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ABSTRACT

Liquid high-level nuclear waste at the Savannah River Site (SRS) will be immobilized by
vitrification in borosilicate glass. The glass will be produced and poured into stainless steel
canisters in the Defense Waste Processing Facility (DWPF). Other waste form producers, such as
West Valley Nuclear Services (WVNS) and the Hanford Waste Vitrification Project (HWVP), will
also immobilize high-level radioactive waste in borosilicate glass. The canistered waste will be
stored temporarily at each facility for eventual permanent disposal in a geologic repository. The
Department of Energy has defined a set of requirements for the canistered waste forms, the Waste
Acceptance Product Specifications (WAPS). The current Waste Acceptance Preliminary
Specification (WAPS) 1.3, the product consistency specification, requires the waste form
producers to demonstrate control of the consistency of the final waste form using a crushed glass
durability test, the Product Consistency Test (PCT). In order to be acceptable, a waste glass must
be more durable during PCT analysis than the waste glass identified in the DWPF Environmental
Assessment (EA). In order to supply all the waste form producers with the same standard
benchmark glass, 1000 pounds of the EA glass was fabricated. The chemical analyses and
characterization of the benchmark EA glass are reported. This material is now available to act as a
durability and/or redox Standard Reference Material (SRM) for all waste form producers.
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CHARACTERIZATION OF THE DEFENSE WASTE PROCESSING
FACILITY (DWPF) ENVIRONMENTAL ASSESSMENT (EA) GLASS
STANDARD REFERENCE MATERIAL (U)

INTRODUCTI

Waste form producers at the Savannah River Site (SRS), West Valley Nuclear Services (WVNS),
and Hanford Waste Vitrification Project (HWVP) will immobilize high-level radioactive waste in
borosilicate glass. The glass will be poured into stainless steel canisters for eventual disposal in a
geologic repository. The Department of Energy has defined a set of requirements for the

canistered waste forms, the Waste Acceptance Product Specifications (WAPS ).1

The current Waste Acceptance Product Specification (WAPS) 1.3, the product consistency
specification, requires the waste form producers to demonstrate control of the consistency of the

final waste form using the Product Consistency Test (PC’[').2‘6 The PCT is a crushed glass
durability test which is (1) sensitive to glass composition and homogeneity, and (2) may have the

potential to be related to repository site-specific release tests. It is a glass dominated production test
which can be used to test glasses during production, even in the shielded cell environments

necessitated by highly radioactive glasses.z'8 A standard glass is always measured
simultaneously to an unknown during PCT analysis.

The WAPS 1.3 specification defines the acceptance criterion for a production glass: a waste glass
being produced must be more durable during PCT analysis than the waste glass identified in the

DWPF Environmental Assessment (EA).9 During simultaneous PCT analysis of the production
glass and the EA glass, the latter can be used as the standard glass required by the PCT protocol.

The WAPS 1.1.2 requires that the waste form producers report the measured chemical composition
of the glass waste form in the Production Records. The Defense Waste Processing Facility
(DWPF) process/product models relate important processing and product quality requirements to

glass composition. 10 Routine chemical analyses of vitrified feed samples is required. In
addition, control of the oxidation/reduction (redox) equilibrium in the glass melter is critical for

processing of the nuclear waste. 11-16 Ag part of the DWPF process control strategy, the glass
redox expected in the melter will be determined by measuring the ratio of Fe2*/ZFe in vitrified

slurry.”‘ 18 Routine redox analyses of vitrified feed samples is required. A glass standard with a
known redox and composition, such as the EA glass, will need to be run simuitaneously with the

production glass or vitrified feed in order to minimize error and long term instrumental bias.19-20

In order to supply the DWPF and all the waste form producers with the same standard benchmark
glass, the Savannah River Technology Center (SRTC) had 1000 pounds of the EA glass fabricated
by Coming Glass Works (AX-AA28362A). The chemical analyses and characterization of the
benchmark EA glass, to be used as a durability, analytic, and/or redox Standard Reference
Material, are reported in this study.



XPERIMENT

Glass Fabrication

The composition of the glass as given in the DWPF Environmental Assessment? is shown in
Table 1. The target composition of the glass to be fabricated is also given in Table 1. The target EA

glass composition was derived from the composition given in the EA9 by the following
calculational procedure:

« recalculating the MnO, as MnO due to the reduced nature of this glass
» recalculating the Fe304 as Fe9O3 and FeO

 calculating “other solids” as primarily zeolite 21

®

deleting the U30g component due to the difficulty of handling and shipping uranium

bearing glass as a Standard Reference Material
+ normalizing to 100 wt%

Corning Engineering Laboratory Services (CELS) fabricated the glass in a gas fired atmospheric
furnace with an oxygen:natural gas mixture of 2:1 to control the redox of the atmosphere. The iron
was added as ferric iron oxide (Fe5O3) and ferrous iron oxalate dihydrate (FeC504°2H,0). Five

pounds of carbocite carbon were added per master batch of 1203 pounds of glass to reduce the
glass during melting and to be able to control the redox with the gas mixture more efficiently. The
batch was melted at 1250°C and N, was bubbled through the batch to assist in homogenizing the

glass. The glass was kept at 11009C while it was being drained and water quenched to ensure that
devitrification did not occur. The glass melt adsorbed water during quenching and was air dried
in a Peterson Kelly (PK) blender to prevent particle agglomeration.

Glass Sampling

The glass was received in three large drums. A stainless steel tube of ~1/2 inch diameter was used
under vacuum to sample glass from the bottom, middle, and top of each drum. A similar
technique had been used at Corning Glass Works for glass sampling after fabrication.

Glass Composition Analyses

Corning Engineering Laboratory Services analyzed five samples of the EA glass after fabrication.
Each sample was dissolved in triplicate. The fifteen dissolutions were analyzed in duplicate for Al,
B, Ca, Fe, K, La, Li, Mg, Mn, Na, Ni, Si, Ti, Zr, and Fe2t/Fe3+ Analysis was performed on
different days to include any short time instrumental bias in the measurement of the standard
deviation. The Na, Li, and K analyses were achieved by dissolution of the glass in a fuming
perchloric acid/hydroflouric acid (HCIO4 and HF) mixture. The Na, Li, and K were measured by

Atomic Absorption analysis (AA). The B content was analyzed by dissolution in cold
hydrochloric (HF) acid and subsequent measurement by Inducitively Coupled Plasma (ICP)
spectroscopy. The Al, Ca, Ferq,p, La, Mg, Mn, Ni, Si, Ti and Zr were analyzed by fusing the
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glass samples with sodium borate (NaB407) and sodium carbonate (Na»COj3), and subsequent
dissolution in a mixture of water and hydrochloric acid (HCl). The dissclution was analyzed ICP

spectroscopy. The ferrous iron (F2) analysis was performed by dissolving the sample in
hydrofluoric acid (HF) under an inert atomsphere. The excess fluoride was complexed with boric

acid. The Fe2* content was measured by ceric sulfate titration using diphenylamine disulfonate as
the indicator. The Fe2*+/Fe3* ratio is calculated from Fc2+/(FeTom1 - Fe2+),

The Analytic Development Section of the Savannah River Technology Center analyzed ten samples
of the EA glass and two Purex glass standards to determine thc glass composition. Twelve
samples of the EA glass were measured for redox. The EA glass samples were analyzed by the
following techniques:

+ Dissolution by NayO, with an HCI uptake
- ICP for Al, Si, B

+ Dissolution by HCI/HF microwave
- ICP for Na, Zr, Ca, Fe, Mg, Mn, Li, Gy, Sr, Ti, P, Ba, Pb, Mo, Zn, Cu, Ni, La
- AA for Na, K, Cs
+ Dissolution by Na;O, with a HyO uptake
- IC for SO4, NO3, and POy
- ISE for Cl and F

+ Dissolution by HySO4/HF in the presence of NH4VO322
- Colorimetric for Fe2* and total Fe (EFe)

where ICP is Inductively Coupled Plasma Spectroscopy, AA is Atomic Absorption analysis,
IC is Ion Chromatography analysis, and ISE is Ion Selective Electrode analysis.

Glass Viscosity Analyses

A five-point high temperature viscosity analysis was performed on a Brookfield Viscometer
according to ASTM-C-965A by Sharp-Schurtz Analytical Division of Owens/Corning Fiberglas
Corporation.

Glass Homogeneity Analyses

X-ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) analyses coupled with Energy
Dispersive Analysis by X-ray (EDAX) were performed on the EA glass in order to determine the
crystallinity and/or homogeneity of the glass.



Glass Durability Analyses

The durability of the EA glass was measured by four researchers using Versions 3.0 and 5.0 of the

PCT.34 In the PCT analysis, crushed glass of 100-200 mesh is immersed in ASTM Type I water
for 7 days at 90°C. The surface area of the glass exposed in 100-200 mesh glass can be calculated
using an assumed waste glass density (~2.76 g/cc for average SRS glasses) and by assuming a
Gaussian distribution of particle sizes. Since the volume of leachant solution is maintained at 10
mL per gram of glass, the ratio of the glass surface area (SA) to the volume (V) of leachant is

19.55 cm~!. PCT leachates were filtered to remove colloids and/or particulates. The leachates
were analyzed for pH and the elemental concentration of the glass species of interest.

The four researchers completed PCT analysis of the EA glass using differnt types of vessels,
different numbers of replicate analyses, and different versions of the PCT. However, Version 5.0

of the PCT is experimentally equivalent to Version 3.0 of the PCT# Version 3.0 allowed the

usage of either steel or Teflon® vessels and recommended the following nominal conditions: 100-
200 mesh size glass particles, a ratio of leachate volume to mass of glass of 10 mL of solution to 1
gram of glass, a test temperature of 90C to simulate the heat of radioactive decay, a leachant of
ASTM-Type I water, and a 7 day test duration. Version 3.0 also allowed varying mesh sizes,
leachate volume/mass of glass ratios, test temperatures, time durations, leachants. In Version 5.0
the PCT procedure was divided into a part A and part B. Testing using the PCT 5.0A protocol
was limited to production testing of radioactive or simulated waste glass, where steel vessels were
required for radioactive usage and/or closed system testing.' The mesh size, ratio of leachate
volume to mass of glass, test temperature, leachant, and test duration were required to be the
nominal values specified in Version 3.0. Testing using the PCT 5.0B protocol allows for the

usage of either steel or Teflon® vessels so that open or closed system testing can be investigated.
PCT 5.0B also allows for the usage of either nominal or variant conditions as in PCT Version 3.0.

All of the PCT testing carried out in this study used either PCT 3.0, 5.0A, or 5.0B using the
nominal conditions. The data of all four researchers is, therefore, directly comparable. The first

researcher completed triplicate PCT analyses of two EA glass samples in 60 mL 75 psi Teflon®
vessels using Version 3.0 of the test protocol. The second researcher completed six replicate PCT

analyses of one EA glass sample in the same type of Teflon® vessels using Version 3.0 of the test
protocol. The third researcher completed quadruplicate PCT analyses of one EA glass sample in

the same type of Teflon® vessels. The third researcher also ran two sets of quadruplicate PCT
analyses of the EA glass in 22mL 304L stainless steel Parr bombs with a well polished surface
interior finish. One set of tests in the steel vessels used 19 mL of ASTM-Type I water leaving 3
mL head space for air in the vessel. The second set of PCT analyses was performed on the EA
glass in the 22mL Parr bombs with only 15mL of ASTM-Type I water leaving 7 mL head space
for air in the vessel. The third researcher used Version 3.0 of the PCT test protocol. The fourth
researcher used Version 5.0A of the PCT protocol. Three triplicate sets of EA glass durability tests
were performed in 22mL 304L stainless steel Parr bombs with a well polished surface interior
finish. One triplicate set of the EA glass leachates were analyzed as if they were seperate analyses.

1

closed system tests preclude the transport of matter, e.g. Oy and CO, into or out of the vessels, closed

system lesting can only be achieved in steel vessels or in Teflon® vessels that are contained in an incrt
glove box, open system tests permit the transport of matter into or out of the system

- 10 -



These analytic sample pairs are identified with the letters A and B at the end. One triplicate set of
analyses were performed in 150 mL 304L stainless steel cylinders with swage lock fitting from
Georgia Valve and Fitting Co. The 150 mL vessels do not have a well polished surface interior
finish. This triplicate set of EA glass leachates were analyzed as if they were seperate analyses.
These analytic sample pairs are identified witl. the letters A and B at the end.

A standard glass, ARM-1 was used by all the researchers to ascertain if long term bias in the
experimental analysis had occurred compared to previous glasses tested at SRS. Replicate PCT
tests on the EA glass and on the glass standards were run simultaneously.

A multielement solution standard was used by all the researchers to ensure that instrumental drift in
the Inductively Coupled Plasma (ICP) Spectroscopy and/or Atomic Absorption (AA) analyses did
not bias the short term leachate analyses. Duplicate durability tests containing ASTM Type I water
but no glass samples were run simultaneously with each set of samples as “blanks.” All
conditions, including the type of vessel and the head space in the vessel were kept the same for the
blank tests and the EA glass tests. The use of blanks ensures that the test vessel preparation was
adequate and that the sample leachates can be corrected for elemental variation occurring
independently of the glass-solution interactions.

QUALITY ASSURANCE

All melting and glass analyses performed at Corning Engineering Laboratory Sercices (CELS),
and all glass physical property measurements performed at Owens Corning Fiberglas were
conducted in accordance with quality assurance requirements stipulated by the Savannah River
Technology Center (SRTC) that met appropriate requirements of DOE/RW-0214 and ASME
NQA-1. All glass analyses performed at the Savannah River Technology Center were conducted
in accordance with their DOE/RW-0214 and ASME NQA-1 based quality assurance program.

The data for the chemical analyses performed at Corning Glass Works and at SRS are recorded in
WSRC-NB-91-237 and WSRC-NB-92-129. The XRD, SEM, EDAX analyses performed at SRS
and the viscosity analyses performed at Owens Corning Fiberglas are recorded in WSRC-NB-91-
237. The glass durability data of the first and second researchers is recorded in WSRC-NB-91-
199 and WSRC-NB-91-200, respectively. The data of the third researcher is recorded in
DPSTN-4793. The durability data of the fourth researcher is recorded in WSRC-NB-92-232.

RESULTS AND DI TON

Glass Composition Analyses

The average and pooled standard deviations of the 30 replicate EA glass analyses measured by
Corning Engineering Laboratory Services (CELS) is given in Table 1. The CELS analyses are
given in Appendix I. The mean of the means and the standard deviations were calculated in this
study based on the raw data in Appendix I. Five replicate EA glass samples were each dissolved
multiple (3) times and each dissolution was analyzed twice. Since each sample was dissolved and
analyzed the same number of times the data set is considered balanced. However, in order to
account for the total error associated with sampling, dissolution, and replicate solution analyses

which were performed on different days, the Statistical Analysis System (SAS®) Variance

- 11 -
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Components (VARCOMP) estimation model was empioyed (Appendix II). In this manner, the
confounded sources of variation, e.g. replicate sampling (5 samples), replicate dissolutions (3
dissolutions per sample), and replicate analyses (2 per dissolution on different days) are combined
to yield the total pooled standard deviations. The data, therefore, represents 30 distinct
populations which account for the random effects which arise from the classification effects
(“sample”, “dissolution”, and “read”-see Appendix II). A Type-I VARCOMP estimation Model
was employed which computes the sum of the squares for each effect, equates each mean square
involving only random effects to its expected value, and solves the resulting system of equations.
Four variance components are obtained which include an evaluation of both the random and fixed
effects in the data, in this case the “sample”, “dissolution”, and “‘read”variations, and the data
error variation (Appendix II). The total standard deviation is equal to the square root of the sum of
the four variance components. Negative values were set equal to zero. The standard deviations
derived by this methodology are given in Table 1.

