%= 0.382
sd = 0.080 60% = 0.214 96%= 0.494

%PASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
.,0.1:00 1.000 10.00 , 100.0 1000

- Size (microns) - ,
WE . ; ‘APASS 0i6CHAN SUE ‘APASS OACHAN ~ OhPASS YoCHAN ~ OhPASS OhCHAN

mo 100.00 0.00 KM 100.00 0.00
;92.0 100:00 0.00 7.778 100.00 0.00
197.8) 100.00 0.00 6.641 100.00 0.00
118.6 100.00 0.oo- 6.600 100.00 0.00
)62.0 100.00 0.00 4.626 100.00 0.01
!96.o i 100.00 0.00 3.889 99.99 0.01
~&m9 j 100.00 0.00 3.270 99.98
~09:3

0.01
-.;. .1Oo.oo 0.00 2.760 99.97 0.02

176.0 100.00 0.00 2.312 99.96 0.03
148.0 100.00 0.00 1.946 99.92 0.06
124.6 “:100.00 0.00 1.636 99.86 0.11
104.7 100.00 0.00 1.376 99.76 0.22
)8.00 100.00 0.00 +.166 99.63 0.38
‘4.00 100.00 0.00 0.972 99.16 0.66
;2.23 100.00 0.00 0.818 98.69 “0.79
;2.33 100.00 0.00 0.688 97.80 1.16
Woo 100.00 0.00 0.678 96.64 1.83
)7.00 , 100.00 0.00 0,486 94.81 3.07
)1.11 100.00 0.00 0.409 91.74 6.27
!6.16 100.00 0.00 0.344 86.47 9.06
!2.00 100.00 0.00 0,289 77.41 14.24
18.60 100.00 0.00 0.243 63.17 18.31

v

,... ~ 100.00 0.00 0.204 44.86 21.42
) 100.00 0.00 0.172 23.44 23.44

I .00 -- 100.00 0.00 0.145 0.00 0.00
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Patticle Size Analysis CUF-C104407ARDUP2 Date: —W6W89’ M&s&’ 00dM
Time: 16:40 Pres* 01

104 slurry,sampleCUF4104-OO7 Summary Percentiles Dia Vol% Width
; Received;Duplicated Sample#2 mv = 1.894 10% = .4644 60%= .97S6 5.9S2 22% .7063
#l SupamatantSolution mn = .6069 20% = .6744 70%= 1.136 .7663 78% .6640
i~ ma = .8403 30% = .6704 80%= 6.478
~seconds

JO\~ti b~”~~-~~h’~
Cs = 7.140 40% = .7640 90%= &987
sd = 2.692 60% = .8622 96%= 6.218 9

%PASS %W:N
100.0 ●

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

‘50;0 ““ 10.0
. ...

40.0 8.0
.“;.,

30.0’ 6.0,:.

20.0 ‘ 4.0

10.0,” 2.0
.(,

4
0.0 0.0

0 0

- Size (microns) -
WE : ‘APASS ‘hCHAN SIZE OkPASS ‘hCHAN ~ ‘hPASS OACHAN ~ ‘APASS ‘ACHAN——
;.641 100.00 19.87 =69 0.00 0.00
5.600 80.13 1.76 0.0723 0.00 0.00
$:626 78.38 0.00 0.0608 0.00 0,00
5.889 78.38 0.00 0.0611 0.00 0.00
3!270. 78.38 ‘0.00 0.0430 0.00 0.00
2.760 78.38 0.00 0.0361 0.00 0.00
2.313 78.38 0.00 0.0304 0.00 0.00
1.946 78.38 0,00 0.0266 0.00 0.00
1.636 78.38 1.67 0.0216 0.00 0.00
1.376 : 76.81 6.83 0.0181 0.00 0.00
f:$fi.’ , 70.98 11.23 0.0162 0.00 0.00
Q.9723 ; 69.76 44.18 0.0128 0.00 0.00
Q.8176 : 46.67 93.76 0.0107 0.00
K6876 T 31.82 11.46 0.0090 w 0.00
M781 j 20.37 8.69 0.0076 0.00 0.00
M861 , 11.78 6.80 0.0064 0.00 0.00
$.4088 6.98 3.48 0.0064 0.00 0.00
3.3437 2.60 1.87 0.0046 0.00 0.00
3.2891 0,63 0.63 0.0038 0.00 0.00
D.2431 : 0.00 0.00
D.2044 ‘ 0.00 0.00
D:1719 ; 0.00 0.00
0.1446. 0.00 0.00
9.1216 0.00 0.00
).1022 0.00 0.00 4
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Patiicle Size Analysis CUF-CqO~07 ARDUP2 Datw %2B9f& Meas * 00064
Time: 16:40 Pres #: 01

:-104slurry, sample CUF.CI04-007 Summary Percentiles Dia Vol% Width
E Reoeived;Duplicated Sample#2 mv = 1.884 10%= .2946 60%= .6020 .4608 100% .3792
\ #t SupematantSolution

P

mn = .6059 20% = .3306 70%= .6664
ma = .8403 30% = .3670 80%= .6606

mds Cs = 7.140 40% = .4067 90%= .7861
u~ti D ~& &k ‘~ sd = .1896 60% = .4608 96%= .9063

%PASS ?40CHAN
100.0 20.0

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

“503 10.0
,---

40.0 8.0
:.

‘30.0:, 6.0

20.0,: 4.0

0;

.0”” 2.0

0.0 0.0
0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
~ ; %PASS %CHAN w %CHAN ~‘kPASS ‘hPASS ‘kPASS‘hCHAN ~ _. ‘ACHAN
;.641 :100.00 0.02 0.0869 0.00 0.00
5.600 , 99.98 ‘0.00 0.0723 0.00 0.00
L626 “ ‘ 99.98 ‘0.00 0.0608 0.00 0.00
).889 : 99.98 .::;” 0.0611 0.00 0.00
1.270 99.98 0.0430 0.00 0.00
~:760 99.98 0:00 0.0361 0.00 0.00
~313 . 99.98 0.00 0.0304 0.00 0.00
1346, 99.98 0.00 0.0266 0.00 0.00
L636 99.98 0.12 0.0216 0.00 0.00
1.376 : 99.86 0.74 0.0181 0,00 0.00
1;166 99.12 2.39 0.0162 0.00 0.00
).9723 : 96.73 6.08 0.0128 0.00 0.00
1.8176 ~ 91.66 8.28 0.0107 0.00 0.00
):6876 ‘ 83.37 11.60 0.0090 0.00 0.00
).6781 7j.77 14.64 0.0076 0.00 0.00
).4861 67.13 16.62 0.0064 0.00 0.00
).4088 40.61 16.77 0.0064 0.00 0.00
).3437 23.74 16.16 0.0046 0.00 0.00
).2891 8.68 8.68 0.0038 0.00 0.00
1.2431 0.00 0.00
).2044 0.00 0.00
).1719 0.00 0.00

1?

“46. 0.00 0.00
6 0.00 0.00

,. u22-- 0.00 0.00

. .

,,
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Particle Size Analysis CUF-C104=OO7SONDUP2 Date: Wf66M-Meas& 000~
Time: 16:47 Pres#k 01

:-104slurry,sampleCUF-C104-OO7 Summary Percentiles Dia Vol% Width
onicatad for 80saq DuplicatedSample#2 mv = .6997 10%= .2398 60%❑ 1.019 1.104 61% .2382
IM Supematant Solution mn = .2687 20% = .2619 70%= 1.077 .2716 49% .0841
IPA ma= .4366 30% ❑ .2831 80%= 1.138

%Y;: bwr&&m
Cs = 13.78 40% = .3120 90%= 1.218
sd = .4668 60% = .8936 96% ❑ 1.278 4

‘/oPASS %CHAN
100.0- 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

—..
50.0 25.0

---

40.0 20.0. .
:-,

,30:0::. 15.0

20.0 10.0

!0.0 5.0
..

