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EXECUTIVE SUMMARY

The purpose of this task is to characterize the physical properties of the kaolin/sand slurries used
during the testing of a new submersible mixer pump (SMP) which had undergone performance testing
at the TNX Waste Tank mockup facility from July 2004 through May 2005. During this time period,
four identical SMPs were subjected to various water tests and four different tests using different
batches of kaolin/sand slurries. The physical properties of the kaolin/sand slurries were measured for
three of the four tests. In these tests, three different sample locations were used to pull samples, the
SMP cooling water exit (CWE), the SMP fluid flow field (FFF), and SMP effective cleaning radius
(ECR). The physical properties measured, though not for each sample, included rheology, weight
percent total solids (wt% TS), density, kaolin/sand slurry particle size distribution (PSD), weight
percent and particles size distribution of material greater than 45 microns.

The measured physical properties for each test are described in more detail in section 1.0.
Measurements were performed at Savannah River National Laboratory (SRNL) in accordance with
the Technical Assistance Request (TAR)®.

The data, average of two measurements, are shown in the tables below for the different test dates.
The data clearly shows that the SMP-CWE samples consistently contained more solids than those at
the other two sample locations for any given sample day. This means that the pump is slightly
segregating more solids into the SMP cooling system. The SMP-FFF and SMP-ECR had similar
physical properties, where these samples are pulled from flowing streams within the test tank. Some
of the SMP-ECR data was inconsistent with the SMP-CWE and SMP-FFF data, which could be due
to where/how the SMP-ECR samples were pulled. The rheology of the samples is dependent on the
wt% solids concentration and all were within the bounds stated in the TAR. The slurry used in the
May 2005 test contained lower total solids and was rheologically much thinner than the kaolin/sand
slurries used in the June 2004 and September 2004 tests. Details of the wt% TS, density and rheology
analyses and results are discussed in more detail in sections 1.1, 1.2, and 1.3 respectively.

The particle size, using the Microtrac S3000, showed that from a numbers perspective, the nominal
particle size was approximately the same for any sample that was analyzed. The S3000 volume
distributions cannot be used to determine the contribution of sand in the slurries.

During the September 2004 test, additional samples were pulled on the 4™, 7" and 10™ day of testing.
These samples were used to determine the mass of kaolin/sand particles greater than 45 microns in
the kaolin/sand slurries. The sand analyses indicate that a majority of the sand was not adequately
suspended in the kaolin based slurry.

During the May 2005 test, sand analyses were performed for samples pulled on the 1%, 2" and 7" day
of testing. The results, for the SMP-CWE location, showed that the sand contribution on the 1% day
was approximately around the targeted value of 10 wt% of the total solids. This sample was pulled
after the sand was initially loaded into the mixing tank. On the 2" day, the SMP-CWE sample was
less than 4 wt% and by the 7" day it was less than 0.6 wt%. The other samples locations were much
less in wt% TS sand for the 1 and 2™ day as compared to the SMP-CWE location. By the 7" day, all
three sample locations were similar in wt% TS sand.

! Altman, D., “Testing and Sampling support at TNX for Submersible Mixer Pump (SPM) Test”, HAL-TAR-
2004-077, Rev. 2, September 9, 2004
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Particle size distribution, both Microtrac and sand analyses are discussed in more detail in section 1.4.

July 2004 SMP Kaolin/Sand Slurry Test

Average of Two Measurements
Sample Day . Yield stress Plastic
location | Pulled | w9 T.S. | Density (g/mL) (dynes/cm?) viscosity (cP)
1 25.17 1.180 122.0 8.04
2 24.04 1.171 107.9 7.52
3 23.86 1.171 107.6 7.43
SMP-CWE 4 23.89 1.173 109.2 7.42
5 23.01 1.165 95.6 6.86
6 23.02 1.164 99.0 7.03
7 23.23 1.167 97.9 7.03
1 24.32 1.177 N/M N/M
2 23.72 1.167 N/M N/M
3 23.49 1.165 N/M N/M
SMP-FFF 4 23.41 1.169 N/M N/M
5 22.77 1.162 N/M N/M
6 22.69 1.161 N/M N/M
7 22.92 1.164 N/M N/M
3 23.51 1.168 104.3 7.21
SMP-ECR 6 22.06 1.157 83.3 6.39
7 22.97 1.165 96.7 6.98
N/M = not measured
September 2004 SMP Kaolin/Sand Slurry Test
Day Average of Two Measurements
Sample location : Yield stress|  Plastic
Pulled| w1% T.. | Density (g/mL) (dynes/cm?) | viscosity (cP)
1 28.58 1.200 183.7 9.96
SMP-CWE 4 25.57 1.177 134.7 8.19
7 23.79 1.171 116.4 7.47
10 22.49 1.161 104.5 7.13
1 27.45 1.193 N/M N/M
SMP-EFF 4 24.63 1.175 N/M N/M
7 23.55 1.170 N/M N/M
10 22.13 1.155 N/M N/M
1 27.33 N/M 181.6 9.71
SMP-ECR 4 24.67 N/M 131.7 8.03
7 23.67 N/M 116.9 7.55
10 22.29 N/M 99.2 7.07




May 2005 SMP Kaolin/Sand Slurry Test

WSRC-TR-2004-00401

Average of Two Measurements

. Day . .
Sample location . Yield stress Plastic
Pulled | wt% T.S. | Density (g/mL) (dynes/cm?) | viscosity (cP)

1 19.87 1.134 54.0 5.32

2 18.39 1.126 50.7 5.07

3 18.41 1.128 53.7 5.27

SMP-CWE 4 18.36 1.128 53.1 499
5 18.36 1.127 54.4 5.25

6 17.05 1.118 43.4 4.89

7 18.24 1.127 55.7 5.25

1 18.67 1.129 52.5 5.42

2 17.99 1.125 51.4 5.23

3 18.06 1.125 53.3 5.10

SMP-FFF 4 17.92 1.124 52.5 5.16
5 17.90 1.124 52.0 5.08

6 16.89 1.116 43.7 4.74

7 18.12 1.126 54.9 5.35

1 18.65 1.131 516 5.14

2 18.00 1.125 51.1 5.11

3 18.05 1.125 52.8 5.17

SMP-ECR 4 17.96 1.124 52.5 5.20
5 17.93 1.124 52.5 5.11

6 19.40 1.136 68.1 5.84

7 16.98 1.117 44.3 491

Revision 1
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1.0 INTRODUCTION AND BACKGROUND

Waste on Wheels (WOW) engineering requested" SRNL Immobilization Technology Section (ITS) to
perform physical characterization of the kaolin/sand slurries used to characterize the performance of a
new SMP. Various tests of the new SMP were performed at the TNX Waste Tank mockup facility from
July 2004 to May 2005. In total, four SMPs were tested at various dates as shown in Table 1-1. This
table provides a timeline in the operations of the SMPs and the addition of kaolin and sand. The bolded
month/year/dates in Table 1-1 are dates when the kaolin/sand slurry samples were pulled, analyzed and
the results reported in this report. After completing each test, the contents in the TNX Waste Tank were
removed and fresh kaolin and sand were added for the subsequent test.

Table 1-1 SMP Sludge Simulant Tests

Kaolin Sand
Kaolin SMP
Dates Test Tested Begin | Complete ot Complete otal
Addition | Addition | 2999 | Addition | A0ded
(Lbs) (Lbs)
| 72004 1 | smP205 | I
38| _7M14/0410 1 SMP 205 [ | 630,000 [ | 52,000
7/22/04 1 SMP 205
9/1/04 2 SMP 208 [ |
8 [ 940410 2 SMP 208 [ | [ |
2| ons/04 2 SMP 208 630,000 52,000
5 N
&%) 9/18/04 2 SMP 206
10/22/04 2 SMP 206
5 11/12/04 3 SMP 208 [ |
o
<
E3 11/13/04 3 SMP 208 [ | 630,000 52.000
2 Q| 11/18/04 to 3 SMP 208 B
< 11/22/04 3 SMP 208
0 5/9/05 4 SMP 207 [ |
< 5/12/05 4 SMP 207
Y i 514,000 45,000
& | 5/13/05to 4 SMP 207 [ |
= 5/19/05 4 SMP 207

The sample day, sample location, and requested physical property analyses are shown in Table 1-2, Table

1-3, and Table 1-4 for the July 2004, September 2004, and May 2005 tests respectively.
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Table 1-2: Analysis Requested of Samples Pulled During the July 2004 Test

Day sample pulled Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Wip oW i Y oY | | Y | Y o | | Y |
N RN EREE EEE S EE AR EEE
Sample Location i%ii%di%ii%ii%ii%ii%i
5|5|5|35|5|8|5|3|5|5|5|5|5|5|8| 5| 5|8 5|3
. | Rheology |X X X X |x X X X | X X
3’; Density X | X XX X[ X[ XIX|X XX X[ X[ XX |[X|X
§ Wit% TS X | X XX X[ X[ XXX XX X[ X[ XX | X|X
PSD XXX XX | X|X

Blanks mean specified analysis was not requested for this sample.

Table 1-3: Analyses Requested of Samples Pulled During the September 2004 Test

Day sample pulled Day 1 Day 4 Day 7 Day 10
=SB HEHEE EEE SRR
Sample Location 2 'Z.': ';_J g i LJLJ g i I,'JI_J 2 i IZ.I_J
=133(2|5|3[2|7|3|2|3|3
Rheology X XX XX XX X

8 Density X | X X | X X X | X
= wt% TS XX XX [ X[ X|*|* | *|X[|X]|X
< PSD XX XX [ X [ XX | X | XX [|X]|X
Sand Contribution XX [ XX | X[ XX [X|X

Blanks mean specified analysis was not requested for this sample.
* Sample analyzed for wt% TS. Data used to determine sand contribution.

Table 1-4: Analyses Requested of Samples Pulled During the May 2005 Test

Day sample pulled Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Wi oWy oY (oY e Y ()Y | e Y |

. SEE BEE AR EREE R B R R

Sample Location d_%d_d_%d_d_%d_d_%d_d_%d.d_%d.d_%d_

5|5|5|3|5|3|3|5|3|3|5|5|3|5|3|3|5|3|5|5| 3

Rheology XX XX [ X[ XXX [XIX[|X|X]|X[X[|X[X|X|X]X|X]|X

§ Density XX XX X[ XX [X|XIX[X[|X]|X|X[XIX[|X|X]X|[X][X
% wit% TS XX XX [ X[ XXX [XIX[|X|X]|X[X[|X[X|X|X]X|X]|X
< PSD X | x [x X | x [x
Sand Contribution X | X | X [X [X [X X | X | X

Blanks mean specified analysis was not requested for this sample.
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The locations and method of sampling at each location is provided in Table 1-5. A 400 mL sample at
each sample location per day was required to complete the necessary physical characterization. For the
sand contribution analysis, an additional 400 mL or 2000 L samples were pulled.

Table 1-5: Sample Location and Method of Sampling for the SMP Tests

Location Sampling Method

Originally there were four discharge motor cooling streams leaving the motor housing.
SMP - Cooling Water | Results of early testing reduced that number to two. A clean stainless steel beaker was
Exit (CWE) used to gather a sample from the discharge and the sample(s) poured into a sample

bottle. The sample cup was wetted with the CWE prior to sampling.

A pump was used to pull a sample from the discharge of the rotating SMP. The sample
was pulled two feet from the bottom of the tank when the jet rotated into the sampling
location.

SMP - Fluid Flow Field
(FFF)

SMP — Effective A dip sample (1 to 3 feet deep) was collected from a stagnant zone near the edge of the
Cleaning Radius (ECR) | tank opposite of the SMP.

Once the samples were received at SRNL, samples that required PSD analysis were pulled and delivered
to the Analytical Development Section (ADS) for analysis. The remaining analyses occurred at Aiken
County Technology Laboratories (ACTL). Prior to pulling the sample for analysis, the sample bottles
were homogenized. The following sections describe the methods used to perform the various analyses,
the results, and conclusions.

1.1 Weight Percent Total Solids

Weight percent total solids (wt% TS) were performed using a Mettler Toledo HR83 Halogen Moisture
analyzer. This moisture analyzer uses a load cell that continuously measures the mass of the sample
during the measurement. The moisture is driven off using a halogen heat lamp that is controlled by an
infrared thermometer. The mass of a sample pan is first measured and the weight tarred. Approximately
a 1.5 to 3 gram sub-sample of the kaolin/sand sample is placed onto the sample pan and this mass is
recorded by the analyzer. The temperature of the sample is then ramped to 105°C and maintained at
105°C throughout the measurement. The measurement stops when the weight of the sample does not
change more than 1 milligram over a 20 second period and this final mass is recorded by the analyzer.
The wt% TS is then determined by taking the ratio of the final mass to initial mass and multiplying this
value by 100%. The analyzer load cell is checked on a daily basis (when used) using a 2.0 gram weight
and functionally checked using a 7.0 wt% TS NaOH solution.

For each sample that required wt% TS measurements, two replicates were analyzed. The individual
results, average and percent standard deviation are shown in Table 1-6, Table 1-7, and Table 1-8 for the
July 2004, September 2004 and May 2005 tests respectively. There were no limits provided in the TAR
stating the range in which the wt% TS must be. The SMP procurement specification® states wt% solids
range of 0 to 17% (section 3.3.1.1) for tank environmental conditions and a 20 wt% TS (section 4.1.3)
for SMP acceptance testing. In the first two tests (Table 1-6 and Table 1-7), the wi% TS of the
kaolin/sand slurries exceeded these limits. In the third test (May 2005, Table 1-8), the wt% solids were
within the wt% TS limits. The data does reveal that samples pulled on the same day, the CWE samples
are slightly higher in wt% TS as compared to the FFF and ECR samples. The FFF and ECR samples
pulled on the same days have similar wt% TS results.

2 M-SPP-G-00302, “Procurement Specification — Submersible Mixer Pump”, Rev. 1, May 23, 2003
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Table 1-6: Kaolin/Sand Weight Percent Total Solids Data for July 2004 Test

Weight Percent Total Solids
Sample location Day % standard
Pulled | Sample 1 | Sample 2 | Average "
deviation
1 25.25 25.08 25.17 0.48%
2 24.03 24.04 24.04 0.03%
3 23.80 23.91 23.86 0.33%
SMP-CWE 4 23.84 23.94 23.89 0.30%
5 22.93 23.08 23.01 0.46%
6 22.90 23.13 23.02 0.71%
7 23.29 23.17 23.23 0.37%
1 24.22 24.42 24.32 0.58%
2 23.84 23.60 23.72 0.72%
3 23.48 23.49 23.49 0.03%
SMP-FFF 4 23.44 23.38 23.41 0.18%
5 22.71 22.82 22.77 0.34%
6 22.81 22.56 22.69 0.78%
7 22.90 22.94 22.92 0.12%
3 23.58 23.44 23.51 0.42%
SMP-ECR 6 22.13 21.99 22.06 0.45%
7 22.93 23.01 22.97 0.25%

Table 1-7: Kaolin/Sand Weight Percent Total Solids Data for September 2004 Test

Weight Percent Total Solids
Sample location Day % standard
Pulled | Sample 1 | Sample 2 | Average deviati
eviation
1 28.31 28.85 28.58 1.34%
0,
YR 4 25.74 25.40 25.57 0.94%
7 23.83 23.74 23.79 0.27%
10 22.80 22.81 22.81 0.03%
1 27.74 27.16 27.45 1.49%
0,
SMP-EFE 4 24.53 24,73 24.63 0.57%
7 23.65 23.44 23.55 0.63%
10 22.12 22.13 22.13 0.03%
1 27.55 27.10 27.33 1.16%
0,
SMP-ECR 4 24.60 24.74 24.67 0.40%
7 23.69 23.64 23.67 0.15%
10 22.27 22.31 22.29 0.13%
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Table 1-8: Kaolin/Sand Weight Percent Total Solids Data for May 2005 Test

Weight Percent Total Solids
Sample location Day % standard
Pulled | Sample 1 | Sample 2 | Average deviati
eviation
1 19.78 19.96 19.87 0.64%
2 18.37 18.41 18.39 0.15%
3 18.41 18.41 18.41 0.00%
SMP-CWE 4 18.29 18.42 18.36 0.50%
5 18.34 18.37 18.36 0.12%
6 17.00 17.09 17.05 0.37%
7 18.26 18.21 18.24 0.19%
1 18.61 18.72 18.67 0.42%
2 18.01 17.96 17.99 0.20%
3 18.04 18.07 18.06 0.12%
SMP-FFF 4 17.90 17.94 17.92 0.16%
5 17.85 17.95 17.90 0.40%
6 16.82 16.95 16.89 0.54%
7 18.15 18.08 18.12 0.27%
1 18.70 18.59 18.65 0.42%
2 17.98 18.01 18.00 0.12%
3 18.05 18.05 18.05 0.00%
SMP-ECR 4 17.94 17.98 17.96 0.16%
5 17.91 17.95 17.93 0.16%
6 19.33 19.46 19.40 0.47%
7 16.94 17.02 16.98 0.33%

1.2 Density

Densities were performed using an Anton Paar DMA 4500 Density analyzer. A sample is pushed into
the density analyzer u-tube and the sample temperature controlled to 25°C. A vibration is then induced
on one end of the u-tube and the frequency is measured at the other end. The density of the sample is
determined on the measured frequency. The density analyzer is functionally checked on a daily basis
(when used) with DI water.

For each sample that required density measurements, two replicates were analyzed. The individual
results, average and percent standard deviation are shown in Table 1-9, Table 1-10 and Table 1-11 for
the July 2004, September 2004 and May 2005 tests respectively. Specific gravity testing limits provided
in the SMP procurement specification ranged from 1.0 to 1.5 (section 3.3.1.1)* for the supernatant but
also specified testing the SMP using a kaolin slurry with a specific gravity of 1.14 (see page 14)* for
acceptance testing. The density of the kaolin/sand slurry samples were above the specific gravity of the
kaolin slurry for acceptance testing for the July 2004 and September 2004 tests. For the May 2005 test,
the specific gravity was slightly less than 1.14. The data reveals that for samples pulled on the same day,
the CWE samples have a higher density as compared to the FFF and ECR samples and this is supported
by the wt% TS data. The FFF and ECR samples pulled on the same day have similar density results.

3 M-DCF-F-03629
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Table 1-9: Kaolin/Sand Density Data for July 2004 Test

_ Day Density (g/mL)
Sample location Pulled | Sample 1 | Sample 2 | Average % standard
deviation
1 1.180 1.180 1.180 0.02%
2 1.171 1.171 1.171 0.01%
3 1.171 1.171 1.171 0.00%
SMP-CWE 4 1.173 1.173 1.173 0.00%
5 1.165 1.165 1.165 0.00%
6 1.164 1.164 1.164 0.00%
7 1.167 1.167 1.167 0.01%
1 1.177 1.177 1.177 0.00%
2 1.167 1.167 1.167 0.00%
3 1.165 1.165 1.165 0.00%
SMP-FFF 4 1.169 1.169 1.169 0.00%
5 1.162 1.162 1.162 0.01%
6 1.161 1.161 1.161 0.01%
7 1.164 1.164 1.164 0.00%
3 1.168 1.168 1.168 0.01%
SMP-ECR 6 1.157 1.157 1.157 0.01%
7 1.165 1.165 1.165 0.00%

Table 1-10: Kaolin/Sand Density Data for September 2004 Test

Day Density (g/mL)
Sample location )
. Pulled | Sample 1 | Sample 2 | Average 0 LT
deviation
1 1.202 1.198 1.200 0.24%
0,
SMP-CWE 4 1.177 1.178 1.177 0.01%
7 1.171 1.171 1.171 0.00%
10 1.161 1.161 1.161 0.00%
1 1.193 1.193 1.193 0.00%
0,
SMP-FEF 4 1.175 1.175 1.175 0.01%
7 1.170 1.170 1.170 0.00%
10 1.155 1.155 1.155 0.00%

Revision 1
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Table 1-11: Kaolin/Sand Density Data for May 2005 Test

Density (g/mL)
Sample location Day % standard
Pulled | Sample 1 | Sample 2 | Average deviati
eviation
1 1.134 1.134 1.134 0.00%
2 1.126 1.126 1.126 0.00%
3 1.128 1.128 1.128 0.00%
SMP-CWE 4 1.128 1.128 1.128 0.00%
5 1.127 1.127 1.127 0.01%
6 1.118 1.118 1.118 0.00%
7 1.127 1.127 1.127 0.01%
1 1.129 1.129 1.129 0.00%
2 1.125 1.125 1.125 0.01%
3 1.125 1.125 1.125 0.00%
SMP-FFF 4 1.124 1.124 1.124 0.00%
5 1.124 1.124 1.124 0.01%
6 1.116 1.116 1.116 0.00%
7 1.126 1.126 1.126 0.00%
1 1.131 1.131 1.131 0.00%
2 1.125 1.125 1.125 0.00%
3 1.125 1.125 1.125 0.00%
SMP-ECR 4 1.124 1.124 1.124 0.00%
5 1.124 1.124 1.124 0.00%
6 1.136 1.136 1.136 0.00%
7 1.117 1.117 1.117 0.01%

1.3 Rheology

Revision 1

A Haake RS 600 rheometer was used for all rheological measurements performed in this task. Published
RS600 specifications are shown in Table 1-12. The samples for rheological measurements were shaken
for at least 1 minute prior to the initial measurement and the sample was shaken for at least 30 seconds

prior to the second measurement.

Table 1-12: RS600 Measuring Head Specifications

Specification Units Value
Maximum Torque N-m 0.5x 107
Minimum Torque (recommended) N-m 0.2
Maximum Speed RPM 1500
Minimum Speed RPM 0.001

Flow curve measurements were obtained using a (Z41) cylindrical rotor and its corresponding cup. The
design is shown in Figure 1-1. The Z41 rotor is initially installed onto the RS600 and a zero reference
point is determined by the rheometer. The Z41 rotor is then removed. A homogenized sample is placed
into the appropriate cup and lowered into a temperature/controlled cup holder, which controlled the
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temperature of the sample at 25°C. The RS600 rheometer can control the rate at which the rotor spins
and measures both the rotational speed and the torque (the resistance to shear). The shear stress at the
wall of the rotating rotor is then calculated (internally by the Haake software) based on the product of the
measured torque and geometry (A-factor) of the rotor. The shear rate of the rotating rotor is calculated as
the product of the measured speed and geometry (M-factor, assumes fluid is Newtonian) of the rotor. The
A-factor, M-factor, shear rate range and the ramp up time, hold time at maximum shear rate, and ramp
down time are provided in Figure 1-1.

Design of Rotor Z41 Rotor
Rotor radius (mm) Ri = 20.7
Cup Radius (mm) R,=21.7
Height of rotor (mm) L =55
Sample Volume (cm®) V=15
A factor (Pa/(N-m)) 6750
M factor (s*/(rad-s™)) 22.40
Measuring Range (s™) 0 - 1000
Ramp up time (min) 5
Hold time (min) 1
Ramp down time (min) 5

Figure 1-1: Z41 Rotor Specifications and Ramp Rates

Prior to performing any flow curve measurement, the rotor and cup are inspected for visual damage that
could potentially impact the flow measurement. A National Institute of Standards and Technology
(NIST) traceable Newtonian oil standard was then used to verify the operability of the RS600 at a
measurement temperature of 25°C prior to starting any rheological work related to the kaolin/sand
samples.

For each sample that required rheology, two replicates were analyzed. A typical flow curve is shown in
Figure 1-2. Inspection of this flow curve shows that the down curves were better defined at the lower
shear rates and were slightly more viscous than the up curve; hence the down curves were selected as the
curve to be analyzed for all samples. There is however, very little difference between the up and down
curves. Additionally, while performing the September test flow curves, slight jamming was noticed (due
to larger particles), but their impact on the flow curves were minimal, after the particles were sheared or
dropped out of the shearing zone between the bob and cup. This is shown in Figure 1-3, where after the
initial jamming, the up and down curve lay on top of each other. The jamming was not observed in any
of the July 2004 flow curves and was not evident in all the September 2004 flow curves. Additionally,
the results between two flow curves for a given samples showed good agreement.
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Figure 1-2: Typical Kaolin/Sand Flow Curve of an SMP Sample
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Figure 1-3: Particle Jamming on the Initial Upflow Portion of the Flow Curve

The down curves were analyzed as a Bingham Plastic fluid (equation 1-1) and the Bingham Plastic fits
are shown in Appendix A for each sample analyzed. All flow curves were fitted between a shear rate of
100 sec™ to 1000 sec™. The down curve results for the Bingham Plastic yield stress and plastic viscosity
include the individual measurements, average and percent standard deviation, and are summarized in
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Table 1-13, Table 1-14, and Table 1-15 for the July 2004, September 2004 and May 2005 tests
respectively. Limits provided in the TAR as well as in the procurement specification? for the Bingham
Plastic parameters were 10 to 300 dynes/cm? for the yield stress and 3 to 50 cP for the plastic viscosity.
In all cases, the kaolin/sand slurry samples Bingham Plastic yield stresses and plastic viscosities were
within the procurement specifications, but below 50% of the maximum yield stress and plastic viscosity
values. The Bingham Plastic properties for the May 2005 test were much lower than those of the
previous two tests.

T=Tgp +MNgp ¥ (1-1)

Where: t = shear stress (Pa) {Note 1 Pa = 10 dynes/cm?}
7 = shear rate (sec™)

tgp = Bingham Plastic yield stress (Pa)
nep = Bingham Plastic Viscosity (Pa-s) {Note 1m Pa-s = 1 centipoise}

Table 1-13: Kaolin/Sand Bingham Plastic Rheological Data for July 2004 Test

sample Day Yield Stress (dynes/cm?) Plastic Viscosity (cP)
location | Pulled | Sample 1 | Sample 2 | Average 0/3 standard Sample 1 | Sample 2 | Average ¢ SETEG
eviation deviation
1 122.4 121.7 122.0 0.38% 8.09 7.98 8.04 0.95%
2 108.6 107.1 107.9 0.97% 7.58 7.46 7.52 1.07%
3 108.7 106.6 107.6 1.37% 7.47 7.38 7.43 0.80%
SMP-CWE 4 108.6 109.8 109.2 0.73% 7.39 7.45 7.42 0.52%
5 95.4 95.9 95.6 0.39% 6.85 6.87 6.86 0.28%
6 99.0 99.0 99.0 0.02% 7.04 7.01 7.03 0.34%
7 98.8 96.9 97.9 1.42% 7.07 6.99 7.03 0.81%
3 103.6 105.1 104.3 1.05% 7.11 7.31 7.21 1.96%
SMP-ECR 6 83.6 83.0 83.3 0.55% 6.41 6.38 6.39 0.32%
7 96.1 97.3 96.7 0.87% 6.96 7.00 6.98 0.38%

Table 1-14: Kaolin/Sand Bingham Plastic Rheological Data for September 2004 Test

sample Day Yield Stress (dynes/cm?) Plastic Viscosity (cP)
location | Pulled | Sample 1 | Sample 2 | Average 0 ST Sample 1 | Sample 2 | Average #0 stanaard
deviation deviation
1 183.4 184.0 183.7 0.24% 9.95 9.97 9.96 0.18%
SMP-CWE 4 133.8 135.6 134.7 0.94% 8.23 8.16 8.19 0.61%
7 117.5 119.8 118.6 1.37% 7.56 7.88 7.72 2.99%
10 104.7 104.4 104.5 0.19% 7.16 7.10 7.13 0.62%
1 183.3 179.9 181.6 1.31% 9.87 9.54 9.71 2.41%
SMP-ECR 4 133.1 130.4 131.7 1.47% 8.05 8.01 8.03 0.34%
7 118.6 115.2 116.9 2.06% 7.65 7.44 7.55 2.01%
10 99.6 98.8 99.2 0.56% 7.08 7.05 7.07 0.25%

The data in Table 1-13, Table 1-14 and Table 1-15 reveals that the samples pulled on the same day from
the CWE are slightly more viscous when compared to the ECR samples. This is supported by the wt%

10




WSRC-TR-2004-00401

Revision 1

TS and density data, where the CWE results are greater than that of the ECR results, indicating that the
rheology should be more viscous for the CWE samples.

