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EXECUTIVE SUMMARY

This technical report provides a statistical review of measurements that the Defense Waste Processing
Facility (DWPF) Laboratory (Lab) generated by Inductively-Coupled Plasma— Atomic Emission
Spectroscopy (ICP-AES) for samples of archived Slurry Mix Evaporator (SME) glass that were
prepared using a cesium carbonate (Cs,COs3) fusion dissolution method. Measurements were
generated by both of the Lab’s |CPs, which are designated as M-13 and M-14. Comparisons between
the two | CPs suggest that for the ARG-1 measurements the M-14 provided lower (on average)
concentration measurements for about 13 of the 16 elements reported by DWPF with Cr, Mn, Ni, and
Zr being statistically lower (at a 5% significance level) for the ARG-1 samples. One of the three
exceptionsisLi, for which the M-14 yielded (on average) higher concentration measurements than
the M-13. For the SME samples, the M-14 and M-13 measurements had statistically different (at the
5% significance level) meansfor B, Ca, Cr, Cu, Fe, Li, Mg, Mn, Na, Ni, Si, Ti, U, and Zr with the M-
14 being lower than the M-13 for all of these elements except for Li.

For the screened SME samples, statistically significant (at the 5% level) differences between the
means of the Cs,CO; and prototypic preparations are seen for Ca (Cs,CO; higher for both ICPs), Cr
(Cs,CO3 higher for both ICPs), Cu (Cs,COs higher for M-13), K (Cs,CO; higher for M-13), Mn
(Cs,CO3 lower for M-14), Ni (Cs,COs lower for M-14), Si (Cs,CO; lower for M-14), Ti (Cs,CO5
higher for M-13), U (Cs,CO; higher for both ICPs), and Zr (Cs,CO; lower for M-14).

The Cs,CO; fusion method provided elemental of glass samples made from SME batches that were
statistically comparable to the DWPF prototypic dissol ution methods when the Cs,CO; solutions
were analyzed by the M-13. However, when the same solutions were analyzed with the M-15, the
elemental analyses from the Cs,CO; method were slightly lower and more prone to fail the 95% sum
of oxides criterion imposed by DWPF s Product Composition Control System (PCCS). The Cs,CO;
fusion method dissolutions aso provided slightly lower waste loading values than the prototypic
dissolutions because of dightly higher lithium values when the M-14 was used. In essence, subtle
differencesin the analyses form the M-13 and M-14 | CPs make it difficult to assess the viability of
the Cs,CO; fusion method to replace the prototypic dissolution methods. The DWFP Laboratory
should investigate the causes of these subtle differences between the M-13 and M-14 ICPs as the
effort to employ the Cs,COs fusion method for SME elemental analyses continues.
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1.0 INTRODUCTION AND BACKGROUND

The Statistical Consulting Section (SCS) of the Savannah River National Laboratory (SRNL) is
working with Analytical Development (AD) and Process Engineering Technology (PET) at
SRNL to pursue opportunities for improvements in analytical turnaround times at the Defense
Waste Processing Facility (DWPF) Laboratory (Lab) that were identified as part of a Six Sigma
study of that facility’s operation. The Six Sigma study identified several steps that needed to be
taken to assess the viability of sampling and analytical methods that were proposed for use in
characterizing the contents of DWPF's Slurry Mix Evaporator (SME) tank [1]. Two phases of
work have already been completed as reported in [2], [3], and [4]. The success of these phases
has led to the recommendation for a Phase |11 effort as defined in technical task requests (TTRS)
[5] and [6]. SRNL issued atask technical and quality assurance (TT&QA) plan [7] to address the
scope of work defined in thefirst of the two TTRs[5].

The TT& QA plan [7] covers the statistical review of two sets of data. Thefirst isa set of
elemental analyses of archived SME (i.e., powdered glass) samples that DWPF Lab prepared
using the proposed cesium carbonate (Cs,COs3) fusion method and subsequently measured by
inductively-coupled plasma — atomic emission spectroscopy (ICP-AES). The statistical review
of these measurements and of their comparison to the original (prototypic) measurements of these
production samplesis the focus of this report. The second set of measurementsis to be from a
true side-by-side testing of the two analytical protocols: the DWPF Lab’s current protocol that
uses peanut vials and the dual dissolution methods of peroxide fusion and mixed acid versus the
new protocol that relies on alarge bottle sampling approach and the Cs,CO; fusion dissolution
method. The statistical review of this second set of measurementsis to be provided in a separate
report.

2.0 RESULTS

This section provides the statistical review of the measurements. In addition to the genera

review of the measurements, there are some specific issues that are considered. These include

(1) Isthereany indication of asignificant bias between the Cs,COs fusion method and the
DWPF Lab's current method for any element?

(2) Arethere any issuesrelated to the particular |CP used?

(3) What would the best 4 of 6 samples mean for the elemental analyses generated by the
Cs,CO; fusion method? (Should all 6 samples be used?)

(4) What istheimpact of the Cs,CO; results on the process and product quality predictions (i.e.,
on the SME acceptahility decisions) for the batches under study?

(5) What isthe impact of the Cs,CO; results on the estimated waste loadings (WLs) for the SME
batches under study?

The statistical analyses presented in this paper were conducted using IMP Version 5.1.2 from
SAS Institute, Inc. [8].

2.1 Overview of Measurements and Initial Plots

Table Alin Appendix A lists the measurement data that are the subject of the statistical review
provided in this report. Measurements of glass samples from 7 different SME batches are shown
in thistable. The batch numbers are indicated and the 6 process samples for each batch are
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labeled as repl through rep 6. The “rep” samples and the ARG-1 (standard glass) samples, which
appear at the beginning and end of each block of measurements, were prepared using the Cs,CO;
fusion dissolution method, and the elemental composition of the prepared samples were
determined by ICP-AES by both Leeman ICPs (the instruments are designated as the M-13 and
M-14 |CPs and these labels are indicated in the headings for the measurementsin Table Al).

Other information is also provided as part of the block of results. For the ARG-1 samples, the
known or reference values for the elemental composition of the ARG-1 standard are provided.
For the “rep” samples, the prototypic measurements (derived from samples prepared by peroxide
fusion and mixed acid dissolution methods) are provided. The latter data were the “production”
measurements generated by the DWPF Lab as the SME batches were originally processed.
Situations where the prototypic measurements were rejected by the DWPF Lab are also indicated
aspart of Table Al. The rejected measurements were excluded from the analyses that follow,
and thisisindicated by the use of the descriptor “ screened prototypic” to represent these
measurements.

Exhibit A1 in Appendix A providesinitial plots of these measurements. For the ARG-1
measurements, even though a* place-holder” is provided for the screened prototypic grouping, no
data were generated for ARG-1 by the prototypic preparation methods for this study. The
following observations are noted from this exhibit: the measurements for both ARG-1 samples
for batch 362 are low for severa elements (e.g., Al, B, Fe, Mg, Mn, and Si), the measurements
for rep 5 of batch 357 are high for several elements, one of the K measurements by the M-13is
higher for batch 359. The sums of oxides for the ARG-1 and SME rep samples are plotted in this
exhibit by grouping by batch. The ARG-1 results for batch 362 and the Cs,COs results for the
SME rep samples for batch 357 (both ICPs) and for batch 359 (the

M-14 1CP) fall below the 95% working limit for these sums.

2.2 Initial Comparisons among the M-13, M-14, and Screened Prototypic
Measurements

Exhibit A2 in Appendix A providesinitial comparisons using al of the Cs,CO; measurement data
along with the screened prototypic measurements. This exhibit provides the results of pair-wise
tests for differing means for M-13 versus M-14 for the ARG-1 data and pair-wise tests for
differing means for M-13 versus M-14, for M-13 versus screened prototypic, and for M-14 versus
screened prototypic for the SME rep samples. For each of these tests, avalue for Prob > [t| of
0.05 or less indicates that the two means being compared are statistically different at a
significance level of 5%.

For the ARG-1 comparisons, the means being compared are those for the ICPs (i.e., the M-13 and
M-14). Inthis case, the samples were prepared using the Cs,CO; method. Statistically
significant (at the 5% level) differences between the means of the ICPs are seen for Cr, Mn, Ni,
U, and Zr. Notethat thereisno U inthe ARG-1 glass, so the U differenceis probably dueto a
difference in the calibrations of the two instruments. Another observation of note for the ARG-1
resultsisthat the M-14 ICP yields average measurements that are often (13 of the 16 elements)
less than those provided by the M-13 | CP with the exceptions being the measurements for Li, Ti,
and Zr.

For the SME rep samples, comparisons are made between the two |CPs for the Cs,CO; prepared
process samples and between the Cs,CO; and prototypic preparations. In the latter case, the
Cs,CO; results are represented in turn by the M-13 measurements and by the M-14
measurements. From the exhibit, statistically significant (at the 5% level) differences between
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the means of the two ICPs are seen for B, Ca, Cr, Cu, Li, Mg, Mn, Na, Ni, Si, Ti, U, and Zr.
From the exhibit, statistically significant (at the 5% level) differences between the means of the
Cs,CO; and prototypic preparations are seen for Ca (the Cs,CO3; M-13 is higher), Cr (the Cs,COs
results for both ICPs are higher), Cu (the Cs,CO; M-13 is higher), K (the Cs,CO; M-13 is
higher), Mg (the Cs,CO3; M-13 is higher), and U (the Cs,CO; results for both | CPs are higher).