0.0 90.0
10.00i 0.0010 0.0100 0.1000 1.000

- Size (m
yZJ . ~%PASS ,—!40CHAN SIZE ‘APASS OACHAN
B.641 ~100.00 0.00 G9 0.00 0.00
6.600 100.00 0.00 0.0723 0.00
6:626 :“100.00
3.889 .100.00
3.270 ‘:100.00
2.760 i 100.00
2.313 j 100.00
!.946 ;“100.00
1.636 ; 100.00
1.376 100.00
1.166 c 82.92
0.9723 : 63.68
0.8176 ..: 48.42
0.687d : 48.42
0.6781 46.42
0.4861 49.42
0,4088 49.42
0.3437 46.38
0.2891 32.62
0.2431 11.18
0.2044 1.38
0.1719 0.00
0,1446 0.00
0.1216 0.00
0.1022 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
17.08
29.34
4.16
0.00
‘0.00
0.00
0.00
3.04
13.76
21.44
9.80
1.38
0.00
0.00
0.00
0.00

:.

0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00:
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

:rons) - ;
~ ‘APASS OhCHAN——

OhpAss YoCHANWE

,.,
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Parficle Size Ana/ysis CUF-C1044O7SONDUP2 Datsc Q206136 Meas K 00066
Time: 1647 Pres* 01

:-104slurry, sample CUFZ1044O7 Summary Percentiles Dia Vol% Width
orricated for 90SW, Duplicated Sampleti mv ❑ .6997 10% = .2083 60%= .2637 4.071 +% .2126
I#1Supematant Solution

P

mn = .2687 20% = .2219 70%= .2747 .2528 99% .0768
= .4366 30% = .2333 80%= .2881

:Sa = 13.78 40%= .2437 80%= .3111
~;ti~ ~’fiblJj (nq sd = .0396 60%❑ .2636 96%= .3329

‘YoPASS %CHAN
50.0

45.0

40.0

35.0

30.0

25.0

20.0

‘15.o

10.0

5.0

0.0
‘20.0010 0.0100 0.1000 1.000 10.00

- Size (microns) - ,
yZJ~ %PASS OACHAN ~ ,-%PASS OACHAN QKJ ‘ACHAN SIZEOhPASS . %PASS YoCHAN

;.641 ~100.00 0.00 0.0869 0.00 0.00
;.600 ‘ 100.00 0.00 0.0723 0.00 0.00
L626 100.00 0.00 0.0608 0.00 0.00
).889 .100.00 0.00” 0.061 i 0.00 0.00
L270 100.00 0.00. 0.0430 0.00 0.00
!,760 “ i 100.00. 0.00 0.0361 0.00 0.00
!.313 / 100.00 0.00 0.0304 0.00 : 0.00 ~’

[.946 ‘ J 400.00 0.00 0.0266 0.00 0.00
1.636 ~100.00 0.00 0.0216 0.00 0.00
1.376 100.00 0.31 0.0181 0.00 0.00
1.168 99.69 0.88 0.0162 0.00 0.00
).9723 : 98.81 0.21 0.0128 0.00 0.00
).8176 98.60 ‘0.00 0.0107 0.00 0.00
L6876 98.60 0.00 0.0090 0.00 0.00
L6781 98.60 0.00 0.0076 0.00 0.00
).4861 98.60 0.00 0.0064 0.00 0.00
).4088 : 98.60 2.07 0.0064 0.00 0.00
).3437 j 96.63 16.80 0.0046 0.00 ‘ 0.00
L2891 ! 80.73

] 39.36
41.38 0.0038 0.00 ,:; 0.00

).2431 31.81
1.2044 : 7.64 7.64
1:1719 ‘ i ““0.00 0.00

u

S(, .: “.“0.00 0.00
:6 0.00 0.00

k IU22 -.. -,0.00 0.00



a

Particle Size Distribution Plots
For Final Slurry: Sample CUF-C104-O12

Replicate No: 1
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Patticle Size Analysis C104slurry Date:—W8W88—Meas# 00064
SampleCUP-C104-O12 Time: 1424 Pres # 01

104Slur~ Sample CUP-C1044M2 Summary Percentiles Dia Vol% Width
I#12SupernatantSimulant 10% = 0.314 60%= 1.241 134.4 3% 173.7
) mlisec mn = 0.304 20% = 0.462 70%= 1.622 1.236 76% 3.423
tolw bisfii buhm ma = 0.742 30% = 0.662 80%= 2.397 0.326 22% 0.19

es = 8.088 40% = 0.866 90%= 7.442
sd = 1.683 60% = 1.048 96%= 16.74 4

%PASS YoCHAN
100.0

90.0

80.0

70.0

60.0

50.0
—

40.0
..

30.0 ‘,:.

20.0

IO*O .
.8

0.0

20.0

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

90.0
0.100

WE O.PASS %CHAN
Eo 100.00 0.00
592,0 ‘ 100.00
!97.8 100.00
118.6 100.00
162.0 100.00
~96.o 100.00
248.9 99.66
209.3 99.38
176.0 99.12
148.0 98.86
124.6 98.60
104.7 98.36
!8.00 98.13
r4.oo 97.95
;2.23 97.80
;2.33 97.67
MOO : 97.66
)7.00 97.43
)1.11 97.07
!6.46 : 96.64
!2.00 96.10
18.60 96,44
l&56 94.66
3.08 93.73
1.00 92.70

‘0.00
0.00
0.00”
0.00
0.34
0.28
0.26
0.26
0.26
0.26
0.22
0.18
0.16
.0,13
0.12
0.”12
0.36
0.43
0.64
0.66
0.79
0.92
1.03
1.13

1.000 10.00 100.0
- Size (r

SIZE OhPASS %CHAN
EO 91.57 4.24
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
9.204
9.172
3.146

90.33
89.01
87.64
86.23
84.78
83.24
81.66
79.66
76.83
72.66
66,68
66.84
46.71
37.68
31.66
26.66
22.04
17.28
12.46
7.86
4.06
1.62
0.29
0.00

1.32
1.37
1.41
1.46
1.64
1.69
2.00
2.72
4.27
6.98
9.74
10.13
8.13
6.02
4.91
4.64
4.73
4.82
4.61
3.80
2.43
1.33
0.29
0.00

crons) -
~ %PASS ‘hCHAN——

1000

g_ ‘hPASS ?40CHAN



w—/ w m/ww 7/~

Patficle Size Analysis C104Slurry Date: 4W061S%Meas~ 0@064
SampleCUP-CI04-042 Time: 14:24 Pres # 01

104Slum SampleCUP4XM4M2 Summary Percentiles Dia Vol% Width
)#12Supematant Simulant mv = 6.051 10% = 0.178 60% =“0.277 0.263 100% 0.196
tl mlhc mn

@

= 0.304 20% = 0.186 70%= 0.308

q+w Di+r;bmh ma = 0.742 30% = 0.212 80%= 0.366
Cs = 8.088 40% = 0.232 90%= 0.459
sd = 0.098 60% = 0.253 96%= 0.616

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

~o..
25.0

.—

40.0 20.0

30.0: 15.0

“20.0 10.0

~

.0 5.0
,..

