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A DATA BASE AND A STANDARD MATERIAL FOR USE IN ACCEPTANCE
TESTING OF LOW-ACTIVITY WASTE PRODUCTS

S. F. Wolf, W. L. Ebert, J. S. Luo, and D. M. Strachan

ABSTRACT

We have conducted replicate dissolution tests following the product consistency
test (PCT) procedure to measure the mean and standard deviation of the solution
concentrations of B, Na, and Si at various combinations of temperature, duration, and
glass/water mass ratio. Tests were conducted with a glass formulated to be
compositionally similar to low-activity waste products anticipated for Hanford to
evaluate the adequacy of test methods that have been designated in privatization contracts
for use in product acceptance. The data base provided by these tests can also be used to
assess the credibility of the results of tests with waste products that are reported by
contractors. Statistical analyses of the test results indicate that, whereas the mean
concentrations increase with increasing temperature, mass ratio, and duration, the
standard deviation of replicate tests is not significantly affected by these test parameters
over the range of values that was evaluated. The test precision was determined primarily
by the analytical uncertainty in the solution analyses, which will vary with the technique
used to quantify the solution concentrations. An important finding from this set of tests
is that the solution concentrations generated in tests at 20°C will likely be too low to
measure the dissolution rates of waste products reliably. Based on these results, we
recommend that the acceptance test be conducted at 40°C. Tests at 40°C generated
higher solution concentrations, were more easily conducted, and the measured rates were
easily related to those at 20°C. Replicate measurements of other glass properties were
made to evaluate the possible use of LRM-1 as a standard material. These include its
composition, homogeneity, density, compressive strength, the Na leachability index with
the ANSI/ANS 16.1 leach test, and if the glass is characteristically hazardous with the
toxicity characteristic leach procedure. The values of these properties were within the
acceptable limits identified for Hanford low-activity waste products. The reproducibility
of replicate tests and analyses indicates that the glass would be a suitable standard
material.



EXECUTIVE SUMMARY

We conducted laboratory tests following the product consistency test (PCT) procedure
to measure the effects of key parameters on the mean and standard deviation of the response of a
glass that was formulated to be representative of expected immobilized Hanford low-activity
waste (ILAW) products, namely, the LRM-1 glass. As specified in the Hanford Tank Waste
Remediation System Phase 1 Privatization Contracts (TWRS-PCs), the radionuclide release from
ILAW products must be calculated based on the dissolution rate measured in a 7-day PCT
conducted at 20°C. Tests were conducted with LRM-1 glass to measure the precision and
accuracy with which solution concentrations can be quantified under those and similar test
conditions. A key purpose of these tests was to evaluate the adequacy of the specified test
method for measuring the dissolution rate of a glass that is representative of expected waste
products. The data base from these tests results can also be used to evaluate the credibility and
validity of durability test results reported by the Private Contractors as part of the acceptance
procedure for ILAW products. Such a data base is needed, in part, because the values of several
PCT parameters are not specified in the contracts. The data base provides insight into the effects

of key test parameters on the PCT results.

The LRM-1 glass was formulated and made at Argonne National Laboratory-East (ANL-
E) specifically for use in these tests and as a possible standard material. The glass was
formulated to be representative of likely ILAW products for Hanford. The composition of
LRM-1 glass was not designed to match particular vendor formulations, which have not yet been
released at the time of this writing. Instead, the glass was formulated based on other glasses that
were developed to immobilize Hanford low-activity waste. The glass was subjected to replicate
tests in a matrix designed to determine the effects of temperature (20, 40, and 70°C), glass/water
mass ratio (1:10 and 1:1), and test duration (3 and 7 days) on the amount of glass that dissolved,
which was monitored by the solution concentrations of B, Na, and Si. All tests were conducted
with demineralized water and in Type 304L stainless steel vessels. Solution concentrations were
measured with inductively coupled plasma-mass spectrometry (ICP-MS).

Statistical analysis of the test results indicates that, while the mean concentrations of B,
Na, and Si all increase with increased temperature, duration, and mass ratio values, none of these
test parameters had a significant effect on the standard deviations of the results of replicate tests.
The within-day variability of replicate tests was insignificant compared to the between-day
variability of replicate tests. Test results indicate the methodology used to analyze the solutions
had a greater effect on the reproducibility of the glass response than did the values of the test
parameters or test execution. The technique used to analyze the test solutions must provide high
sensitivity for the simultaneous multi-elemental analysis of small volumes of complex, dilute
solutions. The analytical uncertainty for other techniques will likely be similar to or higher than
that of ICP-MS, which we used for these tests.

An important finding of these tests is that it is likely that solution concentrations from
tests conducted under the conditions specified in the TWRS-PCs (7-days and 20°C, at a



presumed glass/water mass ratio of 1:10) will be too near the analytical detection limit to provide
a sufficiently accurate or precise measure of the dissolution rates of Hanford ILAW products.
Both the instrumental limitations and background levels, which are dependent on the laboratory
environmental conditions, will affect the ability to quantify the glass dissolution rate. The
extreme care that we took in conducting these tests with regard to laboratory and equipment
cleanliness, consistency of test procedure, and the calibration of analytical equipment should not
be expected for routine testing at contracting laboratories. The data base for LRM-1 glass
indicates that tests conducted at 40°C for 7 days at a mass ratio of 1:10 provide solutions that
can be analyzed more reliably than those from tests at 20°C. The rates measured at 40°C can
also be extrapolated to 20°C with confidence.

The LRM-1 glass was subjected to several other tests and analyses that are required to be
conducted with the Hanford ILAW products. These were conducted to evaluate the possible use
of LRM-1 glass as an analytical standard material. The composition of the glass was measured
by dissolving separate aliquots of the glass by different methods and then analyzing those
solutions with ICP-MS, inductively coupled plasma-atomic emission spectroscopy (ICP-AES),
and ion chromatography (IC). Comparison of the composition determined by the pooled results
of those analyses with the as-batched composition preparation of LRM-1 glass resulted in the
loss of about 90% of the added Hg and as much as 20% of the added alkali metals. Other glass
components were retained at near the added levels. Examination of the microstructure of the
glass verified that the glass was not phase separated (i.e., no glass/glass phase separation was
detected) and that no phases had precipitated in the glass. The density of the glass was measured
by buoyancy to be 2516+9 kg/m®>. Although the TWRS-PCs do not specify a density
requirement per se, the density of the waste product must be less than about 3800 kg/m® to
satisfy the volume and mass requirements specified for the waste package. The compressive
strength was measured to be 226457 MPa; the TWRS-PCs require the compressive strength of
the waste form to be greater than 3.45 MPa. Triplicate ANSI/ANS 16.1 leach tests were also
conducted with the glass, and the average Na leachability index was measured to be 15.4+0.1; the
TWRS-PCs require the Na leachability of the waste form to be greater than 6.0. The glass, which
contains Ba, Cd, Cr, Hg, and Pb, was subjected to and passed TCLP for all five elements in
triplicate tests. The performance of the LRM-1 glass in these tests satisfies the product
requirements specified in the TWRS-PCs, and the measured reproducibility indicates that it could
serve as an analytical standard material for use in these tests.




L. INTRODUCTION AND BACKGROUND

In this report, we describe work conducted at Argonne National Laboratory-East (ANL-
E) toward developing a product acceptance test for immobilized low-activity waste (ILAW)
forms. This work was performed under the auspices of the U.S. Department of Energy (DOE)
Tanks Focus Area (TFA) for immobilization. The objective of this task is to provide a data base
that can be used to evaluate test results reported by private contractors as a part of the
acceptance procedure for ILAW forms and a certified standard material from which a documented
response can be obtained under a range of test conditions and from which can be used to verify
the results of tests and analyses conducted with actual waste forms. The guidance for this work
is given in the Program Execution Guidance (PEG) Technical Task Plan (TTP) No. CH27WT31.
All experimental work conducted in this task was performed in compliance with the Quality
Assurance (QA) requirements promulgated in the document DOE/RW-0333P, rev. 6 "Quality
Assurance Requirements and Description, Office of Civilian Radioactive Waste Management,"
and DOE Order 5700.6C for waste form scientific investigations performed in the Chemical
Technology Division (CMT) of ANL-E.

Several sites in the DOE complex may privatize the immobilization function for tank
waste remediation. The waste forms that are produced will be required to meet contractual
product specifications to ensure their suitability for transfer, handling, and disposal. Inspection,
testing, and documentation will be utilized in the acceptance process, and to authorize payment
to the Private Contractor. Standard test methods that allow quantitative determination of
product acceptability will be used. For example, the TWRS-PCs for the separation and
immobilization of Hanford tank wastes states that the durability of waste forms must be
acceptable, as measured by the dissolution rate in a seven-day Product Consistency Test (PCT)
conducted either at 20°C or up to 90°C, provided the results of tests at higher temperatures can
be shown to be related to results at 20°C [DOE-1996]. The tests discussed in this report
provide a data base that can be used to verify that waste products comply with this requirement.

The rationale for selecting a PCT at 20°C to measure the dissolution rate included the goal
of providing an upper bound to the long-term (e.g., 10,000 years) dissolution rate with the results
of a short-term (e.g., seven days) laboratory test. Dissolution tests with borosilicate glasses over
the past two decades have indicated that the long-term dissolution rate is controlled by surface
hydrolysis reactions [e.g., STRACHAN-1994; CUNNANE-1994]. The most important reaction
is the hydrolysis of Si-O-Si bonds, the rate of which decreases as orthosilicic acid builds up in
solution. It was reasoned that the dissolution rate measured under the relatively high solution
concentrations that are generated in a seven-day PCT provides a conservative upper bound to the
dissolution rates that may occur over long times.

The PCT was developed for use by DOE high-level radioactive waste vitrification
facilities to monitor the consistency of waste forms. Two variations of the test procedure have
been standardized by the American Society for Testing and Materials (ASTM): PCT Method A
and PCT Method B [ASTM-1994]. The PCT Method A was developed specifically to evaluate



whether the durability and elemental release characteristic of high-level waste glasses are
consistently controlled during production. It is conducted at 90°C in ASTM type I water (e,
demineralized water) in a Type 304L stainless steel vessel for seven days. The test is conducted
with crushed glass of the -100 +200 mesh size fraction and at a glass/water mass ratio of 1:10.
The PCT Method B does not specify values for key test parameters of temperature, leachant
solution composition, selection of the test vessel, glass/water mass ratio, or test duration.
Although the test that is specified in the TWRS-PCs to measure the glass dissolution rate and the
release rate of radionuclides is a variation of the generic PCT Method B, not all of the test
parameters needed to conduct a PCT Method B test are specified in the TWRS-PCs. While the
temperature and duration are specified, the size fraction of the glass, leachant composition,
glass/water mass ratio, and vessel restrictions are not specified.

Very few PCTs have been conducted with waste glasses at the low temperatures (eg,
20°C and lower) relevant to envisioned ILAW disposal facilities. Most tests have been
conducted at higher temperatures relevant to high-level waste facilities (e.g., 90°C). Therefore,
we have conducted tests to provide a data base that can be used to evaluate the results of tests
conducted with values of test parameters that may be used by the contractors to measure the
extent of glass dissolution for product acceptance or to relate tests at elevated temperatures to
20°C. To distinguish the tests conducted to support ILAW product acceptance from the general
PCT Method B test, we will refer to the former tests as the product acceptance tests (PATSs) in
this report. While the database developed by these tests is meant to provide a means to evaluate
test results reported during Phase 1 Hanford Privatization Contracts, it can also be used to
identify the set of test parameters that results in the highest precision and can be specified in
subsequent contracts. The availability of such a specific test method will eliminate the variations
in methodology that are possible in the Phase 1 contracts.

A nonradioactive standard glass was formulated and made at ANL to measure the variance
in the response of the glass under various test conditions. This glass was used to (1) generate a
data base that can be used to evaluate the effects of test parameters in the PAT and (2) to
measure the intralaboratory precision of the test execution and analyses. The same glass will
subsequently be used in a round robin test program to measure the interlaboratory precision of
the PAT based on the response of the glass. Glass of the same composition as used in these
tests may be procured for use as a standard material. The glass was formulated to be
compositionally representative of waste products anticipated for Hanford low-activity waste
streams in terms of the major glass-forming components. The formulation of the glass has been
described previously [EBERT-1998]. It was desired that the glass composition be similar to
anticipated ILAW so that the dissolution mechanism of the reference glass and actual ILAW were
likely to be similar in the PAT. Some elements that are regulated by the Resource Conservation
and Recovery Act (RCRA) were included in the glass, but radioactive components were not
included. A radioactive analytical standard may be developed in the future to verify that the
radionuclide concentration limits given in the TWRS-PCs are met.



II. EXPERIMENTAL APPROACH

To develop the PAT, we first formulated a reference glass for use in these tests and for
possible use as a standard material. The composition of the glass was formulated to be relevant
to the LAW products that may be produced during remediation of Hanford tank wastes; it also
included glass-making components which may be used in LAW products for other sites. The
targeted composition of this glass is given in Table 1. The technical basis for selecting this glass
composition has been summarized in the report EBERT-1998. We designated this candidate
standard test material as Low-Activity Reference Material-1 (LRM-1). The suitability of LRM-
1 glass for use as a standard test material will be evaluated both by the response of the glass to
various durability tests and the physical properties of the glass. We have evaluated several
physical characteristics of LRM-1 glass including the macroscopic homogeneity as determined
from replicate bulk chemical analysis, microscopic homogeneity as determined with
microstructural analyses, bulk density as determined by buoyancy, and compressive strength.

We then conducted a series of tests to quantify the response of the glass under various
test conditions. Replicate tests with LRM-1 were conducted to measure the mean performance
and variance of the response of the glass at different test durations (three and seven days),
temperatures (20, 40, and 70°C), and glass/water mass ratios (1:1 and 1:10). In addition, we
evaluated the response of LRM-1 glass to other test methods, including the American National
Standards Institute/American Nuclear Society test procedure 16.1 (ANSI/ANS-16.1), the
Toxicity Characteristic Leaching Procedure (TCLP), and the vapor hydration test (VHT). The
tests and analyses that were conducted with LRM-1 glass is summarized in below.

Tests and Analyses Performed

» 108 PATs, 36 blanks

* 3 ANS/ANSI 16.1 leachability tests, 1 blank

* 3 TCLP tests, 1 blank

3 ANL VHTs

* 4 chemical dissolutions and multiple analyses
+ 8 measurements of glass density by buoyancy
* 4 measurements of compressive strength

* characterization of glass microstructure

A. Preparation of the Test Material

A large quantity of glass was needed to perform all the required tests and measurements
while maintaining a level of homogeneity consistent with the requirements of a standard material.



Test samples were needed: monoliths with specific dimensions and crushed glass of specific size
fractions, enough to perform all of the tests and analyses listed above.

The precursor frit was prepared by mechanically mixing sufficient amounts of dried
reagent-grade chemicals (oxides, carbonates, chlorides, fluorides, iodates, and sulfates) to produce
2500 g after vitrification. The specific chemicals and the amounts used to prepare the precursor
frit are listed in Table 2. Dried chemicals were weighed individually, mixed by grinding in a
mortar and pestle under acetone, and dried overnight at 90°C in a drying oven. Initial scoping
melts had been performed to determine appropriate preparation procedures and melting
conditions [EBERT-1998]. Twelve batches of precursor fiit were prepared by the following
procedure. Approximately 200 g of the chemical mixture was transferred into a Pt/Rh crucible.
The crucible was placed into a furnace set at 800°C. The temperature of the furnace was step
increased to 900°C after one hour, then to 1000°C after another hour. The chemicals were
vitrified in this manner to facilitate the outgassing that occurred during the initial stages of glass
preparation. After an hour at 1000°C, the furnace was step increased to 1250°C. The melt was
held at approximately 1250°C for a total of about two hours. During this time, the crucible was
briefly removed from the furnace every 0.5 h so that the melt could be swirled to facilitate
thorough mixing, After two hours at 1250°C with the intermittent swirling, the melt was
removed from the furnace and quenched by partial emersion in water. This process fractured the
glass so that it could be removed from the crucible relatively easily. Approximately 1 gof the
melted precursor frit was archived and the rest was set aside for further processing. This
procedure was repeated 12 times to vitrify the entire stock chemical mixture. The material was
crushed with a platen mortar and pestle, ground in a tungsten carbide mill, and mixed overnight in
a high-density polyethylene (HDPE) container on an automated jar mill. This homogenized
crushed glass was used to make the LRM-1 glass we tested and analyzed. It was batch coded
GS636 for ANL QA purposes.

To make the LRM-1 glass used for crushed glass samples, each of six 250-g batches of the
precursor frit was melted at 1250°C for 0.5 h in a Pt/Rh crucible, quenched by partial immersion
of the crucible in water, and broken out of the crucible. The glass from the six batches was mixed
together and used for the PATs, TCLP tests, and for compositional and microstructural
examinations.

Another 200-g aliquot of precursor frit was melted at 1250°C in an alumina crucible and
annealed at about 500°C ovemight to make the glass used for monolithic samples. An alumina
crucible was used so that sufficiently long cores could be cut from the glass boule for use in the
ANSIU/ANS 16.1 leach tests. Glass near the crucible interface was not used for testing or
analysis, in case the glass melt had reacted with the crucible. Glass from the center of the boule
was cored and sliced into monoliths for use in ANSI/ANS 16.1 tests, VHTs, and density and
compressive strength measurements. The remaining precursor frit was archived for future use.

Samples of LRM-1 were prepared for testing by crushing then sieving to isolate the -100
+200 mesh fraction (i.e., the fraction passing through a 150 pum sieve but retained by a 75 pm



sieve, U.S. Standard designation) for PATs and to <9.5 mm particles for use in the TCLPs. The -
100 +200 mesh fraction was cleaned with water and methanol following the cleaning steps
detailed in the PCT procedure [ASTM-1994]. The washed glass was examined by scanning
electron microscopy (SEM) to verify that fines had been removed and to document the size and
shape of the glass particles.

Bulk elemental analyses were performed on aliquots of the clean -100 +200 mesh size
fraction to determine the actual composition of LRM-1. Three aliquots of the glass were
dissolved in a mixture of ultra-high purity hydrofluoric, nitric, and hydrochloric acids, and the
resulting solutions were analyzed. Two of these dissolutions were performed in a closed Parr
vessel to minimize loss of volatile species that might form during the dissolution (solutions
CVD1 and CVD2). One dissolution was taken to dryness in an open Teflon beaker and fumed
with perchloric acid to convert insoluble fluorides to soluble species (solution OVD1). Aliquots
of these solutions were used for multiple determination of all glass constituents with ICP-AES
and ICP-MS. In addition, one aliquot of the clean -100 +200 mesh size fraction was fused with
potassium hydroxide and dissolved (solution FX1) for analysis of the anion content by IC.
Microstructural analysis were performed with samples of both the annealed glass and the cleaned
-100 +200 mesh fraction crushed glass by scanning electron microscopy-energy dispersive
spectroscopy (SEM-EDS) and transmission electron microscopy-energy dispersive
spectroscopy (TEM-EDS). The density of eight monolithic samples were measured by
buoyancy [ASTM-1993]. The compressive strength of four monolithic samples of the glass

were also determined [ASTM-1993a].

B. Development of a Data Base for Evaluating Test Results

Development of data base for the PAT focused primarily on measuring the effects that
test duration, temperature, and glass/water mass ratio have on the mean and standard deviation of
the test results. We systematically and independently varied those parameters to allow
statistical analysis of the variance of test results. The test matrix was also designed to evaluate
the effects of day-to-day variability of test initiation and termination and the day-to-day
variability of solution analysis. Multiple tests on the glass with demineralized water were
conducted at temperatures of 20, 40, and 70°C, at glass/water mass ratios of 1:10 and 1:1 (tests
conducted with 1 gof glass per 10 gof water and 5 g of glass per 5 g of water, respectively), and
for test durations of three and seven days. The PCT Method A used for high-level waste forms
requires water that meets the requirements of ASTM Type I water [ASTM-1991]. The water
used in these tests was purified with laboratory ion-exchange and filter modules and analyzed to
verify that it met ASTM Type I requirements of electrical conductivity and composition.

Tests were conducted in 22-mL Type 304L stainless steel vessels. All vessels were
cleaned following the PCT procedure for cleaning new vessels [ASTM-1994]. Each vessel was
stamped with a unique number for the purpose of identification. The vessels are sealed with a
Teflon gasket and compression fitting. A constant-temperature water bath was used for tests

conducted at 20°C and convection ovens were used for tests conducted at 40 and 70°C. The



temperatures of the ovens and the water bath were set with NIST-traceable thermometers and
continuously monitored with thermocouples. The temperatures of the ovens were recorded by a
data loggerevery 12 hours. The oven temperatures remained within +1°C of the set temperature
throughout the testing program.

The test matrix that was designed to measure the effects of the various test and

experimental factors is summarized in Table 3. Each test was assigned a unique test number.
Aliquots of the solution and glass taken for analysis were identified using the test number. The
first letter in the designation (P) indicates that the test is part of the replicate PAT matrix. The
second letter (A through L) refers to the combination of test parameters used in that test (ie,
duration, temperature, and glass/water mass ratio). The third letter indicates whether the sample
contains glass (T) oris atest blank (B). The final number (n) refers to the replicate number for
each combination of test parameters.

A total of nine replicate tests with glass and three blank tests were conducted for each
combination of temperature, glass/water mass ratio, and test duration. The nine tests with glass
were run as three sets of triplicate tests that were initiated on three separate days in order to
allow the random day-to-day variability introduced by initiating, terminating, and analyzing
solutions to be evaluated. An experimental blank test was run simultaneously with each set of
triplicate tests at each combination of temperature and test duration. Solutions generated from
each test with the designation P-B-T, P-C-T, P-H-T, and P-I-T were analyzed twice in separate
analysis procedures to determine the variability associated with solution analysis. The term
“analysis procedure” is used in this report to identify sets of solution that were analyzed
together, on the same day, and with the same instrument calibration.

Tests were initiated by adding crushed glass and demineralized water to clean vessels.
The amount of glass that was added to the vessel was measured to +0.01 g; enough water was
added so that the glass/water mass ratio was exactly 1 or 10, to the nearest 0.01 g. The measured
solution concentrations can be compared directly only because the glass/water mass ratios are
exactly the same. Because of uncertainty in the accuracy of the specific surface area of the
crushed glass, normalization of test results to the same mass ratio - or glass surface area/solution

volume (S/V) ratio - would introduce additional uncertainty to the results of the tests.

A sample of the demineralized water used as the leachant for each set of tests was
retained for analysis. During test assembly, the glass was gently agitated by slowly rotating the
vessel to ensure that no air bubbles were trapped and that all the glass was wetted. The vessel lid
and Teflon gasket were then placed on the vessel and the compression nut tightened to about 120
fi-lbs. After all the test vessels in a set were assembled, they were placed in 40 and 70°C ovens

or the 20°C water bath. Before placement in the water bath, the vessels were first placed in a
plastic zip-lock bag. Most of the air was forced from the bag and it was sealed. The vessels

were set in the water bath so that they were completely submerged, with the sealed bag tops
above the water level. This placement to prevented water from becoming trapped in the closure
fitting and obscuring the mass change of the assembled vessel. Vessels were placed directly in the



10

ovens. The time at which the vessels were placed in the ovens or the water bath was recorded as
the time of test initiation.

The time at which the vessels were removed from the ovens or water bath was recorded
as the time of test termination. At the completion of each set of tests, each vessel was weighed
to check for mass loss and then opened. A 0.5-mL aliquot of the leachate solution was
immediately removed and sealed in a small vial for pH analysis. The remaining leachate solution
was removed from the test vessel and passed through a 0.45-pm pore filter into a clean sample
bottle. The filtrate was stabilized with ultra-high purity nitric acid. The was pH measured with
a standard laboratory combination pH electrode and meter calibrated with commercially available
pH buffer standards that bracketed the pH of the test solutions. All pH measurements were
conducted at room temperature. These measurements were completed within an hour after the
tests were terminated to minimize the effects of CO, absorption into the solution.

The filtered leachate solutions were analyzed by ICP-MS. Prior to analysis, the solutions
were diluted with 2% nitric acid so that the solute concentrations were within the optimum
concentration range for the instrument. The dilution factors used for tests conducted with each
set of parameters were determined by analyses of small aliquots of solution from the first set of
triplicate tests. Solutions were spiked with elemental internal standards to compensate for any
instrumental drift that may occur during analysis. The resulting solution contained 50 ng/mL
each of Be, Sc, In, and Bi. The instrumental blank was determined prior to calibration of the ICP-
MS by replicate analysis of a 2% nitric acid solution that was spiked with internal standards.
The instrumental blank was used as the zero concentration for the calibration curve and is
subtracted from all standards and samples in the analysis procedure. Instead of reporting a
detection limit for the ICP-MS analytical results, we report the more conservative limit of
quantitation (LOQ). The LOQ is calculated as 10 times the standard deviation of the
instrumental blank [CURRIE-1968]. It estimates the lowest concentration for which the
measured concentration is quantifiable at the 95% confidence level when the instrumental blank is
well known. The LOQ may vary slightly from day to day due to small differences in the
performance of the instrument.

Quantitative analysis of all solutions was performed by direct calibration of the
instrument with NIST-traceable multi-elemental standards followed by linear regression to
calculate a linear calibration curve. Tests solutions were analyzed for all elements in LRM-1
glass that are amenable to routine determination with ICP-MS; Al, B, Ba, Cd, Cr, Fe, K, La, Li,
Mg, Mn, Mo, Na, Ni, Pb, Si, Sn, Ti, and Zr. Separate calibrations and LOQs were determined
for every set of analyses. Quality control (QC) solutions were analyzed prior to analysis of the
first unknown sample and after the tenth unknown sample during every set of analyses. These
solutions contain known concentrations of all components that were determined in the leachate
solutions and are used to verify that the instrument remains within calibration during the
analyses. We estimate the accuracy of all analyses to have a probable error <x15%, as
determined by analysis of QC solutions.
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Results of solution analyses from the PAT matrix were examined with one-way analysis
of variance (ANOVA) to determine if the fixed-effect factors temperature, glass/water mass ratio,
test duration, and day-to-day variability had a significant effect on mean Si, Na, and B
concentrations. Analysis of variance allows us to test whether a fixed-effect factor (a potential
source of systematic variation or bias) is significant compared to random sources of variation or
random error [NETER-1988]. One-way ANOVA allows us to test, for example, whether the
variability of the PAT response caused by different test temperatures, glass/water mass ratios,
test durations, or day of initiation/termination is significant when compared to the variability due
to random effects. As always in a significance test, we tested the null hypothesis that all of our
results are random samples from a single population. We attempted to disprove the null
hypothesis statement with ANOVA. Each time we applied ANOVA to our data, we calculated a
P-value. We used the P-value as an estimate of the probability that the variability in PAT

response to any fixed-effect factor was due to chance. A P-value less than 0.05 indicated that
there is only one chance in twenty that the observed variability was due to chance alone. In other
words, the null hypothesis is disproved and the fixed-effect factor has a significant effect on the
mean PAT response if the P-value is less than 0.05.

An ANOVA was performed initially on the whole data base to compare all of the fixed
effect-factors (i.e., different test temperature, glass/water mass ratio, test duration, and day of
initiation/termination) simultaneously. Analysis of variance was then repeatedly performed on
portions of the data to test the null hypothesis for each fixed-effect factor individually. For
example, we tested the effect that test duration has on the mean response for tests conducted at
20 °C and a mass ratio of 1:10 by analyzing the results of tests P-A-T-n and P-G-T-n. We also
tested whether analyzing identical samples on different days affects the overall variability of the
mean response of the PAT.

After extensive ANOVA tests to help us identify all possible causes of systematic
variation, we normalized our compositional data to decouple their effect on the data set. We then
tested the null hypothesis of differences in standard deviations of tests performed with different
test parameters with the F-statistic. We used this test to determine if any one set of test
parameters constituted a test with the lowest intrinsic variability.

C. Other Tests

The response of LRM-1 glass was measured in the ANSI/ANS 16.1 leach test
[ANSI/ANS-1986], which is a requirement of the TWRS-PCs, and the Toxicity Characteristic
Leaching Procedure [FR-1990], which is required for wastes containing RCRA-regulated
components. The response of the glass was also measured in VHTs. The VHT is used to
accelerate waste glass corrosion to provide insight into a material’s long-term behavior. In
particular, the test is used to produce alteration phases that form as the glass corrodes and to
measure the impact of their formation on continued glass corrosion rate. While the VHT does not
address a specific requirement in the TWRS-PCs, it is relevant to whether or not the dissolution
rate calculated in the PAT is likely to bound the long-term dissolution rate. Vapor hydration
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tests are being used to study the long-term corrosion behavior of vitrified waste forms in support
of the Hanford Low-Level Waste Performance Assessment project. The dissolution rates of
some glasses, including glasses formulated for LAW, have been observed to increase significantly
after some phases form [BAKEL-1995]. VHTs are currently being conducted at ANL as
screening tests for Contractor glasses in the assessment of the Hanford Phase la acceptance
procedure. Tests were conducted with LRM-1 to relate the long-term corrosion mechanism of
LRM-1 with that of other glasses that have been studied and to determine if similar alteration
phases form and affect the glass corrosion rate. The test matrix for these tests is in Table 4.

1._ANS/ANSI 16.1 Tests

The TWRS-PCs require measurement of the leachability index of sodium with the
ANSI/ANS 16.1 test. This test procedure was developed to quantify the leaching characteristics
of solidified waste forms. Results are cast in terms of a mathematical parameter called a
“leachability index,” which is a measure of the diffusion controlled release of components from
the waste form. Although the dissolution of waste glasses is a surface reaction, the release of Na
through ion exchange may be diffusion-controlled very early in the corrosion process.

Triplicate tests were conducted with LRM-1 glass in Teflon vessels with deionized water
following the ANSI/ANS 16.1 procedure to measure the leachability index of the glass based on
sodium. The ANSI/ANS 16.1 procedure requires cylindrical samples to have length/diameter
ratios between 0.2 and 5. The three samples of LRM-1 glass that were prepared as cylinders all
measured 3.45 mm in length and 9.80 mm in diameter giving a length/diameter ratio of 0.35. The
ratio of the leachant volume to the geometric surface area is required to be 10+0.2 cm. The
sample surface area, which is 2.57 cm?, required the use of 25.7+0.5 mL of water to attain the
required volume/surface area ratio.

2. Toxicity Characteristic Leaching Procedure

Triplicate TCLP tests were conducted on LRM-1 glass. These tests were conducted
according to the Environmental Protection Agency Toxicity Characteristic Leaching Procedure
Method 1311 [FR-1990]. One experimental blank test with the extraction fluid was conducted at
the same time as the with the tests with glass. Tests solutions were analyzed for major glass
components and RCRA-listed metals.

3. Vapor Hydration Tests

Tests were conducted by suspending two monolithic samples from a stainless steel rod
with Teflon thread in a Type 304L stainless steel vessel to which 0.15 mL of deionized water
was added. The vessel was sealed with an annealed copper gasket and compression fitting and
placed in a convection oven set at a temperature 150°C for the scheduled test duration. Tests
were run for seven, 28, and 56 days. At the end of the test, the sample was examined with
SEM/EDS to characterize surface alteration and the formation of new phases.
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1. RESULTS

A. Preparation and Analysis of LRM-1 Glass

Initial scoping melts of batched chemicals showed that the melting point of LRM-1 is in
the range of 1150-1200°C. The chemical mixture fused at 800°C and decarbonated without
substantial foaming. The melt evolved a white gas continuously throughout the entire melting

procedure. We observed a yellow solid that had condensed on the crucible wall when the crucible
was removed from the furnace for observation. We performed one scoping test to examine the
melt at 1350°C. We observed that the amount of gas evolved from the melt decreased with time
at this temperature. While processing the glass at a lower temperature would reduce the loss of
volatile elements, observations of a trial melt performed at 1150°C indicated that undissolved
chemical reagents remained at the bottom of the crucible. The glass was made at 1250°C to
maximize the mixing of the melt and minimize the loss of volatile elements so that the final
product would be a homogeneous glass with a composition close to the target.

1. Glass Bulk Composition

Results of analyses of LRM-1 and the techniques used to determine concentrations of
each component are given in Table 5. The mean concentrations and standard deviations
presented were calculated from as many as fifteen individual analyses of the four dissolved
samples. Results for individual analyses are given in Appendix A. The total mean sum of
calculated oxides is 95.8 wt %. Although a measured oxide total <100% could be indicative of
loss of some major component such as Si or B during dissolution, these low-biased results were
reproduced for two separate closed vessel dissolutions and from analyses with two independent
analysis techniques. Thus, the low oxide total value is probably not due to incomplete recovery
during dissolution and or during analyses. It may be that the chemical form and the gravimetric
constants used to calculate the glass composition is not accurate due to the presence Cl, F, L, P,
and S in the glass. It is also possible that some carbon remains in the glass as a result of
incomplete decomposition of the carbonates used to batch the glass. Further work with an
emphasis on accurately determining the composition of LRM-1 would be required to provide a
definitive explanation. The TWRS-PCs require that the concentrations of all waste form, matrix,
and filler components present at greater than 0.5 percent by weight be reported.