To make sure that the potential outliers noted in the previous section for the Cs,COs
measurements are not adversely affecting the results of these pair-wise comparisons, Exhibit A3
in Appendix A was prepared. In this exhibit, the pair-wise comparisons of Exhibit A2 were
repeated with the ARG-1 data for batch 362 and with the rep 5 measurements for batch 357
excluded from the analysis. For the ARG-1 comparisons, recall that the means being compared
are those for the ICPs (i.e., the M-13 and M-14). For the screened Cs,CO; data, statistically
significant (at the 5% level) differences between the means of the ICPs are seen for Cr, Mn, Ni,
U, and Zr. Asbefore, note that thereisno U in the ARG-1 glass, so the U differenceis probably
due to adifference in the calibrations of the two instruments. For the screened SME rep samples,
comparisons are made between the two ICPs for the Cs,CO; prepared process samples and
between the Cs,CO; and prototypic preparations. In the latter case, the Cs,COs results are
represented in turn by the M-13 measurements and by the M-14 measurements. From Exhibit
A3, statistically significant (at the 5% level) differences between the means of the two ICPs are
seen for B, Ca, Cr, Cu, Fe, Li, Mg, Mn, Na, Ni, Si, Ti, U, and Zr. From the exhibit, statistically
significant (at the 5% level) differences between the means of the Cs,CO; and prototypic
preparations are seen for Ca (both 1CPs), Cr (both I1CPs), Cu (M-13), K (M-13), Mn (M-14), Ni
(M-14), Si (M-14), Ti (M-13), U (both ICPs), and Zr (M-14).

2.3 Uncertainties of M-13 and M-14 Measurements Based Upon the ARG-1 Results

The ARG-1 measurements of Table A1 provide an opportunity for an investigation into the
uncertainties, both bias and precision errors, in the Cs,CO; measurements for the two |CPs.
Using the screened ARG-1 values (i.e., excluding the ARG1 results for batch 362), a
components-of-variance analysis was conducted using JMP, and the results are summarized in
Table 2-1.

The upper portion of the table covers the M-13 results while the lower coversthe M-14. Thefirst
column indicates the element, the second column provides the ARG-1 reference concentration in
wt% for the element, the next column provides the average measurement in wt%, the next column
provides the percent bias (% bias), and the next column provides the number of observations (n).
An estimate of the between batch variance (Estimate of Between Var), an estimate of the within
batch variance (Estimate of Within Var), and an estimate of the total variance (Estimate of Total
Var) are the next columns. The three columns that follow provide the percent relative standard
deviation (%RSD) for each of the sources of variation (Between, Within, and Total). The Mean
Squares Between Batch and its degrees of freedom (DoF) follow next. From all of this
information, a 95% confidence interval for the mean is computed and shown next. Finally, the
95% uncertainty interval for a single measurement when made using the indicated ICP for the
element is shown. Theinterpretation of these intervals may be illustrated using the M-13 Al
results. The uncertainty interval is (7.16%, 8.81%), which impliesthat, for asingle Al
measurement using the M-13 I CP, the true value may be 7.16% lower or 8.81% higher than the
measurement itself.
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wt% M-13 Estimate of Estimate of Estimate of Estimateof | Estimateof | Estimateof | Mean Squares 95% Confidence Interval for Mean | 95% Measurement Uncertainty
Analyte | Ref.Value | Avg. wt%e % Bias n | (B)etweenVar | (W)ithinVar (T)otal Var. %RSD (B) | %RSD(W) %RSD(T) Between Batch | DoF Lower Upper % Lower % Upper
Al 25 2.418 -3.27% 12 0 0.004533 0.004533 0.00% 2.78% 2.78% 0.00327 5 2.376 2.461 7.16% 8.81%
B 2.69 2.606 -3.13% 12 0 0.007842 0.007842 0.00% 3.40% 3.40% 0.00681 5 2.545 2.667 8.74% 10.37%
Ca 1.02 1.056 3.51% 12 0.000413 0.007342 0.007755 1.92% 8.12% 8.34% 0.00817 5 0.989 1.123 23.55% 21.44%
Cr 0.06 0.160 166.67% 12 0.00069 0.0005 0.00119 16.42% 13.98% 21.56% 0.00188 5 0.128 0.192 99.48% 55.42%
Cu 0.0001 0.009 9067.00% | 12 0.000028 0.000092 0.00012 57.72% 104.63% 119.50% 0.00015 5 0.000 0.018 365.49% 307.18%
Fe 9.79 9.866 0.77% 12 0.002335 0.070158 0.072493 0.49% 2.68% 2.73% 0.07483 5 9.663 10.069 7.56% 7.02%
K 2.25 2.414 7.30% 12 0 0.474458 0.474458 0.00% 28.53% 28.53% 0.29103 5 2.014 2.814 76.98% 73.34%
Li 149 1.468 -1.51% 12 0.003572 0.000592 0.004164 4.07% 1.66% 4.40% 0.00774 5 1.402 1.533 11.67% 11.30%
Mg 0.52 0.522 0.32% 12 0 0.000317 0.000317 0.00% 3.41% 3.41% 0.00029 5 0.509 0.534 9.19% 8.77%
Mn 1.46 1.430 -2.05% 12 0.000318 0.002383 0.002701 1.25% 3.41% 3.63% 0.00302 5 1.389 1.471 9.37% 9.34%
Na 8.53 8.608 0.92% 12 0 0.1004 0.1004 0.00% 3.68% 3.68% 0.05679 5 8.431 8.785 9.92% 9.46%
Ni 0.83 0.832 0.20% 12 0.000208 0.000717 0.000925 1.73% 3.22% 3.66% 0.00113 5 0.807 0.857 9.93% 9.40%
Si 22.39 22.998 2.71% 12 0 0.534125 0.534125 0.00% 3.18% 3.18% 0.24085 5 22.633 23.362 9.20% 8.17%
Ti 0.69 0.683 -1.09% 12 0 0.000225 0.000225 0.00% 2.20% 2.20% 0.00013 5 0.674 0.691 5.65% 5.65%
U 0 0.126 12 0.037603 0.033242 0.070845 154.10% 144.89% 211.52% 0.10845 5 -0.119 0.370 - -
Zr 0.1 0.110 10.00% 12 0.000002 0.000017 0.000019 1.29% 3.75% 3.96% 0.00002 5 0.107 0.113 15.82% 10.19%
Sum Ox 99.3 100.863 1.57% 12 0 9.239066 9.239066 0.00% 3.01% 3.01% 2.51214 5 99.687 102.039 8.21% 7.75%
wt% M-14 Estimate of Estimate of Estimate of Estimateof | Estimateof | Estimateof | Mean Squares 95% Confidence Interval for Mean | 95% Measurement Uncertainty
Anayte | Ref.Vaue | Avg. wt%e % Bias n Between Var WithinVar | Total Variance | %RSD (B) | %RSD(W) %RSD(T) | BetweenBatch | DoF Lower Upper % Lower % Upper
Al 25 2.408 -3.67% 12 0.000147 0.0053 0.005447 0.50% 3.02% 3.06% 0.00559 5 2.353 2.464 7.88% 9.97%
B 2.69 2575 -4.28% 12 0.001358 0.002683 0.004041 1.43% 2.01% 2.47% 0.0054 5 2.520 2.630 6.35% 9.14%
Ca 1.02 1.039 1.88% 12 0 0.006708 0.006708 0.00% 7.88% 7.88% 0.00557 5 0.984 1.095 21.49% 20.26%
Cr 0.06 0.139 131.95% | 12 0.000375 0.000358 0.000733 13.91% 13.60% 19.45% 0.00111 5 0.114 0.164 89.85% 50.01%
Cu 0.0001 -0.002 -1770.00% | 12 0.000098 0.000017 0.000115 592.78% 246.89% 642.14% 0.00021 5 -0.012 0.009 1736.12% 1650.68%
Fe 9.79 9.750 -0.41% 12 0 0.0466 0.0466 0.00% 2.21% 2.21% 0.03232 5 9.617 9.883 5.77% 5.69%
K 2.25 2.190 -2.67% 12 0.004423 0.059033 0.063456 3.04% 11.09% 11.50% 0.06788 5 1.997 2.383 30.19% 29.57%
Li 1.49 1.508 1.23% 12 0 0.001217 0.001217 0.00% 2.31% 2.31% 0.00113 5 1.483 1.533 6.60% 5.95%
Mg 0.52 0.515 -0.96% 12 0 0.000283 0.000283 0.00% 3.27% 3.27% 0.0002 5 0.505 0.525 8.46% 8.40%
Mn 1.46 1.409 -3.48% 12 0.000655 0.002958 0.003613 1.82% 3.86% 4.27% 0.00427 5 1.361 1.458 10.96% 13.03%
Na 8.53 8.419 -1.30% 12 0.075873 0.147542 0.223415 3.27% 4.56% 5.61% 0.29929 5 8.013 8.825 14.85% 14.43%
Ni 0.83 0.802 -3.41% 12 0 0.00085 0.00085 0.00% 3.64% 3.64% 0.00041 5 0.787 0.817 9.35% 10.80%
S 22.39 22.607 0.97% 12 0 0.447317 0.447317 0.00% 2.96% 2.96% 0.25783 5 22.230 22.983 8.05% 7.61%
Ti 0.69 0.690 0.00% 12 0.000075 0.00035 0.000425 1.26% 2.71% 2.99% 0.0005 5 0.673 0.707 8.05% 7.68%
U 0 -0.154 12 0.04815 0.014108 0.062258 -142.33% -77.04% -161.84% 0.11041 5 -0.401 0.092 - -
Zr 0.1 0.101 0.83% 12 0.000023 0.000042 0.000065 4.76% 6.43% 8.00% 0.00009 5 0.094 0.108 21.99% 20.55%
Sum Ox 99.3 98.833 -0.47% 12 0 6.843413 6.843413 0.00% 2.65% 2.65% 3.15096 5 97.515 100.150 6.86% 6.80%
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2.4 PCCS MAR Results for the M-13, M-14, and Prototypic Measurements

During DWPF operation, the measured chemical compositions of the SME samples (i.e., the rep
measurements in this study) are entered into DWPF s Product Composition Control System (PCCS) to
facilitate the SME acceptability decision. PCCSis used to make the acceptability decision for each
process batch of HLW prior to its being transferred to the melter. The chemical composition
measurements of the SME samples are judged against various acceptance criteria, and the glass
compositions that satisfy the most stringent of these criteria are designated as being in the M easurement
Acceptance (or Acceptability) Region (MAR) of PCCS. The criteriarely directly on chemical
composition measurements of the glass or on predictions from models that relate important process (e.g.,
viscosity or liquidus temperature) or product quality (specifically, the durability of the final waste form)
properties of the glass to the chemical composition measurements. SME batches that satisfy the MAR
criteria are deemed acceptable and are transferred to the melter for processing viathe Melter Feed Tank
(MFT). Thetechnical basisfor SME acceptability is provided by reference [9], and this document has
been in place to support the DWPF since it began radioactive operation in 1996.

