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SECTION 1.0
INTRODUCTION

About 50 million gallons of high-level mixed waste is currently in storage in
underground tanks at The United States Department of Energy’s (DOE’s) Hanford site in the
State of Washington The Hanford Tank Waste Treatment Plant (WTP) will provide DOF's
Office of River Protection (ORP) with a means of treating this waste by vitrification for
subsequent disposal. The tank waste will be separated into low- and high-activity fractions,
which will then be vitrified respectively into Immobilized Low Activity Waste (ILAW) and
Immobilized High Level Waste (IHLW) products. The ILAW product will be disposed of in an
engineered facility on the Hanford site while the IHLW product will be directed to the national
deep geological disposal facility for high-level nuclear waste. The ILAW and IHLW products
must meet a variety of requirements with respect to protection of the environment before thev
can be accepted for disposal.

The Office of River Protection is currently examining options to optimize the Low
Activity Waste (LAW) Facility and the LAW glass waste form. One option under evaluation is
to enhance the waste processing rate of the vitrification plant currently under construction. [t is
likely that the capacity of the LAW witrification plamt can be increased incrementally by
implementation of’ a variety of low-risk, high-probability changes, either separately or in
combination. These changes include:

Operating at the higher processing rates demonstrated at the LAW pilot melter
Increasing the glass pool surface area within existing external melter envelope
Inereasing plant availability

Increasing the glass waste loading

Removing sulfate from the LAW stream

Operating the melter at slightly higher temperature

Installing the third LAW melter into the WTP plant

Other smaller impact changes

The Vitreous State Laboratorv at The Catholic University of America (VSL) and
Duratek, Inc. are evaluating several of these potential mcremental improvements for ORP in
support of its evaluation of WTP LAW facility optimization [1]. The present report focuses on
the effect of slightly higher melter operating temperature (1175 to 1225°C instead of the current
1150°C) on processing rate, Although mell rates generally increase with temperature, so do the
challenges imposed on the melter materials of construction and. ultimately. the melter design.
The present work was therefore limited to modest temperature increases in order to limit these
impacts while reaping the potential low-risk benefits of increased glass production rates,

The Vitreous State Laboratory is also developing and testing glass formulations for WTP
waste envelopes to provide data to meet the WTP contract requirements and to support syatem
design activities [2]. That work is based upon small-scale batch melis (“crucible melts™) using
waste simulants. Selected formulations have also been tested in small-scale. continuously-fed.
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joule-hzated melters {DM10 and DM 100 systems}) [3-8] and, ultimately, in the LAW Pilot Melter
[9-13]. Such melter tests provide information on key process factors such as feed processing
behavior, dynamic effects during processing, sulfate incorporation, processing rates, off-gas
amounts and compositions, foaming control, <t¢., that cannot be reliably obtained from crucible
melts. This sequential scale-up approach in the vitrification testing program ensures that
maximmum benefit is obtained from the more costly pilot-scale tests and that the most effective
use is made of that resource, Consistent with that proven testing approach. the principal objective
of the work reported here was to collect the necessary small-scale melter test data while
operating at higher temperatures to support subsequent larger-scale tests on the LAW Pilot
Maelter; the results of those tests will be reported separately. The present work was performead in
accordance with a corresponding Test Plan that was prepared for ORP [16).

Consistent with the general increase of reaction rates with temperature, it is expected, and
found [17-19). that melter processing rates increase with increasing operating temperature. WTP
LAW feeds would also be expected to process faster at higher temperatures but the extent of this
effect for relatively modest temperature increases {ie., within the operational limits of the
materials of construction) is not knovn. Furthermore, the solubility of sulfate. its rate of
incorporation, and its partitioning between the glass and the off gas stream are all temperature
dependent; the direction of these effects generally favors increased sulfate tolerance with
increasing temperature. Again, the magnitude of these eftects for WTP LAW feeds tor relatively
modest temperature increases is not known.  Any increase in the partitioning of sulfur to the off-
gas stream at higher temperatures would lead to increases in waste loading provided the current
WTP recyele loop can be broken {i.e.. if the sulfur collected in the off- gas system is nat recycled
to the melter feed, as is currently the case). Clearly, increases in processing rate and/or waste
loading could reduce the operating time required for the WTP 1o process the same quantity of
waste. The present tests represent a first step in assessing the potential benefits of these effects.

The tests described in this report wtilized blended feed (glass formers plus waste
simulant) prepared by Optima Chemicals according to VSL specifications. Sufficient fead was
prepared to produce nearly two metric tons of glass. Sugar was added (at VSL) to the feed at a
ratic of 0.5 {1 mole sucrose per 16 mole NOx). The DMIO0-WV melter was used in order to
provide a direct comparison with the LAW tests previously conducted on the same melter [3-8].
Two 75-hour melter tests were conducted at two elevated temperatures, 1175 and 1225°C. These
tests were preceded by the production of sufficient glass to tum over the melt pool to the target
composition Key operating parameters were held constant to investigate the effects of he
operating temperature on processing characteristics, particularly melting rate. At each operating
temperatore, the feed rate was adjusted to provide a near-complete cold cap {20-100% of melt
surface covered with feed). Quantitative measurements of glass production rates, melter
operating conditions (temperatures, pressures, power, flows, ete)), and off-gas characteristics
{NOx, 80-, CO, particulate load and compeosition, and acid gases) were made for sach test.
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1.1 Test Objectives

The principal objectives of the DMIOD tests were to defermine the processing
characteristics of a LAW Envelope A melter feed at clevated temperatures. to demonstrate the

robustness of the vitrification process with respect to operation at increased temperature, and to
gerve ag screening tests prior to the corresponding larger-scale tests on the LAW Pilot Melter.

These tests provided information on the effects of higher operating temperature on LAW feed
processing rate, as well as sulfur incorporation and partitioning.

The DM 100 melter tests were conducted at 11735 and 1225°C, which spans the range that
was subsequently tested successfully on the LAW Pilot Melter {tests were conducted at 1175,
1200 and 1223°C). The processing rate information as a function of temperature that is most
relevant for large-scale processing will be obtained from the LAW Pilot melter.

Two DM 100 melter tests were conducted using a LAW Envelope A feed based on a glass

compesition that was formulated for higher temperatwre (1175 — 1225°C) operations. One of the
objectives of this test was to confirm that only single-phase glass was being produced.

Accordingly, he melt pool was examined at the end of each feeding period to verify that no
separate sulfate phase was detectable. Crucible-scale tests were conducted prior to the melter

tests 10 confirm that the glasses and feeds were processable in the melter and that the glasses met
the waste form (ILAW) performance requirements.

Thus, the major objectives of these tests were to:

+  Perfonm tests on the DM100-WYV system using a LAW -Envelope A feed formulated
for higher temperature {1175 — 1225*C) operations.

+ Demonstrate sustained processability and product quality while operating at 1175 and
1225°C.

+ Collect melter emissions data to determine the effect of temperature on melter
£missions.

+ Collect and analyze discharged glass to determing sultur retention in the glass.

+« Prepars and characterize feeds and glasses to confirm that the feeds and the glass-
melts are suitable for processing in the DM 100 and LAW Pilot Melters.

+« Prepare and characterize glasses to confirm that the glasses mest the waste tform
{ILAW) performance requirements.

s Provide supporting data necessary to ensure the success of the larger-scale Pilot
Melter tests.
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1.2 Quality Assurance

This work was conducted under an NQA-1 (1989} and NQA-2a (1990) Part 2.7 based
quality assurance program that is in place at the VSL. This program is supplemented by a
Quality Assurance Project Plan for RPP-WTP work E0] that is conducted at VSL. Test and
procedure requirements by which the testing activities were planned and controlled are defined

in the Test Plan [16]. The program is supported by VSL standard operating procedures that vere
used for this work [21]. Requirements of DOERW-0333P were not applicable to this work.

1.3 Melter System Description
1.31 Feed System

A schematic diagram of the DMI100 vitrification system is shown in Figure 1.1. The
melter feed is introduced in batches into a feed container that i3 mounted on a load cell for
weight monitoring. The feed is stimed with a variable speed mixer and constantly recirculated
except for periodic, momentary interruptions during which the weight is recorded. The way in
which the feed is introduced into the melter is designed to mimic the operation of an ADS punp.
which is the present WTP baseline. The recirculation loop extends to the top of the melter where
feed is diverted from the recirculation loop into the melter through a Teflon-lined feed line and
water-cooled feed tube, Two computer operated pinch valves, one on the feed line and one on the
recirculation loop, are activated in a timed sequence to introduce feed into the melter at the
desired rate. The feed rate is regulated by adjusting the length of cach pulse, the time between
gach pulse. and the pressure applied to the recirculation loop. A compressad air line is attached to
the feed line and can be used to automatically clear the teed line into the melter after each pulse.
The mixed feed enters the melter through a water-cooled, vertical fead tube.

1.3.2 Melter System

Cross-sectional diagrams through the DM100-WY melter are shown in Figures 1.2a-c.
The DMI10Q-WV unit is a ceramic refractorelined melter fitted with a pair of opposing Inconel
690 plate ¢lectrodes as well as a bottom electrode. The melter can be operated with sither three-
phase or single-phase power. However, the standard mode of operation, which was vsed for
these tests. is single-phase with voltage applied to the side electrodes only. The bubbler used for
stirring the melt pool enters from the top and is removable, The glass product is removed trom
the melter by means of an air- lift discharge system. The DM100-WV has a melt surface of 12 =
14 inches. giving a melt surface area of 0,108 m’. The nominal depth of the melt pool is about 19
inches, which gives a typical glass inventory of between 115 and 120 kg, The plenum height is
27.5 inches. Temperatures are monitored by means of a series of thermocouples located in the
melt pool, the electrodes, the plenum space, and the discharge chamber.