.0 0.0
O.too 1.000 10.00 100.0 1000

- Size (microns) -
%?)4ssNZE ?40CHAN ~ OkPASS YoPASSO/$CHAN ~ OAICHAN ~_ 0APA3S O/’aCHAN

&Go 100.00 0.00 9.260 100.00 0.00
i92.O 100.00 0.00 7.778 100.00 0.00
197.8 100.00 0.00 6.641 100.00 0.00
118.6 100.00 ::; 6.600 100.00 0.00
162.0 400.00 4.626 100.00 0.00
!96,0 100.00 0:00 3.889 100.00 0.00
!48.9 ‘ 100.00 0.00 3.270 100.00 0.01
!09.3 100.00 0.00 2.750 99.99 0.01
176.0 ~100.00 “0.00 .2.312 99.98 0.03
48.0 100.00 0.00 1.946 99.96 0.07
24.5 100.00 040 1.63S 99.88 0.19
04.7 100.00 0.00 1.376 99.69 0.46
18.00 100.00 0.00 4.166 99.24 0.78
‘4.00 100.00 0.00 0.972 98.46 1.06
i2.23 100.00 0.00 0.818 97.40 1.31
i2.33 100.00 0.00 0.688 96.09 1.81
14.oo 100.00 0.00 0.678 94.28 2.87
17.00 100.00 0.00 0.486 91.41 4.91
11.11~ 100.00 0.OO 0.409 86.60 8.42
!6,16 100.00 0.00 0.344 78.08 13.68
!2.00 100.00 0.00 0.289 64.60 18.81
8,60 100,00 0,00 0.243 45.69 20.19

P

100.00 0.00 0.204 26.60 18.73
100.00 0,00 0.172 6.77

.Uo 100.00 0.00 0.146 0.00 ::



-~/tia)tio +,-

Pafiicle Size Analysis CI04Slurry Date: —W#W— Meas # Od068
Sample CUP-C104-O12 Time: 1442 Pres # 01

104Slum Sample CUP-CI044M2 Summary Percentiles Dia Vol% Width
I#12SupematantSimulant mv ❑ 2.063 ‘IO% ❑ 0.289 60%= 1.012 7.417 16% 11.56
) mllsec

~Olti~ ~ktci bub’~

mn = 0.288 20% ❑ 0.387 70%= 1.209 0.966 68% 0.768
ma = 0.631 30% = 0.619 80% ❑ 1.618 0.325 27% 0.19
Cs = 9.616 40% ❑ 0.686 90%= 6.310
sd = 0.949 60% = 0.860 96%= 10.04 h

%PASS I?40~li:N
.

18.0

16.0

14.0

fi2.o

10.0

8.0

6.0

4.0

2.0

0.0 d

:0.100 1.000 10.00 100.0 1000

- Size (microns) -
g. %PASS %CHAN SIZE ‘APASS ‘kCHAN ~ ?40PASS,— OACHAN ~ ‘APASS VOCHAN

?04.0 100.00 0.00 Go 94.41 1.33
592.0 100.00 ‘0.00 7.778 93.08 1.40
167.8 100.00 0.00 6.641 91.68 1.40
!18.6 100.00 0.00” 6.600 90.28 1.36
B62.O 100.00 0.00 4.626 88.93 1,26
296.0 100.00 0,00 3.889 87.67 1,16
248.9 100.00 0,00 3.270 86.61 1.11
209.3 100.00 0.00 2.760 86.40 1.17
176.0 100.00 0.00 2.312 84.23 ~ 1.62
148.0 100.00 0.00 1.946 82.71 2.49
124.6 100.00 0.00 1.636 80.22 4.66
104.7 100.00 0.00 1.376 76.67 7.89
18.00 :100.00 ‘0.00 1.166 67.68 10.10
r4.oo$ 100.00 0.00 0.972 67.68 9,61
;2.23 ; 100.00 0.00 0.818 47.97 7.78
;2.33 . 100.00 0.00 0.688 40.19 6.44
14.oo 100.00 0.00 0.678 33.76 6.94
)7.00 100.00 0,00 0.486 27.81 6.96
11.11 100,00 0.37 0.409 21.86 6.06
~6.j6 99.63 0.60 0.344 16.81 6.78
!2,00 99.13 0.64 0.289 10,03 4.68
18.60 98.49 0.80 0.243 6.36 2.89
16.66 -. 97.69 0.96 0.204 2.46 1.67
13.08 96.73 1,10 0.172 0.89 0.89
11.00 ‘ 96.63 1.22 0.146 0.00 0.00 ~



u-/ . u/uu ql~

.Parficle Size Analysis CI04Slurry Date:+2166W6 Meas # ‘00068
Sample CUP-C1044I2 Time: 14:42 Pres# 01

:104Slum SampleCUP-C104-OI2 Summary Percentiles Dia Vol% Width
n#12SupematantSimulant mv = 2.063 10% = 0.164 60%= 0.268 0.243 100% 0.200
0 mllsec mn = 0.288 20% ❑ 0.180 70%= 0.299

P

v+x??- D5+rl”bJ7’m ma = 0.631 30% ❑ 0.200 80%= 0.346
Cs = 9.616 40% = 0.221 90%= 0.441
sd = 0.100 60% = 0.243 96%= 0.676

%~ASS %CHAN
100.0 20.0

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

~o:o ...
10.0

40.0 8.0

30.0 6.0

20.0 4.0

P

.0,. 2.0
!-:,h.

.0 0.0
.. ‘0.1”00 1.000 10.00 100.0 1000

- Size (microns) -
WE %PASS OACHAN ~ ‘APASS OhCHAN ~ ‘YoPASS O/oCHAN ~ VOPASS OYiCHAN
Ko 100.00 0.00 9.2S0 100.00 0.00
$92.0 100.00 0.00 7.778 100.00 0.00
S97.8 100.00 0.00 6.641 100.00 0.00
!18.6 , 100.00 0.00 6.600 100.00 0.00
1s2.0 100.00 0.00 4.626 100.00 0.00
~96.o :100.00 0.00 3.889 i 00.00 0.00
248.9 ‘ 100.00 0.00 3.270 100.00 0.00
209.3 100.00 0.00 2.760 100.00 0.01
176.0 , 100.00 0.00 2.312 99.99 0.01
148.0 100.00 0.00 1.946 99.98 0.03
124.6 ~100.00 0.00 1.636 99.96 0.09
104.7 100.00 0.00 1.376 99.86 0.27
18.00 100.00 0.00 1.166 99.69 0.58
r4.oo 100.00 0.00 0.972 99.01 0.93
;2.23 100.00 0.00 0.818 98.08 1.27
52.33 100.00 0.00 0.688 96.81 1.77
woo 100.00 0.00 0.678 96.04 2.74
37.00 100.00 0.00 0.486 92.30 4,60
11.11 100.00 0.00 0.409 87.70 7.88
~6.16 100.00 0.00 0.344 79.82 12.69
;2,00 100.00 0.00 0.289 67.13 17.26
18.60 ~100.00 0.00 0.243 49.87 17.90

P

-$ 100.00 0.00 0.204 31.97 ~6.48
100.00 0.00 0.172 1&49 16.49

.bro 100.00 0.00 0.146 0.00 0.00



Patiicle Size Analysis C104slurry 13attxa i= ~“06072
Sample CUP-C104412 fime: 1466 Pres# 01

104Sluny SampleCUP-CI044312 Summary Percentiles Dia Vol% Width
#12SupematantSimulant mv = 2.244 10% = 0.249 60%= 0.796 7.320 18% 12.63
>nitited at 40Wfor 90 sw 60 mlhec mn ❑ 0.243 20% = 0.316 70% ❑ 1.062 0.497 82% 0.748
5tsonication

V&k- Dk+t-1’wm

ma = 0.613 30% = 0.390 80%= 1.744
Cs = 11.70 40% = 0.484 90%= 6.648
sd = 1.439 60% = 0.616 96%= 11.73 4

%PASS YoCHAN
100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

.50:0 ...
5.0

..—

40.0 4.0

30.0 3.0

20.0 2.0

10.0. 1.0

0.0 0.0
4

‘0.100 1.000 10.00 100.0 1000

- Size (microns) -
~. %PASS ‘/oCHAN ~ ‘kPASS ‘t6CHAN ~ ‘APASS ‘ACHAN ~ %PASS
‘04.0 100.00 0.00

‘ACHAN
9.260 93.12 1.62

;92.0 100.00 0.00 7.778 91.60 1.61
197.8 100.00 0.00 6.641 89.99 1.62
118,6 100.00 0.00 5.500 88.37 1.64
162.0, 100.00 0.00 4.626 86.83 1.39
!96.0 100.00 0.00 3.889 86.44 1.23
!48,9 100.00 0.00
!09.3,