Table 1-15: Kaolin/Sand Bingham Plastic Rheological Data for May 2005 Test

Yield Stress (dynes/cm?)

Plastic viscosity (cP)

Sample Day
location | Pulled | Sample 1 | Sample 2 | Average (y;;\t/?:t?g;d Sample 1 | Sample 2 | Average O/é;:\tl?ant?g;d
1 53.9 54.1 54.0 0.30% 5.38 5.27 5.32 1.40%
2 50.1 51.2 50.7 1.53% 491 5.22 5.07 4.31%
3 53.3 54.2 53.7 1.20% 5.34 5.20 5.27 1.81%
SMP-CWE 4 53.4 52.8 53.1 0.83% 5.04 4.93 4.99 1.64%
5 53.9 54.9 54.4 1.25% 5.37 5.12 5.25 3.39%
6 44.2 42.7 43.4 2.42% 5.00 4.78 4.89 3.18%
7 55.2 56.2 55.7 1.25% 5.26 5.23 5.25 0.39%
1 52.2 52.8 52.5 0.82% 5.43 5.40 5.42 0.45%
2 51.6 51.3 51.4 0.52% 5.25 5.21 5.23 0.48%
3 53.5 53.2 53.3 0.37% 5.10 5.11 5.10 0.09%
SMP-FFF 4 52.7 52.3 52.5 0.56% 5.18 5.13 5.16 0.72%
5 52.2 51.7 52.0 0.68% 5.20 4.96 5.08 3.39%
6 43.2 44.2 43.7 1.48% 4.82 4.66 4,74 2.37%
7 54.7 55.2 54.9 0.61% 5.38 5.31 5.35 0.94%
1 52.7 50.5 51.6 2.96% 5.32 497 5.14 4.81%
2 51.1 51.1 51.1 0.04% 5.16 5.05 511 1.49%
3 52.5 53.2 52.8 0.93% 5.23 5.11 5.17 1.56%
SMP-ECR 4 53.0 52.0 52.5 1.35% 5.14 5.27 5.20 1.73%
5 52.1 52.9 52.5 1.10% 5.12 5.10 511 0.30%
6 68.3 68.0 68.1 0.25% 5.99 5.69 5.84 3.56%
7 44.6 43.9 44.3 1.07% 5.00 4.82 491 2.49%

1.4 Particle Size Distribution

1.4.1 July 2004 Test Results

Appendix C contains selected technical data of the B-100 dry kaolin used in the SMP tests. The 2™ page
of this appendix contains the particle size distribution (PSD), on an oxide mass basis, which indicates that
98 percent of the kaolin is smaller than 20 microns and 42 percent smaller than 0.5 microns. The results
are summarized in Table 1-16.

11
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Table 1-16: Unimin B-100 Kaolin Particles Size Distribution

. . . Percent Weight on Oxide Basis
Bin Size (microns) — -
% in Bin % Cumulative

1 >20 2 100

2 10<x<20 6 98

3 5<x <10 9 92

4 2<x<5 16 83

5 1<x<?2 11 67

6 05<x <1 14 56

7 x<0.5 42 42

The sand used during the SMP testing was an aggregate* used for masonry mortar. The nominal particle
size distribution provided in the ASTM specification, for either natural or manufactured sand is shown in
Table 1-17.

Table 1-17: ASTM Specification for Aggregate (Sand) Used in SMP Test

. : Percent Passing
Sleve Size Natural Sand Manufactured Sand

4,75 — mm No. 4 100 100

2.36 - mm No. 8 95 to 100 95 to 100
1.18 - mm No. 16 70 to 100 70 to 100
600 - um No. 30 40 to 75 40 to 75
300 - um No. 50 10 to 35 20to 40
150 - um No. 100 2t0 15 10to 25

75 - um No. 200 0to5 0to 10

A sample of the sand that was provided to SRNL was dried and the PSD was determined using an ATM
Sonic Sifter, which utilizes ASTM sieves. The sonic sifter uses both vibration and pulsing to sieve the
material through the selected ASTM sieves. The sieves used and results are provided in Table 1-18.

Table 1-17 and Table 1-18 clearly show that the sand particles are much larger than that of the B-100
kaolin.

Table 1-18: Particle Size Distribution of Aggregate (Sand) for July 2004 Test

Sieves Sample
Sieve Size Micron #1 #2 #3 #4
425 um X > 425 39.13% | 33.31% | 40.90% | 31.16% | 36.13%
250 um 425>x>250| 40.00% | 39.54% | 39.84% | 38.91% | 39.57%
180 um 250 >x>180| 12.69% | 16.31% | 12.36% | 15.64% | 14.25%
125 um 180>x>125| 6.24% 7.65% 5.50% 9.81% 7.30%

Average

75 pum 125>x>75 | 1.61% 2.63% 1.25% 3.65% 2.28%
45 pm 75>Xx>45 0.20% 0.41% 0.11% 0.62% 0.33%
Fines Collector X <45 0.13% 0.14% 0.04% 0.22% 0.13%

* ASTM C144-03, “Standard Specification For Aggregate for Masonry Mortar”, 2003

12
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A Microtrac S-3000 particle size analyzer was used to measure the PSD of the kaolin/sand samples. Prior
to analyzing the sample, the kaolin/sand samples were diluted using DI water. The S-3000 particle size
analyzer measures the particle diameters by measuring the scattered light from a laser beam projected
through a stream of the fluid carrying the diluted sample. The amount and direction of the light scattered
by the particles is measured by an optical detector array and then analyzed to determine the size
distribution of the particles. The S-3000 measuring range is between 0.026 to 1408 um and was checked
using NIST traceable particle size standards. The sample is run three times and the values averaged. The
particle size distribution, both volume (would be mass basis if only one type of material is being tested or
if the different materials all have the same density) and number are provide in Appendix B for the
requested data in Table 1-2. The mean volume and number diameters are provided in Table 1-19. The
mean number diameters are fairly constant, stating that there are a lot of small particles, most likely from
the kaolin. There are slight variations between the mean volume diameter and this is due to a large
particle being measured (large particles can easily shift this distribution). It is hard to determine based on
this assessment if the sand used in the slurry degraded to a smaller particle sizes due to pumping or if the
larger sand particles settled out of the slurry. Scraping of the tank bottom using a pole and pulling
inspection samples in the ECR area near the bottom of the tank showed that sand had settled and was not
being resuspended by the flow field. There were no specifications for particle size in either the TAR or
the SMP procurement specification.

Table 1-19: Mean Volume and Mean Number Particle Size Using Micotrac S3000 for July 2004

Test
Sample location Day Mean volume Mean Number

0 Pulled (um) (um)
SMP-CWE 4 6.709 0.651

7 9.475 0.626

SMP-FFF “ 6.799 0.639

7 12.50 0.622

3 5.876 0.625

SMP-ECR 6 14.02 0.622

7 6.374 0.654

1.4.2 September 2004 Test Results

During the September 2004 SMP run, a second 400 mL sample bottle was pulled at various locations and
times to determine if the contribution of the sand and the particle size distribution of the sand in the
kaolin/sand slurries could be determined. Baseline conditions, such as the PSD of the sand and Kaolin
were first individually determined.

A sample of the sand used during the September 2004 test was provided to SRNL. A portion of the sand
was washed and dried. The ATM Sonic Sifter (see Figure 1-4) and six ASTM sieves (based on the
ASTM information provided in Table 1-17) were used. The sonic sifter was set for 5 minutes of
continuous vibration and maximum pulsation. Four sand samples (40 to 51 grams each) were analyzed
using the ATM Sonic Sifter and the results are shown in Table 1-20. The results indicate the analyzed
sand has a smaller particle than that stated in Table 1-17. For instance, in Table 1-17, a maximum of 75%
of the particles passed through the 600 micron mesh. In Table 1-20, about 85% of the particles passed
through the 600 micron mesh. Below 300 microns, the data compares well. The difference at the larger
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micron sizes could be due to how the sample(s) were obtained and prepared. The data reflects that 99.7%
of the particles are larger than 75 micron in diameter.

Dry unprocessed B-100 kaolin was used to measure particles in the B-100 kaolin which were greater that
45 um in diameter, using the same ASTM sieves as that of the sand. Three dry B-100 samples were
randomly sampled, made as a slurry using water, and washed through a 45 um ASTM sieve using water.
The solids captured in the 45 um sieve were placed onto a filter and dried. These particles were then
sieved using the ATM Sonic Sifter. The results are shown in Table 1-21. The percent mass of particles
greater than 45 um was 0.56%, with 86.5% of these particles between 45 um to 125 um. The B-100
kaolin is definitely much small in size than the sand.

=S

2004/09716

600um <
X < 300um

850pum < x

< 600um

Figure 1-4: ATM Sonic Sifter and Typical PSD of Sand Sample from September 2004 SMP Test
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Table 1-20: Particle Size Distribution of Sand Used During September 2004 Test

Sample #1 | Sample #2 | Sample #3 | Sample #4
(49.831 g) | (44.006 g) | (40.403 g) | (51.676 Q)
X > 850 5.09% 6.20% 5.61% 5.02% 5.48%
850 >x>600| 10.55% | 11.49% | 10.60% | 10.17% | 10.70%
600>x>300| 47.43% | 48.26% | 48.02% | 47.50% | 47.80%
300>x>125| 34.82% | 32.14% | 33.70% | 34.95% | 33.90%
125>x>75 | 1.93% 1.71% 1.87% 2.11% 1.91%
75> x> 45 0.17% 0.18% 0.18% 0.22% 0.19%
X < 45 0.01% 0.03% 0.02% 0.02% 0.02%

microns Average

Table 1-21: Percent Mass Contribution and PSD of B-100 Kaolin Greater Than 45 Microns

Description Sample#1 | Sample#2 | Sample#3 | Average
Total Mass (grams) 49.25 63.303 60.383 N/A
mass > 45 um (grams) 0.292 0.356 0.317 N/A
%mass > 45 um 0.59% 0.56% 0.52% 0.56%
Microns Distribution of particles greater than 45 microns
75>x>45 60.62% 60.39% 51.42% 57.48%
125>x>75 23.63% 28.09% 35.33% 29.02%
300 > x > 125 10.27% 7.02% 8.83% 8.71%
600 > x > 300 3.77% 1.97% 2.21% 2.65%
850 > x > 600 1.71% 1.69% 1.58% 1.66%
X > 850 0.00% 0.84% 0.63% 0.49%

The kaolin/sand slurry samples designated for sand contribution analyses were processed through a 45
um sieve by washing the kaolin/sand slurry using water. The solids captured in the 45 um ASTM sieve
were placed onto a filter and dried. These particles were then sieved using the ATM Sonic Sifter to
determine the particle size distribution (using the same sieves as that of the sand and kaolin) and the mass
greater than 45 um. The mass of the kaolin/sand slurry sample, the wt% total solids in the slurry sample,
mass of particles greater than 45 um, and the wt% of kaolin greater than 45 um were used to calculate
other parameter and the method used is shown in Appendix D. The calculated parameters were the mass
of total solids in the slurry, mass of kaolin greater that 45 um, mass of sand, and wt% mass of sand in the
total solids. These parameters, as well as the distribution of the dry particles greater than 45 um are
provided in Table 1-22. The data from day 4 to day 7 shows that the mass of material greater than 45 um
was decreasing and is expected if the sand continuously settles out of the slurry. The SMP-CWE and
SMP-FF samples on the 10" day increased drastically, indicating something had changed during the test,
which caused the contribution of sand to increase.

There was no attempt to subtract the kaolin particles (using the analysis from Table 1-21) from the
particle size distribution provided in Table 1-22. If corrected, the contribution from the smaller particles
would have decreased. Another contributor in reducing the size of the sand its original particle size
distribution, though slight, is the direct impact (degradation) of the sand with the pump impeller/casing
during pumping operations.
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Table 1-22: Sand Contribution Analyzes From the September 2004 Test
Description SMP-CWE SMP-FFF SMP-ECR
Day 4 7 10 4 7 10 4 7 10
Wit% TS 25.57 | 23.79 | 2281 | 24.63 | 2355 | 2213 | 27.33 | 24.67 | 23.67

% mass of sand in the slurry 0.51 0.37 1.65 0.27 0.06 0.63 0.21 0.59 0.10

% mass of sand in total solids 2.01 1.54 7.25 1.08 0.26 2.85 0.77 2.38 0.41

%pa”'c'esszl‘i‘gs“m intotal | 555 | 209 | 777 | 163 | 082 | 340 | 133 | 293 | 097

% kaolin for particles >45 um | 21.48 | 26.36 | 6.68 3395 | 6852 | 16.01 | 4192 | 18.67 | 57.75

Microns Distribution of particles greater than 45 microns in the kaolin/sand slurry sample
75> x> 45 15.55% | 23.66% | 3.49% | 26.60% | 18.74% | 9.85% | 16.26% | 12.79% | 29.47%
125>x>75 12.30% | 21.92% | 5.00% | 17.65% | 31.46% | 10.39% | 19.99% | 11.27% | 29.00%
300 > x > 125 54.96% | 48.74% | 45.91% | 43.81% | 41.97% | 47.23% | 50.09% | 44.27% | 36.58%
600 > x > 300 15.65% | 4.68% |41.41% | 10.32% | 4.40% |29.01% | 12.33% | 28.79% | 3.17%
850 > x > 600 1.03% | 0.73% | 3.70% | 1.33% | 2.44% | 2.77% | 1.20% | 2.44% | 1.01%

X >850 0.51% | 0.28% | 0.50% | 0.28% | 0.98% | 0.75% | 0.13% | 0.45% | 0.77%

Table 1-23: Mean Volume and Mean Number Particle Size Using Microtrac S3000 for September

2004 Test
samle location Day Mean volume | Volume % greater [ Mean Number

P Pulled (um) than 44 pum (%) (um)

1 7.191 1.00 0.652

SMP-CWE 4 7.865 2.39 0.640
7 6.668 0.42 0.650

10 15.15 0.75 0.620

1 7.253 1.16 0.650

SMP-FEF 4 7.483 1.67 0.642
7 7.064 1.07 0.649

10 6.822 9.00 0.651

1 7.595 1.90 0.640

SMP-ECR 7.696 2.09 0.642
7 9.643 4.24 0.627

10 11.87 5.97 0.622

Samples of the kaolin/sand slurries were also analyzed using the Microtrac S3000 (see section 1.4.1 for
description) and the mean volume and number diameters are provided in Table 1-23. The mean number
diameters are fairly constant, stating that there are a lot of small particles, which are from the Kaolin.
There are slight variations between the mean volume diameter and this is due to a large particle being
measured (large particles can easily shift this distribution, since volume is a cubic function with respect to
diameter). There were no specifications for particle size in either the TAR or the SMP procurement
specification. The volume and number distributions are provided in appendix B. Table 1-23 also lists the
volume % greater than 44 um. The volume % is very close to the % mass distribution, given that the
density of Kaolin (=2.6 g/mL) and sand (=2.5 g/mL) are very similar. This data does not compare well
with the greater than 45 um sand data in Table 1-22. The Microtrac data is not that useful for determining
the contribution of sand, which could be due to how a kaolin/sand sample is processed. Approximately 5
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mL of a kaolin/sand slurry sample is diluted with 500 mL of de-ionized water and this resulting slurry is
then used with the S3000 for analysis.

1.4.3 May 2005 Test Results

A sample of sand used in the May 2005 test was analyzed and the results are shown in Table 1-24. This

PSD distribution is very similar to the PSD of the sand analyzed in the September 2004 test (see Table
1-20).

Table 1-24: Particle Size Distribution of Sand for May 2005 Test

Sieves Sample
Sieve Size Micron #1 #2 #3 #4
425 um X > 425 34.52% | 39.59% | 33.72% | 31.26% | 34.77%
250 um 425>x>250| 38.68% | 38.16% | 39.63% | 37.14% | 38.40%
180 um 250 >x>180| 16.04% | 13.59% | 16.82% | 18.09% | 16.13%
125 um 180 >x>125| 7.79% 6.18% 7.28% 9.72% 7.74%

Average

75 um 125>x>75 | 2.17% 1.95% 2.28% 2.99% 2.35%
45 um 75>X>45 0.56% 0.43% 0.16% 0.72% 0.47%
Fines Collector X < 45 0.25% 0.11% 0.11% 0.08% 0.14%

The May 2005 sand contribution samples were processed in the same manner as that of the September
2004 SMP test samples (see section 1.4.2). The results are presented in Table 1-25. Unlike the other
tests, the concentration of kaolin/sand was targeted at 20 wt%, where the solids contribution from Kaolin
was 90% by mass and the other 10% was from the sand. The data in this table clearly shows that the as

the test progressed, the quantity of sand in suspension decreased and ultimately settled on the bottom of
the test vessel.

Table 1-25: Sand Contribution Analyzes for May 2005 Test

Description SMP-CWE SMP-FFF SMP-ECR
Day 1 2 7 1 2 7 1 2 7
W1% Total Solids 19.87 | 18.39 | 18.24 | 18.67 | 17.99 | 18.12 | 18.65 | 18.00 | 16.98
% mass of sand in slurry 1.95 0.63 0.10 0.61 0.23 0.08 0.62 0.23 0.09

% mass of sand in total solids 9.80 3.37 0.57 3.28 1.27 0.44 3.31 1.24 0.51
% particles > 45 um in total
solids

% kaolin for particles > 45 um 4.90 13.84 | 49.25 | 14.18 | 30.33 | 56.13 | 14.06 | 30.81 | 52.25

10.30 | 3.91 1.13 3.82 1.82 0.99 3.85 1.80 1.07

Microns Distribution of particles greater than 45 microns in the kaolin/sand slurry sample
75> x> 45 4.97% | 14.68% | 40.16% | 13.95% | 23.01% | 43.80% | 14.87% | 20.08% | 45.16%
125>x>75 3.60% | 9.74% |19.78% | 4.76% | 15.18% | 22.60% | 4.79% | 14.56% | 21.85%
300 > x > 125 41.61% | 50.82% | 30.59% | 32.74% | 41.08% | 26.68% | 32.71% | 43.51% | 25.76%
600 > x > 300 43.67% | 23.89% | 8.47% | 40.46% | 18.62% | 6.06% | 39.83% | 19.59% | 6.09%
850 > x > 600 4.63% | 0.80% | 0.72% | 6.30% | 1.67% | 0.59% | 5.96% | 1.95% | 0.78%

x> 850 1.53% | 0.07% | 0.29% | 1.79% | 0.44% | 0.27% | 1.83% | 0.32% | 0.36%
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Samples of the kaolin/sand slurries were also analyzed using the Microtrac S3000 (see section 1.4.1 for
description) and the mean volume and number diameters are provided in Table 1-26. This data is very
similar to the Microtrac S3000 data for the September 2004 test as described above. As with the
September 2004 data, this data is not that useful in determining the mass of particles greater than 45 um.

Table 1-26: Mean Volume and Mean Number Particle Size Using Microtrac S3000 For May 2005

Test
Seralle st Day Mean volume | Volume % greater | Mean Number

i Pulled (um) than 44 um (%) (um)
1 10.49 4.49 0.613
SMP-CWE = = 22 0613
1 7.220 0.33 0.642
SMP-FFF = e = 0642
1 6.409 1.56 0.649

SMP-ECR
7 6.746 1.00 0.648

2.0 REFERENCE

WSRC-NB-2004-00122, Laboratory Notebook, “TNX Physical Properties of Kaolin”
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APPENDIX A. DOWN FLOW CURVES FITTED TO BINGHAM PLASTIC

20



WSRC-TR-2004-00401

Revision 1
o Ty ™
SMP-CWE-1-R1, Z41, 25C, July 2004 SMP-CWE-1-R2, Z41, 25C, Jaly 2004
I SMP-CWE-1-FE1 =—#—FEinsham Fit CWE-1-E1] I SMP-CWE-1-E2 _=—#— Binsham Fit CWE-1-F2]
25 25
20 __;-J zin ”’l
= 15 o 15
2 f H _..--;
G'g-:' LT .,‘.'% "
o b & b
L L
Tiws [F2] = 12.24 + 000503, R? = 0L3SEE, Fitred 100 <y <1000 Tiawa [Pa] = 12,7 + 0LOOTASy, RF = 0.3543, fitked 100 <y 1000
o — o —
0 100 z0n 00 45|:|£ Fislm o & :::I TN 00 ann 1000 0 100 znn 00 -150}? F‘EISIIZI & & :::l Tan 00 Q00 1000
car Rate (rec war Rake (rec
. AN o
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Figure A - 2: Down Flow Curve Sample SMP-CWE-2, July 2004
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Figure A - 3: Down Flow Curve Sample SMP-CWE-3, July 2004
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Figure A - 4: Down Flow Curve Sample SMP-CWE-4, July 2004
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Figure A - 5: Down Flow Curve Sample SMP-CWE-5, July 2004
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Figure A - 6: Down Flow Curve Sample SMP-CWE-6, July 2004
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Figure A - 7: Down Flow Curve Sample SMP-CWE-7, July 2004
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Figure A - 8: Down Flow Curve Sample SMP-ECR-3, July 2004
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Figure A - 9: Down Flow Curve Sample SMP-ECR-6, July 2004
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Figure A - 10: Down Flow Curve Sample SMP-ECR-7, July 2004
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Figure A - 11: Down Flow Curve Sample SMP-CWE-1, September 2004
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Figure A - 12: Down Flow Curve Sample SMP-CWE-4, September 2004
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Figure A - 13: Down Flow Curve Sample SMP-CWE-7, September 2004
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Figure A - 14: Down Flow Curve Sample SMP-CWE-10, September 2004
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Figure A - 15: Down Flow Curve Sample SMP-ECR-1, September 2004
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Figure A - 16: Down Flow Curve Sample SMP-ECR-4, September 2004
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Figure A - 17: Down Flow Curve Sample SMP-ECR-7, September 2004
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Figure A - 18: Down Flow Curve Sample SMP-ECR-10, September 2004
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Figure A - 19: Down Flow Curve Sample SMP-CWE-1, May 2005
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Figure A - 20: Down Flow Curve Sample SMP-CWE-2, May 2005
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Figure A - 21: Down Flow Curve Sample SMP-CWE-3, May 2005
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Figure A - 22: Down Flow Curve Sample SMP-CWE-4, May 2005
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Figure A - 23: Down Flow Curve Sample SMP-CWE-5, May 2005
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Figure A - 24: Down Flow Curve Sample SMP-CWE-6, May 2005
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Figure A - 25: Down Flow Curve Sample SMP-CWE-7, May 2005
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Figure A - 26: Down Flow Curve Sample SMP-FFF-1, May 2005
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Figure A - 27: Down Flow Curve Sample SMP-FFF-2, May 2005
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Figure A - 28: Down Flow Curve Sample SMP-FFF-3, May 2005
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Figure A - 29: Down Flow Curve Sample SMP-FFF-4, May 2005
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Figure A - 30: Down Flow Curve Sample SMP-FFF-5, May 2005
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Figure A - 31: Down Flow Curve Sample SMP-FFF-6, May 2005
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Figure A - 32: Down Flow Curve Sample SMP-FFF-7, May 2005
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Figure A - 33: Down Flow Curve Sample SMP-ECR-1, May 2005
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Figure A - 34: Down Flow Curve Sample SMP-ECR-2, May 2005
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Figure A - 35: Down Flow Curve Sample SMP-ECR-3, May 2005
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Figure A - 36: Down Flow Curve Sample SMP-ECR-4, May 2005
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Figure A - 37: Down Flow Curve Sample SMP-ECR-5, May 2005
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Figure A - 38: Down Flow Curve Sample SMP-ECR-6, May 2005
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Figure A - 39: Down Flow Curve Sample SMP-ECR-7, May 2005
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Serial Number: S3261 8.
Y e L MICROTRAC - S3000 Vor:9.0K
Particle Size Analysis F Al e . 1
10% = 0.748 B0% = 5058 | 3.728 100% 10.18
20% = 1.282 70% = 6.880
1.834 B0% =
2.722 0% = 38
50% = 3.720 95% = 18.47
WCHAN
100.0 10.0
90.0 / 9.0
80.0 8.0
70.0 7.0
0.0 6.0
50.0 5.0
40.0 40
30.0 3.0
200 20
10.0 1.0
0.0 0.0
0.010 0.1 1.000 10.00 100.0 1000 10000
- — —= - Stze (microns) - e e =
SIZE %PASS  %CHAN | SIZE %PASS SIZE PASS  BCHAN | SIZE %PASS  %CHAN
1408 100.00 0.00 18.50 895.03 3.2a 0.243 0.00 0.00
1184 10000 000 16.56 91.75 392 |o0204 .00 0.00
895.6 100.00 0.00 13.08 87.83 4.34 0.172 .00 0.00
B3T.2 100.00 0.00 11.00 83.49 4,67 145 .00 0.00
704.0 100.00 0.00 9.250 78.82 5.03 0.122 .00 0.00
592.0 100.00 0.00 7.778 73.79 5.39 0.102 .00 0.00
487.8 100.00 0.00 6.541 68 5.64 0.086 .00 0.00
418.6 100.00 0.00 5.500 B2.T6 572 0.072 .00 0.00
352.0 100.00 0.00 4.625 57.04 5.68 0.061 .00 0.00
296.0 100.00 0.00 3.889 51.36 5.58 0.051 .00 0.00
2489 10000  0.00 3.270 4578 5.46 0.043 .00 0.00
208.3 100.00 0.00 2.750 40.32 5.25 0.036 0.00 0.00
176.0 10000 000 |2312 35.07 492 | o0.030 .00 0.00
148.0 100.00 0.00 1.845 30.15 4.52 0.026 0.00 0.00
1245 10000  0.00 1.635 2663 4.09
104.7 100.00 0.00 1.375 21.54 1.66
88.00 10000  0.00 1186 17.88 326
74.00 100.00 0.00 0872 14.62 d.0z2
100.00 0.00 0.818 11.60 3.06
100.00 0.08 0.688 B.55 318
44.00 99.98 oge  |os7e 5.38 2.85
37.00 99.90 0.2 0.486 2.5 1.72
1.1 99.62 o072 0.409 0.79 0.62
2616 96.90 1.47 0.344 016 016
22.00 97.43 240 0.289 0.00 0.00
Distribution: Voluma Fluid: Wator Analysis Mode: S3000
Fluid Refractive Index: 1.33 Sample Cell 1d: 0318
Upper Edge: 1408 Loading Factor: 0.0129
Lower .021 0.85
Residuals: Disabled 0.00 ASVR Flow Rate: 75
[Number Of Channels: 64 0.00 Ultrasonic Power: 25 walts
Ultrasonic Time: &0
Flltar W