For this study, thereis an opportunity to compare PCCS outcomes from the Cs,CO; results for both the
M-13 and the M-14 with the outcomes from the screened prototypic results. Before providing the
comparisons, it should be noted that the PCCS results being discussed do not necessarily reflect the
production results for the batches presented here. As part of its production process, DWPF utilizes the
best 4 of 6 SME sample results. No attempt was made to duplicate this process as part of this study. For
the comparisons presented here, al of the available prototypic measurements were used except for the
values excluded as aresult of the screening process discussed above.

Table 2-2 provides a subset of the PCCS predictions and measurement assessments for each of the three
categories of measurements. The SME batch isindicated in this table along with the category of
measurements being evaluated. Columns are provided for predictions of the normalized leachate for
boron in gramg/liter (g/L), of liquidus temperature (T.) in °C, viscosity in Poise (P), sum of oxidesin
weight percent (wt%), Al,Os concentration in wt%, Cr,O3z concentration in wt%, and the sum of alkali
content (denoted by R,O) in wt%.
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Table 2-2. PCCS Results by Measurement Category by SME Batch
Viscosity

Category of T_ Prediction | Prediction | Sum of Oxide | AIl203 Cr203 R20

Batch M easurements NL[B (g/L)] (°C) (P) (Wt%)s wit% wit% wit%

354 M-13 0.69 978.4 61.00 100.38 6.15 0.17 17.15

354 M-14 1.00 951.7 47.17 99.34 6.32 0.14 18.14

354 Screened 0.53 959.1 68.42 97.60 6.24 0.09 16.41
Prototypic

357 M-13 0.43 963.3 75.72 93.41 5.51 0.20 15.51

357 M-14 0.46 954.5 73.17 93.86 5.44 0.18 15.71

357 Screened 0.48 928.2 73.65 96.22 5.70 0.09 16.03
Prototypic

359 M-13 0.56 979.6 73.89 96.25 5.62 0.26 16.37

359 M-14 0.39 970.3 79.21 94.25 5.56 0.20 15.36

359 Screeneq 0.55 930.0 78.85 99.46 5.69 0.09 16.48
Prototypic

361 M-13 0.75 901.6 65.02 96.89 5.48 0.11 17.09

361 M-14 0.65 906.3 65.73 96.26 5.59 0.11 16.74

361 Screeneq 0.57 896.1 77.29 96.97 5.27 0.08 16.44
Prototypic

362 M-13 0.52 954.5 85.68 100.35 5.55 0.22 16.35

362 M-14 0.48 942.9 82.19 97.48 5.56 0.20 16.05

362 Screeneq 0.44 903.2 90.40 96.60 5.36 0.08 15.76
Prototypic

364 M-13 0.55 993.4 77.66 99.48 6.03 0.23 16.53

364 M-14 0.50 969.4 72.49 97.13 5.69 0.19 16.14

364 Screeneq 0.63 919.7 63.04 95.67 5.66 0.09 16.68
Prototypic

365 M-13 0.54 1000.4 67.55 97.74 5.97 0.18 16.40

365 M-14 0.55 972.8 57.96 94.05 5.95 0.15 16.30

365 Screeneq 0.53 959.4 66.10 97.91 6.15 0.08 16.32
Prototypic

The acceptability of these predictions and the other MAR criteriafor each of the measurement categories
issummarized in Table 2-3. Thistable indicates using a short-hand notation those criteria that are not
met. The lsum designation indicates that the low of sum of oxides constraint is not met; the Cr,Os
designation indicates that the chromium oxide solubility limit criterion is exceeded. Asseenin Table 2-3,
low sum of oxidesis aproblem for the Cs,CO3; measurements from both |CPs for batch 357 and for the
M-14 |CP for batch 359 and for batch 365. The M-14 Cs,CO; measurements leading to more low of sum
of oxides problems may be areflection of the tendency of the M-14 to provide lower concentration
measurements for most of the oxides as compared to the M-13 as was noted above. The Cr,O; solubility
constraint is not met by the M-13 measurements for batch 359 and for batch 364; these may have been
calibration issues for the M-13. Thus, in general, the Cs,CO; measurements met the PCCS MAR criteria.
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Type of
Sample Batch Method MAR Status

SME 354 M-13

SME 354 M-14

SME 354 | Screened Prototypic

SME 357 M-13 Isum
SME 357 M-14 Isum
SME 357 | Screened Prototypic

SME 359 M-13 Cr,03
SME 359 M-14 Isum
SME 359 | Screened Prototypic

SME 361 M-13

SME 361 M-14

SME 361 | Screened Prototypic

SME 362 M-13

SME 362 M-14

SME 362 | Screened Prototypic

SME 364 M-13 Cr,03
SME 364 M-14

SME 364 | Screened Prototypic

SME 365 M-13

SME 365 M-14 Isum
SME 365 | Screened Prototypic

2.5 Comparisons of WLs

Another important use of the SME measurements at DWPF isin the determination of the waste loading
(WL) attained for the SME batch. Thetargeting of the WL takes place during the blending of the SME;
thisinvolves the heel of the previous SME batch, a transfer from the current batch in the Sludge
Adjustment and Receipt Tank (SRAT), and the addition of frit. Butitisinthe SME that the attained WL

is determined.

The measurements of the rep samplesin this study provide an opportunity for additional estimations of
attained WL and for comparisons among these values and the values recorded at blending and for the
original SME batches. Figure 2-1 provides aplot of these various WLs by batch, and Table 2-4 provides
alisting of these values.



WSRC-ST1-2006-00069

Revision 0

46

424
404
o]
§%

36 <

32

30

5 S| 5|3 S|l 8|3 S| 8|3 5| 8|38 HBAE- 5| 8|38 €| 8
z El3|2 HHE El3|2 HHE El3|2 HHE HE
8 8 8 8 8 8 8
3 A 3 A ) 14} )
354 357 359 361 362 364 365 Batch
SME Type of Sample
Figure 2-1. Waste Loading Comparisons
Table 2-4. Waste Loading Comparisons
Type of Sample|Batch|Blending WL | M-13|M-14|Reported WL | Screened Prototypic
SME 354 3025  |41.67(37.05| 40.62 41.03
SME 357 3629 [36.10({34.33] 34.63 33.49
SME 359 3766  [35.23[31.96] 37.63 37.62
SME 361 3571 [34.71[32.26] 36.96 37.01
SME 362 36.76  [35.74(33.13| 3751 36.19
SME 364 36.70  [41.93[36.74] 34.32 33.74
SME 365 36.18  [43.96[39.04] 3941 39.63

From Table 2-4, it appears that for the Cs,CO; data the WL s determined using the M-14 measurements
are consistently lower than those determined using the M-13 measurements. Thisis probably a
consequence of the M-14 providing alarger Li concentration (on average) as compared to the M-13 for
these measurements. Thisisalso reflected in the Li measurements for ARG-1 (see Table 2-1). A higher
Li concentration leads to alower estimation of WL (all other things being equal).

Figure 2-2 provides pair-wise statistical comparisons among these WLs values. As suggested by the
discussion in the preceding paragraph, the M-14 yielded a statistically lower (~3.5 points lower) estimated
WL value for the batches covered in this study as compared to the M-13. While the WLsvalues are
somewhat noisy and other differences in the averages range a high of 2.37 pointsto alow of 0.02 points,
there are no other statistically significant differences at the 5% significance level.
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Figure 2-2. Pair-Wise Statistical Comparisons of WLs
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Figure 2-2. Pair-Wise Statistical Comparisons of WLs
(continued)

3.0 CONCLUSIONS

This report provides a statistical review of measurements that the DWPF Lab generated by ICP-AES for
samples of archived SME glass that were prepared using a Cs,COjs fusion dissolution method.

M easurements were generated by both of the Lab’s ICPs. Comparisons between the two | CPs for the
Cs,COs-prepared samples suggest that, for the ARG-1 measurements, the M-14 provided lower
concentration measurements for about 13 of the 16 elements reported by DWPF with Cr, Mn, Ni, and Zr
being statistically lower (at a5% significance level) for the ARG-1 samples. One of the three exceptions
isLi, for which the M-14 yielded (on average) higher concentration measurements than the M-13. For
the Cs,CO;-prepared SME samples, the M-14 and M-13 measurements had statistically different (at the
5% significance level) meansfor B, Ca, Cr, Cu, Fe, Li, Mg, Mn, Na, Ni, Si, Ti, U, and Zr with the M-14
being lower than the M-13 for all of these elements except for Li.

For the screened SME samples, statistically significant (at the 5% level) differences between the means of
the Cs,CO; and prototypic preparations are seen for Ca (Cs,COjs higher for both ICPs), Cr (Cs,COs higher
for both ICPs), Cu (Cs,CO; higher for M-13), K (Cs,COs higher for M-13), Mn (Cs,CO; lower for M-14),
Ni (Cs,COs lower for M-14), Si (Cs,CO; lower for M-14), Ti (Cs,COs higher for M-13), U (Cs,CO5
higher for both ICPs), and Zr (Cs,CO; lower for M-14).

