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EXECUTIVE SUMMARY
The objective of this research was to evaluate the effect of compositional uncertainties on the primary
processing and product performance criteria for potential glasses to stabilize the Tank 17.1 Am-Cm
solution. Given the feed composition (and its anticipated &2070 variation), the composition of the
25SrABS cullet, and the target feed loadlng range of 20 to 40 mass % (oxide basis) for the process, an
experimental glass composition region (EGCR) for Phase 1 testing was defined. In this study, glasses
were fabricated and both processing and product performance properties were measured as a function of
glass composition. These properties were assessed against predefine constraints to define an acceptable
glass composition region (AGCR) in which all property constraints were simultaneously satisfied.

As a result, an acceptable glass composition region (AGCR) has been identified in which glasses meet all
processing and product performance criteria as currently defined. Therefore, if compositions within the
AGCR are processed, the@b of process upsets are minimized and the probability of accepting the final
glass product is increased. Based on the Phase 1 results, the operational window-is rather limited given
the current processing criteria (primarily due to the 1250”C liquidus temperature (TL.)constraint).
However, if the TLconstraint was increased to 1300”C (or greater), the AGCR would expand but would
still be limited by viscosity at the lower loadings (20 – 25 mass % feed loading).

Within the Phase 1 EGCR, most property/ composition relationships are dependent upon the total
lanthanide oxide (Ln20J content’ in the glass. There was no indication that the distribution of the
Ianthanides impacts either the processing or product performance properties within the limits of the
experimental design. The major observations for the Phase 1 variability study are summarized below:

HOMOGEIWWIY
(1) The AOCR is not restricted by homogeneity as defined by X-ray diffraction (XRD).

DURABILnY
(2) The AOCR is not restricted by durability as defined by the 7-Day Product Consistency Test (PCT),

ASTM C-1285-94.
(3) PCT results indicate that the Phase 1 EGCR glasses are at least 2 orders of magnitude more durable

than the Environmental Assessment (EA) glass based on normalized boron releases.

VISCOSITY
(4)

(5)

(6)

The AGCR is restricted by the viscosity constraint of 3 – 24 Poise at 1350”C. Phase 1 glasses failing
the constraint had viscosities greater than 24 Poise at 1350”C.
The key indicator for complying with the viscosity constraint is the total lanthanide content in the glass.
The viscosity data indicate that total lanthanide contents of -45 mass % and --42 mass%, based on
targeted and “as-measured” respectively, should be targeted in the vitrification batch process to ensure
a continuous pour.
The fact that no glasses failed the viscosity constraint on the low side (i.e., < 3 Poise at 1350”C)
provides the opportunity to increase waste loadlngs (or total lanthanide content) while maintaining
adequate viscosity values.

a Throughoutthis report, the referenceto lanthanideoxides (Ln203)refers to the oxides in the lanthanide (or rare
earth) series (La, Ce, Pr, Nd, S~ Eu, Gd, and Er) unless otherwise stated.
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LIQUIDUSTEMPERATURE
(7)
(8)

(9)

The AGCR is limited by the 1250°C Iiquidus temperature constraint.
Within the EGCR, two primary phase fields were observed: a rare earth silicate (RES) phase and an
ahnninosilicate (AIS) phase.
Within each primary phase field, the total Ianthanide content can be used as the key indicator of T~ and
trends in the TLdata. At low total Ln203 contents (or low loadings) the primary phase is an AIS and
increases in Ln203 content decrease TL. At higher LnzOscontents, the primary phase is a RES and
increases in Ln203 content increase TL. This phase field transition occurs at approximately 42.5 mass
% total Ln203 content (on an “as-measured” basis) or -25 – 30 mass 9%feed loading.

(10) Seven of the31 Phase 1 glasses fail the 1250”C Iiquidus constraint. Unlike the viscosity constraint
where only low loadings caused 10 glasses to be “unacceptable”, both high and low loaded glasses (i.e.,
in both primary phase fields) fail the TLconstraint.

(11) Increasing the TLconstraint to 1300”C (or greater) would result in the “acceptance” of all Phase 1
glasses (ignoring uncertainties associated with the TLmeasurement) and the @2R wouId not be
restricted by ~L. ‘ .

CHEMICALCOMPOSmION
(12)Based on the chemical composition analysis, a statistically significant difference (at a 5% significance -

level) was observed between the targeted and “as-measured” compositions for all oxides except the
bias-corrected B203, Er20~, 0d203, Pr20~, and Sm203. This was ptially driven by the low sum of
oxides obtained from the compositional analyses.

(13) Reproducibility of replicate samples on several properties raised issues regarding measurement
uncertainty and/or homogeneity in chemical composition of subsamples. Recommendations have been
proposed to minimize thii issue in Phase 2,

iv
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INTRODUCTION
Approximately 11,000 liters (3,600 gallons) of solution containing isotopes of Am and Cm are currently
stored in F-Canyon Tank 17.1. These isotopes were recovered during plutonium--242 production
campaigns in the mid- and late-l 970’s. The continued storage of these isotopes was identified as an item
of primary concern in the Defense Nuclear Facility Safety Board’s (DNFSB) Recommendation 94-1 [1].
An analysis of several alternatives resulted in the recommendation to stabilize the Am-Cm solution in a
high-lanthanide glass [2]. The Multi-Purpose Processing Facility (MPPF) in the F-Canyon will be used
for the vitrification process. Pretreatment operations will be performed in existing canyon vessels to
separate actinides and lanthanides from other impurities (primarily iron, aluminum, and sodium) prior to
the vitrification operation. .

The proposed baseline vitrification batch process involves precipitating the actinide materials with oxalic
acid and washing the precipitate to lower the nitric acid concentration. The subsequent oxalate
precipitate is then mixed.-wit@glass formers. The resultant mixture is then dried and heated to
approximately 1450°C to produce a molten glass product in the Cylindrical Induction Melter (CIM). The
glass is then poured through a drain tube into a stainless steel cylinder. Marra et al. [3] and Fellinger et
al. [4] provided a more detailed summary of this baseline vitrification process.

For the vitrification campaign to be successful, a framework of knowledge sufficient to control the
Am/Cm target glass composition within an acceptable processing window must be developed.
Compositional control is essential to ensure that targeted glass compositions have properties that meet
the MPPF melter processing requirements, the Oak Ridge National Laboratory (ORNL) processing
capabilities for recovery of the americium and curi~ and/or the product requirements for interim or
long-term storage or disposal. To develop such a knowledge base, relationships between product and
process properties and glass composition over the anticipated composition region for the MPPF
vitrification process are beiig explored by the Savannah River Technology Center (SRTC).

In this study, glasses were fabricated and both processing and product performance properties were
measured as a function of glass composition. These properties were assessed against predefine
constraints to define an acceptable glass composition region (AGCR) in which all property constraints
were simnltammusly satis%ed. The results of these property/composition relationships are described in
this document. This study was developed [5,6] and executed by SRTC based on the Technical Task
Request (TTR) [7] as defined by the Nuclear Materials Stabilization& Storage (NMS&S) Division.

OBJBCTIVESTATEMENT
The objectives of this research are to evaluate the effect of compositional uncertainties on the primary
processing and product performance properties for potential glasses to stabilize the Tank 17.1 Am-Cm
solution and to identify the AGCR. Glasses in the AGCR will simultaneously meet both process and
product performance criteria as defined for Phase 1 [6,7].

1
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DEFININGTHEEXPERIMENTALGLASSCOMPOSITIONALREGION(EGCR)
Edwards [5] provides a detailed discussion on the definition of the experimental glass composition region
(EGCR) b, the objectives of the “phased” approach, and the strategy for selecting glasses within the
multidimensional EGCR. In general, three primary factors define the Phase 1 EGCR:

(1) the composition of the Am/Cm containing feed (its average and likely variation),
(2) the composition of the selected frit, and
(3) the target range for the feed loading (i.e., the feed’s percentage of the glass product).

The average composition of the feed has been estimated from the most recent measurement from Tank
17.lCand associated material balance calculations. [8] As stated in the TTR [7], the variation expected in
each component of the feed is to be estimated at &2090 of its averaged and the loading of the feed in the
glass is expected to fall withh the interval of 20% to 40% on an oxide basis. The major characteristic of
the actinide bearing feed +shQwnin Table I) is the high percentage of lanthanide oxides and actinide
oxides (> 99.82 mass % of the feed). Given the high content of lanthanides and ac~inides, there are
obviously very feW“impurities” (e.g., A1203,Fe20s, NiO, MnO, ~@J, etc) associated with this feed
stream as a result of pretreatment processes.

The concentrations of several lanthanides (TbzOs, Dy203, H020s, ErzOJ, TmzOJ, Yb@s, and Lu20s) in
the feed are analyzed as less than 1 mass percent (mass%) on an individual basis. Although the
components are shown on the most recent material’balance flow sheets, their concentrations maybe at or
below the detection limits of the analytical equipmen~ Assuming that these oxide components are not
present in the incoming actinide-bearing str~ one can distribute their questioned contribution (a total
of 2.66 mass %) over the remaining major lanthanide oxides (LnzOJ) (i.e., normalize by increasing each
of the seven major Lnz03 concentrations by 0.38 mass %). Previous work has suggested that the total
Ln203 concentration is critical, not the distribution. [9, 10] Based on these observations, the
concentrations of the more prevalent Lnz03’s were normalized so that the total lanthanide concentration
from the feed was represented by their values alone. The surrogate feed on which this study was based is
also shown in Table 1.

b The composition region as specified by the TTR [7] is referred to as the experimental glass composition region
(EOCR) throughout this report. In short, the EGCR bounds the eompositioml envelope in which glasses are
expected to fall based on the feed composition (and its variability) from a 2-wash scenario, the frit composition, and
the target loadings.
c Rare earth analyses (La, Ce, Pr, Nd, Sm, Eu and Gd) were obtained ffom a cc:mail memo from M.R. Nelson to
W.H. Martin dated 4/23/98. Solution density, acid content and Fe, Ni and Cr analyses were obtained from a cc:rnail
memo from S.L. Maxwell to R.H. Spires (TSD-ALA-98-0011) dated 2/26/98. M.M. Jerath estimated the volume of
solution in Tank 17.1 to be 10,551 liters from F-Canyon operating data.
d The* 20% estimated by NMS&S takes into account the uncertainties associated with the 1993 and 1998 Tank 17.1
analyses, measurement errors associated with the ICP, and potential variations in each elementioxide (major or
minor) due to inefficiencies in pretreatment.
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Table I. Average Actinide-Bearing Feed Material and Surrogate Feed
Material on an Oxide (mass %) Basis.

Oxide Actinide-Bearing Surrogate Feed
Feed Material Material
(Tank 17.3E)

Lanthanide Oxides
La*03 15.05 15.43
ce203 12.94 13.32
Pr203 11.26 11.64
Nd203 32.80 33.18
Sm20s 7.49 7.87

“*EM03 1.56 1.94
Gd203 3.98 4.36
Tbz03 0.36
Dy20s 0.36
HOZ03 0.36
Er203 0.35 12.08e
Tm203 0.53
Y%z03 0.35
LUZ03 0,35
Actinide Oxides
Alllz03 9.70 1
Cmz03 2.38
NPz03 0.00
PU02 0.00
U03 0.00

I Metal]
I CS20 I 0.00 I

,icOxides
Al~o~ 0.01 0.01
B2Q 0.00
Cao 0.00

l+%sl- 0.00
——L—J 0.03 0.03
KZO 0.00
Mno 0.14 0.14
Na20 0.00
NiO 0.00
SiO~ 0.00
Sro 0.00
ZnO 0.00
ZrQ 0.00
Total 100.00 100.00

.

e Er203wassubstitutedfor both actinides(Am203and Cm203)on a straightmass $%0basis. As withmostprograms
involvingradioactivematerials,surrogatesare used to expedte the developmentprocess and minimizecost and
scheduleimpacts. The challengeis to choose a surrogatethat mimicsthe chemicaland physicalresponseof the
materialpropertiesof interest. Peeler and Reamer [9] providea moredetaileddiscussionof the surrogateselection.

3
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The proposed frit composition for the vitrification process is based on a lanthanide borosilicate glass and
is referred to as 25SrABS (SrO-Alz03-B203-Si02). The targeted composition of the 25SrABS frit is
given in Table II. The nomenclature or reference to 25 intlcates that this frit contains 25 mass YoLti203.
Therefore, La20s has contributions from both the feed (-15 mass%; Table I) and the 25SrABS fit (25
mass %; Table II).

Table II: Targeted 25SrABS Frit Composition (mass %).

Oxide La203 A1203 B20~ Si02 SrO
Mass Fraction 25.00 24.87 13.54 33.68 2.91

GNen the feed cornposit~n tand its anticipated * 20% variation), the 25SrABS fri~composition, and the
target feed loading range of 20 to 40 mass % for the process, the EGCR for Phase 1 testing was
defined. [6] Table III provides the bounding concentrations for the Phase 1 EGCR.

Table III. Compositional Bounds for Phase 1 EGCR Definition (mass fraction).

Mass Fraction Ranges
Oxide Lower Upper
La~o~ 0.1994 0.2363
Cqoq
l%~o~
Nd20~
Sm203
Eu20~
Gd203
Er203
A1203
B20~
Si02
Sro

0.0213
0.0186
0.0531
0.0126
0.0031
0.0070
0.0193
0.1492
0.0812
0.2021
0.0175

0.0624
0.0544
0.1577
0.0363
0.0078
0.0194
0.0580
0.1990
0.1083
0.2694
0.0233

The bounding composition envelope represented by Table III ignored some trace, metallic oxides present
in the material balance calculation (A1203,F%03, and MnO as shown in Table I). These trace, metallic
oxides am present in such small quantities (0.01, 0.03, and 0.14 mass %, respectively) in the feed they
were assumed not to have a significant impact on the properties of interest in the Phase 1 design. As
discussed in the next section, this assumption was evaluated with the insertion of five glasses using a
minor component “spike”.

SELECTINGPHASE1 GLASSCOMPOSITIONS
The strategy for selecting glass compositions for the Phase 1 variability study EGCR has been described
by Edwards [5]. Statistically, Phase 1 had two primary goals. The fwst was to establish the measurement
procedures (and their uncertainties) that are to be used to measure the properties of interest throughout
this study. The second was to assess the impact of compositional uncertainties on the primary processing
and product performance properties of glasses that cover the EGCR. This second objective maybe more
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precisely stated as the goal of answering the question; “Is there any indication that the properties of
interest are unacceptable over any portion of the anticipated experimental glass composition region?”

Table IV identifies the31 glasses selected for the Phase 1 design.f The use of the AC1 nomenclature
identifies thk as Phase 1 of the Am/Cm variability study. There are 16 unique compositions (AC 1-01
through AC 1-16) that span the Phase 1 EGCR. Five glasses (AC 1-17 through AC 1-21) are replicates of
AC1-04, AC1-07, AC1-10, AC1-13, and AC1-16, respectively.

To evaluate the effect of minor metallic oxides on the primary processing and product performance
properties of interest, five additional glasses were added to the overall EGCR design. AC1-22 through
AC1-26 are essentiality replicates of AC1-17 through ACI-21 (and their counterparts), respectively, with
the exception that these glasses have been “spiked” with maximum levels of various metallic oxides (as
shown in Table V). These glasses are identified by an “*” in Table IV. The level of each minor
component spike is conswer~d as an upper or bounding value that the process may receive at the highest
feed loading evaluated in Phase 1 (i.e., 40 mass %). --

Table V. Level of Metallic Oxides “Spiked” in Select Glasses (mass %).

Oxide F O NiO~ CaO NazO KO MnO
Mass% 0.010 0.005 0.005 0.005 0.005 0.005 0.050

AC1-27 through AC1-31 represent specific glass compositions within the EGCR being evaluated for the
baseline process at the time this study was initiated. These glasses are based on the nominal feed
composition but vary in loading (ranging from31 -36 mass %). These glasses also have trace amounts
of both MnO and FtiOs. As the properties of interest are explored for this EGCR, the behavior of the
spiked glasses relative to their non-spiked replicates will be investigated.

Figure 1 shows the Phase 1EGCRasdefinedbythe31 glasses within a compositional ternary. The three
components of the ternary represent the total targeted h203 content @203 contributions from both the
feed and the frit), other frit, and other feed. Property/composition relationships within the E(3CR
(represented by the outlined “box” in Figure 1) are the focus of this study, That is, is there any indication
that the properties of interest are unacceptable with respect to the predefine criteria over any portion of
this EGCR?

f The Phase 1EGCR was basedonatotalof31 glasses: 16uniquecompositions,5 replicates,5 “minor”component
spikedglasses,and an additional5 glassesrepresentingspecificglass formulationsunder considerationby the
Am/Cmdevelopmentteam. Due to preliminary viscosity and Iiquidus temperature results, a replicate of AC1-19
(referred to as AC1-19B) was subsequently added.
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Table IV: Targeted Phase 1 Glass Compositions (mass fraction),

GlassID
AC1-01
AC1-02
ACI-03

AC1-04,-17,-22*
AC1-05
AC1-06

AC1-07,-18,-23*
AC1-08
AC1-09

AC1-10,-19,-24*
AC1-11
AC1-12

AC1-13,-20,-25*
AC1-14
AC1-15

AC1-16,-21,-26*
AC1-27
AC1-28
AC1-29
AC1-30
AC1-31

La~03
0.2177
0.2363
0.2247
0.2304
0.2184
0.2328
0.2255
0.2294
0.2120
0.2206
0,2057
0.2260
0.2157
0.1994
0.2225
0.2108
0.2207
0.2190
0.2165.
0.2155
0.2213

Ce203
0.0415
0.0312
0.0312
0.0262
0.0390
0.0266
0.0327
0.0394
0.0320
0.0393
0.0428
0.0521
0.0458
0.0426
0.0624
0.0524
0.0407
0.0431
0.0466
0.0480
0.0400

PI’.2O3
0.0361
0.0272
0.0272
0.0229
0.0233
0.0340
0.0286
0.0279
0.0408
0.0343
0.0326
0.0476
0.0401
0.0543
0.0372
0.0458
0.0356
0.0377
0.0407
0.0420
0.0349

Nd203
0.1001
0.0531
0.0645
0.0695
0.0943
0.0782
0.0868
0.0884
0.1183
0.1042
0.1380
0.0929
0.1216
0.1577
0.1314
0.1389
0.1015
0.1074
0.1161
0.1196
0.0995

SmzOs
0.0245
0.0126
0.0126
0.0152
0.0158
0.0192
0.0190
0.0272
0.0272
0.0228
0.0317
0.0220
0.0266
0.0284
0.0252
0.0304
0.0241
0.0255
0.0276
0.0284
0.0236

EU203
0.0055
0.0039
0.0039
0.0035
0.0044
0.0044
0.0044
0.0047
0.0049
0.0052
0.0054
0.0068
0.0061
0.0062
0.0062
0.0070
0.0133
0.0141
0.0153
0.0157
0.0131

G&os
0.0134
0.0070
0.0070
0.0083
0.0104
0.0121
0.0104
0.0145
0.0107
0.0125
0.0170
0.0170
0.0146
0.0194
0.0167
0.0167
0.0059
0.0063
0.0068
0.0070
0.0058

Er203
0.0378
0.0288
0.0290
0.0241
0.0320
0.0302
0.0301
00435
0.0292
0.0361
0.0393
0.0482
0.0421
0.0419
0.0483
0.0481
0.0370
0.0391
0.0423
0.0435
0.0362

A1203
0.1731
0.1990
0.1990

.,0.1990
~0.1865
w0.1865

0.1865
0.1741
0.1741
0.1741
0.1617
0.1617
0.1617
0.1492
0.1492
0.1492
0,1727
0.1682
0.1617
0.1591
0.1741

B*O3
0.0949
0.1083
0.1083
0,1083
0.1016
0.1016
0.1016
0.0948
0.0948
0.0948
0.0880
0.0880
0.0880
0.0812
0.0812
0.0812
0.0940
0.0916
0.0880
0.0866
0.0948

(1)AC1-22t.hmughACI-26 are replicatesof AC1-17throughACI-21 (andtheircounterparts),respectively,with
the exceptionthat theseglasseshave been “spiker withlevelsof variousmetallicoxides(as shownin TableV).
‘l%elevelof minorcomponentspikedis consideredtobe the upperor boundingvaluethat the vitrificationprocess
mayreceiveat a 40%feed loading. Theseglassesme identifiedby an “*”in TableIV.

(2)TheminorMmponentsassociatedwithAC1-27throughAC1-31are F~OSand MnOat th~0.01 mass% and
0.05mass% levels.

sio*
0.2350
0.2694
0.2694
0.2694
0.2526
0.2526
0.2526
0.2358
0.2358
0.2358
0.2189
0.2189
0.2189
0.2021
0.2021
0.2021
0.2338
0.2278
0.2189
0.2154
0.2358

Sro
0.0205
0.0233
0.0233
0.0233
0.0218
0.0218
0.0218
0.0204
0.0204
0.0204
0.0189
0.0189
0.0189
0.0175
0.0175
0.0175
0.0202
0.0197
0.0189
0.0186
0.0204

(3)AC1-31hasalsobeen referredto as Am/Cm-l, whichrepresentsthe baselineglasscompositionat the timethis
studywasinitiated. AC1-31(or Am/Cm-l) is a 30 mass% loadedglassbasedon the nominalfeed stream
composition.
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Figure 1. Targeted Glass Compositions (mass fraction) Defining the Phase 1 EGCR.

P~~ ACCEPTANCE C-u
To ensure that the glass is both processable and meets product performance specifications, criteria were
established and implemented for the Phase 1 study.[7] These criteria focus on processing (liquidus
temperature and viscosity) and product performance (homogeneity, durability, and recoverability) issues
and were used to evaluate each of the 31 Phase 1 glasses in an effort to define the AGCR. That is, for a
glass to be “acceptable”, it must comply with or meet all constraints simultaneously. Each Phase 1
acceptance criteria is briefly discussed below.

~OCESSING Cm’rmwi
VISCOSITY
This constraint has been defined by a viscosity (q) range (3 – 24 Poise) at a given temperature
(1350°C) based on thermal modeling and calculations of continuous and non-continuous pour
streams.g Viscosities outside this range at a freed temperature will be considered less than
optimal due to the potential to result in a non-continuous pour stream (considered to be <8
kgh).

LIQUIDUS TEMPERATURE (T=)
Liquidus temperature is defined as the maximum temperature at which equilibrium exists
between the molten glass and its primary crystalline phase.[11] If the nominal melt temperature

g The relationship betw~n flow rate and glass viscosity ww obtained from an isothermalmodelof the drain tube
based on the extended Bernoulli and Poiseuille’s equations. The viscosity required to give an 8 kg/hr flow rate was
obtained for a given glass density, glass pool depth (head) and drain tube diameter and length.
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is above TL,crystallization will not occur eliminating potentially negative impacts to melter
processing. If the nominal melt temperature is below TL(or “cold” spots exist within the melter),
crystallization may occur and can impact processing (i.e., crystals may plug the drain tube) or
affect product performance (i.e., durability) if crystals are present in the final glass product. The
nominal CIM operating temperatures are in the range of 1350°- 1450”C. To avoid the potential
negative effects of crystallization within the melter, a Iiquidus temperature criteria of 1250°C
was used for Phase 1. Thk provides a 100”C differential between the nominal lower melter
operating temperature ( 1350”C based on a 30 mass % loaded glass) and the liquidus temperature.
Therefore AC1 lanthanide-based glasses with TL’Ss 1250”C will be considered processable
within the CIM.h

PRODUCTPERFORMANCECRITERIA
HOMOGENIXIY
“Homogenehy will be evaluated to ensure that undissolved solids or crystallization is not present
in the glass upmini$al fabrication that could potentially restrict the &CR. However, it should
be noted that these glasses were produced from reagent grade oxide raw niaterials; not an oxalate
/ frit mixture that will be utilized in the CIM. Different reaction pathways between the various
starting materials may lead to conflicting results. Glasses within and near the boundaries of the
Phase 1 EGCR have been successfully processed in the CIM using an oxalate / frit mixture (e.g.,
Am/Cm-l (AC1-31) at 30% loaded glass) resulting in a homogeneous (non+xystalline) glass
product.

DURABILITY
Durabdity of the final waste form can also limit the composition space over which glasses should
be produced. That is, glass within a certain compositional space maybe pmcessable but may
result in a nondurable product thus reducing the likelihood of acceptance. To minimize this
potential, durability as defined by the Product Consistency Test (PCT) will also be used to define
the AGCR. The PCT (ASTM C 1285-94) [12] will be used to distinguish between durable and
nondurable glasses. The acceptance criteria will be based on a comparison of the normalked
release rates of various AC1 glass components to those limits of the Environmental Assessment
(EA) [13] (with the appropriate conildence limits applied). Normalized boron (B) release will be
used as the key indicator of durability although the release of other components will also be
tracked. Typically, Na and Li are also tracked, but the SrABS fit does not contain either Na or
L1 and only Na exists in the waste stream and at an extremely low concentration.

RECOVERABILITY
To ensure that the product meets the current programmatic objective (i.e.; recoverabtlty of
Am/Cm at ORNL), a recoverability criterion was also defined. The recoverability criterion is
98% of the total lanthanides must be recovered within 2 hours using 8M nitric acid with gIass
ground to -60 mesh and heated to 110”C [14].

h The liquidus temperature constraint (1250”C) for Phase 1 was defined based on the nominal processing
temperature (1350°C) for the Am/Cm-l (AC1-31) ghiss (30 mass % feed loading). Although this glass is
processable at 1350”C, higher processing temperatures are within the capability of the CIM. This capability allows
for the relaxation of this initial liquidus temperature constraint if TLbecomes a limiting factor in the definition of the
AGCR.
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Table VI swnmari zes the processing and product performance criteria to be used to define the
AGCR for Phase 1.

Table VI. Property Constraints to Define the Phase 1 AGCR.

Property Phase 1 Constraint
Processimz

Viscosity (q) 3 – 24 Poise at 1350°C——.—-... —..——..——.——_— —.—.—___
Licmidus Temperature (TT.) s 12500c

‘+-Product Performance—.-
Homogeneit Homogeneous as defined by XRD
Duritbility NL [B] <16.695- 2cr (Elj limits)

As defined by the ~CT
Recoverability 98% recovery of total Ianthanides under

specific processing conditions

EXPERIMENTAL
The data generated for the Phase 1 variability study were accomplished via a joint effort between the
SRTC and the Pacific Northwest National Laboratory (PNNL). This work was performed according to
applicable DOWRW-0333P Quality Assurance Criteriai at both laboratories. Data collected and reported
from PNNL were acquired under a PNNL Quality Assurance (QA) Progr~ SNF-70-001. A specific
QA Plan Checklist for PNNL Project 30306, High Temperature Viscosity and T= for Am-Cm Variability
Study, was developed and utilized by PNNL in the performance of this study. The QA Plan Checklist
contains the QA implementing procedures, part of the PNNL Spent Fuel Nuclear Fuel QA Program
which applied to this study. This section describes the experimental procedures, test equipment, and
application of standards to generate the required data.

GLASSFABRICATION
Table IV identified the31 AC1 Phase 1 glasses prepared for this study as well as the unique
nomenclatures used (i.e., AC1 series). Each batch was prepared (to produce 450 grams of glass$ from
the proper proportions of reagent grade chemicals using SRTC technical procedure “Glass Batch
Preparation Procedure - GTOP-3-003’’.[15] Weigh sheets were filled out as the materials were weighed.
It should be noted that the use of reagent grade chemicals will not allow for an evaluation of certain
processing issues that have been of interest in the development program (i.e., volume expansion and/or
high temperature bubble formation which typically require oxalate precipitate and frit as raw material
sources) .[3,4] These issues will be evaluated in separate tests performed in the CIM pilot facility.

i As defined by the DOWRW-0333P Quality Assurance Program.
J The 450 gT~ batch would p~uce enough gl~s from which all pr~essing and product performance properties
could be measured. The use of a single batch would minimize uncertainties associated with batch to batch variations
if smaller individual batches were produced for each property measurement. Glasses supplied to Monarch Analytical
Laboratories for high temperature density measurements (discussed in subsequent sections) were batched and melted
separately due to the quantity of glass required.
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Once batched, these glasses were melted according to SRTC technical procedure “Glass Melting
Procedure – GTOP-3-004° [15] using a standard thermal heat treatment. In general, the raw materials
were thoroughly mixed and placed into a Platinum/5 YoRhodium 500 ml crucible. The batch was
subsequently placed into a high temperature furnace and the temperature was increased at 4°Chninute to
1350”C. After an isothermal hold at 1350”C for 0.5 hour, the crucible was removed and the glass was
poured onto a clean stainless steel plate and allowed to air cool. Approximately 400 grams of glass was
removed (poured) from the crucible while -50 grams remained in the crucible along the walls. The pour
patty was divided into the appropriate quantities for each property measurement. Glasses were store@in
marked containers (using the unique AC1 nomenclature as defined by Edwards [5]) and either shipped to
PNNL (for viscosity, density, and liquidus temperature measurements) or retained at SRTC (for
homogeneity, chemical composition, density, and PCT measurements).

..

PROPERTYMEASUREMENTS

CHEMICALCoMposmIJN kwYsE3
To confm that the “as-fabricated” glasses corresponded to the defined targeted compositions (as shown
in Table IV), a representative sample from each “as-fabricated” AC1 glass was submitted to the SRTC
Mobile Laboratory (SRTC-ML) for chemical analysis. Edwards [16] provided an analytical plan that
accompanied these samples. This plan identified the cations to be analyzed as well as specif@g the
dissolution techniques (i.e., sodium peroxide fusion or Iithium-metaborate flux) to be used. Each glass
was prepared in duplicate by each of the dissolution techniques. Concentrations (as mass Yo)for the
cations of interest were measured by Inductively Coupled Plasma – Atomic Emission Spectroscopy (ICP
– AES). The analytical plan was developed in such a way as to provide the opportunity to evaluate
potential sources of ecror. The results were evaluated to confm that the targeted glass compositions
were adequately met.

HOMOGENEITY
Although visual observations for homogeneity were performed and documented, representative samples
from each “as-fabricated” glass were submitted to SRTC Analytical Department Service (ADS) for X-ray
dhlraction (XRD) analysis. This analysis would be used to confm visual observations of homogeneity
within a given detection limit based on the run conditions of the diffractometer. Samples from the Phase
1 test matrix were run under conditions allowing an approximate 1.0 vol% detection limit. That is, if
crystals (or undissolved solids) are present at 1.0 VOI%(or greater) the dlffiactometer will not only be
able to detect these c~stals but will also ailow a qualhative measure (i.e., determine the type of crystal
present). Otherwise, a characteristic amorphous hump indicative of a glass product results.

DENSITY
SRTC measured room temperature density for each Phase 1 glass. Glass density was measured by
buoyancy (Archimedes method) in water using SRTC technical procedure “Glass Density Using the
Mettler AT400 Balance - GTOP-3-1O5’’.[15] Representative glass samples (approximately 5 gram
samples) were selected from the original pour patty for this measurement.

PNNL measured density of each Phase 1 glass using a gas pycnometer following PNNL tectilcal
procedure APEL-PIP-4, “Gas Pycnometer Method for Apparent Specific Gravity Determination of
Consolidated Solids.” Glass that had been ground, sieved and washed for T= determination was used for

kFor visual observations of homogeneity refer to WSRC-NB-98-O0208.
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density measurement. When sieved samples were not available, pieces from the “as received” glass were
ultrasonically washed, then dried at 90°C and used for the density measurement.

High temperature and annealed (room temperature) density measurements were performed on a limited
number of glasses (AC1-04, AC1-07, AC1-10, AC1-13, and ACI-16) by Monarch Analytical
Laboratories, Inc. to support thermal modeling efforts.1 Samples were annealed at 650°C for 30 minutes
and the “annealed” glass density was measured using ASTM C 693. [17] Molten glass density was
determined as described by Shartsis and Spinner [18]. In general, the determination of molten glass
density for all five samples was limited at the lower temperatures by viscosity. At the higher
temperatures, the glasses deposited gas bubbles (e.g., oxygen liberated from the high temperature
reduction of Ce02) on the test bob limiting the higher temperature to which the samples could be tested.
An addkional problem with samples AC1-13 and AC1-16 was the formation of a surface “scum”
(reported by Monarch as a “probable crystalline material”) at temperatures below 2200”F (or
approximately 1200”C). Monarch also measured surface tension of these 5 “AC1 glasses.

-- *

VISCOSITY
High temperature viscosity (q) measurements were performed by PNNL. Viscosities were measured as
functions of temperature (T) using a spindle viscometer for each of the Phase 1 AC1 glasses. The
measurements were obtained with the PNNL technical procedure, “Standard Viscosity Measurement for
Vitrified Nuclear Waste – GDL-VIS, Rev. 1/’ which is in compliance with the ASTM C 965 [19]
procedure. The spindle viscometer was calibrated according to the PNNL technical procedure, “Standard
Viscosity Calibration Procedure – GDL-VSC, Rev. 1.“

Glass q -T data were fitted to the Vogel-Tamman-Fulcher (VTF) model [20]:

B
lnq=A+—

T–TO ‘

where A, B, and To are temperature independent coefficients. The fitted VTF model was then used to
calculate the T values at freed q points (T’n)and the q value at 1350°C (q 13W)for each glass.

High temperatureviscosity data were measured over the maximum temperature range allowable for each
glass. The low temperature limit was based on the effects of crystallization on the melt pool. The high
temperature limit was based on the maximum operating temperature of the furnace (1500”C), the
detection limit of the BrooKleld viscometer, or effects of volatilization. PNNL also incorporated a
standard viscosity glass (NBS-7 10) into these measurements to check accuracy and precision.

LIQUIDUSTEMPERATURE(T~)
Liquidus temperaturewas measured for each Phase 1 glass following Method B of PNNL technical
procedure GDL-LQT, “Standard Test Methods for Determiningg the Liquidus Temperature (T~) of Waste
Glasses and Simulated Waste Glasses.” A run-order was not used for determining T~ for individual
samples due to time constraints, but samples were grouped together in furnaces operating at a specific

1These fiveglasseswerebatched and melted separatelyfromthe Phase 1 glasses. Therefore,smrdlbatch-to-batch
chemicalvariationsmaybe expectedrelative to theircounterpartPhase 1 glasses. The Monarchwork scope was not
performed under the Quality Assurance criteria of RW-0333P since these data were only to be used to support
thermal modeling efforts and were not used to define the AGCR.
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temperature. The final measurements used to determine T= were confined to one of two validated
furnaces to prevent differences of calibration between furnaces from biasing results.

As glass samples were received by PNNL from SRTC, the majority of each sample was split out for
viscosity measurement. The remaining sample was crushed in a tungsten c~bide milting chamber,
sieved to capture 0.5 to 4.0 mm grains, ultrasonically washed for two minutes in ethanol, and dried at
90”C according to the technical procedure. Each glass sample had its own platinum crucible ( 1.27 cm3)
and lid, which were cleaned between heat treatments. Samples were heat treated in calibrated and
temperature-profiled furnaces for 24* 2 h.

Each glass was initially tested with 4 to 5 heat treatments, which narrowed the temperature range in
which TLwould be determined and reported. The first heat treatments were at 1100”C which resulted in
crystallization in all samples (i.e., TL> 1100°C for all Phase 1 glasses). Subsequent subsamples were
heat treated at progressively higher temperatures (in roughly 50”C intervals) until the heat treated sample
was crystal-free. The us%of jhe 50°C temperature intervals would have met the specifications as defined
in the IWO SOWm (i.e. T~ to be defined A 50”C). However, TLwas measured to a ‘muchnarrower
temperature interval. Based on the 50°C interval results, the temperature difference between the lowest
temperature at which samples did not form crystals (TA)and the highest temperature at which samples
did form crystals (Tc) was narrowed by additional heat treatments. Data were then collected on the
samples tested near the temperature region of TL. Some of the samples that were used for XRD and SEM
came from the initial heat treatments because the samples near TLdid not have suftlcient crystal number
density and crystal size for useful analytical analysis.

Two Deltech@furnaces were used for final TLdetermination. The furnaces were profiled for temperature
differences in the hot zone where samples were heat treated using calibrated temperature measurement
equipment. An accuracy check of the equipment was performed by heat treating SRM-773 Llquidus
Temperature Glass from the National Institute of Standards and Technology at the beginning, middle,
and end of the test period.

Crystal identification was tide by optical microscopy, XRD, and Scannin g Electron Microscopy (SEM)
accompanied by Energy Dispersive Spectroscopy (EDS) to characterize chemical composition of
analyzed-samples. XRD and SEM/EDS were used for phase identification of those crystals observed by
optical microscopy. Phases with the similar morphology as observed by optical microscopy were not
repeatedly characterized with XRD or SEM.