Ten samples of the EA glass were analyzed chemically at the Savannah River Technology Center.
Replicate dissolutions and replicate analyses per dissolution were not performed. Detailed results
of each analysis are given in Appendix II. Duplicate analyses of a glass ciandard from the Waste

Compliance Plan (W CP),23 the Purex glass, were performed simultaneously. The analysis
included a redox measurement so that the amount of Fe present could be speciated as Fe5O3 and

FeO. The analytic values for Al,03, SiO5, and Na5O were biased low compared to the standard

Purex glass analysis. An average bias correction for these oxides was calculated from the
duplicate Purex glass analyses and applied to the analyses of the ten replicate EA glass samples
(Appendix IIT). The average oxide wt% bias for Al,O3 ranged from 4 to 6.7, while the average

bias for SiO5 and Na5O ranged from 1.5 t0 2.9 and 4.3 to 4.4, respectively. The average oxide
wt% bias corrections used were 5, 2, and 4 for Al,03, SiO,, and Na5O, respectively. The bias

corrected analyses for the ten replicate EA glass samples is given in Table 2 with the Fe speciated
as Fe50O3 and FeO based on the measured redox. The composition of the 1000 pounds of EA

glass, including the redox, appears to be homogeneous: there are no chemical differences between
the glass samples from the three drums, nor from the glass sampled from the top, middle, or
bottom of ecch drum.

The average composition and the standard deviations of the EA glass composition measurement at

SRTC are also given in Table 2. These values are compared to the target glass analyses and to the

Corning Engineering Laboratory Services composition in Table 1. One sample from drum two (2-
MISC) appears to be significantly dif'erent than the other analyses in terms of its Fe;03, B5Og3,

and SiO, content. Although this analysis is considered deviate, the average and standard
deviations given in Table 2 are based on all ten replicate analyses.

The replicate analyses of both laboratories verify that the 1000 pounds of EA glass is within the
target glass composition specified. The redox analyses measured by SRTC agree to within 0.01 of
the values measi.red by CELS. The SRTC analyses agree closely with the Coming Glass Works
CELS analyses except for minor component and anion analysis, e.g. Lay03, ZnO, Cl, and F. The

SRTC values for LayO; are lower than the values reported by Corning Glass Works by ~33%. In

addition SRTC determined the presence of ZnO and trace amounts of Cl (~0.10+0.05 wt%) and F
(~0.008£0.005 wt%). The presence of the ZnO impurity was ascertained from glasses that were

dissolved in microwave Teflon® bombs. Therefore, the presence of the trace ZnQ is not due to

- 12 -



Table 1. Comparison of the Target and Analyzed Environmental Assessment (EA)
Glass Compositions
Corning Engineering Savannah River
EA Reference Target Glass Laboratory Services Technology Center

Composition Composition Glass Composition**Glass Composmon

Aly03 32 3.67  0.18! 3.70 £ 0.025 3.60+0.12
B,03 109 11.12 £ 0.556 11.28 £ 0.108 11.16£ 0.17
Ca0 1.0 1.13 + 0.06 1.12 £ 0.007 1.23% 0.09
Fe)O3 5.9 8.08 + (see redox)* 7.38 + 0.083 7.58 £ 041
FeO 0.89 + (see redox)} 1.45 + 0.043 1.59 + 0.06
Fe304 2.8

K,0 0.04 £ 0.004 0.04 + 0.000 0.04 £0.01
Lay03 0.4 0.41 % 0.04 0.42 £ 0.005 0.28 +0.02
Li,O 4.2 4.28 +0.211 4.26 + 0.018 4.21£0.15
MgO 1.6 1.66 + 0.08t 1.72 £ 0.012 1.79 + 0.07
MnO 1.34 £ 0.07¢ 1.34 £ 0.011 1.36 £ 0.05
Mn02 1.6

NayO 16.3 16.71 + 0.84! 16.81 £ 0.070 16.88 + 0.32
NiO 0.6 0.61 + 0.06 0.57 + 0.005 0.53 + 0.03
Si0, 46.3 48.95 + 4.90 48.73 + 0.339 48.76 + 0.82
TiOy 0.7 0.71 £ 0.07 0.70 + 0.006 0.65 + 0.03
Us0g 1.2

ZnO 0.26  0.04
Zr0, 0.4 0.41 £ 0.04 0.46 + 0.013 0.48 + 0.08
Other Solidst! 2,9 —

SUM 100.00 100.01 99.99 100.41
Fe2*/Fe3+ 0.123 0.1100.3 0.22+0.01 0.23 + 0.01

**  deuails of the 30 replicate analyses are given in Appendix I; standard deviations shown are the
standard deviations representing each source of variation (see Appendix II)
* details of the 10 replicate analyses are given in Appendix 11

it where other solids include zeolite, undissolved salts, and radionuclides (<0.1% of the waste)8
t corresponds to 5 relative wi%, all others are 10 relative wt%

+  values based on Fe2*/Fe3+=0.123; actual values vary on exact ratio of Fe2*/Fe3+ achieved between
the specificd range of 0.1 t0 0.3 o
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Table 2. Replicate Analyses of the Environmental Assessment Glass

OXIDE
WT%

AlyO3
By03
CaO
Fe,03
FeO
K,0
Lay0g
Li20
MgO
MnO
Na20
NiO
$i0,
TiOy
ZnO

OXIDE
SUMS

F62+ /FC3+

ANION
WT%

Cl

1.-TOP-A

#200074772
#200074769
#20608011¢0
#200080126

3.58
11.12

1.20
7.47

1.59
0.04

0.27
4.19

.77
1.35
16.86

0.52
49.03

0.64

0.25
0.48

100.38

0.24

0.086
0.006

2-TOP-A

#200074773
#200074761
#200080111
#200080128

3.67
11.32

1.22
7.49

1.57
0.06

0.28
424

1.79
1.37
17.03

0.52
49.18

0.65

0.24
0.48

101.11

0.23

0.095
0.005

3-TOP-A

#200074774
#200074762
#200080112
#200080129

3N
11.22

1.22
7.48

1.69
0.04

0.28
4.28

1.81
1.38
17.33

0.54
48.36

0.66

0.24
0.46

100.77

0.25

0.094
0.013
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#200074770
#200074763
#200080113
#20008013¢

3.54
11.32

1.23
7.43

1.60
0.04

0.27
4.19

1.78
1.36
16.90

0.54
49.34

0.64

0.25
0.44

100.87

0.24

0.114
0.003

SAMPLE AND ANALYTIC IDENTIFICATIONS
1-MISC-A

2-MISC

#200074777
#200074764
#200980114
#200080131

3.80
10.76

1.15
8.30

1.61
0.04

0.26
4.02

1.72
1.32
16.37

0.50
48.37

0.62

0.25
0.70

99.8

0.22

0.142
0.005

3-MISC-A

#200074771
#20007476S
#2000860115
#200080132

3.46
11.12
1.20
7.33
1.50
0.04
0.26
4.13

1.76
1.33
16.75

0.5¢
47.81

0.63

0.24
0.42

98.48

0.23

0.090
0.004



i o

Table 2. Replicate Analyses of the Environmental Assessment Glass (Cont’d)

SAMPLE AND ANALYTIC IDENTIFICATIONS

OXIDE 1-B-3 2-B-A 2-M-1 2-M-3 SRS SRS CELS"®
WT% #2060074778.50 4200074781 #200074775  #200074776 MEAN STD MEAN

#200074766 1200074767 200074768 2200074769 ANALYSIS DEV ANALYSIS
#20008011¢6 #200080117 #200080118 #200080119
#200080133 #200080134 #200080135 #260080136

Al,O4 343 3.55 3.55 3.64 3.60 0.12 3.70

B,03 11.08 11.16 11.18 11.33 11.16 0.17 11.30

CaO 125 1.15 1.24 148 123 0.09 1.12

Feq03 7.29 7.02 7.76 8.26 7.58 041 7.38

FeO 1.63 1.61 1.51 1.60 1.59 0.06 145

K70 0.04 0.04 0.03 0.04 0.04 0.01 0.04

La,04 0.30 0.28 0.28 0.33 0.28 0.02 0.42

LiyO 4.17 4.03 4.25 4.57 421 0.15 4.26

MgO 1.76 1.7 1.80 1.97 1.79 0.07 1.72

MnO : 1.34 1.30 1.38 148 136 0.05 1.34

Nay,O 16.93 16.45 17.37 16.85* 16.88 0.32 16.80

NiO 0.52 0.51 0.54 0.60 0.53 0.03 0.57

SiOy 4741 50.19 48.57 49.31 48.76 0.82 48.73

TiOy 0.66 0.63 0.67 0.72 0.65 0.03 0.70

ZnO 0.37 0.24 0.27 0.26 0.26 0.04

Zr0,y 0.44 0.42 0.46 048 048 0.08 0.46

OXIDE

SUMS 98.61 100.31 100.85 102.94 100.41 100.00

Fe2*/Fe3* 0.25 0.26 0.22 0.22 0.23 001 022

ANION

WT%

Cl 0.063 0.212 0.055 0.059 0.101 0.047

F 0.005 0.010 0.017 0.010 0.008 0.005

* this analysis had a significantly higher Na5O content than the remaining nine samples by ICP analysis and
the Na concentration measured by AA was substituted and not bias corrected

** Coming Engineering Laboratory Services
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impurities in the dissolution vessel as observed when samples are dissolved in nickel or zirconia
crucibles.24 The Cland F analyses have large standard deviations since the values measured are
close to the detection limits of the measurement technique. Sulfate (SO4'2), nitrate (NO3", and

phosphate (PO4'3) values were below the detection limits of the ion chromatography technique.

The EA glass is homogeneous and suitable as a redox and/or durability Standard Reference
Material despite the minor differences between the SRTC and CELS analyses for La;O3 and ZnO.
The presence of trace amounts of anions is not considered significant because the analytic
determinations were so close to the detection limits of the instrumentation.

Glass Viscosity Analyses

The EA glass viscosity as a function of inverse temperature is given in Figure 1. The Fulcher
equation of best fit to the measured data is

log M (poise) = -1.4913 + 2414.447/(T(<C)-235.99) (1

The EA glass viscosity calculated from Equation 1 at the DWPF melt temperature of 1150%C is

14.1 poise. The EA glass viscosity calculated from the DWPF processing algorithms10 and the
CELS chemical analysis of the glass is 19.98 poise. The viscosity calculated using the SRS

chemical analysis of the EA glass is 19.8 poise. The deviation of the glass viscosity predicted
from the glass composition at 1150 to that measured is only ~6 poise. A six poise difference in
glass viscosity is well within measurement error and is not considered significant since this glass
viscosity is at the lower limit tested with the DWPF processing algorithms.

Glass Homogeneity Analyses

X-ray Diffraction analysis indicated that the glass was x-ray amorphous and contained no
crystalline species. During optical microscopy, individual glass grains were determined to be
green while others were amber in color. The different colored grain were hand separated and
examined by SEM/EDAX. The light element EDAX detector indicated that the green grains
appeared to have more carbon than the amber colored grains indicating that the green color was

associated with more reduced glass. The green grains were evenly distributed throughout the glass
indicating that the bulk redox was homogeneous as confirmed by the chemical analyses in Table 2.

Glass Durability Analyses
Multielement Standard Analysis

During PCT analysis, a multielement solution standard was used by each researcher to ensure that

the solution analyses were accurate. Researcher one ran the multielement solution standard before
leachate analysis began and after every 5 leachate samples in order to asses any short term bias in
the leachate analyses due to instrumental drift (Appendix IV). Analysis of the solution standard
data indicated that there was less than 0.8 ppm bias in the ICP analyses for Na, Li, Al, Fe, and B,
over 5 ppm bias in the ICP analyses for Si, and less than 0.4 ppm bias in the Atomic Absorption
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(AA) analyses for K The data also indicated that there was ~0.15 ppm low bias in the Na
determinations made by AA compared to the Na determinations by ICP analysis. Similar results
were obtained by the other researchers. Bias of <1 ppm is well within normal instrumental error.
Therefore, the instrumental drift was considered insignificant.

Standard Glass Analysis

Historical control charting using PNL’s Approved Reference Material (ARM-1) as the standard
glass as the PCT standard glass did not indicate any significant bias in the elemental releases (in

ppm) for all elements whether the test was performed in Teflon® or Parr 304L steel vessels

(Table 3). All the standard glass elemental reieases used in this study fell within one-sigma of the
average elemental release for ARM-1 glass since May, 1989. Hence, no long term bias corrections
were made to the EA glass solution data set. Varying dilution factors were used by each researcher
but the solution data sets between researchers was in agreement. The ARM-1 measured pH values
were slightly lower for researcher 2 (Table 3) as were the EA glass measured pH values.