WSRC-TR-2004-00401

Revision 1

MICROTRAC - S3000 Yer:0.0K
Particle Size Analysis 5 e fem i 3
Dia__ Num%% Width
i bsorbing mv = 5| 10% = 0.367 60% = 0.562 | 0.518 100% 0.380
JASVR = B0% mn = 0. 20% = 0.411 T0% = 0.620
Dl H20 ma = 2| .
cs = 2|
3 = 5100 | 30% = 0,818 95% = 1.237
WCHAN
100.0 / 50.0
20.0 ] 450
80.0 / 400
700 [ 35.0
60.0 30.0
50.0 250
40.0 200
30.0 15.0
200 100
10.0 5.0
0.0 0.0
0.010 0.100 1. .00 100.0 1000 0000
- Size A
SIZE %PASS  HCHAN HPASS WCHAN | SIZE %PASS %CHAN | SIZE %BPASS  ACHAN
1408 100.00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
1184 100.00 .00 156.56 100.00 0.00 0.204 0.00 0.00
9956  100.00 00 3.08 10000  0.00 | 0472 0.00 0.00
83ar.2 100.00 .00 1.00 100.00 0.0 0.145 0.00 0.00
T04.0 100.00 .00 250 29.99 0.01 0122 0.00 0.00
552.0 100.00 .00 778 99.98 0.02 0.102 0.00 0.00
49T 100.00 0.00 541 99.96 0.03 0.086 0.00 0.00
418.6 100.00 0.00 500 99.93 0.06 0.072 0.00 0.00
352.0 100.00 0.00 4,625 96.88 0.08 0.061 0.00 0.00
206.0 100.00 0.00 B89 99.80 014 0.051 0.00 0.00
248.9 100.00 0.00 270 99.66 0.23 0.043 0.00 0.00
200.3 10000  0.00 750 99.43 037 |ob3s 0.00 0.00
176.0 100.00 0.00 2.312 89.06 0.59 0.030 0.00 0.00
148.0 10000  0.00 945 98.47 0.91 0.026 0.00 0.00
124. 100.00 0.00 635 87.56 1.38
104.7 100.00 0.00 1375 96.18 2.08
88.00 100.00 0.00 1.156 84.10 312
T4.00 100.00 0.00 0.97; 90.98 4.85
62.23 100.00 0.00 0.818 B88.13 B.24
§233 10000 00 688 77.88 54
44,00 100.00 0 578 63.35 21.81
37.00 100.00 0.00 486 41.54 2210
.11 100.00 0.00 L4098 19.44 13.61
26.16 100.00 0.00 344 5.83 5.83
22.00 100.00 0.00 288 0.00 0.00
TunTime: 30 seconds FIad_ Wator Rralysls Miode: 53000
R:: MNumber Avg ol 3 runs Fluld Refractive Index: 1.33 Sample Cell id: 0318
Particlo: Resin LnIl‘lIl\g Fltmr‘ 0 0129
Particle bsorb Ti
Particle Refractive |nm NJA Above Rllll‘lull Q 00 ASVR Flow Rate: T:
Numbar Of Channels: &4 Particle Shape: N/A Below Residual: 0.00 Ultrasonic ‘I;P_'omr 25 watts
ma:

Figure B - 1: July 2004, SMP-ECR-3 Volume and Number Distribution
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WSRC-TR-2004-00401
Revision 1

[BeriaNumbar, S3307 MICROTRAC - S3000 Yor9.0K Number, S3261 M:CRQTRA C - S3000 MIE."'!‘?KE! cal
Particle Size Analysis o Particle Size Analysis R g
nsen,
lAbsorbing mv = 6.799 | 10% = 0.791 60% = 6.146 | 3705 100% 11.41 mv = 6.799 | 10% = 0.369 60% = 0.560 | 0.523 100% 0.407
JASVR = 80% mn = 0.639 | 20% ASVR = 80% mn = 0.639 | 20% = 0.414 70% = 0.630
DI H20 ma = 2.103 DI H20 ma = 2.103 | 30% = 0.450 80% = 0.734
cs = 2853 01 cs = 2.853 | 40% = 0.485 90% = 0,983
sd = 5707 sn-z.-avos 95% = 24.15 sd = 0.204 | 50% = 0.523 95% = 1.310
%PASS W%CHAN P, %CHAN
100.0 10.0 100.0 50.0
yd
90.0 / 9.0 90.0 45.0
f
B80.0 8.0 B80.0 f 40.0
70.0 r 7.0 70.0 35.0
60.0 l 6.0 60.0 30.0
50.0 5.0 50.0 25.0
40.0 4.0 40.0 20.0
30.0 30 30.0 15.0
20.0 2.0 20.0 10.0
10.0 1.0 10.0 5.0
0.0 0.0 0.0 0.0
0.010 0.100 1 0.0 )00 000 0.010 100 1 .00 100.0 1000 1000
- Size (microns) -
%PASS  CHAN | SIZE %HPASS  %CHAN %PASS  RCHAN | SIZE XPASS %CHAN | SIZE HPASS  3CHAN
408 100. 0.00 . 91.18 .00 0.00 408 100.00 0.00 18.50 100,00 0.00 0.243 .00 0.00
1184 100.00 0.00 15.56 88.23 .00 0.00 1184 100.00 .00 15.56 100.00 0.00 0.204 .00 0.00
995.6 100.00 0.00 13.08 84,90 00 0.00 995.6 100.00 .00 13.08 100.00 0.00 0.172 .00 0.00
837.2 100.00 0.00 11.00 81.13 .00 0.00 837.2 100,00 .00 11.00 100.00 0.01 0.145 .00 0.00
704.0 100.00 0.00 9.250 76.87 .00 0.00 0 100.00 .00 9.250 99.99 0.01 0.122 .00 0.00
592.0 100.00 0.00 7.778 72.16 .00 0.00 592.0 100,00 .00 7.778 99.98 0.02 0.102 0.00 0.00
497.8 100.00 0.00 6.541 67.1 .00 0.00 7.8 100.00 0.00 6.541 96.96 0.03 086 0.00 0.00
418.6 100,00 0.00 5. 62.00 .00 0.00 418.6 100.00 0.00 5.500 99,93 0.05 0.072 0.00 0.00
352.0 100.00 0.00 4625 56,79 .29 061 .00 0.00 352.0 100,00 0.00 4.625 99.88 0.08 0.061 0.00 0.00
296.0 100.00 0.00 3.889 51.50 5.41 0.051 0.00 0.00 296.0 100.00 0.00 3.889 99.79 0.15 0.051 .00 0.00
248.9 100.00 0.00 3.270 46,00 5.51 0.043 0.00 0.00 248.9 100.00 0.00 3.270 99.64 0.25 0.043 .00 0.00
2003 100.00 0.00 2.750 40.58 5.45 0.038 0.00 0.00 209.3 100.00 0.00 2.750 99.39 0.42 0.036 .00 0.00
176.0 100.00 0.00 2312 3613 5.22 0.030 0.00 0.00 176.0 100.00 0.00 2312 98,97 0.68 0.030 .00 0.00
148.0 100,00 0.00 1.945 20.91 4.88 0.028 0.00 0.00 148.0 100.00 0.00 1.945 98.29 1.07 0.026 .00 0.00
124.5 100.00 0.00 1.636 25.03 4.42 1245 100.00 0.00 1.635 97.22 1.63
104.7 100.00 0.00 1.375 20.61 3.87 104.7 100.00 0.00 1.375 95.59 2.40
88.00 100.00 0.00 1.156 16.74 3.29 88.00 100.00 0.00 1.156 93.19 3.44
74.00 100.00 0.05 0.972 13.45 290 74.00 100,00 0.00 0.972 89.75 5.08
62.23 99.95 0.14 0.818 10.55 2.83 62.23 100.00 0.00 0.818 84.67 8.34
52.33 99.81 0.32 0.688 172 291 52.33 100.00 0.00 0.688 76.33 14,48
44.00 99.49 0.67 0.678 4.81 2,57 44.00 100.00 0.00 0.578 61.85 21.47
37.00 98.82 1.16 0.486 224 1.54 37.00 100.00 0.00 0.486 4038 21.60
3111 97. 1.70 0.409 0.70 0.56 3111 100.00 0.00 0.409 18.78 13.21
26.16 95.96 219 0.344 0.14 0.14 26.16 100.00 0.00 0.344 5.57 5.57
22.00 93.77 259 0.289 0.00 0.00 22, 100.00 0.00 0.289 0.00 0.00
g RunTime: 30 seconds Fluid: Water Analysts Mode: 53000 [anhuunn Number RunTime: 30 Fluld:_Water Analysis Mode: 53000
: Run Number dor Avg of 3 runs Fluld Refractive index: 1.33 Sample Coll Id: 0318 Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index: 1.33 Sampla Call Id: 0318
Upper Edge: 1408 Particle: Loading Factor: 0.01 53 Upper Edge: 1408 Particle: Resin Loading Factor: 0.0153
Edge: 0.021 Particle r Absort Lower Edge:  0.021 Particla 0.94
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: .00 ASVR Flow Rate: 75 Residuals: Disablod Particle Refractive Indox: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Channels: 64 Particle Shape: N/A Below Residual: 0.00 gmmlh: Powaer: s%’ watts Number Of Channels: &4 Particle Shape: MN/A Below Residual: 0.00 Ultrasonic ;ow-r B“ watts
sonic Time: seconds me: 0
Filter. _Off Database Path: _C.MTWINSOWITWIN.OB
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MICROTRAC - S3000 Yor:9.0K
Particle Size Analysis il ,,'ﬁl"i g’ﬁ?%&jﬁf h%{ E’,'- ‘Em
mv = 6.700 | 10% = 0.813 60% = 5217 | 3.768 100% 11.50
mn = 0.661 | 20% = 1.368 70% = 7.291
ma = 2.144 | 30% = 1.987 80% = 10.59
cs = 2.799 | 40% = 2.747 90% = 17.19
sd = 5.750 | 50% = 3.768 95% = 23.56
WCHAN
/ 10,0
90.0 /’ 9.0
B0.0 8.0
Vi
T70.0 70
/]
60.0 / 6.0
50.0 5.0
40.0 4.0
30.0 3.0
20.0 20
10.0 1.0
0.0 0.0
0.010 0.100 1. 10.00 100.0 1000 000
e Al (nlerone) SRR = =T e
S%CHAN | SIZE HAPASS  MCHAN | SIZE %PASS %CHAN | SIZE RKPASS HCHAN
1408 100.00 0.00 18.50 91.27 3.09 0.243 0.00 0.00
1184 100.00 0.00 15.56 88.18 3.44 0.204 0.00 0.00
995.6 100.00 0.00 13.08 B4.74 3.85 0.172 0.00 0.00
837.2 100.00 0.00 11.00 80.89 4.30 0.145 0.00 0.00
704.0 100.00 0.00 9.250 78.59 4.73 0.122 0.00 0.00
592.0 100.00 0.00 7.778 71.86 5.04 0.102 0.00 0.00
497.8 100.00 0.00 6.541 .82 5.21 0.00 0.00
4186 100.00 0.00 5.500 61.61 5.28 0.072 0,00 0.00
352.0 100.00 0.00 4.625 56.33 5.34 0.061 0.00 0.00
296.0 100.00 0.00 3.889 50.99 5.43 0.051 0.00 0.00
248.9 100.00 0.00 3.270 45.56 552 0.043 0.00 0.00
209.3 100.00 0.00 2.750 40.04 5.45 0.036 0.00 0.00
176.0 100.00 0.00 2.312 34.59 522 0.030 0.00 0.00
148.0 100.00 0.00 1.945 29.37 4.86 0.026 0.00 0.00
124.5 100.00 0.00 1.835 24.51 4.39
104.7 100.00 0.00 1.375 20.12 3.83
88.00 100. 0.00 1.156 16.29 3.28
74.00 100. 0.00 0.972 13.01 2.90
62.23 100. 0.02 0.818 10.11 2.81
52.33 29, 047 0.688 7.30 2.83
44.00 99.81 0.50 0.578 4.47 2.44
37, 99.31 1.11 0.486 2.03 1.41
3111 98.20 1.81 0.409 0.62 0.50
26.16 96.39 237 0.344 0.12 0.12
94.02 275 0.289 .00 0.00
Distribution:  Volume Fluld: Water Analysis Mode: S3000
Progression: Standard Fluid Refractive Index: 1.33 Sample Cell id: 0318
Upper Edge: 1408 Loading Factor:  0.0147
Lower Edge:  0.021 Particle Transp y: Absorb 0.94
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Channels: 64 Particle Shape: A Below Residual:  0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 60 seconds
[Fitter: O _______________Datsbage Path; _CIMTWINPOWITWIN.DD

WSRC-TR-2004-00401
Revision 1

Number Of Channels: 64

MICROTRAC - S3000 yor:0.0K
" i i 3210470 : O3
Particle Size Analysis P. 4 O Fal
nsen,
sbsorbing my = 6.700 | 10% = 0.374 0% =0.577 | 0.531 100% 0.421
jasvR = a0% mn = 0.651 | 20% = 0.418 70% = 0.642
bi H20 ma = 2.144 | 30% = 0.456 BO% = 0.750
cs = 2.799 | 40% = 0.402 90% = 1.006
sd = 0.210 | 50% = 0.531 95% = 1.339
%PASS “CHAN
100.0 50.0
90.0 r 45.0
80.0 40.0
70.0 350
60.0 30.0
50.0 250
40.0 200
0.0 15.0
20.0 10.0
10.0 5.0
0.0 0.0
0.010 0.100 1 10.00 100.0 1000 D000
SEE %HPASS  %CHAN %PASS %CHAN | SIZE %PASS  %CHAN
1408 10000 000 |1880 1 0.243 0.00 0.00
1184 10000 000 |88 1 0.204 0.00 0.00
995. 10000 000 |1308 1 0172 0.00 0.00
B37. 100.00 000 [11.00 10000 0O 0.145 0.00 0.00
704. 10000 000 |9.250 99.99 0.0 0122 0.00 0.00
592 10000 000 |7.778 99.98 0.0 0.102 0.00 0.00
497.5 100.00  0.00 | 6.541 99.96 003 | oose 0.00 0.00
418, 10000  0.00 | 5500 99.93 005 | 0072 0.00 0.00
352.¢ 10000  0.00 |4.625 99.88 009 | o081 0.00 0.00
296, 10000  0.00 99.79 016 | o.os1 0.00 0.00
248. 10000  0.00 | 327 99.63 027|043 0.00 0.00
209. 10000 000 | 2750 9.36 045 | o0.038 0.00 0.00
178, 10000 000 | 2342 98.91 07z |o.030 0.00 0.00
148 10000 000 | 1.345 98.19 113 0.00 0.00
124, 10000 000 | 1.635 97.06 172
104 10000 000 | 1375 95.34 252
88.0¢ 10000 000 | 1.156 92582 363
74.00 10000 000 |o0872 89.19 5.30
622 10000 000 | 0.818 83.80 8.78
523 10000 000 |oess 7502 1492
44.00 10000 000 |o0.578 6040  21.59
37.00 10000 000 |o048s 3851 2095
314 10000 000 | o0.400 1756 1250
2616 10000 000 | 0344 5.06 5.06
2200 10000 000 | 0.289 0.00 0.00
Distribution: Numbor RunTime: 30 seconds Fiuid: water Analysis Mode: S3000
Progression; Standard Run Number Avgof 3 runs  Fluid Refractive Index: 1.3  Sample Cell Id: 0318
Upper Edge: 1408 Particle: Resin Loading Famr:n g‘,olﬂ
0.021

Particle Ti Al
Particle Refractive Index: N/A
Particle Shape: N/A

Filtor: _Off Database Path; _CAMTWINSO\WMTWIN.DB

bsorb T K
Above Residual: 0.00

ASVR Flow Rate: 75
Below Residual: 0.00 Ultraso

nic Power: 26 watts
Time: 60

Figure B - 3: July 2004, SMP-CWE-4 Volume and Number Distribution
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WSRC-TR-2004-00401
Revision 1

MICROTRAC - S3000 Vor:9.0K W MICROTRAC - S3000 X =
Particle Size Analysis ST UL o Particle Size Analysis S2T6aTT -
mv = 14.02 | 10% = 0.815 60% = 6.055 | 4.225 100% 17.28 frbsorbing mv = 14,02 | 10% = 0.358 60% = 0.5556 | 0.511 100% 0.396
mn = 0.622 | 20% = 1.418 70% = 8.907 MSVR = B0% mn = 0.622 | 20% = 0.401 70% = 0.616
ma = 2.238 | 30% = 2,100 B0% = 14.43 Dl H20 ma = 2.238 | 30% = 0.437 B0% = 0.714
cs = 2681 |40% = 2.977 90% = 30.29 cs = 2,881 | 40% = 0.473 90% = 0.954
sd = B.641 | 50% = 4.225 05% = 59.44 sd = 0.198 | 50% = 0.511. 95% = 1.275
%PASS WCHAN 1§mﬁmn %CHAN
100.0 10.0 | 50.0
gus Lt /
90.0 B 9.0 90.0 ' 45.0
B80.0 // 8.0 B0.0 40.0
T0.0 70 70.0 35.0
/|
0.0 ﬂ 6.0 80.0 30.0
50.0 5.0 50.0 25.0
40.0 4.0 40.0 20.0
30.0 3.0 30.0 15.0
20.0 2.0 20.0 10.0
10.0 1.0 100 5.0
0.0 0.0 0.0 0.0
0.010 0.100 1.000 10.00 100.0 1000 10000 0.010 0.100 10.00 100.0 1000 10000
- Size (microns) - A el s |
SIZE HKPASS HCHAN %PASS %CHAN | SIZE %PASS %CHAN | SIZE HPASS HCHAN SIZE HCHAN SRCHAN %PASS %CHAN | SIZE %PASS  %CHAN
1408 100.00 0.00 273 0.243 0.00 0.00 1408 1 0.00 18.50 100.00 0.00 0.243 .00 0.00
1184 100.00 0.00 308 0.204 0.00 0.00 1184 100. 0.00 15.56 100.00 0.00 0.204 .00 0.00
995.6 100.00 0.00 346 0.172 0.00 0.00 995.6 100.00 0.00 13.08 100.00 0.00 0.172 .00 0.00
837.2 100.00 0.00 3.86 0.145 0.00 0.00 B37.2 1 0.00 11.00 100.00 0.00 0.145 .00 0.00
704.0 100.00 0.03 4.25 0.122 0.00 0.00 704.0 100.00 0.00 9. 100.00 0.01 0122 .00 0.00
582.0 99.97 0.04 4.55 0.102 0.00 0.00 582.0 100, 0.00 7. 9. 0.02 0.102 .00 0.00
497.8 99.93 0.07 474 0.086 0.00 0.00 497.8 100.00 0.00 6.541 99.97 0.03 0.086 00 0.00
418.6 99.86 0.08 482 0.072 0.00 0.00 418.6 100.00 0.00 99, 0.05 072 .00 0.00
352.0 99.78 0.09 4.88 0.061 0.00 0.00 352.0 100.00 0.00 4.625 99.89 0.08 0.061 00 0.00
296.0 99,68 0.12 4.95 0.051 0.00 0.00 296.0 100.00 0.00 3.889 29.81 0.14 0.051 00 0.00
2489 99,57 047 5.00 0.043 0.00 0.00 248.9 100.00 0.00 3. 99.67 023 0.043 00 0.00
209.3 §9.40 0.24 499 0.036 0.00 0.00 209.3 100.00 0.00 2.7 99. 0.39 0.036 .00 0.00
176.0 98.16 0.35 4.82 0.030 0.00 0.00 176.0 100.00 0.00 2312 99.05 0.64 0.030 00 0.00
148.0 98.81 0.48 4.50 0.026 0.00 0.00 148.0 100.00 0.00 1 96.41 1.00 0.026 .00 0.00
1245 98.33 0.61 4.08 124.5 100.00 0.00 1.635 97.41 1.53
104.7 87.72 0.72 3.55 104.7 100.00 0.00 1.375 85.88 223
88.00 97.00 0.82 3. 88.00 100.00 0,00 93.65 3.20
74.00 96.18 0.92 2, 74.00 100.00 0.00 0.972 90.45 4.76
62.23 95.26 1.02 2.6 62.23 100.00 0.00 0.818 85.69 7.70
52 94.24 1.15 2,69 100.00 0.00 0.688 13.55
44, 93.08 1.31 2 44.00 100.00 0.00 0.578 64.35 20.56
37.00 91.78 1,52 1.53 37.00 100.00 0.00 0.486 43.79 21.73
A1 90.26 1.77 0.62 3.1 100.00 0.00 0.409 22.06 14.81
26.18 88.49 2.08 0.18 16 100.00 0.344 7.25 7.25
22.00 8. 238 0.00 22.00 100.00 0.00 0.289 0.00 0.00
30 seconds uid:_water Analysis Mode: 53000 | [Distibution: Mumber _ Runlime: 30 seconds Flutd:_Water Analysis Mode: 53000 |
Run Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample Cell | Progression: Standard Run Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample : 0318
: Loading Factor:  0.0143 Upper Edge: 1408 Particle: Resin Loading Factor:  0.0143
Particle T P y: Absorb Ti 0.895 Lower Edge: 0.021 Particle Absorb T 0.95
Particle Rofractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75 Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Particle Shape: N/A Below Residual:  0.00 Ultrasonic Power: 25 watts Number Of Channels: 64 Particle Shape: NIA Below Residual: 0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 60 seconds I Time: 60
Path; Fitter: Ooff  Database Path: C:AMTWINSOWTWIN.DB

Figure B - 4: July 2004, SMP-ECR-6 Volume and Number Distribution
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MICROTRAC - S3000 Yeri0.0K
: P : 3-210472 : 3
Particle Size Analysis % Time: 08:26 _ Pres #: 1
MM Dia__Vol% Width
Isbsorbing mv = 6.374 | 10% = 0.807 60% = 5.045 | 3.666 100% 10.98
ASVR = B0% mn = 0.654 | 20% = 1.355 70% = 7.023
DI H20 ma = 2.117 | 30% = 1.952 80% = 10.20
cs = 2.834 | 40% = 2.682 90% = 16.19
sd = 5492 | 50% = 3.666 95% = 21.69
WCHAN
100.0 / 10.0
90.0 / 8.0
80.0 r 8.0
T0.0 7.0
60.0 6.0
50.0 5.0
40.0 4.0
30.0 30
200 20
10.0 1.0
0.0 0.0
0.010 L1 0 100.0 1000 10000
icrons) -
SIZE HRCHAN HCHAN | SIZE %PASS %CHAN | SIZE %PASS  HCHAN
1408 100.00 0.00 18.50 92.45 321 0.243 .00 0,00
1184 100.00 .00 5.56 .24 3.55 0.204 .00 0.0
6 100.00 .00 3.08 85.69 3.88 0.172 .00 0.0¢
B837.2 100.00 .00 1.00 81.81 425 0.145 .00 0.00
0 100.00 .00 9.250 77.56 4.64 0.122 .00 0.00
100.00 .00 7.778 T2.82 5.00 0.102 .00 0.00
497.8 100.00 .00 6.541 67.92 5.25 0. 0.00 0.00
418.6 100.00 .00 5.500 B82.67 5.37 0.072 0.00 0.00
352.0 100.00 .00 4.625 57.30 5.43 0.081 0.00 0.00
296.0 100.00 .00 3.889 51.87 5.50 0.051 0.00 0.00
248.9 100.00 .00 3.270 48.37 5.56 0.043 0.00 0.00
209.3 100.00 .00 2.750 40.81 5.55 0.036 0.00 0.00
176.0 100.00 .00 2.312 35.26 5.37 0.030 0.00 0.00
148.0 100.00 .00 1.945 29.89 5.02 0.026 0.00 0.00
124.5 100.00 .00 1.635 24.87 4.51
104.7 100.00 .00 1.375 20.36 3.90
88.00 100.00 .00 1.186 16.46 3.30
74.00 100.00 .00 0872 13.18 293
62.23 100.00 0.00 0.818 10.23 285
52.33 100.00 0.11 0.668 7.38 2.89
44.00 99.89 0.31 0.578 4.49 2.48
37.00 99.58 0.76 0.486 2.01 1.41
31 98.82 1.44 0.409 0.60 0.48
26.16 97.38 217 0.344 0.12 0.12
22.00 95.21 2.78 0.289 0.00 0.00
Distribution:  Volume ‘RunTime: 30 seconds T Water Analysis Mode: 53000
Progression: Standard Run Numbaer Avg of 3 runs Fluid Refractive Index: 1.33 Sample Cell 1d: 0318
Upper Edge: 1408 Particle: Resin Loading Factor:  0.0140
Lower Edge: 0.021 Particle Absorb T 0.84
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Channels: 64 Particle Shape: N/A Bolow Residual; 0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 60 seconds

WSRC-TR-2004-00401
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MICROTRAC - S3000

Particle Size Analysis 320472 -
N P

jAbsorbing mv = 6.374 | 10% = 0.375 60% = 0.580 | 0.534 100% 0.421

JASVR = 80% mn = 0.654 | 20% = 0.421 T0% = 0.645

I H20 ma = 2.117 | 30% = 0.458 BO% = 0.753

cs = 2.834 | 40% = 0.494 90% = 1.011
sd = 0.211 | 50% = 0.534 95% = 1.350
%PASS WCHAN
100.0 50.0
90.0 r 45.0
i
80.0 40.0
70.0 35.0
60.0 30.0
50.0 25.0
40.0 20.0
30.0 15.0
200 10.0
10.0 5.0
0.0 0.0
o.010 0.100 1 10.00 00.0 1000 0000
B e ]