10
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1.3.3 Off-Gas System

For operational simplicity, the DMIO3-WY is equipped with a dry off-gas treatment
system involving zas filtration operations only. Exhaust gases leave the melter plenum through a
film cooler device that minimizes the formation of solid deposits. The film-cooler air has
constant flow rate and its temperature is thermostatically controlled. Consequently. under steady-
state operating conditions. the exhaust gases passing through the transition ling {between the
melter and the first filteation device) can be sampled at constant temperature and airflow rate.
The geometry of the transition line conforms to the reguirements of the 40-CFR-60 air sampling
techniques. Immediately downstream of the transition line are cyclonic filters followed by
conventional pre-filters and HEPA filters. The temperature of the ¢velonic filters is maintained
above 150°C while the temperatures in the HEPAs are kept sufficiently high to prevent moisture
condensation. The entire train of gas filtration operations is duplicated and each train is used
alternately. An induced draft fan completes the system.

n
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SECTION 2.0
WASTE SIMULANT AND GLASS FORMULATIONS

2.1 Waste Simulants

The LAW Envelope A waste simulant is based on composition data for tank AN-105
given in the TFCOUP Eev. 3 [22]. The sodivm concentration in the simulant was increased by
2.56 % to account for sodium additions in pretreatment [2. 2], The sulfate content in the feed
was increased to represent recvele from the off- gas treatment system to the melter feed assuming
that 0% of the sulfur in the feed reports to the off-gas stream [2-14]. Sulfur from the recycle
stream was added as the respective sodium salt. The nominal concentration, expressed n terms
of the sodium molarity, was determined on the basis of melter feed rheology tests on similar

formulations [24]. The results of those tests led to the selection of 3.0 molar sodium as the
nominal simulant concentration for the LAW AN-105 waste.

The nomdoal simulant formulation 15 given in Table 2.1. The resulting simulant is a
solution of predominantly sodivm, aluminum, hydroxide. nitrate. and nitrite. Samples of the
simulant were prepared according to Table 2.1 and tested at VEL. For the melter tests, Optima
Chemicals, which has supplied all of the LAW simulants for the previous DM100 and LAW

Pilot Melter studics, prepared the simulant and added the glass forming chemicals before
shipment to VL in 53-gallon drums. Sugar was added at VSL

2.2 zlass Formulation

The feed additives were selected on the basis of glass formulation studies. which in the
present case focused on the viscosity of the glass mell. The cumemt WTP LAW glass
formulations are designed to have viscosities of abomt 30-70 Poise at an operating temperature of
1150°C. For higher temperature operation, a similar range of viscosities can be achieved by
modifying the glass composition If this were not done, the glass contact refractory (Monofrax
K3} would experience both higher temperature and a lower viscosity melt, both of which
increase fts rate of corrosion [253]. Accordingly, the new, higher temperature glass composition
was designad to have a viscosity of about 30-70 Foise at 1200°C, which is the middle of the test
range (1175°C to 1225°C), instead of the value of about 30-70 Poise at 1150°C for current WTP
glasses.

The composition of the glass selected for melter testing (LAWAIL4)) 15 given in
Table 2.2, where it is compared with the compesttion of the current WTP formulation for 1ank

AN-105, which is LAWA44. With respect to LAWA44, the increase in viscosity was achieved
by increasing the SiQ; content by about 3.5 wit%s at the expense of 2.5 wit% Fez O, 0.3 TIO;, and
0.5 wt% MgO. The measured viscosity of this glass is 60 Poise a1t 1200°C. This and other
properties of LAWAIL140 are comparad with thoss for LAW A4 in Table 2.3, As can be seen, the

12
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new formulation still meets the ILAW contact requirements by a wide margin. Intersstingly,
althongh the PCT performance of LAWAIL40 is about the same as that for LAWA4, the VHT
performance 1s somewhat worse, although still well below the requirement, despite the increased
silica content. This difference probably reflects the beneficial effects on VHT response of the
components that were removed, particularly iron.

Omce the glass composition for melter testing was selected, melter feeds were prepared
and characterized 10 ensure that they were suitable for processing in the DM100 and LAW Pilat
Melters (see Section 2.4) A list of the glass forming chemicals vsed to prepare the meler feed is
given in Table 2.4; these are the same chemical sources as are presently planned for use in the

WTP.

23 Sugar Additions

With high nitrate feads, the addition of reductants is necessary in order to control melt
foaming. Sugar, which was used for this purpose at West Valley, has also been selected as the
baseline reductant for the WTP. The amount of sugar required increases with the amount of
nitrates present in the feed and decreases with the amount of waste organics present in the £ed.
which themselves act as reductants. Excessive additions of reductants can be deleterious, leading
to over-reduction of the melt and formation of sulfides and molten metals. Consequently. the
oxidants and reductants in the feed must be suitably balanced. The basis for achieving this
balance was developed by VSL and Duratek for the vitrification of high-sodiume-nitrate feeds at
Savannah River's M-Area and has been successtully applied to the processing of a wide variety
of sitnulated WTP feeds over the past six years. In developing this approach, we elected to
conservatively adopt the most reducing potential reaction as the basis for the Jefirmnfion of a
"sugar ratio" of 1.0 as a result of concerns for over-reducing the melt. Such a reaction, using
sodiwm salts as an example, is:

CizHzzOny + BNaNOs =8CO; + 400+ 4N; + [ 1HAO + dNgO

Fundamentally. the basis that is selected is simply a convention. since the precise stoichiometry
of the reactions involved is neither known nor constant under the conditbns prevailing in the
melter. However, with this comvention. a sugar ratio of 1.0 corresponds to one mole of sucrose
per <ight moles of nitrate or, more generally, 1.3 moles of organic carbon per mole of nitrate. It
is then expected that significantly less sugar than this will be required in practice. The
empirically determined amount required to successfully control melt foaming without
significantly reducing the glass melt was found to correspond 1o a ratio of 0.5 when any nitrites
present were counted as nitrates (.¢., 0.75 moles of organic carbon per mole of nitrate + nitrite).
This approach has been employed for all WTP melter testing. It is, however, expected that slight
variations arovnd the nominal value of 0.5 may be necessary to account for differences in the
reducing power of waste organics in comparison to sugar, particularly for LAW streams that are
high in organics.

13
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As an example. the calculation of the amoumt of sugar needed for the present Sub-
Envelope Al feed to achieve a sugar ratio of 0.3 proceads as follows:

e  Ome liter of simulant contains 1883 moles of nitrite and 1.978 moles of nitrate,
giving a total of 3.866 moles of Ny (see Table 2.1)

» Required total amount of organic carbon for a sugar ratio of 0.5 iz 3.866
x 0,75 =2.900 moles

+  Umne liter of simulant contains 0.462 moles of organic carbon {see Tablz 2.1)

s  Therefore, 2.900 - 0.462 = 2.438 moles of organic carbon must be added.

Since the molecular weight of sucrose is 342 g per mole, 2.43% x 342/12 = 69.48 ¢ sugar must he
added per liter of simulant, as shown in Tabl: 2.4,

24 Analysis of Feed Samples
241 General Properties

Feed samples were analyzed from each received feed batch and from each test that was
conducted to confirm physical properties and chemical composition. Samples taken during
testing were from an inline sampling port. Sample names, sampling dates. and measured
properties are given in Table 2.5, The narrow range in the measured water content, density. glass
vield and pH values show the consistency of the feed processed throughout testing. The
measured glass viel was about 10.3% below the target value of 522 2 per kg feed due perhaps to
water additions during feed trarsfers. The average measured feed properties for the previous
glass formulation vsing the same LAW A simulant {LAWA44 [26]) are very similar, indicating
that the changes made to the glasz forming additives had little effect on the melter feed
properties. Also notice that the measured glass vield for the LAWA44 is also below target vield
although the deviation is smaller. This observation is important since comparisons of production
rates from the DM 100 are based on target glass conversion ratios.

2.4.2 Ehedogy

Samples of the melter feeds that were used for these tests were also subjected to
rheological characterization. The results from rheological characterization of a variety of other
melter teeds and waste simulants, as well as the effects of a range of test variables, are described
in detail in a separate report [24]. Mealter feeds were characterized uszing a Haake RS7S
rheometer, which was equipped with ¢ither a Z40DIN or a FL22-5740 sensor. A typical set of
measurements consists of identifying the flow characteristics of the slurry by measuring the
shear stress on the shurry at controlled shear rates and temperatures. In these measurements, the
shear rate values are preset and are increased stepwise from .01 5! to 200 s {70 5! for FL22-
SZ240) with a sufficient delay (typically 13 to 30 seconds) between steps to ensure that shear
stress is allowed to fully relax and therefore is measured at equilibrium. This appreach is
somewhat different from the "flow curve" approach in which the shear rate is ramped up to some
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magimum value and then ramped back down to produce a hysteresis curve that is dependent on
the selected ramp rate. The wviscosity of the sample as a function of the shear rate is then
calculated as the ratio of the shear stress to the shear rate. The vield stress data for the melter
feeds were menasured using a controlled-stress mode in which the torque on the rotor was slowly
increased while the resulting deformation of the flwid was menitored. The discontinuity in the
measured deformation-torque curve was identified as the yield stress. It should be noted 1hat this
direct measurement of the vield stress can be quite different from the value that is often reported
as the yield stress, which 1s obtained by extrapolation of the shear stress-shear rate curve to zero

shear rate. All of the measurements in this work were made at 23°C; previous work [24], which
examined a range of temperatures, showed a relatively weak effect of temperature.