3.0
1l LOG VISCOSITY (POISE) =
2.8- -1.4913 + 2414.447/(T(°C)-235.99)
2.6-
= 1
C_Q 2.4
o ]
B
> 2.2 -1
ot
7
o) 2.0
& ]
@
N 1.8
z ]
5 1.6
O o
= 1.4
1 VISCOSITYAT 1156°C =
1.2 14.14 poise (log 10 = 1.15 poise)
ﬂ
1.0 A -

80 85 90 95 100 105 11.0 115 120 125 130
1/[TEMPERATURE x 104] (°C)
Figure 1. Fulcher plot of the measured viscosities of the EA glass as a function of temperature.
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Table 3. PCT Analysis of the ARM-1 Standard Glass

SAMPLE ADS # RESEARCHER NOTEBOOK PCT
VERSION
ARM-1-7-1 200067152 1 WSRC-NB-91-199 3.0
ARM-1-7-2 200067153 1 WSRC-NB-91-199 3.0
ARM-1-7-3 200067156 1 WSRC-NB-91-199 3.0
ARM-1-7-AVG
ARM-1-7-1 200068356 2 WSRC-NB-91-200 3.0
ARM-1-7-2 200068357 2 WSRC-NB-91-200 3.0
ARM-1-7-3 200068358 2 WSRC-NB-91-200 3.0
ARM-1-7-AVG
T-ARM-1-1 200069692 3 DPSTN-4793 3.0
T-ARM-1-2 200069693 3 DPSTN-4793 3.0
T-ARM-1-3 200069693 3 DPSTN-4793 3.0
T-ARM-1-AVG
SS-ARM-1-1 200069695 3 DPSTN-4793 3.0
SS-ARM-1-2 200069698 3 DPSTN-4793 3.0
SS-ARM-1-3 200069699 3 DPSTN-4793 3.0
SS-ARM-1-AVG
SS-ARM-1-1 200069701 3 DPSTN-4793 3.0
SS-ARM-1-2 200069702 3 DPSTN-4793 3.0
SS-ARM-1-AVG
SSARM-1 200082096 4 WSRC-NB-92-232 5.0A
SSARM-2 200082097 4 WSRC-NB-92-232 5.0A
SSARM-3 200082098 4 WSRC-NB-92-232 5.0A
SS-ARM-AVG
SSARM-1 200082945 4 WSRC-NB-92-232 5.0A
SSARM-2 200082946 4 WSRC-NB-92-232 5.0A
SSARM-3 200082947 4 WSRC-NB-92-232 5.0A
SSARM-AVG
SRSSARM-1 200086332 4 WSRC-NB-92-232 5.0A
SRSSARM-2 200086333 4 WSRC-NB-92-232 5.0A
SRSSARM-3 200086334 4 WSRC-NB-92-232 5.0A
SRSSARM-AVG
CUASARM-1 200086340 4 WSRC-NB-92-232 SO0A
CUASARM-2 200086341 4 WSRC-NB-92-232 5.0A

CUASARM-AVG

- 18 -

TYPE OF SIZE OF
VESSEL VESSEL
(ML)
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60
TEFLON 60

PARR STEEL 22
PARR STEEL 22
PARR STEEL 22

PARR STEEL 22
PARR STEEL 22

PARR STEEL 22
PARR STEEL 22
PARR STEEL 22

PARR STEEL 22
PARR STEEL 22
PARR STEEL 22

PARR STEEL 22
PARR STEEL 22
PARR STEEL 22

STEELCYLINDER 150
STEELCYLINDER 150



Table 3. PCT Analysis of the ARM-1 Standard Glass (Continued)

SAMPLE mL OF GMS OF MEASURED CONCENTRATIONS (ppm)
LEACHANT GLASS pH B Li Na* Si
ARM-1-7-1 40 4.0 10.34 17.71 13.89 38,03 6047
ARM-1-7-2 490 4.0 10.33 17.97 1423 3875 6145
ARM-1-7-3 40 4.0 10.32 18.03 14.09 3851 61.13
ARM-1-7-AVG 10.33 17.90 14.07 3843  61.02
ARM-1-7-1 35 35 9.38 18.11 1431 3995 60.71
ARM-1-7-2 35 35 9.40 18.32 1445 37.17  60.67
ARM-1-7-3 35 3.5 9.35 17.12 1346 34.83 57.18
ARM-1-7-AVG 9.38 17.85 1407 3732 59.52
T-ARM-1-1 40 40 10.28 17.14 1408 37.51 59.21
T-ARM-1-2 40 4.0 10.38 17.65 1441 38.23  60.26
T-ARM-1-3 40 4.0 10.29 17.12 14.11 3752 5940
T-ARM-1-AVG 10.32 17.31 1420 37.75 59.62
SS-ARM-1-1 19 1.9 10.38 18.71 1501 3984 62.66
SS-ARM-1-2 19 1.9 10.29 17.73 1439 3849  60.68
SS-ARM-1-3 i : 1.9 10.29 19.50 1525 4087 63.38
SS-ARM-1-AVG 10.32 18.65 1488 39.73 6224
SS-ARM-1-1 15 1.5 10.34 18.13 1460 38.78 61.22
SS-ARM-1-2 15 1.5 10.38 19.78 1565 4162 6444
SS-ARM-1-AVG 10.36 18.96 1513 4020 6283
SSARM-1 16 1.6 10.00 18.19 13.87 3743 6235
SSARM-2 16 1.6 9.89 17.90 1375 36.89 6225
SSARM-3 16 1.6 9.87 19.05 1438 38.67 63.87
SS-ARM-AVG 9.92 18.38 1400 37.66 6282
SSARM-1 16 1.6 10.00 18.88 1459 39.08 65.51
SSARM-2 16 1.6 9.97 19.59 1496 3995  66.80
SSARM-3 16 1.6 9.92 19.05 1477 3944  66.65
SSARM-AVG 9.96 19.17 1477 3949  66.32
SRSSARM-1 16 1.6 10.00 17.47 1419 3759 6244
SRSSARM-2 16 1.6 10.05 2234 1694 4492 7040
SRSSARM-3 16 1.6 10.13 19.89 15.64 4127  66.65
SRSARM-AVG 1990 1559 4126 66.50
CUASARM-1 100 10 9.51 24.16 1797 47.11 61.51
CUASARM-2 100 10 9.95 21.24 1598 4236  66.12
CUASARM-AVG 9.73 22.7 1698 44.74  63.82

* measured by ICP
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EA Glass Analysis

The PCT leachate pH and leachate concentrations in ppm measured for the EA glass are given in
Table 4. The leachates had to be diluted prior to analysis by ICP or AA in order to match the
standardization concentrations of the respective instruments. Varying dilution factors were used by

each researcher. The pH values given for researcher 2 were bias corrected on a 1/[H*] linear basis
based on the low value measured for the ARM-1 glass (Table 3). The solution data of researcher 1
had to be bias corrected for an error in dilution (Table 4 and 5).

The leachate concentrations measured for the respective elements in the EA glass, by the various
researchers, in three different types of vessels, are in agreement (Table 4) . The leachate
concentrations are normally reported as normalized elemental losses, NC;, released from the glass

in grams of glass per L of leachant (Table 5). This has the advantage that the release
concentrations in parts per million are normalized by the weight fraction of that element present in
the glass.

The normalized release, NC;, is a function of (1) the mass fraction of that element in the glass, (2)

the exposed surface area of the glass, and (3) the leachate volume. Since the latter two are held
constant, the normalized release is expressed as:

NG = G )

where NC; = normalized release (gg1ass/Lieachant)

C; =mass of element "i" in the solution (gi/m3)
F; = fraction of element "i" in the glass (gi/gglass)

The units of NC; are normally expressed as grams of glass dissolved per liter of leachant. The

normalized releases shown in Table 5 were calculated using the CELS analyzed glass composition
given in Table 2. The normalized releases were calculated in grams of glass based on B, Lj, Si,
and Na leached per liter of leachate (g/L) as given in Equation 1. The values for both NC; and log

NC; are tablulated in Table 5.
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Table 4. PCT Analysis of the Environmental Assessment Glass

SAMPLE ADS # RESEARCHER NOTEBOOK PCT TYPE OF SIZE OF
VERSION VESSEL VESSEL
(ML)
EA-1-7-1 2000267144 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-1.7-2 2000267145 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-1-7-3 2000267148 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-1-AVG
EA-2-7-1 2000267149 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-2-7-2 2000267150 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-2-7-3 2000267151 1 WSRC-NB-91-199 3.0 TEFLON 60
EA-2-AVG
EA-7-1 200068359 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-7-2 200068360 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-7-3 200068361 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-74 200068362 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-7-5 200068363 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-7-6 200068364 2 WSRC-NB-91-200 3.0 TEFLON 60
EA-AVG
T-EA-1 200069668 3 DPSTN-4793 3.0 TEFLON 60
T-EA-2 200069671 3 DPSTN-4793 3.0 TEFLON 60
T-EA-3 200069679 3 DPSTN-4793 3.0 TEFLON 60
T-EA4 200069685 3 DPSTN-4793 3.0 TEFLON 60
EA-T-AVG
SS-EA-19-1 200069669 3 DPSTN-4793 3.0 PARR STEEL 22
SS-EA-19-2 200069672 3 DPSTN-4793 3.0 PARR STEEL 22
SS-EA-19-3 200069677 3 DPSTN-4793 3.0 PARR STEEL 22
SS-EA-19-4 200069681 3 DPSTN-4793 3.0 PARR STEEL 22
EA-S8S-19-AVG
EA-SS-15-1 200069670 3 DPSTN-4793 3.0 PARR STEEL 22
EA-SS-15-2 200069673 3 DPSTN-4793 3.0 PARR STEEL 22
EA-SS-15-3 200069676 3 DPSTN-4793 3.0 PARR STEEL 22
EA-SS-154 200069686 3 DPSTN-4793 3.0 PARR STEEL 22
EA-SS-A5-AVG
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Table 4. PCT Analysis of the Environmental Assessment Glass

SAMPLE ADS # RESEARCHER NOTEBOOK PCT TYPE OF SIZE OF
VERSION VESSEL VESSEL
(ML)
SS-EA-1-7-1 200082096 4 WSRC 92-232 50A PARR STEEL 22
SS-EA-1-7-2 200082097 4 WSRC 92-232 S0A PARR STEEL 22
SS-EA-1-7-3 200082098 4 WSRC 92-232 50A PARR STEEL 22
SS-EA-1-7-AVG
SS-EA-2-7-1 200082948 4 WSRC 92-232 SO0A PARR STEEL 22
SS-EA-2-7-2 200082949 4 WSRC 92-232 S0A PARR STEEL 22
SS-EA-2-7-3 200082950 4 WSRC 92-232 S50A PARR STEEL 22
SS-EA-2-7-AVG
SRS-SEA-A-7-1 200086332 4 WSRC 92-232 50A PARR STEEL 22
SRS-SEA-A-7-2 200086333 4 WSRC 92-232 SOA PARR STEEL 22
SRS-SEA-A-7-3 200086334 4 WSRC 92-232 50A PARR STEEL 22

SRS-SEA-A-7-AVG

SRS-SEA-B-7-1 200086357 4 WSRC 92-232 SO0A PARR STEEL 22
SRS-SEA-B-7-2 200086350 4 WSRC 92-232 50A PARR STEEL 22
SRS-SEA-B-7-3 200086359 4 WSRC 92-232 SO0A PARR STEEL 22
SRS-SEA-B-7-AVG

CUASEA-A-7-1 200086342 4 WSRC 92-232 50A STEELCYLINDER 150
CUASEA-A-7-2 200086343 4 WSRC 92-232 S0A STEELCYLINDER 150
CUASEA-A-7-3 200086344 4 WSRC 92-232 50A STEEL CYLINDER 150
'CUASEA-A-7-AVG

CUASEA-B-7-1 200086360 4 WSRC 92-232 50A STEELCYLINDER 150
CUASEA-B-7-2 200086361 4 WSRC 92-232 50A STEELCYLINDER 150
CUASEA-B-7-3 200086362 4 WSRC 92-232 50A STEELCYLINDER 150

CUASEA-B-7-AVG
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Table 4. PCT Analysis of the Environmental Assessment Glass (Continued).

SAMPLE mL OF

GMS OF

LEACHANT GLASS

EA-1-7-1t
EA-1-7-2

EA-1.7-3
EA-1-AVG

EA-2-7-1
EA-2-7-2!
EA-2-7-3
EA-2-AVG

EA-7-1
EA-7-2
EA-7-3
EA-74
EA-7-5
EA-7-6
EA-AVG

T-EA-1
T-EA-2
T-EA-3
T-EA4
EA-T-AVG

SS-EA-19-1
SS-EA-19-2
SS-EA-19-3
SS-EA-19-4
EA-SS-19-AVG

EA-SS-15-1
EA-§§-15-2
EA-S8-15-3
EA-§5-154
EA-SS-AS5-AVG

* measured by ICP

588

&8 &

8888

19
19
19
19

15
15
15
15

4.00
4.00
4.00

4.00

4.00
4.00

3.50
3.50
3.50
3.50
3.50
3.50

4.00
4.00
4.00
4.00

1.90
1.90
1.90
1.90

1.50
1.50
1.50
1.50

MEASURED

pH

11.80
11.79

11.80
11.80

11.86

11.88
11.88
11.87

12.01**
12.01**
1201"*
1201
12.01**
12.01**
12.01°*

11.88
11.88
11.89
11.89
11.89

11.92
11.90
11.95
1191
11.92

11.98
11.92
11.93
11.95
11.95

** bias corrected based on ARM-1 pH measurements
U solution data corrected for a dilution error
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CONCENTRATIONS (ppm)

567.96
593.57

605.97
589.17

468.52

610.00
523.05
533.86

609.42
615.07
634.81
638.54
649.05
584.70
621.93

499.85
493.34
517.52
560.09
517.70

577.41
566.13
576.06
584.31
575.98

596.10
601.41
587.04
572.67
589.31

Li

210.71
211.19

212.86
211.59

163.27

225.05
171.77
186.70

192.06
187.92
195.74
204.01
208.11
186.73
195.76

162.08
161.27
167.81
183.35
168.63

180.78
177.48
180.48
183.60
180.59

190.26
191.52
196.68
193.11
192.89

Na®*

1738.35
1819.70

1857.20
1805.08

1380.80

1854.87
1542.60
1592.76

1685.50
1724.34
1770.69
1771.35
1789.02
1644.01
1730.82

1429.74
1408.62
1480.44
1572.63
1472.86

1633.95
1604.19
1635.24
1650.21
1630.90

1670.40
1692.06
1640.88
1606.35
1652.42

Si

1048.41
1061.93

1070.91
1060.42

780.29

1128.56
832.21
913.69

908.43
909.33
938.30
956.44
965.06
892.60
928.36

763.41
746.67
782.22
825.27
779.39

798.81
791.43
794.04
803.25
796.88

846.96
852.09
848.55
830.64
844.56



Table 4. PCT Analysis of the Environmental Assessment Glass (Continued).

SAMPLE  mL OF GMS OF MEASURED CONCENTRATIONS (ppm)
LEACHANT GI ASS pH B Li  Na* Si

SS-EA-1-7-1 16 1.6 11.78 656.50 204.53 1808.68  956.18
SS-EA-1-7-2 16 1.6 11.77 654.11 20695 1794.88  963.87
SS-EA-1-7-3 16 1.6 11.78 63771 19926 175474  936.13
SS-EA-1-7-AVG 11.78 649.44 20358 178610  952.06
SS-EA-2-7-1 16 1.6 11.76 626.15 19280 171127  909.10
SS-EA-2-7-2 16 1.6 11.77 61453 19151 169562  905.34
SS-EA-2-7-3 16 16 1.72 629.50 19576 1723.18  925.18
SS-EA-2-7-AVG 11.75 62339 19335 171002 91321
SRS-SEA-A-7-1 16 1.6 11.78 57055 18215 1586.75  853.72
SRS-SEA-A-72 16 1.6 11.78 57393 17856 1599.24  852.48
SRS-SEA-A-73 16 1.6 11.79 588.19 19431 161604  885.21
SS-SEA-A-7-AVG 11.78 577.56 18501 1600.68  863.80
SRS-SEA-B-7-1 16 1.6 11.78! 602.87 172.63 167849  884.79
SRS-SEA-B-7-2 16 1.6 11.78t 59402 181.07 1689.32  886.22
SRS-SEA-B-7-3 16 16 11.7¢" 59262 187.92 168349  908.28
SS-SEA-B-7-AVG 11.78 596.50 180.54 1683.76  893.09
CUASEA-A-7-1 100 10 11.76 599.59 19238 1627.80  875.09
CUASEA-A-7-2 100 10 11.78 614.88 197.87 1682.85  913.44
CUASEA-A-7-3 100 10 11.77 560.10 184.42 1530.83  854.69
CUASEA-A-7-AVG 11.77 501.52 19156 1613.83  881.07
CUASEA-B-7-1 100 10 11.76' 58333 173.03 167090  880.57
CUASEA-B-7-2 100 10 11.78t 58149 18625 168190  895.29
CUASEA-B-7-3 100 10 177 568.86 187.87 166343  909.35
CUASEA-B-7-AVG 11.77 577.89 18238 167207 89507

* measured by ICP
t leachate pH values for B replicates of these data sets are the same as the “A” replicates because the A and B
replicates were the same leachate with different dilution factors before cation analysis
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i

Table 5. PCT Analysis of the Environmental Assessment Glass.