SIZE %WPASS RCHAN | SIZE %PASS HCHAN | SIZE %PASS %CHAN | SIZE %BPASS HRCHAN
1408 100. .00 18.50 100.00 0.00 0.243 0.00 0.00

1184 100.00 .00 15.56 100.00 0.00 0.204 0.00 0.00

995.6 100.00 .00 13.08 100.00 0.00 0.172 0.00 0.00

837.2 100.00 .00 11.00 100.00 0.01 0.145 0.00 0.00

704.0 100.00 .00 9.250 99.99 0.01 0122 0.00 0.00

592.0 100.00 0.00 7.778 99.98 0.02 0.102 0.00 0.00

457.8 100.00 0.00 6.541 99.96 0.03 0.086 0.00 0.00

418.6 100.00 0.00 5.500 99.93 0.05 0.072 0.00 0.00

352.0 100.00 0.00 4.525 99.88 0.08 0.061 0.00 0.00

296.0 100.00 0.00 99.79 016 0.051 0.00 0.00

248.9 100.00 0.00 3.270 99.63 0.27 0.043 0.00 0.00

200.3 100.00 0.00 27 99.36 0.45 0.036 0.00 0.00

176.0 100.00 0.00 2312 98.91 0.74 0.030 0.00 0.00

148.0 100.00 0.00 1.945 98.17 1.18 0.026 0.00 0.00

1245 100.00 0.00 1.635 97.01 1.76

104.7 100.00 0.00 1.375 95.26 2.55

88.00 100.00 0.00 1.156 92.70 3.63

74.00 100.00 0.00 0.972 89.07 541

62.23 100.00 0.00 0.818 83.66 8.86

52.33 100.00 0.00 0.688 74.80 1515

44.00 100.00 0.00 0.578 59.65 21.85

37.00 100.00 0.00 0.486 37.80 20,84

341 100.00 0.00 0.408 16.96 11.83

26.16 100.00 0.00 0.344 5.03 5.03

22.00 100.00 0.00 0.289 00 0.00

Distribution: Number RunTime: 30 seconds Fluid:_Water Analysis Mode: S3000

Progression: Standard Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample Cell id: 0318

Upper Edge: 1408 Particle: Resin Loading Factor: 0.0140

Lower Edge: 0.021 Particle T 94

Residuals: _Disablod Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75

Number Of Channels: 64 Particle Shape: NIA Below Residual: 0.00 Ultrasonic Power: 25 watts

Eilter:

ot Database Path: _ CAMTWINSOWITWIN. DB

Ultrasonic Time: 60 seconds

Figure B - 5: July 2004, SMP-ECR-7 Volume and Number Distribution
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Particle Size Analysis a2 - dﬁhﬂ’%ﬁm Particle Size Analysis Mm_
o e
lAbsorbing = 12.50 | 10% = 0.795 60% = 5783 | 4.074 100% 15.30 lbsorbing mv = 12.60 | 10% = 0.359 60% = 0.556 | 0,572 100% 0.382
AsVR = 80% mn = 0.622 | 20% = 1.380 70% = 8.402 ASVR = 80% mn = 0.622 | 20% = 0.402 70% = 0.616
bl H20 ma = 2.184 | 30% = 2.048 BO% = 13.15 DI H2O ma = 2.184 | 30% = 0.439 B0% = 0.713
cs = 2.747 | 40% = 2,896 90% = 25.80 cs = 2.747 | 40% = 0.47T4 50% = 0.948
sd = 7.662 | 50% = 4.074. 95% = 47.80 sd = 0.196 | 50% = 0.512 95% = 1.265
%PASS WCHAN | PASS SCHAN
100.0 pes 10.0 100.0 50.0
il /
0.0 rd 9.0 90.0 ' 45.0
£0.0 // B.0 80.0 40.0
70.0 y T.0 T0.0 35.0
60.0 6.0 60.0 ]n 30.0
50.0 5.0 50.0 250
40.0 4.0 40.0 200
30.0 30 30.0 15.0
20.0 2.0 20.0 10.0
10.0 1.0 10.0 5.0
0.0 0.0 0.0 0.0
0.010 0.100 1.000 10. 100.0 1000 10000 0.010 0.100 1.000 10.00 100.0 1000 10000
- Size {microns) - - Size =
SIZE HCHAN | SIZE %PASS 3CHAN | SIZE %PASS HCHAN | SIZE APASS  BHCHAN SIZE %PASS  %CHAN %PASS HCHAN | SIZE ®PASS %CHAN | SIZE %PASS  WCHAN
1408 100.00 0.00 18.50 86.84 276 0.243 .00 0,00 1408 100.00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
1184 100.00 0.00 15.56 83.08 3.18 0.204 .00 0.00 1184 100.00 0.00 15.56 100.00 0.00 0.204 0.00 0.00
995.6 100.00 0.00 13.08 79.90 3.58 0472 .00 0.00 995.6 100.00 0.00 13.08 100.00 0.00 0472 0.00 0.00
837.2 100.00 0.00 11.00 76.32 396 01 .00 0.00 8ar.z 100.00 0.00 11.00 100.00 0.00 04 0.00 0.00
704.0 100.00 0.01 9.250 72.36 4.32 0.4 0.00 0.00 704.0 100.00 0.00 9.250 100.00 0.01 0422 0.00 0.00
592.0 9. 0.04 7.778 68.04 462 0.102 0.00 0.00 592.0 100.00 0.00 7.778 99.99 0.02 0.102 0.00 0.00
497.8 99.95 0.06 6.541 63.42 4.83 0.086 0.00 0.00 497.8 100.00 0.00 541 §9.97 0.03 0.086 0.00 0.00
4186 99.89 0.07 5.500 58.59 4.94 0.072 0.00 0.00 418.8 100.00 0.00 500 99.94 0.05 0.072 0.00 0.00
352.0 99.82 0.09 4,625 53.65 5.00 0.061 0.00 0.00 352.0 100.00 0.00 4.625 99.89 0.08 0.061 0.00 0.00
296.0 99.73 0.11 3.889 48.65 5.07 0,051 0.00 0.00 296.0 100.00 0.00 889 99.81 0.14 0.051 0.00 0.00
248.9 98.62 0.15 3.270 4358 .09 0.043 0.00 0.00 248.9 100.00 0.00 270 99.67 0.23 0.043 0.00 0.00
209.3 99.47 0.21 750 38.49 5.05 0.036 0.00 0.00 209.3 100.00 0.00 2. 750 99.44 0.38 0.036 0.00 0.00
176.0 99.26 0.28 2312 33.44 4.86 0.030 0.00 0.00 176.0 100.00 0.00 312 99.06 0.62 0.030 0.00 0.00
148.0 98.97 0.37 1.945 28.58 4.54 0.026 0.00 0.00 148.0 100.00 0.00 1.945 98.44 0.98 0.026 0.00 0.00
124.5 98.60 0.44 1.635 24.04 4.12 124.5 100.00 0.00 1.635 97.46 1.48
104.7 98.16 0.50 1375 19.92 362 104.7 100.00 0.00 375 95.97 2.21
88.00 97.66 0.58 1.156 16.30 310 #8.00 100.00 0.00 156 93.76 3.18
74.00 97.08 0.70 0.972 13.20 2.76 74.00 100.00 0.00 072 0. 4.75
62.23 .38 0.86 0.818 10.44 271 62.23 100.00 0.00 818 85.83 7.85
95,52 1.04 0.688 7.73 2.80 52.33 100.00 0.00 688 77.98 13.68
.00 A8 1.23 0.578 4.83 2.53 44.00 100.00 0.00 578 64.30 20.76
37.00 93.25 1.43 0.486 2.40 1.59 37.00 100.00 0.00 486 43,54 21.80
1.1 91.82 1.67 0.409 0.81 0.83 31.41 100.00 0.00 409 21.64 14.60
26.1 90.15 1.97 0.344 0.18 018 26.16 100.00 0.00 344 7.04 7.04
22 8818 234 0.289 0.00 0.00 22, 100.00 0.00 289 0.00 0.00
RunTime: 30 Fiuld: Water Analysis Distribution: Number RunTimo ater Analysis Mode: S3000 |
Run Number Avg of 3 runs Fluid Refractive Index: 1.33 Sample Cell Id: 0318 Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index: 1.33 Sample Cell id: 0318
Particle: Resin l.oldlnn Factor:  0.0148 Upper Edge: Particle: Resin Luuinq Famr o 0148
Particle T 0.95 Lower Edge:  0.021 Particle Abs
Particle Refractive Index: NJA Above Residual: 0.00 ASVR Flow Rate: 75 Residuals: Disablod Particle Refractive Index: N/A Abou- anun o 00 ASVR Flow Rate: 75
Particle Shape: N/A Below Residual:  0.00 Ultrasonic Power: 25 watts Number Of Channels: 64 Particle Shape: N/A Bolow Residual: 0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 80 seconds I Time: 6
D Path; C:MTWINSOWMTWIN.DB [Fittor; _Off D Path: CAMTWINSOWTWIN.DE

Figure B - 6: July 2004, SMP-FFF-7 Volume and Number Distribution
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Particle Size Analysis 3210473 e - Particle Size Analysis fﬁl&{ hﬂ_%a bﬁ"ﬁ ‘T‘u‘
Porcentlies Dia__Num% Widi|
mv = 0475 |10% = 0.792 60% = 5.599 | 1.969 100% 1382 Jbsorbing mv 10% = 0.362 60% = 0.558 | 0.515 100% 0.395
mn = 0.626 | 20% = 1.368 70% = 8.049 JASVR = 80% mn 20% = 0.405 0.618
ma = 2,160 DI H20 ma 30% = 0.442 718
cs = 2778 . cs 2.778 | 40% = 0.47T7 955
sd = 6.909 | 50% = J.960. 05% = 34,38 sd 50% = 0.515 95% = 1.273
CHAN CHAN |
100.0 LR 10.0 100.0 / 50.0
L
90.0 Vi = 9.0 90.0 ' 450
B80.0 8.0 80.0 40.0
14
70.0 7.0 70.0 35.0
’r‘
60.0 6.0 60.0 m 30.0
50.0 50 50.0 25.0
40.0 4.0 40.0 20.0
30.0 3.0 30.0 15.0
20.0 2.0 20.0 10.0
10.0 1.0 10.0 5.0
0.0 0.0 0.0 0.0
0.010 0.100 1.000 10.00 100.0 1000 10000 0.010 100 1 .00 100.0 1000 10000
- Size (microns) - - Size -
SIZE SIZE HPASS  RCHAN | SIZE AXPASS RCHAN | SIZE %PASS HCHAN SIZE ARCHAN %CHAN | SIZE %PASS  RCHAN | SIZE XPASS HRCHAN
1408 100.00 0.00 18.50 87.61 2.88 0.243 .00 0.00 1408 100,00 0.00 18.50 .00 0.00 0.243 0.00 0.00
1184 100.00 0.00 15.58 B4.73 3.30 0.204 .00 0.00 1184 100.00 0.00 15.56 100.00 0.00 0.204 0.00 0.00
1] 100.00 0.00 13.08 B81.43 .73 0172 .00 0.00 995.6 100.00 0.00 13.08 100.00 0.00 0472 0.00 0.00
B837.2 100.00 0.00 11.00 77.70 413 0.1 .00 0.00 8ar.2 100.00 0.00 11.00 100.00 0.00 0.145 0.00 0.00
o 100.00 0.00 9.250 7357 447 0122 .00 0.00 To4.0 100.00 0.00 9.250 100.00 o o122 0.00 0.00
592.0 100.00 0.00 7.778 69.10 472 0.102 .00 0.00 592.0 100.00 0.00 7.77T8 89.99 0.02 0.102 0.00 0.00
497.8 100.00 0.00 6.541 64.38 4.88 .00 0.00 4978 100.00 0.00 6.541 90.97 0.03 086 0.00 0.00
418.6 100.00 0.02 5.500 59.50 .00 0.072 .00 0.00 418.6 100.00 0.00 5.500 99.94 0.05 0.072 0.00 0.00
2.0 96.98 0.04 4625 54.50 510 0.061 .00 0.00 352.0 100.00 o.00 4.625 99.89 o.08 0.061 0.00 0.00
296.0 99.94 0.05 3.889 49.40 521 0.051 .00 0.00 296.0 100.00 0.00 99.81 014 0.051 0.00 0.00
248.9 96.89 0.08 3.270 44.18 5.27 043 .00 0.00 248.9 100.00 o.00 3. 98.67 0. 043 0.00 0.00
99.81 o0.09 2.750 3802 A7 0.036 .00 .00 209.3 100.00 0.00 2.750 99.43 0.40 0.036 0.00 0.00
176.0 99.72 0.10 2312 3375 492 0.030 .00 0.00 176.0 100.00 o.00 2312 99.03 0.63 0.030 o.00 0.00
148.0 99.62 0.12 1.945 28,83 4,57 0.026 .00 o.00 148.0 100.00 0.00 1. 98.40 0.99 0.026 o.00 0.00
124.5 99.50 0.15 1.635 24.26 4186 1245 100.00 0.00 1.635 87.41 1.51
104.7 99.36 0.20 1.375 20.11 3.65 104.7 100.00 0.00 1.375 95.90 2.23
B88.00 89.15 0.30 1.156 16.46 318 88.00 100.00 0.00 1.156 83.67 3.24
T4.00 98.85 0.45 0.972 13.31 28 T4.00 100.00 0.00 0.972 43 4.85
62.23 98.40 0.66 0818 10.50 .75 62.23 100.00 0.00 0.818 85.58 7.99
52.33 97.74 0.82 0.688 71.76 B4 52,33 100.00 0.00 0.688 77.59 13.02
44.00 96.1 1. 0.578 4.91 2,55 00 100.00 0.00 0.578 B1ET 20.99
ar.00 95.6 1.52 0.486 2.36 1.58 37.00 100.00 0.00 0.486 42.68 21.83
nn 4.0 1.83 0.409 0.78 061 31 100.00 0.00 0.409 20.85 14.18
26.16 92.26 2156 0.344 01T 047 26.16 100.00 0.00 0.344 B.67 6.67
22.00 20.11 2.50 0.289 0.00 0.00 22.00 100.00 0.00 0.289 0.00 0.00
tribution:  Volume RunTime: 30 seconds Fluid: Water Analysis Mode: 53000 Distribution: Number RunTime: 30 seconds Fluld: Water Analys : 53000
Progression: Standard Run Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample Cell Id: 0318 Progression: Standard Run Number Avg of 3 runs Fluid Refractive Index: 1.33 Sample Cell Id: 0318
Upper Edge: 1408 Particle: Resin Loading Factor: 0.0148 : 1408 Particle: Resin Loading Factor:  0.0149
Lower Edge: 0.021 Particle Transp y: Absorb 0.95 0.021 Particl y: Absorb T 0.85
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75 Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Channels: &4 Particle Shape: N/A Below Residual: 0.00 Ultrasonic Py : 28 walts ber Of Channels: 64 Particle Shape: N/A Below Residual: 0.00 Uitrasonic Power: 25 watts
Ultrasonic Time: 60 Time: 60
|Filter; Off D Path: CAMTWINDOMTWIN DB Path: CAMTWINSOIMTWIN.DB

Figure B - 7: July 2004, SMP-CWE-7 Volume and Number Distribution
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Lt MICROTRAC - S3000 i
THIT Dot R0 Has #7705 | o MICROTRAC - S3000 g
Particle Size Analysis - ; bEEFEIL) ]
Particle Size Analysis - 14 ¥
mv = 7.585 | 10% = 0.011 60% = 5,608 | 3,956 100% 13.27 Flanson, Eflc
mn = 0.840 | 20% = 1.380 70% = 8.009 absorbing mv = 7.505 | 10% = 0.968 60% =0.570 | 0.524 100% 0412
ma = 2477 | 30% = 2.019 B0% = 11.94 ASVR = mn = 0.840 | 20% = 0.413 70% = 0.832
c8 = 2.756 | 40% = 2.825 0% = 10.98 D! H2O ma = 2177 | 30% = 0.449 80% = 0.738
8d = 6.533 | 50% = 1956 95% = 27.77 8 = 2.756 | 40% = 0.485 90% = 0.986
HCHAN wd = 0,206 | 50% = 0.524 §5% = 1.
10.0 I WPASS WCHAN |
100.0 50.0
90.0 9.0
0.0 45.0
B0.0 7 8.0
/ B0.0 40.0
T0.0 70
W 70.0 50
60.0 V 6.0
600 30.0
50.0 5.0
50.0 25.0
40,0 4.0
400 20,0
0.0 30
300 150
200 20
200 10.0
10,0 10
10.0 50
0.0 0.0
0.010 1 1 100.0 1000 10000 0.0 0.0
E 0.010 0.100 1.000 10.00 100.0 1000 10000
SEE WPASS  WLGHAN SIZE WEASS  WCHAN | SIZE %EASS  %CHAN - Bize = —
1408 100.00 0.00 18.50 28,68 317 0.243 0.00 0.00 %PASS WCHAN | SIZE %EASS RCHAN | SZE RPASS TRCHAN
1184 100.00 0.00 15.56 85.51 3.50 0.204 0.00 0.00 100.00 0.00 0.243 0.00 0.00
985.6 100.00 6.00 13.08 82.01 189 0.172 0.00 0.00 100.00 0.00 0.204 0.00 .00
837.2 100.00 0.00 11.00 7812 4.29 0.145 0.00 0,00 ¥ ; X 100.00 0.00 0.172 0.00 0.00
T04.0 100.00 0.00 9.250 7.1 462 0.122 0,00 0.00 Bar.z 100.: 00 11.00 100.00 .01 0,145 0.00 0.00
592.0 100.00 0.00 7778 69.21 4.84 0.102 0.00 0.00 704.0 100.00 .00 8.250 99.99 .01 0122 0.00 0.00
497.8 100,00 0.00 6.541 84.37 4.92 088 0.00 0.00 592.0 100.00 .00 7.778 99.98 0.02 0.102 0.00 0.00
418.6 100.00 0.00 5.500 59.45 4.95 0.072 0.00 0.00 497.8 100 .00 6.541 99.96 0.03 0.088 0.00 0.00
352.0 100,00 0.00 4625 84.50 4.99 0,084 0.00 0.00 4186 100,00 .00 5.500 99.93 0.05 0.072 0.00 0.00
296.0 100.00 0.00 3.889 49.51 510 0,051 0.00 0.00 352.0 100.00 .00 4.626 99,86 0.08 0.081 0.00 0.00
248.9 100.00 0.00 3.270 44,41 521 0.043 0.00 0.00 296.0 100.00 .00 3.889 96.80 015 0.081 0.00 0.00
200.3 100.00 0.00 2.750 39.20 622 0.038 0.00 0.00 248.9 100. 0.00 3.210 99.65 0.25 0,043 0.00 0.00
176.0 100.00 0.00 2312 .98 5.05 0.030 0.00 0.00 209.3 100.00 .00 2.750 98.40 0.42 0.026 0.00 0.00
142.0 100.00 0.00 1.945 28.93 4.73 0.026 0.00 0.00 176.0 100.00 .00 2312 o8.98 0.68 0.030 0.00 0.00
124.5 100.00 0.00 1.638 24.20 428 148.0 100.00 .00 1. 98.30 1.08 0.026 0.00 0.00
104.7 100.00 0.00 1.378 19.92 374 1245 100.00 00 1635 97.22 164
88,00 100.00 .00 1.156 16.18 321 104.7 100.00 .00 1.375 95.58 241
74.00 100.00 0.07 0.972 12.87 2.84 88,00 100.00 .00 1.156 03.47 349
62.23 96.93 0.22 0.818 10.13 275 74.00 100.00 0.00 0972 85,68 518
£2.33 99.71 0.54 0.888 7.38 279 62.23 100.00 0.00 o.mie 84.50 B4l
44.00 99.17 1.07 0,578 4.59 245 52.33 100.00 0.00 0.688 76.07 14.44
37.00 98.10 1.89 0.486 214 1.46 44.00 100.00 0.00 0.578 61.83 21.29
3111 96.41 222 0,409 0.88 0.54 37.00 100.00 8.00 0.488 40.34 2129
26.16 94.19 2.61 0.344 0.14 014 3111 100.00 0.00 0.408 19.05 13.25
2200 91.58 2.90 0.280 0.00 0.00 26.16 100.00 0.00 0.344 5.80 5.80
22,00 100.00 0.00 0.289 0.00 0.00
Distribution;  Volume un ¢ Tuld: Water Analysis Mode:
F Run Number Avg of 3 runs d Rofractive Index: 1.33  Sample Cell Id: 0318 tbution:  Number RunTime: 30_sec Fialg_wawr 3000
Upper Edge: 1408 Particle: Reain Factor:  0.0127 : Standard Run Numbar Avg of 3 runs Fluid Refractive index: 1.33 Sample Ceil Id: 0318
Lower :0.021 le T orty T 0 Uppor Edge: 1408 Particle: Resin L Factor:  0.0127
Residuals: Disabled Particlo Refractive Indax: M/A  Above Residual: 0.00 ASVR Flow Rate: 75 : 0.021 Particle Transparency: Absorb Transmission: 0.55
Number Of Channels: 64 Particle Shape: NA ow Residual: 0.00 Ultrasonle Power: 25 watts Rosidunals: Disabled Particle Rafractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 7
Time: 60 c Particle . NIA Balow Residual: 0.00 Ultrasonic Pewor: 25 watls
E D Path: _C:OMTWINGOWTWIN.OB | Time: 60
Fite: O Databage Path: COAMTWINGOWTWINDE

WSRC-TR-2004-00401
Revision 1

Figure B - 8: September 2004, SMP-ECR-1 Volume and Number Distribution
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Wumbor: S3361 MICROTRAC - S3000 ooyt Berdsl Numbsr: 3267 = MICROTRAC - S3000
e Y )
Particie Size Analysis TIETE ime: 14: Particle Size Analysis TS
S n, Dia___Num% Wi
lbsorbing my = 7,253 | 10% = 0,829 60% = 5804 | 1905 100% 12.80 pubsorbing mv = 7.253 | 10% = 0.573 60% = 0.576 | 0.530 100% D0.420
ASVR = B0% mn = 0,850 | 20% = 1.408 70% = 7.846 hsvr = 80% mn = 0,850 | 20% = 0.418 T0% = 0.641
i H20 ma = 2187 | 30% = 2.034 20% = 11.66 o1 H20 ma = 2167 | 30% = 0.454¢ B0% = 0.748
s = 2731 |40%= 2.812 90% = 18.97 cs = 2.731 | 40% = 0.490 00% = 1.008
8d = 6.401 | 50% = 3.906 5% = 25.73 sd = 0.210 | 50% = 0.530 . 95% = 1.249
“WPASS RCHAN WPASS SRCHAN
100.0 /, 10.0 100.0 50.0
90.0 / 9.0 90.0 ' 45.0
f
80.0 i 80 0.0 40.0
f
700 70 700 350
//
60.0 d L 60.0 30.0
50.0 50 50.0 250
40,0 40 40.0 200
30.0 30 30.0 15.0
200 0 20.0 10.0
10.0 1.0 10.0 5.0
0.0 00 0.0
0.010 0.100 1 1 00.0 000 10000 1.000 10.00 100.0 000 0000
- Size - - Size (microns) -
SIZE %®PASS HCHAN | SIZE HBPASS HRCHAN HPASS HOHAN | SiZE RPASS  HRCHAN SIZE HRPASS  BGHAN HCHAN | SIZE HPASS WCHAN | SIZE WPASS  WCHAN
1408 100.00 0.00 18.50 89.55 333 0.243 0.00 0.00 100.00 ,00 18.50 100.00 0.00 0.243 0,00 0.00
1184 100.00 0.00 16.66 86.22 383 0.204 0.00 0.00 1184 100.00 .00 15.56 100 0.00 0.204 .00 0.00
095.6 100.00 0.00 13.08 B2.59 1.95 0172 0.00 0.00 996.6 100.00 00 13.08 100.00 0.00 0172 00 0.00
BIT.2 100.00 0.00 11,00 78,64 428 0.145 0.00 0.00 8a7.2 100.00 .00 11,00 100,00 0.01 0.145 .00 0.00
0 100.00 0.00 8.250 T4.36 4.59 0.122 0.00 0,00 704.0 100,00 .00 9.250 59.99 0.01 0.122 .00 0.00
§92.0 100.00 0.00 7778 85.77 483 0.102 0.00 0.00 £92.0 100.00 .00 7.778 99,08 0.02 0.102 .00 0.00
100 0.00 6.541 64.94 4.96 086 0.00 0.00 8 100.00 0.00 6.541 99.96 0.03 0. .00 0.00
4186 100.00 0.00 5.500 59,98 5.01 0.072 0.00 0.00 1186 10000 0.00 5.500 99,93 0.08 0.072 .00 0.00
100. 0.00 4.625 54.97 5.09 0.061 0.00 0.00 352.0 100,00 0,00 4625 99.86 0.09 0.061 00 0.00
296.0 100.00 0.00 3.889 49.88 521 0.051 0.00 0.00 206.0 100.00 0.00 3889 99.79 0.18 0.051 00 0.00
248.9 100.00 0.00 3.270 44,87 5.36 0.043 0.00 0.00 248.9 100.00 0.00 3.270 99.63 0,27 0.043 .00 0.00
3 100.00 0.00 2.750 38.32 5.42 0.038 0.00 0.00 2093 100.00 0.00 2.750 89,36 0.46 0.036 .00 0.00
176.0 100. 0.00 2312 34 5.23 0.030 0.00 0.00 176.0 100,00 0.00 2312 98.90 0.74 0.030 .00 0.00
148.0 100.00 0.00 1.945 28.87 4.88 0.026 0.00 0.00 148.0 100.00 0.00 1.945 98,16 117 0.026 .00 0.00
124.5 100.00 0.00 1 2378 438 124.5 100.00 00 1.635 96,99 1.75
1047 100.00 0.00 1.375 19.44 373 104.7 100.00 ‘00 1.375 85,24 252
88.00 100.00 0.00 11 15.71 315 88.00 100.00 .00 1.1566 92.72 158
74.00 100.00 0.00 0.872 12,56 277 74.00 100.00 .00 0.872 89.14 529
6223 100.00 0.10 0.8 078 270 62231 100.00 100 0818 B3.8 B.67
52.33 99.90 0.30 0.688 7.08 2.73 52.33 100.00 0.00 0.688 75.18 14,79
44, 95,60 0.76 0.578 436 2.37 .00 100.00 0.00 0.678 80. 2154
37.00 96,84 1.48 0.488 199 1.38 00 100.00 0,00 0.486 38.85 2107
311 97.38 114 0.409 0.61 0.48 3 100.00 0.00 0.409 17.78 12,58
261 9524 266 0.344 0.2 0.12 26.16 100.00 0.00 0.344 5.20
92.58 3.03 0.269 0.00 0.00 22.00 100.00 0.00 0.289 0.00 0.00
Distribution: _ Volume RunTime: 30 _seconds Fluld:_Wator Analyais Modo: RunTime: 30 seconds Fiuld: Water :
Progression: Standarsd Run Number Avgof 3 runs  Fluld Refractive Index: 133 Sampie Call 1d: 0318 Run Number Avg of 3 runs Fluld Refractive Index: 1,33  Sample Cell Id: 0318
Upper Edga: 1408 Particle: Rosin Loading Factor:  0.0146 Partitie: Resin Loading Factor:  0.0145
Lower i 0.021 Particle P y: Absorb T 0.85 i O Particle T Absort ;
Rosiduals: Disablod Particle Refractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 75 Reslduals: Disablod Particle Refractive index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Ghannels: 64 Particle Shape:  N/A Bolow Residual:  0.00 t'“m: PW"'.I._- ““ e Number Of Channels: 64 Particle Shapa: N/A Bolow Residual: 0.00 Ultrasonic Power: uzs

