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SUMMARY OF TESTING
A) Objectives

The principal objective of this report was to summarize the testing experience on the
DuraMelter 1200 (DM1200), which is the High Level Waste (HLW) Pilot Melter located at the
Vitreous State Laboratory (VSL). Further objectives were to provide descriptions of the history
of all modifications and maintenance, methods of operation, problems and unit failures, and
melter emissions and performance while processing a variety of simulated HLW and low activity
waste (LAW) feeds for the Hanford Waste Treatment and Immobilization Plant (WTP) and
employing a variety of operating methods. All of these objectives were met.

B) Test Exceptions

This report is a summary of previously reported test results. While the source reports
were subject to various Test Exceptions, there were no Test Exceptions specific to this report.

O R&T Testing Conditions

Several tests have been conducted with simulants of WTP HLW and LAW streams on the
DM 1200 melter and prototypical off-gas system since its installation in early 2001. Throughout
these tests, the off-gas system components were operated under conditions intended to mimic
WTP operating conditions, as known at the time, in order to permit the expected performance of
each unit to be assessed. The melter and off-gas system were evaluated over the course of
producing over 180 metric tons of glass from HLW feed simulants and 83 metric tons of glass
from LAW feed simulants.

All of the tests were performed on the DM1200 HLLW Pilot Melter which is a Joule-
heated melter with Inconel 690 electrodes. The melter shell is water-cooled and incorporates a
jack-bolt thermal expansion system. The footprint of the melter is approximately 8 ft by 6.5 ft
with a 4 ft by 2.3 ft air-lift discharge chamber appended to one end; the melter shell is almost 8 ft
tall. The melt surface area and the melt pool height are approximately 32 percent and 57 percent,
respectively, of the corresponding values for the full-scale HL.W melter. The discharge riser and
trough are full-scale to verify pouring performance. The surface arca of the glass pool is about
1.2 m%, and the volume is about 849 liters, corresponding to about 2 metric tons of glass. The
feed system consists of a mix tank and a feed tank, both of which are 750-gallon polyethylene
tanks with conical bottoms that are fitted with mechanical agitators. The feed tank is also fitted
with baffles to improve mixing and calibrated load cells that are electronically monitored to
determine the feed rate to the melter. The feed is introduced into the melter using an air-

10
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displacement-slurry (ADS) pump, which is the present River Protection Project — Hanford Waste
Treatment and Immobilization Plant (RPP-W'TP) baseline. Feed from the ADS pump flows into
the melter through a prototypic un-cooled feed nozzle that is located above the center of the glass
pool. The melter and entire off-gas treatment system are maintained under negative pressure by
two Paxton external induced draft blowers. This negative pressure is necessary to direct the gases
from the melter to the prototypical off-gas system. The off-gas treatment system consists (listed
in the process flow sequence, from the melter transition line to the end of the off-gas system) of a
submerged bed scrubber (SBS); a wet electrostatic precipitator (WESP); a high-efficiency mist
eliminator (HEME, for HLW only), a high-efficiency particulate air (HEPA) filter; a thermal
catalytic oxidation unit (TCO); a selective catalytic reduction (SCR) system for NOy removal; a
packed-bed caustic scrubber (PBS); and a second HEME. A sulfur impregnated activated carbon
column was installed between the HEPA and the TCO for the later tests. The second HEME is
used to limit entrained particle carryover into the balance of the VSI. ventilation system; the PBS
and the second HEME are not part of the WIP HLW off-gas train, which effectively ends at the
SCR. The WTP LAW off-gas train terminates with a PBS that contains an internal HEME filter.

Specific testing conditions varied according to the specific Test Plans; these are listed in
each of the referenced reports and are summarized in the body of this report.

D) Results and Performance Against Objectives

The DM 1200 melter at VSI. has been operated for over five years, during which time,
over a million and a half pounds of feed was processed to produce over half a million pounds of
glass. A wide range of simulated HLW and LAW streams were treated under a variety of melter
and off-gas system operating conditions. From these tests, a large body of data has been
collected on melter performance, maintenance, post test inspections, and potential failure modes.
This includes the operation of the film cooler as well as plugging and corrosion of both the film
cooler and transition line.