SAMPLE NORMALIZED MASS LOSS LOG NORMALIZED MASS LOSS
(g/L) (g/L)
B Li Na Si B Li Na Si
EA-1-7-1t 16.18 1064 13.95 4,60 1.21 1.03 1.14 0.66
EA-1-7-2 1691 1067 14.60 4.66 1.23 1.03 1.16 0.67
EA-1-7-3! 17.26 10.75 1491 4.70 1.24 1.03 1.17 0.67
EA-1-AVG 16.79 1069 1449  4.66 1.22 1.03 1.16 0.67
EA-2-7-1 1335 825 1108  3.43 1.13 0.92 1.04 0.53
EA-2.7-2¢ 1738 1137 1489 495 1.24 1.06 1.17 0.69
EA-2-7-3 1490 868 1238  3.65 1.17 0.94 1.09 0.56
EA-2-AVG 1521 943 1278 401 1.18 0.97 1.10 0.60
EA-7-1 1736 9.70  13.53 3.99 1.24 0.9 1.13 0.60
EA-7-2 17.52 949 1384 3559 1.24 0.98 1.14 0.60
EA-7-3 18.09 9389 1421 4.12 1.26 1.00 1.15 0.61
EA-74 18.13 1030 1422 420 1.26 1.01 1.15 0.62
EA-7-5 1849 1051 1435 424 1.27 1.02 1.16 0.63
EA-7-6 16656 943 13.19 3.92 1.22 0.97 1.12 0.59
EA-AVG 1772 989 1389 408 1.25 0.99 1.14 0.61
T-EA-1 1424 819 1147  3.35 1.15 0.91 1.06 0.53
T-EA-2 1406 8.14 1131 3.28 1.15 0.91 1.05 0.52
T-EA-3 1474 848 1188 3243 1.17 0.93 1.07 0.54
T-EA4 1596 926 1262 362 1.20 0.97 1.10 0.56
EA-T-AVG 1475 852 1182 2342 1.17 0.93 1.07 0.53
SS-EA-19-1 1645  9.13  i3.11 3.51 1.22 0.96 1.12 0.54
SS-EA-19-2 16.13 89¢ 12.87 3.47 1.21 0.95 1.11 0.54
SS-EA-19-3 1641  9.12 13.12 349 1.22 0.96 1.12 0.54
SS-EA-194 1665 9.27 13.24 3.53 1.22 0.97 1.12 0.55
EA-SS-19-AVG 1641 912 13.09  3.50 1.22 0.96 1.12 0.54
EA-S53-15-1 1698 9.61 1341 3.72 1.23 0.98 1.13 0.57
EA-SS-15-2 1713 9.67 13.58 3.4 123 0.99 1.13 0.57
EA-SS-15-3 16,72  9.93 13.17 3.72 1.22 1.00 1.12 0.57
EA-S$5-15-4 1632 975 12.89 3.65 1.21 0.99 1.11 0.56
EA-SS-A5-AVG 1679 9.74 1326 3.7 1.22 0.99 1.12 0.57

! solution data corrected for a dilution error
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Table 5. PCT Analysis of the Environmental Assessment Glass (Continued).

SAMPLE NORMALIZED MASS LOSS LOG NORMALIZED MASS LOSS
(g/L) (g/L)

B Li Na Si B Li Na Si
SS-EA-1-7-1 18.70 1033 1452 420 127 1.01 1.16 0.62
SS-EA-1-7-2 1864 1045 1441 423 1.27 1.02 1.16 0.63
SS-EA-1-7-3 18.17 1006 1408 4.1 1.26 1.00 1.15 0.61
SS-EA-1-7-AVG  18.50 10.28 1433  4.18 1.27 1.01 1.16 0.62
SS-EA-2-7-1 1784 974 1373 3.9 1.25 0.99 1.14 0.60
SS-EA-2-7-2 17.51 967 1361 397 1.24 0.99 1.13 0.60
SS-EA-2-7-3 1793 989 1383 4.06 1.25 1.00 1.14 0.61
SS-EA-2-7-AVG  17.76 977 1372 4.01 1.25 0.9 1.14 0.60
SRS-SEA-A-7-1 1625 920 1273  3.75 1.21 0.96 1.10 0.57
SRS-SEA-A-7-2 1635 9.02 1284 3.74 1.21 0.96 1.11 0.57
SRS-SEA-A-7-3 1676 9.81 1297  3.89 122 099 1.11 0.59
SS-SEA-A-7-AVG 1645 934 1285  3.79 122 097 1.11 0.58
SRS-SEA-B-7-1 17.18 872 1347  3.88 1.23 0.94 1.13 0.59
SRS-SEA-B-7-2 1692 9.14 1356 3.89 1.23 0.96 1.13 0.59
SRS-SEA-B-7-3 16.88 949 13.51 3.9 1.23 0.98 1L13. 060
SS-SEA-B-7-AVG 16.99  9.12 1351 392 1.23 0.96 1.13 0.59
CUASEA-A-7-1 17.08 972 1306 3.84 1.23 0.99 1.12 0.58
CUASEA-A-7-2 17.52 999 1351 4,01 1.24 1.00 1.13 0.60
CUASEA-A-7-3 1596 931 1229  3.75 120 097 1.09 0.57
CUASEA-A-7-AVG16.85 9.67 1295  3.87 1.23 0.99 1.11 0.59
CUASEA-B-7-1 1662 874 1341  3.87 122 0% 1.13 0.59
CUASEA-B-7-2 1657 941 1350  3.93 122 097 1.13 0.59
CUASEA-B-7-3 1621 949 1335  3.99 1.21 0.98 1.13 0.60
CUASEA-B-7-AVG16.46 921 1342  3.93 1.22 096 . 1.13 0.59
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Statistical Analysis of EA Glass Data

The SRTC EA glass durability measurements were evaluated statistically. Data for the Product
Consistency Test (PCT) leachate variables: pH and concentrations, in Cj(ppm) and NC;(g/L), of

boron, lithium, sodium, and silicon were considered. The logNC;(g/L) values (Table 5) were not
separately evaluated as they are mathematically derived from the leachate concentrations in NC;.

All of the researchers used either PCT Version 3.0 or 5.0 at the nominal test parameters. All of
the researchers used a constant sample mass to solution volume of 1:10 which maintains the
exposed glass surface area (SA) to solution volume (V) at a constant. Varying the available head
space in the 22 mL steel vessels appeared to have no effect on the final leachate concentrations or
on the measured pH. All of the researchers used the EA glass and ASTM-Type I water as the
leachant. All testing was conducted at 90C although different ovens were used by the different
researchers. All testing was conducted over a 7 day period. Different pH meters were used by the
different researchers. All test results are, therefore, considered experimentally comparable.

Six out of the twelve combinations of analyst and vessel type were examined (Figure 2). Not
every researcher tested the EA glass in every type of vessel. This causes the data set to be
unbalanced based on classification of analyst and vessel type. The pH values measured are
considered to represent ten distinct sample populations (Figure 2). The samples are distinct
because the analyst and leach vessel type varied between the populations and because the crushing
and sieving of each “batch” of glass for replicate use represents another potential source of
variance. Use of different ovens and different pH meters used by the different analysts is
considered a part of the “sample-to-sample” variation. The leachate concentrations measured in
ppm are considered to represent twelve distinct sample populations (levels of variance) because
researcher 4 submitted two of the triplicate sets of PCT leachates for duplicate leachate analysis.
Different dilution factors were used for the duplicate leachate analyses. These duplicate leachate
analyses are identified as A/B pairs in Table 4. The ten pH populations and the twelve leachate
concentration populations are segregated based on the “sample-to-sample” differences, with n;

observations per class. The varying observations per class causes the data set to be unbalanced.

The average and standard deviations of the 42 replicate EA glass durability analyses are given in
Table 6. The pH data averages and standard deviations are based on 36 observations since
researcher 4 analyzed the leachates of the A/B pairs given in Table 4 at different dilutions but only
one pH measurement was made for each A/B pair. The mean of the means that were presented in
Tables 4 and 5 was used to determine the averages reported in Table 6. By pooling the means
within each of the populations,the data sets with higher numbers of replicate analyses are
statistically considered equal to those with fewer replicate analyses. The standard deviations were

calculated using the Statistical Analysis System (SAS®) Variance Components (VARCOMP)
estimator (Appendix V). In this manner, the random effects which arise from all the “sample-to
sample” classification effects, are used to estimate the pooled variances. A Type-I VARCOMP
estimation model was employed which computes the sum of the squares for each effect, equates
each mean square involving only random effects to its expected value, and solves the resulting
system of equations. Two variance components are obtained which include an evaluation of both
the random and fixed effects in the data, in this case the ‘‘sample-to-sample” variation, and the data
error variation (Appendix V). The total standard deviation is equal to the square root of the sum of
the two variance components. The total standard deviations derived by this methodology are given
in Table 6.
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TYPE OF LEACH VESSEL

EA-1-7(3)
1 EA-2-7(3)

7 |
| EA-7(6)
z
=
E 3 T-EA (8)
4

Teflon®

Steel

Parr Steel Cylinders

SS-EA-19 (4)
SS-EA-15 (4)

SS-EA-1(3) ASEA :
SS-EA-2(3) § v @

SRSSEA (3)

Figure 2. Schematic showing the samples used in this analysis. Although six out of the twelve
possible combinations of analyst and leach vessel were examined, not every researcher
tested the EA glass in every type of vessel. This shows the unbalanced nature of the
data set based on classification of analyst and vessel type. The number in parentheses
following each sample identification is the number of replicate EA durability tests
performed by each analyst on each sample population.
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Table 6. SAS Statistical Analysis of PCT Durablhty Measurements for the
Environmental Assessment Glass.
Leachate Concentrations
pH__. B(pm Li(ppm) Na (ppm) Si (ppm)

Mean"* 11.85 587 190 1662 893
Standard Deviation 0.1 43 14.5 112 86
Relative Percent 0.8 | 7.3 7.6 6.7 9.6
Standard Deviation

Leachate Concentrations

B () Li(gly DNa(gld) Sifel)

Mean"® 16.695 9.565 13.346 3.922
Standard Deviation 1.222 0.735 0.902 0.376
Relative Percent ' 7.31 7.68 6.76 9.58
Standard Deviation

* calculated as the mean of the means

Table 7.

Variable
B (ppm)
Li (ppm)
Na (ppm)
Si (ppm)

Correlation Matrix For the Leachate Analyses in ppm*

B (ppm) Li (ppm) Na (ppm) Si (ppm)

1.0000 0.7428 0.8848 0.6250
1.0000 0.8719 0.8849

1.0000 0.8595

1.0000

* Corresponds to data shown graphically in Figure 3.

-130-



The leachate chemistry is internally consistent as shown by the correlation matrix in Table 7. This
is illustrated graphically by the scatter plots shown in Figure 3. The inner most ellipses define all
the data that fits within a 95% confidence level. The outermost ellipses define all the data that fits
within a 99% confidence level. The six samples shown as larger squares in the scatter plot are
clearly outliers at the 95% confidence level. They represent the solution data of res.archer 1 that
was bias corrected for a dilution error. These data were retained in the VARCOMP statistical
analysis in order to (1) evaluate the maximum intra-laboratory (between researcher) error and (2)
because the data was statistically significant at the 99% confidence level.

230 1900
1850
2204
1800
210 1750
~ —~
£ g 17007
=y 2007 o -
£ 2 1650
omm 190 « 1600
- Z 1550
180 1500
4 -~
1704 1450
1400
160 T ; T T T T T 1350
450 500 550 600 650 450 500 550 600 650
B (ppm) B (ppm)
1150
1100
1050
E 10001
=" .
= 950
A
-~ 900"
w
850
800
750
700
450 500 550 600 650

B(ppm)

Figure 3. Scatter plots showing the internally consistency of the leachate data. The inner most
density ellipses define the data which is statistically significant at the 95% confidence
level. The outer most ellipses define the data which is statistically significant at the
99% confidence level (corresponds to the correlation matrix given in Table 7).
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The average (mean of the means) pH values measured by the 4 researchers for the 10 populations
of data is 11.85. The range and distribution of measurements for each of the researchers is shown
graphically in Figure 4. In order to show whether differences in pH measurement and/or
differences in leachate composition measurement were affected to a greater extent by the type of
vessel that each researcher used or by “researcher-to-researcher” variability separate one-way
analysis of variance were performed for “researcher-to-researcher” and “vessel type” variables.

A generalized example of the graphical representation of a one-way analysis of variance (ANOVA)
is shown in Figure Sa. The graphical display shows the vertical distribution of response points for
each factor examined. The groups of identical values are called categories or samples of the x
variable. The basic fitting approach is to compute the mean response within each group. The
diamond shapes on each figure are “means” diamonds. The line across each diamond represents
the group mean. The diamond width represents the group sample size. The height of each
diamond represents the 95% confidence interval for each group. The 95% confidence intervals are
computed using the root mean square error from the sum total of response points for all factors and

the square root of the number of data points within a specific group.25 The *“comparison” circles
to the right of each figure is a 95% confidence circle useful for comparing the group means (Figure
5b). For each level of the response variable, a circle is drawn with its center at the mean and its
diameter corresponding to the 95% confidence interval for the mean. Each group of means is
compared visually by examining how the comparison circies intersect. If the circles intersect by an
angle of more than 90 degrees or if they are nested, the means are not significantly different. The
dotted horizontal line is the total response sample mean for the populations shown (Figure 5).

Figure 4. Distribution of the pH values measured by all researchers.
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Figure 5. Graphical representation of the one-way analysis of variance which compares the mean
response by variable group. The comparison circles are used for comparing the group means.
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A comparison was made of an one-way analysis of variance of the measured leachate pH based on
“analyst-to-analyst” variability and vessel type variability. In Figure 6a the grouping are by
analyst while in Figure 6B the groupings are by leachate vessel type. The “analyst-to-analyst”
variability for the pH measurement is shown in Figure 6a to be more significant (no overlapping
comparison circles) than the pH variability caused by vessel type (partially overlapping comparison
circles) shown in Figure 6b. Figure 6a shows that the pH values measured by researcher 4 were
always biased low whether Parr steel bombs or steel cylinders were used as leach vessels. Figure
6a also shows that the pH values measured by researcher 1were always biased high. This was the
data set for which the pH values were bias corrected based on the ARM-1 glass data as discusssed
in the previous section and so these values may be biased higher due to errors associated with the
bias correction of the raw pH data. Researchers 1 and 3 are closest to each other in pH

measurement. Researcher 1 used only Teflon® vessels while Researcher 3 used a combination of

Parr Steel and Teflon® leach vessels. Even for the pH data for the two closest researchers, there
is a distinct “analyst-to-analyst” variation in thepH measurement (no overlapping comparison
circles).