Figure B - 9: September 2004, SMP-FFF-1 VVolume and Number Distribution
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MICROTRAC - S3000 Vs
Particle Size Analysis STZTTE d! E‘;.%HE o IEH=EI ;I i
prusarbing my = 7.194 | 10% = 0.834 0% = 5.4808 | 3512 100% 1270
lAsvR = B0% mn = 0.652 | 20% = 1.408 70% = 7.810
o1 H2D ma = 2.200 | 30% = 2.029 BO% = 11,58
cs = 2.728 | 40% = 2.612 90% = 18.85
sd = 6. 50% = 3,012 98% = 2549
%PASS THCHAN
100.0 10.0
20.0 / 9.0
80.0 I 4 8.0
70.0 7.0
/
0.0 = 6.0
50.0 5.0
40.0 4.0
30.0 30
200 0
10.0 1.0
0.0 0.0
0.010 100 1. 10 00.0 100 1000
- Size (microns) - [
SIZE HPASS HRCHAN HCHAN | SIZE WKEASS RCHAN
1408 100.00 0.00 18.50 B9.67 331 0.243 0.00 0.00
1184 100.00 0.00 15.56 .36 361 0.204 0.00 0.00
995.6 100 0.00 13.08 82.75 398 0172 0.00 0.00
B837.2 100.00 0.00 11.00 78.80 4.20 0.1 0.00 0.00
704.0 100.00 0.00 9.250 74.51 452 0.1 6,00 0.00
592.0 100.00 0.00 7.778 88, 4.87 0.102 0.00 0.00
4978 100.00 0.00 6.541 65.02 5.01 0,086 0.00 0.00
4188 100.00 0.00 5.500 80.04 5.07 0.072 0.00 0.00
0 100.00 0.00 4.625 54.94 6.1 0.061 0.00 0.00
100.00 0.00 3.889 40.83 5.20 0.051 0.00 0.00
248.8 100.00 0,00 0 44, 51 0,043 0.00 0.00
2093 100.00 0.00 2780 39.32 535 0.036 0.00 0.00
176.0 100.00 0,00 2392 33,97 523 0.030 0.00 0.00
148.0 100.00 0,00 1.845 28.74 4.91 0.026 0.00 0.00
124.6 100,00 0.00 1.835 2383 4.4
104.7 100.00 0.00 1.376 19.42 378
88.00 100.00 000 1.156 564 a7
74.00 100.00 0.00 0872 12.47 T
6223 100.00 0.05 0818 870 288
99.95 0.26 0,688 7.02 271
00 99.70 0.70 0.578 431 234
37.00 96,00 1.44 0.486 1.97 136
3 87.56 2.18 0.409 .61 0.48
26.16 95.38 269 0.344 042 0.2
22, 52,69 3.02 0.289 0.00 9.00

Residuals: Disablod
Number Of Channels: 64

Filter:

Fluid: ater
Fluld Refractive Index: 1.33

Analysis 3

uld Samplo Cell Id: 0318

Loading Factor:  0.0137
0.95

ASVR Flow Rate: 78

Above Residual: 000
0.00 Ultrasenic Power: 15 watts

Balow Residual:

WSRC-TR-2004-00401

Revision 1

Uttrasonic Time: 80

Datapape Path. COMTWINGOWTWINDS

ppe; D320t MICROTRAC - S3000
Particle Size Analysis L Prow #:

Dia __ Num® f
bsorting my = 7,191 | 10% = 0.372 60% = 0.677 | 0.530 100% D0.425
ASVR = 80% mn = 0.652 | 20% = 0.417 70% = 0.542
DI H2O0 ma = 2.200 | 30% = 0,454 80% = 0.754

es = 2.728 | 40% = 0,481 90% = 1.014
sd = 0.213 | 50% = 0.530 B5% = 1,355
TPASS WCHAN
100.0 50.0
#0.0 ‘ 450
80.0 40.0
T0.0 350
0.0 300
50.0 25.0
400 200
300 150
200 0.0
10.0 5.0
0o 0.0
0.010 0.1 1 ] 100.0 1000 1
- Size <
HPASS  HKOHAN HPASS  NCHAN | SIZE WPASS  %CHAN
100,00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
100.00 0.00 15.56 100,00 0,00 0.204 0.00 0.00
100,00 0.00 13.08 100.00 0.00 0172 0.00 0.00
100.00 0,00 11.00 100.00 0.01 0.148 0.00 0.00
100.00 0.00 9.250 99.99 0.01 0.122 0.00 0.00
100.00 0.00 7778 99.98 0.02 0.102 0.00 0.00
100.00 0.00 6.541 98, 0.03 0.088 0.00 0.00
100.00 0.00 5.500 8. 0.05 0.072 0.00 0.00
100.00 0.00 4,625 99, 0.09 0.061 0.00 0.00
100.00 0.00 3.899 99, 0486 0.081 0.00 0.00
100.00 0.00 3.270 98 0.7 0,043 0.00 0.00
100.00 0.00 2.750 29, 0.45 0.036 0.00 0.00
100,00 0.00 2312 98, 078 0.030 0.00 0.00
100.00 0.00 1.945 98, 118 0.026 0.00 0.00
100.00 0.00 1.6358 96.98 178
100.00 0.00 1375 95.19 2.57
100.00 0.00 1.156 6262 3.83
100.00 0.00 0.972 88.99 532
100.00 0.00 0818 83 8.66
100.00 0.00 0.688 75.01 1478
100.00 0.00 0.578 60.23 2143
7.00 100.00 0.00 0.486 38.80 20.90
3 100.00 0.00 0.409 17.90 1267
26. 100,00 0.00 0348 523 523
22.00 100,00 0.00 0.289 .00 0.00
bution:  Humbar WunTime: 30 seconds  Fluld._Water ____________ Anaiysis Mode:
Progression: Standard Run Number Avgof 3 runs Fluid Refractive Index: 1.33 Sample Cell 1d: 0318
Uppor Edge: 1408 Particle: Resin Loading Factor:  0.0137
Lower Edge:  0.021 Particle T 0.95
Residuals: Disabled Particle Refractive Index: M/A  Above Residual:  0.00 ASVR Flow Rate: 78
of L2 Particle Shape: N/A Bolow Residual:  0.00 Uitrasonic ﬂPmr. ul;o watts
me

Figure B - 10: September 2004, SMP-CWE-1 Volume and Number Distribution

44



WSRC-TR-2004-00401
Revision 1

MICROTRAC - S3000 iy Sorlal Numbor, S3261 MICROTRAC - S3000
Y e i R
Particle Size Analysis > ‘r.r A 1 Particle Size Analysis ST 5
my = 7.696 | 10% = 0.827 80% = 5578 | 3936 100% 13.39 7.096 | 10% = 0.367 60% = 0,568 | 0.523 100% 0417
v mn = 0.642 | 20% = 1.406 T0% = B.040 o a04a | M= ATz TO% =0 832
P H20 ma = 2,406 | 30% = 2.031 80% = 12.07 ma = Z.186 | 30% = 0.449 B0% = 0.739
cs = 2732 | 40% = 2.819 90% = 20.26 es = 2732 | 40% = 0,484 0% = 0.998
wd = 5,698 | 50% = 3.935 95% =23.20 sd = 0,208 | 50% = 0.523 05% = 1.335
P. NCHAN 9PASS WCHAN
100.0 ” 10.0 100.0 50.0
30.0 B 90.0 450
f
80.0 7 Lo 80.0 400
70.0 7.0 70.0 5.0
f
60.0 ¥ 50 60.0 300
50.0 0 50.0 250
400 one 40.0 200
30.0 30 30.0 15.0
200 20 200 100
10.0 10 10.0 5.0
- 0.0
0.0 0.0 0.0
0.010 0.100 1 10. 0.0 D00 10000 0.010 100 1. 10.00 100.0 1000 000
- Size £ rons|
SIZE HPASS WCHAN | SIZE HPASS RCHAN HBPASS RCHAN | SIZE WPASS  RCHAN SIE REAGS  WCHAN | BIZE REASS  BLGHAN | SIZE WPASS  WCHAN
1408 100.00 0.00 18.50 B8.47 316 0.243 0.00 0.00 1408 100.00 0.00 18.50 100.00 0.00 0.243 .00 0.00
1184 100.00 0.00 15.56 B5.31 3.3 204 0.00 o.00 1184 100.00 0.00 15,56 100.00 0.00 0.204 00 0.00
9956 100.00 0.00 12.08 81.78 391 0172 0.00 0.00 905.6 100.00 0.00 13.08 100.00 0.00 0.172 .00 0.00
837.2 100.00 0.00 11,00 7787 e 0.145 0.00 0.00 BIT.2 100,00 0.00 11.00 100.00 0.01 0.145 .00 0.00
704.0 100.00 0.00 9.250 73.83 4.50 0.122 0.00 9.00 704.0 100. 0.00 9.260 99.99 0.01 0122 .00 0.00
£92.0 10000 000 | 7.778 £5.13 489 |o.102 0.00 0.00 692.0 100.00 0.00 7778 99,98 0.02 0.102 .00 0.00
4978 100.00 0,00 6.541 84,44 483 0.086 0.00 0.00 4978 100.00 0.00 6.541 99,96 0.03 0.086 .00 0.00
4186 100.00 0.00 5.600 59.61 4.93 0.072 0.00 0.00 4186 100.00 0.00 5500 99,93 0,08 0.072 .00 0.00
352.0 100.00 0.00 4635 54.68 5.02 0.061 0.00 0.00 3520 100.00 0.00 4.625 99,88 0.08 0.081 0.00 0.00
206.0 100.00 0.00 3.889 4985 5.14 0.051 0.00 o.00 266.0 100.00 0.00 3.880 89.70 0.5 0.051 0.00 0.00
248.9 100.00 0.00 3.270 44,62 527 043 0.00 0.00 248.9 100.00 0.00 3270 99,64 0.26 0.043 0.00 0.00
200.3 100.00 0.00 2750 39.26 533 0.036 0.00 0.00 2001 100.00 0.00 2780 99.28 0.44 0.038 0.00 0.00
176.0 100.00 0.00 2312 3302 519 0.030 0.00 0.00 176.0 100,00 0.00 2312 86.94 072 0.030 0.00 0.00
1480 100.00 0.00 1045 28.73 4.87 0.026 0.00 0.00 1480 100.00 0.00 1.945 98.22 1.14 0.026 0.00 0.00
124.5 100.00 0.00 1.835 2388 438 124.6 100.00 0.00 1.635 97.08 1.72
104.7 100.00 0.00 1.375 19.48 376 104.7 100.00 0.00 1.375 95.36 2.48
88.00 100.00 0.02 1156 1872 314 88.00 100.00 0.00 1186 5288 148
74.00 99.50 011 0972 12,58 274 74.00 100.00 0.00 0.972 89.40 5.10
99.87 0.26 0.818 9.84 2.66 62.23 100.00 0.00 0.818 8430 8.30
52.33 99.61 0.69 0.688 719 270 5233 100,00 0.00 0.688 76.00 14.27
44,00 59, 191 0.578 4.49 .39 4400 100.00 0.00 0.578 81.73 21,22
37.00 97.91 1.73 0.486 210 1.43 37.00 100,00 0.00 0,486 40,51 2131
.1 96.18 224 0.408 0.67 0.53 3111 100.00 0.00 0.408 19.20 13.28
26.16 93.94 280 0.344 0.14 0.14 26.16 100.00 0.00 0.344 502 5.92
22/00 91.34 287 0.289 0.00 0.00 22,00 100.00 0.00 0289 0.00 0.00
[Bistribution: Ver RunTima: 30 : Water Anuiysis Fomerd Distribution:  Numbe, AunTime: 30 seconds Fiutd: Water Analysis Moda: SI000
. Btared Aun Number Avgof 3 runs  Fluld Refractive index: 1.33  Sample Cell id: 0318 Propietion: Stk Run Number Avgof 3 runs  Fluid Refractive Index: 1,33 Sample Coll Id: 0318
Upper Edge: 1408 Particle: Resin Loading Factor:  0.0147 Upper Edge: 1408 Particia: Resin Loading Factor:  0.0147
Lower Edge:  0.021 Particle P ¥ T 0.95 : Lower Edge:  0.021 riicle
Rosiduals: Particle Rafractive Index: N/A  Above Residual: 0,00 ASVR Flow Rate: 15 : blod Particls Rofractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 76
Number Of Channeis: 84 Particie Shape:  N/A Below Residual: 0.00 Uitrasonic M 25 watts or Ba Particle Shapo; N/A Balow Reosidual; 0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 60 h Tima: 60
Filte: ©ff  Databage Path: COMTWINBOWTWINDE Eil o Path; C:AMTWINSOUWTWIN.DE

Figure B - 11: September 2004, SMP-ECR-4 VVolume and Number Distribution
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WSRC-TR-2004-00401
Revision 1

MICROTRAC - S3000 rades Nty e MICROTRAC - S3000
Particle Size Analysis 3o FEED e SR R 777s Particle Size Analysis R e =
Dia___Mym% Width
mv = 7,665 | 10% = D.822 G0% = 5.628 | 3672 100% 13.68 I\bsorbing mv = 7,805 | 10% = 0.367 60% = 0.608 | 0.522 100% 0.41
ASVR = 80% mn = 0.640 | 20% = 1,404 70% = 8110 SR = 8% mn = 0,840 | 20% = 0,412 70% = 0.630
DI H2O ma = 2186 | 30% = 2.033 BO% = 1229 DI H2O ma = 2166 | 30% = 0.448 20% = 0.735
es = 2.732 | 40% = 2,836 50% = 20.38 cs = 2,732 |40% = 0.483 90% = 0.890
sd = 6.819 | 60% = 3,972 85% = 28.66 sd = 0,206 | 50% = 0,622 95% = 1.326
TCHAN —9PASS WCHAN |
100.0 ” 10.0 100.0 80.0
90.0 H 9.0 90.0 450
f
80.0 7 8.0 80.0 pﬁi 40.0
A
70.0 /m 10 70.0 350
80.0 -—l- 8.0 50.0 30.0
50.0 50 50.0 5.0
40.0 4.0 400 20.0
0.0 3.0 30.0 15.0
0.0 .0 0.0 10.0
100 10 10.0 50
0.0 0.0 0.0 11,— 0.0
0.010 0.100 1.000 10 00.0 1000 10000 0.010 100 1 10 100.0 100 0000
HCHAN | SIZE HBPASS HCHAN | SIZE HPASS HCHAN | SIZE WPASS  WCHAN SIZE HPASS NCHAN | SEE BPASS  KCHAN
0.00 18.50 8831 330 0.243 .00 0.00 1408 100,00 0.00 18.50 100.00 0.00 0.243 00 0.00
0.00 15.56 85.01 362 0.204 .00 0.00 1184 100.00 .00 5.56 100.00 0.00 0.204 0o 0.00
0.00 13.08 81.39 389 0.172 .00 0.00 995.6 100.00 0.00 3.08 100.00 0.00 0172 00 0.00
0.00 11.00 T7.50 4.18 0.145 00 0.00 83r.2 100.00 0.00 1.00 100.00 0.04 145 00 0.00
0.00 9.250 73.34 443 0422 .00 0.00 704.0 100.00 .00 9.250 99, 0.01 0122 00 0.00
0.00 7778 88.91 469 0102 .00 0.00 5520 100.00 .00 778 95.98 0.02 0.102 00 0.00
0,00 6.541 84.22 4.87 0.088 0.00 0.00 497.8 100.00 0.00 6.541 99,96 0.03 0 00 0.00
0.00 £8.35 495 0.072 0.00 0.00 4188 100.00 0.00 5.500 9893 0,08 0.072 00 0.00
0.00 4.625 54.40 5.01 0.061 .00 0.00 352.0 100.00 0.00 4,625 99.88 0.08 00 0.00
0.00 3880 49.36 510 0.051 .00 0.00 206.0 100.00 0.00 3.889 99.79 0.16 0.061 00 0.00
0.00 3270 44.29 5.21 0.043 L0 0.00 248.9 100.00 .00 3.270 99.64 0.25 043 00 0.00
0.00 2.750 38.08 524 .00 0.00 209.3 100.00 .00 2780 99.39 0.43 0.036 00 0.00
0.00 2342 3384 614 0.030 .00 0,00 176.0 100.00 .90 2312 98.96 071 .030 00 0.00
0.00 1.945 28.70 484 0.028 .00 0.00 148.0 100.00 .00 1.945 98.25 1.12 026 .00 0.00
0.02 1.635 2386 435 1245 100.00 .00 1635 97.13 168
0.03 1.375 19.51 172 104.7 100,00 0.00 1375 95.44 243
0.07 1.166 16.78 312 88.00 100.00 0.00 1.156 93.01 3.43
0.18 0.872 12.87 .74 74.00 100.00 0.00 0972 89.58 5.06
033 0818 9.93 286 62.23 100.00 0.00 0.818 84.52 8.26
0.85 0.688 7.27 272 62,33 100.00 0.00 0.688 76.26 1428
1.13 0.578 4.55 241 44,00 100.00 0.00 0.578 6201 21.20
1656 0.486 244 1.46 37.00 100,00 0.00 0.486 4081 2153
2.14 0.409 0.68 0.54 3.1 100.00 0.00 0.409 19.28 13.41
258 0.344 044 0.14 26,18 100.00 0.00 0.344 587 6.87
295 0.289 0.00 0.00 2200 100.00 0.00 0.289 0.00 0.00
RunTimo: 30 seconds Fluld:_Water RunTime: 30_seconds Fluid:_Wator Analysis Moga: 53000
Run Number Avg of 3 runs Fluid Refractive Index: 1,33 Sample Cell 318 Run Number Avg of 3 runs Fluld Refractive Indox: 133 Sample Cell Id: 0318
Particle: Resin Loading Factor:  0.0138 Particle:  Rosin Loading Factor:  0.0138
Particle P yi Absorb Tr 0.95 Particte Transp: y: Absort Tr jon: 0.95
Particle Refractive Indax: N/A  Above Residual: 0.00 ASVR Flow Rate: 75 : Particle Refractive Index: N/A 0.00 ASVR Flow Rate: 75
Particle Shape: NIA Beiow Residual: 0.00 Ultrasonic Power: 25 watts Number Of Channeis: &4 Particle Shape: N/A : 0.00 Ultrasonic Power: 25 watts
Ultrasonic Tima: 60 seconds Tima: 60
Datobage Path; CAMTWINSOWTWIN.DB Fiter: Off  Ostabase Path: CAMTWINSOWMTWIN.DB

Figure B - 12: September 2004, SMP-CWE-4 VVolume and Number Distribution
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|ﬁ Numbar: S3241
o o am

MICROTRAC - S3000

Vord. 0K

Particle Size Analysis i Rl Particle Size Analysis b e
labsorbing mv = T.483 | 10% = 0.619 00% = 6,818 | 1.000 100% 13.16 Iabsorbing my = T.483 | 10% = 0.367 60% = 0.571 | 0.525 100% 0415
JASVR = BO% mn = 0.842 | 20% = 1.394 TO0% = 7.921 A SVR = 80% mn = 0,842 | 20% = 0.413 70% = 0.633
DI H20 ma = 2,182 | 30% = 2,020 80% = 11.88 bl Hz0 ma = 2182 | 30% = 0,450 B0% = 0.740
€s = 2.760 | 40% = 2.803 90% = 18.70 €8 = 2.760 | 40% = 0.4B5 S0% = 0.994
sd = 8,580 | 50% = 3.000 §6% = 27.15 wd = 0,208 | 50% = 0.525 05% = 1.320
TWGHAN WCHAN |
100.0 A 10.0 100.0 50.0
90.0 8.0 90.0 450
80.0 8.0 80.0 [ 40.0
70.0 7.0 70.0 , 35.0
800 ,4 8.0 8.0 30.0
50.0 50 50.0 5.0
40.0 40 40.0 200
300 3.0 30.0 15.0
200 20 20.0 100
10.0 10 10.0 5.0
00 0.0 i ,Jr 0.0
0.010 .100 1 10. 100.0 1000 10000 0.010 0.1 1 .00 100.0 000 0000
4;&1_‘"'&3-!— 2
SIZE WPASS  WGHAN | SIRE %PASS  KRCHAN WPASS  GCHAN | SZE WPASS  BCHAN SIZE HCHAN SIZE
1408 100.00 [ 18.50 88.90 324 0.243 0.00 0.00 1408 100.00 0.00 1850 0.243 0.00 0.00
1184 100.00 .00 16.58 85.66 354 0.204 a.00 0.00 1184 100.00 00 5.56 0.204 0.00 0.00
9658 100.00 00 13.08 8212 187 0.472 0.00 0.00 965.6 100.00 00 3.08 0,172 0.00 0.00
837.2 100.00 00 11.00 78.25 424 0.145 0.00 0.00 8Tz 100,00 00 1.00 0.145 0.00 0.00
T04.0 100.00 00 92.250 T4.04 452 0122 0.00 0.00 704.0 100.00 .00 250 0.122 0.00 0,00
592.0 100.00 .00 7778 69, 474 0.102 0.00 0.00 582.0 100,00 .00 778 0.102 0.00 0.00
487.8 1 0,00 6.541 64.78 487 0.086 0,00 0.00 4978 100.00 0,00 5.541 9. 0.086 0.00 0,00
418.8 100.00 0.00 5.500 59.91 4095 0.072 0.00 0.00 4186 100.00 0.00 5.500 . 0,072 0.00 0.00
362.0 1 000 | 4625 54.90 5.04 0,061 0.00 0.00 3620 100.00 0.00 4.625 99.88 0.08 0.061 0.00 0.00
206.0 100, 0.00 49.92 518 0.051 0.00 0.00 256.0 100.00 0.00 3.889 99.70 015 0.061 0.00 0.00
2489 10000 000 4474 832 0.043 0.00 2.00 2489 10000  0.00 3.270 99,64 0.26 043 0,00 0.00
208.3 100.00 0.00 2780 39.42 5.34 0.036 0.00 0.00 2093 100,00 0.00 2.780 89938 D.44 0.036 0.00 0.00
1760 100.00 0.00 2312 34.08 518 0,030 0.00 0.00 1760 100.00 0.00 2312 98,94 0.7 0.030 0.00 o.00
148.0 100.00 0.00 1.845 28.89 4.85 0.026 0.00 .00 148.0 100.00 0.00 1.845 §8.23 1.12 0.026 0.00 0.00
1245 106.00 0.00 1.636 24.04 436 124.5 100.00 0.00 1.638 711 1.70
104.7 100. 0.00 1.376 10.68 375 1047 100.00 .00 1,375 1 2.45
88.00 100.00 0.00 1.158 1593 316 .00 100.00 0.00 1.156 92.96 3.48
T4.00 100.00 0.8 0872 1277 .78 T4.00 100.00 .00 0.972 BO.48 5.13
62.23 ! o018 0,818 9.99 71 62.21 100.00 0.00 0.818 B4.35 8.42
52.33 0.48 0,689 7.28 378 5133 100,00 0.00 0,689 76,93 14.47
44.00 o.98 0.578 482 242 £4.00 100.00 0.00 0.578 61.46 21.29
37.00 ; 1.63 0.486 210 1.43 37.00 100,00 0.00 0.486 4017 2143
nn B n 0.409 0.67 0.53 1 100.00 0.00 0.408 19.04 1347
26.1 a4, 264 0.344 0.14 014 26.4 100,00 0.00 0.344 587 587
21,85 2.85 0.00 0.00 100.00 0.00 0,269 0.00 0.00
Distribution: Vol RunTimo: 30 seconds uld: Watar tribution: Tima. Tuid: Wator Analysis Mode: 53000
Progmasion: Standars Run Mumbar Avgof 3 runs  Fluid Refractive Index: 1.33  Sample Cell Id: 0318 %: Btandard Run Nomber Avp of 3 runs  Fiuid Refractive Index: 133 Sampia Cell Id: 0318
Uppor Edgo: 1408 Particle: _Rosin Factor: | 0.0143 Upper Edgo: 1408 Particle: n Loading Factor:  D.0142
Lower Edge:  0.021 W - Absorh P Lower Edge:  0.021 Particle Absort Ti ton: 0.5
Residuale: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rato: 75 Residusls: Disablod Particle Refractive Index: M/A  Above Resldual:  0.00 ASVR Flow Rate: 75
(Numbaer Of Channels: 64 Particle Shape:  NIA Below Residual: 0.00 u:hoonlc i ‘:ﬂ watts of ¢ 84 Particle Shape:  N/A Balow Residual: 0.00 Ultrasonic Power: m’i‘ watts
m me:
|Em on Database Path: _C\MTWINSOUWATWIN DB Filt ot Databose Path, CMTWINSOWMTWIN.OB

MICROTRAC - S3000

WSRC-TR-2004-00401
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Revision 1