DURABILITY
The Product Consistency Test (PCT) was performed on each glass to assess chemical durability using
SRTC technical procedure ‘lWclear Waste Glass Product Consistency Test (P(X) Method- GTOP-3-
025’’.[15] The PCT was conducted in triplicate for each of the Phase 1 glasses as described by Edwards
[5, 21]. Also included in this experimental test matrix were the Environmental Assessment (EA) glass,
the Approved Reference Material (ARM-1) glass, and blanks. Samples were ground, washed, and
prepared according to procedure. Fifteen (15) ml of ASTM water was added to 1.5 grams of glass in
stainless steel vessels. The vessels were closed, sealed, and placed into an oven at 90”C. For each glass
sample, one triplicate was randomly placed on one of three shelves in the PCT oven. The location of
each sample was recorded and documented in the appropriate notebook. Samples were left at 90”C for 7

mPNNL work scope was defined in the IWO SOW-US Departmentof EnergyInterofficeWork Order (Amendment#
IWORLD98111)Statementof Work.
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days. The resulting solutions were sampled, labeled (according to the analytical plan), and analyzed.n
Edwards [21] provided an analytical plan for the SRTC-ML analysis. The overall philosophy of this plan
was to provide an opportunity to assess the consistency (repeatability) of the PCT and analytical
procedures in the effort to evaluate chemical durability of the Phase 1 glasses. Normalized release rates
were calculated based on both targeted and “as-measured” compositions.

R13COVERABILITY
Although recoverability is a product performance criterion, it was not measured for the Phase 1 glasses.
This decision was based on two factors. The fwst was the issuance of a document by Rudisill [14] stating
that full recovery of the lanthanides was essentially independent of glass composition within the bounds
of the two lanthanide borosilicate systems tested (of which the 25SrABS frit composition was utilized).
The other contributing factor was that higher waste loadings were being evaluated when the
recoverability portion of this task was scheduled to be performed. That is, the baseline process is now
based on a 47 mass % loaded glass (i.e., outside the EGCR for Phase 1) as opposed to a 30 mass %
loaded glass. Based on thesq primary factors, the recoverability measurements wexe not performed on
the Phase 1 glasses. It is assumed in this report that the recoverability will not lim”t the AGCR.
However, recoverability will be measured during Phase 2, which will include select glmses from phase 1. .

RESULTS AND DISCUSSION

CHEMICALCOMPOSITION
The measured compositions for the Phase 1 glasses, along with standards (I3Aand ARM-1) that were
included in the plan used by the SRTC-ML [16] in conducting these analyses, are provided in Appendix
A. Table A. 1 provides the results (raw data) for Al, Ca, Ce, Cr, Er, Eu, Fe, Od, K, La, Mn, Na, Nd, Pr,
Si, SIQ and Sr that were obtained using the lithium-metaborate dissolution method. Based on a
preliminary review of these data, a few of these analytical results (in particular for Ce, Fe, La, Ni, and
Sm) were seen as probable outliers. A review of these values with the SRTC-ML led to some corrections
being made (no Ni values were changed). Both the original and corrected cation concentrations are
presented in Table A. 1 (Appendix A) with the corrected values shaded.

Table A.2 in Appendix A provides the results for B and Li, which were obtained using the peroxide
fusion dissolution method. The measured cation concentrations and the target (or “known”) oxide
concentrations are provided.

In addition, a cohunn of bias-corrected B20~ values is also shown in Table A.2. The average boron
cation concentration for EA for each of the analytical blocks was computed and compared to the
“known” boron concentration for this standard glass. For each analytical block the factor that would
bring the average measured values to this “known” value was determined. These factors were then used
to adjust the boron cation concentrations for the other glasses within the respective analytical blocks.
The adjusted values were then converted to oxide concentrations, and it is these B20~ values that are
presented in the “bias corrected” column of Table A.2. Both sets of these boron values were investigated
where appropriate, as part of this study, and the results will be included in the discussions that follow.

Plots of the oxide measurements derived using lithium-metaborate preps are provided in Exhibit A. 1 in
Appendix A, and those derived using the peroxide fusion in Exhibit A.2. No obvious outliers are seen in

n Initiationof the PCT can be found in WSRC-NB-98-00208,p. 122. Terminationof the PCT and samplesubmittal
can be foundon pages 129and 133,respectively.
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these data, and, thus, all concentration values for each oxide were averaged to determine the
concentration of that oxide in a given glass. Table A.3 in Appendix A provides the average measured
concentrations for the oxides of interest for each glass along with their target values and the percent
relative differences between the measured and target.

Exhibit A.3 provides the details of a statistical (paired) comparison of the target versus measured values
for all of the glasses of thk test (including EA and ARM-1) for the following oxides: A12@,BzOS(with
and without the bias correction), SiOz and SrO. Exhibit A.4 provides the results of the same approach
applied to the Phase 1 glasses for the Ianthanides (i.e., Ce@J, ErzOs, Eu203, GdzOJ, b203, Ndz03, 1%203,
and Smz03). The results indicate a statistically significant difference (at a 5V0significance level)
between the measured and targeted compositions for all oxides except the bias-corrected BZ03,Er203,
Gd203, 1%203,and SmzOs. Some of the glasses with widely differing target and measured values are
labeled irrthese plots. Once again, Table A.3 provides the details of these comparisons for each glass
including percent relative differences.

An important indicator o~th~ reliability of these measurements is the sum of oxich%,and for the Phase 1
glasses, an additional indicator is the sum of lanthanides (LnzOJ. These values are provided in the last
cohu-nnsof Table A.3. A hktogram of the sum of oxides for all of the Phase 1 glasses is provided in
Figure 2. A substantial portion of these values is below 95%, a value often used as the lower bound for
reliable measurements.

Figure 3 provides a closer look (in the form of a paired-comparison) at the sum of oxides (derived using
the lithium-metaborate prep) for all of the glasses. The results indicate a statistically significant
difference between the targeted and “as-measured” sum of oxides using the lithium-metaborate
dissolution method. On average, the measured sum is 4 mass % below the targeted value.

Figure 4 provides the details of a comparison of the target Ianthanide concentrations versus the measured
for the Phase 1 glasses. Note that all lanthanide measurements were conducted on glass samples prepared
using the Iithium-rnetaborate dissolution method. A statistically significant difference (at the 5%
significance level) is indicated by these results with the targeted value exceeding the measured, on
average, by 2 mass %. Five glasses have been highlighted in Figure 4: AC1-02, AC1-20, and AC1-26
have measured values substantially larger than their targets while the opposite is true for glasses AC1-17
and AC1-22.
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Figure 2. Histogram of Sum of Oxides for All Phase 1 Glasses.
(sum of oxides= 100% of the glass)
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Sumof Oxides(target)

Pairedt-Test

Sumof Oxides(t) - Sumof Oxides(m)

MeanDifference 4.118727 Prob> [t[ <0.0001
StdError 0.400747 Prob> t <0.0001
t-Ratio 10.27762 Prob<t 1.0000
DF 32

Figure 3. Comparison of Targeted Versus “As-Measured” Sum of Oxides
(Lithiurn-metaborate Dissolution).
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Sum of Oxides (target)

Paired t-Test

Sum of Lanthanides (t) - Sum of Lanthanides (m)
Mean Difference 2.068697 Prob > \t I 0.0011
Std Error 0.574829 Prob > t 0.0006
t-Ratio 3.598804 Prob < t 0.9994
DF 30

Figure 4. Comparison of Targeted and “As-Measured”
Sum of Lanthanide (Ln20J Concentrations.

Exhibit A.5 in Appendix A provides comparisons of the compositions of the duplicate glasses of
Phase 1. There are five sets of duplicate glasses as indicated in Table IV. These sets were
sequentially numbered 1 through 5 for the analysis in this exhibit. The fifth group includes 4
instead of 3 glasses; this group includes the late addition AC1-19B (labeled as 19.5 in Exhibit A.5).
For each oxide (even the minors) a plot of the measured concentrations is provided, and “pooled”
estimates of the standard deviation and percent relative standard deviation of the repeats are
calculated. Table VII provides a summary of these relative standard deviations for the Ianthanides,
alumina, boron, and silica.
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Table VII. Summary of the Relative Standard
Deviations for the LnzOs, A1203,B203, SiOz, and SrO.

% Relative Standard
Oxide Deviation from Duplicates
AIz03 5.9%
B20s 4.9%
CezOs 10.5%
Er203 10.4%
EU20S 9.7%
Gd203 9.6%

-* * Lltz03 2.6%
NdzOs 11.0%
Pr203 9.9%
Si02 5.2%

SmzO~ 25.1%
Sro 5.3%

The results for A1203,B203, Si02, and SK) are typical of those seen in previous studies.” The
results for the Ianthanides indicate more variation in these measurements with the exception of
La203 as compared to the other oxides in Table VII. Based on the chemical composition results,
two recommendations are made for consideration prior to the Phase 2 work scope. These include:

(1)

(2)

Review of the Phase 1 sum of oxide data with the SRTC-ML will be a priority since a
substantial portion of these data are below the 95% level. Although chemical composition
gradlenta between subsarnples may have resulted in differences between targeted and “as-
measured” values (see recommendation #2), the sum of oxides in each samples should be 100
A 5% regardless of subsample chemical homogeneity to provide a high degree of measurement -
confidence. Discussions will also include the “as-measured” total lanthanide (LnzOJ contents.
Cmn.positional gradients assumed to exist in the original pour sample from which subsamples
were taken for each property measurement may have impacted these results. This may explain
property value differences for the replicate glasses (as discussed later). Regardless of its
potential impact in the Phase 1 results, this effect should be minimized (if not eliminated) in
the Phase 2 task. This will be accomplished by a change in the melting procedure.

0 See for example Edwards, T.B., and K.G. Brown, “A Statistical Review of the Data from the SRTC Mobile
Laboratory Addressing the Issues of Accuracy and Precision (U)”, WSRC-RP-98-O0430, Rev. O,June 15, 1998.
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Another means of comparing the target versus “as-measured” compositions of the Phase 1 glasses
is provided in Figure 5, a ternary plot in measured-space of h203, the other feed components, and
the other frit components. In thk ternary, the target EGCR is outlined, but the plotted points are
based on measured compositions of the Phase 1 glasses (see Figure 1 for a comparison with
targeted compositions).

0.45_/o”ls

0.7 0.6S 0.6 0.55 0.5 0.45 0.4

Other Frit (measured)

Figure 5. EGCR as Defined by Measured Phase 1 Glass Compositions (mass fraction).

HOMOGENEITY
“As-fabricated” Phase 1 glasses were submitted to X-ray diffraction (XRD) to confm visual
observations of homogeneity. All 32 Phase 1 glasses (including AC1-19B) were homogeneous
based on the XRD resuks.p The XRD patterns for AC1-17 (20% loaded, replicate of AC1-04),
AC1-06 (25% loaded), AC1-24 (30% loaded),AC1-11 (35% loaded), and AC1-14 (40% loaded)
are shown in F@res 6- 10, respectively. All five of these XRD patterns show the characteristic
amorphous hump indicative of a homogeneous (non-crystalline) product. That is, if undissolved
solids andlor crystallization were present in the sample, well defined or distinct peaks would be
observed which could be used to identify the crystalline phase. It should be noted that the X-ray
diffractometer used in this study has a detection limit of approximately 1.0 VOI%in glass.
Undissolved solids andor crystallization present below thk limit remain undetected by the XRD
unit.

P XRD patterns for all 32 Phase 1 glasses (including AC1-19B) are documented in WSRC-NB-98-00208, pp. 154 –
164 and p. 171. All 32 patterns are characterized by an amorphous hump indicative of a glassy, homogeneous
product within the detection limits of the x-ray dMractometer. Note, the absence of well defined peaks dms not
provide an indication of chemical homogeneity, but simply the absence of crystalline material.
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Figure 6. XRD Pattern of AC1-17 (20% loading).
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Figure 7. XRD Pattern of AC1-06 (25% loading).
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Figure 8. XRD Pattern of AC1-24 (30% loading).
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Figure 9. XRD PatternofACI-11 (35% loading).
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Figure 10. XRD Pattern of AC1-14 (40% loading).

Based on the XRD results, the AGCR is not restricted by homogeneity. As previously noted, these
glasses were produced from reagent grade oxide raw materials not the oxalate / fiit mixture that will be
utilized in the Cylindrical Induction Melter (CIM). Different reaction pathways between the various
starting materials may lead to different results although glasses within the Phase 1 EGCR have been
successfidly processed in the CIM (e.g., Am/Cm-l a 30% loaded glass) resulting in a homogeneous (non-
crystalline) glass product. Note, the absence of well defined peaks does not provide an indication of
chemical homogeneity, but simply the absence of crystalline material.

DENSITY
Room temperature density was determined for the Phase 1 glasses by two techniques: buoyancy
(measured by SRTC) and gas pycnometry (measured by PNNL). The results are shown in Table VIII.
Density values based on buoyancy are individual measurements. Values based on the gas pycnometer
tecluique are an average of five consecutive measurements on the same sample automatically performed
by the program-driven gas pycnometer. Also shown in Table VIII, are duplicate pycnometry
measurements performed on a limited number of glasses (AC1-1O, AC1-16, AC1-21, AC 1-24, AC1-26
(triplicate analysis), and AC1-19B). These replicate measurements were based on different subsamples
from the original pour patty.

21



.

Immobilization Technology Section WSRC-TR-99-OO055
Savannah River Technology Center Rev. O
WestinghouseSavannahRiver Company

Table VIII. Density of Phase 1 Glasses by Buoyancy and Gas Pycnometry.

Glass
ACI-01
AC1-02
AC1-03
AC1-04
AC1-05
AC1-06
AC1-07
AC1-08
AC1-09
AC1-MJ
ACI-11
AC1-12
AC1-13
AC1-14
AC1-15
AC1-16
AC1-17
AC1-18
AC1-19
ACI-20
AC1-21
AC1-22
AC1-23
AC1-24
AC1-25
AC1-26
AC1-27
AC1-28
AC1-29
AC1-30
AC1-31

AC1-19B

Buoyancy

(g/cm’)
4.0486
3.4235
3.4287
3.4641
3.6090
3.5211
3.6435
3.7184
3.7077
3.7163
4.0622
3.9076
3.8401
3.9345
4.1581
3.8114
3.4262
3.5724
4.0425
3.8940
3.7744
3.4662
3.6111
3.7407
3.9071
4.0992
3.8026
3.8213
3.8933
3.9602
3.7803
3.7427

Gas PvcnometerDensitv.
(g/cm’) I (g/cm3) I (g/cm3)
4.1025
3.4510
3.4488
3.4527
3.5982
3.5422
3.5851
3.7703
3,7607
3.8201
4.0601
3.9104
3.8883
3.9453
4.0902
3.7284
3.4350
3.5910
4.0167
3.9597
3.7577
3.4482
3.5920
3.7500
3.9154
3.9098
3.7568
3.8341
3.9588
3.9512
3.7485
3.7502

3.8289

3.7316

3.7434

3.7562

4.1319

--
--

4.1169

3.7394

Figure 11 shows a comparison of the SRTC buoyancy and PNNL gas pycnometry density data. Only two
glasses (AC1-1O and AC1-26 - bolded in Table V~- appear to Lx-’’outliers”(e.g., they differ by more
than 2.5%), statistically there is no significant difference between the two tectilques based on a paired t-
test.
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Figure 11. Buoyancy Versus Gas Pycnometry Density Measurements.

The variation of density as determined by pycnometry of the three AC1-26 subsamples is also of interest
(e.g., 3.9098,4.1319, and 4.1169 g/cm3). The three independent measurements indicate that there maybe
differences in chemical composition of the three different subsamples selected from the “as-fabricated”
pour patty. The potential impact of chemical non-uniformity within the “as-fabricated” sample could
play a role in those property measurements that involve relatively small subsamples (e.g., chemical
composition, density, liquidus temperature, and durability). For those properties which utilize a
relatively large quantity of material (e.g., viscosity) this effect should be minimal.

Figures 12 and 13 show the SRTC buoyancy density data as a function of total lanthanide content on
both a targeted and “as-measured” basis. Figures 14 and 15 show the PNNL gas pycnometry density data
as a function of total lanthanide content on both a targeted and “as-measured” basis. The data indicate an
excellent correlation of density with the total Ianthanide content. As the total lanthanide content (or
loading since the feed stream is highly lanthanide based) increases, the measured density (regardless of
measurement tee~lque) increases. There appears to be more scatter in the targeted data relative to the
“as-measured” data for both techniques. The SRTC buoyancy and PNNL gas pycnometry data based on
“as-measured” compositions have very little scatter.
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Figure 12. SRTC Buoyancy Density Versus Targeted Total LnzOs Content.
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Figure 13. SRTC Buoyancy Density Versus “As-Measured” Total Lnz03 Content.
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PNNL Gas Pycnometry Density Versus Targeted Total Ln203 Content.
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Figure 15. PNNL Gas Pycnometry Density Versus “As-Measured” Total Lnz03 Content.
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A review of the density measurements of the duplicate glasses for both techniques is provided in Figures
16 and 17. The first of these figures considers the SRTC densities as measured by buoyancy. A pooled
standard deviation (O.1134 g/cm3) was estimated across all five sets of replicates, and using the overall
mean of these measurements (3.7345 g/cm3), a % relative standard deviation was determined (3.0’%).
These data also provide an indication of the potential chemical composition differences among
subsamples (in particular AC1-19 and AC1-26 and their respective replicates).
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Figure 16: SRTC Density (g/cm3) as Measured by Buoyancy for Replicates.

The relationship between total Ianthanide content (or loading) and density demonstrated in Figures 12 –
15 is also observed in Figure 16. That is, as the total lanthanide content (or Ioadhg) increases (from
Replicates #1 to #5), increases in density should be observed. Given this trend, one would question tie
measured values of AC1-19, AC1-16, and AC1-21. The latter two beiig replicates of AC1-26. Again,
this could be the result of subsample compositional differences.
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Using the same approach for PNNL gas pycnometry densities results in a Yorelative standard deviation of
2.1 % for an overall mean density of 3.725 g/cm3and “pooled” standard deviation of 0.0794 g/cm3.

4.1

4.0

3.9

3.4

Replicates

Figure 17: PNNL Density (g/cm3) As Measured by Gas Pycnometry for Replicates.

High-temperature and annealed (room temperature) density measurements were performed on a limited
number of glasses (AC1-04, AC147, AC1-10, AC1-13, and AC1-16) by Monarch Analytical
Laboratories, Inc. to support thermal modeling efforts.q These five glasses span the 20 – 40% loading
range (in 5% increments) used in the Phase 1 EGCR development. Annealed densities, as measured by
ASTM C 693 [17], as a function of loading and total Lnz03 content are shown in Table IX and plotted in
Figure 18. Density increases can be d~ectly attributed to increases in total Ianthanide content as
previously shown in F@.wes 12 – 15. A plot of the annealed density data versus the “as-measured” total
lanthanide content is not shown since these glasses were produced from separate batches and subsequent
chemical analysis was not performed.

Table IX. Annealed Density of Select Phase 1Glasses
as Measured By Monarch Laboratories Using ASTM C 693.

Glass Loading (mass %) Total Lanthanide Content Annealed Density (glcm3)
AC1-04 20 40.01 3.472
AC1-07 25 43.75 3.608
AC1-10 30 47.50 3.775
AC1-13 35 51.26 3.928
AC1-16 40 55.01 4.100

q These five glasses were batched and melted separately from the Phase 1 glasses used to evaluate the primary
processing and product performance properties. Since these data were only to be used to support thermal modeling
efforts, thk work was not performed under the Quality Assurance criteria of RW-0333P.
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Figure 18. Monarch Density Versus Targeted Total Ln203 Content.

Tables X – XIV surnrnarize the high temperature density measurements performed by Monarch
Laboratories for AC1-04, AC1-07, AC1-10, AC1-13, and AC1-16, respectively. A rigorous data
reduction was not performed on the high temperature density data: However, the data do indicate a
reduction in high temperature density with increasing temperature. An increase in molten glass density
with increased total lanthanide content (at similar temperature) also is observed.

In general, the determination of molten glass density for all five samples was Iimited at the lower
temperatures by viscosity. At the higher temperatures, the glasses deposited gas bubbles (e.g., oxygen
liberated from high temperature reduction of CeOJ on the test bob limiting the higher temperature to
which the samples could be tested. An addhional problem with samples AC1-13 and AC1-16 was the
formation of a surface “scum” (reported by Monarch as a probable crystalline material) at temperatures
below 2200”F (or approximately 1200°C). The fortnation of a crystalline scum layer is indicative of the
impact of liquidus temperature and the kinetics of devitrification (i.e., crystals are thermodynamically ~
favorable below TL.).Monarch also measured surface tension of these five glasses (see Table XV).
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Table X. High Temperature Density Data for AC1-04.

Temperature ~C) Molten Density (g/cm3)
1093 3.325
1121 3.320
1148 3.315
1201 3.306
1255 3.299
1281 3.295
1309 3.292
1336 3.288

Table XI. High Temperature Density Data for AC1-07.

Temperature (°C) Molten Density (g/cm3)
1095 3.480
1122 3.473
1148 3.469
1202 3.461
1256 3.452
1282 3.449
1310 3.445

Table XII. High Temperature Density Data for AC1-10.

Temperature~C) Molten Density (g/cm3)
1096 3.585
1123 3.578
1150 3.573
1176 3.567
1203 3.564
1230 3.558
1256 3.552
1284 3.549
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Table XIII. High Temperature Density Data for AC1-13.

Temperature (“C) Molten Density (g/cm3)
1092 3.735
1120 3.728
1146 3.723
1199 3.711
1253 3.701
1281 3.696
1308 3.688

. 1336 3.683

Table XIV. High Temperature Density Data for AC1-16.

Temperature CC) Molten Density (g/cm3)
1148 3.903
1199 3.893
1253 3.881
1281 3.876
1308 3.870
1336 3.864

Table XV. Surface Tension Data for Select Phase 1 Glasses.

Glass Surface Tension (dynes/cm)
AC1-04 288

.

AC1-07 298
AC1-10 312
AC1-13 332
AC1-16 338
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VISCOSITY

Viscosity measurements were made according to the schedule given in Table XVI.[22] The NBS-71O
glass is a standard glass with a certified q-T relationship. The q data are sumrnan“zealin Appendix B
(Table B. 1), where a number of data points are highlighted. Those data points typed in bold font are
suspected of being influenced by crystallization at lower T’s or volatility at higher T’S. Data points were
assigned a bold font if the spindle torque failed to reach a steady value when held at constant speed and
temperature for five minutes. This assignment does not invalidate the data it only calls attention to them.

Table XVI. Tracking and Run Order Numbers for Phase 1 Glasses.

Run order Tracking# I
1 NBS-710a I
2 ~C1-29
3 ACt-19
4 AC1-02
5 AC1-18
6 AC1-22
7 AC1-28
8 AC1-25
9 AC1-04
10 AC1-23
11 AC1-05
12 AC1-15

Run order Tracking #
13 AC1-21
14 AC1-03
15 AC1-07
16 AC1-10
17 NBS-710b
18 AC1-16
19 AC1-20
20 AC1-31
21 AC1-11
22 AC1-14
23 AC1-17
24 AC1-24

Run order Tracking #
25 AC1-13
26
27 ---
28
29
30
31
32
33
34
35

AC1-08
AC1-01
AC1-27
AC1-30
AC1-26
AC1-12
AC1-09
AC1-06

NBS-71OC
AC1-19B

Viscosity-T data were fitted to the Vogel-Tamman -Fulcher (VTF) model [20, 22] for each glass.
Occasionally data points were omitted from the VTF fit in order to obtain lower standard error on the
three VTF coefficients (A, B, and TO). The omitted points (a subset of the bold points discussed above)
are listed in Table B. 1 (Append~ B) with a line drawn through them The impact of data point removal
is best described with an example. Figure 19 shows the q-T data fromAC1-11 fitted to a VTF model
with all data. Figure 20 shows the q-T data fromAC1-11 fitted to a VTF model with three data points
removed. It is clear by comparing the two figures that the latter fit yields a model that better estimates
actual q-T behavior of the glass. The errors associated with each coefilcient (see inserts within figures)
are far lower in the second figure. The viscosities calculated using the “all data” and “limited data” for
AC1-1 results in an -4 Poise difference at 1350°C for AC1-1 1.
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Figure 19. Plot ofAC1-11 q-T Data Fhked to the VTF Model with All Data Included.
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Figure 20. Plot ofAC1-11 q-T Data Fhted to the VTF Model with Three Data Points Removed.
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The fitted VTF coefficients are listed in Table XVII for each Phase 1 glass. These VTF models were
used to calculate the T values at four fixed viscosity points -0.3,2,2.4, and 5 Pas (corresponding to
ln[q (Pas)] values of –1.2, 0.69,0.88, and 1.61, respectively), which are also listed in Table XVII.
These q values correspond to points of interest in glass formulation and melter operation efforts. The q
at 1350°C (both Pas and Poise) was also calculated using the VTF model for each glass and is listed in
Table XVLI. The q at 1350”C is one of the primary processing constraints to be used to define the
AOCR (constraint of 3 – 24 Poise at 1350°C).

The measured viscosity at 1350”C as a function of targeted and “as-measured” total lanthanide content
are shown in Figures21 and 22, respectively. Again, the total lanthanide (LnZOJ content is the key
indicator in both figures. The data indicate that as the total LnzOs content (or feed loading) increases the
viscosity decreases. Also evident from the data is a set of glasses that do not meet the upper viscosity
limit (<24 Poise at 1350”C). Those glasses failing this constraint (bolded in Table XVIII) have low total
Lnz03 content which translates into a viscosity higher than 24 Poise at 135~C. For those glasses failing
the viscosity constraint, totaLtargeted lanthanide content is 43.75 mass% or less (corresponding to 25
mass ~0feed loadlng or less). Based on “as-measured” Lnz03 content, glasses cofi~ining at least 42 mass
% total LnzOs meet the viscosity constraint. There are no Phase 1 glasses that fail the viscosity constraint
on the low side (i.e., <3 Poise).

The data ideate the AGCR is restricted to feed loadings of greater than -30 mass% (the true line of
demarcation is between 25 and 30 mass %). This latter statement assumes that the glass coming through
the drain tube contains at least 30 mass % feed (or approximately 42 – 44 mass % total lanthanide
content). The fact that no glasses failed the viscosity constraint on the low side (i.e., <3 Poise at
1350”C) provides the opportunity to increase waste loadings (or total Ianthanide content) while
maintaining adequate viscosity values (other properties not being considered).
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Table XVII. VTF Coefficients, T’s at Fixed q Points, and q at 1350”C for Each Phase 1 Glass.

Glass A B (K) TO(“C) TO.~~C) Tz (“C) TM (“C) Ts (00 q lMO(pas) qlsso(poise)

1644

1659

1626

1627

1635

1625

1595

1622

1593

1499

1560

1566

1557

1558

1586

1658

1626

1546

1562

1593

1624

1625

1588

1561

1549

1592

1578

1561

1560

1592

1622

1405

1410

1405

1386

1395

1386

1361

1366

1361

1388

1392

1388

1369

1378

1369

1345

1349

1345

1327

1329

1329

1308

1316

1309

1287

1288

1286

3.73

3.86

3.80

2.97

3.29

2.99

2257

2.37

2.26

37.3

38.6

38.0

29.7

32.9

29.9

22.7

23.7

22.6

AC1-01 -4.532 2434.9 846.74 1578 1313 1297 1243 1.36 13.6

AC1-02 -7.102 5802.5 660.67

AC1-03 -6.820 5558.5 669.68

AC1-04 -8.124 7104.5 598.88

AC1-05 -6.827 5372.1 671.46

AC1-06 -7.090 5802.7 649.27

AC1-07 -6.964 5561.2 659.97

AC1-08 -6.625 788(I.1 694.64

AC1-09 -5.931 4227.5 727.71

AC1-10 -6.790 5119.5 676.92

AC1-11 -7.586 5238.7 678.26

AC1-12 -6.616 4658.7 698.95

- AC1-13 -6.689 4815.0 688.42

AC1-14 -6.638 4648.4 701.39

AC1-15 -4.966 “2762.9 823.25

AC1-16 -6.867 5157.5 674.86

AC1-17 -7.083 5910.8 652.25

AC1-18 -6.752 5280.1 674.38

AC1-19 -5.706 3461.8 776.80

AC1-20 -6.698 4797.1 688.73

AC1-21 -6.572 4853.4 689.05

AC1-22 -7.975 6907.0 603.62

AC1-23 -6.657 5135.4 682.79

AC1-24 -6.762 5052.8 679.31

AC1-25 -6.386 4394.3 713.25

AC1-26 -5.387 3128.4 801.30

AC1-27 -6.547 4810.0 692.15

AC1-28 -6.612 4788,8 692.08

AC1-29 -6.548 4614.5 697.24

AC1-30 -6.083 4038.2 732.15

AC1-31 -6.684 4966.8 685.80

AC1-19B -5.815 4080.8 736.56

311

336

341

335

312

1357

1412

1384

1318

1338

1357

1400

1381

1357

1334

1316

1357

1348

1335

1328

1359

1364

34

1297

1321

1325

1320

1296

1341

1395

1367

1303

1322

1341

1384

1365

1341

1318

1301

1340

1332

1319

1312

1343

1347

1248

1265

1269

1265

1243

1283

1332

1306

1250

1266

1282

1324

1304

1283

1263

1248

1282

1275

1263

1257

1285

1286

.24

.72

.80

.70

.32

12.4

17.2

18.0

17.0

13.2

2.16 21.6

4.01 40.1

2.90 29.0

1.40 14.0

1.75 17.5

2.16 21.6

3.59 35.9

2.83 28.3

2.16 21.6

1.67 16.7

1.37 13.7

2.15 21,5

1.95 195

1.68 16.8

1.57 15.7

2.21 22.1

2.31 23.1
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Table XVIII. Calculated Viscosity (ql~~O) as a Function of Loading and Total Ln203 Content.

Glass m3SCI(poise) Loading Total Ln203 Content Total Ln20q Content
(as targeted) (as measured)

AC1-01 13.6 -30” 47.66 52.59

AC1-02

AC1-03

AC1-04

AC1-05

AC1-06

AC1-07

AC1-08

AC1-09

AC1-10

AC1-11

AC1-12

AC1-13

AC1-14

AC1-15

AC1-16

AC1-17

AC1-18

AC1-19

AC1-20

AC1-21

AC1-22

AC1-23

AC1-24

AC1-25
. AC1-26

AC1-27

AC1-28

AC1-29

AC1-30

AC1-31

AC1-19B

37.3

38.6

38.0

29.7

32.9

29.9

22.7

-* 3.7

22.6

12.4

17.2

18.0

17.0

13.2

21.6

40.1

29.0

14.0

17.5

21.6

35.9

28.3

21.6

16.7

13.7

21.5

19.5

16.8

15.7

22.1

23.1

20

20

20

25

25

25

30

30

30

35

35

35

40

40

40

20

25

30

35

40

20

25

30

35

40

31

32

35

36

30

30

40.01

40.01

40.01

43.76

43.75

43.75

47.50

47.51

47.50

51.25

51.26

51.26

54.99

54.99

55.01

40.01

43.75

47.50

51.26

55.01

39.97

43.71

47.45

51.21

54.96

47.88

49.22

51.19

51.97

47.44

47.50

39.18

38.04

37.57

40.38

40.57

41.68

45.33

.43.60

--45.44

51.82

47.70

48.55

49.77

52.04

46.15

38.99

41.06

51.39

48.03

44.09

38.08

41.99

43.71

49.21

49.64

43.53 ‘

45.71

49.92

49.26

43.17

46.78

*AC 1-01has a feed loadingof -30 mass % and -40 mass% based on targetedand
“as-measured”total lanthanidecontentcalculationsrespectively.
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Isolating just the duplicate glasses (including those that were spiked with the minor components) and
plotting their viscosities leads to Figure 23. The “pooled” estimate of the standard deviation of these
measurements is 3 Poise (with or without including the glasses with the minor components). Each of the
95% confidence intervals for the means of these five sets of repeats contains its respective spiked
“duplicate” indicating no statistically significant impact on viscosities due to the minor components (at
least not within the EGCR evaluated for Phase 1).
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F@re 23: Viscosity (Poise) @ 1350”C for Replicates.

--

VISCOSITYDATA VALIDATION
The NBS-71O glass was tested three times to check measurement accuracy and precision. Viscometer
calibration was performed using a different standard glass – NBS-711 glass. Table XIX summarizes the
results for these standard glass measurements. Here, Iiie in Appendm B, data points were assigned a
bold font if the spindle torque failed to reach a steady value when held at constant speed and temperature
for five minutes.
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Table XIX. Summary of NBS-71O Standard Glass Viscosity Measurement Data, T in ‘C, q in Pas

1* pt 2d pt 3* pt 4ti pt 5ti pt 6ti pt 7h pt 8ti pt 9&pt loti pt

NBS-710aT 1529 1480 1430 1381 1332 1282 1233 1184 1135 1529

IW3S-710aq 5.669 6.834 10.000 15.156 22.348 35.080 58.194 99.543 183.635 5.072

NBS-710b T 1531 1482 1433 1383 1334 1284 1235 1185 1136 1531

NBS-710b q 5.747 6.869 10.19 15.45 22.814 35.589 59.573 102.759 191.488 5.158

NBS-71OCT 1531 1482 1433 1384 1334 1284 1235 1186 1136 1531

NBS-71OCq 5.556 7.215 10.485 15.709 23.346 36.097 60.798 104.443 194.509 5.375

The q-~data from these glasses were fitted to Equation (1) and the raw viscosity data were then
calculated according to:

;* *

Wo 7 =–1.626+
4236.118

T~C) – 266 ‘
(la)

for comparison purposes. Figure 24 shows the reported glass viscosity (calculated using Equation la)
and the measured q-T data for NBS-710a, b, and c glasses. The In[q(Pas)] curves calculated for all three
NBS-71O glasses (NBS-710a, NBS-710b, and NBS-71OC)are within *2% of the reported curve given by
Equation (la) over the temperature interval measured.
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Figure 24. Plot of Measured NBS-710a, b, and c Glass q-T Data with Reported Values.
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LIQUmUSTEMPERATURE(T~)
Liquidus temperaturesfor the 32 glasses (including AC1-19B) were between 1163 and 1298°C (AC1-24
and AC1-26 respectively) .[23] One of two crystal types was identifi~ as tie prim~ Phase: a r~e e~ .
silicate (RES) phase or an aluminosilicate (AIS) phase. The TLdata are summarized in Table XX and
include the primary crystalline phase, TL,TAand Tc.

Rare earth silicate was the primary phase in 22 of the 32 glasses; however, morphology of the RES
crystals was different between glasses. Three crystal shapes of RES crystals were observed by optical
microscopy: needle-like, hak-like and plate-like. Each crystal shape was analyzed using XRD and SEM.
SEIWEDS scans showed Si, La, Nd, O (major elements), Ce, Srm Er (minor elements), Pr may be present
but is obscured by a large La peah and Al is present in some crystals but not in others (minor element).
Chemically the RES crystals are the same regardless of morphology, even in the hair-like crystals.
Samples analyzed by XRD had the crystal structure (closest match with the software used’) neodymium
germanium borate silicat~(Nd3BGeLOgSio. @lO).In this crystal structure, germaniym could be replaced
by silicon and neodymium r;placed by rare earth (I@ elements to form REsBSi@lO, the crystal type that
is probably present in these samples.

r Material Data, Inc., Jade 3.1 Software with International Centre for Diffraction Database (Release 1998).
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Table XX. TLand Primary Crystalline Phase for the Phase 1 Glasses.