The Cs,CO; fusion method provided elemental of glass samples made from SME batches that were
statistically comparable to the DWPF prototypic dissolution methods when the Cs,CO; solutions were
analyzed by the M-13. However, when the same solutions were analyzed with the M-15, the elemental
analyses from the Cs,CO; method were slightly lower and more prone to fail the 95% sum of oxides
criterion imposed by DWPF' s Product Composition Control System (PCCS). The Cs,CO; fusion method
dissolutions aso provided slightly lower waste loading values than the prototypic dissol utions because of
dlightly higher lithium values when the M-14 was used. In essence, subtle differences in the analyses
form the M-13 and M-14 ICPs make it difficult to assess the viahility of the Cs,CO; fusion method to

10
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replace the prototypic dissolution methods. The DWFP Laboratory should investigate the causes of these
subtle differences between the M-13 and M-14 | CPs as the effort to employ the Cs,CO; fusion method for
SME elemental analyses continues.

In these analyses al of the Cs,CO3; measurements available for each of the SME batches were used in the
comparisons, and there is no reason that use of al 6 samples might not be adopted as the standard
operating procedures for the measurements from a Cs,CO; -prepared SME samples. A step can be
incorporated into such procedures to screen for potential outliersin the measurements.
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Table Al. ICP-AES Elemental Measurements for Samples Prepared by Cs,CO3; Fusion, Peroxide Fusion, and Mixed Acid

Al

Ca
Cr
Cu
Fe

Li
Mg
Mn
Na
Ni
Si
Ti

Zr

Run 1 LIMS ID 103454 Batch 354

Weight Percents

ARG 1 rep1l rep 2 rep 3 rep 4 rep 5 rep 6 ARG-2

M-13 M-14  Known | M-13 M-14 103454 | M-13 M-14 103454 | M-13 M-14 103454 | M-13 M-14 103454 | M-13 M-14 103454 | M-13 M-14 103454 M-13 M-14
2.32 242 25 3.15 3.29 3.33 3.22 3.29 3.45 3.29 3.37 3.30 3.13 3.24 3.20 3.24 3.28 3.21 3.50 3.59 3.32 2.36 2.44
2.62 2.60 2.69 1.37 131 1.38 1.44 1.36 1.36 1.45 1.40 1.40 1.44 1.39 1.40 1.42 1.41 1.42 1.60 1.57 1.42 2.68 2.64
0.99 1.02 1.02 0.79 0.81 0.76 0.79 0.82 0.84 0.78 0.80 0.76 0.75 0.76 0.73 0.77 0.80 0.74 0.85 0.88 0.73 0.98 1.04
0.12 0.10 0.06 0.13 0.12 0.06 0.10 0.08 0.06 0.13 0.11 0.06 0.09 0.07 0.06 0.13 0.11 0.06 0.12 0.10 0.06 0.11 0.09
0.01 0.01 - 0.01 0.02 0.01 0.01 0.03 0.01 0.02 0.03 0.01 0.01 0.03 0.01 0.01 0.02 0.01 0.02 0.04 0.01 0.00 0.02
9.93 9.53 9.79 8.64 8.15 8.61 8.79 8.42 9.04 8.94 8.76 8.49 8.51 8.40 8.13 8.60 8.62 8.15 9.57 9.45 8.33 10.32 10.15
1.94 213 2.25 0.03 0.41 0.10 -0.09 0.27 0.14 -0.19 0.33 0.02 -0.17 0.38 0.00 -0.19 0.71 0.00 0.65 0.44 0.00 2.85 2.72
1.44 1.47 1.49 2.01 2.19 2.13 2.13 2.24 211 211 2.28 2.24 211 2.25 2.05 2.13 2.25 2.07 2.40 2.55 2.07 1.38 1.54
0.53 0.50 0.52 0.74 0.69 0.73 0.73 0.69 0.89 0.73 0.70 0.70 0.71 0.69 0.67 0.73 0.72 0.68 0.79 0.78 0.69 0.54 0.52
1.47 1.42 1.46 1.67 1.59 1.71 1.71 1.62 1.95 1.71 1.70 1.65 1.64 1.62 1.58 1.68 1.68 1.61 1.88 1.86 1.62 1.52 1.51
8.42 8.36 8.53 8.55 8.73 8.77 9.23 9.37 8.84 9.65 9.81 8.70 9.65 9.84 8.73 8.22 8.34 8.86 10.40  10.40 8.68 9.08 9.17
0.85 0.79 0.83 0.45 0.40 0.50 0.47 0.42 0.53 0.50 0.45 0.48 0.48 0.45 0.45 0.46 0.42 0.45 0.53 0.52 0.46 0.86 0.85
23.03 21.39 22.39 22.00 20.57 23.06 22.86 21.53 22.83 23.67 23.35 23.12 23.00 22.35 23.32 23.41 22.57 23.32 26.75 25.99 24.10 23.55 22.92
0.67 0.67 0.69 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.06 0.04 0.05 0.06 0.04 0.05 0.06 0.04 0.05 0.06 0.04 0.67 0.72
-0.06 0.04 - 3.13 3.19 2.79 3.11 3.23 2.92 3.14 3.33 2.73 2.99 3.34 2.58 3.14 3.42 2.66 3.37 3.66 2.68 -0.10 0.44
0.11 0.10 0.1 0.07 0.07 0.07 0.08 0.08 0.07 0.08 0.09 0.07 0.08 0.09 0.07 0.08 0.08 0.07 0.09 0.09 0.07 0.11 0.12

Run 2 LIMS ID 104161 Batch 361

Weight Percents

ARG 1 rep1l rep 2 rep 3 rep 4 rep 5 rep 6 ARG-2

M-13 M-14  Known | M-13 M-14 104161 | M-13 M-14 104161 | M-13 M-14 104161 | M-13 M-14 104161 | M-13 M-14 104161 | M-13 M-14 104161 M-13 M-14
2.40 247 2.50 2.73 2.80 2.59 2.63 2.63 2.73 3.01 3.10 2.60 2.81 2.88 2.90 3.05 3.11 2.84 3.16 3.23 3.09 2.47 2.50
2.60 2.61 2.69 1.56 1.56 1.53 1.44 1.41 1.49 1.42 1.39 1.44 1.40 1.36 1.43 1.70 1.67 1.41 1.39 1.34 1.35 2.66 2.68
1.06 1.03 1.02 0.66 0.64 0.58 0.66 0.65 0.63 0.76 0.76 0.61 0.71 0.69 0.68 0.76 0.77 0.67 0.79 0.79 0.72 1.07 1.07
0.15 0.15 0.06 0.07 0.07 0.06 0.08 0.08 0.05 0.07 0.07 0.04 0.08 0.08 0.05 0.06 0.06 0.05 0.11 0.11 0.06 0.13 0.13
0.01 0.01 - 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.00 0.00
9.81 9.86 9.79 6.89 6.89 6.77 6.71 6.66 7.05 7.81 7.68 6.76 7.21 7.10 7.69 7.61 7.55 7.70 7.65 7.87 8.33 9.64 9.75
2.10 2.07 2.25 -0.12 0.00 0.23 -0.05 0.07 0.06 0.47 0.00 0.21 0.45 0.16 0.24 0.40 0.10 0.30 0.65 0.22 0.34 2.64 2.48
1.46 1.53 1.49 2.45 2.48 2.34 2.27 2.32 2.32 2.28 2.27 2.19 2.08 2.23 2.19 2.62 2.74 221 211 2.20 2.08 1.43 1.56
0.51 0.52 0.52 0.57 0.56 0.54 0.60 0.59 0.62 0.69 0.67 0.58 0.62 0.61 0.64 0.69 0.68 0.67 0.68 0.68 0.68 0.52 0.52
1.43 1.42 1.46 1.31 1.31 1.27 1.36 1.34 1.42 1.56 1.54 1.36 1.39 1.38 1.48 1.57 1.58 1.53 1.61 1.55 1.63 1.47 1.46
8.48 8.47 8.53 8.35 8.25 7.97 8.12 8.13 8.51 8.95 8.56 8.28 8.50 8.29 8.62 9.63 9.26 8.60 8.87 8.79 8.67 8.95 8.84
0.81 0.79 0.83 0.38 0.37 0.38 0.38 0.37 0.40 0.44 0.43 0.38 0.39 0.41 0.43 0.44 0.43 0.44 0.46 0.44 0.48 0.83 0.83
22.51 22.61 22.39 26.18 26.27 25.81 22.54 22.56 25.20 22.09 21.81 24.63 22.69 22.59 24.17 27.27 26.85 23.55 22.39 22.26 23.26 23.12 22.51
0.69 0.70 0.69 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.69 0.72
0.01 -0.09 = ----- 251 2.54 2.49 2.46 2.47 2.49 2.83 2.97 2.41 2.71 2.84 2.84 2.80 291 2.77 3.05 3.14 3.08 -0.15 0.00
0.11 0.11 0.10 0.09 0.08 0.08 0.08 0.07 0.08 0.09 0.09 0.08 0.08 0.08 0.08 0.09 0.08 0.08 0.08 0.08 0.08 0.10 0.10
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Table Al. ICP-AES Elemental Measurements for Samples Prepared by Cs,CO3; Fusion, Peroxide Fusion, and Mixed Acid

LIMS ID 104213

Weight Percents

ARG 1

M-13 M-14
0.28 0.31
0.37 0.35
0.14 0.13
0.08 0.08
-0.02 -0.01
1.15 1.20
0.01 0.27
0.20 0.22
0.07 0.07
0.17 0.18
1.05 1.12
0.03 0.04
0.50 0.60
0.08 0.09
-0.23 -0.25
0.00 0.01

* ARG land ARG 2 - Muffle Furnace malfunctioned

Run 4

Weight Percents

ARG 1

M-13 M-14
2.49 2.53
2.66 2.65
1.32 1.28
0.17 0.16
0.00 0.00
10.10 10.10
2.33 231
1.56 1.56
0.53 0.53
1.46 1.43
8.92 8.82
0.82 0.83
23.54 23.30
0.71 0.71
-0.02 -0.28
0.11 0.10