Results of analyses indicate the systematic loss of approximately 15-20% of each alkali
element during preparation of the LRM-1 glass. The mercury content of the glass was 90%
lower than the as-batched concentration, indicating that it too was volatilized during glass
preparation. All other components matched the as-batched composition reasonably well.

2. Glass Microstructure

Visually, LRM-1 is a dark green translucent glass. Examination of a sample of the
annealed glass with an optical microscope and by SEM revealed that the consistency of the glass
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was uniform, and that a few bubbles were trapped within the glass. The chemical composition
was measured with SEM-EDS at nine random spots across the surface of the sample. No
compositional heterogeneities were found on the scale that can be resolved by this technique,
which has a spatial resolution of about 2 pym. The composition measured with SEM-EDS was
consistent with the composition of the glass as determined with ICP-AES, ICP-MS, and IC.
Results of these replicate analyses indicate that LRM-1 is compositionally homogeneous at the
macroscopic level.

Figure 1 is an SEM photomicrograph of several particles of clean -100 +200 mesh fraction
of LRM-1 dispersed on carbon tape. The dimensions of the glass particles typically ranged from
50 to 200 pum, which is consistent with the mesh fraction. The particles were free of fines and
the fracture surfaces showed no indication that inclusions or secondary phases were present in
the glass. Several particles of clean -100 +200 mesh fraction of LRM-1 were fixed in epoxy resin
and polished cross sections prepared for SEM-EDS examination and semi-quantitative analysis
to verify that the quenched LRM-1 glass was also homogeneous on the microscopic scale.
Analyses of the chemical compositions with SEM-EDS of several randomly selected glass
particles revealed no evidence of compositional heterogeneities on a ~ 2-um scale. Figure 2 is a
TEM photomicrograph of a typical area in a thin-sectioned sample of LRM-1 prepared with
ultramicrotomy. Analysis of the chemical compositions with TEM-EDS of several randomly
selected glass particles revealed no evidence of compositional heterogeneities on a ~ 10-nm scale.
Based on the results of SEM-EDS and TEM-EDS analysis, we conclude that LRM-1 is
compositionally homogeneous at the microscopic level.

3. Glass Density

The density of the LRM-1 glass was measured by buoyancy following a standardized

procedure [ASTM-1993]. Inthis procedure, the mass of a monolithic glass sample is measured
in air and in deionized water at room temperature. The density of the glass is calculated from the
difference in the measured masses. The results of density measurements for nine samples of the
glass are given in Table 6; the replicate samples are designated LRM-1 D1 through LRM-1 D8.
The measured density of LRM-1 is 2516 + 9 kg/m®, with a percent relative standard deviation
(% rsd) of 0.4%. Although the TWRS-PCs do not specify an acceptable range of product
densities, the total mass and volume limits specified for waste packages will limit the acceptable
density. The maximum mass of each package cannot exceed 10,000 kg, and the container must
have an external dimension of 1.8 m (length) x 1.2 m (width) x 1.2 m (height), 0.2 m. The
volume based on the mean dimensions is 2.59 m>. Excluding the mass of the container and any

void space, the density of the glass cannot exceed 3800 kg/m®.

We assessed the bias in our measurements by performing density measurements on two
glass mass density standard reference materials (SRMs) obtained from NIST, namely the soda-
lime glass mass density standard SRM-1826a and the lead silica glass mass density standard
SRM-1827a. The certified mass densities of these two SRMs are 2.548932+0.000023 g/cm® and
3.593014+0.000025 gfcm’, respectively. The densities of the standard glasses were measured
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before and after measurements of LRM-1. Analyses of the two standard glasses SRM-1826a and
SRM-1827a give mean densities and standard deviations of 2.549+0.001 gfem® and 3.592+0.004
g/em®, respectively. The calculated errors of our measurements relative to the SRMs are
+0.003% for SRM-1826a and -0.03% for SRM-1827a. The uncertainty in our density
measurements, therefore, appears to be dominated by the precision of our measurements on
LRM-1 and not bias in the methodology.

4. Glass Compressive Strength

The compressive strength of LRM-1 glass was measured following ASTM procedure C
39 [ASTM-1993a]. Four cylindrical samples that had a length/diameter ratio of 2.05, which is
within the requirements of the ASTM procedure C 39, were prepared for analysis. The top and
bottom faces of the samples were cut parallel. The raw data and results of compressive strength
measurements on LRM-1 are given in Table 7. The maximum load reached was used for the
determination of compressive strength. The compressive strength was determined by dividing
the peak load by the cross-sectional area of the specimen. The mean compressive strength was
32,828+9525 psi, or 226+65 MPa, well exceeding the 3.45 MPa lower limit that is specified in
the TWRS-PCs. The fracture mode could not be identified because all samples were completely
shattered during the measurement.

B. Test Methods

1. Product Acceptance Tests

After the scheduled test duration, test vessels were removed from the water bath or the
convection ovens and weighed to determine mass loss. The masses of all terminated tests were
within 0.02 g of the initial mass, which we assume to be the uncertainty for measurement of the
mass change. Each vessels was opened and an 0.5-mL aliquot was removed for pH measurement.
The remaining solution was passed through a 0.45-um pore polycarbonate filter and acidified
with concentrated ultra-pure nitric acid. The reacted glass was retained. The raw data for test
terminations are given in Appendix B.

a. Results of Water Analyses

Aliquots of the demineralized water used as the leachant solution in the PATs
(and also in other tests) were analyzed with ICP-MS. Results of analyses for Na, Si, B, Al, and
K are given in Table 8. Results of analyses for all other elements that were quantified are given in
Appendix C. The only quantifiable component was Na, which had a concentration of 20.1+8.1
ng/L. The concentration of Si was consistently <60 png/L, which is well below the 1000 gL
limit for ASTM Type I water [ASTM-1991]. Concentrations of B, Al, and K were less than the
LOQ for the analysis (“<LOQ” in Table 8). The electrical resistivity of all of the water collected
from the purifier was >17.9 MQecm at 25°C, meeting the requirement of >16.67 MQ-ecm for
ASTM Type I water.
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b. Results of Test Blank Analyses

One experimental test blank was included with each set of triplicate tests. The
results of analyses of the solutions from these test blanks for Na, Si, B, Al, and K are given in
Table 9. Results of analyses for all other elements determined are in Appendix C. Neither Si, B,
nor K was quantifiable in any of the test blank solutions. Of the 36 blank tests performed
sodium was quantifiable in 24 and aluminum was quantifiable in 11. We observed no correlation
between the concentrations of the quantifiable elements with respect to leachate volume, test
duration, or test temperature. This suggests that the background concentrations of Na and Al are
limited by environmental laboratory factors. Table 9 gives the means and sample standard
deviations and the relative standard deviations (%rsd) for the measured pH and Na and Al
concentrations for all blank tests. The PCT Method A procedure requires that the
concentrations of monitored elements in test blanks be <10% of the concentration of that element
in the test solution [ASTM-1994]. The mean concentration of sodium in the test blanks was
84.7%27.3 ug/l.. According to the PCT-A standard, test leachates would be required to contain
at least 847 1Lg/L Na. The mean concentration of aluminum of 9.86+6.48 pg/L requires that that
test solutions contain at least 99 pg/L for the data to be considered valid. Silicon, B, and K
concentrations were below the LOQ for the analysis procedure on the day they were analyzed.
Therefore, we evaluate the minimum acceptable concentrations of those elements generated in
PATs based on the LOQ values measured for those elements in the leachate solutions of tests
with glass when they are analyzed.

c. Results of Leachate Analyses

Solution results including the measured pH and concentrations of Na, Si, B, Al,
and X for all tests in the PAT matrix are given in Table 10a-d. Results of analyses for all other
elements determined are in Appendix C. The analysis of Na and Si in most tests required dilution
of the leachate solutions. This is because ICP-MS cannot be used to reliably determine the
concentrations of elements at concentrations >10 mg/L without prior dilution. Solutions were
prepared for analysis of some leachates with the following dilution factors (df): 1.005 for
samples designated P-A-T and P-G-T; 10.000 for samples designated P-B-T, P-C-T, P-D-T, P-
E-T, P-H-T, P-I-T, P-J-T, P-K-T; and 100.000 for samples designated P-F-T and P-L-T. All of
the other elements were quantified by directly analyzing the leachate solutions with only the
addition of the internal standard. Elemental concentrations in experimental blank tests and
demineralized water samples were determined with a dilution factor of 1.005. Each set of
triplicate tests were analyzed at the same time with the same instrument calibration.
Experimental blanks from each of the three sets of tests were analyzed simultaneously, but with
a different instrument calibration than was used for the test solution. All concentrations listed
have been corrected for any dilution made during test termination and analysis. Concentrations
less than the LOQ for a given analysis procedure are listed as upper limits.



17

The means and sample standard deviations of the measured concentrations of Si,
Na, Al, B, and K from the nine replicate PATs run under each set of conditions are summarized
in Table 11 to facilitate comparison.

2. Results of ANS 16.1 Tests

The results from triplicate ANSI/ANS 16.1 tests are summarized in Table 12. The values
given in Table 12 correspond to the calculations provided in the test procedure to determine the
leachability index. Our analyses give a mean effective diffusivity of 1.67 x 10% cm?/s and a mean
Na leachability index of 15.3+0.1 for the triplicate tests at all test intervals at the 99.9%
confidence level. This result satisfies the requirement in the TWRS-PCs that the Na leachability
index be greater than 6.0.

3. Results of Toxicity Lgaching Procedure

The TCLP was performed in triplicate on LRM-1. One experimental blank was
performed at the same time. Scoping tests revealed that TCLP was to be performed with TCLP
Fluid #1. This solution was prepared by combining 5.7 mL glacial acetic acid, 500 mL of ASTM
Type Iwater, 64.3 mL 1 N sodium hydroxide solution, and sufficient ASTM Type I water to
make 1 L. The pH of the resulting solution was 4.90. Results of triplicate TCLP on LRM-1 are
given in Table 13. The concentrations of RCRA-regulated metals in the leachates were less than
the listed regulatory level; LRM-1 contains Ba, Cd, Cr, Hg, and Pb. The concentrations of Ag,
As and Se were measured for completeness. Concentrations of major glass constituents Si, B,
and Al were also determined in the TCLP leachates, and the results of these analyses are
included in Table 13. These were quantified to measure the reactivity of LRM-1 under these test
conditions.

4. Results of Vapor Hydration Tests

Vapor hydration tests were performed for durations of seven, 28, and 56 days. Tests
were terminated by removing the vessel from the oven and placing it in a 1-inch deep water bath,
to condense the water vapor inside. After the vessel had cooled, the outside of the vessel was
dried and the vessel was weighed to verify that water had not leaked out during the test. The
vessel was then opened and the support rod and samples were removed. The pH of the
condensed water was measured with pH paper to verify that water had not dripped from the
sample during the test. The measured values were near neutral, which indicated that water did
not drip from the samples. It is important that water not drip from the sample because the
purpose of the test is to corrode the glass in highly concentrated solutions.

The monolithic glass samples were allowed to air dry and then were cut from the Teflon
thread. They were inspected visually, with an optical microscope, and then with an SEM.
Samples from all of the seven-, 28-, and 56-day tests had several “water marks”: residual
evaporite crystals. An SEM photomicrograph of sodium-rich evaporite crystals is shown in
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Figure 3. The mechanism by which the glass corrodes and these phases form in the VHTSs is as
follows. Water vapor sorbs onto the hygroscopic glass surface at silanol sites and alkali metals
and eventually forms a thin film. About 0.5-mL of water collects on each sample. This estimate
is based on the amount added to the vessel and the amount needed to saturate the vapor phase in
the vessel. Ion exchange causes alkali and alkaline earth metals to leach from the glass, generating
an alkaline brine solution in the thin surface film. The glass corrodes in that brine, which is why
the pH of water that recondensed in the bottom of the vessel can be used to indicate if solution
drips from the sample. Eventually, enough glass will dissolve so that the surface film becomes
saturated with respect to mineral phases. The test duration that is required for alteration phases
to form depends on the dissolution rate of the glass and the phases itself. However, if the test is
terminated before mineral phases form, then evaporation of the solution from the sample will
leave crystallized salts on the sample. We observed these salts on the samples from the 7-, 28-,
and 56-day tests. The crystallized salts generally contained Na, Ca, and F. In addition, a
secondary mineral phase was observed upon examination of the longest VHT, the 56-day test. It
contained very small Si-Al-Na-K-bearing phases that had compositions consistent with zeolites
(e.g., analcime) that are commonly formed during corrosion of alkali borosilicate glasses.

IV. DISCUSSION

The results of tests conducted in this program are used (1) to identify those values of test
parameters that result in the least variability in the response of a standard material, (2) evaluate
the possible use of LRM-1 glass as a test standard material, and (3) to determine if the properties

of the LRM-1 glass meet the criteria listed in the TWRS-PCs. We discuss first the series of
replicate tests that were conducted to measure the mean response and reproducibility of the
response of a glass under different test conditions. These results provide a data base for the
selection of parameter values that could be used for a product acceptance test. The dissolution
rates of LRM-1 glass under different conditions are then calculated from the mean responses.
While the dissolution rates of LRM-1 glass do not address a specific need in the TWRS-PCs, the
relationship between the rates calculated for tests at different temperatures are discussed to
illustrate how the response at 20°C in a seven-day test can be approximated by tests at higher
temperatures. Factors that should be considered in selecting conditions for a product acceptance
test are then discussed. Finally, we discuss the suitability of LRM-1 for use as a standard test
material.

A. Effects of Varying Test Parameters

In order to develop a statistically-based set of criteria from which the most reproducible
PAT can be selected, we need to identify sources of systematic bias and decouple these from
sources of random experimental variation. In the absence of these sources of bias, the most
reproducible test should be the test with the smallest amount of random error or “intrinsic
variability.” It must be noted, however, that it may not be possible in practice to completely
decouple all of the potential sources of bias from random experimental error.
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To facilitate this process, all other potential sources of bias were minimized. The same
scientists performed specific steps associated with preparing test components, executing
individual steps of the tests, and analyzing the solutions to minimize variance in those aspects of
the tests. The effects of varying temperature, glass/water mass ratio, and test duration were
distinguished from each other by design of the testing and analytical matrix. The test matrix was
designed with three sets of triplicate tests to help distinguish the between-day variability from
the within-day variability. The solutions from some tests were analyzed on different days to
determine if day-to-day variability of solution analysis is a significant source of variability.
Understanding the relative importance of each source of variability should allow us to select
those conditions that will provide the least total uncertainty. While the leachate solutions were
analyzed for the majority of the elements that are present in the glass, we focus our statistical
analysis on the elements that are specified in the TWRS-PCs, namely, Na, Si, and B.

1. Causes of Systematic Differences in Mean PAT Response

Temperature, glass/water mass ratio, and test duration are all known to affect the mean
response of glass durability tests. In the following section, we test the null hypothesis for each
of these factors to statistically determine the effect that these factors have on the mean PAT
response by using one-way ANOVA. Initially, we compare all of the fixed-effect factors
simultaneously to determine the relative effect of each factor. Each factor is then examined
individually. The purpose of these tests is to (1) establish the significance of each factor and (2)
help identify other “hidden” factors that affect the reproducibility of these PATSs.

a. Analysis of Variance: All Factors

Table 14 shows the results of ANOVA of Na, Si, and B concentrations with
respect to all of the fixed-effect factors: temperature, glass/water mass ratio, test duration, and
day-to-day variability (identified as triplicate). The P-value (Prob.>F) for each fixed-effect factor
are listed in the ANOVA table in the section “Effect Test” in the column “Prob>F.” We
consider a P-value <0.05 as evidence that the fixed-effect factor significantly affects the mean
response of the PAT. Based on the calculated P-values, temperature and glass/water mass ratio
significantly affect the concentrations of Na, Si, and B on these PATs (calculated P-values
<0.0001 for temperature and for glass/water mass ratio for all three elements). Duration
significantly affects the concentrations of Si (P-value 0.0001), but its affect on Na and B
concentrations is only possibly significant (P-values 0.0851 and 0.0767, respectively). The
effect of day-to-day variability on the concentrations of Na, Si, and B test is insignificant when
compared to the effects of temperature, glass/water mass ratio, and test duration.

b. Analysis of Variance: Glass/Water Mass Ratio

Table 15a-c lists the mean concentrations of Na, Si, and B, and results of AN OVA
of mean concentrations for PATs run with glass/water mass ratios of 1:1 and 1:10. As expected,
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tests run at a glass/water mass ratio of 1:1 generate solutions with significantly higher
concentrations of Na, Si, and B than tests run at a glass/water mass ratio of 1:10 for every
combination of temperature and duration that was evaluated. One-way ANOVA tables for
replicate tests conducted under each set test conditions are given in Appendix D. In all cases, the
precision of these tests is high enough to enable us to differentiate between tests run with
glass/water mass ratios of 1:1 and 1:10 (i.e., all P-values are < 0.05).

c. Analysis of Variance: Temperature

Tables 17a-c list mean concentrations of Na, Si, and B, and results of ANOVA of
mean concentrations from PATs run at 20°C, 40°C, and 70°C. As expected, tests run at higher
temperatures generate solutions with significantly higher concentrations of Na, Si, and B for
every combination of glass/water mass ratio and duration that was evaluated. One-way ANOVA
tables for each set of test conditions are given in Appendix E. In all cases, the precision of these
tests is high enough to enable us to differentiate tests run at 20°C, 40°C, and 70°C (i.e., all P-
values are < 0.05).

d. Analysis of Variance: Test Durations

Table 17 lists the mean Na, Si and B concentrations for replicate tests and
ANOVA results of comparisons of mean concentrations for tests run for three and seven days.
As expected, tests run for seven days generate solutions with higher concentrations of Na, Si, and
B than do three-day tests for every combination of glass/water mass ratio and temperature that
was evaluated. These comparisons reveal statistically significant differences for Na and Si for
every combination of test parameters (i.e., P-values are < 0.05). The B concentrations are
statistically significant in tests run at 40°C and 70°C, the B concentrations in three- and seven-
day tests at 20°C and glass/water mass ratios of 1:1 and 1:10 do not differ significantly (i.e., P-
values are > 0.05), primarily because of the low concentrations of B generated under those test
conditions. The precision of these tests is not high enough to differentiate between B
concentrations generated in tests run for three and seven days. One-way ANOVA tables for each
set of test conditions are given in Appendix F.

The results of these statistical analyses support the well-known fact that the
concentrations of glass components in solution from product consistency type tests correlate
with temperature, duration, and glass/water mass ratio. An important factor that we consider
next is the day-to-day-variability in test execution introduced when tests are initiated and
terminated on different days.

e. Analysis of Variance: Test Initiation/Termination Dates

Table 18 lists mean Na, Si and B concentrations for each set of triplicate tests
conducted under each set of test conditions and the ANOVA results for comparison of mean
concentrations for each of the three triplicate tests. These comparisons reveal several instances in



21

which the mean responses of triplicate tests run under identical test parameters but run on
different days differ from each other. Significant differences in Na response among the individual
triplicate replicates (P-values <0.05) are seen for tests P-B-T, P-D-T, P-F-T, P-G-T, and P-H-T.
Significant differences in Si response among the individual triplicate replicates are seen for tests
designated P-B-T, P-C-T, P-D-T, P-G-T, P-H-T, P-J-T, and P-L-T. Significant differences in B
response among the individual triplicates are seen for all tests except P-E-T and P-F-T. There
does not appear to be a direct correlation between those sets of triplicate tests with significant
differences and the test parameters temperature, glass/water mass ratio, and duration. Significant
differences are observed among tests run at 20°C, 40°C, and 70°C, in tests run with glass/water
mass ratios of 1:1 and 1:10, and in tests run for three and seven days. The fact that we observe
statistically significant differences in the Na, Si, and B concentrations between sets of identically
performed triplicate tests emphasizes two important points: (1) the precision of any set of
triplicate tests that are initiated and terminated together is higher than the overall precision when
tests were initiated and terminated on different days and (2) some other “hidden” factor(s) that
has a significant impact on the response of individual PATs impact the tests run on different
days. One-way ANOVA tables for each comparison are given in Appendix G.

The potentially significant factor that we have not taken into account is the
variability introduced during analysis of samples. The differences in the mean responses of sets
of triplicate tests may be primarily due to the fact that each set of three test solutions derived
from replicate tests was analyzed on a different day. The differences between the mean
responses of each triplicate set of tests may be due entirely to day-to-day variability of solution
analysis and not day-to-day variability in test performance.

f Analysis of Variance: Solution Reanalyses

To estimate the uncertainty due to day-to-day variability of solution analysis,
solutions from tests P-B-T, P-C-T, P-H-T, and P-I-T were reanalyzed. These solutions were
generated from three- and seven-day tests run at 40°C and 70°C with a glass/water mass ratios of
1:10. The reanalyses were performed for these solutions and only for Si and Na because enough
solution remained from only these tests. Solutions from these tests were analyzed in two
identical analysis procedures with identical standards. The only difference is that they were
analyzed on different days. . Tables 20a and 20b lists mean concentrations and results of
ANOVA comparison of the mean concentrations from duplicate analyses. Results for Na
indicate the significant impact that analysis variability has on the overall variability of a PAT.
Three of the four sets of solutions reanalyzed gave significantly different mean Na
concentrations. The relative errors for the two sets of analyses ranged from 0.00 to 7.83%. No
such significant differences were observed for the two sets of Si analyses even though the relative
errors ranged from -2.42 to 6.48%. Similar relative errors are observed for Na. Silicon
determinations with ICP-MS suffer from a lack of precision due to the presence of molecular
isobaric interferences (e.g., from N," and CO"). This lack of precision increases the variance
within each set of analyses that masks the variance between the two sets of analyses. The higher
relative precision of the Na determinations allows us to readily observe systematic day-to-day
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variations in the analysis of these samples. One-way ANOVA tables for each comparison are
given in Appendix H. Apparently, day-to-day variability in the analysis of test solutions is a
significant source of bias and, therefore, test variability.

The factors of temperature, glass/water mass ratio, and test duration all have
significant impact on the mean response of a PAT. While this conclusion may, on the surface
appear to be trivial, the systematic statistically based testing of these factors have allowed us to
establish the significant effect that solution analysis procedure have on mean PAT response. All
of this information influences identification of the optimal set of standard testing parameters.

2. Intrinsic Test Variance

We have used the percent relative standard deviation (% rsd) calculated from the
replicate tests to compare the variance in the response of the different tests. Table 20
summarizes the % rsd values of the measured concentrations of Na, Si, and B in replicate tests
with respect to the effects of test duration, glass/water mass ratio, and temperature. Several
observations can be made with regard to statistics reported in Table 20a-c. The % rsd of the
concentration of Na tends to be invariant with respect to the three testing parameters being
evaluated. There is a subtle indication that the measured concentration of Si is less reproducible
in the 20°C test than in the 40 or 70°C tests. The reproducibility of the B concentration appears
to be correlated with the test temperature. Another observation is that, for a given set of testing

parameters, the % rsd of the measured concentrations is element-dependent and increases in the
order of Na < Si < B.

All of these observations can be explained by an inverse correlation between the %
rsd and the concentration of an element in the analyzed solution. Elements in solution at high
concentrations can typically be analyzed with higher accuracy and precision than elements
present in solution at low concentrations. However, this trend can be obscured because solutions
with elemental concentrations greater than approximately 10 mg/L need to be diluted prior to
determination by ICP-MS. This is due to the fact that ICP-MS is designed primarily to measure
trace components in solution and has an upper limit to its linear range. Dilution factors
employed for analysis of Na and Si and were noted Section II. The important effect of dilution
for solution analysis is demonstrated by the relatively high % rsd measured for the Na and Si
concentration in tests P-F-T and P-L-T (70°C, 1:1 mass ratio, three and seven days,
respectively). While these tests generated the highest overall solution concentrations in the
leachates, a dilution factor of 100 was used in the analysis of Na and Si so that the resulting
concentrations of the solutions that were analyzed were lower than the concentrations attained in
the 20°C tests. Consequently, the variances were higher. To graphically illustrate the inverse
correlation between concentration of the analyzed solution and relative standard deviation, we
have plotted the as-analyzed concentrations of Na, Si, and B with respect to % rsd of the nine
replicate tests for all tests in Figures 4-6. The data for each plot has been fit with a line
calculated with linear regression. All three plots indicate a potential inverse correlation between
the as-analyzed concentration and % rsd for the nine replicates run under each set of test
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conditions. This correlation is possibly significant only for Na and Si. All three figures show an
apparent step function with lower % rsd for replicate analysis at concentrations greater than
approximately 1 mg/L. Tests that generate solutions with Na, Si, and B concentrations >1 mg/L
apparently can be analyzed much more reliably in our with the instrument settings used for these
tests. The results illustrated in Figures 4-6 demonstrate the significant impact that the analysis
procedure has on the overall reproducibility of these PATs.

To determine which set of parameters results in the lowest intrinsic random variability, it
is necessary to deconvolute all sources of systematic variances from the data set and compare the
tests strictly on the basis of variance. We have shown previously that test temperature,
glass/water mass ratio, duration, and day-to-day variation in sample analysis all have a significant
systematic effect on PAT response. To eliminate these factors, we renormalized the Na, Si, and
B concentrations to the mean of the triplicate tests that were initiated, terminated, and analyzed
concurrently of those tests. Now we can compare, for example, the standard deviation of the 54
tests performed with glass/water mass ratios 1:1 to the 54 tests performed with glass/water mass
ratios 1:10 and determine if the standard deviation of one of the glass/water mass ratios is
intrinsically less variable. We did this on an element-by-element basis with the F-test. Results
are given in Table 21. Plots corresponding to each comparison are given in Appendix I. Table 21
gives the standard deviation for each of the levels of the fixed-effect factors considered and the
calculated F-statistic for the pair of standard deviations that are being compared. The critical F-
statistic for comparing of the two glass/water mass ratios and the two durations at the 95%
significance level is 1.59; the critical F-statistic for comparing of each pair of test temperatures at
the 95% confidence level is 2.16 [NETER-1988]. Interestingly, these comparisons indicate that
none of the parameters that are considered here possess a significantly different intrinsic
variability for Na and Si. The only significant difference revealed by this analysis is that
solutions from the tests run at a glass/water mass ratio of 1:10 have a significantly lower B
variability than the solutions from 1:1 tests. This one significant difference out of a total of 15
tests could be explained by chance alone.

The results of the statistical hypothesis testing that we have performed lead us to the
conclusion that the primary factors that influence the reproducibility of PAT response are the
analytical protocols used to determine the elemental concentrations in the leachates.

B. Calculation of Glass Dissoiution Rate

Although the TWRS-PCs require that the release of Si, Na, and B be measured in the
PATs, the dissolution rate of glass need only be calculated based on the release of Si. Calculation
of the dissolution rate of a glass from the results of any test, including the PAT, requires
knowledge of the specific surface area of the glass. As described in Appendix I of the PCT
procedure, the specific surface area of crushed glass can be estimated based on the mesh size
fraction and the density of the glass by modeling the glass particles with simple geometric
particles. For the -100 +200 mesh fraction, the specific surface area can be estimated by
modeling each glass grain as a cube having an edge equal to the arithmetic average of the sieve
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sizes. The 100 mesh sieve has an opening of 150 pm and the 200 mesh sieve has an opening of
75 pum (U.S. Standard designation), so the averageis 112 pym. The volume of a cube having an
edge of 112 pm is 1.4 x 10 cm® and the surface area is 7.5 x 10* cm®. Since the measured
density of LRM-1 is 2.52 glem’ , the mass of each cube is 3.5 x 10 g and the specific surface
areais 2.1 x 10 cm*/g, or 2.1 x 10> m*/g. Modeling each glass grain as a sphere with a diameter
of 112 pm yields essentially the same specific surface area. For a test conducted with 1 g of

glass in 10 mL of water, the glass surface area/solution volume (S/V) ratio is 2100 m™. For a test
conducted with 5 g of glass in 5 mL of water, the S/V ratio is 21,000 m™!.

The average normalized dissolution rate of a glass is calculated by dividing the mass of an
element released to solution by the product of the surface area of glass, the mass fraction of that
element in the glass, and the test duration. Alternatively, the dissolution rate can be calculated by
dividing the concentration of an element in solution by the product of the S/V ratio, the mass
fraction of that element in the glass, and the test duration. Equations 1 and 2 give equivalent
forms of the normalized rate equation:

NR(1) = m; / (Sefiet) (1
NR(i) = ¢; / ((S/V)-fiet) )

where m; is the mass of element i in solution, ¢; is the concentration of element i in solution, § is
the surface area of glass in the test, (S/V)is the glass surface area-to-solution volume ratio, f; is
the mass fraction of i in the glass, and t is the test duration. Note that the rate calculated in this
way is an average rate over the entire test duration and is not an intrinsic property of the glass.
The rates calculated from the average concentrations measured in replicate tests are presented in
Table 22. The values of f{i) used to calculate the rates were computed from the analyzed glass
composition in Table 1. These values are as follows: f{iNa) = 0.127, f(Si) = 0.250, f(B) = 0.0252,
fAl) = 0.0508, and f{K) = 0.0100. The values of S/V were 2100 m’! for tests at a glass/water
mass ratio of 1:10 and 21000 m™ for tests at a glass/water mass ratio of 1:1.

The dissolution of a silicate glass is known to depend on the glass composition,
temperature, and solution chemistry, particularly the pH and activity of orthosilicic acid
[MCGRAIL-1997]. Evolution of the solution pH and the orthosilicic acid concentration during
the test will affect the dissolution rate. In general, the observed dissolution rate of a glass will
decrease with the reaction time and with the S/V ratio of the test because the buildup of
orthosilicic acid, and perhaps other dissolved glass components. Tests with LRM-1 glass show
this behavior. As can be seen in that rates in Table 22, when the other variables are fixed, the
average dissolution rate for the tests increases with the test temperature, and decreases with the
glass/water mass ratio, and the test duration in most cases. Exceptions to these trends occur
when differences in the solution pH values overwhelm the other effects. For example, the rate
based on Siin tests conducted at 20°C and a mass ratio of 1:1 is higher than in the tests at a mass
ratio of 1:10 because the pH is significantly higher in the tests at a ratio of 1:1. In other tests, the
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effects of dissolved glass components is greater than the effect of the pH. For most glasses, the
rate increases by a factor of 2.5 for each unit of increased pH.

C. Comparison of Tests at Different Temperatures

The TWRS-PCs permit the Contractors to measure the normalized release at a
temperature higher than 20°C if the response at the higher temperature can be related to the
response at 20°C. The effect of temperature on the response in static tests cannot be separated
from the effects of changes in the pH and orthosilicic acid without knowing the values for several
parameters for dissolution of the glass being tested, including the intrinsic dissolution rate, the
activation energy, the pH-dependence, and the quasi-equilibrium constant of the glass
[MCGRAIL-1997]. These values must be determined in separate experiments.

An empirical relationship may exist that could be used to relate test responses measured
at different temperatures. Comparison of the results of our tests conducted at 20, 40, and 70°C
provides insight into how such an empirical relationship might be demonstrated. The following
discussion is included to provide insight into the uncertainties associated with extrapolating the
results of PATs to lower temperatures. Figure 7 shows the mean values of NR(Si) for tests
conducted for three and seven days at glass/water mass ratio of 1:10 and 1:1 (which are estimated
to provide S/V ratios of 2100 and 21,000 m’, respectively) at 20, 40, and 70°C plotted against
the inverse absolute temperature in an Arrhenius plot. Lines are drawn between the data under
each set of time and mass ratio conditions to guide the eye. The observation that the rates
measured at 70 and 40°C decrease as the reaction time and the S/V ratio increase indicates that the
decrease in rate is probably due to the effect of dissolved glass components (primarily
orthosilicic acid) on the glass dissolution rate. Extrapolation of test results at 70°C and at 40° to
20°C overestimates the measured dissolution rate at 20°C under all test conditions. For example,
extrapolation of the results of tests conducted for seven days at 2100 m! and 20°C predicts a
dissolution rate of about 0.8 x 10”3 g/(m?d), but the measured dissolution rate is 0.280 x 107
g/(m*d). The activation energy calculated for the seven-day 2100 m™* tests at 40 and 70°C is
only 38 kJ/mol while the activation energies for dissolution of most glasses are near 80 kJ/mol.
This value is significantly lower than what has been measured for the dissolution of similar
glasses with flow-through apparatuses [MCGRAIL-1997]. The cause is the influence of
dissolved glass components on the dissolution rate, which is much greater in these tests than in
flow-through tests. In other words, the dissolution rates measured in these static tests are much
less than the forward dissolution rate of LRM-1 glass. Again, while the dissolution rate of LRM-
1 does not represent a performance benchmark for ILAW glasses, it is important to note that the
rate measured in the PAT is strongly affected by the buildup of dissolved glass components. A
similar effect will probably occur in tests with all glasses. The activation energy calculated from
the results of tests conducted at 40 and 20°C in seven-day tests at a glass/mass ratio of 1:10 is
about 78 kJ/mol, which is much better agreement with the activation energies for borosilicate
glasses measured in flow-through tests.
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Figure 8 shows the effect of temperature on the dissolution rates calculated from the
solution concentrations of B, Na, and Si in tests conducted for seven days at a glass/water mass
ratio of 1:10 (S/Vratio of about 2100 m™) at 20, 40, and 70°C. The rates based on B and Si are
essentially identical in tests conducted at 20 and 40°C, but the release of B is slightly at 70°C.
The release of Na is significantly higher than the release of either B or Si at all temperatures; it is
about ten times higher than the release of Si in tests at 20°C. Similar release behavior of B, Na,
and Si has been observed to persist several years in tests conducted at these temperatures with a
similar glass [BAKEL-1995]. The preferential release of Na in those tests was attributed to an
ion exchange reaction that resulted in the release of Na, but not B or Si. The release of B and Si
occurs through a hydrolysis reaction, which is significantly slower than ion exchange at low
temperatures. A similar mechanism is probably operative during the dissolution of LRM-1 glass.