Recent inspections show that, overall, the DM 1200 melter is in excellent condition after
five years of being at its operating temperature. The plenum bricks appear to be structurally
sound with some surface cracking. All of the seams between the bricks are tight with no
evidence of any significant gaps. The tuckstone is showing some minor wear and cracking on the
brick faces nearest the glass pool. Some small areas of spalling were also noted, but overall the
tuckstone is in good condition. The lid of the melter is in excellent condition; no spalling or
cracking was noted. Finally, the discharge chamber is in excellent condition. No significant wear
of the trough was noted.

One aspect of the present review was to determine the frequency that various melter
components were replaced, including thermocouples, thermowells, level detectors, discharge air
lances, and discharge heaters. Detailed information for these components is provided.
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One of the primary objectives of DM1200 testing was to determine the maximum
production rates feasible for various feeds containing simulated HLW. This objective was
addressed, over time, as the production rate requirement was increased and the projected solids
content of the waste was decreased. Initial tests showed that melt pool bubbling was required to
produce glass at a rate of 400 kg/mzfday. Subsequently, tests with two single outlet bubblers
demonstrated that production rates of 800 kg/m?*/day could be obtained for HLW with greater
than 17 wt% undissolved solids. Significant further improvements in glass production rates (up
to 1400 kg/mz/day) were achieved with feeds corresponding to 15 wt% undissolved solids in the
HLW from pretreatment by employing optimized bubbler configurations. These improvements
appear to be sufficient to more than make up for the production rate short-fall brought about by
the reduction in the solids content in the feed from pretreatment from 20 wt% to 15 wt%
undissolved solids. However, attainment of the target rate was not possible for all HLW
simulants after yet further reductions in solids content. Attempts to achieve the target rate with
low solids content feed resulted in unstable melter conditions and frequent blockages of the film
cooler. Further optimization, including adding more bubbling outlets and employing automated
bubbler flow rate skewing, would result in additional production rate enhancements.

Throughout testing on the DM1200, plugging of the film cooler and transition line
occurred, particularly in tests with higher bubbling rates. On several occasions, feeding was
interrupted in order to manually rod out the film cooler and, less frequently, a portion of the
transition line had to be disassembled for cleaning. A thorough review of operational data
indicated that the film cooler occlusions were directly related to the higher bubbling rates used to
maximize glass production rates. Analysis of the deposits removed from the film cooler indicate
that their composition is very similar to the composition of particulate melter emissions in that
they are close to the feed composition and enriched in volatile constituents. Film cooler plugging
can be limited by reducing the bubbling rate, which has the undesirable effect of reducing the
glass production rate, or by increasing the number of bubbling outlets, which permits the use of
greater amounts of bubbler air without concentrating the air flow in a limited number of
locations. However, a mechanical means to remove blockages needs to be developed and tested
to ensure that it is reliable and will remove blockages without damaging the delicate film cooler
louvers.

The three film coolers used over the five vears of DM 1200 operation experienced severe
corrosion on the inlet, and glassy deposits occluded the air outlet holes on the leading edge.
Much of the corrosion on the film cooler inlet may be due to exposure to higher temperatures
during extended idling periods and therefore this may be less of an issue for a continuously
operated melter.

Melter emissions were sampled throughout the DM1200 tests to provide data for off-gas
system design, to determine the effect of feed composition and melter operation on melter
emissions, and to provide data for system mass balance calculations. Analysis of the samples
shows that melter emissions increase with increasing melt pool bubbling, feed water content,
feed volatile content, and glass pool temperature. The effect of bubbling can be mitigated by
distributing the bubbler flow through more bubbling outlets. The composition of the particulate
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emissions reflects the major feed components, indicating entrainment of feed components into
the exhaust stream. In addition, the high concentrations of volatile components such as sulfur in
the particulate indicate volatilization from the glass surface or cold cap. Particulate from LAW
exhaust has a higher proportion of volatile and semi-volatile constituents, indicating a greater
contribution from the glass surface or cold cap.

The major conclusions from this review are:

¢ Bubblers are needed to obtain glass production rates of 400 kg/m*/day in WTP HLW melters
with Hanford HLW feeds.