LIMS ID 103793

Known
2.50
2.69
1.02
0.06

0.10

Known
2.50
2.69
1.02
0.06

Batch 362

rep 1 6604
M-13 M-14 104213
3.08 3.10 3.03
1.42 1.36 1.41
0.74 0.73 0.74
0.17 0.16 0.07
0.01 0.01 0.02
8.14 7.91 7.89
0.09 -0.05 0.10
222 2.27 2.15
0.70 0.68 0.68
1.65 1.57 1.60
8.74 8.71 8.59
0.45 0.44 0.44
24.26 23.93 24.25
0.04 0.05 0.04
2.93 2.74 2.66
0.09 0.09 0.10

Batch 357
rep1 5713
M-13 M-14 104213
2.90 291 3.04
1.33 1.36 1.42
0.73 0.70 0.72
0.11 0.09 0.06
0.01 0.01 0.01
7.51 7.46 7.96
-0.04 -0.10 0.01
2.19 221 2.26
0.65 0.63 0.66
1.47 1.46 1.54
8.34 8.15 6.75
0.43 0.42 0.46
22.90 23.45 24.08
0.06 0.05 0.06
2.86 2.54 2.53
0.09 0.08 0.07
rejected
MA

rep 2
M-13
3.21
1.94
0.80
0.14
0.01
8.49
0.04
217
0.73
1.69
8.75
0.46
23.53
0.04
3.21
0.09

rep 2
M-13
2.82
1.36
0.72
0.12
0.01
7.19
-0.12
2.28
0.62
1.43
8.16
0.41
23.32
0.06
2.64
0.08

M-14
3.23
191
0.77
0.12
0.01
8.10
0.03
217
0.71
1.63
8.68
0.44
22.92
0.05
2.87
0.09

M-14
2.83
1.39
0.68
0.10
0.01
7.24
-0.13
2.26
0.61
1.41
7.83
0.43

23.06
0.05
2.47
0.08

6603
104213
3.16
1.35
0.75
0.06
0.02
8.05
0.14
2.14
0.71
1.67
7.01
0.46
23.79
0.04
2.83
0.08
rejected
MA

5745
104213
2.92
1.46
0.69
0.06
0.01
7.48
0.00
2.34
0.64
1.50
7.86
0.44
23.92
0.06
2.40
0.09

rep 3 6601
M-13  M-14 104213
2.82 2.82 2.56
1.56 1.52 1.49
0.65 0.63 0.56
0.11 0.09 0.05
0.01 0.01 0.02
7.05 6.79 6.60
-0.02 -0.05 0.06
2.43 2.49 2.17
0.61 0.58 0.56
1.39 1.32 1.28
8.30 8.15 7.89
0.42 0.39 0.37
27.38  26.30 25.53
0.04 0.05 0.04
2.46 2.22 2.15
0.10 0.10 0.09
rep 3 5715
M-13  M-14 104213
2.91 2.87 3.09
1.34 1.35 1.42
0.74 0.69 0.74
0.14 0.12 0.06
0.02 0.01 0.01
7.33 7.43 8.08
-0.22 -0.03 0.05
2.02 2.26 2.35
0.63 0.63 0.64
1.46 1.46 1.51
7.98 8.01 8.02
0.42 0.42 0.46
23.22 23.32 24.18
0.06 0.06 0.06
2.78 2.56 2.52
0.09 0.08 0.09

15

rep 4
M-13
3.01
1.42
0.73
0.13
0.01
7.56
0.37
2.29
0.65
1.48
8.50
0.43
24.66
0.04
2.85
0.09

rep 4
M-13
2.98
1.37
0.72
0.14
0.01
7.46
-0.21
2.04
0.59
1.41
7.78
0.42
23.29
0.06
2.72
0.09

M-14
3.02
1.42
0.69
0.12
0.01
7.43
0.04
231
0.64
1.45
8.36
0.41

24.08
0.05
2.61
0.09

M-14
2.95
1.41
0.67
0.12
0.01
7.56
0.10
2.29
0.60
1.44
7.74
0.41

23.13
0.06
2.57
0.08

6605
104213

2.97
1.47
0.70
0.05
0.02
7.35
0.04
2.24
0.64
1.47
8.39
0.41

25.20
0.04
251
0.09

5742
104213

2.97
141
0.69
0.05
0.01
7.51
0.05
2.30
0.58
141
7.96
0.43
23.17
0.06
2.47
0.09

rep 5 6600
M-13 M-14 104213
2.82 2.81 2.95
1.50 1.45 1.51
0.64 0.60 0.65
0.16 0.14 0.04
0.01 0.01 0.02
7.05 6.79 2.86
-0.02 -0.12 0.16
2.33 231 2.38
0.58 0.55 0.57
1.37 1.28 0.97
7.75 7.41 7.90
0.41 0.40 0.30
26.09 25.05 25.80
0.04 0.05 0.02
2.52 2.28 2.10
0.10 0.09 0.09
rejected
FS
rep 5 5714
M-13 M-14 104213
4.86 4.72 2.98
3.22 3.45 1.45
1.52 1.50 0.70
0.16 0.16 0.06
0.01 0.01 0.01
13.91 15.67 7.62
1.92 1.76 0.01
3.63 3.47 2.33
1.01 1.04 0.65
2.52 2.62 1.50
14.95 14.88 8.34
1.15 1.18 0.43
44.75 46.44 24.16
0.62 0.61 0.06
2.69 2.43 2.46
0.18 0.18 0.09

rep 6
M-13
2.69
1.58
0.62
0.21
0.01
6.62
0.11
2.40
0.58
1.30
8.14
0.40
27.06
0.04
2.39
0.09

rep 6
M-13
2.96
1.32
0.75
0.17
0.01
7.26
-0.12
2.34
0.65
1.49
8.55
0.42
22.80
0.06
2.66
0.09

M-14
2.66
153
0.60
0.19
0.01
6.36
0.00
2.44
0.54
1.24
7.93
0.36

26.27
0.05
212
0.09

M-14
2.84
1.36
0.72
0.17
0.01
7.61
0.30
2.20
0.67
1.50
8.51
0.43

23.50
0.06
2.46
0.08

104213
2.46
1.50
0.53
0.04
0.02
6.11
0.08
2.25
0.52
1.18
7.81
0.35

25.26
0.04
1.94
0.09

5739
104213
3.11
1.39
0.77
0.06
0.02
7.62
0.08
231
0.67
1.55
8.65
0.43
23.68
0.06
2.53
0.09

ARG-2
M-13
2.14
2.23
e/l
0.15
0.00
8.58
1.82
12
0.47
1.27
7.32
0.73
20.23
0.60
0.00
0.09

ARG-2
M-13
2.36
2.38
1.03
0.15
0.00
9.60
1.94
1.60
0.48
133
8.47
0.76
21.43
0.67
-0.02
0.11

M-14
2.06
2.20
0.89
0.14
0.00
8.41
1.94
1.31
0.44
1.23
7.20
0.70

19.58
0.59

-0.21
0.09

M-14
231
2.53
1.00
0.14
0.00
9.71
2.33
1.50
0.50
1.36
8.37
0.79

22.54
0.69

-0.30
0.10



Al

Ca
Cr
Cu
Fe

Li
Mg
Mn
Na
Ni
Si
Ti

Zr

Run 5
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Table Al. ICP-AES Elemental Measurements for Samples Prepared by Cs,CO3; Fusion, Peroxide Fusion, and Mixed Acid

LIMS ID 103992

Weight Percents

ARG 1

M-13 M-14
241 243
2.61 2.59
1.01 1.00
0.18 0.15
0.01 -0.01
9.86 9.62
2.14 1.84
1.48 1.49
0.53 0.51
1.46 1.43
8.44 8.05
0.82 0.82
23.37 22.93
0.69 0.70
0.17 -0.42
0.11 0.10

Run 6

Weight Percents

ARG 1

M-13 M-14
2.42 2.36
2.58 2.52
1.05 1.00
0.15 0.12
0.01 -0.01
9.80 9.55
2.00 2.09
1.43 1.52
0.52 0.51
1.43 1.42
8.36 8.64
0.84 0.78
22.84 21.67
0.69 0.67
0.32 -0.13
0.11 0.10

LIMS ID 104369

Known
2.50
2.69
1.02
0.06

Known
2.50
2.69
1.02
0.06

Batch 359
rep1 6057
M-13 M-14 103992
2.92 2.94 3.02
1.35 1.38 1.44
0.74 0.75 0.72
0.12 0.09 0.06
0.03 0.01 0.02
7.73 7.71 7.93
0.19 -0.39 -0.04
2.13 2.23 2.24
0.71 0.69 0.72
1.57 1.60 1.64
8.23 8.15 8.79
0.45 0.42 0.46
24.14 23.57 24.84
0.06 0.05 0.06
2.82 2.50 2.49
0.10 0.09 0.10
Batch 364
rep1 6914
M-13 M-14 104369
3.05 2.94 2.99
1.38 1.38 1.34
0.75 0.72 0.70
0.15 0.12 0.05
0.03 0.01 0.02
7.78 7.90 7.69
0.05 -0.11 0.09
2.07 2.19 2.27
0.66 0.68 0.65
1.55 151 1.48
8.29 8.35 8.34
0.45 0.42 0.41
23.27 23.28 23.08
0.05 0.04 0.05
3.24 2.80 2.54
0.09 0.08 0.09

rep 2
M-13
3.03
1.41
0.77
0.13
0.02
7.61
0.13
2.20
0.71
1.55
8.28
0.46
23.96
0.07
2.80
0.09

rep 2
M-13
3.21
1.41
0.76
0.15
0.03
8.21
0.15
2.08
0.68
1.53
8.49
0.49
24.38
0.05
3.43
0.10