D. Use of LRM-1 as a Standard Test Material

The use of LRM-1 glass as a test standard is being considered. In this capacity, samples
of the LRM-1 glass would undergo the PATs simultaneously with waste products. That is, tests
with LRM-1 would be conducted in vessels that were cleaned in the same batch as those used for
tests with the waste product, assembled at the same time, and placed in the same oven and the
leachates analyzed with the same technique simultaneously as those from tests with the waste
product. The responses measured in the tests with LRM-1 glass would be used to verify that
the tests were conducted properly and that nothing occurred during execution of the tests or
analyses that invalidates the results of tests with the waste product. The performance of the test
and analyses would be validated if the response of the tests with LRM-1 fall within the specified
acceptance range. That range would be determined from the results of a round robin test
program.

The glass must meet several requirements for use as a standard test materal. The
response of the glass in the PATs must be well-characterized and the acceptable range
determined. That range must take into account the variations in the response of the glass and
interlaboratory variations in the analysis of the leachate solutions. The LRM-1 glass was made
for tests conducted at ANL to measure the intralaboratory precision of tests and in the round
robin program to measure interlaboratory precision. A large source of homogeneous material
must be procured for use as the standard material during waste immobilization. The composition
of that glass may closely match that of LRM-1 if it is deemed acceptable as a standard material.

The glass must also remain chemically stable; that is, its response in the test must remain
within the range of acceptability as the material ages. Its stability must be verified by periodic
testing and tracking the test results to detect any change in the response. Since the glass contains
only small amounts of redox-sensitive elements, the response of the glass should not change
significantly over time. Although the standard test glass is not intended for use as a performance
standard, its documented behavior in other tests and analyses that may be required for waste
products may also support its use as a standard for measurement of the ANS/ANSI 16.1
leachability index of sodium and the response in the TCLP. The glass could also be used as a
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composition standard to verify that the compositions of waste products (except for
radionuclides) are being accurately analyzed at contractor laboratories. Other materials are
available for use as density and compressive strength standards.

E. Evaluation of the Adequacy of the Specified Test Method

Finally, we have used these test results to evaluate the adequacy of the test specified in the
TWRS-PCs for measuring the glass dissolution rate for acceptance testing of ILAW products.
We did this by objectively comparing the precision of tests run under those conditions with that of
tests run under other conditions to identify the set of parameter values that provide the most
reliable measure of the dissolution rate, and by applying experimental and analytical insight to
considering potential complexities associated with using particular test conditions, analytical

limitations, etc. We have demonstrated by these tests that the total uncertainty in the responses
under the range of test conditions that were evaluated is dominated by analytical uncertainty.
For this reason, the test parameters for an acceptance test should be selected in part on the basis
of the ease with which the solutions that are generated can be analyzed. The results must also
remain consistent with contractual requirements. In general, the precision of the tests increased
with temperature, glass/water mass ratio, and test duration, primarily because of the higher
analytical precision that can be attained for solutions with higher analyte concentrations.

We have observed that solutions with Na, Si, and B concentrations >1 mg/L can be
analyzed much more reliably in our laboratory than solutions with lower concentrations. This
observation is dependent on two factors: analytical instrumentation and laboratory cleanliness.
We analyzed solutions with ICP-MS. The LOQs for Na, Si, and B with the ICP-MS used in this
study are generally <0.1 mg/L. These LOQs are generally superior to those analytical
instruments typically found in contract analytical laboratories, such as graphite furnace atomic
absorption spectrometry (GFAAS) and flame atomic absorption spectrometers (FAAS).
However, ICP-MS is an expensive technique that requires a highly trained scientist for even
routine analyses. It is, therefore, less likely to be available in many contract laboratories.
Inductively coupled plasma-atomic emission spectrometry is a general purpose technique that
offers sufficient sensitivity for most elements, particularly Na, Si, and B. It may even be
considered to be superior to ICP-MS for determining elements with low molecular weight (e.g.,
Na, Si, and B) due to the fewer spectral interferences and lower sensitivity to sample matrix.
However, ICP-AES requires greater sample volume than GFAAS and also may also not be
available in all contract laboratories. Graphite furnace atomic absorption spectrometry requires
the smallest amount of sample for analysis of a single element but this technique is cumbersome
and time-consuming a separate analysis must be made for each element. The low price of a
GFAAS results in it’s popularity in contract laboratories. Flame absorption atomic absorption
spectroscopy is a rapid technique with good sensitivity for sodium and is readily available in
contract laboratories. The requirement for large sample volumes may preclude this techniques
use if analysis if elements other than Na is required. Inductively coupled plasma-atomic emission
spectrometry is becoming more popular in contract laboratories and might offer a compromise to
the relative advantages and disadvantages of these techniques.
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The second important analytical factor is laboratory cleanliness, which can influence test
blanks. The PCT Method A procedure requires that the concentrations of monitored elements in
test blanks be <10% of the concentration of that element in the test solution for the results to be
considered valid {[ASTM-1994]. This criterion would be difficult to meet in tests on materials
more durable than LRM-1 and in laboratories with high blank levels. Mean concentrations of test
blanks for this work were approximately 0.1, <0.06, and <0.008 mg/L for Na, Si, and B,
respectively. If we apply the PCT-A criteria to this work, our PAT would have to generate
solutions containing at least 0.6, and 0.08 mg/L, respectively. It should be noted that extreme
care was taken to minimize analytical and experimental blanks in this work. This amount of
attention to contamination cannot be anticipated for tests performed in contract laboratories.
This criterion limits the applicability of the 20°C, 1:10, three- and seven-day tests. If a 20°C
test were selected, it would have to be run with a glass/water mass ratio greater than 1:1 to ensure
that concentrations sufficiently above laboratory experimental blanks are generated. The use of a
higher glass/water mass ratio is not, however, without drawbacks. Increasing the glass/water
mass ratio would increase the amount of glass required and decrease the amount of solution
available for analysis. Both of these factors, along with potential problems with low solution
concentration make the results of 20°C tests less reliable than those from tests conducted at
higher temperatures.

Based on test results with LRM-1 glass test temperatures of 40 and 70°C are expected to
provide responses having essentially the same level of precision for glasses with durabilities
similar to LRM-1. An advantage of testing at 70°C is that high solution concentrations are
generated in the leachate solution, so less sensitive analytical techniques can be used. Higher test
solution concentrations increase the likelihood that results will be substantially higher than blank
test results, which could become even more important if waste forms that are significantly more
durable than LRM-1 are produced. The disadvantage of the higher solution concentrations
attained at 70°C is that they affect the dissolution rate to a greater extent than tests at lower
temperatures, so that extrapolation to 20°C would be less accurate than extrapolation of the
results of 40°C tests. The accuracy of such an extrapolation is important, since the radionuclide
release rate, and, hence, the acceptability of the waste form, is to be calculated from the rate at
20°C. For LRM-1 glass, tests at a temperature that is between 20°C and 70°C (i.e., 40°C) is a
compromise between the need for high solution concentrations for analysis and the need for low
concentrations to reduce the effect of the solution chemistry on the measured glass dissolution

rate and so facilitate extrapolation to 20°C. Another minor advantage of conducting tests at 40°C
instead of at 20°C is that an incubator or oven can be used instead of a circulating water bath. Use
of a water bath is less convenient than use of an oven, although a water bath does provide better
temperature control.

Two other factors that are affected by selection of the glass/water mass ratio are the
amount of glass that is needed to conduct the test and the amount of solution that is available for
analysis. In general, the amount of sample that is used in the test should be large enough to
ensure that it is representative of the material being tested, but not so large that obtaining material

for testing or disposing of material after the test becomes burdensome. The amount of solution



29

that is needed for analysis provides a greater constraint than the amount of glass. As we
discussed previously, diluting of the leachate for analysis may significantly affect the uncertainty
of that analysis. Small leachate volumes may require large dilution factors to produce enough
sample for analysis with particular instruments. The availability of an analytical instrument that
can simultaneously determine all of the required elements at low concentrations in samples of

small volume is critical to the routine performance of the PAT. Therefore, a test that provides an
ample amount of solution for analysis and high concentrations of analytes is preferred.

The glass/water ratio used in the test also affects the uncertainty in the computed glass
dissolution rate because it affects the S/V ratio of the test. Significant uncertainty remains in the
calculation of the specific surface area of crushed glass, and smaller glass/water mass ratios and
lower S/V ratios reduce the impact of that uncertainty on the calculated glass dissolution rate.
Like the test temperature, the glass/water ratio used in the PAT represents a compromise
between the conflicting needs for high solution concentrations to minimize the uncertainties in the
solution analyses and low solution concentrations to minimize the effect of the solutes on the
measured glass dissolution rate. Although tests conducted at a glass/water mass ratio of 1:10 are
consistent with the ratio specified in the PCT Method A procedure, this by itself is not a
technical advantage. Overall, tests at a ratio of 1:10 are preferred because the larger volume of
leachate solution that can be recovered from these tests facilitates solution analysis.

The test duration did not significantly affect the precision of the tests. However, higher
solution concentrations were generated in 7-day tests than in 3-day tests under all test
conditions. The longer test duration will, therefore, provide less analytical uncertainty to the
measured dissolution rate. Test duration provides the same advantages of testing at higher
temperature and higher mass ratio without the drawbacks. A test duration of 7 days is consistent
with the TWRS-PCs and consistent with PCT Method A used for high-level waste glass
products, although this is not a technical advantage.

Presuming that the requirement that the test response be related to the response at 20°C
takes precedence over the requirement that B be analyzed, the optimum test conditions are a
duration of seven days, a glass/water mass ratio of 1:10, and a temperature of 40°C. This also
presumes that other test requirements are consistent with the PCT Method A procedure: tests
should be conducted with the -100 +200 mesh glass, the glass should be washed with alcohol and
demineralized water, tests should be conducted in Type 304L stainless steel vessels, and ASTM
Type I water should be used as the leachant.

Finally, the PCT itself is a suitable test method for use in waste product acceptance. It
has the advantage of already being a consensus standard method, has been accepted for use in
glass consistency testing, is simple to perform, requires only one analysis per test, and provides
a quantitative measure of glass dissolution. We recommend that tests be conducted at 40°C
instead of 20°C, at a mass ratio of 1:10, and for seven days. With LRM-1 glass, tests at 40°C
generated silicon solution concentrations about eight times higher than tests at 20°C. We are
presently conducting tests with other glasses that are representative of possible ILAW products
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for DOE sites. These tests will provide evidence to further assess our conclusion that tests
should be conducted at 40°C rather than 20°C.

V. SUMMARY

We conducted laboratory tests to measure the effects of temperature, glass/water mass
ratio, and test duration on the mean and standard deviation of response of LRM-1 glass in PCT-
like tests. The results of these tests provide a data base that can be used to evaluate the
credibility and validity of durability test results reported by the Private Contractors as part of
the acceptance procedure for immobilized low-activity waste (ILAW) products. They also
provide an evaluation of the adequacy of the test method specified in the contracts for use as a
waste acceptance test. We have further characterized LRM-1 glass to evaluate its possible use
as a chemical and physical property standard for use in ILAW product acceptance testing.

The glass was formulated and made at ANL to be representative of likely vitrified waste
products with LAW from Hanford and other DOE sites. The glass was subjected to replicate
tests in a statistically designed matrix to measure the effects of temperature (20, 40, and 70°C),
glass/water mass ratio (1:10 and 1:1), and test duration (three and seven days) on the glass
response. In general, the results of tests conducted at higher temperatures, higher glass/water
mass ratios, and longer durations had higher precision. However, the results indicated that the
variability depended primarily on the concentrations in the solutions that were analyzed and the
extent to which the leachate was diluted for analysis.

Measurement of the silicon release in the PCT is most important since that value is used
to estimate the radionuclide release rates, for which maximum values are specified in the
contracts. (Of equal importance are the measured amounts of key radionuclides in the glass. The
uncertainties in those values were not addressed in this Task.) Therefore, we have focused on the
measurement of the silicon solution concentrations in our evaluation of the adequacy of the test
method specified in the privatization contracts. The silicon concentrations generated under test
conditions that are specified in the TWRS-PCs (seven days at 20°C) were only 8 and 17 times
higher than the quantitation limit in tests conducted at glass/water mass ratios of 1:10 and 1:1,
respectively. The acceptance test for high-level waste products requires that the concentrations
be greater than 10X background for the test to be considered valid. Tests with the LRM-1 glass
fail this criterion at a mass ratio of 1:10, and barely meet it at a mass ratio of 1:1. Since the
background levels for our tests are probably much lower than can be expected for routine
analyses at contractor laboratories, it is likely that measurement of the dissolution rates of some
waste products, which may be more durable than LRM-1, cannot be quantified in tests
conducted at 20°C. At best, a maximum rate may be calculated based on the detection limit.

Several properties of the glass were measured to assess its compliance with requirements
specified in the TWRS-PCs and its possible use as a standard material. The composition of the
glass was measured by dissolving it in mineral acids and analyzing the solutions with ICP-MS,



31

ICP-AES, and IC. The microstructure of the glass was examined with SEM and TEM to verify
that the glass was not phase separated and that no phases had precipitated in the glass. The
density of the glass was measured by buoyancy to be 2.52 g/em®. The compressive strength was
measured to be 226457 MPa. The average leachability index of sodium based on triplicate
ANS/ANSI 16.1 tests was measured to be 15.320.1. The glass passed the TCLP for all RCRA-
regulated elements that were added to the glass.

The results of these tests and analyses indicate that the LRM-1 glass would be a suitable
standard material for use in waste product acceptance. We base this conclusion on the good
precision of replicate tests and on the fact that the material properties meet the requirements for
waste forms that are specified in the privatization contracts. While the LRM-1 glass is not a
waste form and is not required to meet those requirements, we believe that the performance of a
standard material should match closely that of the material of interest. In the capacity of an
analytical test standard, for example, the glass could be provided to the contractors by DOE for
the purpose of verifying the proper execution of tests and analyses at the laboratory in which the
waste products are evaluated. Tests and analyses would be conducted simultaneously with
LRM-1 and product glass. Demonstration that the results of tests and analyses with the LRM-1
glass were consistent with the results obtained elsewhere (such as the values we have measured in
this study) would provide added confidence to the reported results of tests with the product
glass. The use of LRM-1 glass would provide evidence regarding test execution, analytical limits,
and laboratory background contamination levels. While service as an analytical standard for
measurement of the glass corrosion rate is probably the most important need, the LRM-1 glass
could also be used as a standard for ANSI/ANS 16.1 leach tests, for density measurements, and
perhaps as a composition standard for most glass components, although it does not contain
radionuclides and further analyses are warranted for this use. Depending on the tests for which it
may be used as a standard, glass may be needed for crushed or monolithic samples.
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FIGURES

Figure 1. An SEM Photomicrograph of Several Particles of Clean -100 +200 Mesh LRM-1
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Figure 3. An SEM Image of Evaporite Crystals on the Surface of a 7-day Vapor-Reacted Sample
of LRM-1
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TABLES

Tablel. Formulated Composition of LRM Glass on an Oxide Mass % Basis

Component Formulated, Comments
mass %

ALO; 10 about half from waste and half added chemical, benefits short-term durability

B,0; 8 added chemical, high content facilitates melting

BaO 0.005 added as RCRA-regulated component

Ca0 0.5 higher than anticipated from waste, may be used as additive for some ILAW
products

Cdo 0.2 added as RCRA-regulated component

Cl 0.8 twice the anticipated level for desired waste loading, expect 50% loss to
volatilization

Cr,0; 0.2 near solubility limit in borosilicate glasses, RCRA-regulated component

F 1 twice the anticipated for desired waste loading, expect significant loss to
volatilization near solubility limit in borosilicate glasses

Fe,0s 1 only trace amounts expected in waste stream, may be additive in pretreatment
or ILAW products

HgO 0.002 expected to be mostly volatilized during vitrification, RCRA-regulated
component

I 0.002 expected to be partially volatilized during vitrification

K0 1.5 anticipated for desired waste loading

La,Os 0.009 added for use as composition standard

Li;O 0.1 added for use as composition standard, may be additive for some ILAW
products

MgO 0.1 higher than expected in waste forms to facilitate analysismay be additive for
some ILAW products

MnO 0.1 added for use as composition standard

MoOs 0.1 added for use as composition standard

Na,O 20 target for desired waste loading

NiO 0.1 added for use as composition standard

P,0s 0.5 near solubility limit in borosilicate glasses

PbO, 0.1 added as RCRA-regulated component

SO; 0.2 target for desired waste loading, expected to be partially volatilized during
vitrification

SiO; 54.37 added glass-forming chemical at a concentration typical for waste glasses

TiO, 0.1 potential additive for some ILAW products

Zr0 1 potential additive for some ILAW products

gt o
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Table 2. Formulation of LRM-1

Compound Mass [g]

AlLO; 250.07
B:0; 200.03
BaO 0.14
Ca0 12.50
Cdo 5.03
NaCl 33.01
Cr:0; 5.01
NaF 55.26
Fe,O; 25.04
HgO 0.05
KIO; 0.10
K,CO; 54.98
La,0; 0.30
Li,CO; 6.19
MgO 2.50
MnO 2.50
MoO; 2.52
Na,CO; 748.88
NiO 2.50
P,Os 12.54
PbO 2.52
Na;SO, 8.87
Si0, 1359.26
Sn0O, 2.49
TiO, 2.50

ZrO, 25.11
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Table 3. Test Matrix for Replicate Tests on LRM-1

Designation® Duration Glass/Water  Temperature Replicates ~ Sample
[d] mass ratio [°C] type
P-A-T-n 3 1:10 20 9 glass
P-A-B-n 3 20 3 blank
P-B-T-n 3 1:10 40 9 glass
P-B-B-n 3 40 3 blank
P-C-T-n 3 1:10 70 9 glass
P-C-B-n 3 70 3 blank
P-D-T-n 3 I:1 20 9 glass
P-D-B-n 3 20 3 blank
P-E-T-n 3 I:1 40 9 glass
P-E-B-n 3 40 3 blank
P-F-T-n 3 1:1 70 9 glass
P-F-B-n 3 70 3 blank
P-G-T-n 7 1:10 20 9 glass
P-G-B-n 7 20 3 blank
P-H-T-n 7 1:10 40 9 glass
P-H-B-n 7 40 3 blank
P-I-T-n 7 1:10 70 9 glass
P-I-B-n 7 70 3 blank
P-J-T-n 7 I:1 20 9 glass
P-J-B-n 7 20 3 blank
P-K-T-n 7 I:1 40 9 glass
P-K-B-n 7 40 3 blank
P-L-T-n 7 1:1 70 9 glass
P-L-B-n 7 70 3 blank

n=1, 2, ...9 for tests with glass and n=1, 2, 3 for test blanks.
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Table 4. Test Matrix for VHT, ANSI/ANS 16.1, and TCLPs on LRM-1

Sample Designation Temperature [°C] Duration

Vapor Hydration Tests

VHT-1 150£2 7d
VHT-2 15042 28d
VHT-3 150%2 56d
ANSI/ANS 16.1 Tests

ANS-1-n 22.5+5 a
ANS-2-n 22.5+5 a
ANS-3-n 22.545 a
ANS-Blank-n 22.5%5 a
TCLP Tests

TCLP-1 2243 18+2h
TCLP-2 2243 182 h
TCLP-3 2243 182 h
TCLP-Blank 2243 182 h

*Solution replaced and analyzed after cumulative leach times of 2 h,7h, 241, 2
d,3d,4d,5d,19£1d,47%+1d,and90+1 d. The value ofn (n=1-10) in
the sample designation indicates the solution sample number, where n=1 for the
2 h sample, n=2 for the 7 h sample, etc.
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Table 5. Composition of LRM-1 as Determined with ICP-MS, ICP-AES, and IC*

Component Average ] Formulated Analytical
Measured [wt %] [wt %] Technique(s)
[wt. %]
ALOs 9.6 0.6 10 ICP-AES, ICP-MS
B20; 8.1 0.3 8 ICP-AES, ICP-MS
BaO 0.0084 0.0002 0.005 ICP-AES, ICP-MS
Ca0 0.51 0.06 0.5 ICP-AES
CdO 0.17 0.01 0.2 ICP-AES, ICP-MS
Cl 1.1 - 0.8 IC
Cn05 0.18 0.06 0.2 ICP-AES, ICP-MS
F 0.85 - 1 IC
Fe,0s 1.0 0.09 1 ICP-AES, ICP-MS
HgO 0.00019 0.0001 0.002 ICP-MS
I 0.0025 0.0003 0.002 ICP-MS
K20 1.2 0.3 1.5 ICP-AES, ICP-MS
La,0; 0.0084 0.0001 0.009 ICP-AES, ICP-MS
Li,O 0.081 0.03 0.1 ICP-AES, ICP-MS
MgO 0.086 0.03 0.1 ICP-AES, ICP-MS
MnO 0.091 0.02 0.1 ICP-AES, ICP-MS
MoOs 0.10 0.02 0.1 ICP-AES, ICP-MS
Na,O 17.2 0.6 20 ICP-AES, ICP-MS
NiO 0.082 0.02 0.1 ICP-AES, ICP-MS
P,0s 0.47 0.03 0.5 ICP-AES
PbO 0.11 0.02 0.1 ICP-AES, ICP-MS
SO; 0.20 - 0.2 IC
SiO; 53.5 1 54.37 ICP-MS
Sn0O, 0.10 0.01 0.1 ICP-AES, ICP-MS
TiO; 0.10 0.01 0.1 ICP-AES, ICP-MS
Zr0, 0.91 0.3 1 ICP-AES, ICP-MS
Total 95.8 100.

*Results of individual analyses are given in Appendix A.
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Table 6. Results of Replicate Glass Mass Density Measurements of SRM 1826a, SRM 1827a,
and LRM-1

Measurement Glass Designation Temperature [°C] Density [g/cm’]

Sequence

1 SRM 1826a 22.25 2.5500

2 SRM 1827a 22.25 3.5951

3 SRM 1826a 22.25 2.5487

4 SRM 1827a 22.25 3.5934

5 SRM 1826a 22.26 2.5486

6 SRM 1827a 22.26 3.5856

7 LRM-1 Dl 22.27 2.5052

8 LRM-1D2 22.27 2.5102

9 LRM-1 D3 22.28 2.5061

10 LRM-1 D4 22.28 2.5104

11 LRM-1 D5 22.29 2.5207

i2 LRM-1 D6 22.29 2.5217

13 LRM-1 D7 22.29 2.5222

14 LRM-1 D8 22.29 2.5282

15 SRM 1826a 22.30 2.5494

16 SRM 1827a 22.30 3.5940

mean + s

1826a 2.549 + 0.001
1827a 3.592 £ 0.004

LRM-1 2.516 £ 0.009
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Table 7. Results from Compressive Strength Tests on LRM-1

Sample Diameter Mean Length Mean Cross- Peak Strength
Designation (in) Diameter (in) Length Sectional Load (psi)
(in) (in) Area (in%) (Ib)
CS-1 0.3844 0.3838 0.7915 0.7905 0.1157 3238 27,988
0.3832 0.7872
0.3838 0.7929
CS-2 0.3820 0.3833 0.7821 0.7807 0.1154 3817 33,179
0.3840 0.7822
0.3849 0.7778
CS-3 0.3844 0.3847 0.7875 0.7880 0.1162 5351 46,036
0.3844 0.7876
0.3852 0.7889
CS-4 0.3828 0.3819 0.7889 0.7891 0.1145 2773 24,208
0.3806 0.7895
0.3824 0.7890
mean 32,828

s 9,526
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Table 8. Concentrations [jg/L] of Na, Si, B, Al, and K in Water Used in Tests

Date Na Si B Al K
8/11/97 14.3 <60 <0.8 <2 <100
8/26/97 25.8 <30 <7 <7 <50

9/8/97 < 100 <40 <6 <3 <200
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Table 9. Final pHs and Concentrations of Na, Si, B, Al, and K in Leachates from 3-, and 7-Day
Test Blanks. Means, sample standard deviations, and relative standard deviations are calculated
from the pooled results for quantifiable elements.

Designation  temp, water mass duration pH Na Si B Al K
[°C] (g] [d] pg/l  pg/l pe/l  pg/L  pg/L
P-A-B-1 20 10 3 3.53 62.2 <60 <0.8 <2 <100
P-A-B-2 20 10 3 5.80 64.2 <30 <7 <7 <50
P-A-B-3 20 10 3 8.22 <100 <40 <6 12.5 <200
P-B-B-1 40 10 3 5.60 78.4 <60 <0.8 <2 <100
P-B-B-2 40 10 3 5.09 66.0 <30 <7 <7 <50
P-B-B-3 40 10 3 8.47 <100 <40 <6 <3 <200
P-C-B-1 70 10 3 4.50 94.3 <60 <0.8 13.6 <100
P-C-B-2 70 10 3 4.38 67.0 <30 <7 24.7 <50
P-C-B-3 70 10 3 8.16 <100 <40 <6 9.7 <200
P-D-B-1 20 5 3 6.02 152 <60 <0.8 8.6 <100
P-D-B-2 20 5 3 4.86 53.9 <30 <17 12.8 <50
P-D-B-3 20 5 3 5.66 <100 <40 <6 <3 <200
P-E-B-1 40 5 3 6.21 114 <60 <0.8 <2 <100
P-E-B-2 40 5 3 7.51 871.7 <30 <7 10.6 <350
P-E-B-3 40 5 3 8.09 <100 <40 <6 <3 <200
P-F-B-1 70 5 3 6.99 120 <60 <0.8 24 <100
P-F-B-2 70 5 3 8.09 67.9 <30 <7 8.6 <50
P-F-B-3 70 5 3 7.99 <100 <40 <6 <3 <200
P-G-B-1 20 10 7 7.97 61.3 <60 <0.8 <2 <100
P-G-B-2 20 10 7 7.69 53.0 <30 <7 <7 <50
P-G-B-3 20 10 7 7.85 <100 <40 <6 <3 <200
P-H-B-1 40 10 7 7.82 50.1 <60 <0.8 <2 <100
P-H-B-2 40 10 7 7.76 64.3 <30 <7 <7 <50
P-H-B-3 40 10 7 8.32 <100 <40 <6 <3 <200
P-1-B-1 70 10 7 7.74 77.8 <60 <0.8 <2 <100
P-1-B-2 70 10 7 7.90 83.6 <30 <7 <7 <50
P-1-B-3 70 10 7 7.85 <100 <40 <6 <3 <200
P-J-B-1 20 5 7 7.37 113 <60 <0.8 2.7 <100
P-J-B-2 20 5 7 5.14 78.2 <30 <7 <17 <50
P-J-B-3 20 5 7 7.71 <100 <40 <6 <3 <200
P-K-B-1 40 5 7 7.38 131.4 <60 <0.8 2.1 <100
P-K-B-2 40 5 7 5.69 77.1 <30 <7 <7 <50
P-K-B-3 40 5 7 7.94 <100 <40 <6 <3 <200
P-L-B-1 70 5 7 8.22 118 <60 <0.8 <2 <100
P-L-B-2 70 5 7 6.45 99.1 <30 <7 <7 <50
P-L-B-3 70 5 7 7.41 <100 <40 <6 <3 <200
mean 6.93 84.72 - - 9.86 -
S 1.36 27.26 - - 6.48 -

% rsd 19.6 32.2 - - 65.7 -
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Table 10a. Final pHs and Concentrations of Na, Si, B, Al, and K in Leachates from 3-Day, 1:10
Tests®

Designation  temp. glass/water duration pH Na Si B Al K
[°C) (g/e] [d] mg/L  mgl  mg/l _ mg/lL  mglL
P-A-T-1 20 1:10 3 8.91 5.25 0.64 0.07 0.12 <0.09
P-A-T-2 20 1:10 3 8.92 5.03 0.43 0.07 0.12 <0.09
P-A-T-3 20 1:10 3 8.95 4.84 0.57 0.06 0.13 <0.09
P-A-T-4 20 1:10 3 9.18 4.98 0.51 0.08 0.08 <0.1
P-A-T-5 20 1:10 3 9.09 5.40 0.49 0.09 0.08 <0.1
P-A-T-6 20 1:10 3 9.11 5.51 0.45 0.09 0.09 <0.1
P-A-T-7 20 1:10 3 9.12 5.34 0.46 0.12 0.10 <0.09
P-A-T-8 20 1:10 3 9.02 5.30 0.48 0.12 0.12 <0.09
P-A-T-9 20 1:10 3 9.23 5.31 0.52 0.13 0.14 <0.09
mean 9.06 5.22 0.50 0.09 0.11 -
s 0.12 0.22 0.06 0.03 0.02 -
% rsd 1.27 4.18 12.53 28.33 18.39 -
P-B-T-1 40 1:10 3 9.35 11.1 5.09 0.38 1.22 0.23
P-B-T-2 40 1:10 3 9.31 10.7 4.54 0.36 1.14 0.16
P-B-T-3 40 I:10 3 9.36 10.8 4.72 0.38 1.09 0.22
P-B-T-4 40 1:10 3 9.33 11.2 3.82 0.35 0.68 <0.1
P-B-T-5 40 1:10 3 9.38 11.3 3.76 0.36 0.76 <0.1
P-B-T-6 40 1:10 3 9.42 10.8 3.65 0.34 0.78 <0.1
P-B-T-7 40 1:10 3 9.31 10.0 3.88 0.55 0.69 0.12
P-B-T-8 40 1:10 3 9.32 10.3 3.91 0.57 0.74 <0.09
P-B-T-9 40 1:10 3 9.49 9.2 3.85 0.48 0.70 <0.09
mean 9.36 10.60 4.14 0.42 0.87 0.18
s 0.06 0.67 0.51 0.09 0.22 0.05
% rsd 0.63 6.33 12.37 21.25 25.00 29.02
P-C-T-1 70 1:10 3 9.78 324 23.0 3.63 5.65 0.81
P-C-T-2 70 1:10 3 9.78 344 236 350 535 0.77
P-C-T-3 70 1:10 3 9.73 31.9 22.2 3.54 5.12 0.71
P-C-T-4 70 1:10 3 9.62 32.7 23.3 3.30 4.71 0.55
P-C-T-5 70 1:10 3 9.67 36.2 25.2 3.23 4.52 0.51
P-C-T-6 70 1:10 3 9.71 35.8 25.1 3.33 4.31 0.55
P-C-T-7 70 1:10 3 9.67 34.5 26.6 3.61 5.09 0.58
P-C-T-8 70 1:10 3 9.60 33.0 26.9 3.69 5.34 0.61
P-C-T-9 70 1:10 3 9.65 324 26.5 3.65 5.20 0.60

mean 9.69 33.70 24.72 3.50 5.03 0.63
3 0.06 1.57 1.75 0.17 0.43 0.11
% rsd 0.66 4.66 7.10 4.81 8.63 16.84

*Means, sample standard deviations, and relative standard deviations are calculated for three sets
of triplicate tests.
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Table 10b. Final pHs and Concentrations of Na, Si, B, Al, and K in Leachates from 3-Day, 1:1
Tests®

Designation temp. ~ glass/water  duration pH Na Si B Al K
[°C] [g/g] {d] mg/L mg/L mg/L mg/L mg/L
P-D-T-1 20 1:1 3 10.21 344 7.43 0.42 1.25 0.36
P-D-T-2 20 1:1 3 10.08 32.6 6.63 0.41 1.18 0.37
P-D-T-3 20 1:1 3 10.20 33.2 6.65 0.45 1.40 0.47
P-D-T-4 20 1:1 3 10.19 38.5 6.12 0.59 0.55 0.21
P-D-T-5 20 1:1 3 10.16 36.9 6.22 0.62 0.64 0.21
P-D-T-6 20 1:1 3 10.16 39.6 6.03 0.62 0.67 0.24
P-D-T-7 20 1:1 3 10.20 34.6 6.01 0.97 0.79 0.25
P-D-T-8 20 1:1 3 10.26 36.8 6.31 0.87 0.71 0.21
P-D-T-9 20 I:1 3 10.22 35.0 5.79 0.85 0.67 0.22
mean 10.19 35.73 6.35 0.64 0.87 0.28
s 0.05 2.37 0.49 0.21 0.31 0.10
% rsd  0.48 6.64 7.73 32.35 35.89 33.89
P-E-T-1 40 1:1 3 10.28 62.2 23.3 2.70 4.21 0.86
P-E-T-2 40 1:1 3 10.31 63.7 25.8 2.78 4.75 0.91
P-E-T-3 40 1:1 3 10.40 61.4 24.3 2.87 5.08 0.90
P-E-T-4 40 1:1 3 10.30 60.5 23.8 3.14 4.02 0.65
P-E-T-5 40 1:1 3 10.29 64.7 25.8 2.68 3.44 0.55
P-E-T-6 40 1:1 3 10.35 62.6 25.5 3.06 3.90 0.55
P-E-T-7 40 1:1 3 10.40 62.4 25.2 3.30 3.97 0.65
P-E-T-8 40 1:1 3 10.45 65.0 27.0 3.06 3.86 0.66
P-E-T-9 40 1:1 3 10.49 63.4 25.6 3.09 3.81 0.65
mean 10.36 62.90 25.17 2.96 4.11 0.71
s 0.07 1.48 1.15 0.22 0.50 0.14
% rsd 0.72 2.35 4.55 7.28 12.23 20.09
P-F-T-1 70 1:1 3 10.93 199 73.9 20.3 10.3 3.25
P-F-T-2 70 1:1 3 10.94 185 65.6 19.5 10.9 3.11
P-F-T-3 70 1:1 3 10.91 196 67.4 20.0 10.2 3.20
P-F-T-4 70 1:1 3 10.90 221 87.8 19.6 9.1 245
P-F-T-5 70 I:1 3 10.91 200 75.7 23.8 11.6 4.10
P-F-T-6 70 I:1 3 10.92 201 74.8 22.0 10.4 2.98
P-F-T-7 70 1:1 3 10.92 184 79.6 19.9 9.9 2.92
P-F-T-8 70 1:1 3 10.95 171 72.7 20.5 9.9 3.07
P-F-T-9 70 1:1 3 10.97 185 773 20.1 9.6 2.96

mean 10.93 193.62 74.98 20.64 10.21 3.12
s 0.02 14.35 6.56 1.40 0.73 0.43
% rsd __ 0.20 7.41 8.75 6.77 7.17 13.96