3.270 84.21 .1.09
100.00 0.00 2.7S0 83.12 1.04

176.0 ; 100.00 0.00 2.312 82.08
148.0

1.16
! 100.00 0.00 1.946 80.92

124.6 100.00 0.00 1.636 79.34 ;::
i04.7 100.00 0.00 1.375 76.82 3.99 ~
18.00 100.00 0.00 1.166 72.83 6,49
‘4.00 100.00 0.00 0.972 67.34 6.33
;2.23 100.00 0.00 0.818 61.01 6.60
i2.33”j :100.00 0.00 0.688 64.41 6.86
woo ‘ 100.QO 0.00 0.678 47,66 7.37
17.00 100.00 0.32 0.486 40.18 7.98
)1.11 99.68 0.46 0.409 32.20 8.31
!6.16 99.23 0.60 0.344 23.89 8.00
!2.00 98.63 0.77 0.289 16.89 6.62
18.50 97.86 0.96 0.243 9.27 4.28
J6.66 96,91 1.12 0.204 4.99 2.42
13.08 96.79 1.27 0.172 2.67 1.46
11.00 94,62 1.40 0.146 1.11 1.11

9



7--. > ,.. .-c,.c. .G, ,.,.
V-{. wfvu 7! )

Pafiic/e Size ‘Analysis CI04slurry Dat& WOS/S6— Meas #~60072
Sample CUP-C1044M2 7ime: 14:66 Pres #k 01

:104Slu~, SampleCUP-C1044M2 Summary Percentiles Dia VOI% Width
t #12SupematantSirnulant mv = 2.244 10% = 0.134 60% ❑ 0.237 0.266 67% 0.176
onioatsdat 40Wfor 90sscy60 mlkc

&

mn = 0.243 20% = 0.147 70%= 0.267 0.146 33% 0.030
nioation

; ~ D&~fi”kwti~

ma = 0.613 30% = 0.166 80%= 0.307
Cs = 11.70 40% = 0.187 90%= 0.380
Sd = 0.094 60?/4= 0.2dl 96%= 0.466

%PASS ?/o;li;N
100.0 .

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

.50:0 ...
10.0

..

40.0 8.0

30.0 6.0

20.0 4.0

P

.0’” 2.0

.0 0.0
,0.fioo i 1.000 10.00 100.0 1000

- Size (microns) -
HZE %PASS %CHAN gzJ ?40PASS OhCHAN gzJ OACHAN ~_OkPASS ‘APASS OhCHAN
G :100.00 “0.00 9.260 100.00 0.00
i92.O 100.00 0.00 7.778 100.00 0.00
197.8 ‘ 100.00 0.00 6.641 100.00 0.00
118.6 , 100.00 0,oo- 6.600 100.00 0.00
162.0 100.00 0.00 4.626 100.00 0.00
!96.0 100.00 0.00 3.889 400.00 0.00
!48.9 \ 100.00 0.00 3.270 100.00 0.00
!09.3”.! 100.00 0.00 2.760 100.00 0.00
176.0 100.00 0.00 2.312 100.00 0.00
148.0 100.00 0.00 1.946 100.00 0.01
124.6 100.00 0.00 1.636 99.99 0.03
104.7 100.00 0.00 1.376 99.96 0.08
18.00 ‘ 100.00 0.00 1.156 99.88 0.18
‘4.00 ‘ 100.00 0.00 0.972 99.70 0.36
i2.23 100.00 0.00 0.818 99.36 0.61
i2.33 400.00 0.00 0.688 98.74 1.07
Moo :100.00 0.00 0.678 97.67 1.93
17.00 ; 100.00 0.00 0.486 96.74 3.60
11.11 ; 100.00 0.00 0.409 92.24 6.14
!6.16 i 100.00 0.00 0.344 86.10 9.97
!2.00 100.00 0.00 0.289 76.13 13.86
18.60 100.00 0.00 0.243 62.27 16.04

B

6 . 100.00 0.00 0.204 47.23 14.42
100.00 0.00 0.172 32.81 14.42

,. o-- 100.00 0.00 0.146 18.39 18.39



Particle Size Analysis C104 Slurry Date:~ ‘M&s# 00076
Sample CUP-C104-OI2 Time: 16:12 Pres # 01

104Slur~ SampleCUP4X04.012 Summary Percentiles Dia Vol% Width
I #12 SupematantSimulant mv = 2.089 ~o% ❑ 0.244 60%= 0.717 7.143 18% 11.43
~nicated at 40Wfor 90 SC%60 mlho mn ❑ 0.242 20% = 0.309 70%= 0.970 0.466 82% 0.679
ndsonication

Volww Di5tfihhFm

ma = 0.491 30% = 0.37S 80% = 1.662
Cs = 12.22 40% = 0.464 90%= 6.324
sd = 1.384 60% = 0.660 96%= 11.01 a

%PASS O/oCHAN
10.0

9.0.

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

a
0.0

‘0.100 1.000 10.00. 100.0 1000

- Size (microns) -
yJ %PASS OACHAN ~ ‘APASS OACHAN ~ ‘APASS OACHAN ‘APASS OACHAN~ ,_ —
704.0 100.00 0.00 9.260 93.67 1.67
592.0 100.00 0.00 7.778 92.00 1.67
!97.8 100.00 0.00 6.641 90.33 1.68
$18.6 100.00. ;;: 6.600 88.66 1.68
)62.0 100.00 4.626 87.07 1.41
296.0 100.00 0:00 3.889 86.66 1.22
248.9 100.00 0.00 3.270 84.44 1.07
209.3 100.00 0.00 2.760 83.37 1.00
[76.0 100.00 0.00 2.342 82.37 1.07
148,0 100.00 0.00 1.946 81.30 1.39
124.5‘ 100.00 0.00 1.636 79.91 2.10
104.7 ‘ 100.00 0.00 1.376 77.84 3.26
18.00 100.00 0.00 1.166 74.56 4.61
r4.oo 100.00 0.00 0.972 70.06 6.46
;2.23 100.00 0.00 0.818 64.69 6.17
52.33 100.00 0.00 0.688 68.42 6.96
!4.00 100.00 0.00 0.678 61.46 7.97
17.00 100.00 0,00 0.486 43.49 8.86
11.11~ 100.00 0.40 0.409 34.63 9.19
~6.16 ~ 99.60 0.66 0.344 26.44 8.62
~z.oo ‘ 99.04 0.74 0.289 16.82 6.97
18,60 98.30 0.93 0.243 9.86 4.49
16.66 97.37 1.11 0.204 6.36 2.67
13.08 96.26 1.27 0.172 2.79 1.68
I1.00 94.99 1.42 0.146 1.21 1.21 9



--, “ z/G(; *1*

Particle Size Analysis C104Slurry Date: ~ Meas * 06076
Sample CUP-CI04-012 7ime: 16:12 Pres#: 04

:104SIUV, SampleCUP4X044112 Summary Percentiles Dia Vol% Width
II#12 Supematant Simulant mv = 2.089 10% = 0.134 60%= 0.237 0.266 67% 0.177
onicated at 40Wfor 90 seq 60mlkec mn = 0.242 20% ❑ 0.147 70%= 0.267 0.146 33% 0.030

= 0.491” 3.0%= 0.166 80%= 0.308

~zwk”k+’~ :=1= 40%=0.186 90%=0.379 “
= 0.094 60% = 0.210 96%= 0.469

%PASS

90.0

80.0

70.0

60.0

.50:o.._ -..

—.,----

40.0 ..,!,

30.(I; :-—
;,,.,...

20.0

~o.o,

u

!

.
0.1,00

i

—

1 1 I

!/o;li:N

100.0 1=
.

18.0

16.0

14.0

12.0

~o.o

/ 8.0

6.0

4.0

2.0

# # 0.0
1.000 10.00 100.0

- Size (II
~ OkPASS %CHAN w _.‘APASS ‘kCHAN

0.00 9.260 100.00 0.00
7.778

?04.0 100.00
$92.0 100.00
197.8 100.00
!18.6 100.00
162.0 100.00
296.0 100.00
?48.9 100.00
~Q9.3 100.00
176.0 100.00
148.0 100.00
124.6 100.00
104.7 ~100.00
18.00, 100.00
r4.Qo 100.00
;2.23 :100.00
;2.33 t 100.00
14.oo 100.00
17.00 100.00
11.11 100.00
~&q6 100.00
!2.00 100.00
18.60 100.00

b=%. 100.00
100.00

0 100.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

6.641
6.600
4.626
3.889
3.270
2.760
2.312
1,946
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0.486
0,409
0.344
0.289
0.243
0,204
0.172
0.146

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100,00
100.00
99.99
99.97
99.91
99.77
99.49
98.96
97.96
96.00
92.37
86.03
76.99
62.36
47.62
33.32
18.74

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.06
0.14
0.28
0.63
1.01
1.96
3,63
6.34
10.04
13,63
14.74
14.30
14.68
18.74

:rons) -
~ ‘YoPASS ‘J%CHAN

1000

~ %PASS ‘hCHAN

.