.....t,

.,’

Glass TL~C) Primary Phase TC*(“C) TA”(“C)

AC1-01 1272 1270 1278
AC1-02
AC1-03
AC1-04
AC1-05
AC1-06
AC1-07
AC1-08
A$l-09
Acl-io
AC1-11
AC1-12
AC1-13
AC1-14
AC1-15
AC1-16
AC1-17
AC1-18
AC1-19
AC1-20
AC1-21
AC1-22
AC1-23
AC1-24
AC1-25
AC1-26
AC1-27
AC1-28
AC1-29
AC1-30
AC1-31

AC1-19B

1255
1246
1255
1164
1230
1187
1184
1212
1216
1267
1238
1241
1240
1254

.1195
1246
1197
1246
1247-
1180
1224
1201
1163
1244
1298
1168
1208
1259
1242
1186
1165

Als
Als
AR
AN
AN
AR
REs
RBs
RIM
REs
REs
REs
REs
REs
REs
Als
Als
REs

REs
Als
Als

1249
1242
1249
1161
1228
1183
1183
1209
1213
1264
1235
1240
1235
1249
1192
1242
1193
1241
1241
1174
1213
1199
1159
1240
1295
1166
1205
1256
1241
1183
1161

1259
1249
1259
1166
1235
1191
1189
1213
1219-.
1270
1241
1241
1241
1256
1197
1249
1199
1248
1250
1183
1225
1209
1166
1248
1300
1169
1209
1261
1248
1188
1168

* T~ is the lowest temperature at w~lch samples did not form crystals
Tc is the highesttemperatureat whichsamplesdid form crystals.
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The RES crystals observed as needle-shaped crystals commonly clustered at a focal point with the
needles pointing out in all directions (Figure 25 and 26a). The size of the crystals had a wide range in
length from <0.1 mm to >1.0 mm, and thickness of approximately 1 pm to >10 pm.

Figure 25. AC1-28(1180”C), lOOx,transmitted light.
Example of needle-like RES crystal phase.

Associated with the needle-like crystals are hair-like crystals which were found in or near the vicinity of
the needle clusters (F@re 26a and 26b). These crystals are very tb (4.5 ~) and long (>100 ~m) and
curved like an eyebrow and occasionally observed in a coil. These crystals maybe straight also, but they
are so thin that they are difflcuIt to observe by optical microscopy, but are very distinct when they curve
or coil. SEM /EDS scans indicated very similar chemical composition for both needle- and hair-like RES
crystals.
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polarized light. RES needle-like crystals
(major) with thin, hair-like crystals.

Figure 27. AC1-09(1199”C), 50x, polarized light, plate-like RES crystals.
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Plate-like, RE silicate crystals (Figure 27) were also found in many of the samples (i.e., AC1-20, 26 and
30). This morphology seems to develop as needle-shaped RES crystals join side-by-side to form plate-
like formations. The plate-like crystals were also observed in samples with needle-like crystals (e.g.,
AC1-14 (1206°C) and AC1-16 (1180”C)).

Aluminosilicate crystals as the primary phase were found in 10 Phase 1 glasses (Table XX, AlS). This
crystal type was observed mainly on the surface of the samples but was also found in the glass bulk near
T~ in clusters of very fine (thin), clear crystals that extended from a central location (Figure 28a and b).
These clusters were small and difficult to observe using optical microscopy and appeared as small white
clouds. SEIWEDS identified the crystals as high in aluminum and oxygen and low in silicon. The
structure that matched the phase closest was mullite (AlbSizOIJ when analyzed by XRD. The dense core
of the cluster caused the clouds, but the outer area was invisible to transmitted light. Polarized light was
essential for observing these crystals near TL.

-% >

Figure 28a – AC1-17 (1228°C), 100x, polarized
light, cloud-like cluster of AIS crystals.

Figure 28b -AC1-18(1100”C), 500x,
transmitted light, AIS crystals barely visible.

Determining TL of those glasses with AIS crystals as the primary phase was difficult. At temperatures
less than 60”C below TL, surface crystals were observed. The surface crystals would diminish with
samples heat treated at temperatures closer to TL, until only small areas in the meniscus contained surface
crystals. However, the bulk would still have clusters of ahuninosilicate (see Figure 28a). Heat
treatments were needed to about 40 to 50°C above this change before the clusters in the bulk disappeared

43



Immobilization Technology Section WSRC-TR-99-OO055
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

at TL.Often there would be only a few very small clusters of crystals even at 20°C below TL,but several
heat treatments at temperatures close to T=confined the presence of crystals.

Figures 29-30 show the measured T~ (from Table XX) versus targeted total LnzOs and “as-measured”
total LnzOs contents, respectively. The two primary phases are represented by unique symbols:+ and ■

represent the rare earth silicate (RES) and aluminosilicate (AIS) primary phases respectively. There is a
clear distinction between the primary phase fields based on total Ianthanide content alone (see Figure 29
or 30). That is, at low total Lnz03 (or low loadings) the primary phase is an AIS and as loadings increase
(or total lanthanides increase) the primary phase transitions into the RES field. Glasses with low
loadings are frit “dominated”. With A1203being a major player in the frit composition (24.87 mass %;
Table II), it is not surprising that an AIS phase dictates TLat low loadings. As loadings increase, rare-
earth contents increase and the transition to the RES primary phase occurs. This transition occurs at
approximately 45 mass ‘%0total Ln20s (targeted) content (or roughly 25 – 30 mass Yofeed loading).
Based on the targeted total Lnz03 content (Figure 29) there does not appear to be a trend in the T= data.
However, when TL’Sare ~o$ed against the “as-measured” total LnzOs contents, a-trend does emerge (see
Figure 30). As total lanthamde contents increase from - 38 mass% up to -42.5 mass %, a gradual
decrease in TLis observed. This trend continues until a second primary phase field is encountered (i.e.,
transition horn the AIS to the RES phase field). In the RES phase field (> 42.5 mass ~0total Lnz03 “as-
measured”), as total LnzOs contents (or loadings) increase TLincreases as well.

With respect to the 1250”C liquidus constraint,.7 of the 32 Phase 1 glasses fail this constraint. These
glasses are bolded in Table XXI. Unlike the viscosity constraint where only low loadings caused 10
glasses to be “unacceptable”, both high and low loaded glasses (i.e., in both primary phase fields) fail the
TLconstraint. The total lanthanide content within each primary phase field can be used as a key indicator
to define the Phase 1 AGCR. Within the AIS primary phase field, 2 (AC1-02 and AC1-04) of the 4
glasses at the 20% loading have TL’s > 1250”C (both reported to be 1255”C). Therefore, the AGCR
should not include glasses with a 20% feed loading based on the 1250°C constraint.

In the RES primary phase field,AC1-01,AC1-11, AC1-15, AC1-26, and AC1-29 all have TL’S> 1250°C.
One would hope that these glasses would be a part of a single targeted loading (i.e., 40%) but that is not
the case. These glasses span the loading range of 35 – 40% that translates into a further reduction of the
AGCR. It should be noted that AC1-01 has a targeted loading of -30 mass ~obut based on the “as-
measured” total lanthankle content it loadings would be -40 mass%. Thus it is not surprising to see the
high TLassociated with this glass. Given the restrictions in both primary phase fields, the Phase 1 AGCR
is grossly reduced in size based solely on the 1250°C TLconstraint. Only glasses falling within the 25-
30 mass% feed loading range are deemed acceptable. The AGCR has been defined ignoring the
uncertainties of the TLmeasurement (1c = 24°C based on the Phase 1 results). ‘However, the 100”C
temperature differential between the lower nominal operating temperature (1350°C) and the 1250”C
constraint should be adequate to account for any measurement uncertainty based on the Phase 1 results.

44



.

Immobilization Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

13”ri
1275

1-----

1250”CConstrair

1250 :

i

s

1225 u

*
Primary Phase Boundary

9 *

1150 ~
40.00 45.00 50.00 55.00

Total Lnz03 Content (target)

WSRC-TR-99-OO055
Rev. O

.

Figure 29. Liquidus Temperature Versus Targeted Total Lnz03 Content.
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Figure 30. Liquidus Temperature Versus “As-Measured” Total Ln203 Content.
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Table XXI. Llquidus Temperature and Primary Phase
as a Function of Loading and Total Ln203 Content.

Glass T~(“C) Primary Loading Total Lnz03 Content Total Lnz03 Content
Phase (targeted) (“as-measured”)

AC1-01 1272 REs -30” 47.66 52.59

AC1-02

AC1-03

AC1-04

AC1-05

AC1-06

AC1-07

AC1-08

AC1-09

AC1-10

AC1-11

AC1-12

AC1-13

AC1-14

AC1-15
AC1-16

AC1-17

AC1-18

AC1-19

AC1-20

AC1-21

AC1-22

ACI-23

AC1-24

AC1-25

AC1-26

AC1-27

AC1-28

ACI-29
AC1-30

AC1-31

AC1-19B

1255

1246

1255

1164

1230

1187

1184

1212

1216

1267

1238

1241

1240

1254

1195

1246

1197

1246

1247

1180

1224

1201

1163

1244

1298

1168

1208

1259

1242

1186

1165

AIS

AIS

AIS’

AK’

AN

AIS

REs

REs

REs

REs

Als

Als

REs

REs

Als

Als

REs

REs

RBs

REs

REs

20

20

20

25

25

25

30

30

30

35

35

35

40

40

40

20

25

30

35

40

20

25

30

35

40

31

32

35

36

30

30

40.01

40.01

40.01

43.76

43.75

43.75

47.50

47.51

47.50

51.25

51.26

51.26

54.99

54.99

55.01

40.01

43.75

47.50

51.26

55.01

39.97

43.71

47.45

51.21

54.96

47.88

49.22

51.19

51.97

47.44

47.50

39.18

38.04

37.57

40.38

40.57

41.68

45.33

- 43.60

45.44

51.82

47.70

48.55

49.77

52.04

46.15

38.99

41.06

51.39

48.03

44.09

38.08

41.99

43.71

49.21

49.64

43.53

45.71

49.92

49.26

43.17

46.78

● AC1-01 has a feed loading of -30 mass% and -40 mass% based on targeted
and “as-measured” total Ianthanide content calculations respectively.
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Isolating just the duplicate glasses (including those that were spiked with the minor components) and
plotting their liquidus temperature measurements leads to Figure 31. The “pooled” estimate of the
standard deviation of these measurements is 35°C with the spiked glasses and 24°C without. Glass ACl-
26 appears very different than its duplicates in this measurement-space again raising questions of
chemical homogeneity. Removing it from consideration leads to an estimate of the “pooled” standard
deviation of the remaining values of 23.8”C. In addition to glass AC1-26, AC1-24 is worth noting. It is
very different from its original duplicates (AC1-1O and AC1-19) but its measured liquidus temperature is
very near that of AC1-19B.
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Figure 31. Liquidus Temp (TLin ‘C) for Replicates.

The data shown in Figure31 suggest that the measurement error associated with the liquidus temperature
measurements is approximately 24°C at the 10 level. This assumes that the glasses were initially
homogeneous and the subsamples selected were also compositionally identical. Reference has been
made to the potential for chemical composition gradients within the “as-fabricated” pour patty from
which liquidus temperature subsarnples were selected. Therefore, one can not distinguish from this data
where the source of the rather large AT in terms of replicate measurements originates (errors from both
may also propagate). The presence of undissolved and/or crystalline material in the “as received”
samples may also have impacted the reported TLresults (dkcussed in a subsequent section).

VALIDATIONOFFURNACESTEMPERATURES WITH SRM-773 GLASS
The Deltech@furnaces were checked initially, in the middle, and at the end of the test period using SRM-
773 glass to validate the accuracy of the furnaces and the temperature measurement equipment used for
TLdetermination. SRM-773 glass has a reported TLof 988°C A 3°C for Method A and 991°C t 5°C
Method B. Since neither method was used for TLmeasurement, both ranges were considered to validate
the furnaces.
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Furnace #8 had T~ of 992 (beginning), 995 (mid), and 994°C (final), and Furnace #5 had T~ of 993
(beginning), 993 (mid), and 997°C (final) for SRM-773 glass. In Furnace #5 on January 14,1999, a
crucible came in contact with the measurement thermocouple and the lid welded itself to the tip of the
thermocouple. This may have been the cause for the shift in TLof the .SRM-773 glass from 993 to
997”C. Following thk event, the furnace was used to measure the TLof glasses AC1-02 (TA=1259”C),
AC1-03 (TC=1242”C), AC1-04 (Tc=12490C and TA=1259”C), AC1-06 (T~1228°C ~d TA=1235”C),
AC1-17 (T~1242°C), ~d AC1-29 (TA=1261”C).

INCLUSIONSm “As RECEIVED”GLASSES
“As received” glass was analyzed by optical microscopy to determine if crystalline or immiscible liquid
phases existed. Three glasses, AC1-02, 17 and 22, were found to have clusters of AIS crystals present
(Figure 32). The total amount of crystal fraction is not known but is estimated to be below 1 vol%. Note
that these<glasses are loaded at the 20% level and lie within the AIS primary phase field. With this
field the~ower loadings LWi@ly pose higher TLvalues (see Figure 30). The det~tion of MS clusters in
the “as-fabricated” samples suggest that the kinetics of devitrification are rather rapid. It should also be
noted that the degree of devitrification is small since these samples were submitted to XRD for a measure
of homogeneity prior to these glasses being shipped to PNNL. As discussed in a previous section, the x-
ray diffractometer has a detection limit of approximately 1.0 VOI$ZO.All XRD patterns were characterized
by an “amorphous hump” indicating that the “as-fabricated” glasses were homogeneous at that detection
limit.

The presence of crystals in the “as received” glass may have had an effect on T=. Small sample sizes
used for measurement and changes in chemical composition due to inhomogeneity in the glass, especially
if tieas of the glass had clusters of crystals used for sample measurement, can contribute to differences in
T~.
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o

Figure 32. AC1-17 “As Received” Glass Showing Cluster of AIS Crystals.

(lOOx, polarized light)

Glasses AC1-22, -23 and -24 were received with inclusions. These glasses were 3 of the 5 Phase 1
glasses that were spiked with minor components (refer to Table IV). The inclusions were first noticed
while examining samples of AC1-23 glass near T~ (Figure 33a and b). A sample was sent for SENVEDS.
The crystalline material that formed the inclusion was high in aluminum, chromium and oxygen: There
were also several crystals high in aluminum and oxygen and low in silicon. These inclusions were small
(15-30 pm) and rounded; they probably formed during the initial chemical batch to melt reaction process
and were slowly dissolving, indicative of the round shape of the inclusion.
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Figure 33a – Inclusion in “As Received”
AC1-23 ( 1156°C) Glass, SEM, 500x.

Figure 33b – Increased magnification of
Figure 33a, 2000x.
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DURABILITY
The extent of corrosion is usually defined as the amount of glass dissolved per unit volume of solution or
the fraction of glass that has entered the solution per unit surface area. It is conveniently measured using
a tracer, which is a glass component that does not participate at secondary reactions. Thus all the tracer
released from glass is found in the solution. For borosilicate glasses, boron (B) is usually chosen because
it is present in the glass in a sufficiently high concentration and is unlikely to precipitate or be absorbed
from the solution.

The PCT (ASTM C-1285-94) [12] was conducted, in triplicate, for each of the Phase 1 glasses as a
measure of durability (or resistance to aqueous corrosion). In addition, samples of EA glass, ARM-1
glass, and blanks were also included in this test. The solutions from these tests were submitted to the
SRTC-ML for concentration measurements of B, Si, Na, Li, Al, and La. Along with the various
solutions, a multi-elemenL stiydard solution was run within each analytical block -Table C. 1 in
Appendix C shows the raw data obtained from the SRTC-ML corrected for the dikition factor (5/3) and
blanks.

A typical expression for leachate concentrations is as normalized elemental losses released from the glass
in grams of glass per liter of leachate (@L). This value is computed by taking the elemental
concentration (as ppm) in the PCT leachate and dividing it by the product of the cation concentration (as
a mass percent) in the glass and 10.

However, it is the common logarithm of this normalized loss @L) that is of primary interest in modeling
glass durability. This value is computed by fnst taking the common logarithm of each available
measurement (eIemental concentrations in the Ieachate and cation concentrations in the glass), averaging
the appropriate transformed values, and then subtracting one from the difference between the averages of
the transformed leachate concentrations and the transformed cation concentrations.

Tables XXII and XXIII summarix the normalized releases (NL) and the common logarithm of the
normalized release (log NL) for the Phase 1 glasses, respectively. Release rates of both the EA and ARM
glass are also included. Note that Na was present only in the spiked glasses (AC1-22 – AC1-26) at very
low target concentrations (refer to Tables IV and V). Propagating analytical errors associated with the
PCI’ and chemical composition measurements causes the Na release values (based on “as-measured”
values) to be extremely high.

51



,

Immobilization Technology Seetion WSRC-TR-99-OO055
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

Table XXII. Normalized Release (g/L) for the Phase 1 Glasses.

NormalizedReleaseRate Q/L)
Glass B Si Na Al La PH

ARM-1 0.559 0.594 0.000 0.000 10.21

EA
AC1-01
AC1-02
ACI-03
AC1-04
ACI-05
AC1-06
AC1-07
AC1%08
AC1-09
AC1-10
AC1-11
AC1-12
AC1-13
ACI-14
ACI-15
AC1-16
AC1-17
AC1-18
AC1-19
AC1-20
AC1-21
AC1-22
AC1-23
AC1-24
AC1-25
AC1-26
AC1-27
AC1-28
AC1-29
ACI-30
AC1-31

AC1-19B

16.702

0.013

0.022
0.020
0.032
0.020

0.024
0.009

0.019
0.017

0.018
0.011
0.013
0.011
0.014
0.016
0.013
0.015
‘0.017
0.007
0.026
0.022
0.018
0.012
0.017
0.012
0.013
0.013
0.016
0.005
0.012
0.008
0.041

0.313

4.469

0.011

0.016

0.020

0.015

0.018

0.014

0.024

0.013

0.012

0.013

0.011

0.012

0.015

0.010

0.012

0.010

0.016

0.013

0.011

0.011

0.014

0.013

0.015

0.013

0.012

0.011

0.011

0.014

0.013

0.012

0.015

0.022

15.221

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

17.783

11.910

16.315

16.630

17.109

0.000

0.000

0.000

O.OQO

O.000

0.000

0.000

0.001

0.001

0.007

0.002

0.005

0.004

0.001

0.003

0.002

0.004

0.001

0.002

0.003

0.003

0.002

0.008

0.002

0.002

0.002

0.002

0.001

0.003

0.000

0.001

0.001

0.002

0.001

0.005

0.003

0.003

0.000

0.012

0.000

0.001

0.002

0.001

0.002

0.001

0.001

0.002

O.oofl

o.oo2-

0.001

0.002

0.002

0.004

0.001

0.001

0.000

0.003

0.001

0.001

0.001

0.002

0.001

0.002

0.002

0.001

0.001

0.001

0.005

0.002

0.002

0.003

0.001

12.00

8.67

7.82

8.01

7.57

7.99

7.88

7.56

7.67

7.46

7.65

7.41

7.34

7.31

7.69

7.67

8.11

7.52

7.41

7.47

7.43

7.38

7.55

7.54

7.47

7.42

7.40

7.54

7.44

7.43

7.54

7.44

7.91
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Table XXIII. Common Logarithm of Normalized Release Rates (g/L).

LogNormalizedReleaseRate(@J
Glass

ARM-1
EA

AC1-01
AC1-02
AC1-03
AC1-04
AC1-05
AC1-06
AC1-07
.4fH;08
AC1-09
AC1-10
AC1-11
AC1-12
ACI-13
AC1-14
AC1-15
AC1-16
AC1-17
AC1-18
AC1-19
AC1-20
AC1-21
AC1-22
AC1-23
ACI-24
ACI-25
AC1-26
AC1-27
AC1-28
AC1-29
AC1-30
AC1-31

AC1-19B

B

-0.254

1.222

-1.938

-1.664

-1.735

-1.498

-1.731

-1.613

-2.059

-1.731

-1.786

-1.752

-2.060

-1.929

-1.999

-1.861

-1.870

-1.938

-1.871

-1.793

-2.176

-1.590

-1.673

-1.743

-1.908

-1.767

-1.959

-1.924

-1.939

-1.798

-2.260

-1.966

-2.165

-1.395

Si Na Al
-0.505

0.650

-1.978

-1.787

-1.725

-1.831

-1.764

-1.864

-1.638

-1.878

-1.913

-1.883

-1.954

-1.923

-1.831

-2.009

-1.929

-1.990

-1.807

-1.890

-1.967

-1.960

-1.867

-1.870

-1.835

-1.876

-1.908

-1.958

-1.962

-1.874

-1.892

-1.924

-1.829

-1.652

-0.227
1.182

01300
0.000
0.000

0.000

0.000

0.000

0.000

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.000

0.000
0.000

0.000

0.000
0.000
1.207
1.076
1.184
1.189

1.197
0.000

0.000
0.000

0.000

0.000
0.000

0.000

0.000

-3.235

-3.010

-2.282

-2.918

-2.617

-2.656

-3.264

-2.596

-2.894

-2.680

-3.134

-3.125

-2.760

-2.977

-2.825

-2.125

-2.692

-2.938

-2.607

-3.113

-3.148

-2.822

-3.551

-3.161

-3.142

-3.074

-3.177

-2.679

-2.523

-2.790

-3.521

-1.910

La
O.000

0.006

-2.826

-2.737

-3.207

-2.761

-2.958

-3.117

-2.779

-3.37L

-2.7M-

-3.117

-2.797

-2.773

-2.533

-3.208

-3.097

-3.334

-2.588

-2.963

-2.993

-2.941

-2.757

-2.953

-2.797

-2.762

-2.864

-2.953

-2.835

-2.453

-2.612

-2.816

-2.604

-3.053

To define the AGCR, a comparison of the normalized release rates of various glass components for the
Phase 1 glasses was made to those limits of the Environmental Assessment (EA) [13] (with the
appropriate confidence limits applied) as shown in Table XXIV. Normalized boron release (NL [B]) was
used as the key indicator of durability as previously described. The average NL ~] for the EA glass
tested in this study was 16.702@ (shown in Table XXII) which is very consistent with the reported
standard NL [B] release rate of 16.695 @ (shown in Table XXIV).[ 13] This provides a high degree of
confidence that the PCT was conducted appropriately.

53



Immobilization Technology Section WSRC-TR-99-00055
Savannah River Technology Center Rev. O
Westinghouse Savannah River Company

Table XXIV. Leachate Concentrations (ppm), Normalized Release (g/L), and
Log Normalized Release Rates (g/L) for the Environmental Assessment (EA) Glass.

Leachate Concentrations [13]
B (ppm) Li (ppm) Na (ppm) Si (ppm)

Mean 587 190 1662 893
StandardDeviation 43 14.5 112 86

Normalized ReIease (NL) [13]
B (g/L) Li (g/L) Na (g/L) Si Q/L)

Mean 16.695 9.565 13.346 3.922
Standard Deviation,. 1.222 0.735 0.902 0.376

I Log Normalized Release (log NL)
-a * B (gIL) Li (gIL) Na (gIL) t Si (g/L)

I I 1.223 I 0.98I I 1.125 1 0.594

Exhibit C.2 in Appendix C provides a series of plots showing the log NL’s of interest versus total
lanthanide content. Various combinations of target and measured values are considered; that is, PCT
normalized by target as well as measured compositions and each of these plotted versus both targeted and
“as-measured” (total) lanthanide content in the glass. As indicated by these plots, there is a tendency for
durability of the glass to increase (indicated by a downward slope in the plots of Exlibit C.2) as the
lanttilde content in the glass increases (over the Phase 1 ECGR). The relationships that are statistically
significant (at the 5% significance level) are provided in Table XXV.

Table XXV. PCT Results Showing a Statistically Significant Relationship
With the Total LnzOs Content.

(Significance Level at 5%)

Log~) g/L] (target) Versus Lanthanide (measured)
LOg~Si) @L] (target) Versus Lanthanide (target)
Log[NL(Si) @L] (target) Versus Lanthanide (measured)

Log[NL(B) @] (measured) Versus Lanthanide (target)
Log[NL@) g/L] (measured) Versus Lantilde (measured)

Log~) g/L] (bias-corrected) Versus Lanthanide (target)
LOg~) g/L] (bias-corrected) Versus Lanthanide (measured)

LOg[NL(Si) @L] (measured) Versus Lanthanide (target)
Log[NL(Si) g/L] (measured) Versus Lanthanide (measured)

The durabilities of the duplicate glasses are contrasted in Exhibit C.3 of Appendix C. First, Log PCT
plots determined using the target compositions of these glasses are presented then similar plots of these
values determined using the measured compositions. Note that Na was present only in the spiked glasses
and at very low target concentrations in these glasses. This accounts for the behavior displayed in the Na
plots. The overall mean (over all duplicates) of the Log PCT for each element of interest is determined
along with the “pooled” standard deviation. A great deal of variation is seen in each of these plots (even
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for those based on the target compositions) as evidenced by the large estimated standard deviation for the
repeatability of each element’s measurements.

Two other observations regarding Exhibit C.3 are worth noting. There is no obvious pattern to the
behavior of the PCT’S of the spiked glasses relative to the PCT’S of their non-spiked replicates. The
PCT’s (for each element presented in this exhibit) appear to be relatively insensitive to the compositional
variation introduced over these 5 sets of duplicate glasses. In most instances, all of the values in each
plot fall within 2-sigma (where sigma is the “pooled” standard deviation) of their overall mean value.

Figures 34 and 35 summarize the results of the Phase 1 study of the ECGR for durability. They show the
relationships among the boron durabilities (based on target and “as-measured” compositions) of the
Phase 1 glasses, ARM-1, and EA. Clearly, the AGCR is not limited by durability based on the results
from this Phase 1 study as compared to the EA glass limits for B. All Phase 1 glasses are roughly two
orders of magnitude m-oredurable (as defined b~ the PCT) than the EA glass. -
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DEFINITIONOFAGCR
Figure 36 identifies the Phase 1 AGCR based on targeted compositions. Glasses within the AGCR
simultaneously meet all processing and performance constraints as defined for Phase 1. Glasses to the
left of the AGCR (i.e., lower total lanthanide contents or loadings) do not meet ejther the viscosity
constraint and/or the liquidus constraint. Glasses lying to the right of the AGCR fail the 1250°C liquidus
constraint. Several other Phase 1 glasses have properties that meet all the specifications but due to a TL
of 1261‘C for AC 1-29, the AGCR cannot be extended to higher loadings. Although a compositional or
operational window does exist based on targeted compositions, it is rather limited.

Figure 37 shows the same compositional ternary with the Phase 1 glasses identified by their “as-
measured” compositions. A continuous overlap exists of glasses in which one or more of the property
constraints are not met. Subsequently, an AGCR can not be defined based on “as-measured”
compositions. The lack of an AGCR based on “as-measured” compositions is primarily a function of
three potential issues: (1) measurement uncertainty associated with the chemical composition analysis in
particular the sum of oxides, (2) potential chemical composition gradients within~he subsarnples, and (3)
uncertiiinties associated with measuring the liquidus temperature that maybe linked to issue #2.

However, if the Iiquidus temperature constraint were “relaxed” to at least 1300”C (i.e., accept glasses
having a TL< 1300”C) and uncertainties associated with the Iiquidus temperature measurements are
ignored (la = 24”C), all Phase 1 glasses with feed loadings of at least 30 mass ‘ZOwould define the
A(3CR (see Figure 38). This would increase the operational window for the batch vitrification process
relative to that shown in either Figure 36 or 37. An increase in the liquidus temperature constraint to at
least 1300”C is logical since the CIM is typically operated at temperatures of -1450°C.

~,45 0.15

A

0.7 0.65 0.6 0-55 0.5 0.45 0.4

Other Frit

F@.tre 36. Definition of Phase 1 AGCR Based on Targeted Compositions.
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Figure 37. Undefined Phase 1 AGCR Using “As-Measured” Compositions.
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F@ue 38. Definition of Phase 1 A(3CR Given TLConstraint Increase,
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CONCLUSIONS
The objective of this research was to evaluate the effect of compositional uncertainties on the primary
processing and product performance criteria for potential glasses to be processed in the MPPF. Given
the feed composition (and its anticipated + 20% variation), the composition of 25SrABS, and the target
feed loading range of 20 to 40 mass % for the process, an experimental glass composition region (EGCR)
for Phase 1 testing was defined. In this study, glasses were fabricated and both processing and product
performance properties were measured as a function of glass composition. These properties were
assessed against predefine constraints to define an acceptable glass composition region (AGCR) in

which all property constraints were simultaneously satisfied.

As a result, an acceptable glass composition region (AGCR) has been identified in which glasses meet all
processing and product performance criteria as currently defined. The operational window is rather
srnall-givim the current processing and product performance criteria but can be expanded significantly by
raising the liquidus temperature constraint. Given that the TLconstraint could safely be increased to
1300°C, the operational wjn~ow or AGCR for the Phase 1 Variability study is only limited by glasses at
a 20 – 25 mass% loading. Those glasses do not meet the viscosity specification as-currently defined. In
other words, all glasses with feed loadings of> 25 mass ‘%0would be acceptable from both a processing
and product performance perspective within the limits that the study was developed. The risks of process
upsets are minimized and the acceptance of the final glass product is increased.

The AGCR is not restricted by either product performance constraint evaluated: homogeneity and
durability. All Phase 1 glasses defining the E(3CR were “acceptable” based on the homogeneity criteria
as defined by XRD. PCT results indicate that the Phase 1 EGCR produces glasses that are at least 2
orders of magnitude more durable than the Environmental Assessment (EA) glass based on normalized
boron releases.

However, the Phase 1 AGCR is restricted by processing criteria (namely viscosity and liquidus). All
Phase 1 glasses failing the current viscosity constraint (3 – 24 Poise at 1350”C) have viscosities greater
than 24 Poise at 1350”C. The key indicator for complying with the viscosity specification is the total
lanthanide content in the glass. For those glasses failing the viscosity constraint, total targeted lanthanide
contents are <43.75 mass % (corresponding to <25 mass % feed loading). Based on “as-measured”
Ln203 content, glasses containing at least 42 mass % total Ln203 meet the viscosity constraint. There are
no glasses that fail the constraint on the low viscosity side (i.e., <3 Poise).

The viscosity data indicate that feed loadings of at least 30 mass% should be targeted in the vitrification
batch process. The fact that no glasses failed the viscosity constraint on the low side (i.e., < 3 Poise at
1350”C) provides the opportunity to increase waste loadlngs (or total kmthanide content) while
maintaining adequate viscosity values (other properties not being considered or adjusted).

The AGCR is also restricted based on the 1250”C Iiquidus constraint. Two primary phases were
observed in the EGCR: (1) a rare earth silicate (RES) phase and (2) an ahuninosilicate (AIS) phase. A.-
clear distinction between these two primary phase fields can be based on total Ianthanide content alone.

--

That is, at low total Lnz03 (or low loadlngs) the primary phase is an AIS and as loadings increase (or
total lanthanides increase) the primary phase transitions into the RES field. This transition occurs at
approximately 45 mass Yototal Ln203 content (or roughly 25-30 mass ~o feed Ioadhg based on targeted
compositions). When TL’s are plotted against the “as-measured” total Ln203 contents, an obvious trend
does emerge. As the total lanthanide content increases from -30 mass 90 up to -43 mass 70, a gradual
decrease in T~ is observed. This trend continues within the AIS primary phase field until the RES
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primary phase field is encountered. In the RES phase field (> 43 mass % total Lnz03 “as-measured”), as
total LnzOqcontents (or loadlngs) increase, TLincreases as well.

With respect to the 1250”C liquidus constraint, 7 of the 32 Phase 1 glasses fail this constraint. Unlike the
viscosity constraint where only low loadings caused glasses to be “unacceptable”, both high and low
loaded glasses (i.e., in both primary phase fields) fail the Phase 1 TLconstraint. The total lanthanide
content alone cannot be used as the key indicator. However, one can use the total lanthanide content
within each primary phase field. Based on the data within the AIS primary phase field, one would lean
toward eliminating the fabrication of 20 mass % loaded glasses based on the 1250°C constraint.

In the RIM primary phase field, one would hope that glasses failing the 1250”C constraint would be a
part of a single targeted loading (i.e., 4070). Unfortunately, thk is not the case. Glasses deemed
“unacceptable” within the RES primary phase field based on the current TLcriterion span feed loadings
from 35-40 mass%. The exception is AC1-01 which has a measured total Ianthanide content of 52.59
mass ~owhich may explqjn ~hehigh TL. If one were to utilize the fairly restrictiv~ constraint (1250”C), a
relatively large portion of the EGCR would be eliminated to define the AGCR. However, if the TL
constraint is increased to 1300°C (or greater), all Phase 1 glasses would pass and the AGCR would
encompass the entire Phase 1 EGCR based solely on TL(again ignoring uncertainties associated with the
TLmeasurement).

59

Given that the TLconstraint could safely be increased to 1300°C, the operational window or AGCR for
the Phase 1 variability study would be expanded to include all glasses within the EGCR with feed
loadings of> 25 mass%. In other words, all glasses with feed loadings of > 25% would be acceptable
from both a processing and product performance perspective within the limits that the study was
developed. The risks of process upsets are minimized and the acceptance of the final glass product is
increased within the AGCR. Those glasses at lower loadings do not meet the viscosity specification as
currently defined.
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RECOMMEND ATIONSFORPHASE2 DESIGNANDTESTING
The strategy proposed by Edwards [5] to evaluate the effect of compositional upsets on the primary
processing and product performance properties is based on a “phased approach”. That is, Phase 1 would
be developed, executed, and the resulting data analyzed (as described in this document). The Phase 1
results would provide insight into the Phase 2 design and perhaps experimental implementation
considerations andlor precautions to rp.inimizenegative impacts on data interpretation.

Based on the Phase 1 results discussed, several items are of interest to consider in the development of the
Phase 2 EGCR. These items are listed below with a brief discussion:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The Phase 1 EGCR was developed with the Am/Cm-l glass(AC1-31) used essentially as a centroid
in terms of loading. The Phase 1 loadings ranged from 20% -4070 and the results suggest that lower
loadings should be avoided due to high viscosity values (insul%cient total lanthanide content). Since
the development of Phase 1, the baseline composition has shifted to higher loadings (47% feed
loading; referred to a~ Am/Cm-la). The new baseline composition is outside @e Phase 1 EGCR.
Therefore, in the develo~ment of the Phase 2 matrix, one should consider the-new loading
boundaries in light of the Phase 1 data. If higher loadings are considered, the liquidus temperature
constraint must be “relaxed” (i.e., increased to at least 1300”C or 1350”C).
The Phase 2 test matrix should provide some degree of overlap (in terms of loading) with the Phase 1
design. The upper loading of the Phase 2 design should be closely correlated with liquidus
temperature requirements in conjunction with the upper nominal processing temperature of the CIM
(allowing some temperature delta to overcome an “off-normal” event). Based on the Phase 1 data,
predicted Iiquidus temperature as a function of loading should be considered when defining both the
upper and lower total lanthanide content bounds for Phase 2.
The expected variation of each feed component for the Phase 1 design (i.e., *20% of its average) did
not appear to be an issue for any of the processing or product performance properties within the
design limitations. Giveri this knowledge, it is recommended that NMS&S expand the variation of
each element in the Phase 2 design (i.e., *30% or A4070of the average). A layered design maybe
feasible where the layers could evaluate different variations although this would increase the number
of glasses to be tested. This decision should be based on the expected uncertainties associated with
the Tank 17.1 analysis and potential variations that pretreatment precipitations may have on the
resulting feed stream
Minor components appear to have a minimal impact on the processing properties of interest and no
effect on the product performance issue. If the quantity of the minor components in the feed stream
is a function of the number of pretreatment steps (i.e., number of washes), allowing a higher
percentage of “minor” components in the feed maybe a consideration for the Phase 2 design. This
may allow a reduction in both the pretreatment cycle time and costs.
To minimize potential chemical composition gradients within each “as-fabricated” glass, the Phase 2
glasses should be fabricated, crusha and remelted to ensure homogeneity. This will minhnim the
impacts of small compositional gradients for those properties which require a limited sample size.
The Phase 1 testing program did evaluate liquidus temperatures over the anticipated range of
processing. However, the TLmeasurement does not provide an indication of the devitrification
kinetics as a function of loading. This measurement is critical to reducing risks of plugging the drain
tube during the vitrification thermal cycle given that a glass remains in the drain tube from the
previous run. It is recommended that devitrification kinetics of various glasses (as a function of total
lanthanide content) be evaluated through time-temperature-transformation (TTT) studies.
Phase 2 could include specific compositions in the design (e.g., similartoAC1-27–AC1-31 in
Phase 1). These compositions should be chosen in such a manner to represent potential processing
scenarios.
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(8) Studies to address the reaction pathway or conversion of the oxalatelfrit mixtures into a glass product
are recommended. Such studies may provide insight into the chemical composition differences that
have been observed in the laboratory melts as well as the CIM.