A similar comparison was made of the “‘analyst-to-analyst” variance and the vessel type variance
for the response of the measured leachate concentrations for B, Li, Na, and Si (Figures 7-10). In
each case the “analyst-to-analyst” variability is greater (Figures 7-10a), e.g. the comparison circles
overlap less, than for the vessel type variability (Figures 7-10b). The leachate results shown in
Figures 7-10b demonstrate that the comparison circles for the varying vessel types all overlap.

The PCT response for the EA glass in the different vessels (T eflon®: Parr 304L stainless steel
vessels with a smooth internal finish, and 304L stainless steel cylinders with a rougher internal
finish) are comparable. Comparison of Figures 7-10a with Figures 7-10b indicates that the
“analyst-to-analyst” variability is greater than the variability caused by using different types of
leach vessels.
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Figure 6a. One-way analysis of variance for the pH leachate measurements by analyst. The T

indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders.
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Figure 6b. One-way analysis of variance for the pH leachate measurements by vessel type (T

indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders). Labels on the data points represent the
different analysts.
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Figure 7a. One-way analysis of variance for the B concentration in ppm by analyst. The T
indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C

Figure 7b.

indicates the large 304L steel cylinders.
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One-way analysis of variance for the B concentration in ppm by vessel type (T

indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders). Labels on the data points represent the

different analysts.
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Figure 8a. One-way analysis of variance for the Li concentration in ppm by analyst. The T
indicates chlon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders.

230

2207

2107

200

190

Li (ppm)

1807

Vessel Type

Figure 8b. One-way analysis of variance for ti.¢ Li concentration in ppm by vessel type (T

indicates Teflon® vessels, the P inuicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders). Labels on the data points represent the
different analysts.
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Figure 9a. One-way analysis of variance for the Na concentration in ppm by analyst. The T

indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders.
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Figure 9b. One-way analysis of variance for the Na concentration in ppm by vessel type (T

indicates Teﬂon® vessels, the P indicates the Parr 304L steel vessels, and the C

indicates the large 304L steel cylinders). Labels on the data points represent the
different analysts.
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Figure 10a. One-way analysis of variance for the Si concentration in ppm by analyst. The T

indicates Teﬂon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders.
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Figure 10b.One-way analysis of variance for the Si concentration in ppm by vessel type (T

indicates Teflon® vessels, the P indicates the Parr 304L steel vessels, and the C
indicates the large 304L steel cylinders). Labels on the data points represent the
different analysts.
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CONCLUSJONS

The chemical analysis of the EA glass indicates that the glass is within the target composition

specified and has an Fe2*/Fe3* ratio of 0.23 compared to Corning Glass Works’ value of 0.22.
The chemical analyses in this study verify the Corning Glass Works analysis except for the lower
concentration of La;O3 measured in this study. In addition, minor amounts of ZnO, Cl and F

were detected in the glass. The presence of trace amounts of anions is not considered significant
because the analytic determinations were so close to the detection limits of the measurement
technique.

The chemical composition of the 1000 pounds of glass was determined to be homogeneous. The
glass was x-ray amorphous and found to be composed of individual grains which varied in redox
but were homogeneously distributed. The PCT leachate data of the EA glass appears to be
internally consistent. No significant long term or short term instrumental analytic bias was

observed. The leachate results were comparable in Tcﬂon®, Parr 304L stainless steel vessels with
a smooth internal finish, and 304L stainless steel vessels with a rougher internal finish.
Comparison of the PCT leachate data for the EA glass indicates that the “analyst-to-analyst”
variability is greater than the variability caused by using different types of leach vessels.

The EA glass fabricated by Corning Glass Works is suitable as a durability and/or redox Standard
Reference Material.
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APPENDIX I

CELS Client No.:

119

Corning Engineering Labora
Analysis of the E

LABORATORY ANALYSIS REPORT

88-036

Glass

tory Services (CELS) Chemical
nvironmental A_ssessment (EA)

Exhibit A:

Sample Description:

1000 1b.

Stand

Quantitative Chemical Analysis

ard

Sample 1

Dissolution 1 Dissolution 2 Dissolution 3

Read 1 Read 2 Read 1 Read 2 Read 1 Read 2
Al1203 3.75 3.72 3.72 3.72 3.69 3.69
B203 11.1 11.2 11.2 11.2 11.3 11.4
ca0 1.12 1.12 1.12 1.12 1.11 1.11
Fe203 7.39 7.38 7.52 7.52 7.36 7.31
FeO 1.45 1.46 1.36 1.36 1.47 1.48
K20 0.04 0.04 0.04 0.04 0.04 0.04
La203 0.42 0.42 0.42 0.42 0.42 0.42
Li20 4,28 4.29 4.25 4.24 4,26 4.26
MgO 1.74 1.72 1.72 1.72 1.72 1.71
MnO 1.35 1.34 1.35 1.35 1.35 1.34
Na20 16.8 16.8 16.8 16.8 16.8 16.8
NiO 0.58 0.57 0.57 0.57 0.57 0.57
sio2 49.3 48.9 49.0 49.0 48.6 48.5
Tio2 0.71 0.70 0.70 0.70 0.70 0.69
2r02 0.46 0.46 0.48 0.47 0.46 0.46
Total 100.49 100.12 100.25 100.23 99.85 99.78
Fe203(TOT) 9.01 9.01 9.04 9.04 9.00 8.96
Fe(TOT) 6.30 6.30 6.32 6.32 6.29 6.26
FeO 1.45 1.46 1.36 1.36 1.47 1.48
Fe(+2) 1.13 1.13 1.06 1.06 1.14 1.15
Fe(+3) 5.17 5.16 5.26 5.26 5.15 5.11
Fe203(+3) 7.39 7.38 7.52 7.52 7.36 7.31
Fe+2/Fe+3 0.22 0.22 0.20 0.20 0.22 0.22
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PENDIX I Corning Engineering Laboratory Services (CELS) Chemical
AF Analygigs of gthe Environmental Assessment (EA) Glass

LABORATORY ANALYSIS REPORT

CELS Client No.: 11988-036

Exhibit A: Quantitative Chemical Analysis

Sample Description: 1000 lb. Standard

Sample 2

Dissolution 1 bissolution 2 Dissolution 3
Read 1 Read 2 Read 1 Read 2 Read 1 Read 2

Al203 3.67 3.73 3.72 3.69 3.69 3.70
B203 11.2 11.3 11.2 11.3 11.4 11.3
CaO 1.11 1.12 1.12 1.11 1.12 1.12
Fe203 7.27 7.35 7.39 7.36 7.40 7.40
FeO 1.47 1.48 1.48 1.50 1.48 1.49
K20 0.04 0.04 0.04 0.04 0.04 0.04
La203 0.42 0.42 0.42 0.42 0.41 0.42
Li20 4.27 4.28 4.26 4.25 4.27 4.24
MgO 1.71 1.71 1.71 1.71 1.72 1.72
MnoO 1.33 1.32 1.34 1.33 1.35 1.35
Na20 16.8 16.8 16.8 16.8 16.8 16.8
NiO 0.56 0.56 0.57 0.57 0.57 0.57
Sio2 48 .7 48.8 48.8 48.5 48,7 48 .8
TiO2 0.69 0.70 0.70 0.70 0.70 0.70
- 2r02 0.47 0.47 0.48 0.47 0.46 0.47
Total 99,71 100.08 100.03 99.75 100.11 100.12
Fe203 (TOT) 8.91 9.00 9.04 9.03 9.05 9.06
FeO(TOT) 6.23 6.29 6.32 6.31 6.33 6.33
FeO 1.47 1.48 1.48 1.50 1.48 1.49
Fe(+2) 1.14 1.15 1.15 1.17 1.15 1.16
Fe(+3) 5.09 5.14 5.17 5.15 5.18 5.18
Fe203(+3) 7.27 7.35 7.39 7.36 7.40 7.40
Fe+2,/Fe+3 0.22 0.22 0.22 0.23 0.22 0.22
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APPENDIX I Corning Engineering Laboratory Services (CELS) Chemical
Analysis of the Environmental Assessment (EA) Glass

LABORATORY ANALYSIS REPORT

CELS Client No.: 11988-036

Exhibit A: Quantitative Chemical Analysis

Sample Description: 1000 1b. Standard

Sample 3

Dissolution 1 Dissolution 2 Dissolution 3

Read 1 Read 2 Read 1 Read 2 Read 1 Read 2
Al1203 3.66 3.70 3.68 3.72 3.73 3.71
B203 11.3 11.3 11.2 11.3 11.4 11.4
cao 1.10 1.12 1.11 1.12 1.12 1.12
Fe203 7.21 7.27 7.44 7.50 7.43 7.41
FeO 1.47 1.47 1.38 1.38 1.43 1.43
K20 0.04 0.04 0.04 0.04 0.04 0.04
La203 0.42 0.42 0.41 0.41 0.42 0.42
Li20 4.27 4,28 4.25 4.25 4.27 4.25
MgO 1.69 1.70 1.71 1.72 1.73 1.72
MnO 1.32 1.33 1.34 1.35 1.35 1.35
Na20 16.8 16.8 16.9 16.9 16.8 16.7
NiOQ 0.56 0.57 0.57 0.57 0.57 0.57
Si02 48.0 48.3 48.6 48.9 49.3 49.1
TiO2 0.69 0.69 0.69 0.70 0.70 0.70
Zr02 0.44 0.45 0.45 0.45 0.44 0.44
Total 98.97 99.44 99.77 100.31 100.73 100.36
Fe203(TOT) 8.85 8.91 8.98 9.04 9.02 9.00
Fe(TOT) 6.19 6.23 6.28 6.32 6.30 6.29
FeO 1.47 1.47 1.38 1.38 1.43 1.43
Fe(+2) 1.14 1.14 1.07 1.07 1.11 1.11
Fe(+3) 5.04 5.09 5.20 5.25 5.19 5.18
Fe203(+3) 7.21 7.27 7.44 7.50 7.43 7.41
Fe+2/Fe+3 0.23 0.22 0.21 0.20 0.21 0.21
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PPENDIX I Corning Engineering Laboratory Services (CELS) Chemical
A Anqusigs of gthe Environmental Assessment (EA) Glass

LABORATORY ANALYSIS REPORT

CELS Client No.: 11988-036

Exhibit A: Quantitative Chemical Analysis

Sample Description: 1000 lb. Standard

Sample 4
Dissolution 1 Dissolution 2 Dissolution 3
Read 1 Read 2 Read 1 Read 2 Read 1 Read 2
Al203 3.67 3.67 3.75 3.72 3.68 3.69
B20C3 11.1 11.1 11.3 11.2 11.4 11.4
Ca0 1.11 1.11 1.13 1.12 1.11 1.12
Fe203 7.33 7.34 7.49 7.45 7.39 7.41
FeO 1.42 1.43 1.42 1.41 1.40 1.40
K20 0.04 0.04 0.04 0.04 0.04 0.04
La203 0.41 0.41 0.42 0.42 0.41 0.41
Li20 4.28 4.28 4.26 4.26 4.26 4.26
Mgo 1.70 1.70 1.73 1.72 1.71 1.72
MnoO 1.33 1.33 1.35 1.35 1.35 1.35%
Na20 16.8 16.9 16.8 16.9 16.8 16.7
NiO 0.56 0.56 0.57 0.57 0.57 0.57
Si02 48.2 48.5 49,1 48 .8 48.6 48.8
Tio2 0.69 0.69 0.70 0.70 0.69 0.69
2r02 0.45 0.45 0.47 0.47 0.45 0.45
Total 99.09 99,51 100.53 100.13 99.86 100.01
Fe203(TOT) 8.91 8.93 9.07 9.02 8.95 8.97
Fe (TOT) 6.23 6.24 6.34 6.30 6.26 6.27
FeO 1.42 1.43 1.42 1.41 1.40 1.40
Fe(+2) 1.10 1.11 1.10 1.10 1.09 1.09
Fe(+3) 5.12 5.13 5.24 5.21 5.17 5.18
Fe203(+3) 7.33 7.34 7.49 7.45 7.39 7.41
Fe+2/Fe+3 0.22 0.22 0.21 0.21 0.21 0.21
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IX 1 Corning Engineering Laboratory Services (CELS) Chemical
APPEND Analysigs of gthe Environmental Assessment (EA) Glass

LABORATORY ANALYSIS REPORT

CELS Client No.: 11988-036

Exhibit A: Quantitative Chemical Analysis

Sample Description: 1000 1b. Standard

Sample 5

Dissolution 1 Dissolution 2 Dissolution 3

Read 1 Read 2 Read 1 Read 2 Read 1 Read 2
Al203 3.70 3.68 3.70 3.72 3.69 3.69
B203 11.3 11.3 11.2 11.2 11.4 11.4
cao 1.11 1.11 1,12 1.13 1.12 1.12
Fe203 7.31 7.29 7.35 7.41 7.38 7.35
FeO 1.48 1.49 1.48 1.49 1.46 1.45
K20 0.04 0.04 0.04 0.04 0.04 0.04
La203 0.42 0.41 0.41 0.42 0.41 0.41
Li20 4.28 4,29 4.28 4.25 4.23 4.26
Mgo 1.71 1.70 1.71 1.73 1.73 1.72
MnoO 1.33 1.33 1,34 1.35 1.35% 1.35
Na20 16.8 16.9 16.9 16.9 16.7 16.7
NiO 0.56 0.57 0.57 0.58 0.57 0.57
Sio2 48.5 48.4 48.6 49.0 48.9 48 .7
TiO2 0.69 0.69 0.70 0.70 0.69 0.69
Z2r02 0.47 0.47 0.48 0.48 0.46 0.46
Total 99.70 99.67 99,88 100.40 100.13 99.91
Fe203(TOT) 8.96 8.95 9.00 9.07 9,01 8.97
Fe(TOT) 6.26 6.26 6.29 6.34 6.30 6.27
FeO 1.48 1.49 1.48 1.49 1.46 1.45
Fe(+2) 1.15 1.16 1.15% 1.16 1.13 1.13
Fe(+3) 5.11 5.10 5.14 5.18 5.16 5.14
Fe203(+3) 7.31 7.29 7.35 7.41 7.38 7.35
Fe+2/Fe+3 0.22 0.23 0.22 0.22 0.22 0.22
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APPENDIX I Corning Engineering Laboratory Services (CELS) Chemical
Analysis of the Environmental Assessment (EA) Glass

LABORATORY ANALYSIS REPORT

CELS Client No.: 11988-036

Exhibit A: Quantitative Chemical Analysis

Sample Description: 1000 lb. Standard

Summary

Target +/- Mean Dif
Al1203 3.67 0.18 3.70 0.03
B203 11.1 0.56 11.3 0.2
cao 1.13 0.06 1.12 -0.01
Fe203 8.08 0.40 7.38 -0.70
FeO 0.89 1.45
K20 0.04 0.004 0.04 0.00
La203 0.41 0.04 0.42 0.01
Li20 4.28 0.21 4.26 -0.02
MgO 1.66 0.08 1.72 0.06
Mno 1.34 0.07 1.34 0.00
Na20 16.7 0.84 16.8 0.10
NiO 0.61 0.06 0.57 ~0.04
Sio2 48.95 4.49 48.73 -0.22
Tio2 0.71 0.07 0.70 -0.01
2r02 0.41 0.04 0.46 0.05
Total 99.99 99.96
Redox .1-.3 .22
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services

AU D WA

NOTE:

of

NOTE:
NOTE:

97
98

NOTE:
NOTE :

99

100
101
102
103

NOTE:
NOTE:

NOTE :
NOTE:

(CELS) Chemical Composition Data

OPTIONS LINESIZE=75;

DATA CORNING;

INPUT AL203 B203 CAOQO FE203 FEQ K20 LA203
LI20 MGO MNC NA20 NIO SI102 TIO2

ZRO2 SAMPLE DISSOL READ;

CARDS;

SAS went to a new line when INPUT statement reached past the end

a line.
The data set WORK.CORNING has 30 observations and 18 variables,
The DATA statement used 0.06 CPU seconds and 4206K.