Rheograms for the melter feeds, which show the feed viscosity wversus shear rate, are
presented in Figures 2.1, Also included i that figure are values measured for feed from the
previous glass formulation using the same LAW A simulant {LAWA44 [26]). Figure 2.2 shows
an altemative presentation of the data as plots of the shear stress versus shear rate; alzo included
are proposed W TP bounds for feed rheology [27]. Rheological properties of both feeds were well
within the proposed bounds. Notice that both feeds have nearly identical rheolagical properties
indicating that the change in glass formulation and additives had little etfect on teed rheology.
This was also observed in measurements of yield stress, which were 1.1 and 0.8 Pa for the
LAWAIL40 and LAW Ad4 feeds, respectively.

2.4.3 Chemical Composition

The chemical compositions of the feed samples were determined by first making a glass
from the feed sample via crucible melt. The glass was subsequently crushed and analyzed
directly by X-Ray Fluorescence Spectroscopy (XRF). The boron oxide target value was used for
normalizing the XRF data since its concentration was not determined by XRF. The results. which
are compared to the target compositions in Table 2.6, generally corroborate the consistency of
the feed composition and show good agreement with the target composition for the major
glements. X the oxides with a target composition greater than one percent, only oxides in the
intermediate range {1-3 wt. %4), had deviations greater than 10% Fom target. These deviations,
for oxides of titanium. magnesium, and zirconium, were also observed in the product glasses ut
the magnitude is considerably smaller {sze Section 4.1). For example. the deficit of magnesium
oxide was about 27% in the feed samples but only about 3% in the product glass. A surplus in
titanium has also been observed previously in LAW melter feeds p-8, 2. 28-31] and is
presumed to be dne to its presence as a contaminant in the glass forming additives. Volatile
mnor ¢lements such as sulfur and chlorine are, as expected, below target due to loss during

crucible melting.
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SECTION 3.0
MELTER OPERATIONS

Melter tests were conducted on the DMIOD-WY with the LAW Sub-Envelope Al
simulant between 9/15/03 and 9724403, These tests produced almost two metric fons of glass
from approximately four metric torg of feed. The tests were divided as follows:

= Turnover: 33 hours feeding, variable glass temperature
*  Test 1: 75 hours feeding, 1175°C target glass temperature

= Test2: 75 hours feeding, 1225°C target glass temperature

Summaries are provided in Tabk: 3.1 for all three test periods. Note that feeding had to be
interrupted for about 42 hours during Test 1 as a result of hurricane [sabelle. Attempts were
made to replicate the melter configuration and operating conditions used for the comesponding
tests conducted carlier [, 4] and the previous LAW Sub-Envelope [5-8, 28-31] tests. These
conditions include a near complete cold cap, which is between 80-25% melt surface coverage for
the DM104, since a 100% cold cap tends to Jead to "bridging” in smaller mehers.

As expectad. the glass production rate increased with increasing glass temperature, as
shown in Figure 3.1. The feeding interruption during Test 1, starting at about 75 hours run-time,
is evident in this figure. The measured rates from the present tests can also be compared with the
rates obtained with LAW Envelope A simulants at the nominal melting temperature of 1150°C,
as shown in Figure 3.2, Ower this temperature range, the glass production rate increases
approximately linearly with temperature. giving an increase of abowt 50% {(-2000 to
3000 kanr' iday) with a 75°C increase in glass temperature. It should be noted that the rates
compared in Figure 3.2 are all based on target glass yields; use of measured glass yields would
result in production rates of about 5 10 11 percent lower but the same relationship between glass
temperature and production rate would be observed. The feeds met the acceptance criteria for
larger scale testing on the LAW Pilot Melter in that the required processing rates were achieved

no processing problens were observed, and a secondary sulfate phase was not observed.

>

The results of various operational measurements that were made during these tests are
given in Table 3.2, Glass temperatures at various heights are plotted in Figure 3.3; temperatures
ngar the top of the melt pool are not reliable indicators of bulk glass temperatures as a result of
gradients near the cold cap. Readings from the deeper themmocouples show the intended
increases tor each test and approximate the targets of 1173°C and 1225°C in the bulk of the glass
pool. Plenum temperatures typically ranged from 500 to 650°C, within the 450 to 650°C target,
as shown in Figure 34. This is deliberately somewhat higher than for the larger melters
{DM1200 and LAW Pilot Melter) in order to raduce cold cap bridging that occurs in the smaller
melters. Note the rise i plenum temperature during the period of idling as a result of the bume
off of the cold cap. During feeding periods, plenum temperatures increased with increasing glass
temperature, Electrode temperatures also mcreased with increasing glass temperature. as shown
in Figure 3.5. The East and West ¢lectrode temperatures were very close to the bulk glass
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temperaturs and averaged between 1140-1149°C while the bottom zlectrode was typically about
170°C cooler than the side electrodes. Thi lower temperature is due in part to the bottom
electrode not being powered. Power supplied to the electrodes typically varied by only 2 kKW
from the average value. The average bubbling rate for Tests 1 and 2 approximated the target rate
of 15 Ipm, which 5 the value used for the corresponding tests performed at 1130°C,
Consequently. the results of these tests can be directly compared and the changes in glass
production rate attributed to the changes in operating temperature,

The @s temperature at the film cooler averaged between 2860 and 318°C depending on
the plenwm temperature as well as the amount and temperature of added film cooler air. Little or
no drop in gas temperature was observed across the (insulated) transition line, which serves to
prevent condensation, as intended.
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SECTION 4.0
GLASS PRODUCTS

Almost two metric tons of glass was produced in these tests. The glass was discharged
from the melier periodically into 5-gallon carbon steel pails vsing an airlift system. The
discharged product glass was sampled at the end of cachtest by removing sutticient glass trom
the top of the cans for total inorganic analysis. Product glass masses, discharge date, and analysis
performed are listed in Table 4.1, Glass samples were also obtained by dipping a rod into the
glass pool at the beginming and end of each test. These "dip samples” underwent visual
examinations to detect the presence of a separate sulfate phase on the glass surface as well as
total inorganic compositional analysis.

4.1 Compositional Analysis

Discharge and dip glass samples were crushed and analyzed directly by XRF. The target
values for boron oxide, which is not determined by XRF. vere used for normalizing the XRF
data to 100 wt%o, The XRF-analyzed compositions of discharged glass samples are provided in
Table 4.2. Analysis resulis for dip samples by XRF are provided in Table 4.3, All discharged
glass samples were subjected to XRF analysis. The majority of the XNEF analysis results
compared very favorably to their corresponding target values. The only significant oxides with
relative deviations from target of more than 10% were TiQ: and Zr0:, which vere about 11%
and 10% above their target values, respectively. Compositional trends during Tests 1 and 2
shown in Figures 4.1- 4.3 illustrate the closeness to target and the coreistency of compaosition
over the course of the tests. The oxides comprising the product glass change very little during
tasting, including the nearly two-day idling period.

The concentrations of chlorine and sulfur, which are relatively volatile, are plotted over
the course of the tests in Figure 4.4. Notice that at ¢ach of the two processing temperatures, the
concentration of 805 is stable over the tests. Also observe the small but discernable decrease in
SO in the glass product as the processing temperature was increased. Chlorine concentrations
followed a similar trend with a wider disparity from target and a higher degree of variability in
the data. A slight decrease in chloringe concentration may have occurred as a result of the idling
period. whereas no decrease is evident in the sulfur data.

Glass dip samples were obtained at the beginning and end of each test, primarily to
ascertain whether a secondary sulfate layer had formed on the surface of the glass melt. Table 4.3

provides a listing of all of the dip samples together with their analyzed compositions and whether
or not a separate salt phase was evident. Dip samples taken immediately afier both tests (WVT-
D-d46A, WVT-D-110B) as well as a dip sample taken after a period of idling at about 1050°C
{WVT-D-18A} in the middle of the first test were all free of secondary phasas. Note, however,
the increased sulfur content in the dip sample after idling, which is often observed in such
samples even when a separate sulfate phase is not evident.

15



The Cotholie Untversity of dmerice Emall-Soole Melter Testing at Higher Temperatures
Frereots State Laboratory Einad Report, VEL-04R 0801, Rev. &

SECTION 50
MONITORED OFF-GAS EMISSIONS

51 FParticulate Sampling

The melter exhavst was sampled for metals/particles according to 40-CFR-60 Methods 3.
5, and 29 at steady-state operating conditions during each test segment. The concentrations of
off- gas species that are present as particulates and gaseous species that are collected in impinger
solutions were derived from laboratory data on selutions extracted from air samples (filters and
various solutions) together with measurements of the volume of air sampled. Particulate
collection required isokinetic sampling, which entails removing gas from the exhavst at the same
velocity that the air is flowing in the duct {40-CFR-60, hMethads 1-5). Typically, a sample size of
30 dsct was taken at a rate of between 0.5 and .75 dsctin. Total particulate loading was
determined by combining gravimetric analysis of the standard particle filter and chemical
analysis of probe rinse solutions. An additional impinger containing 2 N NaOH was added to the
sampling train to ensure complete scrubbing of acid gases, particularly halogens. The collected
materials were analyzed using direct current plasma atomic emission spectroscopy (DCP-AES)
for the majority of the constituents and ion chromatography (IC) for anions. Melter emission
fluxes are compared to feed fluxes in Table 5.1 where the distinction is made between
constituents sampled as particles and as “gas". The "gaseous" constituents are operationally
defined as those species that are scrubbed in the impinger solutions after the air stream has
passed through a 0.3 pm heated filter.