The issues listed and discussed above are for consideration as the Phase 2 work scope is being defined.
These issues do not have to be fully addressed in a single study but may take the form of a multi-phased
approach.
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18.3 .43.010 0.356 5.78 ci).020 1.92
17.2 43.010 cfI.150 8.69 0.067 3.05
17.6 -s3.010 @.150 8.88 CO.(X!O 3
17.6 cO.O1O 4).150 10.6 4.020 3.82
18.1 4.010 0.245 7.01 0.048 2.35
17.7 4.010 CO.150 7.91 4.020 2.75

0.363 0.931 12.3 cU.100 0.453 cU.ICO
0.362 0.932 12.4 cO.l(XI 0.416 cO.1OO

18.4 0.016 4.150 9.83 0.03 3.72
19,8 0.016 eO.150 5.24 0.027 2.07
19.5 0.015 4.150 7.55 0.22 2.98
19.8 0.016 -@.150 5.02 0.084 1.92
18.1 0.016 .s3.150 8.69 0.061 3.4
18.9 0.016 0.281 6.07 0.071 2.43

17 0.016 cO.150 82 0.059 3.09
18.5 0.016 4.150 7.21 0.028 2.78
0.34 0.932 12 -s3.100 0.435 4.100
18.7 0.016 4.150 6.09 0.2 2.39
17.7 0.016 4.150 8.52 0.039 3.28
18.2 0.017 .43.150 5.9 0.026 2.34
17.6 0.016 -s3.150 7.63 0.024 2.94
17.6 0.016 .cO.150 7.64 0.023 3.16
17.9 0.017 4.150 6.89 0.213 2.35
17.3 0.016 -s3.150 8.6 0.084 2.94
17.8 0.016 cO.150 10.5 0.029 3.59

0.328 0.933 12 4.100 0.441 CO.1OO
0.367 0.946 12 4.100 0.441 CO.1OO

18.1 .4.010 .@.150 5.86 -dM20 2.91
, f 18 0.021 0.168 8.24 etM)20 3.13

17.8 4.010 cO.150 5.32 -dMr20 2.62
18.1 0.028 0.155 9.4 .s3.020 3.73
16.7 0,022 -33.150 8.13 CO.(32O 3.08
17.5 0.024 CO.150 9.1 4.020 3.57
16.8 0.027 4.150 9.84 cO.020 3.42
20.2 4.010 CO.150 4.23 4).020 2.45

0.378 0.9 11.9 4.100 4020 4.lCO
17.8 0.027 0.176 9.69 cO.020 3.87
19.2 0.029 0.151 9.51 @320 3.83
18.5 0.026 4.150 8.51 .0320 3.23
16.9 0.024 0.187 9.03 0.023 3.26

Si
21.6
10.5
9.68
11.7
10.8
9.62
11.2
10.3
10.3
20.8
9.07
11.4

12
9.69
9.93
8.88
9.71
9.91

20
20.4
9.83
12.2

11
12.1
9.95
11.1

11
10.8
21.2
10.8
10.2
11.5
10.1
11.2
11.7
10.1
9.12
21.6

22
11.3
10.1
10.9
10.1
9.44
9.28
9.72
12.8
21.2
10.4
10.6
10.7
9.44

Orig
Sm

CQ.1OO
1.98
2.17
1.34
1.69
1.82
1.56
1.68
2.55

‘CO.1OII
1.74
1.44
1.29
2.65
2.78
2.09
2.24
1.82

4.100
4.11X3

1.77
1.07
1.64
1.14
1.44
2.17
1.37
1.55

4.100
2.08
1.34
1.27
2.38
1.33
121
2.3

1.77
4.100
4.100

2.02
2.42
1.97

1.8
2.35
1.75
2.38
1.28

4.100
1.88
1.95

2
2.26

COr
Sm

.33.100
1.98
2.17
1.34
1.69
1.82
1.56
1.68
2.55

‘4.1(X)
1.74
1.44
1.29
2.65
2.78
2.09
224
1.82

4.100
‘U3.lWI

1.77
1.07
1.64
1.14
1.44
2.17
1.37
1.55

4.100
2.08
1.34
127
2.38
1.33
1.21
2.3

L77
4.100
4.100

2.02
2.42
1.97
1.8

2.35
1.75
2.38
128

4.100
1.88
1.95

2
2.26

Sr
0.017

1.74
1.52
2.06
1.75
1.61
1.79
1.68
1.72

0.017
1.57
1.72
1.89
1.64
1.66
1.47
1.58

1.6
0.016

4.010
1.51
2.02
1.71
1.86
1.56
1.67
1.58
1.56

4.010
1.66
1.51
1.69
1.59
1.62
1.67
1.57
1.42

-43.010
0.016

1.84
1.57
1.74
1.58
1.54
1.45
1.63
1.87

0.017
1.75
1.69
1.68
1.53

Orig - original values Cor - Corrected (shaded) Values; < implies leas tharrthe indicated detection limit Concentrations are expressed as weight percents.
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B30ek
2-1
2-1
2-1
2-1
2-1
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2

Run Glem
Order 2D

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7-I
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
%
97
98
99
100
101
102
103
104

AC1-24
AC1-01
AC1-02
ACI-01

EA
EA

AC1-30
AC1-01
AC1-29
AC1-01
ACL02
ACI-30
AC1-29
AC1-24

33A
AC1-28
ACI-02
AC1-24
AC1-06
AC1-28
AC1-06
AC1-25
AC1-25

EA
EA

AC1-13
ACI-12
AC1-15
AC1-22
AC1-12
AC1-22
AC1-21
ACI-23

EA
AC1-14
AC1-15
AC1-11
AC1-21
AC1-23
ACI-13
AC1-11
AC1-14

33A
EA

AC1-13
AC1-12
ACI-11
ACI-14
ACI-14
AC1-23
AC1-15
AC1-21

Glass
#
24
1
2
1
0
0
30
1

29
1
2
30
29
24
0
28
2
24
6
28
6

25
25
0
0
13
12
15
22
12
22
21
23
0
14
15
11
21
23
13
11
14
0
0
13
12
11
14
14
23
M
21

Lab
#
18
26
29
26
0
0
14
26
21
26
29
14
21
18
0
32
29
18
25
32
25
17
17
0
0
12
15
19
7
15
7
2
9
0
16
19
3
2
9
12
3
16
0
0
12
15
3
16
16
9
19
2

Lab Orlg Car
ID A3Ca CeCe Cr

w18-hn21 S.37 0.04 2.81 2.81 4.100
w26-lml 1 7.68 0.04 3.94 3.94 4.100
w29-lm21 10.4 0.041 2.74 2.74 .4L1OO
w26-ltil 7.8 0.043 3491 3.91 4.100

elm213 1.92 0.73 4.5CH3 4.500 4.100
ebn221 2 0.783 4MMJ -&500 4.100

w14-h22 8.12 -x3.O1O 3.84 3.84 4.100
w26-1M22 7.61 4.010 3.81 3.81 4.100
w21-lm12 8.33 0.021 3.9 3.9 4.1C4
w26-1m12 7.67 4.010 4.01 4.01 4.100
w29-h22 9.97 0.01 2.61 2.61 4.100
w144m12 8.24 4.010 3.81 3.81 u3.100
w21-lr&2 8.27 4.010 3.76 3.76 .K).1OO
w18-lm22 8.76 .d3.010 3.14 3.14 4.lCQ
ebn222 1.94 0.775 .4).500 4.500 4.100

w32-lm12 8.76 d3.010 3.3 3.3 4.100
w29-lm12 9.52 4.010 2.4 2.4 u3.1OO
w18-lm12 8.45 -s3.010 2.98 2.98 4I1OO
w25-lm12 9.21 0,01 2.07 2.07 4).lW
w32-lm22 8.37 4.010 3.28 3.28 4.1OU
w25-lm22 9.78 0.012 2.24 2.24 4.lMI
w17-lm12 8.33 0.019 3.69 3.69 -d3.lCO
w17-kn22 8.6 0.011 3.74 3.74 4.100

ebn223 2 0.798 4MO0 4.5(M -@.100
elrrf+ll 1.91 0.742 .4.51M 4.500 d).lCO

w12-lm21 7.85 0.011 3.34 3.34 d).lm
w15-lml 1 8.14 d.010 3.8 3.8 d.lfJ3
w19-lm21 7.54 CO.O1O 4.83 4.83 -3,1(P3
W7-lml 1 9.9 0.011 2.13 2.13 -i).1(11
w15-lm21 8.05 0.011 4.1 4.1 4.100
wi17-kn21 9.75 0.021 2.18 2.18 cO.l(XI
w02-lml 1 8.69 4LO1O 326 3.26 -3.1(Y3
w09-lmll 9.35 0.013 4.500?&&l?f d.lm
elm312 1.95 0.77 4.5C0 -73.500 4.1OO

wld-lml 1 8.02 4.010 3.35 3.35 4.100
w19-lmll 7.8 4.010 4.84 4.84 .@.lCO
W03-1M21 7.91 0.01 3.25 3.25 4.100
w02-h21 8.64 4XO1O 322 322 .s3.100
Wo9-lni!l 9.66 0.012 2.74 2.74 .fr.100
w12-lml1 7.69 .4.010 3.46 3.46 -ill@l
wl)3-lml1 7.13 0,01 3.21 321 4.lLM
w16-1M21 8.09 0.01 3.35 3.35 4.100

elm313 1.88 0.746 CfMoo 4.5CQ 4.100
elm321 2.rM 0.83 .dMOO 4.500 .@.]@

w12-lm22
w15-lm12
w03-1m12
W16-1M22
w16-lm12
w09-lm12
w19-lm12
W02-1M22

8.64
8.41
7.74
8.29
7.95
10.1
7.71
8.69

0.025
0.02

0.022
0.025
0.02

0.029
0.021
0.02

3.S2 332 4.100
4:21 4.21 4.100
3.48 3.48 43.100
3.57 3.57 4.100
3.33 3.33 4.100
2.83 2,83 4,100
4,75 4.75 4.100
3.39 3.39 4.100

Orig COr
Er Eu Fe Fe

2.88 0.395 4.010 43.010
4.2 0.586 4.010 -S3,010

2.67 0.348 4JO1O 4,010
4.32 0.568 4J.O1O 4.010

0.594 d.olo 6.23 6.23
0.587 cO.010 5.82 5.82

3.5 1.27 0.041 0041
4.01 0.566 0.038 0.038
3.66 1.26 0.051 0,051
4.08 0.597 0.037 0.037
2.38 0.315 0.042 0.042
3.76 1.28 0.049 0.049
3.65 1.26 0.048 0.048
3.05 0,426 0.047 0.047
0.59 4.010 6.15 6.15
3.14 1.15 0.045 0.045
2.32 0.298 0.039 0.039
2.88 0.412 0.047 0.047
2.42 0.361 0.041 0.041
3.04 1.07 0.043 0.043
2.6 0.363 0.04 0.04
3.7 0.532 0.054 0.054

3.59 0.536 0.053 0.053
0.644 4.010 6.86 6.86
0.574 4.010 5.86 5.86

3.36 0.517 0.027 0.027
3.66 0.513 0.018 0.018
3.75 0.498 0.028 0.028
1.93 0.283 0.03 0.03
3.89 0.538 0.03 0.03
2.08 0.289 0.036 0,036
3.03 0.42 0.021 0.021
2.61 0.349 0.029 0.029

0.559 43.010 6.07 6.07
3.19 0.445 0.024 0.024
3.8 0.506 0.02 0.02

3.38 0.493 0.025 0.025
3.2 0.44 0.023 0.023

2.43 0.352 0.027 0.027
3.28 0.474 0.026 0,026
3.37 0.457 0.018 0.018
3.14 0.446 0.021 0.021

0.577 4.010 6.29 6.29
0.619 4.010 6.36 6.36

GdK
0.947 ‘d3.150

1.45 4.150
0.636 4.150

1.46 4.150
4.050 4.150
4.050 4.150

0.526 4.150
1.41 .s3.150

0.561 43.150
1.45 4.150

0.621 4.150
0.55 4.150

0.525 4.150
0.987 cO.150

4.050 4.150
0.541 4.150
0.571 4.150
0.946 4.150
0.945 43.150
0.527 cO.150

1.03 4.150
1.28 .s3.150
1.3 4.150

4.050 4.150
4.050 4.150

1.29 cO.150
1.24 4.150
122 -@.150

0.659 -@.150
1.25 4.150
0.67 41.150
1.07 .s3.150

0.844 -@.150
4.050 4.150

1.44 4.150
127 4.150
1.53 4.150
1.05 4.150

0.865 4.150
1.24 4.150
1.53 4.150
1.4 4.150

4.050 CO.150
‘=73.050CO.150

3.8
4.09
3.81
3.48
3.28
2.74
4.4

3.19

0.577 0.01 0.01
0.578 4.010 4.010
0.537 CO.O1O4.010
0.514 CO.O1O.s3.010
0.444 4.010 4.010
0.413 0.015 0.015
0.56 cO.O1O4.010

0.458 cO.O1O4.010

1.39 4.150
1441 4.150
1.85 C13.150
1.65 cO.150
1.5 4,150

0.961 cO.150
1.45 4.150
1.13 4.154

Orlg
La

15.5
16.8
20.5
17.2

0.377
0.372

18.3
17.2
17.9
17.5
19.8
18.2
18.2
17.7

0.366
17.7

18
17.2
18,7
1.64‘{

19
18

18.4
0.404
0.419

16.8
18,4
17.4
18.3
17.9
18.6
16.7
17.8
0.38
16.1
18.1
15.9
17.6
17.8
16.6

16
16.3

0.364
0.379

Cor
La Mn Na Nd

15.5 0.023 cO.150 7.32
16.8 .@.010 0,196 10.6
20.5 .KLO1O4).150 4.38
17.2 4.010 0.18 10.6

0.377 0.905 11.6 4.100
0.372 0.991 12.3 d3.l&3

18.3 0.017 0.151 9.55
17.2 4.010 0.161 11
17.9 0.019 4.150 9.53
17.5 d.olo 0.195 10,9
19.8 43.010 4).150 4.47
18.2 0.021 4150 9.77
18.2 0.021 0.173 9.25
17.7 0.019 4.150 8.58

0.366 1.03 12.4 -3.lCQ
17.7 0.014 0.187 8.9

18 4).010 Q.150 4.27
17.2 0.017 cO.150 7.78
18.7 u3.O1O 4.150 5.51

a!j~, 0.013 41.150 8.43
19 CO.O1O4.150 5.61
18 0.021 0.166 9.53

1s.4 0.022 4.150 10.6
0.404 1.13 11.s am
0.419 0.968 12.2 4.lMJ

16.8 0.01 -d150 8.4
18.4 4.010 4150 6.69
17,4 4.010 4.150 9.69
18.3 0.04 4.150 5.2S
17.9 4.010 4.150 7.1
18.6 0.041 .cO.150 5.62
16.7 cQO1O 0.16 7.36
17.s 0.044 4.150 6.42
0.38 1.04 13.7 4.100
16.1 43.010 .4.150 10.8
18.1 4.010 4).150 10.1
15,9 4.010 4.150 11.9
17.6 cO.O1O -53.150 7.33
17.8 0.045 @.150 6.51
16.6 4.010 d). 150 8,45
,16 4.010 cO.150 11.6

‘ 16.3 -x).010 4).150 10.6
04364 1.02 12.4 4.1(M
0.379 1.05 12.9 u3.1C41

18.1 1s.1 4.010 .33,150
1s.9 18.9 -@.010 cO.150
17.2 17.2 cO.O1O 43.150
17.8 17.8 4).010 .4).150
16.1 16.1 4.010 .4.150
19,6 19.6 0.03 4.150
18.6 18.6 CO.O1O4.150
17.4 17.4 .fLolo 0.151

Ni Pr
0.044 2.8

.xW20 3.99
‘4.020 2.51
0.067 4.06
0.423 43.100
0.504 4.100
0.03 3.43

0.093 3.68
0.02 3.43

002s 4
0.03 2.28

0.025 3.49
0.022 3.54
0.084 2.8
0.515 -=0.100
0.026 3.11
0.029 2.12
0.036 2.68
0.053 2.64
0.028 2.92
0.024 2.61
0.064 3.52

CO.020 3.56
0.581 cO.1OO
0.424 4.100
0.025 3.17
0.029 3.7
0.034 3.21
0.034 2.01

0.1 3.89
0.03 2.01

0.034 2.98
0.026 2.32
0.459 -am
0.059 3.1
0.032 3.21
0.06 3.9

0.042 2.89
0.028 2.32
0.072 3.07
0.025 3.73
0.025 2.9
0.465 cO.1OO
0.435 -am

9.82 cO.020
7,48 4.020
13.5 CO.020
12.8 -0320
11.8 0.033
7.61 .a3.020
11.2 4.020
8.02 cO.020

3,56
4.08
4.46
3.39
3.14
2.65
3.56
3.01

Si
9.97
9.45
12.1
9.24

21
22
9.8

9.14
10.5
9.67
12.9
10.5
10.7
10.7
21.4
10.2
12.5
10.7
11.1
9.86
11,5
10.3
10.7
24.6
20.1
9.3
9.1

8.83
11,2
9.18
11.4
9.89
10.7
20.9
9.37
8.59
8.94
10.2
11,4
9.33
8.82
9.56
20.7
22.6

PageA2
Otig Cor

Sm Sm Sr
1.8 1,8 1.52

3.11 3.11 1.39
1.29 129 1.%
3.2 3.2 1.44

4.100 4.100 0.016
4.100 4.lCO 4.010

1.58 1.58 1,52
3.03 3.03 1.35
1.77 1.77 1.58
3.1 3.1 1.41

1.18 1.18 1.98
1.71 1.71 1.51
1.78 1.78 1.53
1.9 1.9 1.62

4.1(M 4.100 d.olo
2.41 2.41 1.56
1.08 1.08 1.82
1.78 1.78 1.5
1.87 1.87 1.66
2.34 2.34 15
1.97 1.97 L76
2.46 2.46 1.6
2.5 2.5 1.56

CO.lCO CO.100 4.010
4.100 4.lWJ 4.010

3.3 3.3 1.49
1.32 1.32 1.41
1.44 1.44 1.34

0.989 0.989 1.77
1.42 1.42 1.46
1.03 1.03 1.79
16.7 1,74 1.54
1.52 1.52 1.64

CO.1OO .d).loo -$3.010
2.63 2.63 1.41
1.46 1.46 1.3
2.46 2.46 1.28

1.8 1.8 1.51
1.47 1.47 1.72
3.13 3.13 1.37
2.33 2,33 128
2.59 2.59 1.32

4.100 -s3.100 4.010
4.1(M 4.100 0.017

10.3 3.99 3.99 1,56
10 1.55 1.55 1.57

9.52 2.78 2.78 1.53
10.3 3.12 3.12 1.64
9.41 2.91 2.91 1.58
12,1 1.72 1.72 1.89
9,7 1.67 1.67 1.49

10.3 1.92 1.92 1.65

Orig - original vsluex Cor - Corrected (shaded) Values; Concentrations are expressed as wtight percents.

.
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PageA3

B3eck
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
42
4-2
4-2
42
4-2
4-2
4-2
4-2
4-2
4-2
4-2

Run Glaw
Order ID

105
106
107
108
109
110
111
112
113
114
1M
116
117
118
119
120
121
122
123
124
125
126
127
128
129
Iw
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
1s0
1s1
152

EA
AC1-13
AC1-I 1
AC1-12
AC1-23
ACI-22
AC1-15
AC1-22
AC1-21

EA
EA

ARM
AC1-07
AC1-26
AC1-31
AC1-27
AC1-03
AC1-OS
AC1-04

EA
AIW

ACI-07
ACI-04
ACI-03
ACI-05
ACI-31
AC1-27
AC1-26

33A
33A

AC1-26
AC1-05
AC1-31
ARM

AC1-04
AC1-03
AC1-04
AC1-27

EA
AC1-31
AC1-03
AC1-07
AC1-27
ARM

ACI-OS
AC1-26
AC1-07

EA

Glass
#
o
13
11
12
23
22
M
22
21
0
0

100
7
26
31
27
3
5
4
0

lCO
7
4
3
5
31
2’7
26
0
0
26
s
31
100
4
3
4

27
0
31
3
7
27
lCK)
5
26
7
0

Lab
#
o
12
3
15
9
7
19
7
2
0
0
10
8
5
1
11
13
6
4
0
10
8
4
13
6
1
11
5
0
0
5
6
1
10
4
13
4
11
0
1
13
8
11
10
6
5
8
0

Lab
u)

elm322
w12-lm12
w03-lm22
w15-lm22
wo9-lm22
wo7-bn22
W194M22
wQ7-lm12
w02-lm12

elm323
ebn411

W104M21
w08-bn21
w05-Iml 1
Wol.bnl 1
wll-hrr21
W13-M 1
Wo6-tml1
w04-Iml1

elm412
wlrl-lml 1
Wo8-lml1
wo4-lm21
w13-hn21
wo6-hn21
Wol-lmzl
wll-lmll
W05-IM21

etm413
elm421

wQ5-lm22
@64m22
WOI-IM22
w104m12
wQ4-lm12
w13-IM22
wo4-lm22
W1l-lm22
ebn422

wQ1-lm12
w13-lm12
w084M12
wll-lm12
W1O-IM22
wV6-Im12
w05-lm12
w08-tm22
elm 423

Al Ca
1.9S 0.767
7.85 0.019
7.45 0.021
8.23 0.022
9s4 0.025
10.3 0.035
7.99 0.023
9.73 0.023
8.44 0.022

1.91 0.698
2.82 1.58
9.42 0.012
6.94 0.014

8 .s3.010
7.82 0.012
8.42 u3.O1O
8.49 -s3.010
9.13 0.01
1.89 0.716
3.2 1,78

9.% 0.013
10.1 0.014
9.54 0.014
9,08 0.011
8.27 0.01
8.19 0.011
7.02 0.015
2.04 0.739
2.03 0.765
7.44 4.010
9.5s U3.O1O
8.7 cO.O1O

3.02 1.66
9.84 4.010
10.1 4.010
10.1 43.010
8.76 4.010
2.13 0.757
854 4.010
9.25 4.010
9.46 4.010
8.44 cO.O1O
2.87 1.5
9.3s 4.010
7.42 4.010
9.3 4.010

2.03 0.733

Orig - original valuex Cor - Corrected (shaded) Valueq

Ce
4.5(K)

3.5
3.23
4.21
2.65
2.25
4.71
2.05
3.23

4.500
1.06
2.65
4.12
3.28
3.35
2.53
3.13
2.07

4.500
1,14
2.62
2.14
2.S3
3.14
3.36
3.34

4
4.s00
4MO0

4.31
3.15
3.32
1.19
2.08
2.62
2.1

3.46
@Moo

3.17
2.37
2.5

3.11
1.01
2.94
3.89
2.56

am

Cor
Ce Cr

dMoo 4.100
3.5 4.NM

3.23 4.100
4.21 43.100
2.6S 4.100
2.25 u7.1OO
4.71 a.lfM
2.05 4.100
3.23 d.100

CtMoo 4.100
1.06 4.100
2.65 d.100
4.12 4.100
3.28 4.100
3.35 4.100
2.S3 4.1OO
3.13 4.lCO
2.07 4.100

4.500 4.100
1.14 4.100
2.62 .s3.100
2.14 cO.1OO
2.53 4.100
3.14 4.100
3.36 4.100
3.34 4.100

4 4.100
4.500 4.100
d.5ofl 4.loil

4.31 4.1OO
3.15 4.100
3.32 4.100
1.19 4.100
2.08 .d1100
2.62 -@.10il
2.1 4.100

3.46 4.100
4.500 4.100

3.17 CO.1OO
2.37 .$3.100
2.s 4.1C41

3.11 4.100
1.01 4.100
2.94 -s3.100
3.89 4.100
2.56 4.100

4.500 4.100

Orig Cor
Er Eu Fe Fe

0.584 43.010 6.58 6.58
3.43 0.526 4.010 4.010
3.63 0.536 4.010 4.010
4.09 0.564 4.010 4.010
2.65 0.377 4.010 cO.O1O
2.21 0.307 0.011 0.011
4.25 0.567 -@.010 43.010
2.09 0.307 4.010 4.010
3.13 0.462 4.010 4.010

0.657 4J.O1O
2.% 0.017
2.71 0.373
4.17 0.573
3.23 1.02
3.17 1
2.59 0293
2.84 0.338
1.96 0.274

0.668 4.010
3.05 0.016
2.61 0.413
2.02 0.311
2.62 0.341
2.81 0.37
3.21 1.02
3.09 1.08
4.14 0.541

0.652 -f3.010
0.632 4.010
4.03 0.551
2.76 0.356
3.07 1.07
3.04 4.010
2.05 0.269
2.58 0.32
2.14 0.286
3.14 1.11

0.662 4.010
3.04 1.01
2.4 0.298

2.52 0.355
3.23 1.02
2.92 4.010
2.62 0.34
3.8 0.S22

2.46 0.341
0.595 4.010

5.28
0.032
0.037
0.046
0.046
0.038
0.037
0.036
0.048

5.4
0.034
0.043
0.04

0.049
0.034
0.042
0.038
0.047

5.38
5.91
0.04

0.024
0.014
0.02

0.035
0.035
0.023

-4.010
5.29

0.033
0.031
0.029
0.028
0.021
0.021
0.029
0.02s

5.2

5.28
0.032
0.037
0.046
0.046
0.038
0.037
0.036
0.048

5.4
0.034
0.043
0.04

0.049
0.034
0.042
0.038
0.047

5.38
5.91
0.04

0.024
0.014
0.02

0.035
0.035
0.023

4.010
5.29

0.033
0.031
0.029
0.028
0.021
0.021
0.029
0.02s

52

GdK
4.0s0 4.1s0

1.39 4.150
1.7 4.150

1.38 4.150
0.905 4.150
0.705 4.150

1.44 4.150
0.686 4.150

1.13 4.150
4.150

4.0s0 4.150
0.173 4.150

1 4.150
1.41 4.150

0.608 .4.150
0.572 4.150
0.676 4.150
0.93 4.150

0.813 et).150
.s3.050 4.150

0.203 -a3.150
1.09 4.150

0.873 d. 150
0.763 cO.150
0.958 .31150
0.642 4.1s0
0.622 cO.150

1.45 4.150
4.050 4.150
4.050 4.150

1.31 4.150
0.828 4.150
0.501 4.150

4.050 4.150
0.668 -s3.150
0.586 4.150
0.669 4.150
0.482 cO.150

4.050 4.150
0.454 4.150
0.545 4.150
0.744 4,150
0.432 -al 150

4.050 4.150
0.769 4150

1.19 4.1s0
0.787 4.1S0

4.0s0 -53.150

<implies less than the indicated detection limit

Orlg
La

0.366
17

16.3
18.4
18.7
19.1
19.7
18.6
17.6

0.679
0.105

18.3
17.2
16.8
16.4
16,7
16.3

18
0.739
0.088

19.3
19.1
19.3
17.5
17.6
17.8
16.2

0.749
0.736

17.5
17.9
18.1

0.076
19.2
19.3
18,6
18.1
0.75
18.3

18
18.4
17.5

0.104
17.8
16.3

18
0.735

COr
La Mn Na

0.366 1.03 13.5
17 4.010 4.150

16.3 cO.010 .4.150
18.4 cO.O1O .4.150
18.7 0.026 .4.150
19.1 0.026 0.172
19.7 4.010 4,150
18.6 0.024 4.1s0
17.6 d.010 0.2S9

12.6
0.679 0.918 11.8
0.10s 4.010 7.03

18.3 cO.O1O 43.150
17.2 0.02 4.150
16.8 -33.010 0.225
16.4 0.01 4.150
16.7 4.010 0.155
16.3 cO.O1O .4.150

18 cO.010 .s3.150
0.739 0.%1 11.2
0.088 4.010 6.85

19.3 4.010 4.150
19.1 4.010 0.188
19.3 CO.O1O4.150
17.5 4.010 .s3.150
17.6 0.011 4,150
17.8 0.013 -s3.150
16.2 0.019 cO.150

0.749 0.964 11.4
0.736 0.959 12.3

17.5 0.018 0.153
17.9 4.010 4.1s0
18.1 0.011 4150

0.076 4.010 7.4
19.2 cO.O1O 0.16
19.3 4.010 0.319
18.6 4.010 0.168
18.1 0.012 -@. MO
0.75 0.993 12.4
18.3 0.01 4.150

I t 18 -@.010 dl150
18.4 -KLO1O4.150
17.5 0.012 4.150

0.104 4.010 7.23
17.8 4.010 43.150
16.3 0.018 -d3,150

18 -s3.010 4150
0.735 0.957 11.2

Nd Ni Fr S1
4.100 0.431 4.100 22.3

9.17 0.038 3.22 9.74
12.8 0.03 4.12 9.37
7.55 0.08 4.05 9.73
7.15’ 4.020 2.46 11.6
6.06 4.020 2.11 12.4
11.1 4.020 3.39 9.58
5.69 -33.020 1.93 12
8,12 -3).020 2.91 10.5

4.100
4,54
6.95
10.4
7.04
7.38
4.74
7.3

5.46
4.100

4.96
7.67
5.85
5.38
7.36
7.88
7.83
10.s

0.246
0.206

10.1
7.34
7.52
4.34
5.22
5.21
5.28
7.86
0.22
7.35
5.02

7
7.42
4.13
6,89
9.72
6.37

0.173

0.385 cO.1OO 19.4
0.027 0.182 19.9
0.022 2.42 11.2

4.020 3.46 8.77
0.05 2.61 9.61

4.020 2.69 9.57
4.020 2 10.2
-43.020 1.87 10.5

0.22 1.77 11.3
0.417 4.1OI3 19.5

03.020 0.211 22,7
0.031 2.52 12.1

4.020 1.97 11.9
0.04s 2.34 12.6

4.020 2.01 10.6
4.020 2.81 10.2
4.020 2.82 10.1

0.024 3.44 8.64
0.411 .d3.100 20.4
0.40s 4.100 21

4.020 3.85 8.82
CO.020 2.13 10.7
.dMJ20 2.92 9.99
.s3.020 0.124 20.4

0.226 1.76 11.4
-53.020 2.25 12
4.020 1.84 11.8
-4.020 2.72 11.2
0.438 .d3.lMl 21.5
0.046 2.73 10.3

4.020 2.2 11
4.020 2.2 11.7
4.020 2.66 10.5
4.020 0.118 20.1
-s3.020 1.88 10.7
d3.020 3.6S 8.62
4.020 2.23 10.7

0.403 CO.100 20.1

Orig
Sm

4.100
3.56
2.68
1.53
1.64
1.13
1.68
1.06

1.9

43.100
41($3

1.41
2.04

0.836
1.67

0.957
0.949

1.17
4.100
4.100

1,56
1.38

0.829
0.933

0.78
1.6

2.12
CQ.1OO
4.050

1.89
0.952

1.35
4.050

0.605
1

0.654
0.894

4.050
1.26

0.944
1.43
1.59

0.081
0.922

1.81
124

4.0s0

Sm
CO.1OO

3.56
2.68
1.53
1.64
1.13
1.68
1.06
1.9

4.100
4.100

1.41
2.04

0.836
1.67

0.957
0.949

1.17
4.100
4.100

1.56
1.38

0.829
0.933
0.78

1.6
2.12

CQ.1OO
4.050

1.89
0.952

1.35
4.050

0.605
1

0.654
0.894

4.050
1.26

0,944
1.43
1.59

0.081
0.922

1.81
124

4.0s0

Sr
0.017

1.48
1.41
1.s9
1.83
1.86

1,5
1.87
1.64

0.011
0.367

1.9
1.46
1.6

1.55
1.84
1.83
1.88
0.01

0.422
2.1

2.04
2.02
1.83
1.67
1.69
1.44

0.014
0.036

1.42
1.94
1.72

0.398
1.99
1.99
1.99
1,62

0.039
1.65
1.92
1.83
1.ss

0.371
1.81
1.36
1.79

0.035

Concentrations are expressed as weight prcenta.