*Means, sample standard deviations, and relative standard deviations are calculated for three sets
of triplicate tests.
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Table 10c. Final pHs and Concentrations of Na, Si, B, Al, and K in Leachates from 7-Day, 1:10
Tests®

Designation  temp. glass/water  duration pH Na Si B Al K
°C] [g/g] [d] mg/L mg/L mg/L mg/L mg/L
P-G-T-1 20 1:10 7 9.45 5.39 1.28 0.09 0.33 <0.1
P-G-T-2 20 1:10 7 9.34 5.49 1.27 0.09 0.33 <0.1
P-G-T-3 20 1:10 7 9.44 5.71 1.28 0.10 0.32 <0.1
P-G-T-4 20 1:10 7 8.93 6.28 091 0.09 0.15 <0.05
P-G-T-5 20 1:10 7 8.90 6.11 0.88 0.09 0.15 < 0.05
P-G-T-6 20 1:10 7 9.13 6.28 1.00 0.09 0.15 <0.05
P-G-T-7 20 1:10 7 8.89 6.14 0.86 0.15 0.16 <0.07
P-G-T-8 20 1:10 7 8.96 5.92 0.86 0.16 0.14 <0.07
P-G-T-9 20 1:10 7 9.15 5.54 0.94 0.16 0.17 <0.07
mean 9.13 5.87 1.03 0.11 0.21 -
s 0.23 0.35 0.19 0.03 0.09 -
% rsd 2.52 5.93 18.37 29.43 41.67 -
P-H-T-1 40 1:10 7 9.50 13.6 10.1 1.03 2.16 <0.1
P-H-T-2 40 1:10 7 9.49 14.4 104 0.99 2.23 <0.1
P-H-T-3 40 1:10 7 9.47 13.2 9.22 1.00 2.13 <0.1
P-H-T-4 40 1:10 7 9.31 14.1 8.29 0.75 1.40 0.07
P-H-T-5 40 1:10 7 9.33 14.2 9.17 0.77 1.36 0.09
P-H-T-6 40 1:10 7 9.42 13.8 8.60 0.78 1.21 0.07
P-H-T-7 40 1:10 7 9.59 12.8 8.76 0.98 1.56 0.15
P-H-T-8 40 1:10 7 9.30 11.7 7.47 1.01 1.53 0.15
P-H-T-9 40 1:10 7 9.31 12.2 8.03 1.01 1.58 0.16
mean 9.41 13.32 8.90 0.92 1.69 0.12
s 0.10 0.93 0.95 0.12 0.38 0.04
% rsd  1.10 6.95 10.70 13.01 22,75  36.69
P-1-T-1 70 1:10 7 9.93 46.9 38.3 4.97 7.97 0.90
P-I-T-2 70 1:10 7 9.90 42.1 34.8 5.09 7.89 0.73
P-I-T-3 70 1:10 7 9.95 43.0 36.2 491 7.85 0.76
P-1-T-4 70 1:10 7 9.79 45.2 34.7 4.08 5.62 0.58
P-I-T-5 70 1:10 7 9.79 449 34.1 4.05 5.54 0.57
P-I-T-6 70 1:10 7 9.83 42.2 33.0 4.09 5.50 0.59
P-I-T-7 70 1:10 7 9.81 41.5 33.1 5.07 6.89 0.91
P-I-T-8 70 1:10 7 9.86 42.4 34.9 4.99 6.84 0.90
P-1-T-9 70 1:10 7 9.87 42.8 34.9 4.79 6.51 0.85

mean 9.86 43.45 34.89 4.67 6.74 0.75
s 0.06 1.82 1.60 0.45 1.02 0.14
% rsd _ 0.60 4.18 4.59 9.73 15.19 19.25

*Means, sample standard deviations, and relative standard deviations are calculated for three sets
of triplicate tests.
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Table 10d. Final pHs and Concentrations of Na, Si, B, Al, and K in Leachates from 7-Day, 1:1
Tests®

Desighation temp. - glass/water  duration pH Na Si B Al K
[°C] [g/s] [d] mg/L mg/L mg/L mg/L mg/L
P-J-T-1 20 1:1 7 10.38 39.9 14.4 0.62 2.50 0.16
P-J-T-2 20 1:1 7 10.41 40.9 14.3 0.59 3.13 0.20
P-J-T-3 20 1:1 7 10.35 40.2 14.4 0.61 2.80 0.17
P-J-T-4 20 1:1 7 10.08 39.6 11.3 0.37 1.21 0.10
P-J-T-5 20 1:1 7 10.05 43.2 9.94 0.34 0.86 0.08
P-J-T-6 20 1:1 7 10.16 40.6 10.2 0.33 1.20 0.08
P-J-T-7 20 1:1 7 10.14 39.9 10.4 1.08 1.30 0.30
P-J-T-8 20 1:1 7 10.10 39.2 9.30 1.11 1.06 0.30
P-J-T-9 20 1:1 7 10.20 39.5 10.5 1.13 1.21 0.32
mean 10.21 40.34 11.64 0.69 1.70 0.19
s 0.14 1.18 2.11 0.34 0.86 0.10
% rsda  1.37 2.93 18.11 49.07 50.63 51.39
P-K-T-1 40 1:1 7 10.60 82.3 42.3 4.21 6.30 0.61
P-K-T-2 40 1:1 7 10.52 69.1 36.3 4.03 5.73 0.59
P-K-T-3 40 1:1 7 10.57 72.5 38.6 4.21 6.29 0.65
P-K-T-4 40 1:1 7 10.39 78.7 33.0 3.63 3.28 0.23
P-K-T-5 40 1:1 7 10.50 82.0 37.1 3.89 3.76 0.26
P-K-T-6 40 1:1 7 10.46 73.5 32.1 3.54 3.89 0.58
P-K-T-7 40 1:1 7 10.53 76.1 34.1 4.45 4.88 0.81
P-K-T-8 40 1:1 7 10.55 77.0 342 4.71 4.70 0.84
P-K-T-9 40 1:1 7 10.55 77.4 35.2 4.59 4.51 0.82
mean  10.52 76.52  35.87 4.14 4.82 0.60
s 0.06 4.32 3.16 0.41 1.10 0.22
% rsd  0.61 5.65 8.80 9.84 22.80 37.53
P-L-T-1 70 1:1 7 11.16 239 100 29.7 9.90 3.51
P-L-T-2 70 1:1 7 11.16 239 102 30.5 10.6 3.67
P-L-T-3 70 1:1 7 11.16 233 100 30.5 10.8 3.76
P-L-T-4 70 1:1 7 11.06 228 88.3 24.4 7.44 2.28
P-L-T-5 70 1:1 7 10.95 199 76.1 20.3 6.26 1.88
P-L-T-6 70 1:1 7 11.08 247 94.7 25.5 7.50 2.32
P-L-T-7 70 1:1 7 11.14 219 87.4 29.0 9.50 3.91
P-L-T-8 70 1:1 7 11.15 218 90.8 294 9.08 4.01
P-L-T-9 70 I:1 7 11.17 222 91.1 28.8 8.84 3.98

mean 11.11 227.32 92.31 27.56 8.88 3.26
s 0.07 14.48 8.15 3.45 1.54 0.85
% rsd __ 0.65 6.37 8.83 12.50  17.30  25.95

*Means, sample standard deviations, and relative standard deviations are calculated for three sets
of triplicate tests.
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Table 11. Summary of Means and Standard Deviations for Replicate Tests

Temp. Glass/Water Time pH Na Si B Al K

[°C] [g/g] [d] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
20 1:10 3 9.0630.12 5.22+0.22 0.50%0.06 0.09+0.03 0.11£0.02 <0.1

40 1:10 3 9.36+£0.06 10.06x0.67 4.14+0.51 0.42+0.09 0.87+£0.22 0.18+0.05
70 1:10 3 9.69%0.06 33.7+1.57 24.7%1.75 3.50+0.17 5.03%0.43 0.63%0.11
20 1:1 3 10.19£0.05 35.7+2.4  6.35+0.49 0.64+0.21 0.87%0.31 0.28%0.10
40 1:1 3 10.36+0.07 62.9+1.48 25.2+1.15 2.9640.22 4.11%£0.50 0.71%0.14
70 1:1 3 10.93+0.02 194+14.4 75.0£6.56 20.6x1.40 10.2%+0.73 3.12+0.43
20 1:10 7 9.13+0.23 5.87+0.35 1.03%0.19 0.11£0.03 0.21%£0.09 <O0.1

40 1:10 7 9.41+0.10 13.3+0.93 8.90%£0.95 0.92+0.12 1.69%0.38 0.12+0.04
70 1:10 7 9.8610.06 43.4+1.82 34.9%1.60 4.67x0.45 6.74+1.02 0.75%0.14
20 1:1 7 10.21£0.14 40.3%£1.18 11.6+2.11 0.69+0.34 1.70+0.86 0.1940.10
40 1:1 7 10.52+0.06 76.5+4.32 35.9%3.16 4.14£0.41 4.82*+1.10 0.60%0.22
70 1:1 7 11.11£0.07 227+14.48 92.318.15 27.6%3.45 8.88t1.54 3.26+0.85
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Table 12. Results of Triplicate ANSI/ANS 16.1 Tests Performed on LRM-1

Leach Incremental Cumulative  Conc. Fraction  ReleaseRate  Diffusivity Leachability
Interval Leaching ~ lLeaching  [ug/L]  Released  (fraction/s) fem®/s] Index
1) Time [s] Time [s] a/A, /A *1/Dty, D log(b/D)
Dt, t
sample 1
1 7200 7200 59.2 1.58x10° 220x10° 280x10" 15.55
2 18000 25200 84.6 226x10° 126x10° 7.53x10™ 15.34
3 61200 86400 91.1 243x10° 398x10"° 261x10™ 15.42
4 86400 172800 110 294x10° 3.40x10"° 935x10™ 15.32
5 86400 259200 54.6 146 x10° 1.69x10" 196 x10™ 15.40
6 86400 345600 94.3 252x10° 291x10™ 823x10M 15.35
7 86400 432000 40.0 1.07x10° 124x10"° 191x10™ 15.39
8 1209600 1641600 271 724x10° 599x10" 876 x10" 15.23
9 2419200 4060800 173 462x10° 191x10" 357x10" 15.14
10 3715200 7776000 162 433x10° 117x10" 3.13x10% 15.08
sample 2
1 7200 7200 542 145x10° 221x10° 234x10™ 15.63
2 18000 25200 87.2 233x10° 129x10° 8.00x10™ 15.36
3 61200 86400 73.5 1.96 x10° 321x10"° 1.70x10™ 15.50
4 86400 172800 95.0 2.54x10° 294x10"° 6.97x10™ 15.41
5 86400 259200 64.9 1.73x10° 201x10"° 277x10" 15.44
6 86400 345600 68.1 1.82x10° 211x10" 430x10" 15.43
7 86400 432000 473 126 x10° 146x10"° 267x10™ 15.45
8 1209600 1641600 224 599x10° 495x10"  599x10" 15.30
9 2419200 4060800 175 468x10° 1.93x10" 3.65x10% 15.20
10 3715200 7776000 167 446x10° 120x10M 333x10" 15.13
sample 3
1 7200 7200 76.5 204x10° 284x10° 467x107 15.33
2 18000 25200 75.5 1.94x10° 1.08x10° 553x10™ 15.29
3 61200 86400 110 2.94x10° 480x10"° 380x10% 15.34
4 86400 172800 106 283 x10° 328x10" 8.68x10™ 15.27
5 86400 259200 89.6 240x10° 277x10" 529x10™ 15.27
6 86400 345600 714 191x10° 221x10" 4.72x10" 15.28
7 86400 432000 40.6 1.09 x 10° 1.26x10™ 1.97x 10" 15.34
8 1209600 1641600 189 5.05x10° 4.18x10"  426x 107 15.22
9 2419200 4060800 206 551x10° 228x10" 506x10" 15.16
10 3715200 7776000 150 401x10° 108x10" 269x107 15.06

Results are based on Na releases.
Leachability Index is 15.3.

Confidence Range (99.9%) 15.2-154,
Correlation Coefficient 0.01,
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Table 13. Results of Triplicate TCLP performed on LRM-1

Element TCPL-Blank® TCLP-1 TCLP-2 TCLP-3 Regulatory Pass/Fail
fmg/L] [mg/L] [mg/L] [mg/L] Level [mg/L]
As <0.z2 <0.2 <0.2 <0.2 5.0 pass
Ba <0.003 <0.003 < 0.003 <0.003 100.0 pass
Cd < 0.009 0.1 0.1 0.1 1.0 pass
Cr < 0.02 < 0.02 < 0.02 < 0.02 5.0 pass
Pb < 0.005 0.037 0.033 0.035 5.0 pass
Hg <0.03 <0.03 <0.03 <0.03 0.2 pass
Se <0.1 <0.1 <0.1 <0.1 1.0 pass
Ag < 0.002 < 0.002 < 0.002 < 0.002 5.0 pass
Si <2 <2 <2 <2 N.A. N.A
B 2 0.9 0.8 0.8 N.A N.A
Al < 0.06 < 0.06 < 0.06 < 0.06 N.A N.A

*Upper limits are calculated as 3.14 times the standard deviation of the instrumental blank. Concentrations are
not corrected for contribution of experimental blank to the leachate concentration.
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Table 14. One-Way ANOVA Tables for Concentrations of (a) Na, (b) Si, and (c) B, for results
of all 12 PATs by Fixed-Effect Factors Temperature, Glass/Water Mass Ratio, Test Duration
and Triplicate

()

Response: Na [ppb]
(Summary of Fitl

RSquare 0.800234
RSquare Adj 0.788367
Root Mean Square Error 32395.25
Mean of Response 62383.24
Observations (or Sum Wgts) 108

Lack of Fit

(Parameter Estimates )

lEffect Test |

Source Nparm DF Sum of Squares F Ratio Prob>F

temp [C] 2 2 2.15028e11 102.4476 <.0001

glass/water 1 1 2.06151e11 196.4367 <.0001

duration [d] 1 1 3173695108 3.0241 0.0851

triplicate 2 2 247928910 0.1181 0.8887
(b)

Response: Si [ppb]
[Summary of Fit)

RSquare 0.869049
RSquare Adj 0.86127
Root Mean Square Error 10651.67
Mean of Response 26707.61
Observations (or Sum Wgts) 108

||Lack of Fit ll
‘Parameter Estimatesl

‘Effect Test |

Source Nparm DF Sum of Squares F Ratio Prob>F
temp [C] 2 2 5.19987e10 229.1536 <.0001
glass/water 1 1 2.22271e10 195.9055 <.0001
duration [d] 1 1 1784787612 15.7308 0.0001
triplicate 2 2 38481700.6 0.1696 0.8443




©

Response: B [ppb]

r(Summary of F@

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response

LObservations (or Sum Wgts)

0.714619

0.697666
4766.382

5529.079
108

Lack of Fit

[Parameter Estimates

{
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Source Nparm
temp [C] 2
glass/water 1
duration [d] 1
triplicate 2

[ Effect Test |

OF
2
1
1
2

Sum of Squares
4012979469
1650963269
72686876.4

9140070.6

F Ratio
88.3201
72.6708

3.1995

0.2012

Prob>F
<.0001
<,0001
0.0767
0.8181
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Table 15. One-Way ANOVA Tables for Concentrations of (a) Na, (b) Si, and (c) B, for 20°C,
40°C, 70°C, 3-Day, and 7-Day Tests by Glass/Water Mass Ratio

(a) Na
temp. duration 1:1 1:10 P-value
[C] ([d] [mg/L] [mg/L]
20 3 35.7 522 <0.0001
40 3 62.9 10.6 <0.0001
70 3 194 337 <0.0001
20 7 403 5.87 <0.0001
40 7 76.5 13.3 <0.0001
70 7 227 434 <0.0001
(b) Si
temp. duration 1:1 1:10 P-value
(C] [d] (mg/L] [mg/L]
20 3 6.35 0.50 <0.0001
40 3 25.2 4.14 <0.0001
70 3 75.0 24.7 <0.0001
20 7 11.6 1.03 <0.0001
40 7 35.9 8.90 0.0001
70 7 923 34.9 <0.0001
(0 B
temp. duration 1:1 1:10 P-value
[C] (d] (mg/L)  [mg/L]
20 3 0.64 0.09 <0.0001
40 3 2.96 042 <0.0001
70 3 20.6 3.50 <0.0001
20 7 0.69 0.11 0.0001
40 7 4.14 0.92 <0.0001
70 7 27.6 4.67 <0.0001
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Table 16. One-Way ANOVA Tables for Concentrations of (a) Na, (b) Si, and (c) B, for 1:10,
1:1, 3-Day, and 7-Day Tests by Temperature

(a) Na

glass/water duration 20 °C 40 °C 70 °C P-value
(2/g] [d] [mg/L] [mg/L] (mg/L]
1:10 3 0.52 10.6 337 <0.0001
1:1 3 357 62.9 194 <0.0001
1:10 7 5.87 133 434 <0.0001
1:1 7 403 76.5 227 <0.0001

(b) Si

glass/water duration 20 °C 40°C 70°C P-value
[g/g] (d] [mg/l] [mg/L] [mg/l]

1:10 3 0.50 414 24.7 <0.0001
1:1 3 6.35 25.2 75.0 <0.0001
1:10 7 1.03 8.90 349 <0.0001
1:1 7 11.6 359 923 <0.0001
o B

glass/water duration 20 °C 40 °C 70 °C P-value

[g/g] [d] [mg/l] [mgl] [mg/l]
1:10 3 0.09 042 3.50 <0.0001
1:1 3 0.64 2.96 20.6 <0.0001
1:10 7 0.11 092 4.67 <0.0001
1:1 7 0.69 4.14 275 <0.0001




63

Table 17. One-Way ANOVA Tables for Concentrations of (a) Na, (b) Si, and (c) B for 1:1, 1:10,
3-Day, and 7-Day Tests by Duration

(a) Na
temp. glass/water 3d 7-d P-value
(€] (e/2] [mg/L) [mg/L]
20 1:10 522 5.87 0.0002
40 1:10 10.6 13.3 <0.0001
70 1:10 337 434 <0.0001
20 1:1 357 40.3 <0.0001
40 1:1 629 76.5 <0.0001
70 1:1 194 227 <0.0001
(b) Si
temp.  glass/water 3-d 7-d P-value
[C] [g/g] [mg/L] [mg/L]
20 1:10 0.50 1.03 <0.0001
40 1:10 4.14 8.90 <0.0001
70 1:10 24.7 34.9 <0.0001
20 I:1 6.35 11.6 <0.0001
40 I:1 252 359 <0.0001
70 1:1 75.0 92.3 0.0001
() B
temp. glass/water 3-d 7-d P-value
[ [g/8] (mg/L] _[mg/L]
20 1:10 0.09 0.11 0.1399
40 1:10 042 0.92 <0.0001
70 1:10 3.49 4.67 <0.0001
20 1:1 0.64 0.69 0.7572
40 1:1 2.96 4.14 <0.0001
70 1:1 20.6 27.6 <0.0001
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Table 18. One-Way ANOVA Tables for Concentrations of (a) Na, (b) Si, and (c) B for 1:1, 1:10,
20°C, 40°C, 70°C, 3-Day, and 7-Day Tests by Triplicate

(a) Na
Designation temp. glass/water duration rep. 1-3 rep. 4-6 rep. 7-9 P-value
(€] (g/2] [di (mg/L] [mg/L] (mg/L]

P-A-T 20 1:10 3 5.04 5.30 532 0.2454
P-B-T 40 1:10 3 109 11.1 9.85 0.0207
P-C-T 70 1:10 3 329 349 333 0.2966
P-D-T 20 1:1 3 334 38.3 355 0.0063
P-E-T 40 1:1 3 62.5 62.6 63.6 0.6472
P-F-T 70 1:1 3 193 208 180 0.0308
P-G-T 20 1:10 7 553 6.22 5.86 0.0182
P-H-T 40 1:10 7 13.7 14.0 12.2 0.0069
P-I-T 70 1:10 7 440 44.1 422 0.4121
P-J-T 20 i:1 7 403 41.1 39.6 0.3016
P-K-T 40 1:1 7 74.6 78.1 76.8 0.6726
P-L-T 70 1:1 7 237 225 220 0.3634
(b) Si

Designation temp. glass/water duration rep. 1-3 rep. 4-6 rep. 7-9 P-value

€] [g/g] [d] (mg/L] (mg/L] {mg/L]

P-A-T 20 1:10 3 0.54 0.48 0.48 0.4675
P-B-T 40 1:10 3 4.78 3.74 3.88 0.0006
P-C-T 70 1:10 3 22.9 24.5 26.7 0.0024
P-D-T 20 1:1 3 6.90 6.12 6.04 0.0255
P-E-T 40 1:1 3 24.5 25.0 26.0 0.3184
P-F-T 70 1:1 3 69.0 794 76.5 0.1175
P-G-T 20 1:10 7 1.28 0.93 0.88 <0.0001
P-H-T 40 1:10 7 9.92 8.68 8.09 0.0208
P-I-T 70 1:10 7 36.4 33.9 343 0.1088
P-I-T 20 1:1 7 14.4 105 10.1 0.0002
P-K-T 40 1:1 7 39.1 34.1 34.5 0.0760
P-L-T 70 1:1 7 101 86.4 89.8 0.0456
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(c) B
Designation temp. glass/water duration rep. 1-3 rep. 4-6 rep. 7-9 P-value
[C] [g/g] [d] [mg/L] [mg/L] [mg/L]

P-A-T 20 1:10 3 0.064 0.087 0.123 <0.0001
P-B-T 40 1:10 3 0.370 0.350 0.529 0.0005
P-C-T 70 1:10 3 3.56 3.29 3.65 0.0005
P-D-T 20 1:1 3 0.428 0.608 0.899 <0.0001
P-E-T 40 1:1 3 2.78 2.96 3.15 0.0898
P-F-T 70 1:1 3 19.9 21.8 20.2 0.2207
P-G-T 20 1:10 7 0.095 0.087 0.157 <0.0001
P-H-T 40 1:10 7 1.01 0.76 1.00 <0.0001
P-I-T 70 1:10 7 499 4.08 495 <0.0001
P-J-T 20 1:1 7 0.609 0.342 1.11 <0.0001
P-K-T 40 1:1 7 4.15 3.69 4.58 0.0007
P-L-T 70 1:1 7 30.2 234 29.1 0.0043
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Table 19. One-Way ANOVA Tables for Concentrations of (a) Na, and (b) Si for 1:10, 40°C,
70°C, 3-Day, and 7-Day Tests by Replicate Analysis

(a) Na

Designation temp. glass/water duration analysis 1  analysis 2 relative P-value
[C] (g/g] [d] (mg/L] [mg/L} error (%)

P-B-T 40 1:10 3 10.6 9.77 7.83 0.0084

P-C-T 70 1:10 3 33.7 314 6.82 0.0032

P-H-T 40 1:10 7 13.3 13.3 0.00 0.9226

P-I-T 70 1:10 7 434 41.8 3.69 0.0409

(b) Si

Designation temp. glass/water duration analysis 1  analysis 2  relative P-value
[C] [g/g] d] [mg/L] [mg/L]  error (%)

P-B-T 40 1:10 3 414 424 242 0.6952

P-C-T 70 1:10 3 24.7 26.3 -6.48 0.1108

P-H-T 40 1:10 7 8.90 8.53 4.16 04137

P-I-T 70 1:10 7 34.9 340 2.58 0.1833
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Table 20. Comparisons of the Percent Relative Standard Deviation of Measured Concentrations
of Na, Si, and B in Replicate Tests with Respect to (a) Test Duration, (b) Glass/Water Mass
Ratio, and (c) Temperature.

(2) Duration

Na[%rsd] Si[%rsd] B[%rsd]
temp. glass/water 3-day 7-day 3-day 7-day 3-day 7-day
[°C] [2/g]
20 1:10 4.18 5.93 12.5 18.4 28.3 294
40 1:10 6.33 6.95 12.4 10.7 21.2 13.0
70 1:10 4.66 4.18 7.10 4.59 4.81 9.73
20 I:1 6.60 293 7.73 18.1 324 49.1
40 1:1 2.35 5.65 4.55 8.80 7.28 9.84
70 1:1 7.41 6.37 8.75 8.83 6.77 12.5

(b) Glass/Water Mass Ratio

Na[%rsd] Si[%rsd] B[%rsd]

temp. time  1:10 1:1 1:10 1:1 1:10 1:1
[°’C] __ [d]

20 3 4.18 6.60 12.5 7.73 28.3 324
40 3 6.33 2.35 12.4 4.55 21.2 7.28
70 3 4.66 7.41 7.10 8.75 4.81 6.77
20 7 5.93 2.93 18.4 18.1 294 49.1
40 7 6.95 5.65 10.7 8.80 13.0 9.84
70 7 4.18 6.37 4.59 8.83 9.73 12.5

(c) Temperature

Na[%rsd] Si[%rsd] B[%rsd]
time glass/water 20°C  40°C 70°C 20°C  40°C 70°C 20°C  40°C 70°C
[d] (/2] :
3 1:10 4,18 6.33 4.66 12.53 12.37 7.10 283 212 4.81
3 1:1 6.60 235 7.41 7.73 455 8.75 324  7.28 6.77
7 1:10 593 695 4.18 18.37 10.70 4.59 294  13.0 9.73
7 1:1 2.93 5.65 6.37 18.11 8.80 8.83 49.7 9.84 12.5
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Table 21. Results of F-test Comparisons of the Normalized Standard Deviations of Na, Si, and B
Concentrations. Comparisons are for (a) 54 1:1 vs. 54 1:10 glass/water mass ratio tests (b) 36
20°C vs. 36 40°C tests (c) 36 20°C vs. 36 70°C tests (d) 36 40°C vs. 36 70°C tests and (e) 54 3-
day vs. 54 7-day duration tests. The null hypothesis is tested at the 95% significance level.

(a) Glass/Water Mass Ratio

Element S S F-value Significant
1:1 1:10 calculated (y/n)
[g/g] [g/gl
Na 0.0375 0.0323 1.36 n
Si 0.0482 0.0529 122 n
B 0.0434 0.0295 2.16 y

(b) 20°C vs. 40°C

Element s s F-value Significant
20°C 40°C calculated (y/n)

Na 0.0279 0.0355 1.62 n

Si 0.0617 0.0449 1.89 n

B 0.0350 0.0383 1.20 n

(c) 20°Cvs. 70°C

Element s s F-value Significant
20°C 70°C calculated (y/n)

Na 0.0279 0.0409 2.15 n

Si 0.0617 0449 140 n

B 0.0350 0.0384 1.20 n

(d) 40°C vs. 70°C

Element S s F-value  Significant
40°C 70°C calculated (y/n)

Na 0.0355 0.0409 1.33 n

Si 0.0449 0.0440 1.04 n

B 0.0383 0.0384 1.01 o




(e) Duration
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Element s 3 F-value Significant
3-day 7-day calculated (y/n)

Na 0.0316 0.0380 141 n

Si 0.0540 0.0470 1.32 n

B 0.0402 0.0337 1.38 n
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Table 22. Calculated Average Normalized Dissolution Rates

temp. glass/water  time pH NR(Na), NR(Si), NR(B), NR(Al), NR(K),
el lefel [d [ )] [Ped] [P ] )] [
20 1:10 3 9.06 6.53x10° 0317x10° 0.567x10° 0.344x 10° <1.6x 107
40 1:10 3 9.36  126x10°  263x10° 265x10° 272x10° 229x10°
70 1:10 3 9.69 21x10%  156x10° 220x10°  157x10%  10.0x 107
20 1:1 3 10.19  434x10%  0403x 102 0403x10° 0272x 103 0.445x 107
40 1:1 3 10.36 7.87x10°  1.60x10° 1.86x10° 1.28x10° 1.13x10°
70 1:1 3 1093 242x10° 457x10°  13.0x10° 3.19x10°  4.95x10°
20 1:10 7 9.13 3.15x10%  0280x10° 0297x10° 0281x10° <0.69x10°
40 1:10 7 9.41 7.12x10°  242x10°  246x10°  226x10°  0.816x 10°
70 1:10 7 9.86 232x10°  950x10°  126x10°  9.03x10°  5.10x10°
20 1:1 7 10.21  216x10°  0316x 103 0.186x 10° 0.228x 103 0.129 x 10°
40 1:1 7 10.52  410x10% 0976 x10° 1.12x10%  0.646x 10>  0.409 x 107
70 1:1 7 11,11 121x10°  250x10°  745x10° 119x10°  221x10?
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APPENDIX B. TEST INITIATION AND TERMINATION DATA FOR PATS AND
BLANKS

Table B-1. Test Data for Experimental Blanks.

pre-test post-test
Designation glass mass water mass vessel mass vessel mass LPEtare LPE+soln LPE+solntacid total soln df
[g] (g] [g] (] (g] (] [g] e]
P-A-B-1 0.00 10.00 324.64 324.64 10.79 19.92 20.03 9.24 1.01
P-A-B-2 0.00 10.00 325.13 325.13 10.64 19.66 19.76 9.12 1.01
P-A-B-3 0.00 10.00 324.34 324.34 10.98 20.02 20.12 9.14 1.01
P-B-B-1 0.00 10.00 324.83 324.84 11.06 20.31 20.41 9.35 1.01
P-B-B-2 0.00 10.00 323.95 323.95 10.51 19.66 19.76 9.25 1.01
P-B-B-3 0.00 10.00 325.05 325.05 10.64 19.77 19.87 9.23 1.01
P-C-B-1 0.00 10.00 325.13 325.12 10.84 20.09 20.19 9.35 1.01
P-C-B-2 0.00 10.00 324.80 324.79 10.66 19.86 19.96 9.30 1.01
P-C-B-3 0.00 10.00 324.20 324.20 11.04 20.11 20.21 9.17 1.01
P-D-B-1 0.00 5.00 320.14 320.15 10.75 14.76 14.86 4.11 1.02
P-D-B-2 0.00 5.00 319.78 319.78 10.48 14.57 14.67 4.19 1.02
P-D-B-3 0.00 5.00 319.11 319.11 10.88 14.99 15.10 422 1.03
P-E-B-1 0.00 5.00 319.90 319.90 10.78 14.87 14.97 4.19 1.02
P-E-B-2 0.00 5.00 319.99 319.99 10.66 14.83 14.93 4.27 1.02
P-E-B-3 0.00 5.00 319.67 319.67 11.07 15.32 1542 435 1.02
P-F-B-1 0.00 5.00 321.70 321.69 10.84 14.87 14.96 4.12 1.02
P-F-B-2 0.00 5.00 319.57 319.56 11.08 15.29 15.39 4.31 1.02
P-F-B-3 0.00 5.00 320.10 320.09 10.76 14.95 15.04 4.28 1.02
P-G-B-1 0.00 10.01 324.41 324.41 10.67 19.67 19.77 9.10 1.01
P-G-B-2 0.00 10.00 324.59 324.59 10.65 19.73 19.83 9.18 1.01
P-G-B-3 0.00 10.01 324.49 324.48 10.84 19.96 20.06 9.22 1.01
P-H-B-1 0.00 10.01 324.69 324.69 10.51 19.67 19.77 9.26 1.01
P-H-B-2 0.00 10.00 323.99 324.00 10.76 19.91 20.01 9.25 1.01
P-H-B-3 0.00 10.00 324.50 324.49 10.90 20.05 20.15 9.25 1.01
P-1-B-1 0.00 10.00 324.30 324.30 10.93 20.08 20.18 9.25 1.01
P-I-B-2 0.00 10.00 324.20 324.19 11.00 20.14 20.23 9.23 1.01
P-I-B-3 0.00 10.00 324.68 324.67 10.62 19.82 19.93 9.31 1.01
P-J-B-1 0.00 5.00 319.02 319.02 10.51 14.58 14.68 4.17 1.02
P-J-B-2 0.00 5.00 318.85 318.86 10.90 15.05 15.15 4.25 1.02
P-J-B-3 0.00 5.00 320.86 320.88 10.63 14.76 14.86 4.23 1.02
P-K-B-1 0.00 5.00 319.47 319.47 10.44 14.55 14.66 422 1.03
P-K-B-2 0.00 5.00 . 32148 321.48 10.89 15.03 15.13 424 1.02
P-K-B-3 0.00 5.00 319.39 319.38 10.95 15.14 15.23 4.28 1.02
P-L-B-1 0.00 5.00 320.07 320.06 10.64 14.83 14.93 4.29 1.02
P-L-B-2 0.00 5.00 319.99 319.99 10.46 14.65 14.76 4.30 1.03