M-14
2.95
1.38
0.73
0.09
0.00
7.43
0.48
2.30
0.67
1.54
7.96
0.40
22.89
0.05
2.58
0.08

M-14
3.01
1.36
0.72
0.13
0.01
8.24
-0.18
2.23
0.67
1.45
8.48
0.46

23.91
0.04
2.87
0.08

6015
103992
2.92
1.48
0.71
0.06
0.02
7.86
-0.05
2.19
0.70
1.59
8.66
0.45
25.01
0.06
2.38
0.10

6920
104369
3.01
1.36
0.69
0.06
0.02
7.87
0.09
2.29
0.64
151
8.52
0.44
23.78
0.05
2.61
0.09

rep 3 6059
M-13  M-14 103992
3.00 3.01 3.10
1.34 1.30 1.43
0.76 0.74 0.76
0.10 0.08 0.06
0.02 0.01 0.02
7.72 7.55 8.32
0.37 -0.09 -0.03
2.13 2.16 2.16
0.71 0.69 0.74
1.58 1.58 1.67
8.35 8.08 8.94
0.45 0.42 0.47
21.97 21.68 24.33
0.06 0.05 0.06
3.07 2.79 2.59
0.09 0.08 0.10
rep 3 6926
M-13  M-14 104369
3.21 3.12 3.00
1.41 1.37 1.39
0.80 0.76 0.76
0.18 0.15 0.06
0.03 0.01 0.02
8.16 7.91 7.83
0.41 -0.12 0.09
2.14 2.18 2.29
0.72 0.72 0.69
1.65 1.59 1.59
8.93 8.94 8.84
0.47 0.43 0.44
2401  23.86 23.07
0.05 0.04 0.05
3.34 2.87 2.64
0.09 0.08 0.09

16

rep 4
M-13
3.12
1.39
0.79
0.33
0.04
7.97
0.14
2.17
0.70
1.59
8.54
0.45
23.20
0.07
3.13
0.10

rep 4
M-13
3.25
1.38
0.82
0.17
0.05
8.21
0.36
2.05
0.70
1.54
8.79
0.51
23.82
0.05
3.65
0.10

M-14
3.12
1.39
0.74
0.26
0.00
8.16
-0.21
2.26
0.69
1.57
8.16
0.42
22.96
0.05
2.55
0.09

M-14
3.03
1.32
0.76
0.14
0.02
8.43
-0.27
2.16
0.71
154
8.68
0.46

23.98
0.04
2.89
0.08

6066
103992

2.74
1.35
0.66
0.06
0.02
7.55

-0.06
1.94
0.68
1.52
8.49
0.43

22.96
0.06
2.28
0.10

rejected
FS

6917
104369

3.01
1.33
0.73
0.06
0.02
8.00
0.09
2.20
0.67
1.55
8.86
0.44
22.96
0.05
2.65
0.10

rep 5 6058
M-13 M-14 103992
2.73 2.61 2.86
1.45 1.52 1.71
0.64 0.60 0.64
0.16 0.13 0.06
0.03 0.00 0.01
6.02 6.41 6.85
0.69 -0.39 -0.03
2.39 242 2.61
0.55 0.55 0.60
1.19 1.23 1.36
7.87 6.94 7.87
0.36 0.32 0.39
25.22 25.88 29.02
0.07 0.05 0.07
2.45 1.74 2.06
0.10 0.09 0.10
rejected
FS & MA
rep 5 6911
M-13 M-14 104369
3.20 2.99 3.00
1.43 1.40 1.39
0.77 0.73 0.73
0.16 0.12 0.06
0.03 0.01 0.02
7.97 7.91 7.88
0.20 -0.29 0.09
212 2.30 2.29
0.71 0.70 0.67
1.59 1.57 1.57
8.81 8.57 8.59
0.47 0.43 0.44
24.83  23.83 23.98
0.05 0.05 0.05
3.46 2.83 2.63
0.10 0.08 0.09

rep 6
M-13
3.06
1.34
0.80
0.22
0.04
7.49
0.39
2.20
0.72
1.19
8.76
0.42
23.56
0.07
3.14
0.08

rep 6
M-13
3.24
1.37
0.80
0.15
0.04
8.04
0.31
1.95
0.73
1.60
9.11
0.49
23.99
0.05
3.51
0.10

M-14
3.03
1.37
0.74
0.18
0.00
7.54
-0.11
2.23
0.70
111
7.98
0.39

24.51
0.05
2.44
0.06

M-14
2.98
1.35
0.76
0.11
0.01
7.95
-0.28
2.14
0.73
1.59
8.84
0.46
23.92
0.05
2.75
0.08

6056
103992
3.00
1.44
0.74
0.07
0.01
7.93
-0.01
2.19
0.73
1.61
8.86
0.45
24.95
0.06
2.40
0.10

6923
104369
2.96
1.33
0.73
0.06
0.02
7.62
0.13
2.28
0.67
1.55
8.83
0.43
22.63
0.05
2.58
0.09

ARG-2
M-13
2.48
2.54
1.06
0.23
0.03
9.56
4.19
151
0.52
1.40
8.95
0.85
22.71
0.68
0.53
0.12

ARG-2
M-13
2.48
2.58
1.03
0.20
0.03
9.60
2.44
1.42
0.51
141
8.32
0.84
22.96
0.66
0.62
0.11

M-14
2.34
2.49
1.00
0.18
-0.01
9.65
2.17
1.49
0.49
1.41
7.32
0.77
23.13
0.68
-0.42
0.10

M-14
2.29
2.50
1.01
0.17
-0.01
9.59
1.82
1.46
0.55
1.39
8.25
0.78
22.79
0.66
-0.11
0.10
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Table Al. ICP-AES Elemental Measurements for Samples Prepared by Cs,CO3; Fusion, Peroxide Fusion, and Mixed Acid

Al

Ca
Cr
Cu
Fe

Li
Mg
Mn
Na
Ni
Si
Ti

Zr

Run 7 LIMS ID 104455 Batch 365

Weight Percents

ARG 1 rep1 7085 rep 2 7087 rep 3 7088 rep 4 7086 rep 5 7084 rep 6 7089 ARG-2

M-13 M-14  Known | M-13 M-14 104455 | M-13 M-14 104455 | M-13 M-14 104455 | M-13 M-14 104455 | M-13  M-14 104455 | M-13 M-14 104455 M-13 M-14
2.34 242 2.50 2.59 2.63 3.12 3.24 3.32 3.52 3.28 3.26 3.22 3.24 3.22 3.16 3.40 3.32 3.26 3.20 3.14 3.15 2.49 2.39
2.65 2.53 2.69 1.16 1.10 1.27 1.37 1.37 1.44 1.33 1.29 1.38 1.35 1.32 1.30 1.39 1.33 1.39 1.40 1.33 1.35 271 2.56
1.02 1.01 1.02 0.68 0.65 0.70 0.83 0.82 0.90 0.84 0.82 0.80 0.86 0.82 0.82 0.88 0.87 0.77 0.78 0.75 0.78 1.05 1.01
0.16 0.14 0.06 0.11 0.09 0.05 0.12 0.10 0.06 0.12 0.10 0.06 0.11 0.09 0.08 0.13 0.10 0.05 0.15 0.12 0.06 0.17 0.14
0.00 -0.01 - 0.01 0.00 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.02 0.00 0.02 0.03 0.01 0.01 0.01 -0.01
9.82 9.70 9.79 7.20 6.94 8.14 8.78 8.44 9.05 9.03 8.70 8.47 8.81 8.43 8.61 9.39 8.84 8.70 8.95 8.47 8.43 10.35 9.79
212 211 2.25 0.06 -0.04 -0.19 0.21 0.03 -0.06 0.19 -0.20 -0.29 0.39 -0.16 -0.05 0.24 0.05 -0.23 0.19 -0.16 -0.02 2.28 221
1.45 1.47 1.49 1.80 1.83 2.01 2.05 2.14 2.45 2.03 2.14 2.18 2.08 2.16 2.10 2.10 217 2.14 1.99 2.19 2.09 1.45 151
0.52 0.52 0.52 0.65 0.64 0.73 0.82 0.78 0.83 0.81 0.79 0.76 0.83 0.78 0.76 0.88 0.83 0.78 0.78 0.75 0.73 0.55 0.51
1.42 1.40 1.46 1.40 1.37 1.68 1.42 1.34 1.80 1.39 1.26 1.77 1.59 1.44 1.73 1.55 1.38 1.77 1.60 1.52 1.72 1.36 1.26
8.31 8.22 8.53 7.43 7.39 8.82 8.86 9.14 8.68 8.99 8.99 8.83 9.12 9.16 8.75 9.55 9.53 9.07 8.67 8.61 8.48 8.60 8.52
0.82 0.78 0.83 0.40 0.36 0.45 0.48 0.45 0.50 0.48 0.46 0.47 0.48 0.45 0.50 0.52 0.43 0.49 0.52 0.45 0.48 0.88 0.81
22.99 22.21 22.39 19.49 19.04 21.71 23.59 22.11 25.02 23.11 22.57 23.58 23.78 22.11 21.70 24.53 23.32 22.96 24.06 23.20 22.95 23.92 23.28
0.69 0.67 0.69 0.05 0.04 0.04 0.06 0.05 0.05 0.06 0.04 0.05 0.06 0.05 0.05 0.06 0.04 0.05 0.06 0.04 0.05 0.68 0.69
-0.09 -0.28  --—--- 2.59 2.32 2.89 3.38 3.25 3.31 3.32 3.24 2.85 3.39 3.12 3.03 3.56 3.21 3.02 3.33 3.01 2.93 0.30 -0.30
0.11 0.09 0.10 0.07 0.06 0.09 0.07 0.06 0.10 0.07 0.05 0.09 0.08 0.06 0.09 0.08 0.06 0.09 0.09 0.07 0.09 0.11 0.09

rejected
FS & MA
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Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element