Figure B - 13: September 2004, SMP-FFF-4 Volume and Distribution



MICROTRAC - S3000

Particle Size Analysis aimiﬁ Tihos Tine. 00 prees |
my = 9.843 | 10% = 0,008 B0% = 5705 | 4028 100% 14.78
mn = D627 | 20% = 1.392 T70% = 8.408
ma = 2,188 | 30% = 2.039 BO% = 1281
s = 2741 | 40% = 2860 90% = 22.94
ad = 7.381 | 50% = 4,038 95% = 34.12
%PAsS AN |
100.0 = 10.0
/
50,0 // 9.0
0.0 / Bo
700 / 70
60.0 60
50.0 5.0
400 4.0
300 30
20,0 0
10.0 1.0
0.0 T 0.0
0.010 0.100 1.000 10 100.0 000 0000
SIZE BPASS CHAN | SIZE HPASS  %CHAN | SIZE %BPASS WCHAN | SIEE BRPASS RCHAN
1408 100.00 o.00 18.50 BE.81 3.0 0.243 .00 0.00
1184 100.00 o.00 15.58 83.80 333 0.204 .00 o.00
9956 100.00 0.00 13.08 .27 372 0172 .00 0.00
837.2 100.00 0.00 11.00 76.56 412 0.145 00 0.00
To4.0 100.00 .00 9.250 445 0122 00 0.00
£92.0 100.00 0.00 7778 67.98 486 0.102 .00 0.00
4978 100.00 o.o0 6.541 63.32 475 0.086 .00 o.00
41886 100.00 o.02 5.500 58.57 478 0.072 .00 0.00
3520 99.98 .04 4.625 53.78 4.85 0.081 .00 0.00
208.0 90.94 0.06 3.889 48.94 4.98 0.051 .00 0.00
248.9 99.88 0.07 43.96 5.12 0.043 .00 0.00
209.3 20, 0.09 2.750 3B.84 6.18 0.036 00 0.00
176.0 9972 0.10 2302 3368 502 0.030 .00 0.00
148.0 98 0.1z 1.945 28.66 4.70 0.028 0.00 0.00
1 99, 0.15 1.835 23, 424
104.7 29,35 0.19 1.376 18.72 3.87
B8.00 59.18 0.26 1.158 16.05 310
T4.00 26.90 0.8 0972 1295 73
B2 08.52 0.58 0.818 10.22 68
52.33 o7.04 0.89 0.688 7.56 .78
44.00 97.08 1.29 D.578 4.81 2.49
37, o878 1.74 0.488 232 85
31 84.02 .18 0.409 077 0.60
2818 91.86 2.48 0.344 017 0.17
22.00 B8.27 276 0.289 o.00 0.00

RunTime: 30 seconds
Run Number Avg of 3 runs
Particle: Rosin

Fiuid:_Water

Fluid Refractive Index: 1.33

Loading Factor:  0.0131
095

Particle
Particle Refractive Index: N/A  Above Residual

Particle Shape: HNIA

Filter: _Of Database Path;  CAMTWINSOMTWIN. DB

B
Below Residual:

0.00
0.00

WSRC-TR-2004-00401
Revision 1

Analysis Moge: S3000
mwcul Id: 0318

Sorial K : % MICROTRAC - S3000 Var:9.0k
Particle Size Analysis Al "#’_ m: a7
e T |
Absorbing mv = G.641 | 10% = 0.361 60% = 0.558 | 0.514 100% 02389
JASVR = BO% mn = 0.827 | 20% = 0.405 T0% = 0848
ot H20 ma = 2.189 | 30% = 0.441 BO% = 0.719
8 = 2741 |40% = 0.4T6 90% = 0.983
sd = 0199 | 50% = 0.514 95% = 1.290
%WPASS WCHAN
100.0 50.0
80.0 45.0
i
B80.0 40.0
T0.0 35.0
0.0 30.0
500 250
40.0 20,0
0.0 15.0
20.0 10.0
10.0 5.0
0.0 oo
0.010 0.1 1. 10,00 100.0 1000 10000
BEHAN | SIZE HWPASS SIZE HWPASS NCHAN
1408 100.00 0.00 18.50 1060.00 0.00 0.243 .00 0.00
1184 100.00 .00 15.56 100.00 0.00 0.204 00 o0.00
9956 100.00 00 13.08 100.00 o.o0 0.472 .00 0.00
837.2 100.00 .00 11.00 100.00 0.01 0.145 00 0.00
100.00 .00 8.260 0.01 0.122 .00 0.00
100.00 .00 T.778 (1] 0.02 0.102 00 0.00
g ] 100.00 0.00 6.541 99.96 0.03 0.086 .00 0.00
418.8 100.00 0.00 5.500 .93 0,08 0.072 .00 0.00
0 100.00 0.00 4.625 99.88 0.08 0.061 0.00 0.00
.00 0.00 3 88.80 014 0.051 0.00 0.00
. 0.00 3. 99.66 0.24 0.043 0.00 0.00
0.00 2.750 99.42 0.40 0.036 0.00 0.00
0.00 2.312 99,02 0.66 0.030 0.00 0.00
0.00 1.945 98.36 1.04 0.026 0.00 0.00
0.00 1.5835 #7.32 1,87
0.00 1375 9578 2.29
0.00 1.156 8348 328
0.00 0972 a0.21 481
n.o0 o0.818 85.40 7.88
0.00 o.e88 TT.52 13.78
0.00 0578 8377 2091
0.00 0.486 42 A8 2183
0.00 0.408 21.00 14.23
0.00 0.344 6.80 6.80
0.00 0.288 0.00 0.00
PrTgWator—

Number Of Channels: 64

|Filter: Off

RunTime: 30 seconds
Run Number Avg of 3 runs
Particle: Resin

Loading

Fluld Refractive index: 1.33
Factor: 0.0131

Particle Absorb 0.95
Particlo Refractive Index: N/A  Above Residual:  0.00
Below Residual:

Path: CAMTWINGO\WTWIN.DEG

Particle Shapo: N/A

0.00

Figure B - 14: September 2004, SMP-ECR-7 VVolume and Number Distribution
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MICROTRAC - S3000

A
Particie Size Analysis o Particle Size Analysis =
mv = £.668 Absorbi 0.628 100% 0.428
mn = 0.650 AsVR = 80%
ma = 2.150 i H20
es = 2791
sd = 5.885
TWCHAN |
% 100.0 50.0
90.0 /“ 9.0 90.0 450
/
80.0 i 80 80.0 40.0
/|
700 / 7.0 70.0 —B‘ 350
60.0 / 6.0 60.0 30.0
50.0 5.0 50.0 25.0
40.0 40 40.0 200
30,0 30 30.0 150
200 2.0 20.0 10.0
10.0 14 10.0 50
0.0 T 0.0 0.0 0.0
0.010 0.100 1.000 10 00.0 000 10000 0.010 0.100 1 10.00 100.0 D00 D000
- Size - - Sze -
HEHAN | SIZE HPASS  KCHAN | SIZE BPASS WCHAN WPASS  WCHAN | SZE
408 100 X 91.18 335 0.243 00 0.00 1408 100.00 0.00 18.50 100.00 0.00 0.243 0.00 .
1184 100,00 0.00 5.56 87.81 3.56 0.204 .00 0.00 1184 100.00 0.00 16.56 100.00 0.00 0.204 0.00 0.00
995.6 100.00 0.00 13.08 84.26 3.84 0.172 .00 0.00 9956 100.00 0.00 13.08 100.00 0.00 0172 0.00 0.00
837.2 100.00 0.00 11.00 80,42 4,25 0.145 .00 0.00 837.2 100.00 0.00 11.00 100,00 0.01 0.145 0.00 0.00
T04.0 100.00 0.00 9.250 TBAT 487 0122 .00 .00 T04.0 100.00 0.00 9.250 29,99 0.01 0.122 0.00 0,00
592.0 100.00 0.00 7778 71. 497 0.402 .00 0.00 592.0 100.00 0.00 7.778 96.58 0.02 0.102 0.00 0.00
497.8 100.00 0.00 6.541 56. 5.10 0.086 0.00 0,00 4878 1 0.00 8.541 99.96 0.03 0.086 0.00 0.00
418.6 100.00 0.00 5.800 61.43 11 0.072 0.00 0.00 4188 100.00 0.00 5.500 29.93 0.08§ 0.072 0.00 0.00
0 100.00 0.00 4,625 56.32 5.15 0.061 00 0.00 362.0 100.00 0.00 4.625 99.88 0.08 0.081 0.00 0.00
100.00 0.00 3.880 51.47 .28 0.061 .00 0.00 206.0 100.00 0.00 3.888 29.79 0.18 0.081 0.00 0.00
100.00 0.00 3.270 45.89 544 0.043 .00 0.00 2489 100.00 0.00 99.64 0.27 0.043 0.00 0,00
209.3 1 0.00 2750 40.45 561 0.036 .00 0.00 209.3 100.00 0.00 2760 98.37 0.46 0.036 0.00 0.00
176.0 100,00 0.00 2312 34, 5.40 0.030 .00 0.00 176.0 100.00 0.00 2342 sa.81 0.75 0.030 0.00 0.00
148.0 100.00 0.00 1.945 19.62 5.06 0.026 .00 o.00 148.0 100.00 0.00 1.945 98.16 1.18 0.028 0.00 .00
124.5 100,00 0.00 1635 24.48 485 124.5 100.00 0.00 1 96.98 1.79
104.7 100.00 0.00 1.375 19.81 3.9 104.7 100.00 0.00 1.376 95.19 258
£8.00 100.00 0.00 1.156 16.00 327 88.00 100.60 0.00 1.166 9261 3631
74.00 100.00 0.00 0.972 12.73 283 74.00 100.00 0.00 0.872 86.98 628
6221 100.00 0.00 0.818 9.90 27 6223 100.00 0.00 0.818 B3. 8.50
100.00 0.10 o 7.19 2.74 £2.33 100.00 0.00 0.868 75.20 14.51
44.00 99.90 0.32 0.578 445 2.40 4400 100.00 0.00 0.578 50,69 21.34
37.00 99,58 0.88 0.486 2.06 141 37.00 100.00 0.00 0.486 35.35 21.04
Inn 98.70 178 0.409 0.64 0.51 3111 100.00 0.00 0.40% 18.31 12.80
26.16 96.92 264 0.344 013 0.13 26.18 100.00 0.00 0.344 561 584
22.00 94.28 32 0.289 0.00 0.00 22.00 100.00 0.00 0.289 0.00 0.00
}ﬁmnn*vm ; Fiuld: Water Analysis Mode: SI000 Ditrbution: N RunTimer 30_seconds T Water Analysls Mode: 53000 |
Progression: Standard Run Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample Coll Id: 0318 Progression: s;mnu.m Run Number Avg of 3 runs Fluid Refractive Indox: 1.33 Sample Cell Id: 0318
Uppar Edge: 1408 Particle: Reain Losding Factor: = 0.0124 Upper Edge: 1408 Particle: Resin Loading Factor.  0.0124
Edge: 0.021 Particie T Absort 0. Lower : 0.021 T 1l 0.95
Residuals: Disal Particla Refractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 75 Residuals: Disablod Particle Refractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 76
Number OF Particle Shape: NA Bolow Residual:  0.00 gwln m sgs watts Mumbar Of Channels: 64 Particle Shape: NIA Below Residual: 0.00 i Powar: .ss watts
sonic = 3
IEittar:  Off o Path; COMTWINGOUTWIN.DS Filtor: _Off Detabope Path; CAMTWINGOUNTWIN.CB.

WSRC-TR-2004-00401

MICROTRAC - S3000
L

Revision 1

Figure B - 15: September 2004, SMP-CWE-7 VVolume and Number Distribution
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Sisnbr: o1 MICROTRAC - S3000
Particle Size Analysis
Flansen, Erc
prosorbing myv = 7,064 | 10% = 0.824 60% = 5370 | 3843 100% 1243
JASVR = 80% mn = 0,649 | 20% = 1.390 70% = 7,831
DI H20 ma = 2.169 | 30% = 1,998 B0% = 11.36
€8 = 2766 [40% = 2747 90% = 18.32
8d = 6,217 | 50% = 3813 95% = 24.84
WCHAN |
100.0 10.0
50.0 / / 9.0
20.0 / 8.0
ir
70.0 7.0
/
60.0 6.0
50.0 50
40.0 40
0.0 10
20.0 0
10.0 1.0
0.0 0.0
0.010 100 1 104 00.0 000 10000
R TR
1408 100,00 0.00 1 90.19 237 0.243 0.00 0.00
1184 100,00 6,00 15.58 86.52 365 0.204 0.00 0.00
9956 100.00 0.00 13.08 83497 390 0.172 0.00 0.00
837.2 100.00 0.00 11.00 .27 4.20 0.145 0,00 .00
704.0 100.00 0.00 75.07 4.54 0.122 0.00 0.00
5920 106.00 0.00 7778 70.53 484 0.102 0.00 0.00
4978 100.00 0.00 6.541 65.69 499 0.086 0.00 0.00
4188 1 0.00 £.500 80.70 5.04 0.072 0.00 0.00
352.0 100.00 0.00 4,625 55.66 8.07 0.061 0.00 0.00
296.0 100.00 0.00 1.889 50,59 510 0.081 0.00 0.00
2489 100.00 0.00 270 5,36 0.043 0.00 0.00
2003 100.00 0.00 2.750 40.04 546 0.036 0.00 0.00
176.0 100.00 0.00 2312 34.58 535 0.030 0.00 0.00
1480 100.00 0.00 1.945 29.23 5.01 0.026 0.00 0.00
124.5 100,00 0.00 1.638 2422 4.48
104.7 100, 0.00 1.375 19.74 383
£8.00 100.00 0.00 1.156 15.91 3.21
74.00 100.00 0.00 0.872 12.70 2.81
62.23 100.00 040 0.818 9.89 272
6233 99.90 0.28 0.688 747 275
44.00 99.82 0.68 0.578 4.42 238
37.00 98.93 1.20 0.486 2.03 1.40
3.1 97.64 1.4 0.409 0.63 0.50
26.18 95,70 2.82 0.344 043 0.43
22,00 8318 299 0.289 a.00 0.00
Distribution: Vol unTime: 30 Fiuld:_Wator T 53000
Progression; au:::rd Run Number Avgof 3 runs Fluid Refractive indox; 1.33 Sample Cell Id: 0318
Upper 1408 : Rosi Loading Factor:  0.0132
Lower E 0.021 Absorb T i 95

Particle K
Particle l‘!-lr-:ﬂw index: M/A Above Residual: 0.00
Particle Shape: N/A Below Resld

ual:  0.00 ul
u

WSRC-TR-2004-00401
Revision 1

MICROTRAC - S3000
3312182

Particle Size Analysis e e po
Dia___Mum® _WIdtH
Pbsorbing mv = 7064 | 10% = 0.370 60% = 0.575| 0,520 100% 0.423
ASVR = B0% mn = 0,648 | 20% = 0.416 70% = 0.640
Ol H20 ma = 2.169 | 30% = 0.453 BO% = 0.749
c8 = 2760 | 40% = 0.489 B0% = 1.010
sd = 0.212 | 50% = 0,526 95% = 1.352
%CHAN
100.0 50.0
0.0 45.0
80.0 [ 40.0
T0.0 150
50.0 30.0
50.0 250
40.0 20.0
30.0 16.0
20.0 10.0
10.0 5.0
0.0 0.0
0.010 0.100 1.000 10.00 100.0 D00 000
. Size -
SIZE BPASS BCHAN | SIZE KPASS mﬁ‘ % %PASS  HCHAN | SIZE RPASS  HRCHAN
1408 100.00 00 18.50 100.00 0.00 0.243 0.00 0.00
1184 100.00 .00 15,56 100.00 0.00 0.204 .00 0.00
9956 100.00 00 13.08 100.00 0.00 0.172 0,00 0.00
7.2 100.00 .00 11.00 100.00 o.01 0.145 o0 0.00
704.0 100.00 .00 9.250 89,98 0.01 0.422 .00 0.00
592.0 100.00 .00 7778 99,68 0,02 0.102 00 2.00
497.8 100.00 .00 6.541 996 0.03 .00 0.00
4186 100.00 .00 5.500 9963 0.05 2 .00 0.00
352.0 100.00 0.00 4,625 99.88 0.08 0.061 .00 0.00
296.0 100.00 0.00 3.880 99,79 018 0.054 .00 0.00
248.9 100.00 0.00 3.210 99.64 0.26 0.043 00 0.00
209.3 100.00 0.00 2.750 99.38 045 0.036 .00 0.00
176.0 100.00 0,00 2312 96.92 0.78 0.030 0.00 0.00
148.0 100. 0.00 1 98.18 1.18 0.026 0.00 0.00
1245 100.00 0.00 1. 97.00 177
104.7 100.00 0.00 1.375 95.23 2.54
88.00 100.00 0.00 1.4 92.89 359
74.00 100.00 000 0872 89.10 527
62.23 100.00 0.00 o818 8383 a.58
52.33 100.00 0.00 0.688 75.24 14.65
44.00 100.00 0.00 0.678 60.59 21.40
37.00 100.00 0.00 0488 38.18 21.02
3111 100.00 0.00 0.408 18.17 12.63
1 100.00 .00 0.344 554 554
100.00 0.00 0.289 0.00 0.00
AunTime: 30 seconds Fluid: Watnr Analysis Mode: 53000
Run Number Avg of 3 runs Fluid Index: 1.33 Sample Cell i 0318
Particle: Resin Loading Factor:  0.0132
Particls 0.95
Panticla Refractive Indax: N/A  Above Residual:  0.00 ASVR Flow Rate: 76
Particle Shape:  N/A Below Residual: 0.00 Ultrasonic %o“r ssa watts
ma:
Path: CAMTWINGOWITWIN DB

Figure B - 16: September 2004, SMP-FFF-7 Volume and Number Distribution
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53361

._ MICROTRAC - S3000 Yori9.0K
Particle Size Analysis S AT el
Rimn. EE
Pbsorting myv = 11.87 | 10% = 0.808 60% = 5961 | 4.129 100% 1591
ASVR = 80% mn = 0.622 | 20% = 1.413 70% = 8.767
DI H20 ma = 2212 | 30% = 2.067 BO% = 11.79
cs = 2713 |40% = 2004 90% = 25.33
sd = 7.953 | 50% = 4.128 85% = 4186
WPASS WCHAN
100.0 e 10.0
T
L
80.0 va 8.0
80.0 // 8.0
T0.0 7.0
§
60.0 6.0
50.8 5.0
40.0 4.0
0.0 3.0
20.0 20
10.0 1.0
0o 0o
0.010 0.100 1.000 10.00 100.0 1000 1
- Size (microns) -
SIZE "PASE SIZE BPASS HKCHAN
1408 100.00 0.00 18.50 5.37 3.05 0.243 0.00 0.00
1184 100.00 0.00 15.56 .32 3.37 204 0.00 0.00
996.6 100.00 0.00 13.08 95 3.67 0.172 0.00 0.00
8372 100.00 0.00 11.00 5.28 3.98 0.145 0.00 0.00
704.0 100.00 0.00 8,260 71.30 4.28 0.122 0.00 0.00
5920 100.00 0.04 T.778 702 4.53 0.102 0.00 0.00
497.8 99.96 0.08 6.541 4.66 0.086 0.00 0.00
418.8 99.90 0.07 5.500 57.83 471 0.072 0.00 0.00
352.0 99.83 0.08 4.625 53.12 477 0.061 0.00 0.00
296.0 99.78 0.10 3.889 £8.35 4.80 0.051 0.00 0.00
248.9 29.66 0.13 3270 4346 5,05 0.043 0.00 0.00
209.3 99.52 0.18 2.750 38.41 5.12 0.038 0.00 0.00
176.0 99.36 0.21 232 329 5.02 0.030 0.00 0.00
148.0 99.18 0.26 1.945 28.27 470 0.026 0.00 0.00
1245 98.89 0.31 1635 2357 419
104.7 98.58 0.38 375 19.38 3.57
88.00 98.20 0.48 1.156 15.81 299
74.00 97.74 0.5% 0.872 2.82 2.63
62.23 97.18 o078 o818 10.19 280
52.33 96.37 1.02 0.658 7.59 273
44.00 95. 1.32 0.578 4.86 2.49
7. 54.01 1.84 0.486 237 1.57
31.11 92.39 1.98 0.409 0.80 0.62
28.1 90.41 234 0.344 0.18 018
22.00 B88.07 270 0.289 0.00 0.00
|DRtibution. Velume ime. Fluid: Watar Analyais : 83000
: Standard Run Number Avg of 3 runs Fluid Refractive | 1.33 Sample Cell id: 0318
Uppar Edge: ;:?: = esin Factor:  0.0145
w: 1
is: Disabled Refractive Index: N/A  Above Residual: ASVR Flow Rate: 75
(Number Of Channels: 84 Particle Shape:  NA ow Residual: Ultrasonic Powor: 25 watts
Ultrasonic Time: 60 seconds
|Elitor; Off Fath: CAMTWINGOWTWIN.DB

Sarial Number: 83281

MICROTRAC - S3000

WSRC-TR-2004-00401
Revision 1

Particie Size Analysis 37iETES
n,
Pbsorbing 10% = 0358 60% = 0.654
ASVR = 80% 20% = 0,402 70% = 0.613
ol H20 30% = 0438 B0% =D.711
40% = 0,473 90% = 0.952
50% = 0.610 06% = 1.282
[ %PASS CHAN
100.0 50.0
90.0 450
i
&0.0 / 40.0
70.0 350
60.0 30.0
50.0 50
40.0 0.0
0.0 15.0
00 100
10.0 50
0.0 - 0.0
o010 0.100 1. .00 100.0 100 10000
= rons) -
SIZE REASS NCHAN | SIZE NUPASS  HCHAN RPASS XCHAN | SIZE BPASS RCHAN
1408 100.00 0.00 18.50 100.00 0.00 0243 0.00 0.00
1184 100.00 0.00 15,56 100.00 0.00 0.204 0.00 0.00
995.8 100.00 0.00 13.08 100.00 0.00 0172 0.00 0.00
837.2 100.00 0.00 11.00 100.00 0.00 0.145 0.00 0.00
704.0 100.00 0.00 9.250 100.00 0.01 0122 0.00 0.00
592.0 100.00 0.00 7778 52,88 0.02 0.102 0.00 0.00
497.8 100.00 0.00 6,541 99.97 0.03 0.086 0.00 0.00
4186 100,00 0.00 5.500 09,94 0.05 0.072 0.00 0.00
352.0 100.00 0.00 4,825 99.89 0.08 0.061 0.00 0.00
296.0 100.00 0.00 3.889 90.81 0413 0.051 0.00 0.00
248.9 100,00 .00 a.2r0 99.68 0.23 0.043 0,00 0.00
209.3 100.00 0.00 2.750 99.45 0.40 0.038 0.00 0.00
176.0 100.00 0.00 2342 96,08 0.65 0.030 0.00 0.00
148.0 100.00 0.00 1.945 96.40 1.03 0.026 0.00 0.00
1245 100.00 0.00 1635 97.37 155
1047 100.00 0.00 1375 95.82 222
88.00 100.00 0.00 1.156 93.60 312
74.00 100.00 0.00 0.972 90.48 461
6223 100.00 0.00 0.818 85.87 7.67
52.33 100.00 0.00 0.668 78.20 13.68
44.00 100.00 0.00 0.578 64.62 20.81
37.00 100,00 0.00 0.486 4381 22.02
3111 100.00 0.00 0.409 21,79 1483
26,18 100.00 0.00 0.344 716 718
22.00 100.00 0.00 0.289 0.00 0.00
[DEtrbution: Wumbar _ RunTime: 30 Fluld:_Wator Analysis Moda: S
ngmlg:t: m‘;r:ﬂuﬂ Run n:.mA'v.:ul 3 runs Fluid Refractive Index: 1.33 Sample Call Id: 0318
Upper Edge: 1408 Particie: Resin Loading Factor: 0.0145
Lower Edge:  0.021 Particle P y: Absorb T 0.95
Residuals: Disabled Particle Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75
|Mumber Of Channots: B4 Particle Shape: NiA Below Residual: 0.00 lﬁl:mmm ;mr. ﬁas watts
ima:
IFier; oft Oeisbess Path. CAMTWINSOWDMIN.DD

Figure B - 17: September 2004, SMP-ECR-10 Volume and Number Distribution
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Boridt Hembers 33361 MICROTRAC - S3000 ﬁ nhﬂi » (OF g MICROTRAC - S3000
P-m‘c.'e Size Analysis TV SR 4 Particle Size Analysis
myv = 15.15 | 10% = 0.831 60% = 6.536 | 4456 100% 19.46 oecriing
mn = 0.620 | 20% = 1.457 70% = 9.880 IASVR = B0%
ma = 2.297 | 30% = 21M B0% = 16.14 bi HzO
es = 2612 |40% = 3087 80% = 33.44
wd = 8.728 | 50% = 4,458 95% = 6288
K4 ol
100.0 [ 100.0 &0.0
el
0.0 80 90.0 450
WA /
800 T— 8.0 B0.0 400
70.0 ) 70 70.0 35.0
0.0 4 - 6.0 §0.0 m 30.0
50.0 A 5.0 50.0 25.0
40.0 4.0 400 20.0
30.0 10 30.0 150
200 20 200 10.0
10.0 10 100 50
0.0 L 0.0 0.0 L 0.0
0.010 0.100 1 10. 100.0 D00 0000 0.010 0.100 1.000 0.00 100.0 1000 0000
BFASS  BCHAN BCHAN | SIZE %PASS  LCHAN HGHAN WPASS WGHAN | SIZE  HPASS CHAN |SIZE  HPASS %CHAN
1408 100.00 0.00 8230 2395 0. .00 0.00 J408 300.00 0,00 18.50 0.00 0.243 .00 0.00
1184 100.00 2.00 79.35 329 0. 0.00 0.00 1184 100.00 0.00 15.56 0,00 0.204 90 0.00
100.00 0.00 1 76.06 362 0.172 0.00 0.00 8956 100.00 .00 3.08 0.00 0.172 .00 0.00
837.2 100.00 0.00 11.00 TiA4 3 0.145 0.00 0.00 872 100.00 00 11.00 0,00 0,145 .00 0.00
T04.0 100.00 0.05 9.250 68.54 416 0.122 0.00 0.00 T04.0 100.00 .00 9.250 0.01 0.122 00 0.00
592.0 59.08 0.08 7778 £4.38 438 0.102 0.00 0.00 592.0 100.00 00 7778 0.02 0102 .00 0.00
497.8 99.89 0.07 8,541 60.02 4.48 [ 0.00 0.00 4978 100.00 .00 6.541 0.03 0.088 0.00 0.00
4188 89.82 0.08 5.500 E5.54 455 0.072 0.00 0.00 4186 100,00 .00 5.500 0.08 0072 0.00 0.00
382.0 99.74 010 4.625 50.99 482 0.061 0.00 0,00 0 b ‘00 4625 0.08 0.081 .00 0,00
208.0 95,64 013 3886 46.37 475 0.081 0.00 0.00 206.0 100.00 0.00 3880 0.13 0.051 .00 0.00
248.9 99.51 0.19 3270 41,862 4.88 0.043 0.00 0.00 2489 100.00 0.00 3.270 0.23 0.043 .00 0.00
200.3 99.32 0.28 2.780 36.74 0. 0.00 o.00 2093 100.00 0.00 2.780 0.39 0.036 Do 0.00
1760 90.04 0.40 2312 31.84 4.73 0.030 0.00 0.00 176.0 100.00 .00 232 084 0.030 .00 0.00
148.0 96884 0.53 1 711 441 0.028 0.00 0.00 148.0 100,00 00 1545 1.00 0.026 00 0.00
124.5 88.11 0.84 1.835 22.70 3.97 124.5 100,00 .00 1.835 1.52
104.7 9747 074 1.375 18.73 345 1047 100.00 .00 1.375 2.21
88.00 56.73 0.83 1.156 15.28 2.93 £8.00 100.00 00 1.156 347
74.00 95.90 0.96 0.872 12,38 .58 74.00 100.00 00 0.872 4.68
62.23 94,94 112 0.518 kii 251 100.00 .00 0.818 7.66
52.33 93.82 1.30 0.689 T, 2,89 100.00 .00 0.688 13,33
44.00 9282 1.52 0.578 487 .36 44.00 100.00 00 0578 84,
ar.00 91.00 1.76 0.486 2 1.81 IT.00 100.00 ,00 0.486 44 1.8
3114 89.24 2.02 0.408 80 0.62 ERT 1 .00 0.408 22.54 1513
2616 B7.22 230 0.344 018 0.8 28.18 100,00 .00 0344 T.41
2200 84,82 262 0.2689 0.00 0.00 27 100.00 ‘00 0288 0 0.00
Distribution: Vol RunTime: 30 seconds Fluld:_Water Analysis Mode: 53000 |Gewibution: inTime: 30 seconds Fluld:_Water 3000
sion: Siandara Run Number Avaof 3 nuns  Fluld Refrective Index: 133 Sampla Cell id: D318 Progression: Standard Run Nomber Aviref 3 runs  Fluid Refractive Indax; 139 Sampls Call Id: 0318
Uppor Edge: 1408 Mﬂ- Resin SO POCKOn o140 Upper Edge: 1408 Particle: Resin Loading Factor:  0.0145
Lower :  0.021 Absort T Lower Edge: _0.021 Particle Absorty Tr 0.95
Residuals: Disablod p-ru:u Refractive Indox: N/A Above mmml n 00 ASVR Flow Rate: 75 okt Particls Refractive index: N/A Above Residual: 0.00 ASVR Flow Rate: 75
Number Of Channels: 64 Particle Shape: MN/A Baelow Residual:  0.00 um:: m:r “5 “‘m Number Of mm...m 64 Particle Shape: N/A Below Residual:  0.00 Ultrasonic {_IMP‘ 6‘!,5 watts
itraso onds me:

Figure B - 18: September 2004, SMP-CWE-10 Volume and Number Distribution
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MICROTRAC - S3000 Ver:8.0K = MICROTRAC - S3000 Vér'-?'& i
Particle Size Analysis 3212188 S i Particle Size Analysis :m -] 3
my 3748 100% 11.88 fbsorbing = 6.822 | 10% = 0.373 60% = 0.575 | 0.578 100% 0425
mn ASVR = 80% 20% = 0.417 T0% = 0.640
ma 30% = 1.98 DI H20 30% = 0.454 B0% = 0.750
es 40% = 2.719 S0% = 17,68 A0% = 0490 O00'% = 1.018
sd 50% = 3,748 95% = 23.92 50% = 0.529 96% = 1.362
THCHAN THPASS WCHAN
100.0 % 10.0 100.0 50.0
80.0 /" 9.0 90.0 45.0
{
80.0 w, 8.0 80,0 40.0
70.0 f 70 T0.0 350
60.0 /! 6.0 60.0 300
50.0 50 50.0 - 250
£0.0 4.0 40.0 20.0
30.0 2.0 30.0 15.0
0.0 .0 200 10.0
10.0 10 10.0 5.0
00 0.0 Ty 0.0
14 10.00 00.0 000 10000 0.010 0.100 1.000 0.00 00.0 1000 10000
= m - _— e~ r—— = Sh = I
RCHAN HPASS RCHAN | SIZE RPASS  WCHAN SIZE HCHAN | SIZE HCHAN | SIZE SIZE HPASS  HCHAN
90.84 3123 0.00 0,00 1408 100.00 0.00 18.50 100.00 0,00 0.243 0.00 0.00
5.56 87.61 3.55 0.00 0.00 1184 100.00 0,00 5.56 100.00 00 0.204 .00 0.00
3 100.00 .00 13.08 B4, 190 0.172 0.00 0.00 100.00 0.00 3.08 100.00 0.00 0.172 .00 0.00
8ar.2 100.00 .00 11.00 80,16 4,26 0.145 .00 0.00 100.00 0.00 1.00 100.00 0.01 0.145 o0 0.00
1 .00 9.250 75.90 481 0.122 .00 0.00 704.0 100.00 0.00 9.250 96.99 0.01 4 .00 0.00
562.0 100.00 .00 7.778 71.20 487 0.102 00 0.00 100.00 0.00 T8 96.98 0.02 0.102 00 0.00
497.8 100.00 .00 6.541 66.42 6.03 0.088 .00 0.00 497.8 100.00 0.00 6.541 5.96 0.03 0.088 0.00 0,00
4188 100.00 .00 5.500 61.39 £10 0.072 .00 0.00 41806 100.00 0.00 5.500 6,93 0.05 0.072 0.00 0.00
0 100.00 .00 517 0.061 .00 0.00 352.0 100,00 0.00 4.625 9,58 0.08 0,061 .00 0.00
296.0 100.00 .00 3.889 51.12 5.30 0.051 .00 0.00 296.0 100.00 0.00 3.889 96.78 0.16 0.051 .00 0.00
248.9 100.00 0.00 3.270 485, 5.45 0.043 .00 0.00 248.9 100,00 0.00 3.270 99,63 0.27 .00 0.00
3 100.00 0.00 2.750 40.37 5.53 0.036 .00 0.00 3 100. 0.00 750 99.36 0.45 0.038 00 0.00
176.0 100.00 .00 2312 34.84 542 0.030 0.00 0.00 176.0 100.90 0.00 312 96.90 0.76 0.030 00 .00
148.0 100.00 .00 1.945 20.42 510 0.026 0.00 0.00 148.0 100.00 0.00 845 9814 1.20 0.026 .00 0,00
1245 100.00 .00 1.635 24.3 4.57 1245 100.00 0,00 635 96.54 181
104.7 100.00 .00 1.375 19.75 3.89 104.7 100.00 0.00 a75 95.13 2.59
£8.00 100.00 .00 1.156 16.86 322 88.00 100.00 0.00 158 82,54 381
74.00 100.00 .00 972 12,64 279 74.00 100.00 0.00 0.972 80.93 528
6223 100.00 .04 0.818 .85 269 62.23 100.00 0,00 0.818 83,68 8.52
52.33 99.96 0.18 0.688 7.16 2.73 100.00 Q.00 75.18 14.59
4400 99.78 0.52 0.578 443 2.40 44.00 100.00 0.00 0.578 80. 21.54
00 99,26 1.15 0.486 2.03 1,41 37.00 100.00 0.00 0.486 395.03 21.23
31.11 88.11 1.88 0.409 0.62 0.50 .11 100.00 0.00 0.409 17.80 267
.18 98.22 2.48 0344 012 0.42 100.00 0.00 0.344 513 513
2200 9374 290 0.289 0.00 0.00 100.00 0.00 0.289 00 0.00
[Oisinbution:  Volume RunTime: 30 seconds Filuid: Watar Analysis Mode: 53000 RuUnTime: 30 soconds Fiuid: Water Analysis : 53000
Progression:  Standard Run Number Avg of 3 runs Fluld Refractive Index: 1.33 Sample Cell Id: 0318 Run Number Avg af 3 runs Fluld Refractive Index: 1.33 Sample Cell Id: 0318
Uppar Edge: 1408 Particle: Resin Loading Factor: 0.0131 Particle: Resin Loading Factor:  0.0131
Lower Edge:  0.021 Particle Absorb o, Lower ;0 Particle Absorb 0.95
Disablod Particlo Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 75 Residuals: Disabled Particls Refractive Index: N/A  Above Residual:  0.00 ASVR Flow Rate: 75
|Number Of Channels: 84 Particle Shape:  NiA Below Residual: 0,00 Ultrasonic Power: 25 walts ] Below Residual:  0.00 Ultrasonic Power: 25 watts
Ultrasonic Time: 60 seconds Time: €0
(Filtor: Off Path: COMTWINSOWTWIN.DB

Figure B - 19: September 2004, SMP-FFF-10 Volume and Number Distribution
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- = - : 0B/2BI05 Meas #: 2236
| Particle Size Analysis Tlmt‘ 14:06 _ Pras #: 1
fabsorbing mv = 10.49 | 10% = 0.780 60% = 6812 | 4111 100% 14.24
ASVR = 20% mn = 0.613 | 20% = 1.332 T0% = 8.305
bl H20 ma = 2131 | 30% = 2.021 B0% = 1260
es = 2.815 | 40% = 2.500 90% = 21.94
sd = 7.122 | 60% = 4.111 95% =34.64
%PASS SLCHAN
100.0 == 10.0
/f
90.0 /7/ 9.0
80.0 ",- 8.0
70.0 70
80.0 6.0
50.0 5.0
40.0 40
30.0 3.0
20.0 20
10.0 1.0
0.0 0.0
0.010 0 1.000 10.00 100.0 1000 0000
—_  -Sielmiorons)-
SIZE %CHAN | SZE %PASS %CHAN | SZE %PASS %CHAN | SEE %PASS  HCHAN
1408 100.00 0.00 18.50 B7.38 3.08 0.243 0.00 0.00
1184 100,00 0.00 16, 28 348 0.00 0.00
2955 100.00 0.00 13.08 80.81 3.83 0.172 0.00 0.00
837.2 100.00 0.00 11.00 76.98 418 0.145 0.00 0.00
7040 100.00 0.02 8.250 72.80 486 0122 0.00 0.00
8920 89.98 0.02 7778 66.26 484 0.102 0.00 0.00
4978 89,96 0.03 6.541 63.41 .00 0.088 0.00 0.00
4188 99.83 0.03 5.500 58.41 5.01 0.072 0.00 0.00
362.0 99.90 0.08 4625 499 0.061 0.00 0.00
296.0 99,84 0.07 3.889 48.41 487 0.061 0.00 0.00
2489 29.77 0.10 3.270 43. 494 0.043 0.00 0.00
209.3 99.67 015 2.750 38.80 486 0.038 0.00 0.00
1780 99.62 020 2312 33868 4885 0.030 .00 0.00
148.0 99,32 0.26 1.845 29.00 436 0.028 0.00 0.00
1245 28,07 0.26 1.635 2486 397
104.7 88.81 0.28 1376 20.68 3.52
88.00 98.68 0.28 1.188 17.16 2.10
74.00 98.28 038 0.872 14.06 2.86
6223 82 0.53 0.818 11.24 288
6233 87.39 0.78 o.e88 833 302
44.00 96.61 1.0 0.578 £.31 273
7 86.51 1.44 0.488 268 171
3111 24.07 1.81 0.408 0.87 088
28.16 92.26 2.22 0.344 018 0.18
.04 288 0.289 0.00 0.00
RunTime: Fluld: Water Analysis Mode: S3000
Run Numbﬂ Avg of a runs Fluid Refractive Index: 1.33 Sample Cell id: 0318
Particle: in Loading Factor:  0.0135
Particle Transp 5
Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Fiow Rate: 75
Number Of Channels: 84 Particle Shape: NIA Below Residual: 0.00 Ultrasonlo Bowsr: 26 watts
[Filter: Ot Database Path: _C:MTWINSOWTWIN.DB

WSRC-TR-2004-00401
Revision 1

Particle Size Analysis el L e R
Hansen, Erc
bsorbing mv = 10.49 | 10% = 0.369 60% =0.663 | 0.610 100% 0.37&
ASVR = BO% mn = 0613 | 20% = 0.402 70% = 0.610
Dl H20 ma = 2.131 | 30% = 0.438 B80% =0.702
o8 = 2816 | 40% = 0.472 90% = 0.917
sd = 0.188 | 50% = 0.510 96% = 1.217
%PASS WCHAN
100.0 / 50.0
90.0 r 450
80.0 400
T70.0 350
60.0 30.0
500 5.0
400 200
300 15.0
200 10.0
100 50
0.0 0.0
0.010 0.100 1.000 10.00 100.0 1000 10000
- Size (microns) - e
%PASS  %CHAN SEE %PASS HCHAN | SEE %PASS HCHAN
100.00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
100.00 0.00 16.56 100.00 0.00 0.204 0.00 0.00
100.00 0.00 13.08 100.00 0.00 0172 0.00 0.00
100.00 0.00 11.00 100.00 0.00 0.145 0.00 0.00
100.00 0.00 9280 100.00 0.01 0.122 0.00 0.00
100.00 0.00 7.778 99.99 0.02 A02 0.00 0.00
100.00 0.00 6.541 99.97 0.03 0.00 0.00
100.00 0.00 6.500 99.94 0.04 0.00 0.00
100.00 0.00 4825 .90 0.08 0.061 0.00 0.00
100.00 00 3.889 99.82 013 0.081 0.00 0.00
100.00 0.00 3270 89 0.21 0.043 0.00 0.00
100.00 0.00 2780 29.48 0.35 0.036 0.00 0.00
100.00 0.00 2312 29.13 0.56 0.030 0.00 0.00
100.00 0.00 1.845 98.67 0.88 0.026 o0.00 0.00
100.00 .00 1.8636 97.69 1.25
100.00 0.00 1.376 86.34 202
100.00 0.00 1.186 84,22 299
100.00 0.00 0.972 L) ! 481
100.00 0.00 0.818 86.72 7.84
100.00 0.00 78.88 13.87
100.00 0.00 0.578 66.01 21.07
100.00 0.00 0.488 43.94 2216
100.00 0.00 21.79 14,81
100.00 0.00 0.344 698 (-5 ]
100.00 0.00 0.289 0.00 0.00
Number RunTime: 30 seconds Fiuid: Water Analysis Mode: 53000
ngmslon Standard Run Number Avgof 3 runs Fluid Refractive Index: 1.33 Sample Cell id: 0318
Uppar 1 1408 Particle: Resin Loading Fm 00135
Lower 0.021 Particle T Absorb
Resikduals: Disabled Particle m Imr. NiA m Mhlllll B 00
Number Of Channels: 84 Particle Shape: low Residual: 0.00
il on Database P c: 2}

Figure B - 20: May 2005, SMP-CWE-1 Volume and Number Distribution
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WSRC-TR-2004-00401

i s - 3218000 Date: OE/ZG/0E Moas #: 2240 | i ; g 3219000 o] 3
| Particle Size Analysis Time: 1418 Pres # 1 | Particle Size Analysis ime: 14:18  Pres #: 1
nsen, Dia__Vol Width ansan,
pbsorbing 10% = 0811 60% =5.003 | 3.671 100% 11.14 prbsorbing 10% = 0.374 0.574 | 0.528 100% 0.416
ASVR = 80% 20% = 1.376 70% = 7.10% ASVR = 80% mn = 0.649 | 20% = 0.418 70% = 0.638
I H20 ma = 2127 [ 30% = 1.967 80% = 10.33 bl H2O ma = 2127 | 30% = 0.464 80% = 0.745
es = 2821 |40% = 2681 90% = 16.46 es = 2821 | 40% = 0.490 90% = 1.007
sd = 5.568 | 50% = 3.671 95% = 21.82 sd = 0.208 | 50% = 0.529 95% = 1.364
B %CHAN %PASS %CHAN
100.0 / 10.0 100.0 50.0
20.0 /’ 2.0 90.0 7 450
i
80.0 8.0 B80.0 40.0
A
T0.0 ’ 7.0 70.0 350
80.0 6.0 60,0 30.0
50.0 5.0 50.0 250
40.0 4.0 40.0 20.0
30.0 3.0 30.0 15.0
200 20 20.0 10.0
10.0 1.0 10.0 5.0
0.0 + 00 0.0 0.0
0.010 0.100 1.000 10.00 100.0 000 10000 0.010 0.100 1.000 10.00 100.0 1000 10000
e -Miiouwe- .. - Size (microns) - —
SZE H%PASS HCHAN | SRS %PASS HCHAN | SIZE %PASS %CHAN | SZE HPASS  HCHAN SEZE %CHAN | SIZE HBPASS HCHAN | SZE %PASS  HCHAN
1408 100.00 0.00 18.60 9219 328 0.243 0.00 0.00 1408 100.00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
1184 100.00 0.00 15.56 £8.91 384 0.204 0.00 0.00 1184 100.00 0.00 16.86 100.00 0.00 0.204 0.00 0.00
2965 100.00 0.00 13.08 86.37 3.88 0472 0.00 0.00 2966 100.00 0.00 13.08 100.00 0.00 0472 0.00 0.00
8372 100.00 0.00 11.00 81.61 426 0.145 0.00 0.00 837.2 100.00 0.00 11.00 100,00 0.01 0.145 0.00 0.00
7040 100.00 0.00 9.260 77.28 468 0122 0.00 0.00 704.0 100.00 0.00 9.260 99.98 0.01 0.122 0.00 0.00
6920 100.00 0.00 7.778 72.58 £.03 0.102 0.00 0.00 8920 100.00 0.00 7.778 99.98 0.02 0.102 0.00 0.00
4578 100.00 0.00 8,541 67.585 .21 0.088 0.00 0.00 4978 100.00 0.00 6.841 99.96 0.03 0.088 0.00 0.00
4128 100.00 0.00 E£.500 62.34 .26 0.072 0.00 0.00 4188 100.00 0.00 5.500 99.93 0.05 0.072 0.00 0.00
282.0 100.00 0.00 4626 67.08 5.29 0.061 0.00 0.00 3520 100.00 0.00 4826 59.88 0.09 0.061 0.00 0.00
296.0 100.00 0.00 3889 61.79 5.40 0.081 0.00 0.00 296.0 100.00 0.00 3889 59.78 0.16 0.061 0.00 0.00
2488 100,00 0.00 46.39 5.56 0.043 0.00 0.00 2489 100.00 0.00 3.270 99.63 027 0.043 0.00 0.00
2093 100.00 0.00 2.750 566 0.026 0.00 0.00 208.3 100.00 0.00 2750 99.36 0.45 0.038 0.00 0.00
1780 100.00 0.00 2312 3647 552 0.030 0.00 0.00 176.0 100.00 0.00 2312 9890 078 0.030 0.00 0.00
1480 100.00 0.00 1 25, 613 0.028 0.00 0.00 148.0 100.00 0.00 1.945 26.14 1.18 0.026 0.00 0.00
124.6 100.00 0.00 1.636 24.62 484 124.5 100.00 0.00 1.838 96.96 1.78
104.7 100.00 0.00 1376 1998 384 1047 100.00 0.00 1.378 86.20 2.60
£8.00 100.00 0,00 1.168 16.14 3.20 28.00 100.00 0.00 1.168 9270 3.6
74.00 100.00 0.00 0.872 12.84 2.81 74.00 100.00 0.00 0.972 88,18 817
6223 100.00 0.00 o818 10.13 2.74 6223 100.00 0.00 0818 84.02 .48
8233 100.00 0.08 0.688 7.39 283 5233 100.00 0.00 o0.888 76.64 14.78
44.00 99.92 026 0.678 488 248 44.00 100.00 0.00 0.678 80.78 21.97
37.00 99.67 a.70 0.488 2.08 1.48 37.00 100.00 0.00 0.486 21.38
3111 98 1.48 0.408 0.63 0.61 3111 100,00 0.00 0.409 17.64 1263
2616 0244 0.2 0.42 26.16 100.00 0.00 0.344 501 5.01
2200 0.289 0.00 0.00 2200 100,00 0.00 0.2898 0.00 0.00
RunTime: 30 seconds Trbution: unTime: 30 seconds Fluid:_Watar Analysis Mode: S3000
Run Number Avgof 3 runs Progression: Standard Run Number Avgof 3 runs Fluid Refractive Index: 1.33 Sample Cell Id: 0318
Particle: Resin Upper Edge: Particle: Resin Loading Factor:  0.0132
i Particle Transparency: Absork Transmission Lower Edge:  0.021 Particle T P Y rb 0.95
Residuals: Disabled Pa Index: NIA Above : 76 Residuals: Disabled Particle NIA  Above Residual: 0.00
Number Cf Channels: &4 Particle Shape: NIA Ultrasonic Power: 25 watts Numbar Of Channels: &4 Particle Shape: NIA Below Residual:  0.00
Ultrasonic Time: 60 seconds
ilter: N.DB |Ejm ofn mm m c:mmmu.gg

Figure B - 21: May 2005, SMP-FFF-1 Volume and Number Distribution
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Fitter; OfF

Number Of Channels: &4

Particle Shape: N/A

o Path: CMTWINSOWTWIN.OE

Below Residual: 0.00

Particle Size Analysis 278007
Hansen, Eric.
Kbsorbing mv = 7.220 | 10% = 0.807 60% = 5.386 | 3820 100% 12.38
MSVR = 80% mn = 0.842 [ 20% = 1.373 T0% =7.633
Dl H20 ma = 2162 | 30% = 1.999 80% = 11.26
es = 2788 | 40% = 2.761 90% = 18.61
sd = G188 | 50% = 3.820 96% = 26.08
%PASS WCHAN
100.0 / = 10.0
80.0 / 2.0
B0.0 7 B0
70.0 7.0
/
60.0 7 6.0
50.0 50
40.0 40
30.0 30
20.0 20
10.0 10
0.0 ! 0.0
0.010 100 1.000 10.00 100.0 1000 10000
- Size (microns) -
SIZE MCHAN | SIZE %PASS %CHAN | SEZE %PASS XCHAN | SIZE %PASS  CHAN
1408 100.00 0.00 18.50 89.90 11 0.243 0.00 0.00
1184 100.00 0.00 16.58 B86.79 3.47 0.00 0.00
2966 100.00 0.00 13.08 8132 386 0.172 0.00 0.00
837.2 100.00 0.00 11.00 70.47 4.28 0.1456 0.00 0.00
To4.0 100.00 0.00 9.250 76.19 488 0122 0.00 0.00
5920 100.00 0.00 7.778 70.63 4.91 0.902 0.00 0.00
B 100.00 0.00 6.541 6662 5.00 0.088 0.00 0.00
418.6 100.00 0.00 5.500 &0 501 0.072 0.00 0.00
3820 100.00 0.00 4828 66.81 6.07 0.081 0.00 0.00
296.0 100.00 0.00 3.889 60.54 6.24 0.064 0.00 0.00
2489 100.00 0.00 3.270 45.30 542 0.043 0.00 0.00
209.3 100.00 0.00 2780 39.88 5.44 0.038 0.00 0.00
176.0 100.00 0.00 2312 34.44 6.26 0.030 0.00 0.00
148.0 100.00 0,00 1.845 28.19 484 0.026 0.00 0.00
1245 100.00 0.00 1635 2436 4.32
104.7 100.00 0.00 1376 20.03 376
BE.0O 100.00 0.00 1.168 16.27 321
T4.00 100.00 0.08 0.872 13.06 288
99.95 0.18 o0.818 10.21 a7e
2077 0.44 0.688 743 282
44.00 29,33 0.89 0.57T8 481 247
37.00 98.44 1.44 0.486 2.14 1.47
311 97.00 1.96 0.409 087 0.53
16 95.04 238 0.344 0.14 0.14
9268 278 0.289 0.00 0.00
Distribution:  Volume RunTime: 30 seconds ater
Progression: Standard Run Number Avgeof 3 runs Fluld Refractive Index: 1.33
Upper Edge: 1408 Particle: Resin Factor: 0.0123
: 0.021 Particle Transparency: Absorb Transmission: 085
Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00

WSRC-TR-2004-00401

Particle Size Analysis

28713
SEatd

10% = 0.368 &0% = 0.571
20% = 0.414 70% = 0.634
30% = 0.460 80% =0.738
40% = 0,486 90% = 0.983%
60% = 0.626 96% = 1.321

Revision 1

45.0

40.0

350

30.0

250

20.0

10.0

50

labsorbing
lasvR = 80%
bl H20
%PASS
100.0
80.0
B0.0
T0.0
80,0
50.0
40.0
30.0
20.0
10.0
0.0
0.010
SIZE
1408 100.00
1184 100.00
9966 100.00
8372 100.00
704.0 100.00
592.0 100.00
4978 100.00
4126 100.00
362.0 100.00
256.0 100.00
248.9 100.00
2023 100.00
176.0 100.00
148.0 100.00
124.5 100.00
1047 100.00
£8.00 100.00
74.00 100.00
6223 100.00
6233 100.00
44.00 100.00
a7 100.00
3111 100.00
2616 100,00
22,00 100.00

.100
SHCHAN | SIZE
0.00 18.80
0.00 16.66
0.00 13.08
0.00 11.00
0.00 2.280
0.00 7.778
0.00 5.641
0.00 E5.500
0.00 4626
0.00 3.889
0.00 3.27T0
0.00 2780
0.00 2312
0.00 1.945
0.00 1.635
0.00 1376
0.00 1166
0.00 0872
0.00 0818
0.00 o.s88
0.00 0.578
0.00 0.486
0,00 0.409
0.00 0.344
0.00 0289
RunTime: 30

Particle T

Particle: Resin

Database

Particle Refractive Index: N/A
Particle Shape: N/A

10.00 100.0 1000
- Size L
%CHAN | SIZE %PASS  HKCHAN
0.00 0.242 0.00 0.00
0.00 0.204 0.00 0.00
0.00 0472 0.00 0.00
0.01 0.145 0.00 0.00
0.01 0122 0.00 0.00
0.02 0.102 0.00 0.00
0.03 0.088 0.00 0.00
0.08 0.072 0.00 0.00
0.09 0.061 0.00 0.00
016 0.081 0.00 0.00
0.28 0.043 0.00 0.00
0.44 0.025 0.00 0.00
0.7T1 0.030 0.00 0.00
1.10 0.028 0.00 0.00
1.66
242
3.47
647
8.49
14.83
21.35
21.34
1294
BTT
0.00
Fiuid: Water Analysts
Fluid : 133 Sample
Loading Factor:  0.0123
Absorb Tl
Above Residual: 0.00
Below Residual: 0.00

Figure B - 22: May 2005, SMP-ECR-1 Volume and Number Distribution
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SIZE = %PASS %CHAN