PROC PRINT;

The PROCEDURE PRINT printed pages 1-2.
The PROCEDURE PRINT used 0.04 CPU seconds and 4318K.

PROC VARCOMP METHOD=TYPE1;
CLASS SAMPLE DISSOL;
MODEL AL203 B203 CAO FE203 FEO K20 LA203
LI20 MGO MNO NA20 NIO SI102 TIOZ2
ZRO2 = SAMPLE DISSOL(SAMPLE);
The PROCEDURE VARCOMP printed pages 3-18.
The PROCEDURE VARCOMP used 0.08 CPU seconds and 4522K.

The SAS session used 0.36 CPU seconds and 4522K.
SAS Institute Inc., SAS Campus Drive, Cary, NC USA 27513-2414
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APPENDIX II  Statistical Analysis of Corring Engineering Laboratory Services
(CELS) Chemica! Composition Data

Variance Components Estimation Procedure
Class Level Information

Class Levels Values
SAMPLE 5 12345
DISSOL, 3 123

Number of observations in data set = 30
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APPENDIX II Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: AL203

Source DF Type I SS Type I MS
SAMPLE 4 0.00140000 0.00035000
DISSOL (SAMPLE) 10 0.00896667 0.00089667
Error 15 0.00545000 0.00036333
Corrected Total 29 0.01581667
Source | Expected Mean Square
SAMPLE Var (Error) + 2 Var(DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMELE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00009111
Var (DISSOL (SAMPLE) ) 0.00026667
Var (Error) 0.00036333
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APPENDIX II Statistical Analysis of Corning Engineerin Laboratory Service,
(CELS) Chemical Composition Data € y ®

Variance Components Estimation Procedure

Dependent Variable: B203

Source DF Type 1 SS Type I MS
SAMPLE 4 0.02866667 0.00716667
DISSOL (SAMPLE) 10 0.21000000 0.02100000
Error 15 0.03500000 0.00233333
Corrected Total 29 0.27366667
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE) )

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var (DISSOL (SAMPLE) )
Error var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00230556
Var (DISSOL (SAMPLE) ) 0.00933333
Var (Error) 0.00233333
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: CAO

Source DF Type I SS Type I MS
SAMPLE 4 0.00003333 0.00000833
DISSOL (SAMPLE) 10 0.00073333 0.00007333
Error 15 0.00050000 0.00003333
Corrected Total 29 0.00126667
Source Expected Mean Square
SAMPLE Var(Error) + 2 Var(DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var(Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00001083
Var (DISSOL{SAMPLE) ) 0.00002000
Var (Error) 0.00003333
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: FE203

Source DF Type I SS Type I MS
SAMPLE 4 0.01758000 0.00439500
DISSOL (SAMPLE) 10 0.12926667 0.01292667
Error 15 0.01225000 0.00081667
Corrected Total 29 0.15909667

Source Expected Mean Square

SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE))

+ 6 Var (SAMPLE)
DISSOL ( SAMPLE) ‘ Var (Error) + 2 Var (DISSOL (SAMPLE))

Error var (Error)

Variance Component
var (SAMPLE)
Var (DISSOL (SAMPLE) )

Var (Error)
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Estimate
-0.00142194
0.00605500

0.00081667



APPENDIX II Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: FEO

Source DF Type I SS Type I MS
SAMPLE 4 0.02358667 0.00589667
DISSOL (SAMPLE) 10 0.02530000 0.00253000
Error 15 0.00065000 0.00004333
Corrected Total 29 0.04953667
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE) )

+ 6 Var(SAMPLE)
DISSOL (SAMPLE) var(Error) + 2 Var (DISSOL (SAMPLE) )
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) 0.00056111
Var (DISSOL (SAMPLE) ) 0.00124333
var (Error) 0.00004333
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: K20

Source DF Type I SS Type I MS
SAMPLE 4 0.00000000 0.00000000
DISSOL (SAMPLE) 10 0.00000000 0.00000000
Error 15 0.00000000 0.00000000
Corrected Total 29 0.00000000
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var(DISSOL(SAMPLE})

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00000000
Var (DISSOL (SAMPLE) ) -0.00000000
Var (Error) 0.00000000
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APPENDIX II Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: LA203

Source DF Type I SS Type 1 MS
SAMPLE 4 0.00021333 0.00005333
DISSOL (SAMPLE) 10 0.00033333 0.00003333
Error 15 0.00015000 0.00001000
Corrected Total 29 0.00069667
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var(DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) 0.00000333
Var (DISSOL (SAMPLE) ) 0.00001167
Var (Error) 0.00001000
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: LI20

Source DF Type 1 SS Type I MS
SAMPLE 4 0.00011333 0.00002833
DISSOL (SAMPLE) 10 0.00493333 0.00049333
Error 15 0.00185000 0.00012333
Corrected Total 29 0.00689667
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE) )

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var (DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00007750
Var (DISSOL (SAMPLE) ) 0.00018500
Var (Error) 0.00012333
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: MGO

Source DF Type I SS Type 1 MS
SAMPLE 4 0.00038000 0.00009500
DISSOL (SAMPLE) 10 0.00236667 0.00023667
Error 15 0.00080000 0.00005333
Corrected Total 29 0.00354667
Source Expected Mean Square
SAMPLE Var(Error) + 2 Var (DISSOL({SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00002361
Var (DISSOL (SAMPLE) ) 0.00009167
Var (Error) 0.00005333



APPENDIX II Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: MNO

Source DF Type I SS Type I MS
SAMPLE 4 0.00033333 0.00008333
DISSOL (SAMPLE) 10 0.00233333 0.00023333
Error 18 0.00035000 0.00002333
Corrected Total 29 0.00301667
Source Expected Mean Square
SAMPLE var (Error) + 2 Var (DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var (DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00002500
Var (DISSOL (SAMPLE) ) 0.00010500
Var (Error) 0.00002333



APPENﬂIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: NA20

Source DF Type I SS Type I MS
SAMPLE 4 0.00200000 0.00050000
DISSOL (SAMPLE) 10 0.08000000 0.00800000
Error 15 0.02500000 0.00166667
Corrected Total 29 0.10700000
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) var (Error) + 2 Var (DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMELE) ~0.,00125000
Var (D1SSOL (SAMPLE) ) 0.00316667
Var (Error) 0.00166667
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APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

Variance Components Estimation Procedure

Dependent Variable: NIO

Source DF Type 1 SS Type I MS
SAMPLE 4 0.00011333 0.00002833
DISSOL (SAMPLE) 10 0.00043333 0.00004333
Error 15 0.00020000 0.00001333
Corrected Total 29 0.00074667
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var(DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.00000250
Var (DISSOL(SAMPLE) ) 0.00001500
Var (Error) 0.00001333

- 66 -



APPENDIX II Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

variance Components Estimation Procedure

Dependent Variable: SIOz

Source DF Type I SS Type I MS
SAMPLE 4 0.18466667 0.04616667
DISSOL (SAMPLE) 10 1.99333333 0.19933333
Error 15 0.46500000 0.03100000
Corrected Total 29 2.64300000
Source Expected Mean Square
SAMPLE var (Error) + 2 Var (DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DISSOL (SAMPLE) Var (Error) + 2 Var (DISSOL (SAMPLE) )
Error Var (Error)
Variance Component Estimate
Var (SAMPLE) -0.02552778
Var (DISSOL(SAMPLE) ) 0.08416667
Var (Error) 0.03100000
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APPENDIX II Statistical Analysis of Corning Engineering Laboratory Servic
(CELS) Chemical Composition Data & y ©

Variance Components Estimation Procedure

Dependent Variable: TIOZ2

Source DF Type I SS Type I MS
SAMPLE 4 0.00022000 0.00005500
DISSOL (SAMPLE) 10 0.00050¢00 0.00005000
Error 15 0.00020000 0.00001333
Corrected Total 29 0.00092000

Source Expected Mean Square

SAMPLE Var (Error) + 2 Var (DISSOL (SAMPLE))

+ 6 Var(SAMPLE)

DISSOL (SAMPLE) Var (Error) + 2 Var (DISSOL (SAMPLE))
Error var (Error) ’
Variance Component Estimate

Var (SAMPLE) 0.00000083

Var (DISSOL (SAMPLE) ) 0.00001833

Var (Error) 0.00001333
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]

APPENDIX II  Statistical Analysis of Corning Engineering Laboratory Services
(CELS) Chemical Composition Data

v v

23

Variance Components Estimation Procedure

Dependent Variable: ZRO2

Source DF Type 1 SS Type I MS
SAMPLE 4 0.00255333 0.00063833
DISSOL (SAMPLE) 10 0.00166667 0.00016667
Error 15 0.00025000 0.00001667
Corrected Total 29 0.00447000
Source Expected Mean Square
SAMPLE Var (Error) + 2 Var(DISSOL(SAMPLE))

+ 6 Var (SAMPLE)
DiSSOL (SAMPLE) Var (Error) + 2 Var(DISSOL(SAMPLE))
Error Var (Exrror)
Variance Component Estimate
Var (SAMPLE) 0.00007861
Var (DISSOL (SAMPLE) ) 0.00007500
Var (Error) 0.00001667
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APPENDIX III Savannah'River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 1-TOP-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WTI% WT%

AI203 Na202 DISS/ICP  1.798 1.8895 3.3973 1.05 3.5798 3.4511
CaO MW DISS/ICP 0.856 1.3992 1.1977 1.00 1.1977 1.2167
Fe203 MW DISS/ICP 6.462 1.4297 7.4687 1.00 - 7.4687 7.5869
FeO REDOX N/A 1.2865 1.5928 1.00 1.5928 1.6180
MgO MW DISS/ICP 1.070 1.6583 1.7744 1.00 1.7744 1.8025
MnO MW DISS/ICP 1.049 1.2912 1.3545 1.00 1.3545 1.3759
Na20 MW DISS/ICP 11.990 1.3480 16.1625 1.04 16.8614 16.4184
Li20 MW DISS/ICP 1.947 2.1525 4.1909 1.00 4.1909 4.2573
NiO MW DISS/ACP 0412 1.2726 0.5243 1.00 0.5243 0.5326
Si02 Na202 DISS/ICP  22.425 2.1393 479738 1.02 49,0271 48.7333
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.453 3.2201 11.1190 1.00 11.1190 11.2950
Uo2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
ZrO2 MW DISS/ICP 0.359 1.3508 0.4849 1.00 0.4849 0.4926
TiO2 MW DISS/ICP 0.385 1.6680 0.6422 1.00 0.6422 0.6523
K20 MW DISS/AA 0.035 1.2046 0.0420 1.00 0.0420 0.0427
Cs20 MW DISS/AA 0.000 1.0602 0.0000 1.00 0.0000 0.0000
Sb203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.226 1.1728 0.2651 1.00 0.2651 0.2692
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0.202 1.2447 0.2514 1.00 0.2514 0.2554
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.237

SUMS 52.669 98.4415 100.3761 100.0000
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APPENDIX Il Savannah River Technology Center (SRTC) Chemical Analysis
of the‘Environmental Assessment (EA) Glass

GLASS ID= 2-TOP-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WT% WT%

Al1203 Na202 DISS/ICP  1.844 1.8895 3.4842 1.05 3.6714 3.5137
Ca0 MW DISS/ICP 0.872 1.3992 1.2201 1.00 1.2201 1.2304
Fe203 MW DISS/ICP 6.457 1.4297 7.4871 1.00 7.4871 7.5504
FeO REDOX N/A 1.2865 1.5698 1.00 1.5698 1.5830
MgO MW DISS/ICP 1.078 1.6583 1.7876 1.00 1.7876 1.8028
MnO MW DISS/ICP 1.060 1.2912 1.3687 1.00 1.3687 1.3802
Na20 MW DISS/ICP 12.109 1.3480 16.3229 1.04 17.0287 16.4610
Li20 MW DISS/ICP 1.970 2.1525 4.2404 1.00 4.2404 4.2763
NiO MW DISS/ICP 0410 1.2726 0.5218 1.00 0.5218 0.5262
Si02 Na202 DISS/ICP 22497  2.1393 48.1278 1.02 49.1845 48.5348
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.516 3.2201 11.3219 1.00 11.3219 114176
U02 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.354 1.3508 0.4782 1.00 0.4782 0.4822
TiO2 MW DISS/ICP 0.389 1.6680 0.6489 1.00 0.6489 0.6543
K20 MW DISS/AA 0.047 1.2046 0.0561 1.00 0.0561 0.0566
Cs20 MW DISS/AA 0.004 1.0602 0.0043 1.00 0.0043 0.0044
Sb203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.242 1.1728 0.2838 1.00 0.2838 0.2862
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoQ3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
Zn0 MW DISS/ICP 0.191 1.2447 0.2377 1.00 0.2377 0.2397
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.233

SUMS 53.040 99.1614 101.1110 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 3-TOP-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAY OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WT% WT%

AlRO3 Na202 DISS/ICP  1.892 1.8895 3.5749 1.05 3.7670 3.6174
Ca0 MW DISS/ICP 0.872 1.3992 1.2201 1.00 1.2201 1.2346
Fe203 MW DISS/ICP 6.549 14297 7.4845 1.00 7.4845 7.5735
FeO REDOX N/A 1.2865 1.6904 1.00 1.6904 1.7105
MgO MW DISS/ICP 1.089 1.6583 1.8059 1.00 1.8059 1.8274
MnO MW DISS/ICP 1.071 1.2912 1.3829 1.00 1.3829 1.3993
Na20 MW DISS/ICP 12.326 1.3480 16.6154 1.04 17.3339 16.8130
Li20 MW DISS/ICP 1.988 2.1525 42792 1.00 42792 4.3301
NiO MW DISS/ICP 0.422 1.2726 0.5370 1.00 0.5370 0.5434
Si02 Na202 DISS/ICP  22.122 21393 47.3256 1.02 48.3647 478883
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.485 3.2201 11.2220 1.00 11.2220 11.3555
U002 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
Sr0 MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.339 1.3508 0.4579 1.00 0.4579 0.4634
TiO2 MW DISS/ICP 0.396 1.6680 0.6605 1.00 0.6605 0.6684
K20 MW DISS/AA 0.031 1.2046 0.0377 1.00 0.0377 0.0382
Cs20 MW DISS/AA 0.004 1.0602 0.0042 1.00 0.0042 0.0043
Sb203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.243 1.1728 0.2850 1.00 0.2850 0.2884
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ACP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CcO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
Zn0O MW DISS/ICP 0.194 1.2447 0.2415 1.00 0.2415 0.2443
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.251