C.+2-ii6. + iU>

Particle Size Analysis CUF-C1044I2AR Date: WWiSS-Mess # 00067
Time: 16:66 Pres * 01

.104slurry, sample CUF4X04-012 Summary Percentiles Dia Vol% Width
sReceived; mv ❑ 1.444 ~0% ❑ .6133 60%= 1.918 2.02S 60% .4768
#12SupematantSolution
PA

mn = .6816 20% = .6770 70%= 2.026 .6772 40% .t998

1sectmds
ma = .9963 30% = .6602 80%= 2.126

Volti Di5tibAh

Cs = 6.028 40% = .9461 90%= 2.244
sd = .8089 60% = 1.779 96%= 2.326 d.-

1 t n

%CHAN%PASS
100.0

90.0

80.0

70.0

60.0

“50:0 “’
-. .—.

40.0
I

30.0:;

20.0 ““

“1O.O

0.0
O.qolo 0.0100 0.{000 1.000

~ - Size (n
yJ ‘ACHAN SIZE ‘kPASS ‘kCHAN

0.005.641 100.00
5.600 100.00
1;626 100.00
1.889 100.00
!,270
2.760
L313
1;946
L636
1.375
1:166 “
1.9723
).8176 ,.
1.6876
),6781
1.4861
).4088
).3437
).2891

100.00
100.00
94.59
62.16
43.03
40.37
“40.07
40.07
38,86
33.71
20.18
6.27
0.96
0.00
0.00

).2431 ; 0.00
L2044 ~ 0.00
).1719 ‘ 0.00,.
).M46- 0.00
).1216 0.00
1.4022-”-- 0.00

0.00
0.00
0.00
0.00
0.00
6.41

32.44
19.12
2.66
0.30
0.00
1.21
6.16

13.63
13.91
6.31
0.96
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00

0.0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0,0181
0.0162
0,0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

o.w-
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

crons) - ~
~__ %PASS ‘ACHAN

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0 d#
10.00

yzJ YoPASS ‘/4CHAN

9



Patticle Size Analysis CUF4104W2AR Datw 02/09/89 Meas # 00067
lime: 16:66 Pres # 01

:-104slurry, sample CUF42104-O12 Summary Percentiles Dia Vol% Width
s Received; mv = 1.444 10?! = .4198 60%= .6627 1.921 3% .6009
)#12SupematantSolution

P

mn = .6815 20% = .4642 70%= .6806 .6260 97% .1844
ma = .9963 30% = .4819 80%= .6186
cs = 6.028 40% = .6069 90%= .6784

m?q~;++b~~’~ sd = .0982 60% = .6287 96%= .7690

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

. ..-. .
50.0 25.0
...-

40.0 20.0
.;

30.0.,;’ 15.0

‘20.0”- 10.0

B ‘

.0”’ 5.0

0.0 0.0
0.0010 0.0100 0.1000 1.000 10.00

- Size (microns) -
yZJ, %PASS ‘kCHAN SIZE ‘hPASS ‘ACHAN ~ ‘hPASS ?/oCHAN ~ ‘kPASS ‘/4CHAN
;.641 100.00 0.00 =9 0.00 0.00
;.600 100.00 0.00 0.0723 0.00 0.00
1.626 100.00 0.00 0.0608 0.00 0.00
1.889 100.00 0.00 0.0611 0.00 0.00
L270 ‘ 100.00 “0.00 0.0430 0.00 0.00
!.760 100.00 0.14 0.0361 0.00 0.00
!.313 ‘ 99.86 ‘1.37 0.0304 0.00 0.00
1.946.. 98.49 1.36 0.0266 0.00 0.00
1.636 97.13 0.32 0.0216 0.00 0.00
1.376 96.81 0.06 0.0181 0.00 0.00
1.166 96.76 0.00 0.01s2 O.OO 0.00
).9723 66.76 0.69 0.0128 0.00 0.00
).8176 ‘ 96.06 ‘4.94 0.0107 0.00 0.00
).6876 91.12 21.82 0.0090 0.00 0.00
1.6781 : 69.30 37.73 0.0076 0.00 0.00
).4861 31.67 24.21 0.0064 0.00 0.00
}:4088 : 7.36 7.36 0.0064 0.00 0.00
1.3437 0.00 .0.00 0.0046 0.00 0.00 “
).2891 0,00 0.00 0.0038 0.00 0.00
).2431 0.00 0.00
).2044 0.00 0.00
1.f719 0.00

u

6 w 0.00
)5 0.00 0.00

1.,d22- 0.00 0.00

. .



--, --’,. ..-, ,, L,-,,. / - ,,. —-,- a

; %uticle Size Analysis,. ,,..“------“.: ~;;., :.cy,?:’o~nz‘ON Date: ~ Meas# 00660
Time: 16:07 Pres # 01

-104slurry,ssmple CUF.(M044M2 ,. ,. Sufnmaq Percentiles Dia Vol% Width
onioatsdfor 90sec

... .
mv = .6236 10%❑ .2968 60% ❑ .6996 .6864 86% .2930

I#12SupsmstsntSolution
~PA

mn = .3423 20% = .4464 70%= .7414 .2643 14% .0976...
.. . ma = .6360 30% = .6616 80%= .7880

?OTZ BsKlb kfiw) “ :’::-.~ :: :;E g;: :;:: XX :::: 6

%PASS ‘ .. “ ... ‘/oCHAN

..;



‘-)Q;,.ww L,;

PaRicle Size Analysis CUF-C1OIW12SON Datw ~ Meas # 0d060
Time: 16:07 Pres #: 01

;-104slurry, ssmple CUF4X044112 Summary Percentiles Dia Vol% Width
,onicstedfor 90sec mv = .6236 10% = .1967 60%= .2943 .6036 26% .2733
I#f2 SupernstantSolution mn = .3423 20% = .2124 70%= .3480 2411 76% .1086
P

k

ma= .Bm 30% = .2282 80%= .4829

‘L C5 tf&J1’m
Cs = 11.22 40% ❑ .2462 90%= .6366

‘sol= .1711 60% = .2668 96%= .7220

%PASS
100.0

90.0
..-

80.0

70.0

60.0

“’wiio
..-

40.0
.::

30.0 “

20.03

.-

6

‘.0

0.0
0.0100 O.iooo ‘

- Size (m
~j ‘ ?hPAss %CHAN ~ %PASS ‘ACHAN‘—
;.6
$.6
L6
).8
L2
~.7

!.3
1.9
1.6
1.3
1.1
).9
).8
L6
L6
L4
).4
).3
L2
).2
).2
kl’

II ‘ 100.00
10 100.00
!6‘ 100.00
19 :100.00
‘o 100.00
;0‘ ; 100.00
3 100.00
16 100.00
16 :100.00
‘6 j 100.00
~J ““\ 100.00
’23 99.89

., 98.46
;! ~ 93.20
’81 : 86.96
16j -180.19
188 ; 76.46
R7 ! 69.49
191 ‘: 68.69
!31 , 38.88
14 ~ 16.02
’19 > 0.00

f

6L;. 00.00
6 0.00

’22 ,,0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.11

:2
7.24

:E
6.96
10.90
19.71
23.86
16.02
0.00
0.00
0.00
0.00

0,0869
0.0723
0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0162
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.000
crons) -
~ %CHAN‘APASS

! !!