The results from previous tests have shown that prticulate melter emissions tend to
increass with increasing  glass processing temperature [17-19. 32]; the results from the present
tests are consistent with this finding. The 30°C increase in processing temperature resulted in
about a doubling of particle and many elemental carn-over rates. In contrast. neasnrements of
emission rates as 3 percentage of teed for previous tests with LAW Sub-Envelope Al conducted
at 1150°C [7. B, 29] were both above and below the emission rates measured at 1175°C,
suggesting that eifect of the 25°C increase is within the variability of the measurements. As
expected, the feed clements with the lowest melter decontamination factors {DF) were halogens
and sulfur, followed by chromium, alkali metals, and boren It should be noted, however, that the
chromium values are likely biased high as a result of the prevalence of chromium-containing
materials in the melter (K-3 and Inconel). Sulfur and chlorine emissions were predominately
particulate, which is consistent with previous studies using high-alkali LAW A simulants [4, 7, 8,
26, 29]. Fluorine emissions were difficult to evaluate due to the low feed concentrations
combined with its ubiquity as a contaminant in water and raw materials. Boron, sulfur, and the
halides were the only elements detected in the impinger solutions collected downstream of the
heated particle filler in the sampling train, which constitutes the “gas™ fraction of the melter
£Mmissions.
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5.2 (xases Monitored by FTIR

Melter emissions were monitored in each test for a variety of gaseous components, most
notably CQ and nitrogen species, by Fourier Transform Infra Red Spectroscopy (FTIR). The off-
gas system temperature is maintained well above 100°C beyvond the sampling port downstream
of the HEPA filter to prevent analyte loss due to condensation prior to monitoring. A summary
of average concentrations monitored during each test is provided in Table 3.2, Concentrations of
various monitorad species are plotted in Figures 5.1 - 5.3, The large variations in the measured
concentrations evident in these figures are a result of the pulsed feeding system and the dynamic
nature of the cold cap. Data collection was stopped at the onset of idling during Test 1 and
restarted about 10 hours into the second test resulting in about two days of data for each of the
two tests. The analytes listed in Table 5.2 are these that were expected to be observed during the
test, based on previous work; no other species were detected in the off-gas stream by FTIR. The
most abundant nitrogen species monitored was NO, which is consistent with previous tests [3-5.
28-31] in which nitrates and nitrites were abundant in the feed. Concentrations of NO; and N-O
were about an order of magnitude less than NO throughout testing. Also consistent with previous
tests were measured concentrations of CO, NH:, and CO: arising from the decomposition of
sugar. As expected, emissions increased in proportion to the increased teed rate in Test 2. No HF
or HCl were observed by FTIR, which is consistent with the low concentrations of gaseous
chloring and fluorine observed vsing the Method 5-type sampling discussed earlier (Method 3-
type methods have lower detection limits). The variations in emissions over the course of =ach
test segment are due in part to the pulsed teed system and changes in the melt pool cold cap.

A nitrogen mass balance is sunimarized in Table 5.3, In both tests, about 50% of the feed
nitrogen oxides were reduced to diatomic nitrogen, which is consistent with expectations based
on previous tests with feed at sugar ratio of 0.5, The increase in processing temperature gave no
apparent change in nitrogen speciation from the decomposition of feed nitrates and nitrites.

53 Mas< Balance of Sulfur and Chlorine

Table 5.4 provides the percentages of sulfur and chlorine that were retained in the glass
product or identitied in the various off- gas stream samples tor each of the tests. Data for other
melter tests processing LAW Sub-Envelope Al simulants are included for comparizon. Sulfur
mass balance around the melter was excellent for all tests, with totals ranging from 100 - 109
percent. Total recovery for chlorine was reasonable for most of the tests. Sulfur retention in the
glass ranged between 91 and 100% for tests at 1130 and 11753°C Iuat dropped to 81% in the test
conducted at 1225°C. A trend for chlorine glass retention over all the tests is not as easy to
discern due to the excess chlorine measured in several tests, which may be due to its ubiquity as
a contaminant. However, tests conducted from the same feed batch in this study clearly show a

decrease in chlorine retention in the glass with increasing glass temperature (see Figure 4.4).
Almost all of the sulfir and chlorine not retained in the glass was emitted as particles.
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SECTION 6.0
CONCLUSIONS

Two tests were conducted on a DM 10O vitrification system to assess melter performance
and feed processing characteristics at elevated temperatures of 1175 and 1225°C. A glass
formulation for the LAW Sub-Envelope Al simulant was developed and tested to accommodate
these higher processing temperatures. No difficultizs were encountered during processing and at
no time during or after testing did a separate sulfate phase form on the melt pool surface. Glass
production rates increased approximately linearly with increasing processing temperatures from
about 2000 kg /day in previous tests at 1150°C to about 3000 kg/m'sday at 1225°C, Based on
the DM 100} results, the feed formulation and processing temperatures were accepted for larger-
scale testing on the LAW Pilot Melter.

During the present tests, tatal particulate emissions from the melter ranged from 0.47-
0.85 w1, Melter DFs were determined for ach element in the feed for the two tests that were
performed. Both total particulate and elemental carryover approximately doubled as the

processing temperature was increased from 1175 to 1225°C. Excellent mass balance closurs
around the melter was achieved for sulfur.

A
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SECTION 7.0
RECOMMENDATIONS FOR FUTURE WORK

As noted previously, the present test program [1] includzs melter runs at high temperaturs
at much larger scale {by a factor of about 30, which is one-third of full-scale for the WTP) on the
LAW Pilot Melter. The results from those tests will be reported separately but the results are
generally consistent with those presented in this report with respect to the effect of increased
temperatore on glass production rates: Very significant increases in LAW processing rates are
possible with rather modest increases in operating temperature. In view of the potential impacts
for the WTPF facility. further testing is recommended to underpin this conclusion, This work
should include:

L ]

Materrals Corrosion (Buaseline Materials) - Testing should be performed to evaluate
the impacts of increased temperature on the existing baseline melter materials of
construction over the range of LAW compositions and for extended periods of time
under as realistic operating conditions as possible. Initial efforts in this area are
included in the present test program [1].

Materials Corrosion {Afternate Materials) - Similar testing should be performed on
potential alternate materials of construction for deplovment in replacement LAW
melters. Initial efforts in this area are included in the present test program [1].

Bubbler Lifetime — The WTP LAW Filot Melter test program demonstrated that long-
term melter tests are required to reliably predict the lifetime of bubblers because of
the nature of the failure mechanisms involved. It is expected that bubbler lifatimes
will decrease with mereased operating temperature but the magnitude of the etfect is
presently unknown. Similar tests are therefore required at higher operating
temperatures with both the present baseline and potential altemate bubbler materials
of construction The same tests could be used to assess impacts on other melter

components. such as thermowells and level detectors.

Sulfaie Solubility and Portitioning — The present tests indicate that sulfur partitioning
to the off- zas stream increases with increased operating tenperature, It is expected
that the solubility of sulfur in the glass melt also increases with temperature. Both of
these effects should increase the level of sulfur in the teed that can be tolerated betore
a separate sulfate phase develops, which would lead to increased waste loadings,
decreased glass volumes, and further reductions in the time required to process LAW.
Tests are required at increased temperature with progressively increasing sulfate
levels in the Feed, up to the point that a separate solfate phase forms, to determine the
extent of this additional benefit to the LAW facility.

e
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o LAW Composition Envelope Testing — The present tests have emploved a single LAW
Envelope A composition and glass formulation. Comresponding tests are required
across the expected LAW compeosition range and, at a minimuom, for representative
LAW Envelope B and C compaositions. Such tests would address the robustness of the
observed production rate increases over the LAW composition range as well as the
effects of composition m the factors discussed above (materials corrosion. sulfate
solubility, sulfate partitioning).
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Table 2.1. LAWY Envelope A (AN-105) Waste Simulant Recipe at § Molar Sodinm.

, 5 tan _— LAW A Wasle , , ;
= Dratcles { ) Glass =

: mig-1 M Loacling 25707 % I 295 mil waker aded tollowmg commpongds i the avder listed belaw

A1 15505 T el AL, 16 357 3330 (AN 130 H0, 60% sol ] 373 14 bal 45 37

A1 H ) T Ta 00 nrT 3149

Ca 3 O (M Cald s O A - 4H -0 2 236 16 [ 2 0 3

Cr 156 O (W3 Cr0; 3076 O 020 Ma ro*4H O 1] 234 04 [ eir 0 7

Fo ] T Fe; ) 0007 EaA - " THZ 3 4 01 T 0 JE |

k. 45 ¢ k-0 17% 444 - OH B 35 110 [(]] T

iB 153920 B (WM [REF VA0 LT MalH. 0% 50l d=1 33 3 ELTTL 0 M 314 93

i 1E [T hO [OXTY N O (b3 MU MO " e H O 4 200 31 [KLT [N E!

a1 15} 3 M3 T &1l 0025 - 1l Ol (o [F 0 3%

C1 33 019 (] 217 ( 350 Mal 12 RS ER [Fe 1139

F R G 0lo F (2% R MaF 13 42 () [ 2 0 67

i, TH] T E P T 263 O 068 e, POy, 1 TH0 14 3ED 12 T o0 EE¥E!

uN 2BE3 [NUET) B0 734 [} [F] M- 50, 13 142 0o R 431

[0 odis 1 558 [ - - [Flatli- 20 60 Ol I (e 130 94

[{C)- 122042 | 278 [ - - Mahi(h- - B4 00 [ 2 R

CO., 11933 o 190 O, N N MOt ] 105 70 7] 71 08

_H LEEN] 3313 CH . . From b.CH + MaCH + AN COH

D1g Carbon 353 0 d62 - - - - - - - -

[ ELTA 3d0 Y] - - - Ma-EDTA TH-O (C10) 3 37214 [ 2 47
HELTA 4324 O 0le - - - NaHEDT A 4 %030 (CI0} 3 344 20 LN 1303
Avetate HIE { 35 . . . Sodiwn Acetate (T2 [ 136 08 R 402
Founate 2007 [JIER] - - - o Fanmate (C1) ki 03 01 [ 00 30
Cixalate [ ¢ (M5 - - - Sodimm Oalate (U2} [} 134 Tk [ 0 104