¢ Glass production rates as high as 1400 kg/m?/day can be obtained in the DM 1200 melter with
two double outlet bubblers and HLW feeds prepared from waste simulants with 15% or
higher undissolved solids.

e Feeds prepared from HLW with solids contents of less than 15% will require very high
bubbling rates to achieve the contractually required glass production rate of 800 kg/m*/day.
These high bubbling rates are likely to cause film cooler clogging that may disrupt
operations.

e Film cooler clogging can be minimized by increasing the number of bubbler outlets so that
bubbling is more distributed in the melt pool, while maintaining the same total bubbler air
flow. Skewing of bubbler air flow may also be beneficial in enhancing production rates.

¢ A mechanical film cooler cleaning device will likely be required at the WTP, and should be
tested.

¢ Bubblers placed deeper in the melt pool are more effective in increasing processing rate.

e Addition of sugar and nitrates does not improve processing rates of Hanford HLLW feeds.

e The rheology of the HLW melter feed does appear to affect processing rates, probably
through its effect on feed distribution and cold cap formation. However, more viscous feeds
processed somewhat faster.

o DMI1200 glass production rates were obtained using visual monitoring of the cold cap, per
Project direction. Visual observation is not planned for the WTP HLW melters, where
instead, plenum temperature will be monitored to control feed rates. Since this could result in
lower glass production rates, it would be beneficial to determine the impact of the planned
WTP mode of operation on the DM1200.

¢ In bubbled melters, melter emissions consist mostly of entrained feed constituents with
volatiles over represented.

¢ Melter emissions increase with bubbling rate, feed water content, feed volatile content, and
temperature.

e After five years at the operating temperature, the DM 1200 is in excellent condition.

E) Quality Requirements

This work is a summary of previously reported test results, the quality assurance
requirements for each of which are provided in the original reports. This work was conducted
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under a quality assurance program that is in place at the VSL. that is based on Nuclear Quality
Assurance (NQA)-1 (1989) and NQA-2a (1990) Part 2.7. This program is supplemented by a
Quality Assurance Project Plan for RPP-WTP work that is conducted at VSI.. Test and
procedure requirements by which the testing activities are planned and controlled are also
defined in this plan. The program is supported by VSL standard operating procedures that were
used for this work. This work was not subject to DOE/RW-0333P or the requirements of the
RPP-WTP Quality Assurance Project Plan for Testing Programs Generating Environmental
Regulatory Data (QAPjP). However, several of the original tests were subject to the
requirements of the RPP-WTP QAP;]P, as noted in the original test reports.

F) Simulant Use

This summary covers testing that employed a wide range of HLW and LAW simulants
formulated based on various waste bases, as detailed in the respective original test reports.
References for ecach waste simulant are provided in each source report. The HLW waste
simulants processed were AZ-101 [3, 9, 17, 29, 30], AZ-102 [23, 35], C-106/AY-102 [26, 29,
35, 41], and C-104/AY-101 [28]. The LAW Sub-Envelope simulants processed were C1 [10],
Al [14], Bl [21]. A2 [41], and A and C [31].

G) Issues

These tests showed that significant improvements in HLW glass production rates could
be achieved by refining the bubbler configurations, even when this refinement is subject to the
significant constraints imposed by the existing melter lid design. These improvements appear to
be sufficient to more than make up for the production rate short-fall brought about by the
reduction in the solids content in the HLLW feed from pretreatment from 20 wt% to 15 wt%
undissolved solids. However, attainment of the target rate was not possible for all HLW
simulants after yet further reduction in feed solids content. Attempts to achieve the target rate
with low solids content HLW feed resulted in unstable melter conditions and frequent blockages
of the film cooler. Overall, the success demonstrated to date suggests that there is considerable
further scope for HLW production rate enhancement.

The observed differences in processing rates for different waste compositions for
adjusted rheology feeds and lower solids content feeds underscores the need for pilot-scale
production rate testing across the full range of feed compositions and likely solids contents.

Film cooler clogging events continued to be a significant operational problem; their
frequency appeared to increase with bubbling rate and glass production rate. Feeds with low
solids contents further exacerbate this issue because of the need for increased bubbling rates in
order to maintain glass production rates. None of the film cooler washing procedures were
effective for preventing clogging with HLW feeds. No mechanical cleaning device has been
tested. Consequently, this would appear to be a significant issue with respect to the ability of the
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WTP to meet HLW throughput requirements. These findings have been reported to the WTP
Project and decisions regarding resolution are pending.