SUMS 53.023 98.8249 100.7744 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 1-MISC-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WT% WT%

A203 Na202 DISS/ICP  1.779 = 1.8895 3.3614 1.05 3.5420 3.3976
CaO MW DISS/ICP 0.881 1.3992 1.2327 1.00 1.2327 1.2460
Fe203 MW DISS/ICP 6437 14297 74277 1.00 7.4277 7.5077
FeO REDOX N/A 1.2865 1.5974 1.00 1.5974 1.6146
MgO MW DISS/ICP 1.073  1.6583 1.7794 1.00 1.7794 1.7985
MnO MW DISS/ICP 1.051 1.2912 1.3571 1.00 1.3571 1.3717
Na20 MW DISS/ICP 12.017 13480  16.1989 1.04 16.8993 16.3734
Li20 MW DISS/ICP 1947  2.1525 4.1909 1.00 4.1909 42360
NiO MW DISS/ICP 0.421 12726  0.5358 1.00 0.5358 0.5415
Si02 Na202 DISS/ICP  22.569  2.1393 482819 1.02 49.3419 48.8018
Cr203 MW DISS/ICP 0.000 14616  0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.516  3.2201  11.3219 1.00 11.3219 11.4438
Uo2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379  0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.327  1.3508 0.4417 1.00 0.4417 0.4465
TiO2 MW DISS/ICP 0.386  1.6680 0.6438 1.00 0.6438 0.6508
K20 MW DISS/AA 0.034 1.2046 0.0408 1.00 0.0408 0.0413
Cs20 MW DISS/AA 0.004 1.0602 0.0043 1.00 0.0043 0.0044
$b203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 22910  0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.228  1.1728 0.2674 1.00 0.2674 0.2703
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000  1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0202  1.2447 0.2514 1.00 0.2514 0.2541
CuO MW DISS/ICP 0.000  1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fel+ 0.239

SUMS 52.872 98.9346 100.8756 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 2-MISC
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WT% WT%

AI203 Na202 DISS/ICP 1910 1.8895 3.6089 1.05 3.8028 3.6870
CaO MW DISS/ICP 0.820 1.3992 1.1473 1.00 1.1473 1.1722
Fe203 MW DISS/ICP 7.063 14297 8.3043 1.00 8.3043 8.4838
FeO REDOX N/A 1.2865 1.6141 1.00 1.6141 1.6490
MgO MW DISS/ICP 1.037 1.6583 1.7197 1.00 1.7197 1.7568
MnO MW DISS/ICP 1.020 1.2912 1.3170 1.00 1.3170 1.3455
Na20 MW DISS/ICP 11.640 1.3480 15.6907 1.04 16.3692 16.0300
Li20 MW DISS/ICP 1.868 2.1525 4.0209 1.00 4.0209 4.,1078
NiO MW DISS/ICP 0.394 1.2726 0.5014 1.00 0.5014 0.5122
Si02 Na202 DISS/ICP 22.126  2.1393 47.3342 1.02 483734 48.3575
Cr203 MW DISS/ICP 0.000 14616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.342 3.2201 10.7616 1.00 10.7616 10.9942
U0o2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
ZrO2 MW DISS/ICP 0.515 1.3508 0.6957 1.00 0.6957 0.7107
TiO2 MW DISS/ICP 0.369 1.6680 0.6155 1.00 0.6155 0.6288
K20 MW DISS/AA 0.036 1.2046 0.0432 1.00 0.0432 0.0442
Cs20 MW DISS/AA 0.000 1.0602 0.0000 1.00 0.0000 0.0000
$b203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.222 1.1728 0.2604 1.00 0.2604 0.2660
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 ~ 0.0000
CeQ2 1.2284 0.0000 0.0000 0.0000
MoQ3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0.200 1.2447 0.2489 1.00 0.2489 0.2543
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.216

SUMS 52.562 97.8837 99,7953 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 3-MISC-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDEWT% WT%

AI203 Na202 DISS/ICP  1.740 1.8895 3.2877 1.05 3.4643 3.4040
Ca0 MW DISS/ICP 0.855 1.3992 1.1963 1.00 1.1963 1.2386
Fe203 MW DISS/ICP 6.292 14297 7.3255 1.00 7.3255 7.5846
FeO REDOX N/A 1.2865 1.5029 1.00 1.5029 1.5561
MgO MW DISS/ICP 1.060 1.6583 1.7578 1.00 1.7578 1.8200
MnO MW DISS/ICP 1.031 1.2912 1.3312 1.00 1.3312 1.3783
Na20 MW DISS/ICP 11.913 1.3480 16.0587 1.4 16.7531 16.6268
Li20 MW DISS/ICP 1919 2.1525 4.1306 1.00 4.1306 4.2768
NiO MW DISS/ICP 0.393 1.2726 0.5001 1.00 0.5001 0.5178
Si02 Na202 DISS/ICP 2:..868  2.1393 46.7822 1.02 47.8093 484372
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.453 3.2201 11,1190 1.00 11.1190 11.5124
uo2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.309 1.3508 04174 1.00 0.4174 0.4322
TiO2 MW DISS/ICP 0.375 1.6680 0.6255 1.00 0.6255 0.6476
K20 MW DISS/AA 0.031 1.2046 0.0372 1.00 0.0372 0.0385
Cs20 MW DISS/AA 0.004 1.0602 0.0043 1.00 0.0043 0.0045
Sb203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.225 1.1728 0.2639 1.00 0.2639 0.2732
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0.195 1.2447 0.2427 1.00 0.2427 0.2513
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.228

SUMS 51.663 96.5832 98.4813 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS 1D= 1-B-3
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDE WT% WT%

Al203 Na202 DISS/ICP 1,722 1.8895 3.2537 1.05 3.4285 3.3640
Ca0O MW DISS/ICP 0.895 1.3992 1.2523 1.00 1.2523 1.2947
Fe203 MW DISS/ICP 6.370 1.4297 7.2916 1.00 7.2916 7.5387
FeO REDOX N/A 1.2865 1.6338 1.00 1.6338 1.6891
MgO MW DISS/ICP 1.061 1.6583 1.7595 1.00 1.7595 1.8191
MnO MW DISS/ICP 1.041 1.2912 1.3438 1.00 1.3438 1.3893
Na20 MW DISS/ICP 12.037 1.3480 16.2252 1.04 16.9268 16.7752
Li20 MW DISS/ICP 1.936 2.1525 4.1675 1.00 4.1675 4,3087
NiO MW DISS/ICP 0.409 1.2726 0.5202 1.00 0.5202 0.5379
Si02 Na202 DISS/ICP 21.687  2.1393 46.3950 1.02 474136 > 479676
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.441 3.2201 11.0804 1.00 11.0804 11.4559
u02 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
ZrO2 MW DISS/ICP 0.323 1.3508 0.4362 1.00 0.4362 0.4510
TiO2 MW DISS/ICP 0.394 1.6680 0.6564 1.00 0.6564 0.6786
K20 MW DISS/AA 0.032 1.2046 0.0385 1.00 0.0385 0.0399
Cs20 MW DISS/AA 0.004 1.0602 0.0042 1.00 0.0042 0.0044
Sb203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.254 1.1728 0.2979 1.00 0.2979 0.3080
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
Ce02 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0.294 1.2447 0.3655 1.00 0.3655 0.3779
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fel3+ 0.249

SUMS 51.898 96.7215 98.6165 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 2-B-A
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDEWT% WT%

AIRO3 Na202 DISS/ICP  1.785. 1.8895 3.3728 1.05 3.5539 3.4285
CaO MW DISS/ICP 0.822 1.3992 1.1501 1.00 1.1501 1.1692
Fe203 MW DISS/ICP 6.163 14297 7.0210 1.00 7.0210 7.1372
FeO REDOX N/A 1.2865 1.6110 1.00 1.6110 1.6377
MgO MW DISS/ICP 1.029 1.6583 1.7058 1.00 1.7058 1.7341
MnO MW DISS/ICP 1.005 1.2912 1.2982 1.00 1.2982 1.3197
Na20 MW DISS/ICP 11.697 1.3480 15.7676 1.04 16.4493 16.0284
Li20 MW DISS/ICP 1.874 2.1525 4.0342 1.00 4.0342 4.1009
NiO MW DISS/ICP 0.403 1.2726 0.5129 1.00 0.5129 0.5213
Si02 Na202 DISS/ICP 22958  2.1393 49.1140 1.02 50.1924 49.9264
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.466 3.2201 11.1609 1.00 11.1609 11.3455
uo2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.314 1.3508 0.4237 1.00 0.4237 0.4308
TiO2 MW DISS/ICP 0.379 1.6680 0.6315 1.00 0.6315 0.6420
K20 MW DISS/AA 0.032 1.2046 0.0381 1.00 0.0381 0.0387
Cs20 MW DISS/AA 0.004 1.0602 0.0043 1.00 0.0043 0.0044
Sb203 1.1970 0.0000 0.00(%) 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0002 0.0000
Nd203 1.1660 0.0000 0.0008 0.0000
La203 MW DISS/ICP 0.243 1.1728 0.2850 1.00 0.2850 0.2897
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
Ce02 1.2284 0.0000 0.0000 0.0000
Mo0O3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
Zn0 MW DISS/ICP 0.194 1.2447 0.2416 1.00 0.2416 0.2456
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.255

SUMS 52.368 98.3728 100.3141 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 2-M-1
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WT% FACTOR WT% FACTOR OXIDEWT% WT%

AlR203 Na202 DISS/ICP  1.783 1.8895 3.3690 1.05 3.5499 3.4060
Ca0O MW DISS/ICP 0.889 1.3992 1.2439 1.00 1.2439 1.2576
Fe203 MW DISS/ICP 6.599 1.4297 7.7587 1.00 7.7587 7.8440
FeO REDOX N/A. 1.2865 1.5080 1.00 1.5080 1.5246
MgO MW DISS/ACP 1.086 1.6583 1.8009 1.00 1.8009 1.8207
MnO MW DISS/ICP 1.067 1.2912 1.3777 1.00 1.3777 1.3928
Na20 MW DISS/ICP 12.349 1.3480 16.6465 1.04 17.3662 16.8294
Li20 MW DISS/ICP 1973 2.1525 4.2469 1.00 4.2469 4.2935
NiO MW DISS/ICP 0.428 1.2726 0.5447 1.00 0.5447 0.5507
Si02 Na202 DISS/ICP 22216  2.1393 47.5267 1.02 48.5702 48.0489
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP 3471 3.2201 11.1770 1.00 11.1770 11.2998
U02 1.1344 0.0000 0.0000 0.0000
ThO2 , 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
Zr02 MW DISS/ICP 0.340 1.3508 0.4594 1.00 0.4594 0.4644
TiO2 MW DISS/ICP 0.401 1.6680 0.6682 1.00 0.6682 0.6755
K20 MW DISS/AA 0.029 1.2046 0.0345 1.00 0.0345 0.0348
Cs20 MW DISS/AA 0.004 1.0602 0.0043 1.00 0.0043 0.0044
SH203 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.240 1.1728 0.2818 1.00 0.2818 0.2849
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
Zn0 MW DISS/ICP 0.213 1.2447 0.2651 1.00 0.2651 0.2680
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.216

SUMS 53.088 98.9132 100.8574 100.0000
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APPENDIX III Savannah River Technology Center (SRTC) Chemical Analysis
of the Environmental Assessment (EA) Glass

GLASS ID= 2-M-3
BIAS BIAS NORM
ANALYTIC ELEMENT GRAV  OXIDE CORRECT CORRECT OXIDE
TECHNIQUE WI% FACTOR WT% FACTOR OXIDE WT% WT%

A20O3 Na202 DISS/ICP  1.830  1.8895 3.4578 1.05 3.6435 3.4001
CaO MW DISSACP 1.060 1.3992 1.4825 1.00 1.4825 1.4577
Fe203 MW DISS/ICP 7.022 1.4297 8.2560 1.00 8.2560 8.1183
FeO REDOX N/A 1.2865 1.6047 1.00 1.6047 1.5779
MgO MW DISS/ICP 1.189 1.6583 1.9717 1.00 1.9717 1.9388
MnO MW DISS/ICP 1.149 1.2912 1.4836 1.00 1.4836 1.4588
Na20 MW DISS/AA 12,500  1.3480 16.8500 1.00 16.8500 16.5689
Li20 MW DISS/ICP 2.125 2.1525 4.5741 1.00 4.5741 44978
NiO MW DISS/ICP 0471 1.2726 0.5998 1.00 0.5998 0.5898
Si02 Na202 DISS/ICP 22.554  2.1393  48.2498 1.02 49.3091 47.4449
Cr203 MW DISS/ICP 0.000 1.4616 0.0000 1.00 0.0000 0.0000
B203 Na202 DISS/ICP  3.520 3.2201 11.3348 1.00 11.3348 11.1457
uo2 1.1344 0.0000 0.0000 0.0000
ThO2 1.1379 0.0000 0.0000 0.0000
SrO MW DISS/ICP 0.000 1.1826 0.0000 0.0000 0.0000
ZrO2 MW DISS/ICP 0.353 1.3508 0.4763 1.00 0.4763 0.4683
TiO2 MW DISS/ICP 0.434 1.6680 0.7239 1.00 0.7239 0.7118
K20 MW DISS/AA 0.031 1.2046 0.0369 1.00 0.0369 0.0362
Cs20 MW DISS/AA 0.004 1.0602 0.0042 1.00 0.0042 0.0042
Sb203 ' 1.1970 0.0000 0.0000 0.0000
P205 MW DISS/ICP 0.000 2.2910 0.0000 1.00 0.0000 0.0000
Nd203 1.1660 0.0000 0.0000 0.0000
La203 MW DISS/ICP 0.282 1.1728 0.3304 1.00 0.3304 0.3249
Y203 1.2699 0.0000 0.0000 0.0000
BaO MW DISS/ICP 0.000 1.1165 0.0000 1.00 0.0000 0.0000
PbO MW DISS/ICP 0.000 1.0772 0.0000 0.0000 0.0000
CeO2 1.2284 0.0000 0.0000 0.0000
MoO3 MW DISS/ICP 0.000 1.5003 0.0000 1.00 0.0000 0.0000
ZnO MW DISS/ICP 0.209 1.2447 0.2601 1.00 0.2601 0.2558
CuO MW DISS/ICP 0.000 1.2518 0.0000 1.00 0.0000 0.0000
Fe2+/Fe3+ 0.216

SUMS 54,732 101.6965 102.9416 100.0000
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APPENDIX IV Multielement Solution Standard-Researcher 1