Glveolate 1820 0024 - - - Glveolic Aol (C1) 10 a3 [T n
. . . . . . Tatget Glass 1239 &)
- UM L 25307 Toral seomuland wenzhe 1361 ?ﬂ

"oty Jdata freld
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Table 2.2. Composition of High-Temperature Glass: LAWA140

A?:;IF'?JS Faayclad Mominal
{7lass Soudiuti LAWAL40 Glass
Drades | T8lass @ | Additwes | g e LAWA
200% Mix
Mayt) 7, 26]
T
Loadinig, 257000 | 74703 % - - -
Ay 4 359 1843 - &M al1%
B,y 0000 000 . % 00 s
Cacy 0007 1 o265 - 199 150
iy 0 20 - - 0 0
gyl y (K0} - - 0 014
Feyiy 0002 4452 - 4 4% a9
kD 0 444 - - 044 O 44
Mg 0 0 1492 - 149 132
Wazs 20 100 - O03E 2004 2002
Hale (03 - - =001 =]
S0k sl 43 43 - 4502 44 44
| G Q00 1452 - 1 42 154
Zi 4 ol 2473 - 297 294
Lk {00 2983 - 298 298
[y | 0 359 - - 0 5 058
F (25 - - 03 i)
P2l ST - - o 0
Sy 0134 - 004 02X 024
Taotal 25707 74293 0 GG 1940 [0y JLLERNS)

" erapty data beld
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Table 2.}. Characterization Data for High-Temperatare Glass LAWA140 and LAW Sub-Envelope Al Glass LAWA4.

Glass Mame LAWAL4) LAWAH [Melter Support]
Glass density (giee) 2.65 2.67
Lxjudus Information
Heat treated at 830°C for 20 hours after premelt at 1200°C: Clear homogeneous glass Clear homogeneons glass
Optical microscopy examination
Vigcosity (Poise)
F0C 1088 730
TO00°C 522 375
T050°C 215 200
T100C 156 114
1150°C o 69
200°C 60 44
1250°C i) 20
Electrical Conductivity {Scm)
Oa0°C 015 0.2
TO00°C 0.16 0,30
T050°C 0.20 036
T1007C 0.24 0.4
T150°C 0.29 .52
12007C 0.34 0.60
1250°C 0.40 070
PCT (%P C — 3041 stainless steel vessel) (specification: <2 g-’m‘ }
B {g'm) 0.42 0.52
Na (g/m’}) 0.50 0.52
Si {gm’) 0.15 .20
VHT {g/mi”/dav) {speaification: < 50 g'or/day) 4.0 1.0
Glass Transition Temperature, T, (onset) 311°C MR
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Table 2.4. Glass Forming Additives for 1 Liter of Simulant {(Nominal) and Corresponding Melter Feed Properties.

4 dditives Source Fied LAWALID
4 ity s o (lass (witil T4 20 %
Eoranute (A LD, 325 Meah (Eovare Mumnghic) ]|
H-Pio- (US Bowsee — Techtueal Gvarnudar) (z) 2H} 6]
W ellanstotute WY AT 325 Mesh (HY OO hmerals ) () 335
Fe. 0 (Prnge Manufactorog, 55%) (2) REEH
v atee {Bdg a0 ) 328 hdesh (FLED Ui (2 3700
200 (S i-c0-30 T -TIS Silicahig) 31780
[0 ( TrPure Banle DuPont] (g) 19 63
o (BADON — 000 Zuie Conp of America) (g} 682
Frcon ZrSely (Flowr) bdesh 325 (Am Mineral) (2} 37
Pucddition of Suerose as Eedudtantinemuoal] (g) 09 48
Has50 (Bom recveled off-gasi () | 0%
indant Werght fov 1 Liter {2} 1362
Fum of Additrres () TTE!
um of Completz Batehig) 2377
Firal Volume (1) (based on measured dersaty) I 3
ful2asured Density (/) 1 6%
Foopractad (Glass Produeed (), ve, Glass Yield (g1 of sunulant) 1240
b easured Weeht %5 Water i Shany Feed 38 413
W aight %o Additives i Sluny 47 7%
Targst Glass Yield {gkg of Feed) 312
Tatget Glass Yield (/] of Fead) Eq2
fieazured Tatal Sohds g/ of Fead) 141
Bdditives igil of Feed) g

T4



The Catholic Universiby of America

Tfreons Siafe Laboratory
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Date MName o Waker [:;:rl:‘ir{ {kgﬂ:;;aﬁ Yield Y pH
H1E05E | W E-F-1354 IZ5 170 0474 i) 11 85
H1H03 | WYE-F-1504 L1 171 0473 a0E 11 95
WG | WNVT F23A Iz 182 G [ IT 11493
X035 | WYTF-384 371 170 LR P =12 11 &8
22205 | WVT F-574 38 189 L e FO8 1145
XAZ0S | WYTE-T14 331 ] 57 0477 Rl 114
3303 | WVT -F-Rgh Iz 2 = O 448 FA3 1212
934403 | WVT.F-1024 3EE 1 a7 0 445 745 11 51

Average 354 1a% 0457 788 11 %8

Avergge for LAW 4414 376 172 0 481 527 1210

Formulation [ 26]
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Table 2.6. XRF-Analyzed Compositions of Feed Samples (wt%).

- WAV S-F- | WV 5-F- -F-|W\T-F- -F-|WVT-F- -F- -F-

Constitate | Target i 3;1: IEAF ng AF 33 AF “E?AF ‘;;TAF “’;;F “:";T:AF Average | “aley
Ay & 20 622 G472 G 45 673 620 G55 669 G 42 G 46 420
Ein* Rk 858 B9 L 898 B o8 898 8 ag 850 M J LS

Zalh 134 20 204 216 197 201 2140 219 22 2 08
1 i 023 013 0ol 01z 028 003 oos 003 01 HC

g O o2 Oo0d O 003 003 005 00s 003 oo 00 Wi
F o3 WA A NA A A A A NaA W N

| 448 444 437 476 4 34 47 473 429 45 4 54 141
| ] 44 dh 042 032 042 0 45 037 42 039 41 i
hlgil 1 4% 108 1005 1 08 135 149 127 (51 0 107 ] -2753
Maaio 2004 200 19 39 17 32 1954 10 £5 1% 1a 18 83 17 EY 13 &4 =3 44
By v 1y 0l 01l Ooe g ! g 0l URLL HC
10y 4E 02 4% 14 42 &7 13 42 30 47 a7 49 34 4919 4% 50 42 29 120
S0 n23 inl4 01l 005 132 D15 07 Dos 0oz 010 N
Tis 1 4% 157 1 6% 181 167 157 174 | 85 1838 175 17 3%
e 297 293 297 320 275 2 304 330 334 300 31a
Zrih 298 343 3411 358 313 349 349 345 363 3435 143 (K
Swa | 10000 | 10000 | 10000 | 10000 ) 10000 | 100000 | 10000 | 1oQ 00 | 10000 | 1000 Wi~

* Tarpet value
MaA - Mot analvzed
N - Mot caleulatad

T+
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Table Y. 1. Summary of Test Conditions and Results for
LAW Sub-Envelope A (AN-105) High- Temperature Tests.

- Turnever Tast | Tast 2
Target Fless Termprerats Variablz 11737C 122537C
Faed Stant 1503 11 46 %103, 2203 2103, 1911
Feed End W1e03 2202 92103, 1911 K203, 2215
Watzr Feeding, () 125 10 A&
fime Feading Iterruptions Ha 9."13.@3, 1627 Ha
— BI0/03, 1010

Total Feedmg Interrptions (he) 0 4] 7 0
Net Slwry Feedine (hu’ 30 5z 50

Cald Cap Baen-10ff (Tt NA 143 15

Eeductant Rotio (IS 035 05
Glazs Teld Tatpet 0322 0532 (522
(kg of feed) Average Measurad 0474 0472 0 461
Total Feed Processed (Lgd 587 1511 16522
Average Froduction From Target Weld 2044 2303 2043
Rate (kg/nd/day) From Meesued Tield 1858 2028 2602
Steady State Production From Target Weld NA 2400 g
Rate (kg/nd/day) From Meesured Tield NA 2167 2650
Particle Emussions Eate (mg/minh NI S94 2300

4% Bolids Carnvover from helter NI 047 023

4% of Feed Sulfur 1n Glass Product NI o Eq |

i‘;;if 4 of Feed Sulfur m Particle Emiszions HD G2 125
Balanze | %9 of Feed Sulfinr in Gaseous Enussions Iy oG 04
% Total Reeovery of Feed Sulfur NI (LI Lo

Sullaee Gall Dwaring Test or at Tast End Bo Iy Mo

" eply data beld
Ma - Mot Applicable
M — Mot Detartiuned




The Cotholie Untversity of dmerice Emall-Soole Melter Testing at Higher Temperatires
Frereots State Laboratory Einal Report, FEL-04R 40801, Rew. {

Table 3.2. Summary of Measured Melter Parameters.