AppendmA
TableAl: MeasuredandTargetCompositions(Lithium-met.aborateDissolutionMethod)

WSRC-TR-99-OO055

B3eck
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1

Run
0rr3er

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Glass
m
EA

AC1-10
AC1-19
AC1-17
AC1.09
AC1-20
AC1.18
AC1-09
AC1.08

33A
ACI-20
AC1-18
AC1-17
AC1-16
AC1-16
AC1-19
AC1-08
AC1-10

33A
EA

AC1-19
AC1-17
AC1-10
AC1-17
AC1-20
AC1-08
ACI-09
ACI-10

33A
ACI-08
AC1-20
AC1-18
AC1-16
AC1-09
AC1-18
AC1-16
AC1-19

EA
EA

ACI-06
AC1-28
AC14)6
ACI-30
AC1-28
AC1-30
ACI-25
AC1-02

aA
AC1-29
AC1-29
AC1-24
AC1-25

Glass
#
o
10
19
17
9
20
18
9
8
0
20
18
17
16
16
19
8
10
0
0
19
17
10
17
20
8
9
10
0
8
20
18
16
9
18
16
19
0
0
6

28
6
30
28
30
25
2
0
29
29
24
25

Lab Lab
# In
o drnlll
28 w28-lm21
30 w304ml 1
22 w22-hn21
23 w23-lml 1
20 w20-lm21
31 w31-lmll
23 w23-1M21
24 w24-lml 1
0 elrnl12
20 w204ml 1
31 w31-lrlill
22 w22-lml 1
27 w27-lrn’21
27 w27-lml 1
30 wxMrr21
24 w24-lm21
28 w28-M 1
0 ebnl13
o ebn121
30 w3Mn22
22 w22.lm12
28 w28-lm12
22 w22-hn22
20 w204m12
24 w24-hn22
23 w23-lrn12
28 w28-hn22
o .?Jrrr122
24 w24-lrn12
20 W20-M22
31 w31-lm12
27 w27-lm12
23 w23-lni22
31 w31-IM22
27 w27-1M22
30 w30-1m12
o elnr123
o elrn211
25 w25-lml 1
32 w32-lml 1
25 w25-10121
14 wM-lmll
32 w324M21
14 w14-hn21
17 W17-M21
29 w29-lml 1
0 eltil 2
21 W21-1M21
21 w21-lmll
18 w18-lmll
17 w17-lml 1

At203 CaO
3.836 1.114

17.572 0.024
15.569 0.022
20.029 U.02.$
18.064 0.025

16.59 0.02/4
19.084 0.031
17.421 0.022
17.856 0.043
3.855 1.124

15.475 0.02
17.648 0.022
19.651 0.031
16.061 0.022
16.817 0.024
14.568 0.021
15.834 0.027
16.59 0.022
3.514 1.038
3.817 1.087

15.381 0.007
20.407 0,CQ7
17.383 0.007
20.5% 0.007
16.458 0.007
16.911 0.007
17.a35 0.007
16,476 0.007
3.609 1.065

16.@6 0sW7
15.437 0.C07
17.799 0.037
16.061 0.007
16.798 0.007
17,894 0.007
16.42 0.007

14.i76 0SM7
3.514 1!023
3.817 1.166

19.273 0.06
15.399 0.057
174024 0.059
15,74 0.057

15.r!JJ7 0.057
14.833 0.053
16.363 0.062
20.029 0.06

3.798 1.114
16.684 0.057
17.251 0.07
17.C62 0.062
14.927 0.064

Orig - original value$ Cor - Corrected (shaded) VslrreX

ce203
0.293
4.182
4.8%
i.647
3.209
4.767
3.397
3.069
3.994
0.293
4.287
3.116
2.553
3.947
4.146

4.65
3.842
3.619
0.293
0.293
4.603
2.413
3.467
2.319
3.947
3.526
2.928
3.643
0.293
3.537
3.818
2.741
3.385
2.694
3.291
4.135
5.142
0.293
0.293
2.659
3.701
2.518
4.767
3.795
4.474
4.533
2.952
0.293
4.767
4.802
3.795
4.217

cr203
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073

Er203
0,706
3.876
4.78
2.47

3.019
4.551
2.973
2.813
4.46

0.668
4.048
2.802
2,333
3.545
3.819
4.311
3.957
3.373
0.628
0.687
4.665
2.413
3.568
2.401
4.048
4,22

2.653
3.453
0.6s8
4.208
3.991
2.722
3.591
2.539
2,756
3.533
4,197
0.643
0.727

3.11
3.762
2.802
4.517
3.728
4.208
4.105
3.076
0.682
4.048

4.46
3.556
3.854

The oxlr3evalueswere computed using the sorrwted catkrnameentatkma.
I!,ruu.1 rezuJ

0.006 8.635388
0.55 0.052899

0.675 0.051469
0.371 0.061477
0.489 0.064336

0.66 0.052899
0.434 0.0S5758
0.476 0.05024
0,481 0.0&M47
0.006 8,506715
0.5% 0.067196
0.433 0.057188
0.343 0.062907
0.536 0.051469
0.551 0.042891
0.646 0.04575
0.432 0.054329
0.478 0.05004
0.W6 7.691786
0.004 8.521012
0.683 0.0671%
0.361 0.09293
0.512 0.075774
0.361 0.077204
0.601 0.087212
0.467 0.078633
0.45 0.084352

0.525 0.072915
0.006 8,134993
0.448 0.080063
0.577 0,077204
0.416 0.078633
0.516 0.070355
0.447 0.070055

0.42 0.081493
0.535 0,078633
0.636 0,072915
0.006 8.5782
0.006 8.964219
0.447 0.007149

1.32 0.007149
0.413 0M7149
1.598 0,007149
1.355 0.(s?7149
1.482 0.(s37149
0.581 0.007149
0.393 o.fx37149
0.006 9.064298
1.505 0.007149
1.563 0,C07149
0.533 0.007149
0.592 0.007149

(B04U.I Mu LaLua mrru
0.029 0.09 0.464 2.897
1.268 0.09 21.814 0.015
1.556 0.09 21.345 0.015
0.875 0.09 23.221 0.015
0.95 0.09 21.697 0.015

1.452 0,09 21.931 0.015
1.002 0.09 22.635 0.015
0.929 0.09 20.407 0.015
1.521 0.09 23.573 0.015
0.029 0.09 0.454 2.854
1.337 0.09 20.407 0,015
0.944 0.09 21.228 0.015
0.798 0.09 21.462 0.015
1.383 0.09 20.172 0.015
1.418 0.09 20.641 0.015
1.464 0.09 20.641 0.015
1.395 0.09 21.228 0.015
1.094 0.09 20.759 0.015
0.029 0.09 0.426 2.716
0.029 O@ 0/425 2.719
1.521 0.09 21.58 0.047
0.856 0.09 23.221 0.047

1.21 0.09 22.87 0.044
0.791 0.09 23.221 0.047

1.36 0.09 21.228 0.047
1.429 0.09 22,166 0.047
0.851 0.09 19.938 0.047
1.176 0.09 21.697 0.047
0.029 0.09 0.359 2.719
1.383 0.09 21.931 0.047
1.279 0.09 20.759 0.047
0.922 0.09 21.345 0.05
1.337 0.09 20.641 0.047
0.878 0.09 20.641 0.047
0.919 0.09 20.993 0.05

1.36 0.09 20.289 0.047
1.429 0.09 20.876 0.047
0.029 0.09 0.385 2.722
0$329 0.09 0.43 2.76

1,21 0.09 21.228 0.015
0.641 0.09 21.11 t 0.061
1.176 0.09 20.876 0.015
0.654 0.09 21.228 0.082
0.609 0.09 19.586 0.O64
0.641 0/39 20.524 0.07
1.395 0.09 19.703 0.079
0.726 0.09 23.691 0.015
0.029 0.09 0.443 2.626
0.605 0.09 20.876 0.079
0.662 0.09 22.518 0.085
1.164 0.09 21.697 0,076
1.395 0.09 19.82 0.07

<implies less than the indicated detection limit

16.446
0.101
0,101
0.101
0.101
0.101
0.101
0.101
0.101

16.446
0.101
0.101
0.48

0.101
0.101
0.101
0.33

0.101
16.58

16.715
0<101
0.101
0.101
0.101
0.101
0.379
0.101
0.101

16.176
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101

16.176
16.176
0.101
0.226
0.101
o.2@
0.101
0.101
0.101
0.101

16.041
0.237
o.2@4
0.101
0.252

nawa IWIU
0.058 0.635

10.556 0.013
12.597 0.013
6.905 0.078

11.571 0.047
11.897 0.013
8.188 0.013

11.104 0.013
8.865 0.214
0.058 0.599

11.057 0.052
7.932 0.239
6.742 0.013

10.136 0.085
10.358 0.013
12.364 0.013
8.176 0.061
9.226 0.013
0.058 0.576
0.058 0529

11.466 0.038
6,112 0.034
8.806 0.28
5.855 0.107

10.136 0,078
7.08 0.09

9.564 0.075
8.41 0.036

0.058 0.554
7.103 0.255
9.938 0.05
6.882 0.033

8.9 0.031
8.911 0.029
8.036 0.271

10.031 0.107
12.247 0.037
0.058 0.561
0.058 0.561
6.835 0.013
9.611 0.013
6.205 0.013

10.964 0.013
9.483 0.013

10.614 0.013
11.477 0.013
4,934 0.013
0.058 0.013

11.302 0.013
11.092 0.013
9.926 0.013

10.533 0.029

rr203 SI02
0.059 46.209
3.558 22.463
4.529 20.708
2.387 25.03
3.979 23.104
4.225 20.58
3.043 23.%
3.827 22.035
3.019 22.035
0.059 44.497
4<049 19.403
2.832 24.388
2.247 25.672
3.569 20.73
3.511 2L243
4.471 18.997
2.75 20.773

3.218 21.2
0.059 42.786
0.059 43.642
4.354 2L029
2.423 26.099
3.487 23.532
2.247 25.886
3.979 2L286
2.844 23.746
3.616 23.532
3,253 23.104
0.059 45.353
2.797 23.104
3.839 21.821
2.739 24.602
3.441 21.607
3.698 23.%
2.75 25.03

3.441 21.C07
4.201 19.51
0.059 46.209
0.059 47.065
3.406 24.174
3.663 21.607
3.IX6 23.318
4.365 21.607
3.605 20.195
4.178 19.853
4.W2 20,794
2.867 27.383
0.059 45.353
4.529 22.249
4.482 22.677
3.78 22,891

3.815 20.195

RevisionO
PageA4

sm203
0.058
2.2%
2.516
1.554
1<96
2.11

1.809
1.948
2.957
0.058
2.018

1.67
1.4%
3.073
3.22A
2.424
2.598
2.11

0.058
0.058
2.052
1.241
1.902
1.322
1.67

2.516
1.589
1.797
0.058
2.412
1.554
1.473
2.76

1s42
1.403
2.667
2.052
0.058
0.058
2.342
2.8M
2,284
2.087
2.725
2.029
2.76

1.434
0.058
2.1s

2.261
2.319
2.621

Sro
0.02

2.058
1.798
2.436
2.07

1.904
2.117
1.987
2.034

0.02
1.857
2.034
2.235
1.939
1.963
1.738
1.869
1.892
0.019
0.006
1.786
2.389
2.022

2.2
1.845
1.975 ,
1.869
1.845
0.006
1.963
1.786
1.999
1.88

1.916
1.975
1.857
1.679
0.W6
0.019
2.176
1.857
2.058
1.869
1.821
1.715
1.928
2.211
0.02
2.07

1.999
1.987
1.809

Concentrations are expressed es weight percents.



AppendixA
TableAl: MeasuredandTargetCompositions(Lithium-metaborateDissolutionMethod)

<
WSRC-TR-99-OO055

Block
2.1
2-1
2-1
2-1
2-1
2.2
2-2
2.2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2.2
2-2
2-2
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3.1
3-1
3-1
3-1
3-1
3-1
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-z

RIM Gta.w
Order ID

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
%
97
98
99
lca
101
102
103
104

AC1-24
ACI-01
AC1-02
AC1-01

3344
33A

AC1-30
AC1-01
ACI-29
ACI-01
AC1-02
AC1-30
AC1-29
AC1-24

EA
AC1-28
ACMJ’2
AC1-24
AC1-06
AC1-28
AC14M
AC1-25
AC1-25

EA
EA

AC1-13
AC1-12
AC1-15
AC1-22
AC1-12
AC1-22
AC1-21
AC1-23

EA
AC1-14
AC1-15
AC1-11
AC1-21
AC1-23
ACI-13
AC1-11
AC1-14

EA
EA

AC1-13
AC1-12
AC1-11
AC1-14
AC1-14
AC1-23
AC1-15
AC1-21

Glass
#
24
1
2
1
0
0
30
1

29
1
2
30
29
24
0
28
2
24
6
28
6
25
25
0
0
13
12
15
22
12
22
21
23
0
14
15
11
21
23
13
11
14
0
0
13
12
11
14
14
23
15
21

Lab Lab
# n)
18 w18-hn21
26 w26-lml 1
29 w29-hn21
26 w26-brr21
o ehn213
o etm221
14 w14-kn22
26 w26-lrIf22
21 w21-tm12
26 w26-lm12
29 w29-tm22
14 w14-tm12
21 w21-lm22
18 w18-1M22
o etm222
32 w32-kn12
29 w29-lm12
18 w18-lm12
25 w25-lm12
32 w32-lm22
25 w25-tm22
17 w17-tm12
17 w17-hn22
o etm223
o ebn311
12 w12-tm21
15 w15-lmll
19 w19-tm21
7 W37-lmll
15 W15-IM21
7 wo7-lm21
2 w02-lmll
9 w09-lml 1
0 ebrr312
16 wld-lmll
19 w19-lmll
3 wo3-lm21
2 wo2-lm21
9 wo9-hn21
12 w12-lmll
3 $w33-tml1
16 w16-hn21
o etm313
o eIm321
12 W12+W22
15 w15-lm12
3 w03-lm12
16 w16-hn22
16 w16-lm12
9 wo9-tm12
19 w19-lm12
2 wo2-hu22

Orig - original valuex Cor - Corrected (shaded) VelUes;

—

A1203 C@
15.815 0.056
14.511 0.056
19.651 0.057
14.738 0.06
3.628 1.021
3.779 14096

15.343 0.007
14.379 o.fJ37
15.74 0.029

14.492 0.IX?7
18.838 0.014
15.569 0JW7
15.626 0.&37
16.552 O.(Y37
3.666 1.084

16.552 0.W7
17.988 0.(X17
15.966 0.007
17.402 0.014
15.815 0.007
18.479 0.017
15.74 0.027
16.25 0.015
3.779 1.117
3.IW9 1.038

14.833 0.015
15.381 0.007
14.247 0.007
18.706 0.015
15.21 0.015

18.423 0.029
16.42 0.M7

17.667 0.018
3.685 1.077

15.154 0.007
14.738 0.007
14.946 0.014
16.325 0.007
18.253 0.017
14.53 0.007

13.472 0.014
15.286 0.014
3.552 1.044
3.817 1.161

16.325 0.035
15.891 0.028
14.625 0.031
15.664 0.035
15.022 0.023
19.084 0.041
14.568 0.029
16.42 0.028

ce203
3.291
4.615
3209
4.58

0.293
0.293
4.498
4.463
4.568
4.697
3.057
4.463
4.404
3.678
0.293
3.865
2.811

3.49
2.425
3.842
2.624
4.322
4.381
0.293
0.293
3.912
4.451
5.657
2.495
4.802
2.553
3.818
2.823
0.293
3.924
5.669
3.807
3.772
3209
4.053

3.76
3.924
0.293
0.293
4.123
4.931
4.076
4.182

3.9
3.315
5.564
3.971

cr203
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073

Er203
3.293
4.803
3.053
4.94

0.679
0.671
4.002
4.585
4.185
4665
2.722

4.3
4,174
3.488
0.675
3.591
2.653
3.293
2.767
3.476
2.973
4.231
4.105
0.736
0.656
3.842
4.185
4.288
2.207
4.448
2.378
3.465
2.985
0.639
3.648
4.345
3.865
3.659
2.779
3.751
3.854
3.591
0.66

0.708
4.345
4.6n
4.357
3.979
3.751
3.133
5.031
3.648

Eu203 Fe203 06203 K20 La203 MnO Na20 Nd203 NIO
0.457 0.007149
0.679 0.007149
0.403 0.W7149
0.658 0.C07149
0.006 8.907031
0.006 8.320854
1.471 0.058618
0.655 0.054329
1.459 0.072915
0.691 0.052899
0.365 0.MO047
1.482 0.07fX)55
1.459 0.068626
0.493 0.067196
0.006 8.792655
1.332 0.W336
0.345 0.055758
0.477 0.067196
0.418 0.058618
1.239 0.061477
0.42 0.057188

0.616 0.077204
0.621 0.075774
0.006 9.807742
0.006 8.378042
0.599 0.038602
0.594 0.025735
0.577 0.040032
0.328 0.042891
0.623 0.042891
0.335 0.051469
0.486 0.030024
0.404 0.041461
0.006 8.678279
0.515 0.034313
0.586 0.023594
0.571 0.035743
0.509 0.032883
0.408 0.038602
0.549 0.037172
0.529 0.025735
0.516 0.0W024
0.006 8.992813
0.0Q6 9.092892
0.668 0.014297
0.669 0.007149
0.622 0.WJ7149
0.595 0.007149
0.514 0.007149
0.478 0.021445
0.648 0.007149
0.53 0.C07149

1.092 0.09
1.671 0.09
0.733 0.09
1.683 0.09
0.029 0.09
0.029 0.09
0.606 0.09
1.625 0.09
0.647 0.09
1.671 0.09
0.716 0.09
0.634 0.09
0.605 0.09
1.138 0.09
0.029 0.09
0.624 0.09
0.658 0.09

1.09 0.09
1.089 0.09
0.607 0.09
1.187 0.09
1.475 0.09
1.498 0.09
0.029 0.09
0.029 0.09
1.487 0.09
1.429 0.09
1.406 0.09
0.76 0.09

1.441 0.09
0.772 0.09
1.233 0.09
0.973 0.09
0.029 0.09

1.66 0.09
1.464 0.09
1.763 0.09
1.21 0.09

0.997 0.09
1.429 0.09
1.763 0.09
1.614 0.09
0.029 0.09
0.029 0.09
1.602 0,09
1.625 0.09
2,132 0.09
1.902 0.09
1.729 0.09
1.108 0.09
1.671 0.09
1.302 0.09

c implies less than the indicated detection limit

18.178 0.067 0.101
19.703 0.015 0.264
24.042 0.015 0.101
20.172 0.015 0.243
0.442 2.641 15.637
0.436 2.892 16.58

21.462 0.05 0.204
20.172 0.015 0.217
20.993 0.055 0.101
20.524 0.015 0.263
23.221 0.015 0.101
21.345 0.061 0.101
21.345 O.C& 0.233
20.759 0.055 0.101
0.429 3.005 16.715

20.759 0.041 0.252
21.11 0.015 0.101

20.172 0.05 0.101
21.931 0.015 0.101
19.234 0.038 0.101
22.283 0.015 0.101

21.11 0.061 0.224
21.58 0.064 0.101
0.474 3.297 15.W6
0.491 2.824 16.446

19.703 0,029 0.101
21.58 0.015 0.101

20.407 0,015 0!101
21.462 0.117 0.101
20.993 0.015 0.101
21,814 0.12 0.101
19.586 0.015 0.216
20.876 0.128 0.101

0.446 3.035 18.468
18.882 0.015 0.101
21.228 0.015 0.101
18.648 0.015 0.101
20.641 0.015 0.101
20.876 0.131 0.101
19.468 0.015 0.101
18.766 I 0.015 0.101
19.117 0.015 0.101
0.427 2.976 16.715
0.444 3.064 17.389

21.228 0.015 0.101
22.166 0.015 0.101
20.172 0.015 0.101
20.876 0.015 0.101
18.882 0.015 0.101
22.987 0.088 0.101
21.814 0.015 0.101
20.407 0.015 0.204

8.538 0.056
12.364 0.013
5.109 0.013

12.364 0.085
0.058 0.538
0.058 0.641

11.139 0.038
12.83 0.118

11.116 0.025
12.714 0.036
5.214 0.038

11.3% 0.032
10.789 0.028
10.008 0.107
0.058 0.655

10.381 0.033
4.981 0.037
9.075 0.046
6.427 0.067
9.833 0.036
6.544 0.031

11.116 0.081
12.364 0.013
0.058 0.739
0.058 0.54
9.798 0.032
7.803 0.037

11.302 0.043
6.159 0.043
8.281 0.127
6.555 0.038
8.585 0.043
7.488 0.033
0.058 0.584

12.597 0.075
11.781 0.041
13.88 0.076
8.55 0.053

7.593 0.036
9.856 0.092
13.53 0.032

12.364 0.032
0.058 0.592
0.058 0.554

11.454 0.013
8.725 0.013

15.746 0.013
14.93 0.013

13.764 0.042
8.876 0.013

13.064 0.013
9.355 0.013

Pr203 sio2
3.277 21.329
4.664 20.216
2.937 25.886
4.751 19.767
0.059 44.925
0.059 47.065
4.014 20.%5
4.307 19.553
4.014 22.463
4.681 20.687
2.668 27.597
4.084 22.463
4.143 22.891
3.277 22.891
0.059 45.781

3.64 21.821
2.481 26.741
3.136 22.891
3.09 23.746

3.417 21.093
3.054 24.602
4.119 22,035
4.166 22.891
0.059 52.627
0.059 43

3.71 19,895
4.33 19.468

3.757 18.89
2.352 23.%
4.552 19.639
2.352 24.388
3.487 21.158
2.715 22.891
0.059 44.711
3.623 20.045
3.757 ‘ 18.377
4.564 19.125
3.382 21.821
2.715 24.388
3.593 19.%
4.365 18.869
3.394 20.452
0.059 44.234
0.059 48.348
4.166 22.035
4.775 21.393

522 20.366
3.967 22.035
3.675 20.131
3.101 25.886
4.165 20.751
3.523 22.035

Revi8ionO
PageA5

2.087
3.6C6
1.4%
3.711
0.058
0.058
1.832
3.514
2.052
3.595
1.368
1.983
2.064
2.203
0.058
2.795
1.252
2.064
2.168
2.713
2,284
2.853
2.899
0.058
0.058
3.827
1.531
1.67

1.147
1.647
1.194
2.018
1.763
0.058

3.05
1.693
2.853
2.087
1.705
3.63

2.702
3.003
0.058
0.058
4.627
1.797
3.224
3.618
3.374
1.995
1.937
2.226

Sro
1.798
1.644
2.318
1.703
0.019
0.006
1.798
1.597
1.869
1.667
2.342
1.786
1.809
1.916
0SM6
1.845
2.152
1.774
1.%3
1.774
2.081
1.892
1.845
0.006
0.0C6
1.762
L667
1.585
2.093
L727
2.117
1.821
1.939
0.006
1.667
1.537
1.514
1.786
2.034

1.62
1.514
1.561
0.006
0.02

1.845
1.857
1.809
1.939
L869
2.235
1.762
1.951

Concentrations are expressed as weight percents.



AppendixA
TableAl: MeasuredandTargetCompositions(Lithium-metaborateDissolutionMethod)

WSRC-TR-99-00055
RevisionO

PageA6
Run Glsss

Order ID
105 EA
106 AC1-13
107 AC1-11
10$ AC1-12
109 AC1-23
110 AC1-22
111 AC1-15
112 AC1-22
113 AC1-21
114 33’4
115 EA
116 ARM
117 AC1-07
118 AC1-26
119 AC1-31
120 AC1-27
121 AC1-03
122 AC1-05
123 AC1-04
EM EA
125 ARbl
126 AC1-07
127 AC1-04
128 AC1-133
129 AC1-05
130 AC1-31
131 AC1-27
132 ACI-26
133 33A
134 EA
135 AC1-26
136 AC1-05
137 ACI-31
138 ARM
139 AC1-04
140 AC1-133
141 AC1-04
142 AC1-27
143 EA
144 AC1-31
145 AC1-03
146 AC1-07
147 AC1-27
148 ARM
149 AC1-05
150 AC1-26
151 AC1-07
152 33A

Ghm
#
o
13
11
12
23
22
15
22
21
0
0

100
7
26
31
27
3
5
4
0

100
7
4
3
5
31
27
26
0
0
26
5
31
100
4
3
4
27
0
31
3
7
27
100
5

26
7
0

Lab Lab
# ID
o ehrr322
12 w12-lm12
3 wo3-hn22
15 ,w15-lm22
9 wo9-bn22
7 wo7-hn22
19 w19-lnL?2
7 WY7-lm12
2 wV2-lm12
o ebn323
o ebn411
10 W1O-1M21
8 wo8-lm21
5 w05-lml 1
1 wO1-lml1
11 W1l-bmzl
13 w13-lmll
6 wO&lmll
4 wfM-lml1
0 e3m412
10 wlo.lml 1
8 w08-lml 1
4 wo4-hn21
13 w13-br121
6 wC6-lm21
1 Wol-bnn

11 wll-lmll
5 M5-IM21
o elm413
o elm421
5 wo5-lm22
6 w06-hn22
1 wol-krr22

10 w10-lm12
4 w04-lm12
13 w13-hn22
4 wQ4-hrr22
11 wll-laW
o elm422
1 wO1-lm12
13 w13-lm12
8 w08-lm12
11 wll-lm12
10 W1O-1IIL22
6 w06-lm12
5 w05-1m12
8 W08-1M22
o elm 423

BIOCII
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1

A1203 Cao
1.073

ca203 Er203
0.648
3.922
4.151
4.677

3.03
2.527
4.86
2.39

3.579

0.751
3.385
3.099
4.76a
3.694
3.625
2.962
3.248
2.241
0.764
3.488
2.985
2.31

2.9%
3.213
3.671
3.533
4.734
0.746
0.723
4.648
3.156
3.511
3.476
2.344
2.95

2.447
3.591
0.757
3.476
2.744
2.882
3.694
3.339
2.996
4.34s
2.813
0.68

. . . . - .-. Gd203 K20 La203 MnO Na20 . . .. . . . ...
Pr203

0.059
3.768
4.822
4.74

2.879
2.469
3.967
2.259
3.406

SI02
47.706
20.837
20,045
20.815
24.816
26.527
20.494
25.672
22.463

sm203 Sro
0.058 0.02
4.12s 1.75
3.108 1.667
1.774 1.88
1.902 2.164
1.31 2.2

1.948 1.774
1.229 2211
2.203 1.939

J!,rlzu.1 Erzus
0.006 9.407426
0.609 0.007149
0.621 0.007149
0.653 0.007149
0.437 0.007149
0.355 0.015727
0.657 0.007149
0.355 0.C07149
0.535 0.007149

0.006 7.548816
0.02 0.04575

0.432 0.052899
0.663 0.06576+5
1.181 0.065766
1.158 0.054329
0.339 0.052899
0.391 0.051469
0.317 0.068626
O.cim 7.72038
0.019 0.04861
0.478 0.061477
0.36 0.057188

0.395 0.070055
0.428 0.04861
1.181 o.m7
1,251 0.054329
0.626 0,0671%
0.006 7.691786
0.006 8.449527
0.638 0.057188
0.412 0.034313
1.239 0.020016
0.006 0.028594
0.311 0.05004
0.371 0.05W4
0.331 0.032883
1.285 0.CX37149
0.006 7.563113
1,169 0.04718
0.345 0.044321
0.411 0.041461
1.181 0.1340032
0.006 0.030024
0.394 0.030024
0.604 0.041461
0.395 0.035743
O.fxm 7.43444

Naw>
0.058

10.696
14,93
8.806
8.34

7.068
12.947
6.637
9.471

3.685
14.833
14.077
15.551
18.026
19.462
15.097
18.385
15.947

0.293
4.1

3.783
4.931
3.104
2.633
5.517
2.401
3.783

0.293
1.242
3.104
4.826
3.842
3.924
2.963
3.666
2.425
0.293
1.335
3.069
2.507
2.963
3.678
3.936
3.912
4.685
0293
0293
5.048
3.69

3.889
1.394
2.436
3.069
2.46

4.053
0293
3.713
2.776
2.928
3.643
1.1s3
3.444
4.556
2.999
0.293

0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073

0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0,073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073
0.073

0.029 0.09 0.429 3.005
1.602 0.09 19.938 0.015
1.959 0.09 19,117 0.015
1.591 0.09 21.58 0.015
1.043 0.09 21.931 0.076
0.813 0.09 22.4 0.076

1.66 0.09 23.104 0.015
0.791 0.09 21.814 0.07
1.302 0.09 20.641 0.015

0.09 .
0.029 0.09 0.7% 2.679
0.199 0.09 0.123 0.015
1.153 0.09 21.462 0.015
1.625 0.09 20,172 0.058
0.701 0.09 19,703 0.015
0.659 0.09 19.234 0.029
0.779 0.09 19.586 0.015
1.072 0.09 19.117 0.015
0.937 0.09 21.11 0.015

“0.029 0.09 0.867 2.804
0.234 0.09 0.103 0.015
1.256 0.09 22.635 0.015
I.Cod 0.09 22.4 0.015
0.879 0.09 22.635 0.015
1.104 0.09 20.524 0.015
0.74 0.09 20.641 0.032

0.717 0.09 20.876 0.038
1.671 0.09 18.999 0.055
0.029 0.09 0.878 2.813
0.029 0,09 0.863 2.798

1.51 0.09 20.524 0.053
0.954 0.09 20.993 0.015
0.577 0.09 21.228 0.032
0.029 0.09 0.089 0.015
0.77 0.09 22.518 0.015

0.675 0.09 22.635 0.015
0.771 0.09 21.814 0.015
0.556 0.09 21.228 0.035
0.029 0,09 0.88 2.897
0.523 0.O9 21,462 0.029
0.628 0.09 21.11 I 0.015
0.858 0.09 21.58 0.015
0.49s 0.09 20.524 0.035
0.029 0.09 0.172 0.015
0.886 0.09 20,876 0.015
1.372 0.09 19.117 0.053
0.907 0.09 21.11 0.015
0.029 0.09 0.862 2.792

18.198
0.101
0.101
0.101
0.101
0.232
04101
0.101
0.349

16.985
15.906
9.476
0.101
0.101
0.303
0.101
0.209
0.101
0.101

15.098
9.234
0.101
0.253
0.101
0.101
0.101
0.101
0.101

15.367
16.58
0.206
0!101
0.101
9.975
0.216
0.43

0.226
0.101

16.715
0.101
0.101
0.101
0.101
9.746
0.101
0.101
0.101

15.098

0.548
0.048
0.038
0.102
0.013
0.013
0.013
0.013
0.013

0.027
0.029
0.031
0.035
0.049
0.032
0.032
0.031

0.058 0.0133.609
5.328

17.799
13.113
15.116
14.776
15.91

16.042
17.251
3.571
6.046

18.819
19.084
18.026
17.157
15.626
15.475
13.264
3.855
3.836

14.058
18.045
16.439
5.706

18.593
19.084
19.084
16.552
4.025

16.136
17.478
17.875
15.947
5.423

17.667
14,02

17.572
3.836

o.9n
2.211
0.017
0.02

0.058
5.295
8.106

12.131
8.211
8.d38
5.529
8.515
6.369
0.058
5.785
8.946
6.823
6.275
8<585
9.191
9.133

12.247
0.287
024

11.781
8.561
8.771
5.062
6.089
6.on
6.159
9.168
0.257
8.573
5.855
8.165
8.655
4.817
8.036

11.337
7.43

0.202

0.49
0.034
0.028
0.013
0.064
0.013
0.013
0.013
0.28

0.531
0.013
0.039
0.013
0.057
0.013
0.013
0.013
0.031
0.523
0.515
0.013
0.013
0.013
0.013
0.288
0.013
0.013
0.013
0.557
0.059
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.513

0.059
0.213
2.832
4.049
3.054
3.148
2.341
2.188
2.071
0.059
0.247
2.949
2.305
2.739
2.352
3.289

3.3
4.026
0.059
0.059
4.506
2.493
3.417
0.145
2.06

2.633
2.153
3.183
0.059
3.195
2.575
2.575
3.113
0.13s

2.2
4.272

2.61
0.059

41.502
42.572
23.%

18.762
20.559
20.473
21.821
22.463
24.174
41.716
48.562
25.886
25.458
26.955
22.677
21.821
21.@7
18.484
43.642
44.925
18.869
22.891
21.372
43.642
24.388
25.672
25.2A4
23.%

45.995
22.035
23.532
25.03

22.463
43

22.891
18.441
22.891

43

0.058
1.635
2.366
0.969
1.937
1.11
1.1

1.357
0.058

0.434
2.247
1.727
1.892
1.833
2.176
2.164
2223
0.012
0.499
2.483
2.413
2.389
2.164
1.975
1.999
1.703
0.017
0.043
1.679
2.294
2.034
0.471
2.353
2.353
2.353
1.916
0.046
1.951
2271
2.164
1.833
0.439
2.141
1.608
2.117
0.041

0.007
0.017
0.W7
0.C07
0.014
1.002
2.491
0.018
0.02
0.02

0.015
0.014
0.015

4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2

0.058
1.809

1.6
0.961
1.082
0.904
1.855
2.458
0.058

0.021
1.034
1.07

0.007
0.029
2.192
1.104
1.565

0.007
0007
2,323
0.007
0.007

0.029
0.702

1.16
0.758
1.037
0.029
1.461
1.095
1.658
1.844
0.C94
1.069
2.099
1,438
0.029

0.007
0.007
1.059
0.007
0.(07
Omn
0.007
2.099
0.007
0.007
0.C07
1.026

Orig - origina3 vduew Cor - Corrected (shaded) Vsluev <implies less than the indicated detection limit Concentrations are expressed as weight percenra.

<
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TableAl: MeasuredandTargetCompositions(Litidum-metaborateDissolutionMethod)

Bkxk
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1

Run
order

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Glass
n)
EA

AC1-10
ACI-19
AC1-17
AC1-09
AC1-20
AC1-18
AC149
AC148

33A
AC1-20
AC1-18
AC1-17
AC1-16
AC1-16
AC1-19
AC1-08
AC1-10

EA
w

ACI-19
AC1-17
AC1-10
AC1-17
AC1-20
ACL08
AC1-09
AC1-10

t3A
AC1-08
AC1-20
ACI-18
AC1-16
AC1-09
AC1-18
AC1-16
AC1-19

33A
EA

AC1-06
AC1-28
AC1-06
AC1-W
AC1-28
AC1-30
AC1-25
AC1J32

33A
AC1-29
AC1-29
ACI-24
AC1-25

Glass
#
o
10
19
17
9
20
18
9
8
0
20
18
17
16
16
19
8
10
0
0
19
17
10
17
20
8
9
10
0
8

20
18
16
9
18
16
19
0
0
6
28
6
30
28
30
25
2
0
29
29
24
25

Lab Lab
# ID
o ebnlll
28 w28-hn21
30 w30-bnl 1
22 w22-hr121
23 w23-3ml1
20 w20-3rn21
31 w3Mmll
23 w23-3m21
24 w24-lml 1
0 ehnl12
20 W2134ml1
31 w31-bn21
22 W22-tml1
27 w27-1M21
27 w27-lml 1
30 w30-3m21
24 w24-3rr.al
28 w28-lml 1
0 e3rnl13
o elm121
30 w30-lrIQ2
22 w22-lm12
28 w2&hn12
22 w22-hn22
20 w20-lm12
24 w24-hn22
23 w23-3m12
28 w2S-lro22
o elm122
24 w24-hn12
20 w20.lm22
31 w31-tm12
27 w27-tm12
23 w23-tnf22
31 w31-lnL?2
27 w27-lm22
30 w304m12
o elm123
o e3nLzll
25 w25-lml 1
32 w32-lml 1
25 w25-hn21
14 w14-lmll
32 w32-1M21
14 w14-lm21
17 w17-lm21
29 w29-lml 1
0 elm212
21 w21-hn21
21 til-lml 1
18 w18-lmll
17 w17-lmll

Orig - ongimd vtdue~ Cor - Corrected (shaded) Valueq

A1203 CR()
3.7 1.12

17.41 0
17.41 0
19.9 0

17.41 0
16.17 0
18.65 0
17.41 0
17.41 0

3.7 1.12
16.17 0
18.65 0
19.9 0

14.92 0
14.92 0
17.41 0
17.41 0
17.41 0

3.7 1.12
3,7 1.12

17.41 0
19.9 0

17.41 0
19.9 0

16.17 0
17.41 0
17.41 o
17.41 0

3.7 1.12
17!41 o
16.17 0
18.65 0
14.92 0
17.41 0
18.65 0
14.52 0
17.41 o

3.7 1.12
3.7 1.12

18.65 0
16.82 0
18.65 0
15.91 0
16.82 0
15.91 0
16.15 0.005
19.9 0
3.7 1.12

16.17 0
16.17 0
17.39 0.005
16.15 0.005

0
3.93
3.93
2.62

32
4.58
3.27

32
3.94

0
458
327
2.62
5.24
524
3.93
3.94
3.93

0
0

3.93
2.62
3.93
2.62
4.58
3.94
3.2

3.93
0

3.94
4S8
327
524
3.2

327
5.24
3.93

0
0

2.66
4.31
2.66
4.8

4.31
4.8

4,58
3.12

0
4.65
4.66
3.93

cr203
o
0
0
0
0
0
0
0
0
0
0
0

,0
0
0
0
0
0
0
0

.0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.005
0
0
0
0

0.005
O.fMs

Er203
o

3.61
3.61
2.41
2.92
421
3.01
2.92
4.35

0
4.21
3.01
2.41
4.81
4.81
3.61
4.35
3.61

0
0

3.61
2.41
3.61
2.41
4.21
4.35
2.92
3.61

0
4.35
421
3.01
4.81
2.92
3.01
4.81
3.61

0
0

3.02
3.91
3.02
4,35
3.91
4.35
4,21
2,88

0
4.23
4.23
3.61
4.21

Eu203
o

0.52
0.52
0.35
0.49
0.61
0.44
0.49
0.47

0
0.61
0.44
0.35
0.7
0.7

0.52
0.47
0.52

0
0

0.52
0.35
0.52
0.35
0.61
0.47
0.49
0.52

0
0.47
0.61
0.44
0.7

0.49
0.44

0.7
0.52

0
0

0.44
1.41
0.44
1.57
1.41
1.57
0.61
0.39

0
1.53
1.53
0.52
0,61

Fe203
8.99

0
0
0
0
0
0
0
0

8.99
0
0
0
0
0
0
0
0

8.99
8.99

0
0
0
0
0
0
0
0

8.99
0
0
0
0
0
0
0
0

8.99
8.99

0
0.01

0
0.011
0.01

0.011
0.01

0
8.99

0.011
0.011
0.01
0.01

Tamet Cmnnositlmm
Gd203 K20 La203

o 0.04
123 0
1.25 0
0.83 0
1.07 0
1.46 0
1.04 0
1.07 0
1.45 0

0 0.04
1.46 0
1.04 0
0.83 0
1.67 0
1.67 0
1.25 0
1.45 0
1.25 0

0 0.04
0 0.04

1.25 0
0.83 0
125 0
0.83 0
1.46 0
1.45 0
1.07 0
1.25 0

0 0.04
1.45 0
1.46 0
1.04 0
1.67 0
1.07 0
1.04 0
L67 O
125 0

0 0.04
0 0.04

1.21 0
0.63 0
1.21 0
0.7 0

0.63 0
0.7 0

1.46 0.005
0.7 0

0 0.04
0.68 0
0.68 0
1.25 0.005
1.46 0.01)5

e implies less than the indicated detection limit

0.42
22.06
22.06
23.04
21.2

21.57
22.55

21.2
22.94
0.42

21.57
22.55
23.04
21.08
21.08
22.06
22.94
22.06
0.42
0.42

22.06
23.04
22.06
23.04
21.57
22.94
21.2

22.06
0.42

22.94
21.57
22.55
21.08
21.2

22.55
21.08
22.06
0.42
0.42

23.28

MnO
1.34

0
0
0
0
0
0
0
0

1.34
0
0
0
0
0
0
0
0

1.34
1.34

0
0
0
0
0
0
0
0

1.34
0
0
0
0
0
0
0
0

1.34
1.34

0
21.9 I ‘0.045

23.28 0
21.55 0.05
21.9 0.045

21.55 0.05
21.55 0.05
23.63 0
0.42 1.34

21.65 0.049
21.65 0.049
22,04 0.05
21.55 0.05

M20
16.8

0
0
0
0
0
0
0
0

16,8
0
0
0
0
0
0
0
0

16.8
16.8

0
0
0
0
0
0
0
0

16.8
0
0
0
0
0
0
0
0

16.8
16.8

0
0
0
0
0
0

0.005
0

16.8
0
0

0.005
0.C05

N6203 NiO
o 0.57

10.42 0
10.42 0
6.95 0

11.83 0
12.16 0
8.68 0

11,83 0
8.84 0

0 0.57
12.16 0
8.68 0
6.95 0

13.89 0
13.89 0
10.42 0
8.84 0

10.42 0
0 0.57
0 0.57

10.42 0
6.95 0

10.42 0
6.95 0

12.16 0
8.84 0

11.83 0
10.42 0

0 0.57
8.84 0

12.16 0
8.68 0

13.89 0
11.83 0
8.68 0

13.89 0
10.42 0

0 0.57
0 0,57

7.82 0
10.74 0
7.82 0

11.% o
10.74 0
11.% o
12.15 0.005
5.31 0

0 0.57
11.61 0
11.61 0
10.41 0.005
12.15 0.005

PI-203 sio2
o 48.73

3.43 23.58
3.43 23.58
2.29 26.94
4.08 23.58
4.01 21.89
2.86 25.26
4.08 23.58
2.79 23.58