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
10:00

~ ‘APASS VOCHAN

.;”



Particle Size Distribution Plots
For Final Slurry: Sample CUF-C104-O12DUP

Replicate No: 2
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Patiicle Size Analysis C104SlurryDUP Date: &h10as-kT00080
SampleCUP-CI04412 Time: 16:41 Pres# 01

104SlurryDUP;SampleCUP-CI044M2 Summary Percentiles Dia Vol% Width
i#12SupernatantSimulant mv = 2511 10%= 0.283 60%= 1.166 1.216 76% 4.166
0mllsec mn = 0.237 20% = 0.409 70% ❑ 1.412 0.312 26% 0.216
uplicate Sample ma = 0.666 30% = 0.686 80%= 2.064

VW(LW b;%tf;hh’m
0s = 9.163 40% = 0.797 90%= 6.334
sd = 1.322 60% = 0.983 96%= 12.77 9

%PASS %CHAN
100.0 20.0

90.0 18.0

80.0 16.0

70.0 14.0

60.0 12.0

30T0..
10.0

40.0 8.0

30.0 6.0

20.0 4.0

10.0” 2.0

0.0 90.0
0.100 1.000 10.00 100.0 1000..$*L

- Size (microns) -
~ %PASS OkPASS‘?40CHAN ~ *ACHAN ~ ?40PASS YoPASSYoCHAN ~ O~cHAN

704.0 100.00 0.00 9.260 92.82 1.26
692.0 100.00 0.00 7.778 91.67 1.32
497.8 100.00 0.00 :64; 90.26 1.36
418.6 100.00 0.00 88.90 1.36
362.0 100.00 0.00 4:626 87.64 1.38
296.0 100.00 0.00 3.889 86,16 1.42
248.9 100.00 0.00 3.270 84.74 1.61
209.3 ] 100.00 0,00 2.760 83.23 1.76
176.0 , 100.00 0.00 2.312 81.47 2.39
148.0 ; 100.00 0.00 1.946 79.08 3.82
124.6 ‘ 100.00 0.00 1.636 76.26 6.42
104.7 100.00 0.00 1,376 68.84 9.34
B8.00, 100.00 0.00 1.166 69.60 10.11
74.00 ‘ 100.00 0.00 0.972 49.39 8.36
62.23 100.00 “0.00 0.818 41.03 6.28
62,33 100.00 0.00 0.688 34.76 6.13
44.00 100.00 0.00 0.678 29.62 4.79
37.00 100.00 0.40 0.486 24.83 4.83
31.11 99.60 0.68 0.409 20.00 4.86
26,16 99.02 0.77 0.344 16.14 4,62
22.00 98.26 0.93 0.289 10.62 3.87
f8.60 97.32 1.06 0.243 6.66 2.63
16.66 96.27 1.11 0.204 4.02 1.67
13.08 96.16 1.16 0.172 2.36 1.22
I1.00 94.01 1.19 0.146 1.13 1.13 q



w&jL3i~Q 7y4

Patiicle Size Analysis C104SlurryDUP Date:—@66f89 Meas# 00080
SampleCUP-C104-O12 Time: 16:41 Pres& 01

104SlunyDUfi SampleCUP+104-O12 Summary Percentiles Dia Vol% Width
I #12SupematantSimuiant

sfn~~mr= 4%

mv = 2.611 10% = 0.131 60%= 0.217 0.190 100% 0.182
= 0.237 20% = 0.139 70%= 0.260

~~D;~fi~~~~
::;g :X::: :&:&
sd = 0.091 60% = 0.190 95%= 0.490

%PASS

L O.lpo
~

1.000 10:00 100.0

0.00
0.00
0.00
0.00
“0.00
‘0.00
.0.00
,0.00
‘0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

- Size (r
~ %PASS ‘kCHAN ~ ‘APASS %CHAN
‘04.0 100.00 0.00 9.260 100.00 0.00
;92.0 100.00
197.81 ~100.00
118.6 :100.00
162.0~ 100.00
!96.0 :100.00
!48.9 j 100.00
!09.3 .100.00
176.0 :100.00
148.0
124.6

j 100.00
100.00

104.7 100.00
18.00~ .:.100.00
‘4.00 ‘ ; 100.00
;2.23 100.00
;2.33 100.00
14.oo 100.00
)7.00 100.00
Ii.11 ioo.oo
!6.16 100.00
!2.00 “ 100.00
8.60 - ~100.00
-e 6 i”-

B
100.00
100.00
100.00

.

,,
.’> ..

7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
4.945
1.636
1.376
1.166
0.972
0.818
0.688
0.678
0,486
0.409
0.344
0.289
0.243
0.204
0.172
0.146

100.00
ioo.oo
100.00
100.00
100.00
100.00
100.00
99.99
99.98
99.94
99.84
99.69
99.14
98.61
97.72
96.63
94.92
92.02
87.12
79.26
68.20
66.69
42.01
26.66

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.04
0.10
0.26
0.46
0.63
0.79
1.09
1.71
2.90
4.90
7.86
11.06
12.61
13.68
16.46
26.66

crons) -
~ !&ASS !&!A?!

50.0

45.0

40.0

35.0

30.0

25.0

20.0

t5.o

10.0

5.0

0.0
1000

~ ‘APASS ?40CHAN
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Pati*cle Size Analysis C104SlurryDUP Date: ~eas # 0d084
SampleCUP-C104-O12 Time: 16:64 Pres# 01

104Slurry DUF7Sample CUP-CI04-012 Summary Percentiles Dia Vol”A Width
I#12SupematantSimulant mv = 2393 10% = 0.266 60%= 1.012 8.317 16% 14.66
} mlkc mn = 0.236 20% = 0.366 70%= 1.226 0.966 64% 0.776
upliceteSample

$llmQ Dsf-(ibqfim

ma = 0.690 30% = 0.493 80%= 1.735 0.313 30% 0.2
Cs = 10.16 40% ❑ 0.662 90%= 6.436
sd = 1.207’ 60% = 0.839 96%= 12.60 4

%PASS ‘?40CHAN

100.0 10.0

90.0 9.0

80.0 8.0

70.0 7.0

60.0 6.0

.50:U
5.0

40.0 4.0,-...,,

30.0c” 3.0

20.0 2.0

10.0 ‘ 1.0

0.0
40.0

;0.100 1.000 10.00 100.0 1000

- Size (microns) -
WE ~; , %PAss OACHAN ~ ‘hPASS OACHAN ~ YoPASS ‘hCHAN ~ ‘hPASS ‘hCHAN
Eo 100.00 :0.00 9.260 92.82

——
1.32

592.0 100.00 0.00 ?.778 94.60 t.37
!97.8 ‘ 100.00 ‘0.00 6.641 90.13 1.37
118,6 100.00 0.00” 6.600 88.76 1.31
162.0 100.00 0.00 4.626 87.46 1.22
296.0 100.00 0.00 3.889 86.23 1.13
148,9 100.00 0.00 3.270 86.10 1.07
209.3 .100.00 0.00 2.760 84.03 1.14
476.0 100.00 0.00 2.312 82.89 7.47
148.0 100.00 0.00 1.946 81.42 2.39
124.6 ‘ 100.00 0.00 1.636 79.03 4.41
104.7 100.00 0.00 1.376 74.62 7.40
88.00 0.00 1.166 67.22 9.46
74.00 ‘ ~ ;:::: 0.00 0.972 67.77 8.99
62.23 ~100.00 0.00 0.818 48.78 7.36
62.33 ~ -0100.00 0.00 0.688 41.43 6.16 ‘
44.00 ~qoo,oo 0.00 0.S78 36.28 6.72
37.00 ; 100.00 0.38 0.486 29.66 6.76
31.11: ; 99.62 0.66 0.409 23.80 6.83
26.16 j 99.06 0.76 0.344 17.97 6.68
22.00 ‘ 98.31 0.91 0.289 12.39 4.64
18.60 97.40 1.03 0.243 7.76 3.12
16.66 96.37 1.12 0.204 4.63 1.96
13.08 96.26 1.18 0.172 2.68 1.40
11.00- 94,07 1.26 0,146 1.28 1.28 d