Ta_rget 3]s Te.npera[m'e 1173%2, Tast | PEANC, Tast 2
- Avg | Min | Max | Avg | Min | Max
IE Eazt 1167 1134 1182 1204 1154 1230
lectrode Wasgl 1133 1145 12135 1227 11582 1253
Bottom 473 Hig oy | 1ag3 414 | 1alg
£ 1% rom floow | 1051 &41 113% 1070 o1 1147
é Cilass 16" front floor | 11635 | 1056 | 1196 | 1200 | 1143 234
= 10 oo flooe | 1180 | 1142 | 1204 1219 § 11c4 1243
= 4" from floor 1175 1129 1126 1320 11461 1343
a Fletnm {thermowell) 354 301 28 397 28 ) a6
% Flemim {exposed) 343 455 Thd 1) I6E 20
[l D charg Chamber 1026 G 1052 1044 971 1072
A Laft 11lg | o537 1172 1 1188 | 1113 | 1220
Filn Ceolar Onatlat g 1) 55 343 30a e 345
Transiticon Lans Owtlat B4 PN 341 RL1 257 343
Latwa Buldsling (lpo) 144 1a 158 152 oo 33
. YVoltage (V' Q23 3o 459 435 28 313
Blectrnds o Fowar (kW] 238 | 184 | 280 | 280 1 03 | %3

"' empty data Deld

T
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Tahle 4.1. Listing of Glass Discharged, Masses, and Analysis Performed.

Test Date Name Analysis Mass (kg) g;'ﬂ";;"?fg";

Y

115 - -
V03 WYE.G-1154 XRF M3 333

WVSG-116A KRF 20 333

WYE.G-1214 ¥RF 195 48

WVSG-1724 - 260 100 3

WYE.G-1234 XRF '

9 WVSG-1238 - - .
EapY 1237
% WYE-G- 1254 KRF “
2 WVS-G-125B - 261 1499 5
g WVET-1764 XRF -
. WVS--126B - :
(991 5403 126 168 4

WV S-1260 XRF

“’1?5_{3._] zg.lﬁi. - ] 9 e -I 3? 6

WVE-(-129E XRF -

WS G 129C . 340 26

WVEG-1334 XRF

WVS-G3-133B - 250 246 &

WVSG-134A ¥RF -

WVE-G-1354 - 93 1759

WVS-(3-135B XRF = i

WV S-G-1384 - 22 7 1016
G WVSG-138E ¥RF B
B 551380 - 339 333 3
e WYSG-1404 XRF
- WVE-G-140B - 190 352 4
E. WVYSG-141A XRF
= WYS-G-141B - 248 1532
= a0y | WVSG-141C XRF

e, -
E WY S G 1434 138 070
= WVSG-143B XRF
E WYEG-1430 - 3 13
EA I
E‘ WAS-G-1444, WRF
¥ I _ .
& WVSG-144B 169 1552
# WVS-G-144C XRF
= WS Go148A .
T - W6 4513
= WVS-G-143B WRF
- r R -

WVS-(-150A - .
= 320 513 %
& WV E-G-1508 *EF

e e M

Q12103 — -
WVE-G-15E - 523 4245
WYS-G-1354 XRF

" ey data feld
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Table 4.1. Listing of Glass Discharged, Masses, and Analysis Performed (continued).

Cumulative
Test Doate MNanrrue Anmalysis Mass {kg} Masys {(kg)
WYT-G64 - .
20 505 5
WYT-G-68 RF
e I
A &0 — L =
WVT-G-TB . 203 431 0
WYT-G-7( RF
WVT-G-11A ;
23 4 §75 3
E WYT-G-11B XRF
o WVT-G-204 . 533 5 5
— WYT G- 304 NRF
b4 H -
% WVT-G-30B ag 1738
- WYT -(5-300 WEF
o WVT-G-31A -
2003 el 751 2
E =0 WYT-(3-31B HEF *
= WVT-G-31C . I8 6 170 E
g WYT - (7374, HEF
= WV G- 328 . 373 817 1
2 W 13- 3% HRE
% L et a - 296 846 7
ﬁ W T-(3-36B WEF
ot WVT_ G 38A ~ 318 g7 S
= WA T-(3-38B WEF
;3 WVT-G-394 - 126 0 |
WVT-(3-34B WEF
WAT -G-3%C WRF 313 508 4
a3 | WVT-G-40a . 06 9450
WYT-G-408 ¥RF
WVT-G-454 ;
73
WVT-G-45B NRF 243 Fi35
WVT-(G-464 . . 100 7
WVT-G-474 NREF
v WVT G478 . 20 4 10301
= WYT-G-47C WRF
E" WVT -(G-494 . 07 1060 &
= WYT- G- 524 YRF
E WAVT G328 ~ 357 LG
~ 3 i) WAT- G534 YRF
g 2 ﬁ VTG A - 312 1127 2
[ E ~ WVT-(3-34B HEF
Q22403 % R
= WYI-G 364 312 1158 4
" WUT-G-36B XEF
ﬁ WAVT-G-574A ~ 21% 11802
-, WVT-(G-37B HRF
WYT-G3TC - 25 5 1203 7
WYT-(3-31D WRF
"= ety daka Beld

T-10
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Table 4.1. Listing of Glass Discha r!eﬂ., Masses, and Analysis Performed {continued).

Curiulntive Mass
Text Date M e Analysls Mass (k) kgl
WVT-G 0 -
Tr*r'_ A i 136 12203
WWT 5508 *RF
WVT5634 -
2
W AT G644 <RF o 12693
/7203 WV T 6 ;
rr*'”ﬁf'g i 334 1302 7
WVT- G654 WRF
WVT-G66 5
VT A _ 147 1337 4
WVT566E <RF
WVT -G08 -
%1 1363 5
WAT-G08E RF
WVT -5-080 . _
- _ 177 1391 2
WYT-G-7 A <RF
WVT-G-71E - -
- - 247 14159
WVT-5- 724 “RF
WAT-4- 2B _ 344 1450 3
H 3
%) WYT 534 RF
- WVT - 764 . -
~ ik _ s 1421 8
~ WNT-G- 6B RF
x 07303 W7 _ WE 1512 6
Bl 5126
81 WVT45- B4 “RF
; WWT -5 2B 5 - 15308
5
o @ WA G- 150 RF i -
E E WVT-GEIA 5 24 15781
-'- -
£ WVTA382A4 “RF
B WVT-GEIA 5 53 6147
5
g WVTGEIA <RF ’
= WNT-GE5B ; 86 16133
E WVT-5-30A RRF -
&) WWT--568 - _
il 1 ‘
WV T-5-88A RRF %1 6:13
WVT-G0 -
VTi92A _ 157 1696 7
WT-G-02E =RF
WVTA-034 -
= -~ 30 1722 6
WY T 03B RF
WVT3-044 -
— . % 0 1740 §
o203 WYT -G048 <RF
” WYT-G-23 -
T 'f‘d‘ _ 330 1732 5
WNT-G05B RRF
WAT 03 -
2 75
WVTG0A R o1 1802 ¢
WVT 507 5
T+ _B _ 343 1635 @
WNT G070 <RF
A E -
VT G- 100A _ 23 560 1
WNT G- 1024 <RF

" erapty data Hield

T11
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Table 4.1. Listing of Glass Discharged, Masses, and Analysis Performed.

{continued).
Cumulative
Test Deate Name Anabysis Mass (kg) Mass (kg)
3 " Ik -
WAL 1028 326 1501 7
~ WvT.3-102C HRF
E: o403 |k 1044 - 235 1625 2
2t WYT -G-104E HBF
T -
‘v"r_‘v’I'Gll.ﬁ 2NE 1247 0
WiyT.3-110B HRF

" empty data field

T-12
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Lmali-Loale Melter Testing ot Higher Tomperatures
Fomad Report, VEL-04R 4080, Rew. 8

Test - Turnover
Glass {kg) - 130 333 353 B 1908 1237 142 5 168 4 IE7 & 2215 2455
Constiuent Target WYES-G- | WVS | WVSG- | WVS-G- | WVS-G- | WVS-G- JWVSG- | WVEG- | WVS-G- Wis-G- | WVEAG-
114B  |G-1154] 1lai 1214 1234 1254 1264 126 1798 1334 1344

A a0 T4 /97 a7 f4a &35l a 52 610 62 G615 a3 a1l
Byl * B oo Pt Pt P Pt %o P %o ¥ o9 ¥ o9 Pt %o
Calt 152 157 135 2 150 158 152 08 158 1 98 1540 152
1 0 003 ol 024 033 03 033 D32 039 039 039 03
iy oz 037 034 3] 023 l1a o1y ls la la ols 14
F 003 MA M M MA A M A MA& MA& MA A
Fapil 4 48 488 & a4 &4 51 32 4 o4 540 04 05 4 6% 175
Fad 044 053 5] 0n53 UL | naz 040 naz 00 00 050 04z
JEFa 1 458 183 1268 170 17a 180 164 157 158 1 36 155 135
Ma, O 2004 Ig22] 1964 1224 2025 1967 12 58 1913 2006 1977 2078 2108
Falh aQr O O O ol nog 011 nog Y 2] Y 2] O 0o
10y 45 02 4512 44382 45 63 45 59 44 a3 47 50 45 42 44 9 4717 45 97 44 75
B0k 03 ooy ol 013 ola D1g 0ld D1g 01g 01g ol D12
Tk 1 4o 2 200 133 178 175 158 172 170 173 1&1 1&5
Znol 207 203 2 Z7a 274 283 Z09 303 28l 285 e 274
iy 2 0% 305 303 338 325 335 313 165 337 343 1% 3117
Sum 100 D) 10000 | 100 O 100 O 100 O 100 00 10003 | 10000 10000 10000 100 O 100 00

* Target value

Ma - Mot analbezed
" ernpty data beld

T3
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Table 4.2. XRF-Analyzed Compositions for Discharged Glass Samples (wt%), continued.