0 48.73
4.01 2L89
2.86 25.26
2.29 26.94
4.58 20.21
4.58 20.21
3.43 23.58
2.79 23.58
3.43 23.58

0 48.73
0 48.73

3.43 23.58
2.29 26.94
3.43 23.58
2.29 26.94
4.01 21.89
2.79 23.58
4.08 23.58
3.43 23.58

0 48.73
2.79 23.58
4,01 21.89
2.86 25.26
4.58 20.21
4.08 23.58
2.86 25.26
4.58 20.21
3.43 23.58

0 48.73
0 48.73

3.4 25.26
3.77 22.78

3.4 25.26
4,2 21.54

3.77 22.78
4.2 2L54

4.01 21.87
2.72 26.94

0 48.73
4.07 21.89
4.07 21.89
3.43 23.56
4.01 21.87

RevisionO
PageA7

sln203 Sm
00

2.28 2.04
22S 2.04
1.52 2.33
2.72 2.04
2.66 1.89

1.9 2.18
2.72 2.04
2.72 2.04

00
2.66 1.89

1.9 2.18
1.52 2.33
3.04 1.75
3.04 1.75
2.28 2.04
2.n 2.04
228 2.04

00
00

2.28 2.04
1.52 2.33
228 2.04
1.52 2.33
2.66 1.89
2.72 2.04
2.72 2.04
2.28 2.04

00
2.n 2.04
2.66 1.89

1.9 2.18
3.04 1.75
2.72 2.04

1.9 2.18
3.04 1.75
2.28 2.04

00
00

1.92 2.18
2.55 1.97
1.92 2.18
2.84 1.86
2.55 1.97
2,84 1.86
2.64 1.89
1.26 2.33

00
2.76 1.89
2.76 1.89
228 2.04
2.66 1.89



AppendixA
TableAl: MeasuredandTargetCompositions(LitMmn-metaborateDissolutionMethod)

WSRC-TR-99-00055
RevisionO

PageA8

B30ck
2.1
2-1
2-1
2-1
2-1
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
3-I
3-1
3-1
3-1
3-1
3-1
3-I
3-1
3-1
3-I
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2

Run
order

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
%
97
98
99
100
101
102
103
104

Glass
ID

AC1-24
AC1-01
AC1-02
AC1-01

33A
EA

AC1-30
AC1-01
AC1-29
AC141
AC1-02
AC1-’3O
AC1-29
ACX?4

5A
AC1-28
AC1-02
AC1-24
AC1416
AC1-28
AC1-06
AC1-25
AC1-25

5A
m

AC1-13
AC1-12
AC1-15
AC1-22
AC1-12
AC1-22
ACI-21
AC1-23

3?,’4
AC1-14
AC1-15
AC1-11
AC1-21
AC1-23
AC1-13
ACI-11
AC1-14

EA
EA

AC1-13
AC1-12
AC1-11
AC1-14
AC1-14
AC1-23
AC1-15
AC1-21

Glass
#
24
1
2
1
0
0
30
1

29
1
2
30
29
24
0
28
2
24
6
28
6
25
25
0
0
13
12
15
22
12
22
21
23
0
14
15
11
21
23
13
11
14
0
0
13
12
11
14
14
23
15
21

Lab Lab
# m
18 w18-lm21
26 W2f$lml1
29 w29-tm21
26 w26-tm21
o elm213
o elm221
14 W14-IM22
26 w26-IM22
21 w21-lm12
26 w26-tm12
29 w29-3M22
14 w14-lm12
21 w21-tm22
1$ w18-lm22
o etm222
32 w32-lm12
29 w29-lm12
18 w18-lm12
25 w25-lm12
32 w32-lm22
25 w25-3rM22
17 w17-hn12
17 w174M22
o elm223
o elm311
12 w12-tm21
15 w15-tmll
19 W19-1M21
7 Mr7-tml1
1s W15-1M21
7 W07-1M21
2 w02-lml 1
9 w09-lmll
o elm312
16 wl&tMll
19 w19-tmll
3 wo3-lm21
2 Wo2-hazl
9 v@Mnr21
12 w12-lmll
3 v@3-lml 1
16 w164M21
o elm313
o elm321
12 w12-lr122
15 w15-lm12
3 w03-lm12
16 W16-IM22
16 w16-lm12
9 w09-lm12
19 w19-lm12
2 wo2-hn22

Orig - originrd valuex Cor - Corrected (shaded) VelueX

A1203 C@
17.39 0.C05
17.31 0
19.9

17.31 ;:
3.7 1.12
3.7 1.12

15.91 0
17.31 0
16.17 0
17.31 0
19.9 0

15.91 0
16.17 0
17.39 o.&35

3.7 1.12
16.82 0
19.9 0

17.39 0.C05
18.65 0
16.82 0
18.65 0
16.15 0.005
16.15 0.005

3.7 1.12
3.7 1.12

16.17 0
16.17 0
14,92 0
19.88 0.005
16.17 0
19.88 0.005
14.92 0
18.63 0.K)5

3.7 1.12
14.92 0
14.92 0
16.17 0
14.92 0
18.63 0.005
16.17 0
16.17 0
14.92 0

3.7 1.12
3.7 1.12

16.17 0
16.17 0
16.17 0
14.92 0
14.92 0
18.63 0,005
14,92 0
14.92 0

3.93
4,15
3.12
4.15

0
0

4.8
4.15
4.66
4.15
3.12
4.8

4.66
3.93

0
431
3.12
3.93
2.645
4.31
2.66
4.58
4.58

0
0

4.58
5.21
624
2.62
5.21
2.62
524
327

0
4.26
6.24
4.28
5.24
327
4.58
428
426

0
0

4S8
521
4.28
4.26
4.26
3.27
6.24
524

cr203
0.005

0
0
0
0
0
0
0
0
0
0
0
0

0.005
0
0
0

0.005
0
0
0

0SM5
0.005

0
0
0
0
0

0.005
0

0.005
0

0JM5
o
0
0
0
0

0.005
0
0
0
0
0
0
0
0
0
0

0.005
0
0

3.61
3.78
2.88
3.78

0
0

4.35
3.78
4.23
3.78
2.88
4.35
4.23
3.61

0
3.91
2.88
3.61
3.02
3.91
3.02
4.21
421

0
0

421
4.82
4.83
2.41
4.82
2.41
4.81
3.01

0
4.19
4.83
3.93
4.81
3.01
421
3.93
4.19

0
0

4.21
4.82
3.93
4.19
4.19
3.01
4.83
4.81

Eu203
0.52
0.55
0.39
0.55

0
0

1.57
0.55
1.53
0.55
0.39
1,57
1.53
0.52

0
1.41
0.39
0.52
0.44
1.41
0.44
0.61
0.61

0
0

0.61
0.68
0.62
0.35
0.68
0.35
0.7

0.44
0

0.62
0.62
0.54
0.7

0.44
0.61
0.54
0.62

0
0

0.61
0.68
0.54
0.62
0.62
0.44
0.62
0.7

.

Fe203
0.01

0
0
0

8.99
8.99

0.011
0

0.011
0
0

0.011
0.011
0.01
8.99
0.01

0
0.01

0
0.01

0
0.01
0.01
8.99
8.99

0
0
0

0.01
0

0.01
0

0.01
8.99

0
0
0
0

0.01
0
0
0

8.99
8.99

0
0
0
0
0

0.01
0
0

Gd205 I(26 - ‘-- ‘- - ‘- ‘-
1.25 0.005
1.34 0
0.7 0

1.34 0
0 0.04
0 0.04

0.7 0
1.34 0
0.68 0
1.34 0
0.7 0
0.7 0

0.68 0
125 0.005

0 0.04
0.63 0
0.7 0

1.25 0.005
1.21 0
0.63 0
1.21 0
1.46 0.005
1.46 0.005

0 0.04
0 0.04

1.46 0
1.7 0

1.67 0
0.83 0.005

1.7 0
0.83 0.005
1.67 0
1.04 0.005

0 0.04
1.94 0
1.67 0
1.7 0

1.67 0
1.04 0.005
1/46 o
1.7 0

1.94 0
0 0.04
0 0.04

1.46 0
1.7 0
1.7 0

1.94 0
1.94 0
1.04 0.005
1.67 0
1.67 0

<implies less than ttreindicated detection limit

Lazv3Mno
22.04 0.05
2U7 o
23.63 Q
21.77 0
0.42 1.34
0.42 1.34

21.55 0.05
21.77 0
21.65 0.049
21.77 0
23.63 0
21.55 0.05
21.65 0.049
22.04 0.05
0.42 1.34
21.9 0.045

23.63 0
22.04 0.05
2328 0
21.9 0.045

23.2S O
21.55 0.05
21.55 0.05
0.42 1.34
0.42 1.34

21.57 0
22.6 0

22.25 0
23.IX2 0.05
22.6 0

23.02 0.05
21.08 0
22.53 0.05
0.42 1.34

19.94 0
22.25 0
20.57 0
21.08 0
22.53 0.05
21.57 0
20.57, f o
19.94 0
0.42 1.34
0.42 1.34

21,57 0
22.6 0

20.57 0
19.94 0
19.94 0
22.53 0.05
22.25 0
21.08 0

0.C05
o
0
0

16.8
16.8

0
0
0
0
0
0
0

0.005
16.8

0
0

0.C05
o
0
0

0.005
0.005

16.8
16.8

0
0
0

0.005
0

0.W5
o

O.ms
16.8

0
0
0
0

0.C05
o
0
0

16.8
16.8

0
0
0
0
0

0.005
0
0

N6203 NiO
10.41 0.005
10.01 0
5.31 0

10.01 0
0 0.57
0 0.57

11.% o
10.01 0
11.61 0
10.01 0
5.31 0

11.% o
11.61 0
10.41 0,005

0 0.57
10.74 0
5.31 0

10.41 o.@35
7.82 0

10.74 0
7.82 0

12.15 0.005
12.15 0.005

0 0.57
0 0.57

12.16 0
9.29 0

13.14 0
6.94 0.005
9.29 0
6.94 0.005

13.89 0
8.67 0.1335

0 0.57
15.77 0
13.14 0
13.8 0

13.89 0
8.67 0.005

12.16 0
13.8 0

15.77 0
0 0.57
0 0.57

12.16 0
9.29 0
13.8 0

15.77 0
15.n o
8.67 0.005

13.14 0
13.89 0

PI-203 sio2
3.43 23.56
3.61 23.5
2.72 26.94
3.61 23.5

0 48.73
0 48.73

4.2 21.54
3.61 23.5
4.07 21.89
3.61 23.5
2.72 26.94
42 21.54

4.07 21.89
3.43 23.56

0 48.73
3.77 22.78
2.72 26.94
3.43 23.56
3.4 25.26

3.77 22.78
3.4 25.26

4.01 21.87
4.01 21.87

0 48.73
0 48.73

4.01 21.89
4.76 21.89
3.72 20.21
229 26.91
4.76 21.89
229 26.91
4.58 20.21
2.86 25.24

0 48.73
5.43 20.21
3.72 20.21
3.26 21.89
4,58 20.21
2.86 25,24
4.01 21.89
326 2L89
5.43 20.21

0 48.73
0 48.73

4.01 21.89
4.76 21.89
326 21.89
5.43 2021
5.43 20.21
2.86 2524
3.72 20.21
4.58 2021

sm203
2,28
2.45
1.26
2.45

0
0

2.84
2.45
2.76
2.45
1.26
2.84
2.76
228

0
2.55
126
228
1.92
2.55
1.92
2.66
2.66

0
0

2.66
2.2

2,52
1.52
2.2

1.52
3.04

1.9
0

2.84
2.52
3.17
3.04

1.9
2,66
3.17
2.84

0
0

2.66
22

3.17
2.84
2.84

1.9
2.52
3.04

Sro
2.04
2.05
2.33
2.05

0
0

1.86
2.05
1.89
2.05
2.33
1.86
1.89
2.04

0
1.97
2.33
2.04
2.18
1.97
2.18
1.89
1.89

0
0

1.89
1.89
1.75
2.33
1.89
2.33
1.75
2.18

0
1.75
1.75
1.89
1.75
2.18
1.89
1.89
1.75

0
0

1.89
1.89
1.89
1.75
1.75
2.18
1.75
1.75

Concentrations are expressed as weight pereente.
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TableAl: MeasuredandTargetCompositions(Lithium-metaborateDissolutionMethod)

Bhwk
3-2
3.2
3.2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-1
4-2
.4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2
4-2

Rua Glas
order 333

105 5A
106 ACI-13
107 ACI-11
108 AC1-12
1C9 AC1-23
110 AC1-22
111 AC1-15
112 AC1-22
113 AC1-21
114 RA
115 EA
116 ARM
117 AC1-07
118 ACI-26
119 AC1-31
120 AC1-27
121 AC1J33
122 AC1-05
123 AC1JJ4
124 5A
125 ARM
126 ACI-07
127 AC1-04
128 AC1-03
129 AC1-05
130 AC1-31
131 AC1-27
132 AC1-26
133 EA
134 M
135 AC1-26
136 AC1-05
137 AC1-31
138 ARM
139 AC1-04
140 AC1-03
141 ACIJM
142 ACI-27
143 S.4
144 AC1-31
145 AC1-03
146 AC1-07
147 ACI-27
148 ARM
149 AC1-05
150 AC1-26
151 AC1-07
152 IA

Glass
#
o
13
11
12
23
22
15
22
21
0
0

100
7
26
3i
27
3
5
4
0

lCO
1
4
3
5
31
27
26
0
0
26
5
31
lCO
4
3
4
27
0
31
3
7

27
100
5
26
7
0

Lab Lab
# m
o elro322
12 w12-lm12
3 W03-IM22
15 W15-IM22
9 W09-IM22
7 wv7-hn22
19 w19-lm22
7 r@7-lrn12
2 wo2-ha12
o ekn323
o .drn411
10 W104M21
8 w+38-1M21
5 w05-lml 1
1 wO1-lml1
11 WII-1M21
13 w13-lmll
6 w05-lml 1
4 w04-lml 1
0 elnr412
10 Wlo-hnl 1
8 w08-lml 1
4 wo4-lm21
13 w13-krr21
6 wQ6-hn21
1 wol-hn21
11 wll-lmll
5 W05-IIM!l
o elrn413
o etm421
5 w05-hn22
6 wo6-hn22
1 wol-lm22
10 W1O-3M12
4 w04-lm12
13 W13-IM22
4 Wo44m22
11 W1l-1M22
o elm422
1 wO1-lm12
13 w13-lm12
8 w08-hn12
11 wll-hn12
10 W1O-1M22
6 w36-lm12
5 w05-lm12
8 w08-IM22
o elm 423

Orig - original vslrre$ Cor - Correzted (shaded) Valrreq

A1203 C@
3.7 1.12

16.17 0
16.17 0
16.17 0
18.63 O.IM5
19.88 0.IM5
14.92 0
19.88 0.IM5
14.%2 o

3.7 1.12
3.7 1.12

5.59 2.23
18.65 0
14.91 0.005
17.41 0
17.27 0
19.9 0

18,65 0
19.9 0
3.7 1.12

5.59 2.23
18.65 0
19.9 0
19.9 0

18.65 0
17.41 0
17.27 0
14.91 0.C05

3.7 1.12
3.7 1.12

14.91 0.005
18.65 0
17.41 0
5.59 223
19.9 0
19.9 0
19.9 0

17.27 0
3.7 1.12

17.41 0
19.9 0

18.65 0
17.27 0
5.59 2.23

18.65 0
14.91 0.005
18.65 0

3.7 1.12

C4203
o

4.58
428
5.21
3.27
2.62
624
2.62
5.24

0
0

1.44
3.27
5.24

4
4.07
3.12
3.9

2.62
0

1.44
3.27
2,62
3.12
3.9

4
4.07
5.24

0
0

5.24
3.9

4
L44
2.62
3.12
2.62
4.07

0
4

3.12
3.27
4.07
1.44
3.9

5.24
3.27

0

cr203
o
0
0
0

O.m
o.@35

o
0.IX35

o
0
0
0
0

0.005
0
0
0
0
0
0
0
0
0
0
0
0
0

0.005
0
0

0.CQ5
o
0
0
0
0
0
0
0
0
0
0
0
0
0

0.005
0
0

Er203
o

4.21
3.93
4.82
3.01
2.41
4.83
2.41
4.81

0
0
0

3.01
4.81
3.62
3.7
2.9
3.2

2.41
0
0

3.01
2.41
2.9
3.2

3.62
3.7

4.81
0
0

4.81
3.2

3.62
0

2.41
2.9

2.41
3.7

0
3.62
2.9

3.01
3.7

0
3.2

4.81
3.01

0

Eu203
o

0.61
0.54
0.68
0.44
0.35
0.62
0.35
0.7

0
0
0

0.44
0.7

1.31
1.33
0.39
0.44
0.35

0
0

0.44
0.35
0.39
044
1.31
1.33
0.7

0
0

0.7
0.44
1.31

0
0.35
0.39
0.35
1.33

0
1.31
0.39
0.44
1.33

0
044
0.7

0.44
0

Fe203
8.99

0
0
0

0.01
0.01

0
0.01

0
8.99
8.99

0
0

0.01
0.009
0.009

0
0
0

8.99
0
0
0
0
0

0.009
0.009
0,01
8,99
8.99
0.01

0
0.009

0
0
0
0

0.009
8.99

0.009
0
0

0.009
0
0

0,01
0

8.99

Gd20i K20 ------ -.. m-

0 0.04
1.46 0

1.7 0
1.7 0

1.04 0.005
0.83 0.005
1.67 0
0.83 0.005
1.67 0

0 0.04
0 0.04
00

1.04 0
1.67 0.005
0.58 0
0.59 0
0.7 0

1.04 0
0.83 0

0 0.04
00

1.04 0
0.83 0

0.7 0
1.04 0
0.58 0
0.59 0
1.67 O.(X)5

o 0404
0 0.04

1.67 0.005
1.04 0
0.58 0

00
0.83 0
0.7 0

0.83 0
0.59 0

0 0.04
0.58 0
0.7 0

1.04 0
0.59 0

00
1.04 0
1.67 0.005
1.04 0

0 0.04

Lazv> mum N8ZV
0.42 1.34 16.8

21.57 0 0
20.57 0 0
22.6 0 0

22.53 0.05 0.005
23.02 0.05 0.C4)5
22.25 0 0
23.02 0.05 0.005
21.08 0 0
0.42 1.34 16.8
0.42 1.34 16.8

00 9.67
22.55 0 0
21.06 0.05 0.005
22.13 0.042 0
22.07 0.043 0
22.47 0 0
21.84 0 0
23.04 0 0
0.42 1.34 16.8

00 9.67
22.55 0 0
23.04 0 0
22.47 0 0
21.84 0 0
22.13 0.042 0
22.07 0.043 0
21.06 0.05 o.@35
0.42 1.34 16.8
0.42 1.34 16.8

21.06 0.05 0.005
21.84 0 0
22.13 0.042 0

00 9.67
23.04 0 0
22.47 0 0
23.04 0 0
22.07 0.043 0
0.42 1.34 16.8

22.13 0.042 0
22.47 I 1 0 0
22.55 0 0
22.07 0.043 “ o

00 9.67
21.84 0 0
21.06 0.05 0.005
22.55 0 0
0.42 1.34 16.8

< implies less than the indicated detection limit

Nd203 NIO
o 0.57

12.16 0
13.8 0
9.29 0
8.67 0.005
6.94 0.005

13.14 0
6.94 0.005

13,89 0
0 0.57
0 0.57

5.96 0
8.68 0

13.88 0.005
9.95 0

10.15 0
6.45 0
9.43 0
6.95 0

0 0.57
5.96 0
8.68 0
6.95 0
6.45 0
9.43 0
9.95 0

10.15 0
13.88 0.005

0 0.57
0 0.57

13.88 0.005
9.43 0
9.95 0
5.96 0
6.95 0
6.45 0
6.95 0

10.15 0
0 0.57

9.95 0
6.45 0
8.68 0

10.15 0
5.96 0
9.43 0

13.88 0.005
8.68 0

0 0.57

Fr203 sio2
O 48.73

4.01 21.89
3.26 2L89
4.76 21.89
2.86 25.24
2.29 26.91
3.72 2021
2,29 26.91
4.58 20.21

0 48.73
0 48.73
0 46.5

2.86 25.26
4,58 20.19
3.49 23.58
3.56 23.38
2.72 26.94
2.33 25.26
2.29 26.94

0 48.73
0 46.5

2.86 25.26
2.29 26.94
2.72 26.94
2.33 25.26
3.49 23.58
3.56 23.38
4.58 20.19

0 48.73
0 48.73

4.58 20.19
2.33 25.26
3.49 23.58

0 46.5
2.29 26.94
2.72 26.94
2.29 26.94
3.56 23.38

0 48.73
3.49 23.58
2.72 26,94
2.86 25.26
3.56 23.38

0 46.5
2.33 25.26
4.58 20.19
2.86 25.26

0 48.73

RevisionO
PageA9

SM203 Sro
00

2.66 1.89
3.17 1.89
2.2 1.89
1.9 2.18

1.52 2.33
2.52 1.75
1.52 2.33
3.04 1.75

00
00
0 0.45

1,9 2,18
3.04 1.75
2;36 2,04
2.41 2.02
1.26 2,33
1.58 2.18
1.52 2.33

00
0 0.45

1.9 2.18
1.52 2.33
1.26 2.33
1.58 2.18
2.36 2.04
2.41 2.02
3.04 1.75

00
00

3.04 1.75
1.58 2.18
2.36 2.04

0 0.45
1.52 2.33
1.26 2.33
1.52 2.33
2.41 2.02

00
2.36 2.04
1.26 2.33

1.9 2.18
2.41 2,02

0 0.45
1.58 2.18
3.04 1.75

1.9 2.18
00

Concentrations are expressed as weight pereents.
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AppendixA
TableAA MeasuredandTargetCompositions(PeroxideFusionDissolutionMethod)

Block
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-1
1-2
1-2
1-2
)-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
1-2
2-1
2-1
2-1
2rl
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-1
2-I
2-1
2-1
2-1
2-1
2-1

RnO
order

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

Ghtss
m
EA

ACI-07
ACI-11
ACI-14
AC1-05
AC144
AC1-11
AC1-03
ACI-26
AC1-21
AC1-21
AC1-03

32A
AC1-14
ACI-05
AC1-23
ACI-07
AC1-04
AC1-22
AC1-31
AC1-22
AC1-31
AC1-23
AC1-26

EA
33A

AC1-26
AC1-21
AC1-26
AC1U7
AC1-31
ACI-04
ACI-05
ACI-22
AC1-23
AC1-07
ACI-21

EA
AC1-14
AC1-22
ACI-03
ACI-11
AC1-03
AC1-11
AC1-14
AC1-23
ACM5
AC1-04
AC1-31

EA
33A

AC1-2.5
AC1-30
AC1-20
ACI-06
ACI-25
AC1.09
AC1-W
AC1-08
ACI-12
AC1-09
AC1-13

33A
AC1.01
AC1-06
AC1-02
AC1-OZ
ACI-10
ACI-01
AC1-12
ACI-30
AC1-20
ACI-13
AC1-10

Glass
#

o
7

11
14
5
4

11
3

26
21
21
3
0

14
5

23
7
4

22
31
22
31
23
26
0
0

26
21
26
7

31
4
5

22
23
7

21
0

14
22

3
11
3

11
14
23

5
4

31
0
0

25
30
20

6
25
9
8
8

12
9

13
0
1
6
2
2

10
1

12
30
20
13
10

Lab Lab
# w

o 9ftIl
8 u08-PP21
3 wa-pff 1

16 wl@f21
6 w3@P21
4 wo4-pf21
3 wo3-pf21

13 w13-pt21
5 wo5-pfzl
2 Wo2-pfx
2 Wo2-pfl1

13 w13-pfll
o epf112

16 wl&pfll
6 uQ@fl 1
9 Wo9-pfl1
8 uOS-pfI1
4 WcM-pfl1
7 uo7-pf21
1 MN-pm
7 W07-pfll
1 WOl-pfll
9 wo9-pf21
5 W(M-pfl1
0 epfl13
O epf121
5 WM-pm
2 wo2-pft2
5 wWpf12
8 w08-Pf12
1 wa-pf12
4 wo4-pf12

6wQ15-i@
7 wQ7-pf12

9-
8 w08-Pf22
2 wo2-pf22
o epf’m

16 W16-pf22
7 wo7-pt22

13 Wn-pfn
3 wW+f12

13 w13-pf12
3 WW@2

16 wl@f12
9 w09-p#12
6 w06-Pf12
4 W04@2
1 WOl-pm
O epff23
o ept’nl

17 w17-pf21
14 w14-@l
20 W20-pfll
23 w25-pfll
17 w17-pftl
23 w23-pfll
24 w24-pPzl
24 W24-pfll
15 w15-pfzl
23 w23-pf21
12 w12-pf21
o e@-212

26 w26+21
25 w25-pf21
29 w29-pff 1
29 w29-pt’21
28 w28-PP21
26 W2&pfll
15 w15-pftl
14 w14-pf21
20 W20@21
12 w12-pfll
2$ W28-pft1

B
3.4

3.04
2.52
2.6

3.05
334
2.55
3.19
2.49
2.75
2.72
3.08
3.41
2.64
3.06
3.05
3.02
329
3.21
2.92
3.16
2.91
3.01
2.38
3.35
3.65
2.6

3.04
2.42

3.1
2.93

3.3
3.2

3.49
3.05
3.2

286
3.47
2.78
329
3.32
2.74
326
2.4s
261
3.07
3.03
3.38
2.91
3.55
3.29
237
2.48
2.47
3.oa
255
273
2.57
2.57
2.41
3.04
2.45
324
226
2.87
2.92
3.02
2.68
2.22
237
2.42
2.41
2.37
2.62

Id
2.2

4.050
4.050
4.050
4.050
4.050
4.050
4.0s3
4.050
4.050
4.050
4.050

1.98
4.050
U3.050
4.050
4.050
dl.oso
4.050
4.050
4.050
4.050
4.050
4.050

1.%
1.94

4.0s3
4.050
4.050
4.050
4.050
a3.050
4.050
4.050
4.050
4.050
4.050

1.9
4.050
4.050
4.050
4.050
4.054
4.050
4.050
4.0543
CO.050
4.050
4.050

1.9
1.95

‘CO.OSI
4.050
4.050
4.050
4.050
4.050
‘43.050
4.050
4.050
4.050
4.050

1.8
4.050
4.050
4.050
4.030
4.050
4.050
4.050
4.050
4.050
4,050
4.050

B203
10.948
9.788
8.114
8.372
9.821

10.754
8211

10271
8.018
8.855
8.758
9.917
10.98
8.501
9.853
9.821
9.724

10.593
10.336
9.402

10.175
9.37

9.692
7.663

10.787
11.753
8.372
9.788
7.792
9.982
9.434

10.626
10304
11237
9.821

10304
9.209

11.173
8.951

10.593
10.69
8.823

10.497
7.985
8.404
9.885
9.756

10.883
9.37

11.431
10.593
8.275
7.985
7.953
9.788
8.211
8.79

8.275
8275
7.76

9.788
7.ss9

10.432
7.277
9.241
9.402
9.724
8.629
7.148
8.275
7.792

7.76
7.631
8.436

Li20
4.736
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.034
0.054
0.054
4.263
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.?2

4.177
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.091
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.091
4.198
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
3.875
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054

B’203
(Bias Cm-a&d)

11.344
10.143
8.40S
8.675

10.177
11.144
8308

10.644
8.308
9.176
9.076

10277
11.378
8.S09
1021

10.177
Io.on
lo.9n
10.711
9.743

10.544
9.71

10.043
7.94i

11.178
11597
8.261
9.658
7.6s9
9.849
9.309

10.485
10.167
11.088

9.69
10.167
9.087

11.025
8.832

10.453
10.548
8.705

10357
7.879
8292
9.754
9.627

10.739
9.245

112.79
11.57
9.038
8.721
8.686
10.69
8.%7

9.6
9,038
9.038
8.475
10.69
8.616

11.394
7.948

10.093
10.26s
10.62
9.424
7.807
9.038

8.51
8.475
8.334
9.213

WSRC-TR-99-OO055
RevisionO
PageAU

Target Compw?ttkms

B203 L&lo
11.3

10.16
8.8

8.12
10.16
10.83

8.8
10.83
8.11
8.12
8.12

10.83
11.3
8.12

10.16
10.15
10.16
10.83
10.82
9.48

10.82
9.48

10.15
8.11
11.3
113
8.11
8.12
8.11

10.16
9.4s

10.83
10.16
10.82
10.15
10.16
8.12
113
8.12

10.82
10.83

8.8
10.83

8.8
8.12

10.15
10.16
10.83
9.48
11.3
11.3
8.79
8.66
8.8

10.16
8.79
9.48
9.48
9.48
8.8

9.48
8.8

11.3
9.49

10.16
10.83
10.83
9.4s
9.49

8.8
8.66
8.8
8.8

9.4s

4.26
0
0
0
0
0
0
0
0
0
0
0

4.26
0
0
0
0
0
0
0
0
0
0
0

4.26
426

0
0
0
0
0
0
0
0
0
0
0

4.26
0
0
0
o’
0
0
0
0
0
0
0

426
4.26

0
0
0
0
0
0
0
0
0
0
0

426
0
0
0
0
0
0
0
0
0
0
0

c implies leas than the indicated detection hnit Concentrations are expressed as weight percents.



AppendixA
TableA.2 MeasuredandTargetCompositions(PeroxideFusionDissolutionMethod)

Black
2-1
2-2
2-2
>2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2-2
2.2
2-2
2-2
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-1
3-2
3-2
3-2
>2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
3-2
%2
3-2
3-2

Run
order

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
%
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
11s
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
MO
141
142
143
144
145
146

m
EA
EA

ACI-30
AC141Z
AC1-30
ACI-10
AC1J29
AC1-01
ACI-20
AC1-25
AC1-10
AC1-13
AC1-08

EA
AC1-08
ACI-01
ACI-12
ACW25
ACIQ
AC146
AC1-12
AC1-20
AC1-13
AC1-09
ACI-06

33A
EA

AC1-18
AC1-16
AC1-24
AC1-27
AC1-24
ARM

AC1-29
AaM

AC1-27
33A

AC1-15
ACI-15
ACI-29
AC1-19
AC1-17
ACI-28
AC1-17
ACI-23
ACI-16
ACI-18
AC1-19

33A
EA

AC1-16
AC1-17
Aabl

AC1-15
AC1-19
ACI-17
AC1-19
AC1-27
AC1-18

33A
AC1-29

AC1-15
AC1-24
AC1-18
AC1-28
AC1-29
AC1-28
ACI-24
AC1-27
AC1-16

EA

Glass
#

o
0
30
2

30
10
9
1

m
25
10
13
8
0
8
1

12
25
2
6

12
m
13
9
6
0
0

18
16
24
27
24

100
29

100
27
0

15
15
29
19
17
28
17
28
16
18
19
0
0

16
17

100
15
19
17
19
27
18
0

29
100

15
24
18
23
29
28
24
27
16
0

Lab L8b
# ID

o e@13
o Cpfzll

14 w14-pt22
29 w29+$12
14 w14-pf12
28 w23-pf12
23 w23-pF12
26 w26-pf22
20 vL2qfY2
17 w17-Ff12
28 w28-pP22
12 wIqf12
24 w24-pf12
o epf222

24 w24-pt22
26 w26-Pf12
15 w15-pf22
17 wi7-pe22
29 w29-@2
23 W25@22
15 w15-pf12
20 w2@f22
12 w12-pf2.2
23 w23-@2
25 w25-pf12
o @223
o epf311

31 W31-pfll
27 w27-Pfl 1
18 will-pf’11
11 wl@f21
18 w18-@l
10 Wlo-pfll
21 w21-pf21
10 wlqP21
11 W1l-pfll
O epf312

19 w19-pfll
19 w19-pf21
21 W21-pfll

30 -1
22 w22-pfll
32 w32-Pfll
22 w22pt21
32 w32+f21
n w27-pf21
31 w31-pf21
30 Wm-pfl 1
0 epf313
o epf321

27 w27-Pf12
22 w22-pf22
10 wlc@2
19 w19-pf12
30” w3@pF12
22 w22-pf12
30 w3@pf22
11 W11+4-12
31 W31-pfz?
o ept322

21 w21-pf12
10 wlo-pf22
19 w19-pf22
18 w18-@.2
31 w31-Pf12
32 w32-Pf12
21 W21-pfn
32 w32-Pf22
18 w18-Pfi2
11 W1l-pfz
n ti7-pf22
O epM23

B
3.11
3.57
258
3.34
259
Z7

2.78
2.37
2.56
244
2.74
2.57
2.83
328
2.76
2.28
234
254
3.14
2.95
2.58
2.45
234
2.58
2.84

3.3
3.4

3.09
2.72
2.84
2.74
2.8

3.62
2.56
3.62
2.79
3.49
2.34
2.49
2.59
2.43
3.11
238
3.17
2.74
2.72
2.78
2.35
3.33
355
2.78
3.13
3.63
243
2.41
3.12
234
283
2.83
3.09
2.59

3.5
226
2.71
2.85
2.63
2.54
2.58
2.74
2.63
26

3.25

u
1.76
2.05

4.050
4.050
.m.030
4.OXI
4.050
4.050
4.050
4.050
4.050
4.050
43.050

2
4.050
-mow
4.OW
80.050
43.050
4.050
4.050
d).050
4.050
4.050
4.0$1

1.92
2.12

0.164
-4.050
4.050
4.050
.s).050

2.27
4.054

2.06
4.050

2.19
4.050
4.050
405JI
4050
4.050
4.050
4.030
4050
U3.050
4.050
4.050

1.95
22

4.050
4.050

2.11
4.050
4.050
4.054
4.050
4.050
4.050

1.9
4.050

2.29
4.050
4.050

0.267
4.054J
4.050
4.050
4.050
4.050
Ulo50

1.91

B203
10.014
11.495
8.307

10.754
8.34

8.694
8.951
7.631
8.243
7.857
8.823
8275
9.112

10.561
8.887
7.341
8.179
8.179
10.11
9.499
8307
7.889
7.535
8307
9.145

1.0.626
10.948
9.949
8.758
9.145
8.823
9.016

11.656
8243

11.656
8.984

11237
7.535
8.018
834

7.824
10.014
8307

10207
8.823
8.758
8.951
7367

10.722
11.431
8.951

10.078
11.688
7.824
.7.76

10.046
7.535
9.112
9.112
9.949

8.34
11,27
7.277
8.726
9.r77
8.468
8.179
8.307
8.823
8.468
8.3Z?

10.465

L420
3.789
4.413
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.306
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.134
4.564
0.353
0.054
0.054
0.054
0.054
4.887
0:054
4.435
0.054
4.715
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
0.054
4.198
4.736
0.054
0.054
4.543
0.054
0.054
0.054
0.054
0.054
0.054
4.091
0.054
4.93

0.054
0.054
0375
0.054
0.054
0.054
0.054
0.054
0.054
4.112

B203
(BiasCon’ected)

10.937
11.923
8.617

11.155
8.65

9.018
9.285
7.916

8.55
8.149
9.151
8.584
9.452

10.955
9.218
7.615
8.483
8.483

10.487
9.853
8.617
8.183
7.81S
8.617-
9.485

11.022
11278
1025
9.022
9.42

9.089
9288

12.008
8.492

12.OC$
9.254

11.576
7.762
8259
8.591
8.06

10.316
8.558

10.515
9.089
9.022
9.2X
7.795

11.046
12.168
9.529

10.729
12.443
8.329
8.261

10.694
8.021

9.7
9.7

10.592
8.878

11.997
7.747
9.289
9.769
9.015
8.706
8.843
9.392
9.015
8.912
11.14

.