Type of Sample=ARG-1, Analyte=Al
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Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element

Type of Sample=ARG-1, Analyte=Cr
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Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element
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Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element
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Type of Sample=ARG-1, Analyte=Zr
0.125
0.120 [ ] X
0.115
01104 @ + X (m} (m} AN Y
§0.105—
0.100 [ ] + X O O A
0.095
0.090 o o Y
T s T s el ol sl el el sl el el sl el sl el als]elals] e
) o ' o ' o ' o ' o ) o ' o
= = .g' = = % = = .g' = = %\ = = .g' = = % = = .g'
° °© ° ° ° °© °
o T o T o T o
B ) B B B ) B
8 8 8 8 8 8 8
3 3 3 3 3 3 3
354 357 359 361 362 364 365
Method within Batch
Type of Sample=SME, Analyte=Al
5.0
+
+
4.5
4.0
S
354 @ @ Y
g 88 3 olg 3 3 2 A
30 : : 2 K X X H ol s 8 g 2 & a
] x « |B B Bls s .
25 H b4 Y
al3lel g selgl3]elg| el slelg|3]glgl3g
= = 2 = = 2 = = 2 = = 2 = = 2 = = 2 = = 2
2 2 2 2 2 2 2
=} =} =} =} =} =} =}
& & & & & & &
E E E E E E E
8 8 8 8 8 8 8
8 8 8 8 8 8 8
354 357 359 361 362 364 365
Method within Batch
Type of Sample=SME, Analyte=B
35 -
1 +
3.0
254
X
E
2.0 o o
]
o o g H
154
¢ ¢ o . + *#| % ¥ X B g B % 2 a a a v v ¥
Y v
YT eTsT sl el sl el el sl elsl el el =l el el als] g
= = E = = E = = E = = E = = E = = E = = E
o o o o o =} =}
T T T T T T T
B B B B B B B
8 8 8 8 8 8 8
3 3 3 3 3 3 3
354 357 359 361 362 364 365
Method within Batch

23



Revision 0

WSRC-STI-2006-00069

> > >

21dA10)0.4d pause oS

YI-N

365

€T-N

a 3

21dA10)0.4d pause oS

VI-N

364

€T-N

00 X

000 O

oO W

21dA10)0.4d pause oS

VI-N

362

€T-N

(I 10

21dA10)0.4d pause oS

YI-N

361

€T-N

=Ca

21dA10)0.4d pause oS

YI-N

359

€T-N

=Cr

21dA10)0.4d pause oS

YI-N

357

€T-N

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element
SME, Analyte

21dA10)0.4d pause oS

SME, Analyte

354

Method within Batch

16

154
144
1.3
1.2+
114
1.0

Type of Sample

%M

0.9
0.8
0.7
0.6

Type of Sample

>>- | 21dA1010.d peuseIS > 21dA1010.1d pauURRIOS
A 8 VI 8
o (%]
> eT-N > > £T-N
K | 21dkio1014 peuseios q 21dA10101d peUBBIOS
KKK YI-W 3 < YT-IN 3
(3] (%]
KK €T q eI
9000 [ 91dA10101d POUSRIOS © 21dAi010.1d peuse.os
0 000 ¢ YT-W N YI-W 8
(3] (%]
¢ 0N €T-N ET-N
010 | 51dA10101d pausaIS 21dA10101d Pause.S
0O oo |yT-W 3 ] YT-WN 3
o o«
0 0o |et-w O ET-N
X | aidhioj0id peuseos X 21dA1010.d pauseIos
X X X YT-N 2 YT-N 2
(3] (3]
>
X X XXX ST-N C X X ST-W
1l
(6]
+H | adhiojoid pouseios g + 21dA1010.d pauseIos
©
H ++ vT-N 5 c YT-N 5
™ A ]
H+H €T W + €I
® | o1dAoj01d peuseIds g n_\_u 21dA10101d peuBBIOS
a | @©
E
@™ i 3 |E o o PT-IN 3
™ m ™
s
8 ©
o ST-W £ | e o £T-W
s Y
L L LA L L L | o LI B | LI T
# 8 & 8§ 4 S 8 g 8 8 8 § 8 8
o o o o o o o o o o o o o
%M _W oM

24

Method within Batch




WSRC-STI-2006-00069

Revision 0

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element

S>> 21dA10)0.4d pause oS »»- | 01dA1010.d pausaIoS > 3> 21dA1010.1d pauURRIOS
» o> YI-W 2 »» TN 8 > YI-N @8
(3] o (%]
»- > €T-N - €T-N > €T-N
il 21dA1010.1d PeusRIOS 4 21dA1010.4d pauseIoS « 210410104d PaUSBINS
<« VI-IN g 4 [r-w g « YI-N g
<l ET-I 4K €W M |er-w
L4444 21dA10)0.4d pause oS L4 21dA1010.4d pausRIoS Lad 21dA10104d peUSRIOS
®o o0 |YT-N 8 hed vI-N 1} ® %o YI-N 8
™ (3] (%]
00 000 ET-N o oo ET-N 000 ET-N
oooo 21dA10)0.d peUSRIOS moo 21dA10J01d peUsRINS Mmoo 21dA1010.d pauUsRIS
L vI-N 2 o vI-N b} 0 0O 0mo YI-N b
(3] o o«
[m eT-IN 0O oo (uin] ST-N OO0 0O ST-N
XX 21dA1010.1d pausa IS X 21dA10)0.d paussIS X 21d41010.d pausBIS
XK X v 2 X XXX |- 2 XX Y- 2
[32) (3] (3]
& KX feT-n a X XX ET-W 3 X X e
1 1 1l
5] ) o)
..W, 4H+ 21dA10)0.4d pause oS ..WJ - 21dA1010.4d pausRIoS ..W/ 1H 21dA1010.1d pauRRIOS
© © ©
cl |+ 4 Y- 5 c + (T 5 c + - PT-IN 5
A ™ A ™ A ™
L] + -+ ET-I wi| [+ H o er-w L] HEAH ferw
v o 21dA1010.1d peuUseIOS 5 |9 a’ 21dA10101d peuUseIOS 5 |9 o 21dA1010.1d peuse IS 5
1 2 ] bt 1} bt
[<3] m (5] m D a
= o s c s c
= o YT-W T |2 | & o @& YT-W 2 || & o @ YI-W 3 |E
S s || E s |5 |E %
o B3 B |3 B
0 ® ET-W £ |9 ° o |cT-n £ | ® ® |c1n 5
s s |5 s |5 s
L e a3 ole & & & & o % & & &
wn
%. Hd a4 daa aDu. N = i S S S %. o & N N
> oo = %o i o
T 0- T 0- T 0-

25



Revision 0

WSRC-STI-2006-00069

> 3>

N >

21dA10)0.4d pause oS

YI-N

365

€T-N

21dA10)0.4d pause oS

VI-N

364

€T-N

QO 0 Oo®

00 O 00

21dA10)0.4d pause oS

VI-N

362

€T-N

mmoo

m oo

21dA10)0.4d pause oS

YI-N

361

€T-N

:Mg

21dA10)0.4d pause oS

YI-N

359

€T-N

=Mn

H +

+ +H

21dA10)0.4d pause oS

YI-N

357

€T-N

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element
SME, Analyte

21dA10)0.4d pause oS

SME, Analyte

YI-N

354

€T-N

Method within Batch

1.0

Type of Sample

0.9

0.5

Type of Sample

Yo

3> 21dA1010.d paussIS SH- 21dA1010.1d pauURRIOS
- VTN 8 > > VTN @8
o (%]
» > ET-N - > (el
K 21dA10101d peuseIoS <l 21dA10101d peUBBIOS
K YI-W g « YI-W g
<« €T K| eI
@0 ¢ 99 | oWdAol01d PAUSRIS »e 21dAi010.1d peuse.os
009 w0 TN 1 Q0o VTN 8
(3] (%]
®» 000 ST-N Aa a4 ET-N
oomno 21dA10j01d peussI0S - 21dA10101d Pause.S
D 0m vI-W 3 mil YT-WN 3
o o«
m o ST-W O oo ET-N
P 4 21dA1010.d paussIs K 21dA1010.1d pauRRIOS
K XX 1w 2 XX 1w 2
(3] (3]
©
x X lerw = 2L ET-N
_n_w
H+ 21dA1010.d paussI0S ..W/ +HH+ 21dA1010.1d pauRRIOS
©
Hit vT-N 5 c HH- YT-N 5
™ A ]
- €T W Hitt €I
o o 21dA1010.d peuUsRINS m n_\_u [ ] 21dA1010.d pauUsRIS
o | ©
e
° e® YI-W 3 O|E | & 000 00 YT-W S
™ m ™
s
8 ©
o™ ST-W £ | ° 00 ® £T-W
(Yo
A S S 12 TI T IS
N N - = %. 439
>
T