P-L-B-3 0.00 5.00 319.68 319.66 10.97 15.20 15.30 433 1.02
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Table B-2. Test Initiation and Termination Data for PATs

pre-test post-test
Designation glass mass water mass vessel mass vesselmass LPEtare LPE+soln LPE+soln+acid total soln df
[g] (g] [g] _[g] (g] (gl _[g] (g]

P-A-T-1 1.00 10.01 325.70 325.70 10.92 19.69 19.79 8.87 1.01
P-A-T-2 1.00 10.00 324.57 324.58 10.86 19.43 19.54 8.68 1.01
P-A-T-3 1.00 10.00 324.82 324.82 11.11 19.73 19.86 8.75 1.02
P-A-T-4 1.00 10.00 325.59 325.59 10.51 19.21 19.32 8.81 1.01
P-A-T-5 1.00 10.00 325.37 325.38 10.53 19.27 19.37 8.84 1.01
P-A-T-6 1.00 10.00 325.28 325.28 10.66 19.38 19.48 8.82 1.01
P-A-T-7 1.00 10.00 32531 323.32 10.64 19.42 19.53 8.89 1.01
P-A-T-8 1.00 10.00 324.74 324.74 10.86 19.57 19.67 8.81 1.01
P-A-T-9 1.00 10.00 325.18 325.19 10.77 19.53 19.63 8.86 1.01
P-B-T-1 1.00 10.01 325.45 32544 10.89 19.53 19.63 8.74 1.01
P-B-T-2 1.00 10.00 325.76 325.76 10.82 19.57 19.67 8.85 1.01
P-B-T-3 1.00 10.00 324.76 324.76 10.77 19.55 19.66 8.89 1.01
P-B-T-4 1.00 10.00 325.73 325.73 10.52 19.31 19.41 8.89 1.01
P-B-T-5 1.00 10.00 325.53 325.52 10.47 19.26 19.36 8.89 1.01
P-B-T-6 1.00 10.00 32543 32542 10.63 19.39 19.49 8.86 1.01
P-B-T-7 1.00 10.00 32542 32441 10.89 19.66 19.76 8.87 1.01
P-B-T-8 1.00 10.00 325.65 325.64 10.98 19.37 19.47 8.49 1.01
P-B-T-9 1.00 10.00 324.84 324.85 10.68 19.37 19.47 8.79 1.01
P-C-T-1 1.00 10.00 32533 32533 11.02 19.85 19.95 8.93 1.01
P-C-T-2 1.00 10.00 324.90 324.89 11.04 19.71 19.81 8.77 1.01
P-C-T-3 1.00 10.00 324.67 324.67 10.83 19.32 19.42 8.59 1.01
P-C-T-4 1.00 10.00 323.23 323.22 10.67 19.47 19.57 8.90 1.01
P-C-T-5 1.00 10.01 325.00 324.99 10.50 19.21 19.30 8.80 1.01
P-C-T-6 1.00 10.00 325.00 324.99 10.53 19.37 19.46 8.93 1.01
P-C-T-7 1.00 10.00 323.22 323.22 10.99 19.82 19.92 8.93 1.01
P-C-T-8 1.00 10.00 324.98 324.98 10.88 19.69 19.79 8.91 1.01

P-C-T-9 1.00 10.00 325.79 325.79 11.05 19.85 19.95 8.90 1.01
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Table B-2, contd. Test Initiation and Termination Data for PATs

pre-test post-test
Designation  glass mass water mass vessel mass vesselmass LPEtare LPE+soln LPE+solntacid total soln df
[g] [g] (g] [e] ] [g] g] [g]

P-D-T-1 5.00 5.00 324.57 324.58 10.76 13.25 13.35 2.59 1.04
P-D-T-2 5.00 5.00 324.33 324.34 10.88 13.38 13.48 2.60 1.04
P-D-T-3 5.00 5.00 324.45 324.46 10.88 13.44 13.54 2.66 1.04
P-D-T-4 5.00 5.00 324.63 324.63 10.52 12.96 13.06 2.54 1.04
P-D-T-5 5.00 5.00 324.82 324.83 10.57 13.07 13.18 2.61 1.04
P-D-T-6 5.00 5.00 325.30 325.31 10.52 13.02 13.12 2.60 1.04
P-D-T-7 5.00 5.00 324.95 324.96 10.87 13.46 13.56 2.69 1.04
P-D-T-8 5.00 5.00 323.77 323.78 10.87 13.49 13.59 2.72 1.04
P-D-T-9 5.00 5.00 32447 324.47 10.82 13.43 13.53 2.7 1.04
P-E-T-1 5.00 5.00 324.65 324.65 10.98 13.73 13.83 2.85 1.04
P-E-T-2 5.00 5.00 323.79 323.76 10.85 13.40 13.50 2.65 1.04
P-E-T-3 5.00 5.00 324.52 324.52 11.00 13.60 13.69 2.69 1.03
P-E-T-4 5.00 5.00 324.80 324.79 10.80 13.42 13.51 2.71 1.03
P-E-T-5 5.00 5.00 323.99 323.98 11.00 13.60 13.70 2.70 1.04
P-E-T-6 5.00 5.00 323.69 323.69 10.63 13.26 1336 2.73 1.04
P-E-T-7 5.00 5.00 324.73 324.73 10.80 13.42 13.52 2.72 1.04
P-E-T-8 5.00 5.00 324.10 324.09 10.72 13.32 13.42 2.70 1.04
P-E-T-9 5.00 5.00 324.04 324.04 10.99 13.64 13.74 2.75 1.04
P-F-T-1 5.00 5.00 324.42 324.42 11.05 13.58 13.67 2.62 1.04
P-F-T-2 5.00 5.00 32437 324.36 10.88 13.47 13.58 2.70 1.04
P-F-T-3 5.00 5.00 324.19 324.18 10.86 13.44 13.54 2.68 1.04
P-F-T-4 5.00 5.00 324.87 324.87 10.59 13.21 13.32 2.73 1.04
P-F-T-5 5.00 5.00 323.70 323.69 11.04 13.71 13.81 2.77 1.04
P-F-T-6 5.00 5.00 324.30 324.30 10.98 13.58 13.68 2.70 1.04
P-F-T-7 5.00 5.00 324.80 324.80 11.00 13.69 13.79 2.79 1.04
P-F-T-8 5.00 5.00 324.52 324.52 10.90 13.57 13.67 2.77 1.04

P-F-T-9 5.00 5.00 324.77 324.77 10.93 13.57 13.67 2.74 1.04
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Table B-2, contd. Test Initiation and Termination Data for PATs

pre-test post-test
Designation  glass mass water mass vessel mass vesselmass LPEtare LPE+soln LPE+solnt+acid total soln df
[&] [g] (g] [g] [g] [g] [g] [g]
P-G-T-1 1.00 10.00 324.93 324.93 10.50 19.27 19.38 8.88 1.01
P-G-T-2 1.00 10.00 325.02 325.02 10.54 19.01 19.11 8.57 1.01
P-G-T-3 1.00 10.00 324.62 324.62 10.59 19.32 19.42 8.83 1.01
P-G-T-4 1.00 10.00 325.18 325.19 10.89 19.60 19.70 8.81 1.01
P-G-T-5 1.00 10.00 324.99 325.00 10.81 19.49 19.59 8.78 1.01
P-G-T-6 1.00 10.00 32475 324.76 10.51 19.17 19.26 8.75 1.01
P-G-T-7 1.00 10.00 325.20 325.21 11.02 19.75 19.86 8.84 1.01
P-G-T-8 1.00 10.00 324.97 324.96 11.11 19.93 20.03 8.92 1.01
P-G-T-9 1.00 10.00 32491 324.92 10.87 19.68 19.78 8.91 1.01
P-H-T-1 1.00 10.00 325.85 325.84 10.56 19.32 19.42 8.86 1.01
P-H-T-2 1.00 10.01 325.70 325.70 10.48 19.05 19.15 8.67 1.01
P-H-T-3 1.00 10.01 326.63 326.62 10.47 19.05 19.16 8.69 1.01
P-H-T-4 1.00 10.00 326.16 326.16 10.77 19.55 19.65 8.88 1.01
P-H-T-5 1.00 10.00 324.60 324.60 10.91 19.70 19.80 8.89 1.01
P-H-T-6 1.00 10.00 325.78 325.78 10.98 19.66 19.78 8.80 1.01
P-H-T-7 1.00 10.00 325.76 323.75 10.87 19.65 19.75 8.88 1.01
P-H-T-8 1.00 10.00 325.28 325.27 10.80 19.56 19.66 8.86 1.01
P-H-T-9 1.00 10.00 325.14 325.15 10.88 19.67 19.77 8.89 1.0t
P-I-T-1 1.00 10.00 325.80 325.80 10.56 19.35 19.46 8.90 1.01
P-I-T-2 1.00 10.00 325.42 325.41 10.54 19.25 19.35 8.81 1.01
P-1-T-3 1.00 10.00 325.12 325.12 11.04 19.73 19.83 8.79 1.01
P-I-T-4 1.00 10.00 325.46 32445 10.91 19.74 19.84 8.93 1.01
P-I-T-5 1.00 10.03 32521 325.21 11.00 19.28 19.39 8.39 1.01
P-1-T-6 1.00 10.00 325.12 325.11 10.73 19.50 19.60 8.87 1.01
P-I-T-7 1.00 10.00 325.37 325.37 11.04 19.80 19.90 8.86 1.01
P-I-T-8 1.00 10.00 325.37 325.37 11.00 19.79 19.90 8.90 1.01

P-I-T-9 1.00 10.00 324.13 324.12 10.74 19.60 19.70 8.96 1.01
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Table B-2, contd. Test Initiation and Termination Data for PATs

pre-test post-test
Designation glass mass water mass vessel mass vessel mass LPEtare LPE+soln LPE+solntacid total soln df
[g] [g] [g] [g] (g] [g] [g] [g]

P-J-T-1 5.00 5.00 323.80 323.80 10.65 13.2 133 2.64 1.04
P-J-T-2 5.00 5.00 324.94 324.94 10.61 13.1 13.2 2.57 1.04
P-J-T-3 5.00 5.00 324.27 324.27 10.45 13.0 13.1 2.62 1.04
P-J-T-4 5.00 5.00 324.27 324.28 11.07 13.6 13.7 2.61 1.04
P-J-T-5 5.00 5.00 324.84 324.85 11.00 13.6 13.70 2.70 1.04
P-J-T-6 5.00 5.00 323.71 323.72 10.58 13.2 13.3 27 1.04
P-J-T-7 5.00 5.00 324.33 324.34 10.98 13.6 13.7 2.68 1.04
P-J-T-8 5.00 5.00 324.52 324.52 10.52 13.1 13.24 2.72 1.04
P-J-T-9 5.00 5.00 323.75 323.76 10.69 133 13.4 273 1.04
P-K-T-1 5.00 5.00 324.61 324.61 10.55 13.1 13.2 2.63 1.04
P-K-T-2 5.00 5.00 324.70 324.69 10.62 132 133 2.63 1.04
P-K-T-3 5.00 5.00 323.93 323.93 10.35 12.9 13.0 2.64 1.04
P-K-T-4 5.00 5.00 324.68 324.66 11.08 13.7 13.8 2.72 1.04
P-K-T-5 5.00 5.00 324.37 324.37 10.57 13.2 13.3 2.7 1.04
P-K-T-6 5.00 5.00 323.94 323.93 10.54 13.2 13.3 2.73 1.04
P-K-T-7 5.00 5.00 325.16 325.16 11.05 13.7 13.8 2.79 1.04
P-K-T-8 5.00 5.00 323.77 323.76 10.66 13.3 13.4 2.73 1.04
P-K-T-9 5.00 5.00 324.08 324.08 10.92 13.7 13.8 2.83 1.03
P-L-T-1 5.00 5.00 325.46 32546 10.67 13 13 2.7 1.04
P-L-T-2 5.00 5.00 325.05 325.04 10.69 13 13 2.7 1.0

P-L-T-3 5.00 5.00 324.68 324.67 10.64 13 13 2.7 1.0

P-L-T-4 5.00 5.00 324.71 324.69 11.03 14 13.8 2.8 1.04
P-L-T-5 5.00 5.00 324.87 324.86 11.27 14 14.0 2.7 1.04
P-L-T-6 5.00 5.00 324.37 324.35 10.33 13 13.0 2.7 1.03
P-L-T-7 5.00 5.00 324.79 324.79 11.00 14 13.7 2.7 1.03
P-L-T-8 5.00 5.00 32542 325.40 10.89 14 13.8 29 1.04

P-L-T-9 5.00 5.00 325.23 325.22 10.99 14 13.8 2.8 1.04
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Table C-1. Concentrations of Li, Mg, Ca, Ti, Cr, Mn, Fe, Ni, Zr, Mo, Cd, Sn, Ba, La, and Pb in
Water Used in PATs. Concentrations listed as upper limits are lower than the LOQ.

(@
Designation Li Mg Ca Ti Cr Mn
pg/L pg/L  pe/l pg/L pg/L pg/L
water (8/11/97) <10 <0.5 <100 <0.1 <0.1 <02
water (8/26/97) <30 <0.7 <40 <0.1 <03 0.313
water (9/8/97) <4 <0.9 <500 <0.1 <02 <03
(®
Designation Fe Ni Zr Mo Cd Sn
pg/L pg/L  pg/l ng/L pg/L ug/L
water (8/11/97) <30 <3 <0.04 <0.2 <0.3 <0.05
water (8/26/97) <30 <3 <0.04 <0.1 <0.3 <0.08
water (9/8/97) <30 <3 <0.04 <0.1 <0.3 <0.08
©
Designation Ba La Pb
pg/L pg/  pg/l
water (8/11/97) < 0.05 <0.03 <0.07
water (8/26/97) 0.15 <0.04 <0.1
water (9/8/97) <0.04 <0.02 0.01
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Table C-2. Final Concentrations of Li, Mg, Ca, Ti, Cr, and Mn in Leachates from Experimental
Blanks. Means, sample standard deviations, and relative standard deviations are calculated for
three sets of triplicate tests and illustrated in bold type.

Designation  temp. water mass duration Li Mg Ca Ti Cr Mn
[°¢] (g] [d] pe/L  pe/L  pe/L  pe/L  pg/L  pg/L
P-A-B-1 20 10 3 <10 4.65 < 100 <0.1 0.13 455
P-A-B-2 20 10 3 <30 6.97 <40 0.17 397 0
P-A-B-3 20 10 3 <4 1122 <500 0.14 2.57 322
P-B-B-1 40 10 3 <10 563 < 100 0.11 1.52 156
P-B-B-2 40 10 3 <30 6.55 <40 0.14 0.78 211
P-B-B-3 40 10 3 <4 1021 <500 0.19 0.39 343
P-C-B-1 70 10 3 <10 6.53 < 100 021 2.36 275
P-C-B-2 70 10 3 <30 892 70.46 0.38 1.66 584
P-C-B-3 70 10 3 <4 13.65 <500 0.19 048 195
P-D-B-1 20 5 3 <10 14.86 <100 044 220 766
P-D-B-2 20 5 3 <30 19.98 61.36 0.34 64.85 1049
P-D-B-3 20 5 3 <4 15.40 <500 025 25.57 602
P-E-B-1 40 5 3 <10 10.19 < 100 0.24 0.55 328
P-E-B-2 40 5 3 <30 1771 93.08 042 0.32 459
P-E-B-3 40 5 3 <4 20.27 <500 0.34 <02 610
P-F-B-1 70 5 3 <10 12.88 < 100 033 047 994
P-F-B-2 70 5 3 <30 14.23 119.78 0.56 0.65 1485
P-F-B-3 70 5 3 <4 21.66 <500 0.31 0.36 467
P-G-B-1 20 10 7 <10 436 < 100 <0.1 042 440
P-G-B-2 20 10 "7 <30 8.34 < 40 0.18 4.63 676
P-G-B-3 20 10 7 <4 11.63 <500 0.19 049 370
P-H-B-1 40 10 7 <10 445 < 100 <0.1 0.20 440
P-H-B-2 40 10 7 <30 1021 <40 0.24 0.51 361
P-H-B-3 40 10 7 <4 12.03 <500 0.17 <02 298
P-1-B-1 70 10 7 <10 6.08 < 100 0.20 0.17 496
P-1-B-2 70 10 7 <30 720 <40 022 0.78 1416
P-1-B-3 70 10 7 <4 13.56 <500 0.22 0.50 338
P-J-B-1 20 5 7 <10 893 < 100 0.22 0.59 685
p-J-B-2 20 5 7 <30 14.75 50.08 0.23 43.63 1623
P-J-B-3 20 5 7 <4 19.15 <500 0.27 0.60 778
P-K-B-1 40 5 7 <10 1191 < 100 0.29 0.19 682
P-K-B-2 40 5 7 <30 15.67 57.46 0.32 6.09 1863
P-K-B-3 40 5 7 <4 2145 < 500 0.30 0.30 507
P-L-B-1 70 5 7 <10 11.26 < 100 0.27 0.53 851
P-L-B-2 70 5 7 <30 25.76 72.04 0.31 0.83 1743
P-L-B-3 70 5 7 <4 21.60 <500 0.37 0.59 896
mean - 12.5 74.9 0.27 5.0 660
s - 5.7 24.1 0.10 13.5 461

% rsd - 45.3 32.1 36.8 270.2 69.9
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Table C-2, contd. Final Concentrations of Fe, Ni, Zr, Mo, Cd, and Sn in Leachates from
Experimental Blanks. Means, sample standard deviations, and relative standard deviations are
calculated for three sets of triplicate tests and illustrated in bold type.

Designation  temp. water mass duration Fe Ni Zr Mo Cd Sn
°C] (gl {d] ng/L ng/L pe/L ug/L ng/L ug/L
P-A-B-1 20 10 3 <30 11.8 <0.04 <0.2 <0.3 <0.05
P-A-B-2 20 10 3 77 22,9 <0.04 <0.1 <0.3 <0.08
P-A-B-3 20 10 3 77 77.2 <0.04 <0.1 <0.3 <0.04
P-B-B-1 40 10 3 <30 7.0 <0.04 <02 <03 0.06
P-B-B-2 40 10 3 <30 25.6 <0.04 <0.1 <03 0.21
P-B-B-3 40 10 3 <30 42.5 <0.04 <0.1 <03 <0.04
P-C-B-1 70 10 3 <30 27.3 0.07 <0.2 <0.3 < 0.05
P-C-B-2 70 10 3 <30 41.5 <0.04 <0.1 <03 <0.08
P-C-B-3 70 10 3 <30 29.9 <0.04 <0.1 <03 <0.04
P-D-B-1 20 5 3 <30 30 <0.04 <02 <03 <0.05
P-D-B-2 20 5 3 226 77.4 < 0.04 <0.1 2.1 0.12
P-D-B-3 20 5 3 153 103.0 <0.04 <0.1 <0.3 < 0.04
P-E-B-1 40 5 3 <30 5 <0.04 <0.2 <03 <0.05
P-E-B-2 40 5 3 <30 50.6 < 0.04 <0.1 <0.3 <0.08
P-E-B-3 40 5 3 <30 70.7 <0.04 0.1 <03 <0.04
P-F-B-| 70 5 3 <30 29 <0.04 0.4 <03 0.07
P-F-B-2 70 5 3 71 72.0 <0.04 <0.1 <03 <0.08
P-F-B-3 70 5 3 <30 38.0 < 0.04 <0.1 <03 < 0.04
P-G-B-1 20 10 7 <30 7.4 <0.04 <0.2 <03 < 0.05
P-G-B-2 20 10 7 44 33.0 <0.04 <0.1 1.9 <0.08
P-G-B-3 20 10 7 <30 21.1 <0.04 <0.1 <03 <0.04
P-H-B-1 40 10 7 <30 7.9 < 0.04 0.2 <03 <0.05
P-H-B-2 40 10 7 <30 224 < 0.04 0.1 <03 0.06
P-H-B-3 40 10 7 <30 19.7 <0.04 <0.1 <0.3 <0.04
P-1-B-1 70 10 7 <30 17.8 0.09 0.7 <03 <0.05
P-1-B-2 70 10 7 <30 51.4 < 0.04 <0.1 <03 <0.08
P-1-B-3 70 10 7 <30 21.5 <0.04 <0.1 <03 < 0.04
P-J-B-1 20 5 7 <30 11 <0.04 <0.2 <03 <0.05
P-J-B-2 20 5 7 108 112.7 <0.04 <0.1 1.7 <0.08
P-J-B-3 20 5 7 110 136.0 <0.04 <0.1 <03 <0.04
P-K-B-1 40 5 7 <30 6.4 <0.04 <02 <03 0.11
P-K-B-2 40 5 7 <30 79.0 <0.04 <0.1 <03 <0.08
P-K-B-3 40 5 7 <30 73.6 <0.04 <0.1 <03 <0.04
P-L-B-1 70 5 7 <30 21 <0.04 <0.2 <0.3 0.05
P-L-B-2 70 5 7 <30 S1.5 <0.04 0.7 <0.3 <0.08
P-L-B-3 70 5 7 63 63.3 <0.04 <0.1 <03 <0.04
mean 103 42 0.1 0.4 1.9 0.1
- s 56 33 0.01 0.3 0.2 0.06

% tsd 54 77 14.6 70.7 10.4 57.2
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Table C-2, contd. Final Concentrations of Ba, La, and Pb in Leachates from Experimental Blanks.
Means, sample standard deviations, and relative standard deviations are calculated for three sets of
triplicate tests and illustrated in bold type.

Designation  temp. water mass duration Ba La Pb
[°C] Ig] fd] peg/L  pe/L pg/L
P-A-B-1 20 10 3 0.07 <0.03 <0.07
P-A-B-2 20 10 3 0.20 <0.04 0.23
P-A-B-3 20 10 3 0.41 <0.02 0.24
P-B-B-1 40 10 3 0.12 <0.03 <0.07
P-B-B-2 40 10 3 0.17 <0.04 0.11
P-B-B-3 40 10 3 0.25 <0.02 0.09
P-C-B-1 70 10 3 0.31 <0.03 0.17
P-C-B-2 70 10 3 0.44 <0.04 0.36
P-C-B-3, 70 10 3 0.38 <0.02 0.96
P-D-B-1 20 5 3 0.15 0.03 0.18
P-D-B-2 20 5 3 0.18 <0.04 5.60
P-D-B-3 20 5 3 0.21 <0.02 0.09
P-E-B-1 40 5 3 0.13 <0.03 <0.07
P-E-B-2 40 5 3 0.33 <0.04 0.44
P-E-B-3 40 5 3 0.23 <0.02 0.20
P-F-B-1 70 5 3 0.14 <0.03 <0.07
P-F-B-2 70 5 3 0.36 <0.04 <0.1
P-F-B-3 70 5 3 0.25 <0.02 0.29
P-G-B-1 20 10 7 0.10 <0.03 <0.07
P-G-B-2 20 10 7 0.23 <0.04 <0.1
P-G-B-3 20 10 7 0.25 <0.02 0.19
P-H-B-1 40 10 7 0.12 <0.03 <0.07
P-H-B-2 40 10 7 0.16 0.10 <0.1
P-H-B-3 40 10 7 0.25 <0.02 0.09
P-1-B-1 70 10 7 0.20 <0.03 0.23
P-1-B-2 70 10 7 0.31 <0.04 <0.1
P-1-B-3 70 10 7 0.37 <0.02 0.29
P-J-B-1 20 5 7 0.13 0.12 0.26
P-J-B-2 20 5 7 0.16 <0.04 0.28
P-J-B-3 20 5 7 0.20 <0.02 0.19
P-K-B-1 40 5 7 0.39 <0.03 0.10
P-K-B-2 40 5 7 0.26 <0.04 0.11
P-K-B-3 40 5 7 0.35 <0.02 0.15
P-L-B-1 70 5 7 0.25 <0.03 0.36
P-L-B-2 70 5 7 0.27 <0.04 <0.1
P-L-B-3 70 5 7 0.25 <0.02 0.12
mean 0.2 0.1 0.5
s 0.1 0.04 1.1

% rsd _ 40.1 53.2 239.6
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Table C-3. Final Concentrations of Li, Mg, Ca, Ti, Cr, and Mn in Leachates from 3-day, 1:10
Tests. Means, sample standard deviations, and relative standard deviations are calculated for three
sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Li Mg Ca Ti Cr Mn
{°C] [g/g] {d] pe/L ug/L ug/L ng/L pe/L pg/L
P-A-T-1 20 1:10 3 <70 4.8 <80 1.0 33 12
P-A-T-2 20 1:10 3 <70 7.1 <80 1.0 2.5 6
P-A-T-3 20 1:10 3 <70 6.5 <80 0.9 3.1 20
P-A-T-4 20 1:10 3 39.3 3.9 <100 0.6 14.5 86
P-A-T-5 20 1:10 3 27.8 3.3 <100 <04 7.5 90
P-A-T-6 20 1:10 3 21.5 5.9 <100 <04 12.6 108
P-A-T-7 20 1:10 3 <20 4.6 <100 0.5 39.1 24
P-A-T-8 20 1:10 3 <20 35.1 <100 14 2.0 92
P-A-T-9 20 1:10 3 <20 26.1 <100 13 6.6 74
mean 29.5 10.8 - 0.95 10.1 57
S 9.0 115 - 0.31 11.7 41
% rsd  30.5 106.2 - 32.93 116.1 71
P-B-T-1 40 1:10 3 <60 4.1 <80 1.7 9.1 36
P-B-T-2 40 1:10 3 <60 3.7 <80 1.5 8.1 48
P-B-T-3 40 1:10 3 <60 6.1 <80 1.6 10.5 39
P-B-T-4 40 1:10 3 46.2 3.7 <100 0.6 13.1 31
P-B-T-5 40 1:10 3 19.1 2.3 < 100 0.7 11.5 7
P-B-T-6 40 1:10 3 13.7 4.8 <100 0.8 7.8 15
P-B-T-7 40 1:10 3 <20 5.7 <100 22 27.6 33
P-B-T-8 40 1:10 3 <20 4.1 <100 0.8 43.0 19
P-B-T-9 40 1:10 3 <20 6.3 <100 0.8 7.8 21
mean 26.3 4.5 - 1.2 15.4 28
s 17.4 1.3 - 0.5 12.1 13
% rsd  66.2 28.8 - 46.1 78.3 47
P-C-T-1 70 1:10 3 <170 6.9 286 24.5 52.7 29
P-C-T-2 70 1:10 3 <70 8.9 291 254 54.0 54
P-C-T-3 70 1:10 3 <70 6.3 278 27.4 55.9 78
P-C-T-4 70 1:10 3 <10 8.6 172 17.7 43.3 37
P-C-T-5 70 1:10 3 <10 4.8 149 17.4 46.8 17
P-C-T-6 70 1:10 3 <10 6.2 170 20.0 63.0 29
P-C-T-7 70 1:10 3 <20 10.7 404 24.1 57.4 116
P-C-T-8 70 1:10 3 <20 8.9 393 24.7 51.2 13
P-C-T-9 70 1:10 3 <20 24.6 482 26.4 54.5 18
- mean - 9.5 292 23.1 53.2 43
s - 5.9 117 3.7 5.8 34

% rsd - 62.0 40 16.2 10.9 79
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Table C-3, contd. Final Concentrations of Fe, Ni, Zr, Mo, Cd, and Sn in Leachates from 3-day,
1:10 Tests. Means, sample standard deviations, and relative standard deviations are calculated for
three sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Fe Ni Zr Mo Cd Sn
[’ [g/g] (d] pg/L pg/L pg/L pg/L pg/L ug/L
P-A-T-1 20 1:10 3 <70 <3 <0.3 2.1 <03 0.34
P-A-T-2 20 1:10 3 <70 <3 <03 2.0 <0.3 0.24
P-A-T-3 20 1:10 3 <70 <3 0.59 3.8 <03 0.48
P-A-T-4 20 1:10 3 51 16.5 0.17 9.3 <0.6 0.51
P-A-T-5 20 1:10 3 <40 14.6 <0.1 12.0 <0.6 <0.2
P-A-T-6 20 1:10 3 54 13.4 0.11 7.9 <0.6 0.25
P-A-T-7 20 1:10 3 107 15.8 0.62 13.1 0.4 0.28
P-A-T-8 20 1:10 3 <20 18.0 0.13 14.7 26.5 8.54
P-A-T-9 20 1:10 3 47 21.9 0.23 20.1 453 9.72
mean 65 16.7 0.3 9.5 24.1 2.5
S 29 3.0 0.2 6.2 22.6 4.1
% rsd 44 18.1 76.3 65.3 93.7 160.2
P-B-T-1 40 1:10 3 <70 <3 1.45 20.1 0.5 3.64
P-B-T-2 40 1:10 3 <70 <3 1.21 25.2 0.4 3.67
P-B-T-3 40 1:10 3 <170 <3 1.32 17.9 <03 431
P-B-T-4 40 1:10 3 <40 <4 0.72 26.7 0.4 2.24
P-B-T-5 40 1:10 3 <40 <4 0.71 29.5 0.4 2.21
P-B-T-6 40 1:10 3 <40 <4 1.07 28.3 0.4 2.76
P-B-T-7 40 1:10 3 150 18.0 1.30 323 0.8 2.13
P-B-T-8 40 1:10 3 60 14.7 0.77 425 0.9 1.03
P-B-T-9 40 1:10 3 40 8.94 0.72 16.0 0.4 4.54
mean 83 13.9 1.0 26.5 0.5 2.9
s 58 4.6 0.3 8.1 0.2 1.2
% rsd 70 33.0 29.2 30.7 35.2 394
P-C-T-1 70 1:10 3 284 13.6 201 78.6 14.3 329
P-C-T-2 70 1:10 3 273 12.1 209 77.4 15.0 32.5
P-C-T-3 70 1:10 3 346 14.1 209 81.8 17.7 319
P-C-T-4 70 1:10 3 168 12.6 178 118.3 10.7 26.7
P-C-T-5 70 1:10 3 162 11.8 173 116.2 10.2 26.9
P-C-T-6 70 1:10 3 209 14.7 200 110.1 11.2 22.7
P-C-T-7 70 1:10 3 256 429 187 87.1 30.5 30.5
P-C-T-8 70 1:10 3 299 19.6 204 79.5 14.6 37.0
P-C-T-9 70 1:10 3 307 20.9 206 85.1 15.8 37.6
mean 256 18 197 93 16 31
s 64 10 14 17 6 5

% rsd 25 55 7 18 40 16
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Table C-3, contd. Final Concentrations of Ba, La, and Pb in Leachates from 3-day, 1:10 Tests.