WSRC-TR-99-OO055
RevisionO
PageA12

Target Compositions

B203 3.120
11.3
11.3
8.66

10.83
8.66
9.48
9.48
9.49

8.8
8.79
9.48

8.8
9.48
11.3
9.48
9.49
8.8

8.79
10.83
10.16

8.8
8.8
8.8

9.48
10.16
11.3
11.3

10.16
8.12
9.47
9.4

9.47
11.3
8.8

11.3
9.4

113
8.12
8.12
8.8

9.48
10.83
9.16

10.83
9.16
8.12

10.16
9.48
11.3
11.3
8.12

10.83
11.3
8.12
9.48

10.83
9.48
9.4

10.16
113
8.8

113
8.12
9.47

10.16
9.16

8.8
9.16
9.47
9.4

8.12
113

4.26
4.26

0
0
0
0
0
0
0
0
0
0
0

4.26
0
0
0
0
0
0
0
0
0
0
0

4.26
4.26

0
0
0
0
0

5.08
0

5.08
0

4.26
0
0
0
0
0
0
0
0
0
0
0

4.26
4.26

0
0

5.08
0
0
0
0
0
0

426
0

5.08
0
0
0
0
0
0
0
0
0

4.26

< implies less than the indicated detection liit Concentrations are expressed as weight percents.



.

.

Appendix A WSRC-TR-99-OO055

Table A.3: Comparisons of Target Versus Measured Oxide Concentrations Revision O

Page A13

A1203 B203 CaO
Short % Rel Bw Cor. % Rel Dti % Rel

GlassID Target Mess Diff Target Mess Block Mess BC Target Mess Dti
O(EA) 3.700 3.726 0.7% 11.30010.864 11.300 -3.9% 0.0% 1.120 1.070 -4.591

1 17.31014.530 -16.1% 9.490 7.349 7.821 -22.6% -17.6% O.000 0.033
2 19.90019.126 -3.9% 10.830 9.998 10.633 -7.7% -1.8% O.000 0.035
3 19.90017.624 -11.4% 10.83010.344 10.457 -4.5% -3.4% O.000 0.010
4 19.90018.503 -7.0% 10.83010.714 10.836 -1.1% 0.1% O.000 0.012
5 18.65017.228 -7.6% 10.160 9.933 10.045 -2.2% -1.1% O.000 0.009
6 18.65018.045 -3.2% 10.160 9.418 10.030 -7.3% -1.3% O.000 0.037
7 18.65018.016 -3.4% 10.160 9.949 10.059 -2.1% -1.0% O.000 0.012
8 17.41016.812 -3.4% 9.480 8.637 9.186 -8.9% -3.1% O.000 0.021
9 17.41017.322 -0.5% 9.480 8.959 9.548 -5.5% 0.7% O.000 0.015
10 17.41017.006 -2.3% 9.480 8.645 9.202 -8.8% -2.9% --0.000 0.015
11 16.17014.280 -11.7% 8.800 8.283 8.375 -5.9% -4.8% O.000 0.022
12 16.17015.508 -4.1% 8.800 8.130 8.653 -7.6% -1.7% O.000 0.020
13 16.17015.130 -6.4% 8.800 7.832 8.337-1 1.0% -5.3% O.000 0.021
14 14.92015.281 2.4% 8.120 8.557 8.652 5.4% 6.6% O.000 0.021
H 14.92014.663 -1.7% 8.120 7.663 8.024 -5.6% -1.2% O.000 0.019
16 14.92016.339 9.5% 8.120 8.710 9.121 7.3% 12.3% 0.000 0.015
17 19.90020.170 1.4% 10.83010.086 10.564 -6.9% -2.5% O.000 0.017
18 18.65018.106 -2.9% 10.160 9.297 9.735 -8.5% -4.2% O.000 0.017
19 17.41015.073 -13.4% 9.480 7.671 8.034 -19.1% -15.3% O.000 0.014
20 16.17015.990 -1.1% 8.800 7.961 8.473 -9.5% -3.7% O.000 0.014
21 14.92016.278 9.1% 8.120 9.153 9.249 12.7% 13.9% 0.000 0.018
22 19.88018.744 -5.7% 9.91010.585 10.699 6.8% 8.0% 0.005 0.031 529.6%
23 18.63018.257 -2.0% 9.300 9.805 9.916 5.4% 6.6% 0.005 0.028 452.7%
24 17.39016.349 -6.0% 8.670 8.927 9.347 3.0% 7.8% 0.005 0.033 557.6%
25 16.15015.820 -2.0% 8.050 8.130 8.659 1.0% 7.6% 0.005 0.042 739.5%
26 14.91013.614 -8.7% 7.430 7.961 8.050 7.1% 8.3% 0.005 0.014 172.8!X
27 17.27015.688 -9.2% 9.400 8.847 9.265 -5.9% -1.4% O.000 0.012
28 16.82015.843 -5.8% 9.070 8.476 8.876 -6.5% -2.1% 0.000 0.032
29 16.17016.325 1.0% 8.800 8.275 8.667 -6.0% -1.5% O.000 0.041
30 15.91015.371 -3.4% 8.660 8.106 8.625 -6.4% -0.4% O.000 0.031
31 17.41015.829 -9.1% 9.480 9.394 9.502 -0.9% 0.2% O.000 0.009

100(ARM) 5.590 5.626 0.6% 11.30011.567 12.114 2.4% 7.2% 2.230 2.281 2.394
Mia -16.1% -22.696 -17.6% -4.59
Avg -3.9% -3.7% 0.1% 350.09?
Max 9.5% 12.7% 13.9% 739.5%



Appendix A WSRC-TR-99-OO055
Table A.3: Comparisons of Target Versus Measured Oxide Concentrations Revision O

Short
GlaasID
O(EA)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2g ‘.
29~.

00 %Rlw
Mill
Avg
Max

Ce203
% Rel

l’arget Meas Diff
0.000 0.293
4.1504.589 10.6~
3.120 3.007 -3.69i
3.120 2.943 -5.7%
2.620 2.457 -6.291
3.900 3.619 -7.2%
2.660 2.556 -3.9%
3.270 3.025 -7.5!%
3.940 3.725 -5.59?
3.200 2.975 -7.0’3
3.930 3.728 -5.l!Z
4.280 3.857 -9.9%
5.210 4.779 -8.39i
4.580 4.047 -11.69i
4.260 3.982 -6.5%
6.240 5.602 -10.291
5.240 3.903 -25.5$?
2.620 2.483 -5.2%
3.270 3.136 -4.1$X
3.930 4.823 22.7’3
4.580 4.205 -8.2$
5.240 3.836 -26.8fl
2.620 2.521 -3.8$
3.270 3.113 -4.8%
3.930 3.564 -9.3%
4.580 4.363 -4.7$
5.240 4.779 -8.89i
4.070 3.883 -4.6$?
4.310 3.801 -11.89
4.6604.635 -0.5%
4.8004.551 -5.2%
4.000 3.845 -3.9~
1.440 1.288 -10.5~

-26.89
-6.39
22.79

Cr203
% Rel

Target Meas Dti
O.000 0.073
0.0000.073
0.0000.073
0.0000.073
0.000 0.073
0.0000.073
0.0000.073
0.0000.073
0.000 0.073
0.0000.073
0.000 0.073
0.0000.073
0.0000.073
0.000 0.073
0.000 0.073
0.0000.073
0.0000.073
0.000 0.073
0.0000.073
0.0000.073
0.0000.073
0.0000.073
0.005 0.073 1361.69
0.005 0.073 1361.69
0.005 0.073 1361.69
0.005 0.073 1361.69
0.005 0.0731361.69
0.000 0.073
0.0000.073
0.0000.073
0.0000.073
0.0000.073
0.0000.073

1361.69
1361.69
1361.69

Er203 i
% Rel

rarget Meas Diff
0.0000.692
3.780 4.748 25.6%
2.880 2.876 -0.1%
2.900 2.913 0.5%
2.410 2.336 -3.1%
3.200 3.153 -1.5%
3.020 2.913 -3.5%
3.010 2.945 -2.2’%
4.3504.211 -3.2%
2.920 2.756 -5.6%
3.610 3.568 -1.2%
3.930 4.057 3.2%
4.820 4.497 -6.7%
4.210 3.965 -5.8%
4.190 3.742 -10.7%
4.8304.631 -4.1%
4.810 3.622 -24.7%
2.410 2.404 -0.2%
3.010 2.813 -6.5%
3.6104.488 24.3%
4.210 4.159 -1.2%
4.8103.588 -25.4%
2.410 2.376 -1.4%
3.0102.982 -0.9%
3.610 3.408 -5.6%
4.2104.074 -3.2%
4.8104.614 -4.1%
3.700 3.611 -2.4%
3.910 3.639 -6.9%
4.230 4.217 -0.3%
4.3504.257 -2.1%
3.620 3.588 -0.9%
0.000 3.422

-25.4%
-2.6%
25.6%

Page A14

Eu203 I

I’arget Mess
O.000 0.006
0.550 0.671
0.390 0.376
0.3900.362
0.3500.330
0.440 0.406
0.4400.425
0.4400.429
0.470 0.457
0.490 0.465

.0.5200.516
0.5400.586
0.680 0.635
0.6100.606
0.6200.535
0.6200.617
0.7000.535
0.350 0.359
0.440 0.426
0.520 0.660
0.6100.608
0.7000.515
0.350 0.343
0.4400.432
0.5200.490
0.6100.602
0.7000.633
1.330 1.219
1.410 1.311
1.530 1.497
1.570 1.508
1.310 1.193

% Rel
Diff

21.9%
-3.5%
-7.1%
-5.7%
-7.6%
-3.5%
-2.5%
-2.8%
-5.0%
-0.7%
8.4%

-6.6%
-0.6%

-13.7%
-0.5%

-23.6%
2.6%

-3.2%
26.9%
-0.2%

-26.4%
-1.9%
-1.9%
-5.8%
-1.2%
-9.6%
-8.4%
-7.0%
-2.2%
-3.9%
-9.0%

=

O.000 0.012
-26.4%

-3.4%
26.9%

.



Appendix A WSRC-TR-99-OO055

Table A.3: Comparisons of Target Versus Measured Oxide Concentrations Revision O
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Short
GlassID
O(EA)

1
2
3
4
5
6
7
8
9
10
H
n
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
21i
29
30
31

100(ARM)
Mill
Avg
Max

Fe203
%R

l“arget Meas Dti
8.990 8.473 -5.7
0.000 0.030
0.000 0.033
0.000 0.054
0.000 0.052
0.000 0.041
0.000 0.033
0.000 0.048
0.000 0.068
0.000 0.067
0.000 0.063
0.000 0.019
0.0000.021
0.000 0.024
0.000 0.020
0.000 0.021
0.000 0.061
0.000 0.074
0.000 0.068
0.000 0.059
0.000 0.071
0.000 0.019
0.010 0.029 193.1
0.010 0.027 171.6
0.0100.037271.7
0.0100.042318.2
0.0100.058479.0
0.009 0.039332.9
0.0100.035250.3
0.011 0.039254.2
0.011 0.036224.9
0.0090.048436.1
0.0000.038

-5.7
266.0
479.0

Gd203 I K20
% Rel % Rel

rarget Mess Diff Target Meas Diff
0.0000.029 0.0400.090 125.9%
1.340 1.663 24.1% O.000 0.090
0.700 0.708 1.2% O.000 0.090
0.700 0.741 5.8% O.000 0.090
0.830 0.871 4.9% O.000 0.090
1.040 1.004 -3.4% O.000 0.090
1.210 1.166 -3.7% O.000 0.090
1.040 1.043 0.3% O.000 0.090
1.450 1.432 -1.2% O.000 0.090
1.070 0.902 -15.7% O.000 0.090
1.250 1.187 -5.0% O.000 0.090
1.700 1.905 12.0% O.000 0.090
1.700 1.521 -10.5% O.000 0.090
1.460 1.530 4.8% O.000 0.090
1.940 1.726-1 1.0% O.000 0.090
1.670 1.550 -7.2% O.000 0.090
1.670 1.374 -17.7% O.000 0.090
0.8300.830 o.o%o O.000 0.090
1.0400.947 -9.0% O.000 0.090
1.250 1.493 19.4% O.000 0.090
1.460 1.357 -7.0% O.000 0.090
1.670 1.262 -24.4% O.000 0.090
0.8300.784 -5.6% 0.005 0.090 1706.9%
1.040 1.030 -0.9% 0.005 0.090 1706.9%
1.250 1.121 -10.3% 0.005 0.090 1706.9%
1.460 1.441 -1.3% 0.005 0.090 1706.9%
1.670 1.544 -7.5% 0.005 0.090 1706.9%
0.5900.607 3.0% O.000 0.090 .
0.630 0.620 -1.6% O.000 0.090
0.680 0.630 -7.4% O.000 0.090
0.700 0.634 -9.5% O.000 0.090
0.580 0.635 9.5% O.000 0.090

La203

Target Mess
0.420 0.547

21.77020.143
23.63023.016
22.47021.492
23.04021.961
21.84020.377
23.28021.580
22.55021.697
22.94022.225
21.20020.671
22.06021.785
20.57019.175
22.60021.580
21.57020.084
19.94019.439
22.25021.638
21.08020.436
23.04022.782
22.55021.550
22.06021.110
21.57021.081
21.08020.319
23.02021.873
22.530 2L667
22.04020.201
21.55020.553
21.06019.703
22.07020.465
21.90020.172
21.65021.433
21.55021.140
22.13020.759

% Rel
DiH

30.3%
-7.5%
-2.6%
-4.4%
-4.7%
-6.7%
-7.3%
-3.8%
-3.1%
-2.5%
-1.2%
-6.8%
-4.5%
-6.9%
-2.5%
-2.7%
-3.1%
-1.1%
-4.4%
-4.3%
-2.3%
-3.6%
-5.0%
-3.8%
-8.3%
-4.6%
-6.4%
-7.3%
-7.9%
-1.0%
-1.9%
-6.2%

O.000 0.109
-8.3%
-3.4%
30.3%
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Table A3: Comparisons of Target Versus Measured Oxide Concentrations Revision O
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Short
GlassID
O(EA)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
245
27
23
29
30
31

...

.,..

[00 (ARM]
Min
Avg
Max

Liio
% Rel

I’argetMeas Diff
4.260 4.262 0.09i
O.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.000 0.054
0.0000.054
0.000 0.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.259
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
0.0000.054
5.0804.699 -7.5%

-7.5%
-3.7%
0.0%

Mno
% Rel

I’arget Mess DH
1.3402.849 112.6$Z
O.000 0.015
0.0000.015
0.0000.015
0.0000.015
0.0000.015
0.0000.015
0.0000.015
0.0000.031
0.0000.031
0.0000.030
0.0000.015
0.0000.015
0.0000.018
0.0000.015
0.0000.015
0.0000.031
0.0000.031
0.0000.032
0.0000.031
0.0000.031
0.0000.015
0.0500.096 91.1%
0.0500.106 111.5%
0.0500.062 24.0%
0.0500.069 37.1%
0.0500.055 9.4%
0.043 0.034 -20.3%
0.0450.051 13.5%
0.0490.070 42.9%
0.0500.066 31.3%
0.0420.027 -35.7%
O.000 0.015

-35.7%
38.0%

112.6%

Na20
% Rel

rarget Mess Diff
16.800 16.440 .2.19

0.000 0.247
0.000 0.101
0.000 0.210
0.000 0.199
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.228
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.196
0.000 0.101
0.000 0.101
0.000 0.101
0.000 0.217
0.005 0.134 2575.8%
0.005 0.101 1922.0%
0.005 0.101 1922.0%
0.005 0.1703290.294
0.005 0.127 2447.7%
O.000 0.101
0.000 0.170
0.000 0.194
0.000 0.154
0.000 0.152
9.670 9.608 -0.69

-2.1%
1736.4$3
3290.2q

Nc1203
% Rel

Target Meas DitY
O.000 0.091

10.01012.568 25.6%
5.310 5.059 -4.7%
6.450 5.934 -8.0%
6.950 6.360 -8.5%
9.430 8.424 -10.7%
7.820 6.503 -16.8%
8.680 8.162 -6.0%
8.840 7.806 -11.7%

11.83010.288 -13.0%
10.420 9.2S0 -11.2%
13.80014.522 5.2%
9.290 8.404 -9.5%

12.16010.451 -14.190
15.77013.414 -14.9%
13.14012.273 -6.6%
13.890 9.856 -29.0%
6.950 6.404 -7.9%
8.680 7.759 -10.6%

10.42012.168 16.8%
12.16010.757 -11.5%
13.890 8.990 -35.3%
6.940 6.605 -4.8%
8.670 8.074 -6.9%

10.410 9.387 -9.890
12.15011.372 -6.4”%
13.88011.874 -14.5%
10.150 8.891 -12.4%
10.740 9.827 -8.5%
11.61011.075 -4.6%
11.96011.028 -7.8%
9.950 8.687 -12.7%

3
5.960 5.240 -12.1%

-35.3%
-8.8%
25.6%
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Table A.3: Comparisons of Target Versus Measured Oxide Concentrations Revision O
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Short
GlassID
O03A)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

100 (Aw
Min
Avg
Max

NiO
% Rel

I’arget Mess Diff
0.5700.546 -4.3%
O.000 0.063
0.000 0.025
0.000 0.024
0.000 0.148
0.000 0.013
0.000 0.031
0.000 0.023
0.000 0.155
0.000 0.041
0.000 0.085
0.000 0.040
O.000 0.070
0.000 0.046
0.000 0.040
0.0000.027
0.0000.059
0.000 0.058
0.0000.139
0.000 0.025
0.0000.048
0.0000.031
0.005 0.027 434.5%
0.005 0.024 370.8%
0.005 0.055 1007.1%
0.005 0.034 580.8%
0.005 0.017 243.6%
O.000 0.013
0.0000.024
0.000 0.020
0.000 0.024
0.000 0.037
0.000 0.018

-4.3%
438.7%

1007.1%

Pr203
% Rel

rarget Mess Diff
O.000 0.059
3.610 4.602 27.5%
2.720 2.739 0.7q
2.720 2.572 -5.59
2.290 2.148 -6.291
2.330 2.308 -0.99?
3.400 3.154 -7.29i
2.860 2.741 -4.1%
2.790 2.853 2.2%
4.080 3.780 -7.49i
3.430 3.379 -1.5%
3.2604.743 45.59?
4.760 4.599 -3.494
4.010 3.809 -5.0%
5.430 3.666 -32.5%
3.720 3.912 5.2%
4.580 3.490 -23.89i
2.290 2.326 1.6$7
2.8602.841 -0.7$%
3.430 4.389 27.99?
4.010 4.023 0.3q
4.580 3.449 -24.791
2.290 2.358 3.091
2.860 2.853 -0.394
3.430 3.368 -1.8%
4.010 4.026 0.4%
4.5804.213 -8.O!Z
3.560 3.186 -10.5~
3.770 3.581 -5.0’3
4.0704.292 5.59
4.200 4.160 -0.9q
3.490 3.239 -7.29i
O.000 0.186

-32.5$
-1.2%
45.5%

Si02
% Rel

Target Mem Diff
48.73045.232 -7.2%
23.50020.056 -14.7%
26.94026.902 -O.1%
26.94024.495 -9. 1%
26.94024.816 -7.9%
25.26022,730 -10.0%
25.26023.960 -5.1%
25.26024.442 -3.2%
23.58022.415 -4.9%
23.58023.158 -1.8%
23.58022.575 -4.3%
21.89019.601 -10.5%
21.89020.329 -7.1%
21.89020.682 -5.5%
20.21020.666 2.3%
20.21019.628 -2.9%
20.21021.297 5.4%
26.94025.672 -4.7%
25.26024.495 -3.0%
23.58020.061 -14.9%
21.89020.773 -5.1%
20.21021.869 8.2%
26.91025.137 -6.6%
25.24024.495 -3.0%
23.56022.500 -4.5%
21.87021.479 -1.8%
20.19018.639 -7.7%
23.38022.126 -5.4%
22.78021.179 -7.0%
21.89022.570 3.1%
21.54021.222 -1.5%
23.58021.446 -9.0%
46.50044.444 -4.4%

-14.9%
-4.7%
8.2%

sm203
% Rel

Target Mess Diff
O.000 0.054
2.450 3.606 47.2%
1.260 1.400 11.1%
1.260 1.081 -14.2%
1.520 1.104 -27.4%
1.580 1.089 -31.1%
1.920 2.270 18.2%
1.900 1.635 -13.9?4
2.720 2.621 -3.7%
2.720 1.760 -35.3%
2.280 2.026 -11.1%
3.170 2.971 -6.3%
2.200 1.687 -23.3%
2.660 4.053 52.4%
2.840 3.261 14.8%
2.520 1.812 -28.1%
3.040 2.931 -3.6%
1.520 1.403 -7.7%
1.900 1.589 -16.4%
2.280 2.261 -0.8%
2.660 1.838 -30.9%
3.040 2.134 -29.8%
1.520 1.220 -19.7%
1.900 1.841 -3.1%
2.280 2.168 -4.9%
2.660 2.783 4.6%
3.040 2.279 -25.0%
2.410 1.668 -30.8%
2.550 2.760 8.2%
2.760 2.139 -22.5%
2.840 1.983 -30.2%
2.360 1.225 -48.1%
O.000 0.060

-48.1%
-10.0%
52.4%



Appendix A WSRC-TR-99-OO055
Table A.3: Comparisons of Target Versus Measured Oxide Concentrations

sro !hu of Oxides Total Lanthanides
Short % Rel Mess % Rel.

G-lawID Target Mess Diff Target Mess (be) Target Meas DM.
o @A) O.000 0.017 97.27 95.41 95.85 0.420 1.770 321.5%

1 2.050 1.653 -19.4% 100.01 96.78 97.25 47.660 52.590 10.3%
2 2.330 2.256 -3.2% 100.01 97.89 98.52 40.010 39.182 -2.19Z
3 2.330 2.297 -1.4% 100.01 93.33 93.44 40.010 38.038 -4.9%
4 2.330 2.336 0.2% 100.01 94.58 94.70 40.010 37.566 -6.19Z
5 2.180 2.191 0.5% 100.01 92.86 92.97 43.76040.382 -7.7%
6 2.180 2.070 -5.1% 100.00 94.49 95.10 43.75040.566 -7.3%
7 2.180 2.253 3.3% 100.00 96.75 96.86 43.750 41.677 -4.7%
8 2.040 1.960 -3.9% 100.01 95.87 96.42 47.500 45.329 -4.6%
9 2.040 1.960 -3.9% 100.02 95.47 96.06 47.510 43.596 -8.2%
10 2.040 1.954 -4.2% 100.01 96.13 96.69 47.500 45.43 -4.3%
11 1.890 1.626 -14.0% 100.00 96.02 96.11 51.250 51.814 1.1%
12 1.890 1.783 -5.7% 100.01 93.90 94.42 51.260 47.702 -6.9%
13 1.890 1.744 -7.7% 100.01 94.36 94.87 51.26048.545 -5.3%
14 1.750 1.759 0.5% 99.99 96.44 96.54 54.990 49.766 -9.5%
15 1.750 1.665 -4.9% 99.99 %.05 96.41 54.990 52.035 -5.4%
16 1.750 1.910 9.1% 100.01 94.89 95.30 55.010 46.148 -16.1%
17 2.330 2.315 -0.6% 100.01 97.83 98.30 40.010 38.990 -2.5%
18 2.180 2.031 -6.8% 100.00 95.77 %.21 43.75041.061 -6.1%
19 2.040 1.750 -14.2% 100.01 96.40 96.76 47.500 51.392 8.2%
20 1.890 1.848 -2.2% 100.01 95.08 95.60 51.260 48.029 -6.3%
21 1.750 1.874 7.1% 100.01 93.78 93.88 55.010 44.093 -19.8%
22 2.330 2.155 -7.5% 99.10 95.24 95.35 39.980 38.080 -4.8%
23 2.180 2.093 -4.0% 99.16 97.14 97.26 43.720 41.992 -4.0%
24 2.040 1.869 -8.4% 99.22 93.86 94.28 47.47043.706 -7.9%
25 1.890 1.869 -1.1% 99.28 97.08 97.61 51.23049.215 -3.9%
26 1.750 1.679 <.~0 99.35 92.02 92.11 54.98049.639 -9.7%
27 2.020 1.895 -6.2% 100.0092.50 92.92 47.88043.530 -9.1%
28 1.970 1.824 -7.4% 99.92 93.56 93.96 49.22045.712 -7.1%
29 1.890 1.937 2.5% 100.00 99.60100.00 51.19049.918 -2.5%
30 1.860 1.792 -3.7% 100.00 96.28 96.80 51.970 49.260 -5.2%
31 2.040 1.963 -3.8% 100.0092.29 92.40 47.44043.170 -9.0%

100(ARM) 0.450 0.461 2.4% 88.22 89.36 89.91 7.400 10.440 41.1%
m -19.4% -19.8%
Avg -3.7% 5.8%
Max 9.1% 321.5%

/

Revision O
Page A18

.



Appendix A WSRC-TR-99-OO055
ExhibitAl: Oxide ConcentrationsMeasured UsingIithium-rnetaborateDksolution by GlassNumber Revision O

(0-EA and 1OO-ARM) - Page A19
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Appendix A WSRC-TR-99-00055
ExhibitAl: Oxide ConcentrationsMeasuredUsingLithium-metaborateDissolutionby GlassNumber RevisionO

(0-EA and 1OO-ARM) Page A20
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Appendix A WSRC-TR-99-OO055
Exhibit Al: Oxide ConcentrationsMeasuredUsingLMdum-rnetaborateDkolution by Glass Number Revision O

(0-EA and 1OO-ARM) Page A21
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WSRC-TR-99-OO055
E%hit Al: Oxide ConcentrationsMeasuredUsingLMhm-metaborateDissolutionbyGlassNumber RevisionO

(0-EAand100.ARM) Page A22
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Appendix A
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Appendix A
Exhibit A.3: Paired Comparisons Using All Test Glasses
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Mean Difference 0.817053
Std Error 0.26222
t-Ratio 3.115902
DF 32

Prob > lt10.Q039
Prob > t 0.0019
Prob < t 0.9981



,> Appendix A WSRC-TR-99-OO055
ExhibitA.3: Paired ComparisonsUsingAll TestGlasses RevisionO

Page A32

SrO By SrO (t)
2.5 I

2.0

1.5

1+0

0.5

0.0
.0 .5 1.0 1.5 2.0 2.5

Sro (t)

*

~ Paired t-Test I

Paired
Sro (t)-Sro
Mean Difference 0.047064
Std Error 0.021083
t-Ratio 2.232363
DF 32

Prob > lt10.0327
Prob > t 0.0164
Prob < t 0.9836



Appendix A WSRC-TR-99-OO055
Exhibit A.4: Paired Comparisons For Am-Cm Glasses RevMon O

Page A33

Ce203 By Ce203 (t)
\ 6.5 I

6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

I 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

I Ce203 (t)

I ~ Paired t-Test I

Paired t-Test
Ce203 (t) - Ce203
Mean Difference 0.219336 Prob > k10.0070
Std Error 0.075694 ~~Prob > t 0.0035
t-Ratio 2.897675 Prob < t 0.9965
DF 30

Er203 Bv Er203 (t)

4.0-
■

3.5-

3.0- ■

2.5-

2.0
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Er203 (t)

Paired
Er203 (t) - Er203
Mean Difference0.066187
Std Error 0.075291
t-Ratio 0.879086
DF 30

Prob > lt10.3863
Prob > t 0.1932

Prob c t 0.8068

,



Appendix A
Exhibit A.4: Paired Comparisons For Am-Cm Glasses

Eu203 BYEu203 (t)

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2
.2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8

Eu203 (t)
L

I

WSRC-TR-99-OO055
RevisionO
Page AM

Gd203 Bv Gd203 (t)— —— —.— —-————, -,

2.00
m

1.75-

1.50- a
●

$ 1.25-

3
1.00-

m

0.75-

.0.50 ~
.50 .75 1.00 1.25 1.50 1.75 2.00

Gd203 (t)

~ Paired t-Test I I ~ Paired t-Test /

Paired t-Test
Eu203 (t) - Eu203

Paired t-Test
Gd203 (t) - Gd203

Mean Difference 0.021365 Prob > lt10.0910 Mean lX~e~ence 0.021031 Prob > k10.4248
Std Error 0.012233 Prob > t 0.0455 Std Error 0.025993 Prob > t 0.2124
t-Ratio 1.746419 Prob < t 0.9545 t-Ratio 0.809121 Prob < t 0.7876
DF 30 DF 30



Appendix A -
Exhibit A.4: Paired Comparisons For Am-Cm Glasses

La203 By La203 (t)

23-
1’

22- ■

■

21-
■

20-
●

19-
19 20 21 22 23 24

Ls203 (t)

I ~ Paired t-Test I

Paired t-Test
La203 (t) - La203
Mean Difference 0.676899
Std Error 0.131461
t-Ratio 5.149067
DF 30

Prob > ltl<.0001
Prob > t <.0001
Prob<t 1.0000

WSRC-TR-99-OO055
Revidon O
Page A35

Nd203 BYNd203 (t)
16

lo-

8-

6-

4
4 6 8 10 12 14 16

Nd203 (t)

t ‘---l
I ~ Paired t-Test I

Paired t-Test
Nd203 (t) - Nd203
Mean Difference0.82866
Std Error 0.24667
t-Ratio 3.359388
DF 30

Prob > lt10.0021
Prob > t 0.0011

Prob < t 0.9989



Appendix A
Exhibit A.4: Paired Comparisons For Am-Cm Glasses

Pr203 By Pr203 (t)

2 3 4 5 6

Pr203 (t)

I ~ Paired t-Test I

Paired t-Test
Pr203 (t) - Pr203
Mean Difference 0.036495 Prob > k10.7340
Std Error 0.106417 Prob > t 0.3670
t-Ratio 0.342943 Prob < t 0,6330
DF 30

WSRC-TR-99-OO055
RevisionO
PageA36

Sm203 Bv Sm203 (t)
4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

sm203 (t)

~ Paired t-Test

Paired t-Test
srr1203(t)- sm203
Mean Difference 0.198723 Prob > k10.0617
Std Error 0.102368 Prob > t 0.0308
t-Ratio 1.941262 Prob < t 0.9692
DF 30



Appendix A WSRC-TR-99-OO055
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses Revision O

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled) Page A37

A1203 for Reneati B203 for Reneats

1’

14
*M

13 I I I I
1 2 3 45

11.0

10.5-
:22

10.0- ‘
+23

9.5-
* *

9.0 XL*

8,5

8.0
1

1 23 4 5

Repeats

Repeatability Standard Deviation 0.995564
Overall Mean of Response 16.94976
Repeatability % Relative Std Dev 5.9%

Repeatability Standard Deviation 0.438842
Overall Mean of Response 9.001812
Repeatability % Relative Std Dev 4.9%



,

.. Appendix A WSRC-TR-99-OO055
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses RevMon O

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled) Page A38

.

B203 (bc blk) for Re~eats CaO for Re~eats

10.0 -j *&?3

9.5-
S04
x +

+
9.0-

8.5-
X19.5 :25

m

8.0
I w *?6

I I I I
1 2 3 4 5

Repeats

Repeatability Standard Deviation 0.436652
Overall Mean of Response 9.305133
Repeatability % Relative Std Dev 4.7%

0.045

0.040-
a25

0.035-
.22 x24

0.030- @;~

0.025-
0
~ 0.020-

a
● +

0.015- #n ;26
. *

EL-QL
1 2 3 4 5

Repeats
.

Repeatability Standard Deviation 0.010281
Overall Mean of Response 0.019311
Repeatability % Relative Std Dev 53.3%



Appendix A
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeata, Numbered Sequentiallfi Spiked GIasses and 19B labeled)

WSRC-TR-99-OO055
RevMon O
Page A39

Ce203 for Reneats Cr203 for Re~eats
5.0

x 426

4.5-
X19,5 y

4.0- ❑

$
x

3.5- X24

3.0
i

$23

2.5 + 822

2.0 I I I I
1 23 4 5

Repeats

0.075

● 22 +23 x24 n25 *26

0.070-

5
~ 0.065-

0.060- X19.5

1 2 3 45

Repeats

Repeatability Standard Deviation 0.381514 Repeatability Standard Deviation 0.003415
Overall Mean of Response 3.642643
Repeatability % Relative Std Dev 10.5%

Overall Mean of Response 0.072263
Repeatability % Relative Std Dev 4.7%



.