26

Method within Batch




WSRC-STI-2006-00069

Revision 0

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element

»- 21dA10)0.4d pause oS > 01dA10104d peUSRIOS >- | 21dA101014 peuselos
» - VTN 2 » YT 8 > VTN @8
(3] o (%]
= > |ET-N = > [ET-N > |eT-N
& | o1dki0101d peusaios A 21dA1010.4d pauseIoS 4 | o1dkioi01d peuseios
@ |rew g 4 VI-IN g 4 |vt-w g
W |erw 4 £T-IN 4 ler-w
WO [ 91dA10101d PEUSBIS Lo d 21dA1010.4d pausRIoS < | 21dA10101d pausRIOS
oW HT-N 8 0000 vI-N 1} o |vT-N 8
™ (3] (%]
oW feT-n Lol 4 ET-N @ [eT-w
O | 51dA10j01d peuse.sos (I 21dA10J01d peUsRINS O | a1dA10101d pausains
O y1-N 2 00 [ |yT-W b} 0 v1-n b
(3] o o«
oI |et-w o ET-N 0 fer-w
X 21dA1010.1d pausa IS X 21dA10)0.d paussIS X | a1dhior01d peuseios
AT 2 XKREX |vT-W 2 X |pT-w 2
[32) (3] (3]
= XX (e 73] XHOC eT- W [ X e
1l 11 1l
5] ) o)
= +Ht+ 21dA1010.1d pausaIs + W 21dA10)0.d paussIS + + | 21d£10101d peuseios
= = =
© © ©
S|t H o [pT-n 5 c + vI-W 5 cl|+ [y 5
A ™ A ™ A ™
L H er-w wi| + + ferw W (+ + letw
= = =
n_\_u ound 21dA1010.1d peuUseIOS m n_\w [ J 21dA10101d peuUseIOS m n_\_u @ | 51dA10101d peuseIS m
Q2 o | © o | © @
[a1 ° e £ [a1 £ [a1 ] m
YT-W % |E © @ |- % |E ® |4T- 3 |E
IS s |15 | E s |5 | E |5
o B3 B |3 B
%2 o |cn £ | o @ (cIn £ | ® |cT-W £
B 5} B
s s |5 s |5 s
o gy o % % B % & & o & 2 % & &L e
%. 3333358383 aDu. ¢ 8§ 8 8 & R %. S o S s o
> 9%6m ks 9%6m > %6m
~ - [

27



WSRC-STI1-2006-00069
Revision 0

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element

Type of Sample=SME, Analyte=U

[} PN
35 § Y
° ¥ Y
4 ;s O ° AN ¥
30 3 ° o g o Y
. . § X X g gl $ 3 o A ¥
s PP y
2 5 i $ % § g g H $ ° -]
Y
N
2.0 °
X
15 [} < o ) < o ) < o ) < o ) < o ) < o ) < o
o i g < i g < i g < i g < i g < i g < i g
= = 2 = = 2 = = 2 = = 2 = = 2 = = 2 = = 2
S S S S S S S
o o o o o o o
& & & & & & &
3 3 3 3 3 3 3
8 8 8 8 8 8 8
& & & & & & &
354 357 359 361 362 364 365
Method within Batch
Type of Sample=SME, Analyte=Zr
0.20
0.18 + +
0.16
0.14
?\; 0.12
0.10 X X o o o PaN PaN Y
[ J [ J + + X X ] m] © <o <o PaN PaN Y Y
0084 @ [ ] + + X X (m] (m} O PaN Y
e o o =i Y Y
0.06 X Y
0.04 !
: L T = =T T~ - O~ T = O T = O T 4
= = E = = E = = E = = E = = E = = E = = E
o o o o o o o
& & & & & & &
3 3 3 3 3 B B
B B B B B B B
A A A A A A A
354 357 359 361 362 364 365
Method within Batch
Type of Sample=ARG-1
Variability Chart for Sum of Oxides
105
O o ©) @)
_ = o _
g% O - - N [e) 8 S %
kel @ -
5 o 8 o
5 95 Q
15
3
%04
9
ST T sl sl el sl el el s sl e s el el s sl e s T
S| 2| 52| 2|5 2|53 2|5 z|2|5|=2|z2|5|3|z2|-%
° ° °© °© ° ° °
o & T T o T &
B B B B B B B
8 B 2 8 8 8 B
3 3 3 3 3 3 3
354 357 359 361 362 364 365
Method within Batch

28




Type of Sample=SME
Variability Chart for Sum of Oxides

Exhibit Al. Initial Plots of Measurements by Type of Sample and by Element
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/UoM=ARG-1/Mg/wt%

Matched Pairs
Difference: M-14-M-13

0.05
0.04 A
0 0.03
2: 0.02 +
EI 0.01 4 O
= 0.00 M +
@
g -0.01 pay
J.002 X @
0.0034 o X @
-0.04 Y
-0.05 T T T T T T T T 1
44 45 46 .47 .48 .49 .50 .51.52 .53 .54 .55
Mean: (M-14+M-13)/2
M-14 050923 t-Ratio -1.32424
M-13 0.51769 DF 12
Mean Difference -0.0085 Prob>|t| 0.2101
Std Error 0.00639 Prob>t  0.8950
Upper95% 0.00546 Prob<t  0.1050
Lower95% -0.0224
N 13
Correlation 0.54203

Type/ Analyte/lUoM=ARG-1/Mn/wt%

Matched Pairs
Difference: M-14-M-13
0.10 1
- i
< i
s 005
> T
= 0.00
g = O @
5 1 .
J.0054 °
a i
-0.10 Y
T T T T "1
125 130 135 140 145 150
Mean: (M-14+M-13)/2
M-14 1.39538 t-Ratio -2.58353
M-13 141769 DF 12
Mean Difference -0.0223 Prob>|t| 0.0239
Std Error 0.00863 Prob>t  0.9880
Upper95% -0.0035 Prob<t 00120
Lower95% -0.0411
N 13
Correlation 0.91208

32

Type/ Analyte/UoM=ARG-1/Na/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/lUoM=ARG-1/Si/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/UoM=SME/Al/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/UoM=SME/Cu/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/UoM=SME/Mg/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample

Type/ Analyte/UoM=SME/Si/wt%
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A2. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements

for Each Element by Type of Sample after Screening

Type/ Analyte/lUoM=ARG-1/Al/wt%
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening

Type/ Analyte/UoM=ARG-1/Cu/wt%
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening

Type/ Analyte/UoM=ARG-1/Mg/wt%
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening

Type/ Analyte/lUoM=ARG-1/Si/wt%
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements

for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening
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Exhibit A3. Initial Comparisons by SME Batch among M-13, M-14, and Prototypic Measurements
for Each Element by Type of Sample after Screening

Difference: Screened Prototypic-M-14

20

_| Screened Prototypic

M-14

Difference: Screened Prototypic-M-14
rRp O o O kP
[¢)] o (6] o ol o ol
[ [ [
=

N
o

— ' T T T 7
2.0 25 3.0

35
Mean: (Screened Prototypic+M-14)/2

Screened Prototypic 2.63486 t-Ratio
M-14 2.82568 DF
Mean Difference -0.1908 Prob > [t|
Std Error 0.04519 Prob>t
Upper95% -0.0992 Prob<t
Lower95% -0.2825

N 37
Correlation 0.65249

Type/ Analyte/UoM=SME/Zr/wt%

Matched Pairs
Difference: M-14-M-13

-4.22214

36
0.0002
0.9999
<.0001

0.05
0.04-M-14
o 003
i _
E. 0.02
T_f.' 0.01 [ ]
= 0.00 (] & @ ¢
[}
g -0.01 2 — 7. S—
J-0.02 Yy X Yy a
0 .0.03 1
-0.04 M-13
005 +——F——F—— 71— 71—
.05 .06 .07 .08 .09 .10
Mean: (M-14+M-13)/2
M-14 0.07946 t-Ratio -5.58105
M-13 0.0873 DF 36
Mean Difference -0.0078 Prob>|t| <.0001
Std Error 0.0014 Prob>t  1.0000
Upper95% -0.005 Prob<t <0001
Lower95% -0.0107
N 37
Correlation 0.64789

Difference: Screened Prototypic-M-13

0.05

M-13

0.03
0.02
0.01

Prototypic-

0.04 -] Screened Prototypic

B 0.00 @

in
4
P

-0.01 4
-+ -0.02
-0.03 4

Screen

S
i

Difference:

M-13

-0.05 ————
05 06 .07

Mean: (Screened Prototypic+M-13)/2

T T T T
.08 .09 .10

Screened Prototypic  0.0873

M-13 0.0873
Mean Difference 0
Std Error 0.00178
Upper95% 0.0036
Lower95% -0.0036
N 37
Correlation 0.36999

t-Ratio 0
DF 36
Prob > [t| 1.0000
Prob>t 0.5000
Prob <t 0.5000

Difference: Screened Prototypic-M-14

0.05
EI 0.04 - Screened Protafypic  y¢
§¢ 0.03 1 Y
g
%\ 0.02 Y X
g 0.01 [ N4
B 0.00 [ [} 3
8 0,01 - e O o
(.%. -0.02 o
8
& -0.03
20047 M-14
5 .
-0.05 +————1——7——7—
.05 .06 .07 .08 .09 .10
Mean: (Screened Prototypic+M-14)/2

Screened Prototypic  0.0873

M-14 0.07946
Mean Difference  0.00784
Std Error 0.00257
Upper95% 0.01306
Lower95% 0.00262
N 37
Correlation -0.1441

61

t-Ratio  3.044677
DF 36
Prob>[t| 0.0043
Prob>t  0.0022
Prob <t 0.9978



Distribution:

C.J. Bannochie, 773-42A
M.J. Barnes, SRNL

N.E. Bibler, SRNL

D.R. Best, 786-1A

D.B. Burns, 786-5A
T.B. Caloway, 999-W
L.M. Chandler, SRNL
D.R. Click, SRNL

C.J. Coleman, SRNL
A.J. Cross, 704-71S
D.A. Crowley, SRNL
B.H. Culbertson, 704-27S
B.A. Davis, 704-27S
R.E. Edwards, SRNL
T.B. Edwards, 773-42A
M.T. Feller, 704-28S
T.L. Fellinger, 704-27S

S.P. Harris, 773-42A
C.C. Herman, 773-42A
C.M. Jantzen, SRNL
R.N. Mahannah, 704-28S
J.E. Marra, SRNL

W.L. M€lton 111, 704-28S
M. S. Miller, 704-S

J.E. Occhipinti, 704-S
P.M. Patel, 704-27S
F.M. Pennebaker, SRNL
D.K. Pedler, 999-W

JW. Ray, 704-S

M.E. Smith, 773-42A
M.E. Stone, 999-W

R.C. Tuckfield, 773-42A
J.P. Vaughan, 773-41A
S.W. Wilkerson, 704-S

WSRC-STI-2006-00069
Revision 0



	Text1: 