Text - 1 (Target Glass Temperainre: 1175 C)
(ilass (kg - 2769 | 3046 [ 3385 | 35kq [ 3R32 | 407 Jami|ass2 | agig [ saw | S22 ] @45 | A055 | 8316 | 6310 4
Constituent| Targst AL S G- ATV B G- AT B G 8- G- WS- G WS G W VS -G W VS G W VS G W VE-G WV E-G- W‘{S—G— WAT - W"-.-:T - ‘-’-.-"-.I:T—
135B | 138B | 1404 | 1414 1412 ] 1438 | 144 | 1440 | 1488 | 15308 | 15844 | 1534 | G-5B | G-TA | G-7(C
Ay [ags)] 36 37 a0 & 40 42 738 a8 3] aly] a2 a7 a2 f23 g3 623
Epi* Eoo oo oo oo 500 g09 B Ok Eog Eo0 oo Eon Eog Eon oo %00 %00
Calh 152 203 152 158 135 | 35 132 2m 204 154 201 2o 135 158 153 200
il 058 039 4] 4 E 43 43 043 043 43 43 043 043 042 42 45
71yl 0o 014 old ull 013 JE ol 013 [TE]] 013 0l3 013 ol alz 13 13
F 003 N HA Ha [SF: LA MA MA M M MA, MA, A A M N
Feyily 448 453 480 450 q 52 441 434 473 34 4 3& 4 54 454 424 441 4 35 437
Ko 044 051 03] 150 03] (A0 31 051 052 052 054 053 05 1153 054 {34
Mpis 140 143 141 142 132 1 37 1340 130 137 134 1 12 12 125 1 118
Hayp 2004 195a] T198%] 2124) 2011 2034) 2032) 1273] 1244| 2024 1954 186l 2034 2012] 2005) 1925
P2y 0o 009 n0g a1l 010 10 olo] o odo] o Gl olo] ol 0l n0g 0l Do 01l
510y AF02] A7 32| A7 I d6e5| aTe8| AT E0] a7 E2| a7 54| A7 03| 48 0n| 42 21| 4ETE| 4B14| a7 S| aG 00| 4B E3
Sy 023 0lg 0] 1) 020 (20 D20 020] 021 021 | 0] 02 0121 020 022
L 145 170 154 166 153 I &0 134 158 170 154 1587 1M 150 154 153 164
Zi) 29 29 250 28 277 267 270 298 agg 272 ZER 257 273 2B 280 284
Zilhy 208 343 im ERb i i 313 ER i 387 310 EEE 34 313 e 124 L
Sum 100 00 10000 | 10000 | 10000 | 100 00 | 100 00 10000 | 1Oo 00 | 10000 | 10000 | 100 0 | 100 00 | 10000 | 10000 | 100 00 100 40

* Target value
Ma - Mot analbezed
"' empty daa Oeld
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Table 4.2 XRF-Analyzed Compositions for Discharged Glass Samples (wt%), continued.

Tesi

- Test 1 {Target Glass Temperature: 1775%C) Test 2
(Flass (kg) - AR AOR6 | T2AR | TALZ ) TTUR | KIT] | RA6T | RTES | RO71 | f284 | 9490 | 9739 10007 [ 10301 | 10608
Constituent | Target WAT | WWVT - | WAT - | WAVT- P WWT- | WAT- | WAVT- | WAT- | WWT- | WVT- | WVT- ﬁ.WT- “"-.-T - | WVT - W"\.-'T -
G-11H G-304 | 3-307 | 3-31B | 5-32A | G-32C | G-36B | G-38B | 3-39B | 3-39C | G-40B | G-45B | G-4TA | 53-47C | (3-524
Al &2 a3 & 46 a 47 ali 584 591 p1g]  A20| &33 & 40 308 386 33 f22 &
By * ®on Eog Eon oo oo %00 g00 2O o £ o Eon Eoo oo Eon 500
Cach 159 121 13 2 20l 203 20 20 202 155 1 5% 2 205 152 2 1 5%
Cl ) 043 0 4] 42 042 43 fr42 42 043 40 04 042 42 42 4] E
T2y 00 ol old ol3 als 024 021 [JE 013 ol ol3 023 023 0l2 013 13
F 003 MA, A A A N M L&, LA, MA MA, MA M HA A [SF:
Faply 4 4E 414 q27 443 437 473 468 442 454 4 35 447 494 204 433 457 4 31
K0 044 051 05 053 52 030 A 34 053 s 05 51 052 05l 153 (32
b O 144 124 127 127 126 123 123 125 1240 140 133 133 140 144 146 1 52
Magt} 2004 20ed]| 2032 1958] 19463 ) 2028 2035) 1981 1264] 2062) 1971 19267 1282 1271 | 1277] 19382
Pyl 007 0l 0l 0l 0l Dos 010 nil oo o0 ala]  ogd 0l n0g 0l 010
Sy, 4202 AE21| 47 EI| a7 eS| ag s a7 2| 47 s30] agos| 47 07| 47 51| 42 00| 47 41| AFOE| 47 ¥e| a7 el 479
S0 023 021 02 02N 0121 020 020 23 020 0] O0X] 02 02 02 1) 019
T, 144 153 152 152 153 1682 154 167 157 163 153 170 172 155 1587 1 &5
Zn) 257 263 275 290 28 258 283 28D 233 277 2 B4 3o g 287 <B4 2
Ziily 2O 300 313 32s e 145 335 3240 313 313 I T4z e 330 333 )
Sum 10000 | 10000 [ 100 00 | 10000 | 10000 1 10000 | 10 00) 10000 | 100 a0 | 100 00 | 100 00| 10000 | 10000 | 10000 | 100 Q0| 100 00

* Target value

Ma - Mot analbezed
"' empty daa Oeld
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Table 4.2. XRF-Analyzed Compositions for Discharged Glass Samples (wt%%o), continued.

Test - Test 2 (Target Glass Temperature: 122500
{3 lass (kg - 12601127 2 1SR A 11802 PI205 7 | 1220312093 | 13027 [ 1337 41363531321 2] 14153 | 14503 [ 1481 8 | 15126
Constrinent | Target 1“:'T- “"';_"T - “"'L_'FT - “'"'L_'FT - “'"\'"I'- WAT- | WYT- 'W‘l.-"!'- WVT- | Wv'T- 1“:"[' - ‘-WET- “I":"T- “'":"T- WAT -
3-5334 | (3-548 | G-36B | G-37E | G-371} | 3-330 | G-8d4 | G-656 | G006 | G638 | G-71A | G-724 | G-744 | 3-768 | G- TEA
Al i aX| ali] a3l alg 19 31 23] a3 ald] aX] ad0] &7 aX] a2l & 46
By * HELY HELY fon fan £aa Hoa # o9 oo HELY £o9 £ae £oq a9 go0 HELY 5o
Cal 154 153 1596 100 202 e 200 1331 2m 200 2 156 159 153 1598 1 9%
il 058 0 39 O 40 O35 037 03 03 035 035 03z 03% 034 037 037 030 03
L1ty 0z 13 14 14 13 0l3 014 nla 03 014 13 13 13 012 013 0la
I3 003 A MaA HNA HA SN WA RN WA Ma A MNA HA HNA HA 000
Fepily 9 48 14 454 455 469 464 466 45 4 840 q49% 470 457 41564 445 4 64 470
Bl o] 05 0i2] os] 0il (52 (i1 I R ) | 0521 oS 053 N 052 050
bAg O 144 152 144 158 154 155 52 150 135 135 154 158 154 187 154 170
Hagl 20041 1991 19E7] 1970 1922 1944 1915 2023 1960 1918 1913 1937 1896] 19%] 1891 1932
Fypig 0oz 00D 010 o 10 aon 010 010 b O 011 010 ol ola Olo 0o 010 6o
=ik 45021 4B0%| 4790 ATET] AROT) A0 AZIO) AT SV AT 32| A7 36| 4220 4R 23| 4AR45)| 4RIV AEST] 4740
S0y 03 0lh ol1% olg alg 019 012 1% Ol1E o1% ol% olE 013 olg Olh ol
TiD; 149 162 166 165 168 16?7 I 62 163 170 174 1568 156 1563 162 1 66 188
Znt) 297 273 z2gd] @] i;m 285 280 2T 9 05| 287 2ta]l 274 263] 274 285
£l TOE 314 3x 323 EEY 334 320 313 34E 364 33 ERE: 320 312 321 ¥
Suim 10000 1 10000 ] 10000 ] 100 00 100 00 ] 10000 | 1oaGa] 100 a0 | 10900 | 10000 | 100 00 | 100 00| 100 00 | 100 Q0 | 100 O | 10000

* Tarpet value

MNA - Haot analyzed
" empty daa bield
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Table 4.2. XRF-Analyzed Compositions for Discharged Glass Samples (wt%), continued.