[
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Particle Size Analysis C104SlurryDUP Date: +2W8f89 Meask 00084
SampleCUP-CI04.012 Time: 16:64 Pres# 01

1104SIUWDUP;SampleCUP4M04-012 Summary Percentiles Dia Vol% Width
n #12SupematantSimulant mv = 2.393 10% = 0.131 60%= 0.219 0.192 100% 0.183
;0mllsec mn = 0.236 20%= 0.140 70% ❑ 0.262
) “cateSample

&, . w D@(ibu+’m
ma = 0.690 30%= 0.162 80% ❑ 0.296
Cs = 10.16 40%= 0.170 90% ❑ 0.376
sd = 0.091 60%= 0.192 96% ❑ 0.482

~o\A;S %CHAN
. 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

~o:o. ..
25.0

.-

40.0 20.0

30.0 15.0

20.0 10.0

e-

.0:. 5.0

U.o 0.0
0.100 1.000 10.00 100.0 1000

1 - Size (microns) -
SIZE %PASS ‘ACHAN SIZE %!I!&sW S!K ‘APASS ‘ACHAN ~ ‘hPASS ‘YoCHAN
G 100.00 0.00 m 100.00 0.00
692.0 100.00 0.00 7.778 100.00 0.00
497.8 .100.00 0.00 6.641 100.00 0.00
M8.6 .100.00 ::; 6.600 100.00 0.00
362.0~ 100.00 4.626 100.00 0.00
296.0 , 100.00 0:00 3.889 100.00 0.00
248.9 100.00 0.00 3.270 100,00 0.00
209.3 100.00 0.00 2.760 100.00 0.00
176.0 100.00 0.00 2.312 100.00 0.01
148.0 100.00 0.00 1.946 99.99 0.02
124.6 100.00 0.00 1.636 99.97 0.06
104.7 :100.00 0.00 1.376 99.91 0.17
38.00 100.00 ‘0.00 1.166 99.74 0.36
74.00 100.00 0.00 0.972 99.38 0.68
52.23 100.00 0.00 0.818 98.80 0.80
62.33 100.00 0.00 0.688 98.00 1.f2
44.00 ~100.00 0.00 0.678 96.88 1.76
37.00 ; 100.00 0.00 0.486 96.12 2.97
31.11 :100.00 0.00 0.409 92.16 6.06
26.16 ‘ 100.00 0.00 0.344 87.10 8.16
22.00 100.00 0.00 0.289 78.94 11.39
18,60 100,00 0.00 0.243 .67.66 12.86