Element

Na (ICP)
Na (AA)
Si

B

K

Li

Al

Fe

Element

Na (ICP)
Na (AA)
Si
B
K
Li
Al
Fe

Concen.
Standard
(ug/mL)

50.10

50.10
20.00
10.00
10.00
4.06
3.98

Concen.
Standard
(ug/mL)

50.10

50.10
20.00
10.00
10.00
4.06
3.98

Run before Run before Run after 5 Run after 5

Samples-1 Samyles-z Samples-1 Samples-2

(ug/mL) (ug/mL) (ug/mL) (ug/mL)
49.20 49.62 49.00 49.55
46.42 45.00 47.18 46.35
44.68 44.96 45.41 45.17
19.64 19.74 19.81 19.75
9.65 9.52 9.56 9.50
0.88 9.93 9.96 9.94
3.45 3.42 3.37 3.36
4.19 421 4.21 4.21

Average Bias Average Bias
before Leachate after 5 Leachate

Analysis Analyses

(ug/mL) (ug/mL)
-0.69 -0.82
-4.39 -3.34
-5.28 -4 .81
-0.31 -0.22
-0.41 -0.47
+0.10 -0.05
-0.62 -0.69
0.22 0.23
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APPENDIX IV Multielement Solution Standard-Researcher 1

Element Concen. Run after 10 Run after 10 Run after 15 Run after 15
Standard Sa.uples-1 Samples-2 Samples-1 Samples-2

(ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
Na (ICP) 50.10 49.55 49.52 49.39 49.34
Na (AA) 49.31 52.13 51.09 52.13
Si 50.10 45.34 45.05 45.15 4491
B 20.00 19.76 19.73 19.61 19.60
K 10.00 9.52 9.65 9.79 9.61
Li 10.00 9.94 9.92 9.89 9.88
As 4.06 3.33 3.27 3.32 3.29
Fe 3.98 4.21 4.20 4.19 4.19
Average Bias Average Bias
Element Concen. after 10 Leachate after 15 Leachate
Standard Analyses Analyses
(ug/mL) - (ug/mL) (ug/mL)
Na (ICP) 50.10 -0.57 -0.74
Na (AA) 0.62 1.51
Si 50.10 -491 -5.07
B 20.00 -0.25 -0.39
K 10.00 -0.41 -0.30
Li 10.00 -0.07 -0.12
Al 4.06 -0.76 -0.76
Fe 3.98 0.22 0.21
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APPENDIX IV Multielement Solution Standard-Researcher 1

Element

Na (ICP)
Na (AA)
Si

B

K

Li

Al

Fe

Element

Na (ICP)
Na (AA)
Si

B

K

Li

Al

Fe

Concen.
Standard
(ug/mL)

50.10

50.10
20.00
10.00
10.00
4.06
3.98

Run after 20
Samples-2
(ug/mL)

49.52
50.94
45.16
19.63
9.56
9.89
3.25
4.20

Samples-2
(ug/mL)

Average Bias

Concen. after 20 Leachate

Standard
(ug/mL)

50.10

50.10
20.00
10.00
10.00
4.06
3.98

Analyses
(ug/mL)

-0.53
0.32
-4.99
-0.35
-0.46
-0.09
-0.80
0.22
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49.61
49.90
45.06
19.67
9.52
9.93
3.28
421

49.37
50.35
45.00
19.57
9.56
9.87
3.29
4.18

Average Bias
after 25 Leachate
Analyses
(ug/mL)

-0.86
0.18
-5.34
-0.49
-0.51
-0.15
-0.79
0.19

Run after 20 Run after 25 Run after 25
Samples-2 Samples-2

(ug/mL) (ug/mL)

49.11
50.20
44.53
19.45
9.42
9.84
3.25
4.16



APPENDIX IV Multielement Solution Standard-Researcher 1

Element Concen. Run after30 Run after 30 Run after 35 Run after 35
Standard Samples-2 Samples-2 Samples-2 Samples-2

(ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
Na (ICP) 50.10 49.09 48.98 49.20 49.08
Na (AA) 49.30 49.45 49.77 52.25
Si 50.10 44.61 44.26 44.66 44.32
B 20.00 19.38 19.36 19.49 19.46
K 10.00 9.64 9.67 9.66 9.92
Li 10.00 9.83 9.82 9.86 9.85
Al 4.06 3.25 3.23 3.27 3.24
Fe 3.98 4.14 4.13 4.15 4.14
Average Bias Average Bias
Element Concen. after 30 Leachate after 35 Leachate
Standard Analyses Analyses
(ug/mL) (ug/mL) (ug/mL)
Na (ICP) 50.10 -1.07 -0.96
Na (AA) -0.73 0.91
Si 50.10 -5.67 -5.61
B 20.00 -0.63 -0.52
K 10.00 -0.34 -0.21
Li 10.00 -0.18 -0.14
Al 4.06 -0.82 -0.21
Fe 3.98 0.15 0.16
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APPENDIX IV Multielement Solution Standard-Researcher 1

Element Concen. Run after 40 Run after 40 Run after 45 Run after 45
Standard Samples-2 Samples-2 Samples-2 Samples-2

(ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
Na (ICP) 50.10 50.03 50.01 49.59 49.75
Na (AA) 50.35 50.79 48.90 49.34
Si 50.10 45.53 45.35 44 .97 4498
B 20.00 19.92 19.90 19.67 19.69
K 10.00 9.54 9.57 9.68 9.59
Li 10.00 9.94 9.93 9.86 9.88
Al 4.06 3.25 3.25 3.27 3.35
Fe 3.98 4.21 421 4.18 4.20
Element Concen.  Average Bias Average Bias
Element Standard after 40 Leachate after 45 Leachate
Standard Analyses Analyses
(ug/mL) (ug/mL) (ug/mL)
Na (ICP) 50.10 -0.08 -0.43
Na (AA) 0.47 -0.98
Si 50.10 -4.66 -5.13
B 20.00 -0.09 -0.32
K 10.00 -0.45 -0.37
Li 10.00 -0.07 -0.13
Al 4.06 -0.81 -0.75
Fe 3.98 0.23 0.21

ELEMENT TOTAL AVERAGE
BIAS
(ug/mL)

Na (ICP) -0.69
Na (AA) -0.53

Si -5.15
B -0.36
K -0.39
Li -0.11
Al -0.76
Fe 0.21
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Appendix V Statistical Analysis of Savannah River Technology Center
(SRTC) Durability Measurements

OPTIONS LINESIZE=75;

DATA EA;

INPUT GLASS $ VESSEL $ WHO PH PPMB PPMLI PPMNA PPMSI ANALNUM;
CARLS;

EA-1-7 Teflon 1 11.8 567.96 210.71 1738.35 1048.41 1

EA-1-7 Teflon 1 11.79 593.57 211.19 1819.7 1061.93 2

EA-1-7 Teflon 1 11.8 605.97 212.86 1857.2 1070.91 3

EA-2-7 Teflon 1 11.86 468.52 163.27 1380.8 780.29 1

EA-2-7 Teflon 1 11.88 610 225.05 1854.87 1128.56 2

EA-2-7 Teflon 1 11.88 523.05 171.77 1542.6 832.21 3

EA-7 Teflon 2 12.01 609.42 192.06 1685.5 908.43
EA-7 Teflon 2 12.01 615.07 187.92 1724.34 909.33
EA-7 Teflon 2 12.01 634.81 195.74 1770.69 938.3
EA-7 Teflon 2 12.01 638.54 204.01 1771.35 956.44
EA-7 Teflon 2 12.01 649.05 208.11 1789.02 965.06
EA-7 Teflon 2 12.01 584.7 186.73 1644.01 892.6
T-EA Teflon 3 11.88 499.85 162.08 1429.74 763.41
T-EA Teflon 3 11.88 493.34 161.27 1408.62 746.67 2

T-EA Teflon 3 11.89 517.52 167.81 1480.44 782.22 3

T-EA Teflon 3 11.89 560.09 183.35 1572.63 825.27 4
SS-EA-19 Parr 3 11.92 577.41 180.78 1633.95 798.81 1
SS-EA-19 Parr 3 11.9 566.13 177.48 1604.19 791.43 2
SS-EA-19 Parr 3 11.95 576.06 180.48 1635.24 794.04 3
SS~-EA-19 Parr 3 11.91 584.31 183.6 1650.21 803.25 4
EA-SS-15 Parr 3 11.98 596.1 190.26 1670.4 846.96 1
EA-SS~15 Parr 3 11.92 601.41 191.52 1692.06 852.09 2
EA-SS-15 Parr 3 11.93 587.04 196.68 1640.88 848.55 3
EA-SS-15 Parr 3 11.95 572.67 193.11 1606.35 830.64 4
SS-EA-1 Parr 11.78 656.498 204.529 1808.6766 956.182 1
SS-EA-1 Parr 11.77 654.111 206.947 1794.881 963.87 2
SS-EA-1 Parr 11.78 637.712 199.259 1754.736 936.125 3
SS-~EA-2 Parr 11.76 629.153 192.779 1711.273 909.1 1
SS~EA-2 Parr 11.77 614.528 191.508 1695.618 905.3 2
SS-EA-2 Parr 11.72 629.501 195.755 1723.177 925.2 3
SRSSEA-A Parr 4 11.78 570.55 182.154 1586.749 853.717 1
SRSSEA~-A Parr 11.78 573.929 178.558 1599.242 852.477 2
SRSSEA-A Parr 11.79 588.189 194.306 1628.0444 885.213 3
SRSSEA-B Parr 602.868 172.633 1678.486 884.787 1
SRSSEA~B Parr 594.016 181.068 1689.321 886.221 2
SRSSEA-B Parr 592.616 187.919 1683.487 908.275 3
CUASEA-A Bomb 11.76 559.594 192.384 1627.798 875.09 1
CUASEA-A Bomb 11.78 614.877 197.871 1682.854 913.437 2
CUASEA-A Bomb 11.77 560.1 184.417 1530.83 854.692 3
CUASEA-B Bomb 583.325 173.033 1670.898 880.574 1
CUASEA-B Bomb 581.491 186.252 1681.898 895.294 2
CUASEA-B Bomb 568.855 187.869 1663.428 909.347 3

Hoaubs Wb

BB D WD DD

R N A - T T S -

PROC VARC>OMP DATA=EA METHOD=TYPEl;
CLASS GLASS;
MODEL PH PPMB PPMLI PPMNA PPMSI = GLASS;
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Appendix V Statistical Analysis of Savannah River Technology Center
(SRTC) Durability Measurements

Variance Components Estimation Procedure
Class Level Information

Class Levels Values
GLASS 12 CUASEA-A CUASEA-B EA-SS-15 EA-1-7 EA-2-7 EA-7
SRSSEA-A SRSSEA-B SS-EA-1 SS-EA-19 SS-EA-2 T-EA

Number of observations in data set = 42

Group Obs Dependent Variables
1 36 PH

2 42 BGL LIGL NAGL SIGL

NOTE: Variables in each group are consistent with respect to the
presence or absence of missing values.

Dependent Variable: PH

Source DF Type I SS Type I MS
GLASS 9 0.28903056 0.03211451
Error 26 0.00566667 0.00021795
Corrected Total 35 0.29469722

Source Expected Mean Square

GLASS Var (Error) + 3.5741 Var (GLASS)

Error Var (Error)

Variance Component Estimate

Var (GLASS) 0.00892443

Var (Error) 0.00021795
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Appendix V

Statistical Analysis of Savannah River Technology Center

(SRTC) Durability Measurements

variance Components Estimation Procedure

Dependent Variable:

Source
GLASS
Error

Corrected Total

Source
GLASS

Error

variance Component
Var (GLASS)

Var (Error)

Dependent Variable:

Source
GLASS
Error

Corrected Total

Source
GLASS

Error

variance Component
Var {GLASS)

Var (Error)

PPMB
DF Type I SS Type I MS
11 52434.52521274 4766.77501934
30 19789.33159168 659.64438639

41 72223.85680442

Expected Mean Square
var (Error) + 3.4805 Var (GLASS)

var (Error)

Estimate
1180.03380126

659.64438639

PPMLI
DF Type I S§ Type I MS
11 4930.51609574 448,22873598
30 3496.70985334 116.55699511
41 8427.22594907

Expected Mean Square
Var (Error) + 3.4805 var (GLASS)

vVar (Error)

Estimate
95,29374644

116.55699511
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Appendix V

T

(SRTC) Durability Measurements

Dependent Variable:

Source
GLASS
Error

Corrected Total

Source
GLASS

Error

variance Component
var (GLASS)

Var (Error)

Dependent Variable:

Source
GLASS
Error

Corrected Total

Source
GLASS

Error

variance Component
var (GLASS)

var (Error)

Stutistical Analysis of Savannah River Technology Center

variance Components Estimation Procedure

PPMNA
DF Type I SS
11  323215.55216378
30 175971.01408461

41 499186.56624838

Expected Mean Square

Type I MS
29383.23201489

5865.70046949

Var (Error) + 3.4805 var (GLASS)

Var (Error)

Estimate
6756.90272013

5865.70046949

PPMSI

DF Type I SS
11  205086.90015050
30 82787.60125733

41 287874.50140783

Expected Mean Square

Type I MS
18644.26365005

2759.58670858

Var (Error) + 3.4805 var (GLASS)

Var(Error)

Estimate
4563.88106154

2759.58670858
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Appendix V Statistical Analysis of Savannah River Technology Center
(SRTC) Durability Measurements

Variance Components Estimation Procedure

Dependent Variable: BGL

Source DF Type I SS Type I MS
GLASS 11 42.56014579 3.86910416
Error 30 . 16.06263877 0.53542129
Corrected Total 41 58.62278456

Source Expected Mean Square

GLASS Var(Error) + 3.4805 Var (GLASS)

Error - Var (Error)

Variance Component Estimate

Var (GLASS) 0.95781187

Var (Error) 0.53542129

Dependent Variable: LIGL

Source DF Type I SS Type I MS
GLASS 11 12.57656386 1.14332399
Error 30 8.91926807 0.29730894
Corrected Total 41 21.49583193

Source Expected Mean Square

GLASS Var (Exror) + 3.4805 Var (GLASS)

Error var (Exror)

Variance Component Estimate

Var (GLASS) 0.24307149

Var (Error) 0.29730894
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Appendix V Statistical Analysis of Savannah River Technology Center
(SRTC) Durability Measurements

Variance Components Estimation Procedure

Dependent Variable: NAGL

Source DF Type I SS Type I MS
GLASS . 11 20.81882262 1.89262024
Error 30 11.33457008 0.37781900
Corrected Total 41 32.15339270

Source Expected Mean Square

GLASS Var (Error) + 3.4805 Var(GLASS)

Error : Var (Error)

variance Component Estimate

Var (GLASS) 0.43522274

Var (Error) 0.37781900

Dependent Variable: SIGL

Source DF Type I £S Type I MS
GLASS 11 3.95212326 0.35928393
Error 30 1.59535692 0.05317856
Corrected Total 41 5.54748018

Source Expected Mean Square

GLASS Var (Error) + 3.4805 Var (GLASS)

Error Var (Error)

Variance Component Estimate

Var (GLASS) 0.08794818

Var (Error) 0.05317856
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