Test - Test 2 {Target Glass Temperature: 12250,

Glws k)|~ | 15787 16147 1643 16719 16967 1224 17409 17829 15029 18369 1869 1 1901 1 19339 1997 s, eragel sumer
anstituent| Target wWvT L WAT- WivT] wWieT] wWaeT ] WYt WVt WVT] wWuTd WYT | WneTd WWT | WAVT] WOLT
G-R2A0 G-B3A G-Bas] G-REA] G-92H G-23H G-o4dF G-90H G-9°A G-9T0]G-10C0A] G-1020] 5-104H G-110H

Ak 620 & 40 543 &2 a2k &2 i ) 383 a0 a2 oM i 11 124 a2| a2 h 22 034
Eailn* e ] =] =] g 200 EoD EoD oD oD 200 R R oD oD &0 Hiz Hiz
Cal) 1] 19| 198 18%] 193] 141 193] 210 2o 2] 199| 20z| 205] 203] 200] 13%] -003
il T 033 037 03 0 3g 03 03 030 O3 030 03 030 O3 03 037 040 HiZ
il hy noz 013 013 011 1z i1z i1z 027 02 nl3 N1z nl3 013 013 028 015 L
F i A TA TA HA MA MA M M MA MA hA hA hA A Wl N
Feqply q 4% 477 472 421 437 430 433 i 00 459 452 440 q 4% 456 442 458 26
K0 (44 049 050 o8] 03] 05 05 0 5] UEE 05 0521 0Ad o5 03 05l M
Mg I 49 185 152 155 140 152 150 142 130 137 137 132 120 114 118 11 -% 30
a0 20040 1274 18936 2034 1993 1998 ] 1973 1902 1966 1948 1264 1263 1245 1228] 1981 1375] -1 45
| AN 0o7 010 010 010 ald oln o0 o0 olo 011 010 01 Ol Ol 010 010 HNC
S1ly AE02) 4741 4768 | A& 38| A8 44| A8Sl | A TFI| 4FEZ| 4T 14| 4831 4832 | 4300 43 44| 4351 4% 15| 47 93| 18
5 023 0lg ols olg] alg] Ol7 nlh 02 ole] alg] 0l8 Ol ols] olT] olx] alg i
Tl I 49 1 &5 =] 153 159 157 180 178 177 168 167 1M 170 170 167 16| 1123
Zn 29 280 286 251 265 240 265 313 I0F] 280)] 28 29 287 297 2 284 -448
iy 200 EREE] 4 2 300 3m 307 3a7 352 325 £ 1 332 £t | 333 3140 3| 1015
St 1000 QR 10000 | 100 00 | 10000 | 100 00 ] 100 00 ] 100 Q0] 100 Q6 | 100 Q6 | 100 Qe | 106 Gy | 106 Qi | 100 00 | 100 00 | 100 00 | 100 00 L

* Target value
MNA —Hotanalvzed

NC - Mot caleulated

" ety data bBeld
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Table 4.3. XRF-Analyzed Compositions for Dip Samples.

T‘;T;:?:?r;“fr:_““ Test 1, 1175°C Test 2, 1225°C
Ghass Produced (kg (1] 4337 4537 478 1624 1 1694 1
Saapling Date 16003 Q183 C20A03 QM3 2403 24503
Constioent Target | WVED-134A[ WNT-D-11A] WAT-D-18A[ WT-D-404] WAT-D-1104] WAT-D-110H
Ay am & 03 &l6 370 83 gx a8
Byiln* HAg R B 9B B o & OB ® o B o ® o
Zald 159 15a 20 154 191 1 o4 200
i1 056 o4 047 043 R 4 037
Tty | 0 0E 018 i 017 = 0
F 003 MA M HA MA M MA
Feallyy 4 48 450 444 4 56 425 4139 143
Ky 044 044 05 03 03l 031 03l
b 145 1449 118 118 142 115 118
Maps 200y 2094 1999 2022 12 30 2041 19 %1
F;i0y 007 0od {34 =] 01 o1 010 010
Sk 4702 4573 47 85 45 51 49 25 47 23 4315
S0y 023 ol O3 104 O 024 Olg
T, 145 153 1655 14 158 155 157
Zntl 297 297 297 297 257 3o 288
2, 2o 3lq iy 333 300 3l4d 319
Sum 100 Qi 100 06 100 00 100 0 10000 100 00 10000
S';Ifme Silt - Mo Mo Mo Mo Mo Mo
resent”

* Target value
MNA - Mot analyzad
" empty data beld
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Table 5.1. Results from Melter Off-Gas Emission Samples.

Tarpet Glass 1175°C. Test | 1225°C. Tast 2
Temperature
Samnphng 1RO, IEH2303,
Interval 12al -135 41 15341 —1a8 18
101 2% Isokmenc, 10 &% hdolanare 104 8% [zokwens, 16 Mo Mosoire
Feed Rate EI“F‘ELOIE soof | o | PosdRaee E“‘I‘E?m saof | Lo
(gt e Fzad (rog /e (et} Fead
Total’ 21 (O oo 047 211 31 G0 R ey 112
Al So04 493 =1 [ 1198 i 31 9 03y | 233
B S22 2517 057 142 7333 15 1 40 s
Za 253G 2065 =01 | 13244 3541 11 43 0 0 335
ol* L 42 420 | 24 1512 20 ik 16
Cr 2% 125 25 1% 37 2o 807 12
o F* >4 45 4 5: g 12 &l |78 2 05
3 Fa 039 208 o | 2712 3438 1331 0l6 | &
o E 8637 2518 3483 25 GES 2739 e 17
E g 1417 02l <01 | 7749 o P 073 =<1 | 3302
Ma 26703 255 107 o3 A0143 T2 1749 36
F 5 12 [ | 475 £3 fr 45 058 173
3* 165G 153 o2 10 243 451 18 34
] A 1339 =01 | s i 0] 017 | &gl
Ti 1 50 232 14 &4 2412 1335 55 131
Zn 1295 a17 URE 95 a442 3030 UL 213
&t 3971 =) 002 | 6360 I05G 359 00 | 1658
B S22 12 68 023 345 7333 v irh | 30 332
(ﬁ Cl LLA 04l and | 2432 1512 033 =<1 | 4387
F 3 J05 365 1% 31 ] &5 220 <4
5 15856 0o O 550 142 el (=] 100 i 249

¥ From eravenetic anabesis of filters and partieulate mitric acud sirses
* Based on analysis of water dissolution of Bilter particulate and cabculated proportion 11 acid rinse
" epty data beld
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Table 3.2. Average Concentration {ppmv) of Selected Species
in Oft-Gas Measured by FTIR Spectroscopy.

Analyte Test 1 Test 2
Maid 115 137
M 10198 1425
M, a7 14K
MH, = &

Ha % 27 N
&0, 2700 3300
HNy =110 =10
HMCk =10 =10
HCH =10 =10
[, 45 5
Hi7l =10 =10
HF =10 =10

Table 5.3, Average NOx Fluxes in Off-(zas Measured by FTIR Spectroscopy.

Emissions [inal/h]
Targes Flass Faed % Faed My, Enutted as
Temparanre [maolhr] B M JuLe Morogen Cdes
[imoldu] [rovoltu] [l
11757 R 14 13z 12 48
122570 41 7 1g 171 18 43

T-z20
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Table 5.4, Mass Balance for Salfur and Chlerine during Vitrification of LAW Suh-

Envelope A1 Simulants (%% of Feed).

Glass Temperature 1150°C 11580°C 1150°C 1178°C 1228°C
Ielter [R5 [*ly) D111 208 L1100 DL a0 L'h1] Ce
(3 lass LaWA44 LAWA44 LAWA 44 LAWAL40 LAWAL4D
Averape of Added NaZ1
Feed +i-15 wi Mominal [26] racyele Nomanal Mominal
stnudant [7] 291
. i1 38 [ 36 5 a6
{ilass S 91 100 o3 ] 1
Fattacle iZ1 57 3 43 12 &l
Eriss10ns g 14 40 14 g2 1%
(Fazeous i1 g 15 o1 =01 =01
Eintss1ons 5 ol <01 0] e TE!
Totals 1 115G 104 99 117 127
5 105 104 109 101 100

T2
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Figure 1.1. Schematic diagram of DuraMelter 100-WY vitrification system.
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(BACTCROUND CMTTED)

Figure 1.2(a). Crosssection through the DM100-WYV melter—Plan View.
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Figure 1.2(h). Cross-section through the DM100-WYV melter—Section AA.
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Figure 1.2(c). Cross-section through the DM10M-WYV melter—Section CC.
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Viscosity (Poise)

0.1
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Figure 2.1. Measured viscosity of LAW A melter feed samples.
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Figure 2.2. Comparison of measured feed rheology with proposed WTTF bounds (bounds from WTT-
RPT-O75, Rev. 0, Feb. 2003).
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Figure 3.1. Glass production rates and bulk glass temperature,
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Temperature, °C

Figure 3.2. Comparison of production rates from DMI00 LAW Sub-Envelope A1 tests,
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Figure 3.3. Glass temperatures and electrode power.
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Figure 3.4. Plenum temperatures and electrode power.

16" below ceiling (thermowell)
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Figure 3.5. Electrode temperature and power.
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=He O
melter idled at 1075 °C for ~40 hr
Target
40
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—&— Na - §j

Figure 4.1. XRF analysis of Na:O and SiO: in melter glasses from Tests 1 and 2,
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Figure 4.2. XRF analysis of select major oxides in product glasses from Tests 1 and 2.
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melter idled at 1075°C for ~40 hr

increased glass temperature to 1225°C

0 200 400 600 800 1000 1200 1400 1600 1800
Glass Produced (kg)

—— K —a— Mg—o—Ti —&— Zn

Figure 4.3. XRF analysis of select oxides in product glasses from Tests 1 and 2.

F-14



The Catholic University af America Small-Scale Melter Testing at Higher Temperatures

Fitreous State Labaratary Final Repori, FSL-04R4080-1 Rev. 0
0.60
Py
Target
0.50- melter idled at 1075 °C for ~40 hr I

0.40 ~F I | Jﬁ

2

0.30 mereased glass temperzture to 12

e SR

0 200 400 600 800 1000 1200 1400 1600 1800
Glass Produced (kg)

—— C| —8- 803

Figure 4.4. XRF analysis of volatile constituents in melter glasses from Tests 1 and 2.
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Figure &.1. Nitrogen oxide concentrations in off-gas from FTIR.
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Figure 3.2, (OO concentration in off-gas from FTIR.
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Figure £.3. Ammonia concentration in off-gas from FTIR.
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