v

~~~- 100.00 0.00 0.204 64.70 13.62
100.00 0.00 0.172 41,08 ~6.22

I.tio 100.00 0.00 0.145 24,86 24.86



#

PaHicle Size Analysis CI04Slurry DUP Da* &@86- ‘Mess #~ “~Ob88
Sample CUPZt04-012 Tim* 16:04 Pres # 01

104SlurryDU17SampleCUP4X044H2 Summary Percentiles Dia Vol% Width
I#12SupematantSimulant mv = 2.396 10°%❑ 0.234 60°A= 0.813 7.814 18°Yi 14.00
onioatedat 40Wfor90 SW, 60mllseo mn = 0.226 20% = 0.306 70%= 1.076 0.495 82% 0.772
st Sonication-Duplioate Sample

QOIW Dkhibh’m
ma = 0.498 30% = 0.384 80%= 1.834
Cs = 12.04 40% = 0.483 90%= 7.137
sd = 1.579 60% = 0.622 96%= 13.19 9

‘hPASS %CHAN
1 10.0

9 9.0

8 8.0

7 7.0

6 6.0

“5 5.0

4 4.0

3 3.0

2 2.0

1 1.0

0
4

0.0
0.400 1.000 10.00 too.o 1000

- Size (microns) -
~ %PASS YoCHAN S3ZE O~cHAN SEEYoPASS _ ‘WASS 9’oCHAN m .—,‘hPASS ‘hCHAN
704.0 100.00 0.00 G 92.2S 1.48
592,0 100.00 ‘0.00 7.778 90.77 1.66
t97.8 100.00 0.00 6.641 89.21 1.66
418.6 100.00 0.00 6.600 87.66 1.47
362.0 100.00 0.00 4.626 86.18 1.33
296.0 :100.00 0.00 3.889 84.85 1.17
248.9 100.00 0.00 3.270 83.68 1.06
209.3 .“100.00 0.00 2.760 82.63 1.01
176.0 100.00 0.00 2.312 81.62 1.16
148.0 100.00 0.00 1.945 80.47 1.s9
124,6 ;“100.00 0.00 1.636 78.88 2.57
104,7 ‘ 100.00 0.00 1.376 76.31 4.11
38.00 100.00 0.00 1.166 72.20 ~ 6.62
?4.00 :100.00 0.00 0.972 66.68 6.36
;2.23 i 100.00 0.00 0.818 60.22 6.46
52.33 100.00 0.00 0.688 63.76 6.56
Moo ~ 100.00 0.00 0.678 47.20 6.94
!7.00 f 100.00 0.33 0.486 40.26 7.46
31.11 99.67 0.56 0.409 32.80 7.74
26.16 99.12 0.79 0.344 26.06 7.61
22.00 98.33 1.00 0.289 17.66 6.39
18,60 97.33 1,16 0.243 11.16 4.47
16.66 ‘ S6,18 1.24 0.204 6.69 2.89
13.08 94,94 1.31 0.172 3.80 2.05
11.00 93.63 1.38 0.146 1.76 1.76

4

I

t

I
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~artlcle Size Analysis C104Slurry DUP Date: 421&8!L ~$:~: F
Sample CUP-C104-O12 Timec 16:14 .

C104Slurry DUR Sample CUP41044H2
.

Summary Percentiles Dia Vol% Width
n #12 Supematant Simulant mv = 2.268 10% ❑ 0.226 60%= 0.726 7.660 18% 12.99
onicated at 40W for 90SIX 60mlhec rnn= 0.223 20% = 0.294 70%= 0.996 0.4S3 82% 0.698

k

nicstion-Duplioa* Sample ma = 0.472 30% = 0.362 80%= 1.803

. .ti* IBtn’bif+m 0s=12.72 40% = 0.444 80%= 7.017
sd = 1.694 60% = 0.666 96%= 12.61

400.0

90.0

80.0
E

70.0

60.0

E
~o:o_ .-. _.

F
—.......
40.0

30.0

20.0

6’

.O..*

0.0 ,
“.’0.400 :

> ,,

592.0 ‘ 100.00
$97.8 :100.00
M8.6 100.00
362.0 . ~~100.00
296.0 ‘ 100.00
248.9 100.00
209.3, ‘~-100.00
176.0 ~100.00
148.0 ; 100.00
!24.5 100.00
104.7 100.00
58.00 ‘ 100.00
74.00‘ 100.00
52.23 100.00
52.33 100.00
$4.00 100.00
37.00 100.00
31.11 ; 100.00
26.16 ! 99.49
22.00 , 98.72
18.60 97.72

P

..”- 96.66
96.28

I.LIO-’” 93.93

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.61
0.77
1.00
‘1.17
1.27
1.36
1.43

10.0

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

‘1.O

0.0
1.000 10:00 100.0

- Size (r
~ ‘AIPASS O~cHAN

9.260 92.60
7.778
6.641
6.600
4.626
3.889
3.270
2.760
2.312
1.946
1.636
1.376
1.1s6
0.972
0.818
0.688
0.678
0.486
0.409
0.344
0.289
0.243
0.204
0.172
0.145

90.96
89.34
87.72
86.19
84.83
83.64
82.69
81.61
80.66
79.16
77.05
73.80
69.33
64.00
68.11
61.60
44.24
36.06
27.61
19.27
12.31
7.43
4.23
1.94

M
1.62
1.63
1.36
1.19
1.05
0.98
1.06
1.39
2.11
3.26
4.47
6.33
6.89
6.61
7.36
8.18
8.66
8.24
6.96
4.88
3.20
2.29
1.94

crons) -
~ OhPASS YoCHAN

1000

O~pAss OkICHAN~ _. —
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Particle Size Analysis C104Slurry DUP Date:k Meas # 00092
SampleCUP-C1044M2 Time: 16:14 Pres# 01

104SlurryDURSampleCUP4X044M2 Summary Percentiles Dia Vol% Width
I#12SupematantSimulant mv = 2.268 10%= 0.131 60°h= 0.212 0.188 100% 0.168
onicated at 40W for 90sw 60 mllseo
ndSonication-l)uplioate Sample

mn = 0.223 20% = 0.140 70% ❑ 0.243

vuvn~~ ~~~f’’i~ll’~

ma = 0.472 30% ❑ 0.161 80%= 0.283
os = 12.72 40% = 0.168 90°k = 0.362
sd = 0.084 60% = 0.188 96%= 0.428 9

%PASS %CHAN
100.0 50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

SW.
.0- 25.0
—..

40.0 20.0

30.0 ‘. 15.0

20.0 10.0

10.0 5.0

0.0 a
0.0

;O.l:OO :. 1.000 10.00 100.0 1000
J ,.”. - Size (microns) -

SIZE ‘kPASS ‘ACHAN ~ ‘APASS ‘ACHAN ~ %PASS ‘ACHAN ~ ‘kPASS ‘ACHAN
tio ~100.00 0.00 9.260 100.00 0.00
E92.O “ 100.00 0.00 7.778 100.00 0.00
!67.8 .100.00 0.00 6.641 100.00 0.00
M8.6 100.00 ::; 6.600 100.00 0.00
362.0,: .:.100.00 4.626 100.00 0.00
N&o- ‘ 100.00 0:00 3.889 100.00 0.00
M8.9 100.00 0.00 3.270 100.00 0.00
209.3 100.00 0.00 2.760 100.00 0.00
176.0 100.00 0.00 2.312 100.00
148,0

0.00
100.00 0.00 1.946 100.00 0.01

124.6I ; 100.00 0.00 1.636 99.99 0.02
104.7 100.00 0.00 1.376 99.97 0.06
38.00, .100.00 0.00 1.156 99.92 0.11
r4.oo 100.00 0.00 0.972 99.81 0.23
;2.23 100.00 0.00 0.818 99.68 0.42
52.33, 100.00 0.00 0.688 99.16 0.78
!4.00 100.00 0.00 0.678 98.38 ~.48
37.00 100,00 0.00 0.486 96.90 2.77
31.11 ‘ 100.00 0.00 0.409 94.13 4.87
26.16 0.00 0.344 89.26 7.92
22.00 ! ;::! 0.00 0.289 81.34 11.23
18.60 :100.00 0.00 0.243 70.11 13.21
16.66 “ 100.00 0.00 0.204 66.90 14.70
13.08 100.00 0.00 0.172 42.20 17.43
11.00“ 100.00 0.00 0.146 24.77 24.77 a
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Particle Size Anal~is CUF-CI04412 ARDUP Datw —W06fS%Meas# UO069
Time: 16:03 Pres #: 01

)-104siuny, sample CUF42104.O12 Summary Percentiles Dia Vol% Width
k Received;DuplicateSample = .9789 10%= .4929 60%= 1.124 1.134 77% .3783
I #12Supernatant Solution ~ = .6892 20% = .6311 70°A = 1.187 .5112 23% .2096
1P

@

ma = .8508 30% = .8360 80%= 1.249
= 7.062 40% = .9779 90%= 1.323

IZ his%’b&”~
0s
sd = .3640 60%= 1.067 96%= 1.374

?40PASS
100.0

%CHAN
50.0

90.0 45.0

80.0 40.0

70.0 35.0

60.0 30.0

..!503.,,
25.0

.-.

40.0 20.0

30.0 15.0;.

20.0”’: 10.0

. ..

IB

.0.. 5.0
?t:>

0.0 0.0
. . ‘O.OO1O 0.0100 0.1000 ; “; 1.000 10.00

!“ - Size (microns) -
~: ‘ ‘hCHAN ~~‘APASS %PASS ‘hCHAN g: ‘hPASS ~ ~oCHAN SIZE %PASS ‘hCHAN—,— .
;.641 100.00 0.00 0.0859 0.00 0.00
5,500 i 100.00 ‘0.00 0.0723 0.00 0.00
LS26 :100.00 :0.00 0.0608 0.00 0.00
J.889 :omoo- 0.0611 0.00 0.00 ,
1370, ; :%: ‘0.00 0.0430 0.00 ; 0.00 !!.
~:760 :100.00 0.00 0.0361 0.00 0.00 ;:
~.3q3 100.00 0.00 0.0304” 0.00 0.00
1:946 100.00 0.00 0.0256 0.00 0.00
1.635 100.00 4.86 0.0216 0.00 0,00
1.37s 96.14 30.14 0,0181 0.00 0.00
1.168 ‘ 66.00 26.66 0.0162 0.00 0.00
).9723 39.36 10.24 0.0428 0.00 0.00
).8176 29.11 6.11 0.0107 0.00 0.00
).6876 23.00 6.34 0.0090 0.00 0.00
L6781 : 16.66 ,7.22 0.0076 0.00 0.00
M861 ; 9.44 6.86 0.0064 0.00 0.00
).$088 ~ 3.68 2.90 0.0064 0.00 0.00
).3437 : 0.68 ‘0.68 0.0045 0.00 0.00
1.2891 0.00 0.00 0.0038 0.00 0.00
).2431 0.00 0.00
).2044 0.00 0.00
1:1719 ‘ 0.00 0.00

B

45[: 0,00 0.00
0.00 0.00

. 4“ 0,00 0.00

; L.
,:

-, .,~q.
:9)... . i
1 %...?#i. i

. .



L&/L] /u LLj@-.’q

Pafiicle Size Ana\ysis CUF-C1044I2ARDUP Date: ~ Meas# 00069
Time: 16:03 Pres # 01

-104slutty, sample CUF-C104-OI2 Summary Percentiles Dia Vol% Wdth
s Received;Duplioate Sample mv = ●9789 10%= .3529 60%= .6303 1.070 18% .3373
L#12SupernstsntSolution mn = .6892 20% = .3869 70°h = .6007 .4519 82”h .2229
PA ma = .8608 30% = .4478 80%= .7727
Dseconds

lJWYl~Disf{iL%fi~
Gs = 7.062 40% = .4494 90%= t.063
sd = .2614 60%= .4847 96% ❑ 1.180 9

‘?40PASS
100”O ~

90.0

EM

... -.

80.0

70.0

60.0

...-.+— . -— -., ..=.
50.0

——

40.0 -
;.

,~o.o ,“’..

20.0..

0.0010
\

0.0100 0.1000 1.000

4.626 :100.00
S.889 ~100.00
3.270 :100.00
2.760 ! 100.00
2.313 ; 100.00
1.346: ~100.00
1.636 ‘ 100.00
1.376 i 99.49
f:q*.1 ‘“
1.9723 ~ ;:;:

).8176 ; 81:61
L687d ~ 76.40
1.6781
M861 j !;:
M088 ~ 27.07
9.3437 ‘ 7.66
1;2891

-t
0.00

3.2431 0.00
3.2044 ‘ 0.00
3.1719 “* 0.00
D.M46:” 0.00
0.1216 0.00
D,I022 “ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.61
6.30
7.69
6.09
6.11
8.92

17.09
23.32
19.41
7.66
0.00
0.00
0.00
0.00
0.00
0.00
0.00

%CHAN

- Size (m crons) - ~
g ‘APASS ‘APASS‘hCHAN ~ ‘ACHAN,— ~ ‘APASS ‘ACHAN
B.641 100.00 0.00 0.0869 0.00 0.00
6.600 100.00 0.0723

0.0608
0.0611
0.0430
0.0361
0.0304
0.0266
0.0216
0.0181
0.0152
0.0128
0.0107
0.0090
0.0076
0.0064
0.0064
0.0046
0.0038

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

::
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0.0
4

10:00

~ ‘kPASS ‘ACHAN

1.
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