Mode: 53000
Cell id: 0318

0.0
10000




| Particle Size Analysis CWE E/18/05 Thn-:: 14:38 _ Pres #: 1
Summary
bsorbing myv = 10.78 m-z. =0.769 B0% = 5693 | 3893 100% 14.99
JASVR = B0% mn = 0.624 .322 TO% = 8.218
Dl H2O ma = 2,119 866 B80% = 12.98
es = 2.832 w‘b:i?ﬂ 20% = 23.83
sd = 7.494 | 50% = 3.893 86% = 41.20
HPASS SCHAN
100.0 10.0
90.0 9.0
80.0 8.0
70.0 7.0
60.0 6.0
50.0 / 5.0
400 4.0
300 20
200 20
100 1.0
0.0 T~ 00
0.010 1.000 10.00 100.0 1000 10000
T L e e ———
SEZE KPASS %CHAN | SEE %®EASS %CHAN | SEZE %PASS %CHAN | SZE %PASS  HCHAN
1408 100.00 0.00 18.50 B88.39 297 0.243 0.00 0.00
1184 100.00 0.00 15.56 83, 3.26 0.204 0.00 0.00
9066 100.00 0.00 13.08 80.18 3.62 0.172 0.00 [-X
8372 100.00 0.00 11.00 Te.e4 3.82 0.145 0.00 0.00
To4.0 100.00 0.00 8.260 7282 416 0122 0.00 0.00
692.0 100.00 0.00 7778 68.66 4.48 o102 0.00 0.00
4978 100.00 o.02 B.541 64.20 466 0.086 0.00 0.00
418.8 99.98 0.04 E6.500 69.66 476 0.072 0.00 [:X
3820 995.94 0.07 4.825 54,80 482 0.081 0.00 0.00
286.0 99.87 0.08 3.888 49, 495 081 0.00 o
2489 .79 010 3270 48,02 5.08 0.043 0.00 [-X
209.3 99.69 013 2780 39.! 513 0.038 0.00 0.00
178.0 99.56 0.16 2312 3481 496 0.030 0.00 0.00
148.0 99.40 0.21 1.945 29.8 467 0.028 0.00 0.00
124.5 98.19 o.28 1.636 2818 4.27
104.7 28.91 037 1376 209 3.76
B2.00 88, 0.51 1.156 17.16 3.23
7400 98.03 (X 0.872 13.92 2980
62.23 97.36 087 0818 11.02 288
6233 96.48 1.04 o.ea8 8.14 3.00
44.00 9544 121 0578 614 270
ar.oo 8423 1.42 0.488 2.44 186
311 9281 172 0.409 078 062
26.16 91.09 212 0.344 0.47 017
22,00 8a.97 2.58 0.289 0.00 0.00
seconds Fluid: Water Analysis o
Run Number Avg of 3 runs Fluid Refractive Index: 1.33 ‘Sampie Cell Id: 0318
Resin Loading Factor: 0.0138
Particle Transparency: b Transmission: 0.95
Index: NIA Residual: 0.00 ASVR Flow Rate: 76
Numb‘r Dfﬁhmruls 84 Particle Shape: N/A Below Residual: 0.00 Ultrasonic Power: 25 watts
. Ultrasenic Time: &0 seconds

|CADgS; wuL) 1sue um

WSRC-TR-2004-00401
Revision 1

Particle Size Analysis M‘aﬁa Time: 14:36  Pros 8- 1
ansen, Summary
mv = 10.78 | 10% = 0.363 0% =0.550 | 0.516 100% 0.389
JASVR = B0% mn = 0.624 | 20% = 0.408 70% = 0.613
DI H2O0 ma = 2119 | 30% = 0.444 B80% =0.T15
es = 2.832 | 40% = 0,478 90% = 0.847
sd = 0.194 | 50% = 0.616 96% = 1.260
HPASS HCHAN
100.0 / 50.0
90.0 ) 450
80.0 40,0
T0.0 rj 5.0
60.0 30.0
50.0 250
40.0 200
30.0 15.0
200 100
10.0 50
0.0 T ! 0.0
0.010 0.100 1.000 10.00 100.0 1000 10000
- Size (microns) -
SZE HCHAN HBPASS  HCHAN | SZE %BPASS HCHAN | SZE HKPASS  KCHAN
1408 100.00 0.00 18.50 100.00 0.00 0.243 0.00 0.00
1184 100.00 0.00 16.66 100.00 0.00 0.204 0.00 0.00
9968 100.00 0.00 13.08 100.00 0.00 0.172 0.00 0.00
872 100.00 0.00 11.00 100.00 .00 0.145 0.00 0.00
T04.0 100.00 0.00 250 100.00 0.01 0.122 0.00 0.00
5920 100.00 0.00 T.778 99, o.01 0.102 0.00 0.00
4978 100.00 0.00 6.641 99.98 0.03 0.088 0.00 0.00
418.8 100.00 0.00 6.500 2995 0.04 0.072 0.00 0.00
3520 100.00 0.00 4625 2991 0.07 0.081 0.00 0.00
296.0 100.00 0.00 3.889 2984 013 0.081 0.00 0.00
2489 100.00 0.00 3270 971 0.22 0.043 0.00 0.00
2093 100.00 0.00 2780 29, o.3s 0.038 0.00 o.00
1760 100,00 0.00 2312 #8.11 0.51 0.030 0.00 0.00
148.0 100.00 0.00 1.845 28 o.87 0.028 0.00 0.00
1245 100.00 0.00 1635 a7.63 1.49
1047 100.00 0.00 1376 96, 22
82.00 100.00 0.00 14 93 3.20
T4.00 100.00 0.00 0. 90, 482
6223 100.00 0.00 0.818 BE81 8.08
E2.33 100.00 0.00 0.688 T7. 14.186
44.00 100.00 0.00 0.578 6381 2139
37.00 100.00 0.00 0.488 42.22 2196
3111 100.00 0.00 0.408 2027 13.88
26.18 100.00 0.00 0.344 641 6.41
100,00 0.00 0.289 0.00 0.00
mi;r_ Flumd:_Water Analysis Mode: 53000
Progression: Standard R‘un Numb'r Avgof 3 runs Fluid Refractive index: 1.33 Sample Cell Id: 0318
Upper Edge: 1408 Particle: in Leading Fuhr‘ a 0139
Lowar : 0021 Particle Al
(Residuals: Disabled Particle Refractive Index: MN/A  Above Rlllﬁull D 00 ASVR Flow Rate: 76
(Number Of Channels: &4 Particla Shape: MN/A low Residual: 0.00 Ultrasonic Power: 25 watts
[ Time: &0
E on P AMTWIN N,

Figure B - 23: May 2005, SMP-CWE-7 Volume and Number Distribution




- range; yugl Sisus um e
= : ” : - - : 3218008 Date: s¥:
Particle Size Analysis Particle Size Analysis iy Time: 14:48 Pres #: 1
sen. Dia__Volk _Width Fanson, Eric “Simman
Absorbing mv = §.533 | 10% = 0.814 80% = 5.054 | 3.628 100% 1118 i bsorbing mv = 6.533 | 10% = 0.374 60% =0.576 | 0.523 100% O0.421
JEVR = B0% mn = 0.852 | 20% = 1.372 TO% =T7.101 JASVR = B0% mn = 0.852 | 20% = 0.419 T0% = 0.840
DI H2O0 ma = 2124 | 30% = 1968 B0% = 10.34 DI H20 ma = 2.124 | 30% = 0.456 80% = 0.749
o = 2824 | 40% = 2667 90% = 16.77 os = 2824 | 40% = 0.491 90% = 1.014
sd = 6.696 | 50% = 2.628 96% = 2284 sd = 0.210 | 50% = 0.529 26% = 1.361
%PASS HCHAN %PASS %HCHAN
100.0 A 10.0 100.0 50.0
0.0 /’ a.0 20.0 45.0
/
80.0 8.0 80.0 40.0
70.0 ’ 7.0 T0.0 350
60.0 6.0 60.0 30.0
50.0 5.0 50.0 250
40.0 4.0 40.0 20.0
30.0 30 30.0 15.0
20.0 2.0 20,0 10.0
10.0 1.0 10.0 5.0
0.0 0.0 0.0 0.0
0.010 0.100 1.000 10.00 100.0 1000 10000 0.010 0.100 1.000 .00 00.0 1000 10000
_____ -Sizejmicrons). Size (microns) -
SEE HPASS WCHAN | SZE %PASS %CHAN | SIZE #®PASS %CHAN |SEE KPASS %CHAN SIZE SCHAN | SIZE H/PASS HCHAN | SZE %PASS %CHAN | SZE HPASS  WCHAN
1408 100.00 0.00 18.50 .71 3.08 0.243 0.00 0.00 1408 100.00 0.00 18.60 100.00 0.00 0.243 0.00 0.00
1184 100.00 0.00 16.568 B8.83 339 0.204 0.00 0.00 1184 100.00 0.00 16.66 100.00 0.00 0.00 0.00
2966 100.00 0.00 13.08 377 0.172 0.00 0.00 9968 100,00 0.00 13.08 100.00 0.00 0472 0.00 0.00
8ar.2 100.00 0.00 11.00 81.47 422 0146 0.00 0.00 8372 100.00 0.00 11.00 100.00 0.01 0.146 0.00 0.00
T04.0 100.00 0.00 9.280 77.28 486 0122 0.00 0.00 T04.0 100.00 0.00 8.250 2989 0.01 0122 0.00 0.00
592.0 100.00 0.00 7.778 72.69 4.97 0.102 0.00 0.00 592.0 100.00 0.00 7778 99.98 o.02 o102 0.00 0.00
4978 100.00 0.00 8.541 BT.62 611 0.088 0.00 0.00 497.8 100.00 0.00 6.541 99.96 0.03 0.086 0.00 0.00
4188 100,00 0.00 5.500 62.651 616 0.072 0.00 0.00 4186 100.00 0.00 6.500 .93 0.08 0.072 0.00 0.00
352.0 100.00 0.00 4628 57.38 622 0.081 0.00 0.00 352.0 100.00 0.00 4625 29,88 o.08 0.081 0.00 0.00
296.0 100.00 0.00 3.889 52.14 539 0.061 0.00 0.00 296.0 100.00 0.00 3.889 29,79 018 0.061 0.00 0.00
2489 100.00 0.00 3.270 48.76 5.61 0.043 0.00 0.00 2489 100.00 0.00 3.270 99.63 0.27 0.043 0.00 0.00
209.3 100.00 0.00 2.760 41.14 674 0.038 0.00 0.00 2003 100.00 0.00 2.760 99.38 0.47 0.038 0.00 0.00
176.0 100,00 0.00 2312 36.40 6.68 0.030 0.00 0.00 176.0 100.00 0.00 2312 98.89 077 0.030 0.00 0.00
148.0 100.00 0.00 1.845 29,82 618 0.028 0.00 0.00 148.0 100.00 0.00 1.845 8812 1.20 o.028 0.00 0.00
124.56 100.00 0.00 1.636 4.89 1245 100.00 0.00 1.636 96.92 1.78
104.7 100.00 0.00 1.378 20, 2.80 104.7 100.00 0.00 1375 8513 2.55
88.00 100.00 0.00 1.168 18.16 3.24 £8.00 100.00 0.00 1.186 9268 3.57
74.00 100.00 0.00 0.972 12.91 283 74.00 100.00 0.00 0.972 £9.01 6.23
8223 100,00 0.02 0.818 10.08 276 62.23 100.00 0.00 0818 83.78 8.68
52.33 29.98 0.14 o.ses 733 281 62.33 100.00 0.00 0,688 TE22 14.76
44.00 99.84 0.42 0.578 4.52 248 44.00 100.00 0.00 0.578 60.47 21.69
37.00 99.42 0.87 0.488 2,08 1.44 37.00 100.00 0.00 0.486 38.78 21.30
nn 98.45 1.68 0.409 0.82 0.50 311 100.00 0.00 0.409 17.48 12.44
26.16 86.77 2.3 0.344 0,12 0.12 26.16 100.00 0.00 0.344 504 5.04
22.00 94,46 276 o0.289 0.00 0.00 2200 100.00 0.00 0.289 0.00 0.00
bution:  Velume Analysis Mode: 53000 [Distribution: Number unTime: seconds Flukd: Water
Progression: Standard Sample Cell ld: 0318 [Progression: Standard Run Number Avgof 3 runs Fluid Refractive Index: 1.33
Upper Edge: 1408 1408 Particle: Resin Loading Factor:  0.0130
Lower Edge: 0.021 0.021 Particie T Absarb 0.96
Residuals: Disabled Flow Rate: 78 [Residuals: Disabled Particle Refractive Index: N/A  Above Residu 0.00
Number Of Channels: B84 Ultrasonic Power: 26 watts Number Of Channels: 84 Particle Shape: N/A Below Residual: 0.00 =
Ultrasonic Time: 80 Uktrasenic Time: &0
i of Datal Path: _C:MTWII 1}
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- = > 15004 Date: OGIZ6/06 Meas #: 2252 | ; i 3279004 3 2
Particle Size Analysis 33 T reas P Particle Size Analysis % Time: 14:88  Pros # 1
- ey | e [ DaVer Wam| [T s
lubsorbing mv = 6.746 | 10% = 0.816 ©0% = 6.083 | 3.639 100% 11.41 Absorbing my = 6.746 | 10% = 0.371 eow=0672| 0827 1 0.417
jsvr = 80% mn = 0.648 | 20% = 1.384 70% = 7.164 SVR = 80% mn = 0,648 | 20% = 0.416 T0% = 0.636
Dl H2O ma = 2133 | 30% = 1.972 80% = 10.51 01 H20 ma = 2133 | 30% = 0.463 80% =0.743
os = 2813 | 40% = 2675 80% = 17.27 o3 = 2813 | 40% = 0.488 0% = 1.008
sd = 5706 | 60% = 3.639 9% = 24.12 sd = 0.208 | 50% = 0.627 9% = 1.388
%PASS %CHAN DEASS iy
100.0 10.0 100.0 50.0
20.0 /A 8.0 80.0 45.0
i
8.0 7 8.0 800 40
i
70.0 ..fj 7.0 70.0 ' 350
80.0 6.0 60.0 30.0
o 50 50.0 25.0
400 40 400 20.0
00 3.0 300 15.0
0 20 200 10.0
Ao 10 10.0 5.0
0.0 0.0 0.0 T 0.0
soln e 1650 MU 000 1000 10000 0.010 0.100 1.000 10.00 100.0 1000 10000
=Size —— ¥ T T g TR SEE  GPASs GOAN [SEE PASS Wouan | sz WPASS GO IR SPASS uoEAN
st = = Size (microns| ,—.___
HCHAN SZE H%PASS #CHAN | SEZE WPASS  %HCHAN 1408 100.00 .00 18.80 100.00 8.00 0.243 0.00 0.00
1408 10000 0.0 18.50 113 2.96 0.243 0.00 0.00 b+ 10000 o000 b e 10900 0 0204 o.00 000
oyl :ﬁﬁ 8’% i “‘;: §# 0.172 Sﬁ 8'% 100.00 0.00 13.08 100.00 0.00 0.172 0.00 0.00
. - y 8372 10000 0.0 11.00 100.00 0.0 0.145 0.00 0.00
8372 10000  0.00 11.00 81.07 4.2 0.145 agn 0.00 10000  0.00 89,89 0.01 0.122 0.00 0.00
7040 100.00 0.00 9.260 76.88 488 0122 0.00 0.00 SED 200.00 o0 7 9998 0.02 0.402 0.00 0,00
920 100.00 0.00 7778 T2.28 485 0.102 0.00 0.00 e 10900 050 a1 998 003 0,086 000 a00
4978 100.00 0.00 6.641 67.43 500 o 00 0.00 41858 100.00 0.00 §00 99,83 0.05 0.072 0.00 0.00
41858 100.00 0.00 6.500 510 0.072 0.00 0.00 o e by 4528 -y oo 0,081 0,00 2100
352.0 100.00 0.00 4.825 £7.33 £.28 o 9.00 100.00 0.00 3.889 85.79 018 0.061 0.00 0.00
296.0 100.00 0.00 &2 E.47 0.051 a.00 9.00 2488 100.00 0.00 32710 99.63 0.28 0.043 0.00 0.00
248.3 100.00 0.00 3.270 4661 583 0.043 0.00 0.00 208.3 100.00 0.00 27860 99.36 0.47 0.038 0.00 0.00
2093 100.00 0.00 2760 40,82 576 0.038 0.00 0.00 7en 100:00 000 2312 077 0.030 0,00 0.00
176.0 100.00 0.00 3618 &. 0.020 0.00 0.00 143.0 100.00 0.00 1.845 88.11 1.19 0.026 0.00 0.00
148.0 100.00 0.00 4 517 0.028 0.00 0.00 1348 10000 000 1838 86.5: 177
100.00 0.00 1 40 4.58 104.7 100.00 0.00 1376 86.16 2,80
1047 100,00 0.00 1378 19,84 384 £2.60 10000 000 1188 T8
100.00 0.00 166 18.00 218 74.00 100.00 0.00 0.872 89.16 510
74.00 10000  0.00 0.872 1282 277 &223 100.00 0.00 8 84 8.36
6223 10000  0.10 0.818 10,08 270 5233 100.00 0,00 7570 14.68
6233 99.90 0.28 0888 7.36 2713 00.00 0.00 0.578 6112 21,68
4400 8864 0.64 0.678 458 2.47 a7 100.00 0.00 0.486 2138
a7.00 29.00 1.20 0.486 2.09 148 3111 100.00 0.00 0.408 18.08 12.64
nE ER D @ = o 2R W% o2 |um i i
2.26 Y
2200 8376 282 0.289 .00 0.00 b 0.00 Ra8% ik 08
30 seconds Fluid: Water Ana T 53000
Distribution:  Velume RunTime: 30 seconds Tuld: Water Analysis. : ool y s A
Progressian: Standard Run Number Avgof 3 runs  Fluid Refractive Index: 1.33  Sample Cell Id: 0318 et g ol 3 wns. Tl Raftotive Indes: 133" Sampla Cell d: 0318
Upper Edge: 1408 Particle: Resin 'Il.‘g.‘w Factor: 0.0150 Edg.l' P = Abso
Lower Edge: 0.021 Particle Transparency: Absorb Transmission: 0.24 Residuals: Disabled Particle Refractive Index: N/A  Above Residual: 0.00 ASVR Flow Rate: 76
Nesidua:. Daatwd . ot Seiceothie Inden: . vy Remlust:. 909 R T watt Number Of Channals: &4 Particle Shapa:  NiA Below Residual:  0.00 Ultrasonic Power: 25 watts
rticle Shape: Balow U”m‘h TI iamc“‘: a0 Ultrasonic Time: 80 seconds
ilter: _Off Path: C:MTWINSOUWTWIN.

Figure B - 25: May 2005, SMP-ECR-7 Volume and Number Distribution
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APPENDIX C: KAOLIN VENDOR B-100 SPECIFICATIONS
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TECHNICAL DATA
REFRACTORY GRADE KAOLIN

FEATURES AND BENEFITS HEPHZIBAH, GA

VANTAGE™ refractory grade clays are custom blends of highly refractive kaolinite. These plastic clays
can be employed as the primary component of cast bodles , but are most commonly used to enhance
the performance of calclned kaolinic clays. Thelr excellent plasticity and dry strength Improve the
production rate and shape retentlon of the refractory, and a high PCE value helps to extend refractory
service life.

VANTAGE™ finds application In a varlety of Intermedlate to high duty flrebricks, shapes, Insulating
bricks and saggars where good shape retention and spaliing resistance Is required. VANTAGE also
serves as the plastlic component In monolithic refractorles inciuding castable, ramming and gunning
mixes and mortars. Of critical Importance In these applications Is a high alumina to alkall ratio to
produce durable, highly refractory materlals with excellent stabllity. VANTAGE particle size distributions
wlll also help to minlmize drylng shrinkage prior to Installation.

All VANTAGE™ fire clays are mined and processed under rigid QIP*™ statistical quality assurance
programs. The resuit Is conslistent mineralogy, chemical and physical properties, predictable results in
demanding refractory applications.

CHEMICAL AND ANALYTICAL DATA
Mean Values. These Do Not Represent A Specification.

B-100 HT100 LT100 SLURRY C B-150
Silicon Dloxlde {SI0s) 45.00 44.50 44.70 44.70 45.40
Aluminum Oxlide {Al04) 38.00 38.60 38.50 38.60 39.25
Titanlum Dioxlde  (TIOy) 1.54 1.45 1.62 1.68 1.54
Iron Oxlide {Fes04) a7 40 32 34 .66
Calclum Oxlde (Ca0) 04 04 .03 04 .02
Magnesium Oxlde (MgO) .08 05 A3 A3 14
Potasslum Oxlde (Kz0) .51 .28 .10 .09 .24
Sodium Oxide {Na2O) .06 03 .08 .08 .06
Loss on ignition {LOI) 13.50 13.70 13.70 14.00 13.70

HIGH TEMP LOW TEMP Sodium

SP100 SP100 Polyacrylate
Dispersant
M.B.I {meg/100g) 3.2 2.6-3.0 1.9-2.4 1.82.2 3.4
SSA mig 15.5 13.0-14.5 10.2-12.0 10.6 15.3
pH @10% Sollds 4.55.5 4.55.5 4.5.5.5 4.85.8 4.5.5.5
M.O.R. (Drled @ 230°F) ibfiin? 200300 100-200 100-200 100-200 100-200
% Water Absorption 1120°C 241 23.2 23.4 225 223
1220°C 15.5 16.3 15.4 16.4 16.1
%LInear Shrinkage Dry-Fired 1120*C 3.9 4.2 4.0 3.9 4.4
1220°C 5.2 5.6 5.9 4.9 6.0
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TECHNICAL DATA

PARTICLE SIZE ANALYSIS AND PROPERTIES
Mean Values. These Do Not Represent A Specification

Mean Percent By Welght on Oxlde Basls

MICRONS g100  HTI00 2 LT400  SLURRYC —  B150

% Flner <20y 98 98 97 a7 98
<10y 92 92 88 89 90

<5y 83 81 76 75 i

<2u 67 58 56 54 58

<1y 56 42 40 39 47

<0.5pu 42 26 22 24 32

ORDERING INFORMATION

Shipping Point: HEPHZIBAH, GEORGIA
ORIGINATING RAIL CARRIER: NORFOLK SOUTHERN

Avallabiilty: 50 LB. BAGS, INTERMEDIATE BULK BAGS, AND BULK
TRUCHK AND RAIL

FOR PRODUCT INFORMATION AND CUSTOMER SERVICE: UNIMIN CORPORATION

US and Canada 800-243-9004 Fax 800-243-9005

Worldwide 203-966-1306 Fax 2039721378

Siilca Sande . Ground Sfica - Feigspar . BaliClay . Kaoln . Mephelne Syanlie . Hign PurityQuariz . Qllvine . Microcrystaiing Shlca . Senfonlis Clay .~ Doiomie

GRADE NUMBERS INDICATE RELATIVE VALWES OR RESULTS. THEY ARE NOT A SPECIFIATION OR WARRANTY OF PERFORMANNCE.

HEALTH HAZARD WARMNING: Long ferm sxposure can cause pneumccomiosla. This materiaf contafne crystalline sillca which can cause prsumocenlosls. Prewmoconlosis js a
ragplratory dlsaaes, which can result In delayed, dlsabling and somatimas fatal lung Injury. 1ARC has datermined that crystalline aillca Inhatad from occupationsl esurces can
cauas cencar In humans. Risk of Injury ia dapandant on the durailon and lavel of axposure. Avold erasting dustwhen handiing, uging or storing. Uee only with adsquats
wantilztion to kasp axposurs balow recommended axposure imita. Follow OSHA or othar relevant sataty and haalth standards for *Particuiates not otharwise clagsifiad™ (PHOC)
and for tha form of eryataliine allica celled Quartz. Current material safaty data shest contalning safafy Informetion is avallabia and should ba consultad bafors opaning.

Mofice: Whiks information contained harsin la comrect to tha bast of our knowisdgs, Unimin Corporstion harein glaclaims sny warranties as to #hs acouracy of the sama.
aticna of suggestlons sre made without gusrantss or representafion as to resuit, since condiflons of usage are bayond our confrol Al materiaie are sold to Unlmin
Corporaflon siengerds terms sng congcltlons of sale and the conditions that buyer enali make hie own teste o daterming the sultsblity of such product for buysr's purpoes. Mo
ghatement coniained narain ehail be conetread g2 8 recommendation to Infrings eny patant

Kaolinf5ilica Contalning
vantagenls a frademark of UNIMIN Corporation or s subsidiarias. AH rights resarved. Haphzibah — Vantage 081
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APPENDIX D: METHOD USED TO DETERMINE SAND
CONTRIBUTION
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Known Measured Data:

M+t = Total mass of slurry sample (g)

wit%rs = Weight percent total solids in slurry

M.45 = Mass of particles greater than 45 um (g)

Wit%y45 = Weight percent of kaolin greater than 45 um in kaolin source

Calculated Data:

M+ts = Mass of total solids (g)

Ms = Mass of sand {assumes sand particles are all greater than 45 um}(g)
Mys45 = Mass of kaolin greater than 45 um (g)

My = Mass of kaolin (g)

wt%s = Weight percent of sand in total solids

Revision 1

Wtk 45um in dried solids > 45um = VVeight percent of kaolin greater than 45 um in particles greater than 45 pm

Wt%;
T 100%
M =M, + Mg
Iv|>45 = MK>45 + Ms

_ WE%, 45
K>45 — MK ' 100%
Mg

wt%, = -100%

TS

MTS:M

M

M
wt%, o — T K>45 1000
Kaolin>45um in dried solids >45um M
>45

Subtract (3) from (2), substitute (1) and (3) and solve for M.

wt% wt%
M..—-M_ . =M, -M =M. - M.,  — K45 _ M [1— K>45
TS >45 K K>45 K K 100% K ( 100% )

Wit%;
_ Mg-M, T 100% >

" (1_ Wt%K>45) B (1_ Wt%K>4sj
100% 100%

Solve for Mys4s using equation (4). Solve for Wt%wsas.m in dried solids > 45,m USING equation (7).

Solve for Ms using equation (2) and wt%s using equation (5).
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Distribution:
E. Marra, SRNL

E. Edwards, SRNL
A. Crowley, 999-W
. E. Stevens, SRNL
L. Marra, 999-W

B. Calloway, 999-W
C. Herman, 773-42A
E. Bibler, SRNL

M. Jantzen, SRNL

R. Harbour, 773-42A
C. Wicks, SRNL

A. Langton, 773-43A
E. Eibling, 999-W
Y. Lee, 773-42A

F. Chapman, 703-H
E. Herbert, 704-108F
. R. Gober, 704-82H
J. Altman, 704-70F
B. Stefanko, 678-8T
G. Collins, 241-197H
T. M. Punch, 704-71F
J. J. Purohit, 704-71F
M. Hubbard, 704-70F

J.

E.
R.
D.
\W
S.
T.
C.
N.
C.
J.

G.
C.
R.
S.
N.
J.

M
D.
D.
T.

W. Holtzscheiter, SRNL
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