Means, sample standard deviations, and relative standard deviations are calculated for three sets of
triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Ba La Pb
[°C] [g/g] [d] pg/l  pe/L pg/L

P-A-T-1 20 1:10 3 0.14 0.05 0.68
P-A-T-2 20 1:10 3 0.27 <0.04 0.24
P-A-T-3 20 1:10 3 0.11 0.04 0.23
P-A-T-4 20 1:10 3 <0.1 <0.06 1.95
P-A-T-5 20 1:10 3 <0.1 <0.06 0.48
P-A-T-6 20 1:10 3 0.11 0.15 23.57
P-A-T-7 20 1:10 3 <1 0.22 0.57
P-A-T-8 20 i:10 3 1.41 0.20 72.12
P-A-T-9 20 1:10 3 1.18 0.33 122.4
mean 0.5 0.2 24.7

s 0.6 0.1 43.7
% rsd  111.2 66.6 176.8

P-B-T-1 40 1:10 3 0.08 0.59 0.89
P-B-T-2 40 1:10 3 0.07 <0.04 0.93
P-B-T-3 40 1:10 3 0.12 <0.04 0.56
P-B-T-4 40 1:10 3 0.11 <0.06 1.67
P-B-T-5 40 1:10 3 <0.1 <0.06 0.71
P-B-T-6 40 1:10 3 0.12 <0.06 0.80
P-B-T-7 40 1:10 3 <1 0.04 1.77
P-B-T-8 40 1:10 3 <1 <0.02 0.37
P-B-T-9 40 1:10 3. <l 0.03 0.84

mean 0.1 0.2 0.9

s 0.0 0.3 0.5

% rsd  24.1 147.5 49.6

P-C-T-1 70 1:10 3 0.48 3.31 17.5
P-C-T-2 70 1:10 3 0.40 3.52 18.7
P-C-T-3 70 1:10 3 0.49 3.55 21.2
P-C-T-4 70 1:10 3 0.30 3.14 20.4
P-C-T-5 70 1:10 3 0.30 3.18 15.6
P-C-T-6 70 1:10 3 0.34 3.72 17.0
P-C-T-7 70 1:10 3 <1 3.39 17.6
P-C-T-8 70 1:10 3 <1 3.51 18.6
P-C-T-9 70 1:10 3 <1 3.56 20.3
mean 0.4 34 18.6

s 0.1 0.2 1.9

% rsd 22.4 5.6 10.0
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Table C-4. Final Concentrations of Li, Mg, Ca, Ti, Cr, and Mn in Leachates from 3-day, 1:1
Tests. Means, sample standard deviations, and relative standard deviations are calculated for three
sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Li Mg Ca Ti Cr Mn
Y] (/8] [d] pe/L  pe/L  pg/L  pe/L pg/lL  ug/L
P-D-T-1 20 1:1 3 <70 8.8 159 6.5 24.3 58
P-D-T-2 20 1:1 3 <70 9.0 155 5.9 24.3 46
P-D-T-3 20 1:1 3 <70 23.8 175 6.8 25.8 43
P-D-T-4 20 I:1 3 <10 6.6 <100 2.2 18.2 15
P-D-T-5 20 1:1 3 <10 8.1 <100 2.5 23.5 31
P-D-T-6 20 1:1 3 <10 11.5 106 1.4 21.6 43
P-D-T-7 20 1:1 3 <20 26.4 424 3.9 28.6 42
P-D-T-8 20 1:1 3 <20 15.7 185 2.6 25.5 41
P-D-T-9 20 I:1 3 <20 12.1 134 2.6 303 21
mean - 13.6 191 3.8 24.7 38
s - 7.1 106 2.0 3.6 13
% rsd - 52.1 55.4 53.3 14.4 35
P-E-T-1 40 1:1 3 <70 13.0 395 5.5 42.7 80
P-E-T-2 40 1:1 3 <170 13.9 444 11.3 42.2 49
P-E-T-3 40 1:1 3 <70 18.5 455 9.4 50.7 60
P-E-T-4 40 1:1 3 <10 12.2 296 6.2 38.2 14
P-E-T-5 40 1:1 3 <10 12.4 234 5.7 32.8 37
P-E-T-6 40 1:1 3 <10 11.8 235 5.7 33.1 19
P-E-T-7 40 1:1 3 <20 17.1 594 7.4 353 24
P-E-T-8 40 1:1 3 <20 19.1 540 6.2 40.5 47
P-E-T-9 40 1:1 3 <20 24.4 602 6.6 35.8 20
mean - 15.8 422 7.1 39.0 39
s - 4.3 143 2.0 5.7 22
% rsd - 27.0 34 28.0 14.6 56
P-F-T-1 70 1:1 3 <70 18.5 1172 26.6 86.4 20
P-F-T-2 70 1:1 3 <70 19.3 1157 27.5 90.0 23
P-F-T-3 70 1:1 3 <70 16.7 1004 17.6 77.2 14
P-F-T-4 70 1:1 3 <10 17.4 620 17.0 57.6 31
P-F-T-5 70 1:1 3 <10 17.8 721 18.7 67.1 27
P-F-T-6 70 1:1 3 <10 20.5 727 21.7 69.0 20
P-F-T-7 70 1:1 3 <20 31.8 1545 20.6 75.8 37
P-F-T-8 70 1:1 3 <20 34.1 1645 21.0 72.7 19
P-F-T-9 70 1:1 3 <20 27.1 1445 21.3 77.1 18
mean - 22.6 1115 21.3 74.8 23
s - 6.7 378 3.7 9.8 7

% rsd - 29.5 339 17.2 13.1 30
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Table C-4, contd. Final Concentrations of Fe, Ni, Zr, Mo, Cd, and Sn in Leachates from 3-day,
1:1 Tests. Means, sample standard deviations, and relative standard deviations are calculated for
three sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Fe Ni Zr Mo Cd Sn
[°C] [g/g] [d] pg/L  ug/L  pe/L  pg/L  pg/L pe/l
P-D-T-1 20 1:1 3 134 4.5 33 22 34 24
P-D-T-2 20 1:1 3 116 3.2 3.0 23 3.3 22
P-D-T-3 20 1:1 3 143 4.6 10.7 23 4.6 24
P-D-T-4 20 I:1 3 56 7.2 1.3 37 3.8 13
P-D-T-§ 20 1:1 3 52 6.8 1.3 60 5.3 7
P-D-T-6 20 1:1 3 <40 26.0 0.9 42 5.3 5
P-D-T-7 20 1:1 3 72 134 0.9 54 33 14
P-D-T-8 20 I:1 3 69 14.2 0.9 50 27 14
P-D-T-9 20 I:1 3 95 9.3 0.9 52 2.5 13
mean 92 9.9 2.6 40 3.8 15
S 36 7.2 3.2 15 1.0 7
% rsd 39 72.2 122.9 37 27.7 46
P-E-T-1 40 1:1 3 92 5.5 9.1 90 2.9 31
P-E-T-2 40 1:1 3 190 7.0 14.0 84 5.1 44
P-E-T-3 40 1:1 3 132 4.9 124 102 5.1 35
P-E-T-4 40 1:1 3 131 5.5 9.2 150 3.7 55
P-E-T-5 40 1:1 3 137 19.2 13.6 125 4.4 58
P-E-T-6 40 1:1 3 99 7.1 9.7 136 3.8 56
P-E-T-7 40 1:1 3 155 19.5 9.7 91 3.0 61
P-E-T-8 40 1:1 3 164 26.6 9.2 117 2.9 61
P-E-T-9 40 I:1 3 145 16.4 9.5 95 2.7 62
mean 138 12.4 10.7 110 3.8 51.6
s 31 8.1 2.0 23 0.9 11.9
% rsd 22.1 65.1 19.0 20.9 25.1 23.1
P-F-T-1 70 1:1 3 445 21.5 85.8 371 12.5 127
P-F-T-2 70 1:1 3 505 22.3 82.0 347 12.7 131
P-F-T-3 70 1:1 3 360 14.2 73.0 339 1.7 123
P-F-T-4 70 1:1 3 364 24.0 74.8 348 10.9 140
P-F-T-5 70 1:1 3 356 23.3 72.5 339 9.5 134
P-F-T-6 70 I:1 3 401 20.1 79.9 363 10.2 133
P-F-T-7 70 I:1 3 429 32,5 71.5 410 11.2 147
P-F-T-8 70 I:1 3 409 25.0 76.9 357 10.6 145
P-F-T-9 70 1:1 3 440 22.8 76.2 374 10.6 149

mean 412 22.9 71.6 361 10.7 137
s 48.8 4.8 4.3 223 1.5 9.3
% rsd 11.8 20.9 5.6 6.2 14.1 6.8
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Table C-4, contd. Final Concentrations of Ba, La, and Pb in Leachates from 3-day, 1:1 Tests.
Means, sample standard deviations, and relative standard deviations are calculated for three sets of
triplicate tests and illustrated in bold type.

Designation temp. glass/water duration Ba La Pb
[°C] [g/g] {dl ug/L pg/L pg/L
P-D-T-1 20 1:1 3 0.15 0.29 42
P-D-T-2 20 1:1 3 0.11 0.41 4.2
P-D-T-3 20 1:1 3 1.62 0.36 4.7
P-D-T-4 20 1:1 3 <0.1 0.27 3.0
P-D-T-5 20 1:1 3 <0.1 0.46 2.7
P-D-T-6 20 1:1 3 <0.1 0.20 1.8
P-D-T-7 20 1:1 3 <1 0.27 2.9
P-D-T-8 20 1:1 3 <1 0.20 2.8
P-D-T-9 20 1:1 3 <1 0.21 2.2
mean 0.6 0.3 3.2
S 0.9 0.1 1.0
% rsd 137.3 31.0 30.8
P-E-T-1 40 1:1 3 0.17 0.39 6.5
P-E-T-2 40 1:1 3 0.25 0.55 8.0
P-E-T-3 40 1:1 3 0.30 0.48 6.4
P-E-T-4 40 1:1 3 0.19 0.55 6.0
P-E-T-5 40 1:1 3 0.27 0.59 5.7
P-E-T-6 40 1:1 3 0.14 0.49 5.9
P-E-T-7 40 1:1 3 <1 0.51 7.4
P-E-T-8 40 1:1 3 <1 0.47 5.2
P-E-T-9 40 1:1 3 <1 0.52 6.5
mean 0.2 0.5 6.4
s 0.1 0.1 0.8
% rsd 27.5 11.6 13.3
P-F-T-1 70 1:1 3 0.42 2.1 14.3
P-F-T-2 70 1:1 3 0.33 1.2 14.5
P-F-T-3 70 1:1 3 0.27 1.8 9.8
P-F-T-4 70 1:1 3 0.49 1.8 13.5
P-F-T-5 70 1:1 3 0.38 1.7 11.9
P-F-T-6 70 1:1 3 2.06 2.3 13.5
P-F-T-7 70 1:1 3 <1 1.9 14.1
P-F-T-8 70 1:1 3 <1 2.0 13.9
P-F-T-9 70 1:1 3 <1 1.8 12.9
mean 0.7 1.8 13.2
s 0.7 0.3 1.5

% rsd __ 104.6 15.8 11.2
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Table C-5. Final Concentrations of Li, Mg, Ca, Ti, Cr, and Mn in Leachates from 7-day, 1:10
Tests. Means, sample standard deviations, and relative standard deviations are calculated for three
sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Li Mg Ca Ti Cr Mn
(°C] [g/g] [d] pg/lL  pe/ll  ug/l.  pg/L  pg/L  pe/L
P-G-T-1 20 1:10 7 6.3 5.4 <100 0.7 3.8 74
P-G-T-2 20 1:10 7 6.7 33 <100 0.8 4.0 51
P-G-T-3 20 1:10 7 7.0 4.6 <100 0.7 5.0 50
P-G-T-4 20 1:10 7 12.9 4.5 <70 0.5 18.5 92
P-G-T-5 20 1:10 7 17.9 4.7 <70 0.4 10.8 66
P-G-T-6 20 1:10 7 15.6 3.7 <70 0.6 6.9 57
P-G-T-7 20 1:10 7 <4 3.2 <100 0.2 4.9 191
P-G-T-8 20 1:10 7 <4 6.0 <100 0.8 49.3 127
P-G-T-9 20 1:10 7 <4 5.1 <100 0.9 3.8 31
mean 11.1 4.5 - 0.6 11.9 82
s 5.1 1.0 - 0.2 14.8 50
% rsd  45.9 21.2 - 38.7 124.7 60
P-H-T-1 40 1:10 7 8.7 3.9 <100 2.5 8.4 5
P-H-T-2 40 1:10 7 8.6 7.0 <100 2.4 12.3 15
P-H-T-3 40 1:10 7 7.9 4.0 <100 2.6 14.7 27
P-H-T-4 40 1:10 7 16.9 4.2 <70 14 7.4 8
P-H-T-5 40 i:10 7 15.1 34 <70 1.2 7.5 7
P-H-T-6 40 1:10 7 14.5 4.8 <70 1.5 17.2 11
P-H-T-7 40 1:10 7 <4 4.3 <100 1.6 18.5 28
P-H-T-8 40 I1:10 7 <4 3.9 <100 1.3 30.8 26
P-H-T-9 40 1:10 7 <4 43 <100 2.8 11.8 16
mean 11.9 4.5 - 1.9 14.3 16
s 4.0 1.0 - 0.6 7.4 9
% rsd  33.2 23.2 - 32.7 51.9 57
P-1-T-1 70 1:10 7 15.9 19.5 332 48.6 104 46
P-1-T-2 70 1:10 7 15.5 9.5 292 46.7 107 39
P-I-T-3 70 1:10 7 13.9 13.8 327 49.3 108 50
P-1-T-4 70 1:10 7 18.8 9.8 221 43.4 92 69
P-1-T-5 70 1:10 7 14.1 9.2 235 42.8 94 48
P-1-T-6 70 1:10 7 14.0 8.2 208 46.7 99 86
P-I-T-7 70 1:10 7 <4 12.1 377 62.1 131 87
P-1-T-8 70 1:10 7 <4 12.0 405 66.7 129 80
P-I-T-9 70 1:10 7 <4 11.5 361 57.9 111 36
mean 15.3 11.8 307 51.6 108 60
s 1.9 3.4 72 8.6 14 21

% rsd 124 28.9 23 16.6 13 34
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Table C-5, contd. Final Concentrations of Fe, Ni, Zr, Mo, Cd, and Sn in Leachates from 7-day,
1:10 Tests. Means, sample standard deviations, and relative standard deviations are calculated for
three sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Fe Ni Zr Mo Cd Sn
[°C] [g/g] [d] pg/L  pg/b pg/L  pg/b pg/b  pg/b

P-G-T-1 20 1:10 7 <40 1.87 0.84 6.4 <04 0.49
P-G-T-2 20 1:10 7 <40 1.72 0.43 18.2 <04 0.83
P-G-T-3 20 1:10 7 <40 5.39 0.34 13.5 <04 0.51
P-G-T-4 20 1:10 7 <60 17.50 0.27 26.8 0.8 0.17
P-G-T-5 20 1:10 7 <60 9.99 0.23 12.4 0.9 0.16
P-G-T-6 20 1:10 7 <60 7.27 0.28 15.4 1.6 0.74
P-G-T-7 20 1:10 7 <20 29.2 <0.06 20.2 <03 <0.1
P-G-T-8 20 1:10 7 249 27.0 0.26 21.6 0.9 0.23
P-G-T-9 20 1:10 7 <20 8.08 0.26 28.5 0.4 1.25
mean 249 12.0 0.4 18.1 0.9 0.5

s - 10.3 0.2 7.1 0.4 0.4
% rsd - 85.6 55.6 39.0 47.4 69.5

P-H-T-1 40 1:10 7 <40 <1 6.66 20.8 0.7 8.67
P-H-T-2 40 1:10 7 <40 107.24 7.21 32.2 0.7 7.34
P-H-T-3 40 1:10 7 91 1.62 9.60 23.7 0.8 7.18
P-H-T-4 40 1:10 7 <60 <4 3.46 28.5 0.9 9.13
P-H-T-5 40 1:10 7 <60 <4 434 327 0.7 10.8
P-H-T-6 40 1:10 7 <60 <4 3.65 61.5 0.3 6.87
P-H-T-7 40 1:10 7 47 9.88 4.14 47.4 0.9 5.10
P-H-T-8 40 1:10 7 40 6.39 3.78 59.5 0.3 2.92
P-H-T-9 40 1:10 7 67 6.81 4.47 40.6 0.7 9.90
mean 61 26.4 5.3 38.5 0.7 7.5

S 23 45.3 2.1 14.8 0.2 2.5

% rsd 38 171.6 40.0 38.5 354 32.5

P-I-T-1 70 1:10 7 644 433 542 93.2 43.0 59.4
P-1-T-2 70 1:10 7 599 39.7 520 93.8 39.8 58.0
P-I-T-3 70 1:10 7 619 40.8 534 92.0 433 58.5
P-I-T-4 70 1:10 7 524 45.7 435 151.7 34.2 55.6
P-I-T-5 70 1:10 7 434 349 398 141.9 28.0 46.5
P-1I-T-6 70 1:10 7 508 39.4 435 115.3 34.8 47.4
P-I-T-7 70 1:10 7 609 67.8 500 142.6 41.0 54.1
P-I-T-8 70 1:10 7 715 59.0 530 130.6 47.4 60.9
P-I-T-9 70 1:10 7 625 52.2 488 153.7 41.3 63.5

mean 586 47.0 487 124 39.2 56.0
S 84 10.7 52 26 5.9 5.8
% rsd 14.3 22.8 10.7 20.8 15.0 10.4
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Table C-5, contd. Final Concentrations of Ba, La, and Pb in Leachates from 7-day, 1:10 Tests.
Means, sample standard deviations, and relative standard deviations are calculated for three sets of
triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Ba La Pb
[°C] [g/g] [d] pe/L  pe/L pg/L
P-G-T-1 20 1:10 7 1.72 0.11 0.98
P-G-T-2 20 1:10 7 < 0.09 1.78 0.50
P-G-T-3 20 1:10 7 <009 <0.05 0.40
P-G-T-4 20 i:10 7 0.12 0.10 0.61
P-G-T-5 20 1:10 7 0.09 0.05 0.51
P-G-T-6 20 1:10 7 0.13 0.05 1.86
P-G-T-7 20 1:10 7 <0.2 0.02 <0.2
P-G-T-8 20 1:10 7 <0.2 0.29 0.32
P-G-T-9 20 1:10 7 <0.2 0.03 0.28
mean 0.5 0.3 0.7
s 0.8 0.6 0.5
% rsd  156.1 199.2 76.6
P-H-T-1 40 1:10 7 0.12 0.11 1.76
P-H-T-2 40 1:10 7 0.12 0.14 16.0
P-H-T-3 40 1:10 7 < 0.09 0.11 2.21
P-H-T-4 40 1:10 7 0.11 0.09 1.19
P-H-T-5 40 1:10 7 0.11 0.06 1.25
P-H-T-6 40 1:10 7 0.12 0.06 1.71
P-H-T-7 40 1:10 7 <0.2 0.06 1.55
P-H-T-8 40 1:10 7 <02 0.06 0.49
P-H-T-9 40 1:10 7 <02 0.08 2.10
mean 0.1 0.1 3.1
s 0.01 0.03 4.8
% rsd 6.5 33.6 154.3
P-I-T-1 70 1:10 7 0.72 8.60 48.7
P-1-T-2 70 1:10 7 0.54 8.60 473
P-1-T-3 70 1:10 7 0.62 9.39 48.0
P-1-T-4 70 1:10 7 0.74 8.33 43.4
P-I-T-5 70 1:10 7 0.60 7.69 37.8
P-I-T-6 70 1:10 7 0.69 8.65 43.3
P-I-T-7 70 1:10 7 0.57 8.63 453
P-I-T-8 70 1:10 7 0.32 9.00 51.3
P-I-T-9 70 1:10 7 1.08 8.50 44.8
mean 0.7 8.6 45.6
s 0.2 0.5 3.9
% rsd  31.1 5.3 8.6
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Table C-6. Final Concentrations of Li, Mg, Ca, Ti, Cr, and Mn in Leachates from 7-day, 1:1
Tests. Means, sample standard deviations, and relative standard deviations are calculated for three
sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Li Mg Ca Ti Cr Mn
[°C] [g/g] [d] pe/L  pg/lL  pe/L pe/L  pg/L  pe/L
P-J-T-1 20 1:1 7 8.77 10.0 132 3.78 24.6 37
P-J-T-2 20 1:1 7 8.20 24.2 166 7.14 25.4 38
P-J-T-3 20 1:1 7 7.70 26.6 226 545 22.7 27
P-J-T-4 20 1:1 7 <10 7.4 126 3.98 39.7 95
P-J-T-5 20 1:1 7 <10 6.8 79 3.35 304 46
P-J-T-6 20 I:1 7 <10 43 76 3.86 35.7 52
P-J-T-7 20 1:1 7 <4 13.5 131 4.61 67.4 206
P-J-T-8 20 1:1 7 <4 14.6 102 5.37 39.6 196
P-J-T-9 20 1:1 7 <4 19.0 126 5.10 58.5 223
mean 8.23 14.1 129 4.7 38.2 102
S 0.53 7.9 46 1.2 15.5 82
% rsd  6.50 56.0 36 24.7 40.6 80
P-K-T-1 40 1:1 7 11.7 12.0 379 12.2 38.3 33
P-K-T-2 40 1:1 7 10.2 10.8 363 11.0 34.8 32
P-K-T-3 40 1:1 7 9.94 14.2 394 12.1 39.0 21
P-K-T-4 40 1:1 7 <10 8.9 219 8.5 36.4 13
P-K-T-5 40 I:1 7 <10 6.6 222 9.2 40.1 36
P-K-T-6 40 1:1 7 <10 12.8 340 12.9 65.3 45
P-K-T-7 40 1:1 7 <4 18.3 430 10.1 39.1 19
P-K-T-8 40 1:1 7 <4 21.9 487 11.0 40.8 24
P-K-T-9 40 1:1 7 <4 17.6 453 10.0 52.5 43
mean 10.6 13.7 365 10.8 42.9 30
s 1.0 4.9 94 1.5 9.8 11
% rsd 9.1 35.5 26 13.5 22.8 37
P-L-T-1 70 1:1 7 38.9 26 1070 30.5 116 36
P-L-T-2 70 1:1 7 40.6 30 1222 33.5 111 361
P-L-T-3 70 1:1 7 40.8 31 1279 324 108 85
P-L-T-4 70 1:1 7 <10 14 420 25.6 106 51
P-L-T-5 70 1:1 7 <10 15 323 21.8 82 32
P-L-T-6 70 1:1 7 <10 13 442 27.1 101 41
P-L-T-7 70 i:1 7 39.6 35 1259 39.1 106 56
P-L-T-8 70 1:1 7 41.3 36 1259 31.3 96 32
P-L-T-9 70 1:1 7 33.8 32 1203 28.0 98 29

mean 392 25.7 942 29.9  102.8 80
s 2.8 9.4 416 5.0 9.9 107
YPrsd 7.1 36.5 44 16.8 9.6 133
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Table C-6, contd. Final Concentrations of Fe, Ni, Zr, Mo, Cd, and Sn in Leachates from 7-day,
I:1 Tests. Means, sample standard deviations, and relative standard deviations are calculated for
three sets of triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Fe Ni Zr Mo Cd Sn
[°C] (/8] [d] pe/L  pe/lL  pg/L  pg/L  pe/L  pg/L

P-J-T-1 20 I1:1 7 <40 4.0 5.7 29.2 2.3 41.7
P-J-T-2 20 I:1 7 113 6.6 5.7 253 3.0 39.5
P-J-T-3 20 1:1 7 52 4.1 5.2 24.0 3.0 41.9
P-J-T-4 20 1:1 7 165 27.8 2.7 73.4 5.3 229
P-J-T-5 20 1:1 7 88 10.3 2.09 63.8 5.0 11.5
P-J-T-6 20 I:1 7 98 214 2.9 394 5.9 16.6
P-J-T-7 20 1:1 7 349 70.7 2.2 98.1 3.8 22.0
P-J-T-8 20 1:1 7 116 29.5 2.49 99.4 3.6 19.1
P-J-T-9 20 1:1 7 249 66.0 2.4 122 34 21.7
mean 154 26.7 35 63.9 3.9 26.3

S 929 25.6 1.6 36.8 1.2 11.6

% rsd 64 95.7 44.5 57.6 31.0 44.0

P-K-T-1 40 1:1 7 187 11.5 29.5 108 8.4 96.2
P-K-T-2 40 1:1 7 169 9.7 27.0 97 8.5 89.5
P-K-T-3 40 I:1 7 192 10.2 32.7 102 1.7 88.1
P-K-T-4 40 I:1 7 237 7.2 18.3 146 4.4 70.7
P-K-T-5 40 1:1 7 264 19.5 234 158 4.7 80.3
P-K-T-6 40 1:1 7 257 18.3 21.9 215 6.5 70.4
P-K-T-7 40 1:1 7 183 12.9 23.6 179 5.0 84.3
P-K-T-8 40 I:1 7 186 16.1 25.2 203 5.8 84.9
P-K-T-9 40 1:1 7 165 14.2 22.8 199 5.6 78.7
mean 204 13.3 24.9 156 6.3 82.6

s 38 4.1 4.3 46 1.6 8.5

% rsd 18 30.9 17.3 29 25.2 10.3

P-L-T-1 70 1:1 7 520 50 103 431 25.0 172
P-L-T-2 70 1:1 7 558 70 110 439 28.0 170
P-L-T-3 70 I:1 7 583 55 107 441 26.4 173
P-L-T-4 70 I:t 7 495 41 81 480 17.6 154
P-L-T-5 70 1:1 7 480 34 69 388 14.7 127
P-L-T-6 70 I:1 7 617 44 87 477 16.8 155
P-L-T-7 70 1:1 7 580 61 100 495 27.7 161
P-L-T-8 70 1:1 7 476 45 97 478 253 162
P-L-T-9 70 1:1 7 423 42 95 504 17.8 163

- mean 526 49.3 94.5 459 22.2 160
s 63 11.2 13.1 37 5.3 14
% rsd 12 22.7 13.9 8 23.9 9
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Table C-6, contd. Final Concentrations of Ba, La, and Pb in Leachates from 7-day, 1:1 Tests.
Means, sample standard deviations, and relative standard deviations are calculated for three sets of
triplicate tests and illustrated in bold type.

Designation  temp. glass/water duration Ba La Pb
[°C] le/e] [d] e/l pg/ll  pg/l

P-J-T-1 20 1:1 7 0.15 0.84 2.91
P-J-T-2 20 1:1 7 0.38 0.41 3.68
P-J-T-3 20 1:1 7 0.36 0.36 3.51
P-J-T-4 20 1:1 7 0.38 0.58 6.33
P-J-T-5 20 1:1 7 0.17 0.98 11.9
P-I-T-6 20 1:1 7 0.15 0.68 4.59
P-J-T-7 20 1:1 7 0.85 1.05 4.31
P-J-T-8 20 1:1 7 <02 0.61 5.10
P-J-T-9 20 1:1 7 <02 0.59 4.19
mean 0.4 0.7 5.2

s 0.2 0.2 2.7

% rsd  70.6 35.2 52.6

P-K-T-1 40 1:1 7 0.41 0.90 10.0
P-K-T-2 40 1:1 7 0.19 0.93 10.2
P-K-T-3 40 1:1 7 0.21 0.86 10.1
P-K-T-4 40 1:1 7 1.58 0.79 7.95
P-K-T-5 40 1:1 7 0.35 0.77 8.65
P-K-T-6 40 1:1 7 0.27 0.96 9.49
P-K-T-7 40 I:1 7 <0.2 0.81 8.25
P-K-T-8 40 1:1 7 <0.2 0.89 9.33
P-K-T-9 40 1:1 7 <0.2 0.84 7.97
mean 0.5 0.9 9.1

s 0.5 0.1 0.9

% rsd  106.7 7.6 10.1

P-L-T-1 70 1:1 7 0.55 3.29 22.7
P-L-T-2 70 1:1 7 0.55 3.56 22.4
P-L-T-3 70 1:1 7 0.50 3.34 23.2
P-L-T-4 70 1:1 7 0.63 2.42 17.9
P-L-T-5 70 1:1 7 0.46 1.99 13.8
P-L-T-6 70 1:1 7 0.49 2.40 19.7
P-L-T-7 70 1:1 7 + 0.35 3.32 333
P-L-T-8 70 i:1 7 0.26 2.83 23.3
P-L-T-9 70 Il 7 <0.2 2.76 19.1
mean 0.5 2.9 21.7

s 0.1 0.5 53

% rsd_ 25.0 18.6 24.6
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APPENDIX D. ANALYSIS OF YARIANCE BY GLASS/WATER MASS RATIO

Figure D-1. One-Way ANOVA for Na Concentration in Leachates from 3-day, 20°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.

r[Na [ppb] By gIass/waterJ
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0 T

glass/water

r(Oneway Anova)

r@ummary of Fit )

RSquare 0.989267
RSquare Adj 0.988596
Root Mean Square Error 1685.674
Mean of Response 20474.79
LObservations (or Sum Wgts) 18

Difference t-Test DF Prob>itl
Estimate 30515.9 38.402 16 <.0001
Std Error 794.6
Lower 95% 28831.3
Upper 95% 32200.4

Assuming equal variances

—
e
lAnaIysis of Variancel

Source - CF Sum of Squares Mean Square F Ratio
Model 1 4190486880 4.1905e9 1474.747
Error 16 45463923 2841495 Prob>F
C Total 17 4235950803 2.4917e8 <.0001
R O R RRRRRRRRBRBRRRRRRSSSSSBRBRDERRDRD_D_DTDIDDD
—_—
lMeans for Oneway Anova |
Level  Number Mean Std Error
1 9 35732.7 561.89
i0 9 5216.9 561.89

Std Error uses a pooled estimate of error variance
.

\ J
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Figure D-1, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 20°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.

Ei {ppb] By glasslwater)
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(Oneway Anova )

[Summary of Fit)

RSquare 0.987408
RSquare Adj 0.986621
Root Mean Square Error 350.3043
Mean of Response 3429.437
LObservations (or Sum Wgts) 18

-

lt-Test | W

Difference t-Test DF Prob>Itl
Estimate 5849.30 35.421 16 <.0001
Std Error 165.14
Lower 95% 5499.24
Upper 95% 6199.37
LAssuming equal variances

(Analysis of Variance }

Source DF Sum of Squares Mean Square F Ratio
Model 1 153964618 1.5396e8 1254.672
Error 16 1963409 122713.1 Prob>F
LC Total 17 155928027 9172237 <.0001

[Means for Oneway Anova]

Level Number Mean Std Error
1 9 6354.09 116.77
10 9 504.78 116.77

Std Error uses a pooled estimate of error variance
\.
\.
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Figure D-1, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 20°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.

r[B [ppb] By glass/water]
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(Oneway Anova)

(Summary of Fit)

RSquare 0.795844
RSquare Adj 0.783084
Root Mean Square Error 148.6888
Mean of Response 368.1843

LObservations (or Sum Wagts) 18

=
t-Test
Difference t-Test bF Prob>ltl

Estimate 553.560 7.898 16 <.0001
Std Error 70.093
Lower 95% 404.971
Upper 95% 702.149
LAssuming equal variances

[Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 1378930.6 1378931  62.3715
Error 16 353733.7 22108 Prob>F
| C Total 17 1732664.4 101921 <.0001

(Means for Oneway Anova)

Level Number Mean Std Error
1 9 644.964 49.563
10 9 91.404 49.563
Std Error uses a pooled estimate of error variance

\.
\. J
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Figure D-2. One-Way ANOVA for Na Concentration in Leachates from 3-day, 40°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.

rG\Ia [ppb] By glass/water]
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(Oneway Anova)
rSLummary of Fit)

RSquare 0.998285
RSquare Adj 0.998178
Root Mean Square Error 1149.535
Mean of Response 36752.74
kObservations {or Sum Wgts) 18

‘

Difference t-Test DF Prob>Iti

Estimate 52297.6 96.509 16 <.0001
Std Error 541.9
Lower 95% 51148.8
Upper 95% 53446.3
(\ssuming equal variances

'Analysis of Variance)

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1.23077e10 1.231e10 9313.893
Error 16 21142886.9 1321430 Prob>F
kC Total 17 1.23288e10 7.2522e8 <.0001

(Means for Oneway Anova )

Level Number Mean Std Error
1 9 62901.5 383.18
10 9 10604.0 383.18

§td Error uses a pooled estimate of error variance
\.

J
—
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Figure D-2, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 40°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.

{7 N\
(si [ppb] By glass/water )
25000 K
20000
) i
& 15000
(5] .
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5000 ] -
T
1 10
glass/water
(1 )
[Oneway Anova)
f -
(Summary of FltJ
RSquare 0.993715
RSquare Adj 0.993322
Root Mean Square Error 886.9859
Mean of Response 14650.46
LObservations (or Sum Wgts) 18
f A
h-Test]
Difference t-Test bF Prob>iti
Estimate 21029.8 50.295 16 <.0001
Std Error 418.1
Lower 95% 20143.4
Upper 95% 21916.2
Assuming equal variances
\. y,
-
(Analysis of Variance )
Source DF Sum of Squares Mean Square F Ratio
Model 1 1990137897 1.9901e9 2529.588
Error 16 12587903.6 786744 Prob>F
LC Total 17 2002725800 1.1781e8 <.0001
p=
(Means for Oneway Anova)
Level Number Mean Std Error
1 9 25165.4 295.66
10 9 4135.6 295.66
Std Error uses a pooled estimate of error variance
.
.
\.
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Figure D-2, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 40°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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[Summary of Fit)
RSquare 0.985296
RSquare Adj 0.984377
Root Mean Square Error 165.0646
Mean of Response 1690.807
Observations (or Sum Wgts) 18
(- ™)
t-Test
Difference t-Test oF Prob>1tl
Estimate 2547.81 32.743 16 <.0001
Std Error 77.81
Lower 95% 2382.86
Upper 95% 2712.77
LAssuming equal variances )
p
[Analysis of Variance)
Source DF  Sum of Squares Mean Square F Ratio
Model 1 29211052 29211052 1072.11
Error 16 435941 27246.33 Prob>F
| C Total 17 29646993 1743941 <.0001
(Means for Oneway Anova )
Level Number Mean Std Error
1 9 2964.71 55.022
10 9 416.90 55.022
Std Error uses a pooled estimate of error variance
LL »




Figure D-3. One-Way ANOVA for Na Concentration in Leachates from 3-day, 70°C, 1:1, and

99

1:10 Tests by Glass/Water Mass Ratio Duration.
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RSquare 0.985719
RSquare Adj 0.984826
Root Mean Square Error 10208.68
Mean of Response 113659.5
Observations (or Sum Wgts) 18
t-Test
Difference t-Test > Prob>tl
Estimate 159924 33.232 16 <.0001
Std Error 4812
Lower 95% 149723
Upper 95% 170126
LAssuming equal variances )
[Analysis of Variance]
Source DF  Sum of Squares Mean Square F Ratio
Model 1 1.15091e11 1.151e11 1104.341
Error 16 1667474435 1.0422e8 Prob>F
‘C Total 17 1.16759e11 6.8682e9 <.0001

(Means for Oneway Anova)

Level Number Mean Std Error
1 9 193622 3402.9
10 9 33697 3402.9

\.