Appendix A WSRC-TR-99-OO055
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses Revision O

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled) Page A40

Er203 for Re~eats Eu203 for Re~eats

4.5

4.0
1

2.51I22

1 2 3 4 5

I Repeats

0.65-
x

*M

0.60- K?5

0.55-
@9.5 *

*
~ 0.50 X24

~ 0.45- #23

0.40-

0.35- :22

0.30 I I I I
1 23 4 5

Repeats

Repeatability Standard Deviation 0.356702 Ret.)eatability Standard Deviation 0.0A549

Overall Mean of Response 3.443768
Repeatability % Relative Std Dev 10.4%

Ov&dl Mean of Response 0.50056
Repeatability % Relative Std Dev 9.7%



Appendix A WSRC-TR-99-OO055
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses RevMon O

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled) Page A41

Fe203 for Re~eat.s
0.08

0.07- “ * ,x

x
0.06- x ; ~~

0.05- ●

g
g 0.04-

~~~
x24

0.03- .22 X19.5
+23

❑

0.02- v

0.01 1 I I I
1 2 3 4 5

Repeats

Gd203 for Repeats* —
-.”

1.5

1.4

1.3
1

..
❑J

w *

X19.5 *
1,2-

~
*

1.1-
x24

3
1.0-

*23

*
0.9- .

0.8
i

:22

I 1 2 3 4 5

Repeats I

Repeatability Standard Deviation 0.020836
Overall Mean of Response 0.047755
Repeatability % Relative Std Dev 43.6%

.

Repeatability Standard Deviation 0.114216
Overall Mean of Response 1.193394
Repeatability % Relative Std Dev 9.6%



.

., Appendix A
E%bit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeats, Numbered Sequentiallfi Spiked Glasses and 19B labeled)

0.090- .22 *~’j X24 a25 +26
1’

0.085-

8
0.080-

‘“’Sk
1 2 3 4 5

Repeats
“A

WSRC-TR-99-OO055
RevisionO
Page A42

La203 for Repeats
23.0

●

22,5-

22.0-
X19.5

:22

21.5- $2; x

G

3

x
21.0-

w

20.5-
?&X

+
x24

*

20.0-
❑

I +Z(j
19,5 I I I I

1 2 3 4 5

Repeats
“A

Repeatability Standard Deviation 0.004007 Repeatability Standard Deviation 0.559208
Overall Me& of Response 0.089386 Overall Me& of Response 21.18141
Repeatability % Relative Std Dev 4.5% Repeatability % Relative Std Dev 2.6%



Appendix A
Exhibit A,5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled)

Li20 for ReDeats

0.25

0.20

0.15
0
.1 0.10

1

1’

0.001 X19.5

-0.05 ~
123 45

Repeats

WSRC-TR-99-OO055
Revi.4onO
Page A43

MnO for Repeats

i

#-?j
0.10 .22

I

0.00 ~
1 23 45

Repeats

Repeatability Standard Deviation 0.052403 Repeatability Standard Deviation 0.032005
Ov&ll Me&of Response 0.063275 Ov&dl Mea of Response 0.041635
Repeatability % Relative Std Dev 82.8% Repeatability % Relative Std Dev 76.2%



.

Appendix A
E%bit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled)

Na20 for Repeats
0.35

X19.5

0,30 +
1’

0.25

8

I
z 0.20 s

4

I ❑25

0.15-
=22 +26

0.10
I

1 2 3 4 5

Repeats

WSRC-TR-99-OO055
RevisionO
Page A@

Nd203 for Repeats
13

12-
x

+26
ni25

11-
❑
❑

10- *
8
a 9-

ag~
+

z

8- +2.3
+

7-
.22
●

1 2 3 4 5

Repeats
.“..l

Repeatability Standard Deviation 0.07003 Repeatability Standard Deviation 1.012388
Ov&ill Me&of Response 0.142932 Ov&ll Me&of Response 9.164937
Repeatability % Relative Std Dev 49.1% Repeatability % Relative Std Dev 11.0%



Appendix A
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Se~of Repeats, N~mbered Sequentiall~ Spiked Glasses and 19B labeled)

NiO for Repeats

0.100

1 x

Q 0,075 -
k 8 x24 *

0.050- /i

.22
B25 *

0.025- +23 3E19.5 *X

0.000 ~
1 2 3 45

Repeats

Repeatability Standard Deviation 0.043212
Overall Me& of Response 0.052573
Repeatability % Relative Std Dev 82.1%

WSRC-TR-99-OO055
ReviAon O
Page A45

Pr203 for Repeats
4.5

I x

4.0

3.5

g

& 3,0

2.5

2.0

I ❑

k----
1 2 3 4 5

Repeatability Standard Deviation 0.327501
Overall Mea of Response 3.302687
Repeatability % Relative Std Dev 9.9%

1,



>

Appendix A
E%bit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled)

Si02 for Repeats

25- :22
fja

24-
X19.5 ‘

23-
XZ4

22- +
W *

21- w

20- x

19- +26

18 I I I I
1 2 3 4 5

Repeats
J

WSRC-TR-99-OO055
RevisionO
Page A46

Sm203 for Re~eats

4.0

3.5

2,0

1.5

1.0

1
I :22
I .

I I I I

1 2 3 4 5

Repeats

Repeatability Standard Deviation 1.184434 Repeatability Standard Deviation 0.517327
Ov&ll Me&of Response 22.69558 Overall Me& of Response 2.092821
Repeatability % Relative Std Dev 5.2% Repeatability % Relative Std Dev 25.1%



Appendix A WSRC-TR-99-OO055
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses Revision O

(Five Sets of Repeats, Numbered Sequentially; Spiked Glasses and 19B labeled) Page A47

Sro for ReDeat.s
-. . 1

2.3

2.2
I

s
9

4 ,4

822
2.1 + +23

+
Q 2.0- irlcl ‘i
m x

1.9-
’24 a2~ :

1.8-
x ❑

1.7- .Q(;

1 23 4 5

Repeats

Repeatability Standard Deviation 0.104211
Overall Mean of Response 1.979394
Repeatability % Relative Std Dev 5.3%



.

Appendix A
Exhibit A.5: Compositional Comparisons of the Phase 1 Duplicate Glasses

(Five Sets of Repeats, Numbered Sequentiallfi Spiked Glasses and

,’

WSRC-TR-99-OO055
RevisionO

19Blabeled) Page A48

This page intentionally left blank.



Immobilization Technology Section
Savannah River Technology Center
Westinghouse Savannah River Company

WSRC-TR-99-OO055
Rev. O

Appendix B – Summary Table of Viscosity-Temperature Data, T in “C, q in Pas
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Table B. 1 – Summary Table of Viscosity-Temperature Data, T in “C, q in Pas

Run Iills’ point 2ndpoint 3rdpoint 4* point 5* point 6 point 7* point 8ti point 9* point 10* point

AC1-01 T 1285 1236 Xl% 1236 1285 1334 1384 1286 1138

AC1-01 ~

AC1-02 T

AC1-02 q

AC1-03 T

AC1-03 q

AC1-04 T

AC1-04 q

AC1-05 T

AC1-05 q

AC1-06 T

AC1-06 q

AC1-07 T

AC1-07 q

AC1-08 T

AC1-08 q

AC1-09 T

AC1-09 q

AC1-10 T

AC1-10 q

AC1-11 T

AC1-11 q

AC1-12 T

AC1-12 q

AC1-13 T

AC1-13 q

AC1-14 T

AC1-14 q

AC1-15 T

AC1-15 ~

AC1-16 T

AC1-16 q

AC1-17 T

AC1-17 q

AC1-18 T

ACI-18 Tl

AC1-19 T

ACI-19 q

2.593

1284

9.585

1284

9.758

1284

9.671

1284

7.253

1284

8.231

1284

7.261

1285

5.279

1285

5.271

1284

5.228

1285

2.88

1285

3.713

1285

3.895 ‘-

1284

3.739

1285

2.631

1284

4.985

1283

10.104

1285

6.898

1285

2.950

5.678

1235

20.153

1235

20.552

1235

20.752

1235

15.363

1236

16.462

1236

15.277

1236

11.073

1236

11.073

1235

10.865

1236

6.145

1236

8.032

1236

8.577

1236

8.205

1236

5.678

1235

10.415

1234

21.417

1236

14.498

1236

6.292

1186

51.731

1186

52.557

1186

53.51

1186

36.669

1186

41.118

1186

36.033

1187

27.104

1187

26.838

1186

26.605

1187

18.524

1187

19.588

1186

18.923

1186

15.433

1186

25.541

1185

55.162

1187

34.508

1187

15.865

9.896

1235

20.253

1235

20.386

1235

20.951

1235

15.312

1235

16.329

1235

15.225

1235

11.09

1236

11.073

1235

10.969

8424

1236

8.058

1235

8.577

1235

8.257

Z893

1235

10.45

1234

21.75

1236

14.395

1236

6.829

c-

2.569

1284

9.256

1284

9.187

1284

9.481

1284

7.019

1284

7.867

1284

7.054

1284

5.202

1285

5.236

1284

5.132

1285

2.832

1285

3.765

1285

3.869

1284

3.713

1285

2.624

1284

4.916

1283

9.896

1285

6.69

1285

2.866

1.622

1333

4.648

1333

4.648

1333

4.795

1334

3.445

1334

3.921

1334

3.471

1334

2.548

1334

2.61

1334

2.541

1334

1.506

1335

1.904

1334

1.928

1334

1.856

1334

1.617

1333

2.434

1333

4.977

1335

3.351

1335

1.523

1.087

1383

2.482

1383

2.482

1383

2.527

1383

1.804

1383

2.081

1383

1.852

1384

1.644

1384

1.676

1384

1.66

1384

1.075

1385

1.255

1384

1.402

1384

1.288

1384

1.016

1383

1.61

1383

2.621

1384

1.748

1384

1.092

2.572

1432

1.530

1433

1.674

1432

1.691

1433

1.393

1433

1.445

1433

1.373

1285

5.124

1434

1.091

1285

5.002

1286

2.766

1286

3.73

1286

3.817

1285

3.696

1285

2.59

1285

4.847

1432

1.682

1434

1.347

1286

2.835

42.897

1284 1137

9.100 153.734

1284 1137

9.083 157.66

1284 1137

9.239 160.68

1285 1137

6.907 110.11

1285 1137

7.772 122.51

1285 1137

6.924 108.73

1137

81.166

1286 1138

5.158 77.95

1137 1087

77.643 293.58

4958

1138 1088

54.972 210.82

1137 1087

58.658 214.75

1137 1087

57.514 221.99

1138 1088

45.312 233.77

1137 1087

74.121 279.98

1284 1137

9.671 165.82

1286 1138

6.569 102.15

1138 1088

47.727 223.806

.
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Table B. 1 – Summary Table of Viscosity-Temperature Data, T in “C, q in Pas

Run l“ point 2ndpoint 3’dpoint 4b point 5ti point 6* point 7* point 8* point 9* point 10* point

AC1-19b T 1283 1234 1185 1234 1283 1333 1383 1432 1284 1136

AC1-19b q

AC1-20 T

AC1-20 q

AC1-21 T

AC1-21 q

AC1-22 T

AC1-22 q

AC1-23 T

AC1-23 q

AC1-24 T

AC1-24 q

AC1-25 T

AC1-25 q

AC1-26 T

AC1-26 q

AC1-27 T

AC1-27 q

AC1-28 T

AC1-28 q

AC1-29 T

AC1-29 q

AC1-30 T

AC1-30 q

AC1-31 T

AC1-31 q

5.219

1285

4.111

1284

4.916

1285

8.789

1284

6.69

1284

4.916

1285

3.583

1285

2.804

1285

4.76

1284

4.362

1285

3.730

1285

3.296

1285

5.072.

11.038

1236

8.11

1236

10.156

1236

18.79

1236

14.273

1235

10.363

1236

7.841

1237

6.119

1236

9.931

1236

8.997

1236

7.876

1236

7.209

1235

10.64

27.037

1186

18.823

1186

24.709

1187

48.172

1186

33.809

1186

25.009

1187

18.025

1187

16.99

1187

24.277

‘ 1187

22.049

1187

18.058

1187

16.229

1186

25,973

11.107

1235

8.196

1235

10.225

1235

18.956

1235

14.273

1235

10.45

1236

7.867

8A4M

1236

10

1236

9.031

1236

7.815

1236

7.218

1235

10.675

c-1

5.193

1284

3.696

1284

4.803

1285

8.754

1285

6.63

1284

4.916

1285

3.583

1285

2.797

1285

4.751

1285

4.25

1285

3.583

1285

3.275

1284

4.994

2.624

1334

1.852

1334

2.416

1334

4.501

1334

3.299

1334

2.441

1334

1.838

1335

1.658

1335

2.396

1335

2.139

1334

1.824

1335

1.641

1334

2.465

1.681

1384

1.317

1384

1.605

1384

2.409

1383

1.741

1383

1.594

1384

1.291

1384

1.023

1384

1.587

1384

1.47

1384

1.284

1385

1.238

1384

1.62

1.070

3448

1285

4.734

1433

1.61

1433

1.322

1284

4.855

1285

3.505

1286

2.763

1286

4.7

1285

4.232

1285

3.505

1286

3.289

1285

4.933

5.150

1137

55.48

1138

70.446

1286

8.443

1285

6.569

1137

72.283

1138

53.701

1138

47.409

1138

71.211

1138

63.554

1136

51.603

1138

49.443

1137

75.959

80.553

1087

208.4

1088

265.18

1138

143.16

1138

101.69

1087

277.27

1088

204.78

1088

267.3

1088

235.89

1088

192.998

1088

189.37

1088

286.33

.
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Appendix C – PCT Raw Data
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Appendix C
Table Cl: Measured Concentrationsin PCT Leachate Solutions

Values are in Parts Per Mdtion @pm).
BlockGlass# LabID Al B Er La Li Na Nd Si &

1
1

1

1
1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1
1

2
2
2
2
2
2
2
2
2
2
2
2
2

0 stdbl-1 4.05 22.9 4.100 <0,100 9.88 87.1 <0.500

1 yso <0.200 0,338 cO.1OO 0,183 <0.050 -dl.530 <0.500

1 y36 0.201 0.279 4).100 0.171 0.05 <0.530 <0.500

1 y32 cO.200 4.180 cO.1OO 0.147 <0.050 -d1530 <0.500

13 yl <0.200 <0.180 cO.1OO 0,258 <0,050 -d1530 <0.500

13 y90 0.214 0.199 4.100 0,173 <0.050 4.530 <0.500

13 y42 0.409 0.248 0.133 0.76 <0.050 cO.530 <0.500

5 y86 0.577 0.394 4,100 Co.loo 4.050 +530 <0,500

5 y78 0.44 0.49 4.100 0.159 <0.050 ‘ 0.777 <0.500

5 y81 <0.200 0.225 cO.1OO 0.235 <0.050 cO.530 <0,500

11 y29 0.276 <0.180 d.lt)o 0.161 <0.050 d1530 <0.500

11 y54 <0.200 4).180 d.100 0.199 <0.050 cO.530 <0.500

0 stdbl-2 4 20.8 4).100 4).100 9.69 86.4 <0.500

11 yloo <0.200 0.36 4.100 0.148 <0.050 43.530 <0.500

19 y8 0.241 0.202 <0.100 0.12 0.066<0.530 <0.500

19 y57 0.217 d.180 -@.100 0.121 0.065 4).530 <0.500

19 y92 0.204 c0,180 .&JIOO 0.104 0.055 cO.530 cO.500

29 y58 0.234 4.180 dl.100 0,285 <0.050 4.530 <0.500

29 y22 0.21 <0.180 4L1OII 0.285 <0.050 cO.530 <0.5Ml

29 y18 0.274 -d.180 4.100 0.244 <0.050 cO.530 <0.500

33 y26 3.13 11.7 Co.loo <0.100 8.92 24.4 <0.500

33 y31 3.3 10.8 4.100 <0.100 8.58 24.2 <0.500

33 y98 3.56 12.8 4.100 <0.100 9.69 28 4.500

0 stdbl-3 4 22.7 4.100 -@.100 9.78 81.9 -d500

o stdb2- 1 4.11 19.8 4.100 0.106 10.4 88.6 4.500

2 y84 cO.200 0.576 -@.100 0.197 <0.050 cO.530 <0.500

2 y24 0.202 0.437 <0.100 0.25 <0.050 4).530 <0.500

2 y87 0.202 0.332 .KI.1OO 0.221 <0.050 cO.530 4).500

3 y3 1.07 0.605 4).100 <0.100 <0.050 0.759 <0.500

3 y27 0.365 0.294 d.100 4.100 <0.050 -@.530 4).500

3 y94 0.213 0.287 0,133 0.146 <0.050 cO.530 <0.500

7 y30 <0.200 0.235 <0.100 0.156 4.050 <0,530 <0.500

7 y76 <0.200 <0.180 d,100 0.185 <0.050 4,530 <0.500

7 y75 0.204 0.213 d,lOQ 0.245 <0.050 c0,530 <0.500

17 y14 0.203 0.199 -d).100 0.263 <0.050 cO.530 d500

17 y2 0.222 0.218 <O.1OO 0.291 <0.050 4).530 <0.500

0 stdb2-2 3.97 20.5 <O.1OO 4-).100 9.6 80.9 d.500

53.3 0.011

0.632 0.157
0.695 0.162
0.756 0.153
0.759 0.183
0.832 0.185

1.18 0.238
1.18 0.27
1.57 0.226

0.978 0.246
0.714 0.167
0.619 0.16
49.5 <0.010

0.718 0.18
0.705 0.16
0.707 0.176

0.726 0.177
0.771 0.193

0.805 0.189

0.784 0.212

40 0.015

38.7 0.02

43.8 0,017

52.4 <0.010

51 0.084
1.21 0.358

1.27 0.361

1.22 0.353

2.05 0.388

1.19 0.325
1.18 0.347

1.91 0.325

2.04 0.3
1.11 0.317

1.09 0.333
1.21 0.336

49.6 0.082

WSRC-TR-99-OO055
RevisionO
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Values have been adjusted for blanks (Reduced Al ppm% by 0.083) and dilution factor of 1.6667.

22.904

0.563

0.465

0.150
0.150

0.332

0,413

0.657
0.817

0.375

0.150

0.150

20.800

0.600
0.337

0.150
0.150

0.150
0.150

0.150

19.500

18.000

21.334

22.700

19,800
0.960

0.728

0.553

1.008

0.490

0.478

0.392

0.150
0.355

0.332

0.363
20.500

0.050
0.083
0.083
0.083
0.083
0.083
0.222
0.083
0.083
0.083
0.083
0.083
0.050
0.083
0.083
0.083
0.083
0.083
0.083
0,083
0.083
0.083
0.083
0.050
0.050
0.083
0.083
0.083
0.083
0.083
0.222
0.083
0.083
0.083
0.083
0.083
0.050

0.050
0.305
0.285
0.245
0.430
0.288
1.267
0.083
0.265
0.392
0.268
0.332
0.050
0.247
0,204
0.202
0.173
0.475
0.475
0.407
0.083
0.083
0.083
0.050
0.106
0.328
0.417
0.368
0.083
0.083
0.243
0.260
0.308
0.408
0.438
0.485
0.050

Al(ppm) “ ‘–’ ‘- ‘ Li (pprn) Na (ppm) Nd (ppm)
4.050

0.028
0.196

0.028

0.028
0.218

0.543

0.823

0.594

0.028

0.321

0.028

4.000

0.028
0.263

0.223
0.201
0.251

0.211

0.318

5.078
5.361

5.795
4000

4.110

0.028
0,198

0.198
1.644

0.469

0.216

0.028

0.028

0.201
0.199

0.231

3.970

9.880

0.042
0.083

0.042
0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042
9.690

0.042

0.110

0.108
0.092

0.042

0.042
0.042

14.867

14.300

16.150

9.780

10.400
0.042

0.042

0.042

0.042
0.042

0.042

0.042

0.042

0.042
0.042

0.042

9.600

87.100
0.442

0.442

0.442
0.442

0.442

0.442

0.442

1.295

0.442

0.442
0.442

86.400

0.442
0.442

0.442
0.442
0.442

0.442

0.442

40.667

40.334

46.668

81.900

88.600

0.442

0.442

0442

1.265

0.442

0.442

0.442

0.442

0.442

0.442

0.442

80.900

0.250

0.417

0.417

0.417

0.417

0.417

0.417

0.417
0.417

0!417

0.417

0.417

0.250

0.417

0.417
0.417

0.417
0.417

0.417

0.417

0.417

0.417

0.417

0.250

0.250

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0,250

Si (ppm) Sr(ppm)
53.300

1.053

1.158
1.260

1.265

1.387

1.967
1.967

2.617

1.630

1.190

1.032
49.500

1.197

1.175

1.178
1.210

1.285

1.342

1.307

66.668

64.501

73.001

52.400

51.000
2.017

2.117

2.033

3.417
1.983

1.967

3.183

3.400

1.850
1.817

2.017

49.600

0.011

0.262

0.270

0.255

0.305

0.308

0.397
0.450

0.377

0.410

0.278

0.267

0.005
0.300

0.267

0.293
0.295

0.322

0.315

0.353

0.025

0.033

0.028

0.005

0.084
0.597

0.602
0.588

0.647

0.542
0.578

0.542

0.500

0.528

0.555

0.560

0.082

c implies less than the given detection limit
●

Below detection values were set to haIf their detection limits.
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AppendixC
Table Cl: MeasuredConcentrationsin PCT LeachateSolutions

Values are in Parts Per Million (ppm).

Block Glass # Lab ID Al B Er La Li Na Nd Si Sr

2

2

2

2

2

2

2

2
2
2
2

3

3

3

3
3
3
3

3

3

3
3

3

3
3

3
3

3

3

3

3

3

3
3
4
4

4

17
23
23
23
31
31
31
34
34
34
0

0
4

6

8
9
10

12

14
15

16
18

0
20
21

22

24

25

26

27
28

30

32

0
0
4

6

y43 0.211 0.463 <0.100 0.37 <0.050 <0.530 <0.500 1.24
y49 <0.200 0.246 <0.100 0,111 <0.050 <0.530 <0.500 1.04

y7 <0.200 0.24 <0.100 0.217 <0.050 <0.530 <0.500 1.05

y67 <0.200 0.217 <0.100 0.259 <0.050 <0.530 <0.500 1.02

y6 <0,200 <0.180 <0.100 0.243 <0.050 <0.530 <0.500 0.945

y68 <0.200 <0.180 <0.100 0.32<0.050 <0.530 <0.500 0.931
y9 <0.200 0.218 cO.1OO 0.288 <0.050 <0.530 <0.500 1.07

y73 0.25 <0.180 <0.100 <0.100<0.050 -+530 -d1500 <0.180
y85 <0.200 <0.180 cO.1OO <0.100 <0.050 lC0.530 43.500 <0.180

y56 <0,200 <0.180 -&1100 -A).1OO<0.050 <0.530 .&1500 <0.180

stdb2-3 4.21 20.4 <0.100 <0.100 10,3 83.1 <0.500 49.6

stdb3-1 4,21 20.4 <0.100 <0.100 10.4 85.9 cO.500 54.4
yll 0.296 0.653 <0.100 0.214 <0.050 0.544 ~.500 1.25

y80 0.574 0.453 4.1(20 CO.1OO<0.050 0.69 41.500 1.19

y77 0.426 0.269 <0.100 4.100 <0.050 <0.530 d1500 0.932
y19 0.264 0.208 cO.1OO 0.128 <0.050 4.530 cO.500 0.817
y25 0.626 0.296 <0.100 4.100 <0.050 0.702 <0.500 0.988
y70 0.289 <0.180 <0.100 0,132 <0.050 <0.530 <0.500 0.789

ylo 0.531 0.194 cO.1OO <0.100 <0.050 0.655 <0.500 0.714
y21 0.237 <0.180 <0.100 0.133 <0.050 <0.530 <0.500 0.622

y40 0.504 <0.180 -=0.100 cO.1OO <0.050 0.796 <0.500 0.608

y55 0.262 0.213 4).100 0.171 <0,050 <0.530 <0.500 0.874

stdb3-2 4 19.1 4.100 <0.100 9.53 83.2 <0.500 51.2
ylol 0.307 0.404 cO.lIXI <0.100 <0.050 0.691 cO.500 0.758

y65 0.221 0.247 <0.100 0,186 <0,050 0.583 4.500 0.837

y46 0.377 0.286 <0.100 0,115 <0.050 0.657 4).500 1.05

y96 0.283 0.276 <0.100 0,151 <0.050 0.559 <0.500 0.991

y82 0.266 <0.180 4).100 0.12 <0.050 0.58 <0.500 0.682

y61 0.313 <0.180 cO,1OO 0.123 <0.050 0.612 <0.500 0.645

y53 0.258 <0.180 cO.1OO 0.142 <0.050 0.603 <0.50Q 0.687
y12 0.758 0.296 0.195 1.19 <0.050 0.679 0.614 1.29

y95 0.315 <0.180 <0.100 0.141 <0.050 0.608 4.500 0.781

y66 20.9 328 <10.0 <10.0 113 1123 60.0 588

stdb3-3 3.94 19.5 4.100 <0,100 9.6 85.2 cO.500 52.5

stdb4-1 4.2 20.6 4).100 <0,100 10.1 86.8 4.500 52.6

y62 0.209 0.582 43.100 0.171 <0.050 4.530 dI.500 1.01

y20 0.357 0.461 <0.100 0.142<0.050 <0.530<0.500 0.904

0.351

0.298

0.318

0.307
0.285

0.3

0.325
0.083

0.083

0.083
0.082

0099
0.367

0.35
0.27

0.282

0.295
0.273
0.268

0.26

0.241

0.313

0.096

0.257

0.287
0.329
0.299

0.258
0.246

0.277

0.401
0.262

<10,0
0.096

<0.010

0.27

0.242

WSRC-TR-99-OO055
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Values have been adjwted for blanks (Reduced Al ppm’s by 0.083) and dilution factor of 1.6667.

0.772
0.410
0.400

0.362
0.150

0.150

0.363

0.090

0.090
0.090

20.400
20.400

1.088

0.755

0.448

0.347
‘ 0.493

0.150
0.323

0.150

0.150

0.355
19.100

0.673

0.412
0.477

0.460

0.150
0.150

0.150

0.493
0.150

546.678
19.500

20.600

0.970

0.768

0.083
0.083
0.083

0.083

0.083
0.083

0.083

0.050
0,050
0.050

0.050
0.083

0.083

0.083
0.083

0.083

0.083

0.083

0.083
0.083

0.050

0.083

0.083
0.083

0.083

0.083

0.325
0.083

8.334
0.050

0.050

0.083

0.083

0.617

0.185
0.362

0.432
0.405

0.533

0.480

0.050
0.050

0.050

0.050
0.050

0.357

0.083

0.213
0.083
0.220

0.083

0.222
0.083

0.285

0.083

0.310
0,192

0.252

0.200

0.205
0.237
1.983

0.235
8.334

0.050

0.050

0.285
0.237

Al @pm) B (ppm) - Er (ppm) La (.ppm) Li (pprn-) Na &pm) Nd (ppm) ‘- ‘ - ‘ ‘
0.213
0.028

0.028

0.028
0.028

0.028

0.028

0.250

0.000
0.000
4.210

4.210

0.354
0.818

0.571

0.301
0.904

0.343
0.746

0.256
0.701

0.298

4.000

0.373
0.229

0.489
0.333

0.304
0.383

0.291

1.124
0.386

34.695
3.940
4.200

0.209

0.456

0.042
0.042

0.042

0.042
0.042
0.042

0.042

0.025
0.025

0.025
10.300

10.400

0.042

0.042

0.042
0.042
0.042
0.042

0.042

0.042

0.042
0.042

9.530
0.042

0.042
0.042

0.042

0.042

0.042

0.042
0.042
0.042

188.337

9.600

10.100

0.042

0.042

0.442
0.442

0.442
0.442

0.442
0.442

0.442

0.265
0.265

0.265

83.100

85.900

0.907
1.150

0.442
0.442

1.170
0.442
1.092

0.442
1.327

0.442

83.200
1.152
0.972

1.095

0.932
0.967

1.020
1.005

1,132

1.013
1871,704

85.200

86.800

0.442

0.442

0.417
0.417

0.417
0.417
0.417

0.417
0.417

0.250

0.250

0.250
0.250

0.250
0.417
0.417

0.417
0.417

0.417

0.417

0.417
0.417
0.417

0.417

0.250
0.417

0.417

0.417

0.417
0.417

0.417

0.417
1.023

0.417
41.668

0.250

0.250

0.417
0.417

2.067
1.733

1.750
1.700
1.575
1.552

1.783

0.090

0090

0S)90
49.600

54.400
2.083
1.983

1.553
1.362

1.647
1.315
1.190

1.037

1.013
1.457

51.200

1.263

1.395
1.750

1.652

1.137
1.075

1.145
2.150

1.302

980.020

52.500

52.600
1.683
1.507

0.585
0.497

0.530

0.512

0.475
0.500

0.542

0.083

0.083
0.083

0,082
0.099

0.612

0.583
0.450
0.470

0.492
0.455

0.447
0.433

0.402

0.522
0.096

0.428

0.478

0.548
0.498

0.430

0.410
0.462
0.668

0.437

8.334

0.096
0.005

0.450
0.403

< implies less thanthe given detection limit Below &tection values were set to haif their detection limits.



Appendix C WSRC-TR-99-OO055
TableCl: MeasuredConcentrationsin PCTLeachateSolutions RevisionO

PageC3
ValuesareinPartsPerWon (ppm). Values have been adjusted for blanks (Reduced Al ppm’s by 0.083) and dilution factor of 1.6667.

Block Glass # Lab ID Al B Er La Li Na Nd Si Sr Al (pPm)
4

4

4

4
4

4
4

4

4

4

4

4

4

4

4
4

4

4

4

4

5

5

5
5

5

5
5

5

5

5

5

5

5

5

5

5

2

8
9

10

12
14

15

16

18

0

20

21
22

24
25

26

27
28

30

32

0
0

4

6

8

9
10

12

14

15

16

18

0

20

21
22

24

y34 0.254

y35 0,2

y83 0.254
y28 <0.2CHI

y16 <0.200

y4 0.222

y69 0.447

y13 0.19

stdb4-2 4.12

y93 <0.200

y89 <0.2W
y48 0.26

y33 <0.200
y41 <0.200

y88 <0.200

y37 4.200

y52 0.208

w 0.226

y51 40.0

stdb4-3 3.81

Stdbs-1 4.28
ylo2 <0.200

y45 4.200

Y97 0.208

y63 cO.200

y72 <0.200

y59 <0.200

y71 4.200

y5 4.200
y23 0.377

y60 4.200

stdb5-2 4

y64 4.200

y44 4.200
y47 4.200

y74 4.200

0.362 4.100 <0.100 d3.050 4.530 <0,500

0.345 ‘4.1OO 0.197 4,0504.530 4.500

0.331 4,100 <0.100 4.050 4.530 <0.500

0.29 d.100 0.206 4.0504.530 4.500

0.199 4.100 <0.100 4.050 CO.530 CO.500
0.284 4.100 0.114 CO.050 4.530 CO.500

0.257 4.100 <0.100 4.050 0.713 cO.500

0.363 4.100 .cO.1OO4.050,9.530 <0.500

20.6 d.100 d100 9.4 83.6 <0.500
0.417 -KL1OO 0.171 4.0504.530 4.500

0.349 4-L1OO 0.198 cO.050 cO.530 4.500

0.424 4.100 0.135 4.0504.530 CO.500

0.299 4.100 0.162 -@.050 cO.530 4,500

0.258 4.100 0.158 4.050 cO.530 c0,500

0.237 d3.100 0.137 cO.050 cO.530 cO.500
0.304 <0.100 0.174 4.050 4.530 4.500

0.276 4.100 0.181 cO.050 cO.530 0.614

0.245 4).100 “ 0.181 cO.050 cO.530 cO.500

362 <10.0 <10.0 114 1150 40.0
19.9 4.1004.100 9.3 83.7 4.500
20.8 4.1004.100 10.9 87.8 <0.500

0.692 4.100 0.234 cO.050 43.530 <0.500

0.472 4.100 0.106 -@.050 4.530 <0.500

0.362 4.100 &100 4).050 cO.530 <0.500

0.337 Co.loo 0.22 <0.050 4.530 <0.500
0.312 4.100 0.256 -@.050 -KL530 4.500

0.276 4.100 0.274 -s3.050 -dL530 4.500

0.234 4.100 0,101 4.050 4,530 4,500

0.333 4.100.42.100 4.050 4.530 4.500

0.229 4).100 <0.100 4).050 <0.530 4.500

0.367 d.100 0.232 cO.050 4.530 4,500

20.8 cO.1OO 4).100 10.4 86.2 cO.500

0.443 cO.1OO 0.237 4.050 d.530 4.500

0.384 d.100 0.183 4.050 cO.530 cO.500

0.4 4.100 0.146 4.050 <0.530 4.500

0!334 C&loo 0.304 4.050 CO.530 4.500

0.821 0.211

0.853 0.219
0.832 0.212

0.711 0.202

0.436 0.155
0.686 0.189

0.57 0.168
0.878 0.235

50.8 4.010

0.677 0,211

0.725 0.214

0.986 0.258

0.779 0.197

0.841 0.172

0.554 0.163
0.753 0.217

0,765 0.209

0.623 0.19

612 <10.0

51.8 dLOIO
53.2<0.010

1.1 0.256

0.848 0.211

0.875 0.14

0.755 0.155

0.787 0.157
0.702 0.138

0.551 0.135

0.698 0.122

0.564 0.128

0.991 0.19

55.4 <0.010

0.601 0.13

0.753 0.17
1.02 0.215

0.881 0.168

6284
0.194
0.284

0.028

0.028
0.231

0.606

0.178

4.120

0.028

0.028

0.294

0.028

0.028
0.028

0.028

0.208

0.238
16.529

3.810
4.280

0.028

0.028

0.208

0.028

0.028

0.028

0.028

0.028

0.489

0.028

4.000

0.028

0,028

0.028

0.028

B @pm) Er(ppm) La@pm)
0.603

0.575

0.552

0.483
0.332
0.473

0.428

0.605

20.600

0.695

0,582

0.707

0.498

0.430
0.395
0.507

0.460

0.408
603.345

19,900

20.800
1.153

0.787
0.603

0,562

0.520

0.460

0.390

0.555

0.382

0.612

20.800

0.738

0.640

0.667

0.557

<implies less than the given detection limit

0.083

0.083
0.083

0.083

0.083
0.083

0.083

0.083

0.050

0.083

0.083

0.083

0.083

0.083
0.083
0.083

0.083

0.083
8.334

0.050

0.050

0.083

0.083
0.083

0.083

0.083

0.083

0.083

0.083

0.083

0.083
0.050

0.083

0.083

0.083

0.083

0.083

0.328
0.083

0.343

0.083

0.190

0.083

0.083

0.050

0.285

0.330
0.225

0.270

0.263
0.228
0.290

0.302

0.302

8.334

0.050

0.050
0.390

0.177

0,083

0.367

0.427

0.457

0.168

0.083
0.083

0.387
0.050

0.395

0.305
0.243

0.507

Li (ppm) Na (ppm) Nd (ppm)

0.042
0.042
0.042

0.042

0.042
0.042

0.042

0.042
9.400

0.042

0.042

0.042

0.042

0.042

0.042
0.042

0.042

0.042
190.004

9.300

10.900

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

0.042

10.400

0.042

0.042
0.042

0042

0.442

0.442
0.442

0.442
0.442

0442

1.188

0.442

83.600
0.442

0.442
0.442

0.442

0.442

0.442
0.442

0.442

0.442

1916.705

83.700

87.800

0.442

0.442

0.442
0.442

0.442
0.442

0.442

0.442

0.442

0.442

86.200

0.442
0.442

0.442

0.442

0.417

0.417
0.417

0.417

0.417

0.417
0.417

0.417

0.250

0.417

0.417
0.417

0.417

0.417
0.417

0.417

1.023

0.417

41.668

0.250

0.250
0.417

0.417
0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.417

0.250
0.417

0.417

0.417

0.417

Si (ppm)

1.368
1.422

1.387

1.185

0.727

1.143
0.950

1.463
50.800

1.128

1.208

1.643
1.298

1.402

0.923

1.255

1.275
1.038

1020.020

51.800

53.200
1.833

1.413

1.458
1.258

1.312

1.170

0.918
1.163

0.940

1.652

55.400
1.002

1.255

1.700

1.468

Sr @pm)
0.352
0.365
0.353
0.337
0.258
0.315
0.280
0.392
0.005
0.352
0.357
0.430
0.328
0.287
0.272
0.362
0.348
0.317
8.334
0,005
0.005
0.427
0.352
0.233
0.258
0.262
0.230
0.225
0.203
0.213
0.317
0.005
0.217
0.283
0.358
0.280

Below detection values were set to half their detection Iimits.
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AppendixC
Table Cl: Measured Concentrationsin PCT LeachateSolutions

. .

Block Glsss # Lab ID AI

5 25 y91 4.200

5 26 y17 <0.200

5 27 y15 <0.200

5 28 y39 4.200

5 30 y79 4.200

5 32 y38 Qo.o

50 stdb5-3 3.88

Values are in Parts Per Million (ppm).
B Er La Li Na Nd

0.251 4.100 0.181 <0.050 <0.530 <0.500

0.274 <0.100 0.103 <0.050 <0.530<0.500

0.298 <0.100 0.182 <0.050 <0.530<0.500

0.246 <0.100 0.287 <0.050 <0.530 0.614

0.241 <0.100 0.188 -dlo50 <0.530 <0.500
365 <10.0 <10.0 126 1140 ao.o

20.8 4.100 <0.100 9!91 85.2 <0.500

Si
0.76

0.679
0.709

0.632

0.767
632

53.8

Sr
0.119

0.145

0.171

0.152

0.13

<10.0

<0.500

WSRC-TR-99-OO055
RevisionO

PageC4
Values have been adjasted for blanks (Reduced Al ppm% by 0.083) and dilution factor of 1.6667.

Al (ppm) B (ppm) Er (ppm) La (ppm) Li @pm) Na @pm) Nd @pm) Si (ppm) Sr @pm)
0.028 0.418 0.083 0.302 0.042 0.442 0.417 1.267 0.198

0.028 0.457 0,083 0.172 0.042 0.442 0.417 1.132 0.242

0.028 0.497 0.083 0.303 0.042 0.442 0.417 1.182 0.285

0.028 0.410 0.083 0.478 0.042 0.442 1.023 1.053 0.253

0.028 0.402 0.083 0.313 0.042 0.442 0.417 1.278 0.217

16.529 608.346 8.334 8.334 210.004 1900.038 41.668 1053,354 8.334

3.880 20.800 0.050 0.050 9.910 85.200 0.250 53.800 0.250

,1

< implies less than the given detection limit Below detection values were set to half theii detedon limits.



Appendix C WSRC-TR-99-OO055
Exhibit Cl: PCT Leachate Concentrations bv Glass Number Revision O

(O-Standard Solution; 1:31-AmCm &sses; 32-EA; 33-ARM; 34-blank Page C5
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Appendix C WSRC-TR-99-OO055
ExhibitCl: PCT LeachateConcentrationsby GlassNumber RevisionO

(O-StandardSolution; 1:31-AmCm Glasses;32-EA; 33-ARM; 34-blank Page C6

Er (ppm) By Glass #
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Appendix C WSRC-TR-99-OO055
Exhibit Cl: PCT Leachate Concentrations bv Glass Number RevMon O

(O-Standard Solution; 1:31-AmCm Glasses; 32-EA; 33-ARM; 34.blank
—.-—

Page C7 -
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I Appendix C WSRC-TR-99-OO055
Exhibit Cl: PCT Leachate Concentrations by Glass Number RevMon O

(O-Standard Solution; 1:31-AmCm Glasses; 32-EA; 33-ARM; 34-blank Page C8
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Appendix C WSRC-TR-99-OO055

*

Exhibit Cl: PCT Leachate Concentrations by Glass Number
(O-Standard Solution; 1:31-AmCm Glasses; 32-EA; 33-ARM; 34-blank

Revidon O
Page C9
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Appendix C
Exhibit C.2: Log Normalized PCTS by Lanthanides PCTS by Lanthanides

Log [NL(La) g/L] target By
Lanthanides (met)
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WSRC-TR-99-OO055
RevMon O
Page Cll

Log [NL(Na)g/L] targetBy
Lanthanides(target)

‘“225~

1.075 ~
40,00 45.00 50.00 55.00

Lanthsnides(target)

Log [NL(Na) g/L] target By
Lanthanides(measured)

1.225

1.200

1.175

1.150

1.125

1.100

1.075

1

*

+

+

I I 1 ,
40.00 45.00 50.00 55.00

Lant.hanides(measured)



o
0
VI
k-)

o
0
0
e

“ , . . .

. S.. , 1
I I I I i I I 1 t

o
0
v-l
m

.

*

.

. s

I I 1 1 1 I I I }



Appendix C
Exhibit C.2: Log Normalized PCTS by Lanthanides PCTS by Lanthanides
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Appendix C WSRC-TR-99-OO055
Exhibit C.A Log Normalized PCTS by Lanthanides PCTS by Lanthanides Revision O
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