§td Error uses a pooled estimate of error variance
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Figure D-3, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 70°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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(Summary of Fit)
RSquare 0.968558
RSquare Adj 0.966593
Root Mean Square Error 4802.862
Mean of Response 49847.34
Observations (or Sum Wgts) 18
; <
t-Test
Difference t-Test DF Prob>Itl
Estimate 50264.6 22.201 16 <.0001
Std Error 2264.1
Lower 95% 45464.9
Upper 95% 55064.2
f\ssuming equal variances )
p
(Analysis of Variance ]
Source DF Sum of Squares Mean Square F Ratio
Model 1 1.13694e10 1.137e10 492.8742
Error 16 369079658 23067479 Prob>F
LC Total 17 1.17384e10 6.905e+8 <.0001
[Means for Oneway Anova ]
Level Number Mean Std Error
1 9 74979.6 1601.0
10 9 247151 1601.0
LStd Error uses a pooled estimate of error variance
. W,
\. J
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Figure D-3, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 70°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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RSquare Adj 0.987402
Root Mean Square Error 995.5167
Mean of Response 12067.1
Observations (or Sum Wgts) 18

t-Test
Difference t-Test DF Prob>|tl

Estimate 17136.8 36.516 16 <.0001
Std Error 469.3
Lower 95% 16141.9
Upper 95% 18131.6
LAssuming equal variances

TAnalysis of VarianceJ

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1321512027 1.3215e9 1333.442
Error 16 15856856.4 991053.5 Prob>F
| C Total 17 1337368883 78668758 <.0001

tMeans for Oneway Anova )

Level Number Mean Std Error
1 9  20635.5 331.84
10 9 3498.7 331.84

Std Error uses a pooled estimate of error variance
-

\. J
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Figure D-4. One-Way ANOVA for Na Concentration in Leachates from 7-day, 20°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.
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LObsesrvations (or Sum Wqgts) 18

r|t-Tes't | ]

Difference t-Test DF Prob>l1tl
Estimate 34469.2 83.877 16 <.0001
Std Error 410.9
Lower 95% 33598.0
Upper 95% 35340.3

Assuming equal variances
—.

(Analysis of Variancej

Source DF  Sum of Squares Mean Square F Ratio
Model 1 5346559137 5.3466e9 7035.351
Error 16 12159299.7 759956.2 Prob>F
LC Total 17 5358718437 3.1522e8 <.0001

;
(Means for Oneway Anova]

Level Number Mean Std Error
1 9 40342.1 290.58
10 9 5872.9 290.58

Std Error uses a pooled estimate of error variance
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Figure D-4b. One-Way ANOVA for Si Concentration in Leachates from 7-day, 20°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.
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RSquare Adj 0.929825
Root Mean Square Error 1495.711
Mean of Response 6332.776
Observations (or Sum Wgts) 18
T —
f— ™)
t-Test
Difference t-Test DF Prob>iti
Estimate 10605.6 15.042 16 <.0001
Std Error 705.1
Lower 95% 9110.9
Upper 95% 12100.4
f\ssumlng equal variances )
p
[Analysis of Variance]
Source DF Sum of Squares Mean Square F Ratio
Model 1 506158655 5.0616e8 226.2514
Error 16 35794417 2237151 Prob>F
| C Total 17 541953072 31879592 <.0001
p
[Means for Oneway Anova ]
Level Number Mean Std Error
1 9 11635.6 498.57
10 9 1030.0 498.57
LStd Error uses a pooled estimate of error variance
\. v
\. 7
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Figure D-4, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 20°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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Estimate 573.255 5.080 16 0.0001
Std Error 112.835
Lower 95% 334.058
Upper 95% 812.452
kAssuming equal variances

(Analysis of Varian@

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1478796.2 1478796 25.8114
Error 16 916677.5 57292 Prob>F
LC Total 17 2395473.6 140910 0.0001

(Means for Oneway Anova)

Level Number Mean Std Error
1 9 686.513 79.786
10 9 113.258 79.786

ftd Error uses a pooled estimate of error variance

.
- J
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Figure D-5. One-Way ANOVA for Na Concentration in Leachates from 7-day, 40°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.

[Na [ppb] By glass/water]
90000

80000+

70000

60000

50000

Na [ppb]

40000

30000~

20000

10000 T

glass/water

[0neway Anova)

r[Summary of Fit]

RSquare 0.991369
RSquare Adj 0.990829
Root Mean Square Error 3127.299
Mean of Response 44922.96
Observations (or Sum Wgts) 18
) —

’

Difference t-Test DF Prob>itl

Estimate 63197.9 42.869 16 <0001
Std Error 1474.2
Lower 95% 60072.7
Upper 95% 66323.1

Assuming equal variances
\.

(Analysis of Variance)

Source DF Sum of Squares Mean Square F Ratio
Model 1 1.79729e10 1.797e10 1837.721
Error 16 156479938 9779996 Prob>F
C Total 17 1.81294e10 1.0664e9 <.0001

(Means for Oneway Anova )

Level Number Mean Std Error
1 9 76521.9 1042.4
10 9 13324.0 1042.4

Std Error uses a pooled estimate of error variance

\.
\. 7
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Figure D-5, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 40°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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h-Test]
Difference t-Test oF Prob>Itl

Estimate 26974.7 24.547 16 <.0001
Std Error 1098.9
Lower 95% 24645.2
Upper 95% 29304.3
LAssuming equal variances

@nalysis of Variance)

Source DF  Sum of Squares Mean Square F Ratio
Model 1 3274363526 3.2744e9 602.5733
Error 16 86943469.6 5433967 Prob>F
LC Total 17 3361306996 1.9772e8 <.0001

@eans for Oneway Anova)

Level Number Mean Std Error
1 9 35873.5 777.03
10 9 8898.8 777.03

Std Error uses a pooled estimate of error variance

\. y
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Figure D-5, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 40°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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Std Error 141.57
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Z\ssuming equal variances

.
[Analysis of Variance)

Source OF Sum of Squares Mean Square F Ratio
Model 1 46575761 46575761 516.3955
Error 16 1443104 90193.98 Prob>F
LC Total 17 48018864 2824639 <.0001

[Means for Oneway Anova)

Level Number Mean Std Error
1 9 4140.63 100.11
10 °] 923.46 100.11

§td Error uses a pooled estimate of error variance
\. 7
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Figure D-6. One-Way ANOVA for Na Concentration in Leachates from 7-day, 70°C, 1:1, and
1:10 Tests by Glass/Water Mass Ratio Duration.
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Difference t-Test DF Prob>It!
Estimate 183873 37.804 16 <.0001
Std Error 4864
Lower 95% 173563
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Assuming equal variances
\ o
>
(Analysis of Variance )
Source DF  Sum of Squares Mean Square F Ratio
Model 1 1.52142e11 1.521e11 1429.169
Error 16 1703281879 1.0646e8 Prob>F
C Total 17 1.53846e11 9.0497e9 <.0001
(Means for Oneway Anova )
Level Number Mean Std Error
1 9 227319 3439.2
10 9 43445 3439.2
LStd Error uses a pooled estimate of error variance
S JJ
\—
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Figure D-6, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 70°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.
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Std Error 2769.4
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Assuming equal variances

(Analysis of Variance )

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1.48405e10 1.484e10 430.0086
Error 16 552195009 34512188 Prob>F
LC Total 17 1.53927e10 9.0545e8 <.0001

[Means for Oneway Anovﬂ

Level Number Mean Std Error
1 9 92313.1 1958.2
10 9 34885.8 1958.2

Std Error uses a pooled estimate of error variance
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Figure D-6, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 70°C, 1:1,
and 1:10 Tests by Glass/Water Mass Ratio Duration.

r[B [ppb] By glass/water|

30000
- i

25000

glass/water

r@neway Ano@
rLSummary of Fit]

RSquare 0.96064

RSquare Adj 0.95818

Root Mean Square Error 2457.103

Mean of Response 16116.46

Observations (or Sum Wgts) 18

(7 =)
t-Test

Difference t-Test OF Prob>ltl

Estimate 22889.3 19.761 16 <.0001
Std Error 1158.3

Lower 95% 20433.8

Upper 95% 25344.7
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Q—\nalysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 1 2357633791 2.3576e9 390.5076
Error 16 96597703.9 6037356 Prob>F
f Total 17 2454231495 1.4437e8 <.0001

r[Means for Oneway Anova)

Level Number Mean Std Error

1 9 27561.1 819.03

10 9 4671.8 819.03

Etd Error uses a pooled estimate of error variance
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APPENDIX E. ANALYSIS OF VARIANCE BY TEMPERATURE

Figure E-1. One-Way ANOVA for Na Concentration in Leachates from 1:10, 3-day, 20, 40, and
70°C Tests by Test Temperature.
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-
(Analysis of Variance )
Source DF Sum of Squares Mean Square F Ratio
Model 2 4120367688 2.0602e9 2083.376
Error 24 23732832.1 988868 Prob>F
LC Total 26 4144100520 1.5939e8 <.0001
[Means for Oneway Anova]
Level Number Mean Std Error
20 9 5216.9 331.47
40 9 10604.0 331.47
70 9 33697.3 331.47
\Std Error uses a pooled estimate of error variance
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Figure E-1, contd. One-Way ANOVA for Si Concentration in Leachates from 1:10, 3-day, 20,
40, and 70°C Tests by Test Temperature.
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@-\nalysis of Variance J

Source DF  Sum of Squares Mean Square F Ratio
Model 2 3068507748 1.5343e9 1377.774
Error 24 26725780.4 1113574 Prob>F
&Total 26 3095233528 1.1905e8 <.0001

(Means for Oneway Anova )

Level Number Mean Std Error
20 9 504.8 351.75
40 9 4135.6 351.75
70 9 24715.1 351.75

Std Error uses a pooled estimate of error variance
-
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Figure E-1, contd. One-Way ANOVA for B Concentration in Leachates from 1:10, 3-day, 20,
40, and 70°C Tests by Test Temperature.
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[Analysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Mode! 2 63639653 31819827 2588.417
Error 24 295036 12293.16 Prob>F
LC Total 26 63934689 2459027 <.0001
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(Means for Oneway Anova]

Level Number Mean Std Error
20 9 91.40 36.958
40 9 416.90 36.958
70 9 3498.71 36.958

§td Error uses a pooled estimate of error variance
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Figure E-2. One-Way ANOVA for Na Concentration in Leachates from 1:1, 3-day, 20, 40, and
70°C Tests by Test Temperature.
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RSquare Adj 0.985744
Root Mean Square Error 8441.831
Mean of Response 97418.66
LObservations (or Sum Wagts) 27

[Analysis of Variance ]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 1.28265e11 6.413e10 899.9187
Error 24 1710348413 71264517 Prob>F

C Total 26 1.29975¢e11 4.999%+9 <0001

-
(Means for Oneway Anom

Level Number Mean Std Error
20 9 35733 2813.9
40 9 62902 2813.9
70 9 193622 2813.9

Std Error uses a pooled estimate of error variance
-
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Figure E-2, contd. One-Way ANOVA for Si Concentration in Leachates from 1:1, 3-day, 20, 40,
and 70°C Tests by Test Temperature.
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[Summary of Fit ]
RSquare 0.984476
RSquare Adj 0.983183
Root Mean Square Error 3856.3
Mean of Response 35499.69
LObservations (or Sum Wagts) 27
>
[Analysis of Variance ]
Source DF Sum of Squares Mean Square F Ratio
Model 2 2.26344e10 1.132e10 761.0209
Error 24 356905190 14871050 Prob>F
L C Total 26 2.29913e10 8.8428e8 <.0001
[Means for Oneway Anova
Level Number Mean Std Error
20 9 6354.1 1285.4
40 9 25165.4 1285.4
70 9  74979.6 1285.4
Std Error uses a pooled estimate of error variance
\. J
\. J
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Figure E-2, contd. One-Way ANOVA for B Concentration in Leachates from 1:1, 3-day, 20, 40,
and 70°C Tests by Test Temperature.
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LObservations {or Sum Wgts) 27

[Analysis of Variance ]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 2151776685 1.0759e9 1579.141
Error 24 16351495.4 681312.3 Prob>F
C Total 26 2168128180 83389545 <.0001

[Means for Oneway Anova)

Level  Number Mean Std Error
20 9 645.0 275.14
40 9 2964.7 275.14
70 9 20635.5 275.14
Std Error uses a pooled estimate of error variance

L J
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(Na ppb] By temp [c])
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RSquare Adj 0.994813
Root Mean Square Error 1194.928
Mean of Response 20880.72
Observations (or Sum Wgts) 27
r - -
(Analysis of Variance )
Source DF Sum of Squares Mean Square F Ratio
Model 2 7123498159 3.5617e9 2494.477
Error 24 34268494 1427854 Prob>F
LC Total 26 7157766653 2.753e+8 <.0001
[Means for Oneway Anova]
Level Number Mean Std Error
20 9 5872.9 398.31
40 g 13324.0 398.31
70 9 43445.3 398.31
Std Error uses a pooled estimate of error variance
LL

Figure E-3. One-Way ANOVA for Na Concentration in Leachates from 1:10, 7-day, 20, 40, and
70°C Tests by Test Temperature.
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Figure E-3, contd. One-Way ANOVA for Si Concentration in Leachates from 1:10, 7-day, 20,
40, and 70°C Tests by Test Temperature.
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RSquare 0.995057
RSquare Adj 0.994645
Root Mean Square Error 1081.473
Mean of Response 14938.18
Observations (or Sum Wgts) 27
\
f,
(Analysis of Variance )
Source OF  Sum of Squares Mean Square F Ratio
Model 2 5650378801 2.8252e9 2415.549
Error 24 28070031.7 1169585 Prob>F
LC Total 26 5678448833 2.184e+8 <.0001
p
[Means for Oneway Anova]
Level Number Mean Std Error
20 9 1030.0 360.49
40 9 8898.8 360.49
70 9 34885.8 360.49
Std Error uses a pooled estimate of error variance
\. v
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Figure E-3, contd. One-Way ANOVA for B Concentration in Leachates from 1:10, 7-day, 20,
40, and 70°C Tests by Test Temperature.
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(Summary of Fit)
RSquare 0.983584
RSquare Adj 0.982216
Root Mean Square Error 272.0899
Mean of Response 1902.846
Observations (or Sum Wgts) 27
(Analysis of Variance]
Source DF Sum of Squares Mean Square F Ratio
Model 2 106461411 53230705 719.0142
Error 24 1776790 74032.9 Prob>F
C Total 26 108238200 4163008 <.0001
(Means for Oneway Anova )
Level Number Mean Std Error
20 9 113.26 90.697
40 9 923.46 90.697
70 9 4671.82 90.697
Std Error uses a pooled estimate of error variance
o J
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Figure E-4. One-Way ANOVA for Na Concentration in Leachates from 1:1, 7-day, 20, 40, and
70°C Tests by Test Temperature.
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Mean of Response 114727.5
LObservations (or Sum Wagts) 27
;
(Analysis of Variance]
Source DF Sum of Squares Mean Square F Ratio
Model 2 1.77027e11 8.851e10 1155.996
Error 24 1837652623 76568859 Prob>F
LC Total 26 1.78864e11 6.8794e9 <.0001
{¢ 3
[Means for Oneway Anova]
Level Number Mean Std Error
20 9 40342 2916.8
40 9 76522 2916.8
70 9 227319 2916.8
Std Error uses a pooled estimate of error variance
\. 7
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Figure E-4, contd. One-Way ANOVA for Si Concentration in Leachates from 1:1, 7-day, 20, 40,
and 70°C Tests by Test Temperature.
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LObservations (or Sum Wqgts) 27
@nalysis of VarianceJ
Source DF  Sum of Squares Mean Square F Ratio
Model 2 3.08453e10 1.542e10 572.2132
Error 24 646862864 26952619 Prob>F
C Total 26 3.14922e10 1.2112e9 <.0001
>
[Means for Oneway Anova]
Level Number Mean Std Error
20 9 11635.6 1730.5
40 9 35873.5 1730.5
70 9 92313.1 1730.5
Std Error uses a pooled estimate of error variance
\. J
\. J
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Table E-4, contd. One-Way ANOVA for B Concentration in Leachates from 1:1, 7-day, 20, 40,
and 70°C Tests by Test Temperature.
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(Oneway Anova]
[Summary of Fit]
RSquare 0.975368
RSquare Adj 0.973315
Root Mean Square Error 2012.261
Mean of Response 10796.08
Observations (or Sum Wgts) 27
[Analysis of Variance]
Source DF Sum of Squares Mean Square F Ratio
Model 2 3848075483 1.924e+9 475.1654
Error 24 97180695.4 4049196 Prob>F
C Total 26 3945256179 1.5174e8 <.0001
, -
[Means for Oneway Anova)
Level Number Mean Std Error
20 9 686.5 670.75
40 9 4140.6 670.75
70 9 275611 670.75
Std Error uses a pooled estimate of error variance
\. - S
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APPENDIX F. ANALYSIS OF VARIANCE BY DURATION

Figure F-1. One-Way ANOVA for Na Concentration in Leachates from 1:10, 20°C Tests by Test
Duration.
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r(Summary of Fit]

RSquare 0.588892
RSquare Adj 0.563197
Root Mean Square Error 290.6871
Mean of Response 5544.862
Observations (or Sum Wgts) 18
S ———

—_—
t-Test
Difference t-Test bF Prob>Itl

Estimate -656.023 -4.787 16 0.0002
Std Error 137.031
Lower 95% -946.515
Upper 95% -365.531
LAssuming equal variances

@nalysis of Variance )

Source DF Sum of Squares Mean Square F Ratio
Model 1 1936647.1 1936647  22.9192
Error 16 1351984.0 84499 Prob>F
C Total 17 3288631.1 193449 0.0002
Ne———————————————————————————————
————————————————
‘Means for Oneway Anova I
Level  Number Mean Std Error
3 9 5216.85 96.896
7 9 5872.87 96.896

Std Error uses a pooled estimate of error variance
y

. J
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Figure F-1, contd. One-Way ANOVA for Si Concentration in Leachates from 1:10, 20°C Tests
by Test Duration.
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Pbsewations (or Sum Wgts) 18

r|t-Test l ]

Difference t-Test oF Prob>ltl
Estimate -525.168 -7.897 16 <.0001
Std Error 66.505
Lower 95% -666.151
Upper 95% -384.186
LAssuming equal variances

(Analysis of Variance )

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1241108.6 1241109 62.3581
Error 16 318446.9 19903 Prob>F
kC Total 17 1559555.4 91739 <.0001

[Means for Oneway Anova]

Level Number Mean Std Error
3 9 504.78 47.026
7 9 1029.95 47.026

Std Error uses a pooled estimate of error variance
e
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Figure F-1, contd. One-Way ANOVA for B Concentration in Leachates from 1:10, 20°C Tests
by Test Duration.
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Difference t-Test oF Prob>lti

Estimate -21.8540 -1.553 16 0.1399
Std Error 14.0704
Lower 95% -51.6818
Upper 95% 7.9738

{\ssuming equal variances

[Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 2149.190 2149.19 2.4124
Error 16 14254.335 890.90 Prob>F
| C Total 17 16403.524 964.91 0.1399

r@Ieans for Oneway Anova)

Level Number Mean Std Error
3 9 91.404 9.9493
7 9 113.258 9.9493

Std Error uses a pooled estimate of error variance
\
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Figure F-2. One-Way ANOVA for Na Concentration in Leachates from 1:10, 40°C Tests by Test
Duration.
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RSquare Adj 0.745761
Root Mean Square Error 809.0299
Mean of Response 11963.97
Observations (or Sum Wgts) 18
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Difference t-Test bF Prob>ltl
Estimate -2720.03 -7.132 16 <.0001
Std Error 381.38
Lower 95% -3528.51
Upper 95% -1911.54
LAssuming equal variances

@nalysis of Variance J

Source DF Sum of Squares Mean Square F Ratio
Model 1 33293463 33293463 50.8663
Error 16 10472470 654529.4 Prob>F
LC Total 17 43765932 2574467 <.0001

(Means for Oneway Anova]

Level Number Mean Std Error
3 9 10604.0 269.68
7 9 13324.0 269.68

Std Error uses a pooled estimate of error variance
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Figure 2, contd. One-Way ANOVA for Si Concentration in Leachates from 1:10, 40°C Tests by

Test Duration.
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Observations (or Sum Wats) 18
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t-Test

Difference t-Test CF Prob>ltl

Estimate -4763.26 -13.222 16 <.0001
Std Error 360.26

Lower 95%  -5526.98

Upper 95% -3999.53

LAssuming equal variances }
(] N "

[Analysns of Vanance)

Source OF Sum of Squares Mean Square F Ratio
Model 1 102098709 1.021e+8 174.8098

Error 16 9344897 584056.1 Prob>F

C Total 17 111443607 6555506 <.0001
e

.

(Means for Oneway Anova )

Level Number Mean Std Error

3 9 4135.56 254.75

7 9 8898.81 254.75

§td Error uses a pooled estimate of error variance
\ e J
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Figure F-2, contd. One-Way ANOVA for B Concentration in Leachates from 1:10, 40°C Tests
by Test Duration.
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lt -Test I
Difference t-Test DF Prob>itl

Estimate -506.558 -10.180 16 <.0001
Std Error 49.761
Lower 95% -612.046
Upper 95%  -401.070
[Assuming equal variances

[Analysis of Variance ]

Source OF Sum of Squares Mean Square F Ratio
Model 1 1154705.2 1154705 103.6283
Error 16 178284.2 11143 Prob>F
LC Total 17 1332989.3 78411 <.0001

Means for Oneway Anova]

Level Number Mean Std Error
3 9 416.901 35.186
7 9 923.459 35.186

§td Error uses a pooled estimate of error variance
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Figure F-3. One-Way ANOVA for Na Concentration in Leachates from 1:10, 70°C Tests by Test
Duration.
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Difference t-Test OF Prob>itl

Estimate -9748.0 -12.172 16 <.0001
Std Error 800.8
Lower 95% -11445.7
Upper 95% -8050.3

ﬁssuming equal variances

&\nalysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 1 427608381 4.2761e8 148.1637
Error 16 46176872 2886055 Prob>F
LC Total 17 473785254 27869721 <.0001

[Means for Oneway AnovaJ

Level Number Mean Std Error
3 9 33697.3 566.28
7 9 43445.3 566.28

Std Error uses a pooled estimate of error variance
.
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Figure F-3, contd. One-Way ANOVA for Si Concentration in Leachates from 1:10, 70°C Tests
by Test Duration.
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Estimate -10170.7 -12.846 16 <.0001
Std Error 791.7

Lower 95% -11849.1

Upper 95% -8492.3
LAssuming equal variances ]

[Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 465496818 4.655e+8 165.0242
Error 16 45132468 2820779 Prob>F
C Total 17 510629286 30037017 <.0001
—_—
|Means for Oneway Anova '
Level Number Mean Std Error
3 9 247151 559.84
7 9 34885.8 559.84

LStd Error uses a pooled estimate of error variance
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Figure F-3, contd. One-Way ANOVA for B Concentration in Leachates from 1:10, 70°C Tests
by Test Duration.
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Std Error 161.56
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Upper 95% -830.62

!\ssuming equal variances

-
(Analysis of Variance]

Source OF  Sum of Squares Mean Square F Ratio
Model 1 6192860.1 6192860 52.7252
Error 16 1879287.0 117455 Prob>F
| C Total 17 8072147.1 474832 <.0001

[Means for Oneway Anova]

Level Number Mean Std Error
3 9 3498.71 114.24
7 9 4671.82 114.24

§td Error uses a pooled estimate of error variance
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Figure F-4. One-Way ANOVA for Na Concentration in Leachates from 1:1, 20°C Tests by Test
Duration.
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Difference t-Test oF Prob>Itl
Estimate -4609.32 -5.214 16 <.0001
Std Error 884.05
Lower 95%  -6483.41
Upper 95% -2735.22
LAssuming equal variances

r(Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 95606034 95606034 27.1843
Error 16 56271239 3516952 Prob>F
LC Total 17 151877273 8933957 <.0001

(Means for Oneway Anova )

Level Number Mean Std Error
3 9 35732.7 625.12
7 9 40342.1 625.12

Std Error uses a pooled estimate of error variance
.
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Figure F-4, contd. One-Way ANOVA for Si Concentration in Leachates from 1:1, 20°C Tests by
Test Duration.
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(Analysis of Variance )

Source CF  Sum of Squares Mean Square F Ratio
Model 1 125524520 1.2552e8 53.6438
Error 16 37439379 2339961 Prob>F
LC Total 17 162963899 9586112 <.0001
-

lMeans for Oneway Anova ]

Level Number Mean Std Error

3 9 6354.1 509.90

7 9 11635.6 5§509.90

§td Error uses a pooled estimate of error variance
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Figure F-4, contd. One-Way ANOVA for B Concentration in Leachates from 1:1, 20°C Tests by
Test Duration.
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LAssuming equal variances

@alysis of Variance]

Source OF Sum of Squares Mean Square F Ratio
Model 1 7768.3 7768.3 0.0989
Error 16 1256156.9 78509.8 Prob>F
LC Tota! 17 1263925.2 74348.5 0.7572
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[Means for Oneway Anova)

Level Number Mean Std Error
3 9 644.964 93.399
7 9 686.513 93.399

§td Error uses a pooled estimate of error variance
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Figure F-5. One-Way ANOVA for Na Concentration in Leachates from 1:1, 40°C Tests by Test
Duration.

(Na [ppb] By duration [d])

80000

75000 I
S‘ -]
o
=
g 70000

65000 -

. )
60000 T
3 7
duration [d]

V(Oneway Anova]
r[Summary of Fit]

RSquare 0.833178
RSquare Adj 0.822752
Root Mean Square Error 3232.166
Mean of Response 69711.73
LObservations (or Sum Wgts) 18

'y =

|t-Test|

Difference t-Test CF Prob>ltl
Estimate -13620.4 -8.939 16 <.0001
Std Error 15623.7
Lower 95% -16850.4
Upper 95% -10390.4
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@nalysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 1 834818346 8.3482e8 79.9107
Error 16 167150355 10446897 Prob>F
C Total 17 1001968702 58939335 <.0001
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Level Number Mean Std Error
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Figure F-5, contd. One-Way ANOVA for Si Concentration in Leachates from 1:1, 40°C Tests by
Test Duration.
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[Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 515993191 5.1599¢e8 91.5425
Error 16 90186476 5636655 Prob>F
L C Total 17 606179667 35657627 <.0001

[Means for Oneway Anova]

Level Number Mean Std Error
3 9 25165.4 791.39
7 9 35873.5 791.39

|Std Error uses a pooled estimate of error variance
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Figure F-5, contd. One-Way ANOVA for B Concentration in Leachates from 1:1, 40°C Tests by
Test Duration.
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Source DF  Sum of Squares Mean Square F Ratio
Model 1 6222484.3 6222484 58.5384
Error 16 1700760.7 106298 Prob>F
S Total 17 7923245.1 466073 <.0001
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Level Number Mean Std Error
3 9 2964.71 108.68
7 9 4140.63 108.68

Std Error uses a pooled estimate of error variance
.

\.
- J
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Figure F-6. One-Way ANOVA for Na Concentration in Leachates from 1:1, 70°C Tests by Test
Duration.

p
(Na [ppb]l By duration [d]]
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r(Summary of Fit]

RSquare 0.605824

RSquare Adj 0.581188

Root Mean Square Error 14414.79

Mean of Response 210470.2

Observations (or Sum Wgts) 18
| —
(—— =)
|t -Test |

Ditfference t-Test bF Prob>Itl

Estimate -336986.9 -4.959 16 0.0001
Std Error 6795.2

Lower 95% -48102.0
Upper 95% -19291.8
LAssuming equal variances

>
Q\nalysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 1 5109667374 5.1097e9 24.5910
Error 16 3324579442 2.0779e8 Prob>F
| C Total 17 8434246816 4.9613e8 0.0001

ﬁ\lleans for Oneway Anova]

Level Number Mean Std Error
3 9 193622 4804.9
7 9 227319 4804.9

§td Error uses a pooled estimate of error variance

\.
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Figure F-6, contd. One-Way ANOVA for Si Concentration in Leachates from 1:1, 70°C Tests by
Test Duration.
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(i [ppb] By duration [d] )
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r[Summary of Fit ]

RSquare 0.606788
RSquare Adj 0.582212
Root Mean Square Error 7399.925
Mean of Response 83646.36
Observations (or Sum Wgts) 18

Difference t-Test DF Prob>ltl

Estimate -17333.5 -4.969 16 0.0001
Std Error 3488.4
Lower 95% -24728.4
Upper 95% -0938.5

Assuming equal variances

—_—
|Analysis of Variancel

Source DF  Sum of Squares Mean Square F Ratio
Model 1 1352025572 1.352e+9 24.6905
Error 16 876142198 54758887 Prob>F
LC Total 17 2228167770 1.3107e8 0.0001

\
(Means for Oneway Anova )

Level Number

Mean Std Error
3 9 74979.6 2466.6
7 9 92313.1 2466.6
Std Error uses a pooled estimate of error variance

\—
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Figure F-6, contd. One-Way ANOVA for B Concentration in Leachates from 1:1, 70°C Tests by
Test Duration.
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Root Mean Square Error 2628.869
Mean of Response 24098.29
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’

|t-Test| 1

Difference t-Test DF Prob> [t}
Estimate -6925.60 -5.588 16 <.0001
Std Error 1239.26
Lower 95% -9552.70
Upper 95% -4298.49
Assuming equal variances

(Analysis of Variance)

Source DF  Sum of Squares Mean Square F Ratio
Model 1 215837533 2.1584e8 31.2312
Error 16 110575273 6910955 Prob>F
C Total 17 326412807 19200753

(Means for Oneway Anova)

Level Number Mean Std Error
3 9 20635.5 876.29
7 9 27561.1 876.29

Etd Error uses a pooled estimate of error variance

. -/
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APPENDIX G. ANALYSIS OF VARIANCE BY TRIPLICATE TEST

Figure G-1. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:10, 20°C Tests
by Set of Triplicate Tests.

(Na [ppb] By triplicate)
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IOneway Anova]

r[Summary of Fit]

RSquare 0.373946
RSquare Adj 0.165262
Root Mean Square Error 199.4084
Mean of Response 5216.85
Observations (or Sum Wgts) 9

\.

(Analysis of Variance)

Source DF Sum of Squares Mean Square F Ratio
Model 2 142506.87 71253.4 1.7919
Error 6 238582.28 39763.7 Prob>F
LC Total 8 381089.15 47636.1 0.2454

(Means for Oneway Anova]

Level Number Mean Std Error
a 3 5039.28 115.13
b 3 5295.57 1156.13
c 3 5315.71 115.13

LStd Error uses a pooled estimate of error variance

\.
.
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Figure G-1, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:10, 20°C
Tests by Set of Triplicate Tests.

|Si [ppb] By triplicatel
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T T
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r(Oneway Anova ]

([Summary of Fit)

RSquare 0.223887
RSquare Adj -0.03482
Root Mean Square Error 64.33639
Mean of Response 504.7849
LObservalions {or Sum Wgts) 9

[Analysis of Variance)

Source DF  Sum of Squares Mean Square F Ratio
Model 2 7164.228 3582.11 0.8654
Error 6 24835.029 4139.17 Prob>F
|C Total 8 31999.257 3999.91 0.4675

[Means for Oneway Anova)

Level Number Mean Std Error
a 3 544.685 37.145
b 3 485.024 37.145
c 3 484.646 37.145

Std Error uses a pooled estimate of error variance
\.
\. J




143

Figure G-1, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:10, 20°C
Tests by Set of Triplicate Tests.

HB [ppb] By triplicate]
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[Summary of Fit]

RSquare 0.988836
RSquare Adj 0.985115
Root Mean Square Error 3.159498
Mean of Response 91.40414
LObservations (or Sum Wqgts) 9

[Analysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 5305.1767 2652.59 265.7258
Error 6 59.8946 9.98 Prob>F
C Total 8 5365.0712 670.63 <.0001

(Means for Oneway Anova )

Level Number Mean
a 3 64.126
b 3 86.984
c 3 123.102

Std Error
1.8241
1.8241
1.8241

Std Error uses a pooled estimate of error variance
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Figure G-2. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:10, 40°C Tests
by Set of Triplicate Tests.

r[Na [ppb] By triplicate]
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a J
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Z 10000
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(Oneway Anova )

tSummary of Fit )

RSquare 0.725621
RSquare Adj 0.634161
Root Mean Square Error 406.1084
Mean of Response 10603.96
Observations (or Sum Wgts) 9

(Analysis of Variance )

Source CF  Sum of Squares Mean Square F Ratio
Model 2 2616938.5 1308469 7.9338
Error 6 989544.3 164924 Prob>F
LC Total 8 3606482.8 450810 0.0207

[Means for Oneway AnovaJ

Level Number Mean Std Error
a 3 10863.8 234.47
b 3 11094.9 234.47
c 3 9853.1 234.47

Std Error uses a pooled estimate of error variance
.

.. J
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Figure G-2, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:10, 40°C
Tests by Set of Triplicate Tests.

(7 ™)
(si [ppbl By triplicate
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[Oneway Anova]
(Summary of Fit)
RSquare 0.915419
RSquare Adj 0.887226
Root Mean Square Error 171.728
Mean of Response 4135.555
kObservations (or Sum Wgts) 9
>
[Analysis of Variance)
Source DF  Sum of Squares Mean Square F Ratio
Mode! 2 1915064.1 957532 32.4691
Error 6 176943.1 29491 Prob>F
 C Total 8 2092007.3 261501 0.0006
-
[Means for Oneway Anova]
Level Number Mean Std Error
a 3  4782.98 99.147
b 3 3742.48 99.147
c 3 3881.21 98.147
Std Error uses a pooled estimate of error variance
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Figure G-2, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:10, 40°C
Tests by Set of Triplicate Tests.

tB [ppb]l By triplicate]

550

500
§450-
0 i

400

1 3
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[Oneway Anova]
-
[Summary of Flt)
RSquare 0.922547
RSquare Adj 0.896729
Root Mean Square Error 28.47132
Mean of Response 416.9013
LObservations (or Sum Wagts) [¢]
(( - -
(AnalySIS of Varlance)
Source DF  Sum of Squares Mean Square F Ratio
Model 2 57931.434 28965.7 35.7330
Error 6 4863.695 810.6 Prob>F
C Total 8 62795.129 7849.4 0.0005
\.
>
(Means for Oneway Anova)
Level Number Mean Std Error
a 3 370.676 16.438
b 3 350.278 16.438
c 3 529.751 16.438
§td Error uses a pooled estimate of error variance
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Figure G-3. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:10, 70°C Tests
by Set of Triplicate Tests.

(Na [ppb] By triplicate )
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——— 2
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r[Summary of Fit]

RSquare 0.333092
RSquare Adj 0.110789
Root Mean Square Error 1481.456
Mean of Response 33697.27
Observations (or Sum Wagts) 9

(Analysis of Variance ]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 6576986 3288493 1.4984
Error 6 13168274 2194712 Prob>F
| C Total 8 19745260 2468158 0.2966

(Means for Oneway Anova)

Level Number Mean Std Error
a 3 32898.8 855.32
b 3 34882.6 855.32
c 3 33310.4 855.32

Std Error uses a pooled estimate of error variance
.
\. y,
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Figure G-3, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:10, 70°C
Tests by Set of Triplicate Tests.
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|Summary of Fit |
RSquare 0.865397
RSquare Adj 0.82053
Root Mean Square Error 742.9072
Mean of Response 24715.06
LObservations (or Sum Wgts) 9
p-
(Analysis of Variance]
Source DF  Sum of Squares Mean Square F Ratio
Model 2 21290307 10645154 19.2878
Error 6 3311467 551911.1 Prob>F
LC Total 8 24601774 3075222 0.0024
p
[Means for Oneway Anova )
Level Number Mean Std Error
a 3 22928.3 428.92
b 3 24534.2 428.92
c 3 26682.7 428.92
Std Error uses a pooled estimate of error variance
\.
\. w
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Figure G-3, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:10, 70°C
Tests by Set of Triplicate Tests.

rlB [ppb] By triplicatej
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[Summary of Fit)

RSquare 0.920186

RSquare Adj 0.893581

Root Mean Square Error 54.93622

Mean of Response 3498.709

LObservations (or Sum Wgts) 9

—

lAnaIysis of Variancd

Source DF Sum of Squares Mean Square F Ratio
Model 2 208767.77 104384 34.5872
Error 6 18107.93 3018 Prob>F
LC Total 8 226875.70 28359 0.0005

ﬁ\lleans for Oneway Anova]

Level Number Mean Std Error
a 3 3559.96 31.717
b 3 3289.25 31.717
c 3 3646.92 31.717

LStd Error uses a pooled estimate of error variance

\.
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Figure G-4. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:1, 20°C Tests
by Set of Triplicate Tests.

(Na [ppb] By triplicate)
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RSquare Adj 0.754343
Root Mean Square Error 1176.59
Mean of Response 35732.74
LObservations (or Sum Wgts) 9

r[Analysis of Variance ]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 36776653 18388327 13.2829
Error 6 8306181 1384363 Prob>F
£ Total 8 45082834 5635354 0.0063

(Means for Oneway Anovaj

Level Number Mean Std Error
a 3 33396.6 679.30
b 3 38327.8 679.30
c 3 35473.8 679.30

Std Error uses a pooled estimate of error variance
\
—
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Figure G-4, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:1, 20°C
Tests by Set of Triplicate Tests.

(si 1ppb] By triplicate ) ]
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r[Summary of Fit)

RSquare 0.70573
RSquare Adj 0.60764
Root Mean Square Error 307.7757
Mean of Response 6354.089
Observations {or Sum Wagts) 9

\.

.
(Analysis of Variance)

Source

DF  Sum of Squares Mean Square F Ratio

Model! 2 1363054.5 681527 7.1947
Error 6 568355.4 94726 Prob>F
é)_ Total 8 1931409.9 241426 0.0255

=
[Means for Oneway Anova)

Level Number Mean Std Error

a 3 6902.25 177.69
b 3 6122.64 177.69
c 3 6037.38 177.69

\.

§td Error uses a pooled estimate of error variance
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Figure G-4, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:1, 20°C
Tests by Set of Triplicate Tests.
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[Summary of Flt]
RSquare 0.971244
RSquare Adj 0.961658
Root Mean Square Error 40.86104
Mean of Response 644.9645
Observations (or Sum Wagts) 9
(Analysis of Variance]
Source DF  Sum of Squares Mean Square F Ratio
Model 2 338350.91 1691756 101.3255
Error 6 10017.75 1670 Prob>F
LC Total 8 348368.66 43546 <.0001
@eans for Oneway Anova)
Level Number Mean Std Error
a 3  428.366 23.591
b 3 607.642 23.591
c 3 898.885 23.591
Std Error uses a pooled estimate of error variance
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Figure G-5. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:1, 40°C Tests
by Set of Triplicate Tests.
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RSquare 0.135018
RSquare Adj -0.15331
Root Mean Square Error 1590.004
Mean of Response 62901.53
Observations (or Sum Wgts) 9

,
(Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 2 2367725 1183863 0.4683
Error 6 15168679 2528113 Prob>F
kC Total 8 17536404 2192051 0.6472
[Means for Oneway Anova ]
Level Number Mean Std Error
a 3 62454.3 917.99
b 3 62630.6 917.99
c 3 63619.7 917.99

Std Error uses a pooled estimate of error variance
.
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Figure G-5, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:1, 40°C
Tests by Set of Triplicate Tests.
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RSquare 0.317161

RSquare Adj 0.089548

Root Mean Square Error 1092.932

Mean of Response 25165.36

Observations (or Sum Wats) 9
\ J

(Analysis of Variance]

Source OF Sum of Squares Mean Square F Ratio
Model 2 3328892 1664446 1.3934
Error 6 7167005 1194501 Prob>F
| C Total 8 10495896 1311987 0.3184

((Means for Oneway Anova]

Level Number Mean Std Error
a 3 24488.8 631.00
b 3 25043.7 631.00
c 3 25963.6 631.00

Std Error uses a pooled estimate of error variance
..
.
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Figure G-5, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:1, 40°C
Tests by Set of Triplicate Tests.
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(Summary of Fit)
RSquare 0.552173
RSquare Adj 0.402897
Root Mean Square Error 166.8857
Mean of Response 2964.713
Observations (or Sum Wagts) 9
\.
( ;
lAnalysis of Variance |
Source DF Sum of Squares Mean Square F Ratio
Modei 2 206041.12 103021 3.6990
Error 6 167104.99 27851 Prob>F
C Total 8 373146.11 46643 0.0898
(Means for Oneway Anova)
Level Number Mean Std Error
a 3  2780.80 96.351
b 3  2961.95 96.351
c 3 3151.39 96.351
Std Error uses a pooled estimate of error variance
\. v
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Figure G-6. One-Way ANOVA for Na Concentration in Leachates from 3-day, 1:1, 70°C Tests
by Set of Triplicate Tests.
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@alysis of Variana

Source DF  Sum of Squares Mean Square
Model 2 1131215229 5.6561e8
Error 6 516513946 86085658
C Total 8 1647729175 2.0597e8

(Means for oOneway Anova )

Level Number Mean Std Error
a 3 193259 5356.8
b 3 207531 5356.8
c 3 180076 5356.8

Std Error uses a pooled estimate of error variance
,

—

F Ratio
6.5703
Prob>F
0.0308
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Figure G-6, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 1:1, 70°C
Tests by Set of Triplicate Tests.
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RSquare Adj 0.34686
Root Mean Square Error 5303.209
Mean of Response 74979.61
LObservations (or Sum Wqgts) 9

—
(Analysis of Variance )

Source DF  Sum of Squares Mean Square F Ratio
Model 2 175733730 87866865 3.1243
Error 6 168744153 28124026 Prob>F
| C Total 8 344477884 43059735 0.1175

[Means for Oneway AnovaJ

Level Number Mean Std Error
a 3 68961.8 3061.8
b 3 79447.5 3061.8
c 3 76529.5 3061.8

LStd Error uses a pooled estimate of error variance
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Figure G-6, contd. One-Way ANOVA for B Concentration in Leachates from 3-day, 1:1, 70°C
Tests by Set of Triplicate Tests.
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Observations (or Sum Wgts) 9

(Analysis of Variance)

Source OF  Sum of Squares Mean Square F Ratio
Model 2 6184115 3092058 1.9641
Error 6 9445865 1574311 Prob>F
C Total 8 15629981 1953748 0.2207

(Means for Oneway Anova )

Level Number Mean Std Error
a 3 199223 724.41
b 3 21797.8 724.41
c 3 20186.4 724.41

Std Error uses a pooled estimate of error variance
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Figure G-7. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:10, 20°C Tests
by Set of Triplicate Tests.
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Mean of Response 5872.873

Observations {or Sum Wqgts) 9

—
|Analysis of Variance|

Source OF Sum of Squares Mean Square F Ratio
Model 2 715730.83 357865 8.4150
Error 6 255163.97 42527 Prob>F
C Total 8 970894.80 121362 0.0182

[Means for Oneway Anova]

Level Number Mean Std Error
a 3 5531.52 119.06
b 3 6222.14 119.06
c 3 5864.96 119.06
kStd Error uses a pooled estimate of error variance
\. J
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Figure G-7, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:10, 20°C
Tests by Set of Triplicate Tests.
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(Analysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 274725.16 137363 70.3075
Error 6 11722.44 1954 Prob>F
£ Total 8 286447.60 35806 <.0001

[Means for Oneway Anova]

Level Number Mean Std Error
a 3 1275.71 25.520
b 3 929.20 25.520
c 3 884.94 25.520

Std Error uses a pooled estimate of error variance
-

\. J
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Figure G-7, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:10, 20°C
Tests by Set of Triplicate Tests.
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[Analysis of Variance)

Source DF Sum of Squares Mean Square F Ratio

Model 2 8773.9482 4386.97 228.2598

Error 6 115.3163 19.22 Prob>F
LC Total 8 8889.2635 1111.16 <.0001
.

[Means for Oneway Anova ]

Level Number Mean Std Error

a 3 95.424 2.5311

b 3 87.193 2.5311

c 3 157.158 2.5311

§td Error uses a pooled estimate of error variance

\. J
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Figure G-8. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:10, 40°C Tests
by Set of Triplicate Tests.
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r@\nalysis of Variance]

Source OF  Sum of Squares Mean Square F Ratio

Model 2 5555716.7 2777858 12.7204
Error 6 1310270.2 218378 Prob>F

C Total 8 6865986.9 858248 0.0069

r[Means for Oneway Anova]

Level Number Mean Std Error
a 3 13735.6 269.80
b 3 14012.0 269.80
c 3 12224.4 269.80

Std Error uses a pooled estimate of error variance
N
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Figure G-8, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:10, 40°C
Tests by Set of Triplicate Tests.

(Si [ppb] By triplicate ]
10500

10000

9500

9000

8500

8000~

7500

Si {ppb]

——i

a b c

triplicate

(Oneway Anova )

(Summary of Fit)

RSquare 0.724804
RSquare Adj 0.633073
Root Mean Square Error 576.7673
Mean of Response 8898.811
LObservations (or Sum Wagts) 9

-
(Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 2 5256926.7 2628463 7.9013
Error 6 1995963.2 332661 Prob>F
LC Total 8 7252890.0 906611 0.0208

(Means for Oneway Anova]

Level Number Mean Std Error
a 3 9922.40 333.00
b 3 8687.61 333.00
[ 3 8086.43 333.00

§td Error uses a pooled estimate of error variance

\.
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Figure G-8, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:10, 40°C
Tests by Set of Triplicate Tests.

fi T R
[B [ppb] By tnphcata
1050
1000~ [} )
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'S )
(Oneway Anova |
p
@mmary of Fit]
RSquare 0.984324
RSquare Adj 0.979099
Root Mean Square Error 17.37046
Mean of Response 923.4594
Observations (or Sum Wagts) 9
(Analysis of Variance]
Source DF  Sum of Squares Mean Square F Ratio
Model 2 113678.63 56839.3 188.3763
Error 6 1810.40 301.7 Prob>F
C Total 8 115489.03 14436.1 <.0001
5
&Vleans for Oneway Anova)
Level Number Mean Std Error
a 3 1005.89 10.029
b 3 764.56 10.029
c 3 999.93 10.029
S.td Error uses a pooled estimate of error variance
— J
o
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Figure G-9. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:10, 70°C Tests
by Set of Triplicate Tests.

(1 )
(Na [ppb] By triplicate )
47000
460007
45000
= 4
& 44000 p
«
= L
43000
42000 I
41000 T T
a b c
triplicate
(Oneway Anova ] l
f :
(Summary of Fit)
RSquare 0.255838
RSquare Adj 0.007783
Root Mean Square Error 1810.59
Mean of Response 43445.3
| Observations {or Sum Wgts) 9
p
[Analysis of Variance ]
Source DF Sum of Squares Mean Square F Ratio
Model 2 6762201 3381100 1.0314
Error 6 19669412 3278235 Prob>F
LC Total 8 26431612 3303952 0.4121
——————————
‘Means for Oneway Anova]
Level  Number Mean Std Error
a 3 44029.3 1045.3
b 3 44086.7 1045.3
c 3 42219.9 1045.3
LLStd Error uses a pooled estimate of error variance
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Figure G-9, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:10, 70°C
Tests by Set of Triplicate Tests.

rlSi [ppb] By triplicatel |

38000
37000
36000 —
=
[« -4
&
@ 35000
34000 - } i
33000
T T
a b c
triplicate

r@eway Anova ]

r[Summary of Fit)

RSquare 0.5622591
RSquare Adj 0.363454
Root Mean Square Error 1278.12
Mean of Response 34885.79
LObservations (or Sum Wagts) 9

-
(Analysis of Varianca

Source DF  Sum of Squares Mean Square F Ratio
Model 2 10729152 £364576 3.2839
Error 6 9801543 1633590 Prob>F
C Total 8 20530694 2566337 0.1088
.

@ans for Oneway Anova]

Level  Number Mean Std Error

a 3 36413.2 737.92

b 3 33925.8 737.92

c 3 34318.4 737.92

§td Error uses a pooled estimate of error variance

S J
 N— J
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Figure G-9, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:10, 70°C
Tests by Set of Triplicate Tests.

[B [ppb] By triplicate]
5100
5000 - I I
49004
4800
4700

= 4600
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£ 4500

m
4400
4300
4200
4100 -1 =

4000 T T
a b c

triplicate

r[Oneway AnovaJ W

r[Summary of Fit]

RSquare 0.965948

RSquare Adj 0.954597
Root Mean Square Error 96.84059
Mean of Response 4671.821
LObservations (or Sum Wqts) 9

@lalysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 2 1596142.7 798071 85.0995
Error 6 56268.6 9378 Prob>F
LC Total 8 1652411.3 206551 <.0001

.
(Means for Oneway Anova ]

Leve!l Number Mean Std Error
a 3 4988.67 55.911
b 3 4076.67 55.911
c 3 4950.12 55.911

§td Error uses a pooled estimate of error variance
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Figure G-10. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:1, 20°C Tests
by Set of Triplicate Tests.

r[Na [ppb] By triplicate)
43500

43000
42500
42000~ '(
41500
41000~
405004 |
40000 'l'
39500 I

Na [ppb]

39000 T T
a b c

triplicate

IOneway Anova]

'Eummaw of Fﬁ]

RSquare 0.32941
RSquare Adj 0.10588
Root Mean Square Error 1118.245
Mean of Response 40342.05

Observations {or Sum Wgts) 9

—

lAnaIysis of Variance ]

Source OF Sum of Squares Mean Square F Ratio
Model 2 3685576 1842788 1.4737
Error 6 7502829 1250471 Prob>F
C Total 8 11188405 1398551 0.3016
.

'@eans for Oneway Anova )

Level Number Mean Std Error
a 3 40342.8 645.62
b 3 41125.4 645.62
¢ 3 39558.0 645.62

§td Error uses a pooled estimate of error variance
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Figure G-10, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:1, 20°C
Tests by Set of Triplicate Tests.

[Si [ppb] By triplicatej W
L J
14000
13000~
= 12000
s ]
p
11000- {
10000 I
9000 T T
a b c
triplicate

tOneway AnovaJ

r[Summary of Fit ]

RSquare 0.943363
RSquare Adj 0.924484
Root Mean Square Error 578.9464
Mean of Response 11635.6
| Observations (or Sum Wgts) 9

W‘lalysis of VarianceJ

Source DF Sum of Squares Mean Square F Ratio
Model 2 33496896 16748448 49.9687
Error 6 2011073 335178.9 Prob>F
LC Total 8 35507970 4438496 0.0002

(Means for Oneway AnovaJ

Level Number Mean Std Error
a 3 14353.3 334.25
b 3 10484.8 334.25
c 3 10068.7 334.25

Std Error uses a pooled estimate of error variance
.
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Figure G-10, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:1, 20°C
Tests by Set of Triplicate Tests.

f . - A
[B [ppb] By trlpllcata
1200
1100 *
1000
900
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Q
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o 700
600 *
500
400 .
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a b c
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r ~
lOneway Anova]
((Summar f Fi
y O it
RSquare 0.997491
RSquare Adj 0.996654
Root Mean Square Error 19.485
Mean of Response 686.5132
Observations (or Sum Wgts) 9
f - -
@nalysns of Varlance]
Source DF  Sum of Squares Mean Square F Ratio
Model 2 905510.21 452755 1192.511
Error 6 2277.99 380 Prob>F
C Total 8 907788.20 113474 <.0001
—
(Means for Oneway Anova]
Level Number Mean Std Error
a 3 609.00 11.250
b 3 342.63 11.250
c 3 1107.91 11.250
Std Error uses a pooled estimate of error variance J
\.
e J
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Figure G-11. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:1, 40°C Tests
by Set of Triplicate Tests.

(7 ™)
(Na [ppb] By triplicate)
84000
82000
80000
78000 T
iy ('}
8 76000- L
g '
74000
72000+
70000+
68000 T T
a b c
triplicate
{4 N
@eway Anova)
.
[Summary of FltJ
RSquare 0.123829
RSquare Adj -0.16823
Root Mean Square Error 4674.173
Mean of Response 76521.93
LObservations (or Sum Wagts) 9
h - -
(Analysis of Variance ]
Source DF Sum of Squares Mean Square F Ratio
Model 2 18526577 9263289 0.4240
Error 6 131087374 21847896 Prob>F
C Total 8 149613951 18701744 0.6726
[Means for Oneway Anova ]
Leve!l Number Mean Std Error
a 3 74627 .4 2698.6
b 3 78098.3 2698.6
c 3 76840.0 2698.6
§td Error uses a pooled estimate of error variance
\. J
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Figure G-11, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:1, 40°C
Tests by Set of Triplicate Tests.

(- . - )
(Sl [ppb] By trlpllcateJ
43000
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41000
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39000
T 38000
s
= 37000
[
36000
350007
3
340007
33000
32000 T 1
a b c
triplicate
( ™)
@neway Anovaj
>
(Summary of Fit
RSquare 0.576373
RSquare Adj 0.435163
Root Mean Square Error 2372.028
Mean of Response 35873.55
Observations (or Sum Wgts) 9
,g
|Analysis of Varianca
Source CF Sum of Squares Mean Square F Ratio
Model 2 45931467 22965733 4.0817
Error 6 33759113 5626519 Prob>F
C Total 8 79690580 9961322 0.0760
|Means for Oneway Anova l
Level Number Mean Std Error
a 3 39060.0 1369.5
b 3 34079.8 1369.5
c 3 34480.8 1369.5
§td Error uses a pooled estimate of error variance
, — 7
\. v
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Figure G-11, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:1, 40°C
Tests by Set of Triplicate Tests.

_
(B [ppb] By triplicate
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rOneway Anova |

r(Summary of Fit]

RSquare 0.910472
RSquare Adj 0.880629
Root Mean Square Error 140.7472
Mean of Response 4140.627
LObservations (or Sum Wgts) 9

(Analysis of Variance)

Source OF Sum of Squares Mean Square F Ratio
Model 2 1208755.9 604378 30.5091
Error 6 118858.7 19810 Prob>F
LC Total 8 1327614.6 165952 0.0007

.
(Means for Oneway Anova ]

Level Number Mean Std Error

a 3  4152.00 81.260

b 3  3686.21 81.260

c 3 4583.67 81.260

Std Error uses a pooled estimate of error variance
\. v,
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Figure G-12. One-Way ANOVA for Na Concentration in Leachates from 7-day, 1:1, 70°C Tests
by Set of Triplicate Tests.

&\la [ppb] By triplicatej
250000
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| T
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Na [ppb]
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210000 -

200000
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triplicate

(Oneway Anova)
[Summary of Fit)
RSquare 0.286391
RSquare Adj 0.048522
Root Mean Square Error 14122.17
Mean of Response 227318.6
Observations (or Sum Wgts) 9
;
(Analysis of Variance)
Source CF  Sum of Squares Mean Square F Ratio
Model 2 480235592 2.4012e8 1.2040
Error 6 1196614675 1.9944e8 Prob>F
C Total 8 1676850267 2.0961e8 0.3634
;
(Means for Oneway Anova )
Level Number Mean Std Error
a 3 237273 8153.4
b 3 224734 8153.4
c 3 219949 8153.4
Std Error uses a pooled estimate of error variance J
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Figure G-12, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 1:1, 70°C
Tests by Set of Triplicate Tests.

[gi [ppb] By triplicate)
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; N
@mmary of Fit]
RSquare 0.64269
RSquare Adj 0.523586
Root Mean Square Error 5626.858
Mean of Response 92313.11
LObservations {or Sum Wgts) 9

(Analysis of Variancej

Source DF Sum of Squares Mean Square F Ratio
Model 2 341695106 1.7085e8 5.3961
Error 6 189969209 31661535 Prob>F
LC Total 8 531664315 66458039 0.0456

(Means for Oneway Anova]

Level Number Mean Std Error
a 3 100804 3248.7
b 3 86370 3248.7
c 3 89766 3248.7

Std Error uses a pooled estimate of error variance

J
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Figure G-12, contd. One-Way ANOVA for B Concentration in Leachates from 7-day, 1:1, 70°C
Tests by Set of Triplicate Tests.

((B [ppb] By triplicate]
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r@neway Anova ]

r(Summary of Fit]

RSquare 0.837955
RSquare Adj 0.78394
Root Mean Square Error 1601.323
Mean of Response 27561.09
LObservations (or Sum Wqts) 9

@\nalysis of Variance]

Source DF  Sum of Squares Mean Square F Ratio
Model 2 79559884 39779942 15.5134
Error 6 15385409 2564235 Prob>F
LC Total 8 94945293 11868162 0.0043

@Ieans for Oneway Anova]

Level Number Mean Std Error
a 3 30215.3 924.52
b 3 23409.7 924.52
c 3 29058.2 924.52

Std Error uses a pooled estimate of error variance
, W
N J




e s e o eaw —adideadlaeh s s e AR S A SRR T s T T

177

APPENDIX H. ANALYSIS OF VARIANCE BY REPLICATE ANALYSIS

Figure H-1. One-Way ANOVA for Na Concentration in Leachates from 3-day, 40°C, 1:10 Tests
by Replicate.

r(Na [ppm] By replicate)

11.5
11.0- )
__10.5" {
£ - -
o o
‘9‘_ : 3
£ 10.0 . I
9.5 '
9.0 T -
1 2
replicate

F)neway Ano@
r[Summary of FitJ

RSquare 0.360553

RSquare Adj 0.320587

Root Mean Square Error 0.588549

Mean of Response 10.18444

LObservations (or Sum Wgts) 18

lt -Test | ]
Difference t-Test DF Prob>itl

Estimate 0.83333 3.004 16 0.0084

Std Error 0.27744

Lower 95% 0.24518

Upper 95% 1.42149

f\ssuming equal variances

[Analysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 3.1250000 3.12500 9.0216
Error 16 5.5422444 0.34639 Prob>F

C Total 17 8.6672444 0.50984 0.0084

|Means for Oneway Anova

Level Number Mean Std Error
1 9 10.6011 0.19618
2 9 9,7678 0.19618

§td Error uses a pooled estimate of error variance

\.
L J
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Figure H-1, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 40°C, 1:10
Tests by Replicate.

r@i [ppm] By replicate]

5.5 T
5.0
g 4.5+ . .
=T
- T ]
4.0 I
1
3.5 T -
1 2
replicate

r@neway Anova)
tSummary of Fia

RSquare 0.009847

RSquare Adj -0.05204

Root Mean Square Error 0.543621

Mean of Response 4.186667
LObservaﬁons (or Sum Woagts) 18
(v T
lt -Test '

Difference t-Test DF Prob>itl

Estimate -0.10222 -0.399 16 0.6952

Std Error 0.256265
Lower 95% -0.64548
Upper 95% 0.441033
&suming equal variances

[Analysis of Varianca

Source DF  Sum of Squares Mean Square F Ratio
Model 1 0.0470222 0.047022 0.1591
Error 16 4.7283778 0.295524 Prob>F
C Total 17 4.7754000 0.280906 0.6952
—
(7

@Ieans for Oneway Anovaj

Level Number Mean Std Error

1 9 4.13556 0.18121

2 9 4.23778 0.18121

Std Error uses a pooled estimate of error variance
..

\ - o’
.




179

Figure H-2. One-Way ANOVA for Na Concentration in Leachates from 3-day, 70°C, 1:10 Tests
by Replicate.

rﬁ [ppm] By replicate]
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29 T
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E)neway AnovaJ

r(Summary of Fit ]

RSquare 0.427493

RSquare Adj 0.391711

Root Mean Square Error 1.418381

Mean of Response 32.54444

LObservaﬁons (or Sum Wgts) 18

(7 ™)
|t -Test |

Difference t-Test DF Prob>ltl

Estimate 2.31111 3.456 16 0.0032
Std Error 0.66863

Lower 95% 0.89368

Upper 95% 3.72854
f‘ssuming equal variances )

@nalysis of Variance)

Source DF Sum of Squares Mean Square F Ratio
Model 1 24.035556 24.0356 11.9473 .
Error 16 32.188889 2.0118 Prob>F

LC Total 17 56.224444 3.3073 0.0032

=
[Means for Oneway Anova)

Level Number Mean Std Error
1 9 33.7000 0.47279
2 9 31.3889 0.47279

LStd Error uses a pooled estimate of error variance

Ln
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Figure H-2, contd. One-Way ANOVA for Si Concentration in Leachates from 3-day, 70°C, 1:10
Tests by Replicate.
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23 .
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(— =)
|Oneway Anova |

r[Summary of Fit]

RSquare 0.15118
RSquare Adj 0.098129
Root Mean Square Error 1.943582
Mean of Response 25.48889
LObservations (or Sum Wgts) 18

t-Test]

Difference t-Test bF Prob>itl
Estimate -1.54667 -1.688 16 0.1108
Std Error 0.91621

Lower 95%  -3.48894
Upper 95% 0.39561
Assuming equal variances
.

(&\nalysis of Variancej

Source DF  Sum of Squares Mean Square F Ratio
Model 1 10.764800 10.7648 2.8497
Error 16 60.440178 3.7775 Prob>F
LC Totat 17 71.204978 4.1885 0.1108

Means for Oneway Anovaj

Level Number Mean Std Error
1 9 24.7156 0.64786
2 9 26.2622 0.64786

Std Error uses a pooled estimate of error variance
,
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S v




—— e el ae = cw el e sy e T e e e

181

Figure H-3. One-Way ANOVA for Na Concentration in Leachates from 7-day, 40°C, 1:10 Tests
by Replicate.

(7 )
[Na [ppm] By replicate]
15.5
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'E L]
§13.5- T T
[
Z 13.01 i I
12.5 )
12.0
L]
11.5 T
1 2
replicate
Eneway Anova] W
[Summary of Fiﬂ
RSquare 0.000608
RSquare Adj -0.06185
Root Mean Square Error 0.955539
Mean of Response 13.31111
LObservations (or Sum Wgts) 18
(7 )
|t -Test ’
Difference t-Test oOF Prob>Itl
Estimate 0.044444 0.099 16 0.9226
Std Error 0.450446
Lower 95%  -0.91045
Upper 95% 0.999342
kAssuming equal variances ]
>
[Analysis of Variance)
Source DF Sum of Squares Mean Square F Ratio
Model 1 0.008889 0.008889 0.0097
Error 16 14.608889 0.913056 Prob>F
LC Total 17 14.617778 0.859869 0.9226
(Means for Oneway Anovg
Level Number Mean Std Error
1 9 13.3333 0.31851
2 9 13.2889 0.31851
{Sld Error uses a pooled estimate of error variance
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Figure H-3, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 40°C, 1:10
Tests by Replicate.
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RSquare 0.04216
RSquare Adj -0.0177
Root Mean Square Error 0.918429
Mean of Response 8.716111
kObservations (or Sum Wgts) 18J

r|t-Test l

Difference t-Test DF Prob>ltl
Estimate 0.36333 0.839 16 0.4137
Std Error 0.43295
Lower 95% -0.55448
Upper 95% 1.28114

Assuming equal variances
S

hnalysis of Variance ]

Source DF Sum of Squares Mean Square F Ratio
Model! 1 0.594050 0.594050 0.7043
Error 16 13.496178 0.843511 Prob>F
& Total 17 14.090228 0.828837 0.4137

@Ieans for Oneway Anova]

Level Number Mean Std Error
1 9 8.89778 0.30614
2 9 8.63444 0.30614

Std Error uses a pooled estimate of error variance
, S
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Figure H-4. One-Way ANOVA for Na Concentration in Leachates from 7-day, 70°C, 1:10 Tests
by Replicate.
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r[Summary of Fit]

RSquare 0.236199

RSquare Adj 0.188461

Root Mean Square Error 1.600043

Mean of Response 42.60556

Observations (or Sum Wgts) 18

” 1
|t -Test |

Difference t-Test bF Prob>ltl

Estimate 1.67778 2.224 16 0.0409
Std Error 0.75427

Lower 95% 0.07881

Upper 95% 3.27675
LAssuming equal variances

r[AnaIysis of Variance]

Source DF Sum of Squares Mean Square F Ratio
Model 1 12.667222 12.6672 4,9479
Error 16 40.962222 2.5601 Prob>F
LC Total 17 53.629444 3.1547 0.0409

[Means for Oneway Anova]

Level Number Mean Std Error
1 9 43.4444 0.53335
2 9 41.7667 0.53335

L LStd Error uses a pooled estimate of error variance
\. 7
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Figure H-4, contd. One-Way ANOVA for Si Concentration in Leachates from 7-day, 70°C, 1:10

Tests by Replicate.
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APPENDIX 1. ANALYSIS OF VARIANCE OF NORMALIZED ELEMENTAL
CONCENTRATIONS BY GLASS/WATER MASS RATIO, TEMPERATURE, AND
DURATION

Figure I-1. Comparison of the Standard Deviations of Normalized Na Concentrations by
Glass/Water Mass Ratio.
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U 0 54 1.00000 0.032275 0.00439
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Figure I-1, contd. Comparison of the Standard Deviations of Normalized Si Concentrations by
Glass/Water Mass Ratio.
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Figure I-1, contd. Comparison of the Standard Deviations of Normalized B Concentrations by
Glass/Water Mass Ratio.
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Figure I-2. Comparison of the Standard Deviations of Normalized Na Concentrations by

Temperature.
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Figure 1-2, contd. Comparison of the Standard Deviations of Normalized Si Concentrations by
Temperature.
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Figure I-2, contd. Comparison of the Standard Deviations of Normalized B Concentrations by
Temperature.
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Figure I-3. Comparison of the Standard Deviations of Normalized Na Concentrations by Duration.
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Figure I-3, contd. Comparison of the Standard Deviations of Normalized Si Concentrations by
Duration.

(Si norm By duration [dﬂ

1.20
1.15- '
1.10 ' a
I §
1.05- -+ i
€ 1.00 =[F
§ 1
& 0.95 "!" E
0.90 .
0.85-
0.80 '
0.75 T
3 7
duration [d]

r[Means and Std Deviations)

Level Number Mean Std Dev  Std Err Mean
3 54 1.00000 0.053973 0.00734
7 54 1.00000 0.047000 0.00640

-
\. v




193

Figure I-3, contd. Comparison of the Standard Deviations of Normalized B Concentrations by

Duration.
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