Per WTP Project direction, maintaining a cold cap limited feed rate during DM 1200 tests
was dependent on frequent visual monitoring of conditions in the melter. In contrast, operation of
the WTP melters will be based only on non-visual data, such as plenum temperature. This could
lead to either under feeding of the melter, resulting in under-achievement of otherwise attainable
production rates, or over feeding of the melter, resulting in excessive cold-cap buildup as well as
other operational difficulties. Testing under such conditions is therefore recommended to
determine whether the required glass production rates can be achieved without employing the
artificial visual data.

15
15



ORP-51434, Rev. 0
The Catholic University of America Summary of DM 1200 Operation at VSL
Vitreous State Laboratory Final Report, VSL-06R6710-2, Rev. 0

SECTION 1.0
INTRODUCTION

The River Protection Project — Hanford Waste Treatment and Immobilization Plant
(RPP-WTP) Project has undertaken a "tiered" approach to wvitrification development testing
involving computer-based glass formulation, glass property-composition models, crucible melts,
and continuous melter tests of increasing, more realistic scales. Melter systems ranging from
0.02 to 1.2 m? installed at the Vitreous State Laboratory (VSL) have been used for this purpose,
which, in combination with the 3.3 m”® low activity waste (LAW) Pilot Melter at Duratek, Inc.,
span more than two orders of magnitude in melt surface area. In this way, less-costly small-scale
tests can be used to define the most appropriate tests to be conducted at the larger scales in order
to extract maximum benefit from the large-scale tests. For high level waste (HLW) vitrification
development, a key component in this approach is the one-third scale DuraMelter 1200
(DM 1200), which is the HLW Pilot Melter that has been installed at VSL. with an integrated
prototypical off-gas treatment system. That system replaced the DM 1000 system that was used
for HLW throughput testing during Part B1 [1]. Both melters have similar melt surface areas (1.2
mz), but the DM1200 is prototypical of the present RPP-WTP HLLW melter design whereas the
DM 1000 was not. In particular, the DM 1200 provides for testing on a vitrification system with
the specific train of unit operations that has been selected for both HLW and LAW RPP-WTP
off-gas treatment [2].

Over the course of testing on the DM 1200 system, over one and a half million pounds of
feed has been processed, producing almost 600,000 pounds of glass. A complete list of all the
DM 1200 melter tests performed is provided in Table 1.1 [3-42]; summaries of individual tests
are provided in Tables 1.2-1.18. These tests were conducted to address several objectives,
including determination of glass production rates and melt pool characteristics, as well as
evaluation of the prototypical off-gas system. The tests conducted to address the performance of
the DM 1200 melter are summarized below:

¢ Initial tests to determine the need for melt pool bubbling to achieve the former project
baseline of 0.4 MT/m’/d while processing HLW simulants [3, 9]. As a result of this
testing, it was concluded that the current WTP HLW melter design is not capable of
achieving the baseline production rate of 1.5 MT/d without the use of bubblers [43].

e Tests with two single outlet bubblers to demonstrate the “performance enhancement”
necessary to achieve the then-future expanded capacity per melter of 3.0 MT/d
(0.8 MT/m*/d), which is the present requirement under the so-called "2+2" revised
baseline [44]. These tests evaluated the effects of waste solids content, HLW composition
(AZ-101, AZ-102, C-106/AY-102, C-104/AY-101), and melt pool bubbling rate on glass
production [17, 23, 26, 28].

16
16



ORP-51434, Rev. 0
The Catholic University of America Summary of DM 1200 Operation at VSL
Vitreous State Laboratory Final Report, VSL-06R6710-2, Rev. 0

e Tests designed to optimize the bubbler configuration to increase glass production rates
while processing HLLW simulants [30]. Variables tested included bubbler depth, bubbler
location, bubbler orientation, the number of bubbling outlets per bubbler, and systematic
changes in bubbler flow rates between the bubblers. The production rate goal for the
DM1200 was increased from 0.8 MT/m%d to 1.05 MT/m”/d to account for scaling
effects.

¢ Testing conducted to validate the optimized bubbler configuration with HLW AZ-101,
AZ-102, and C-106/AY-102 simulants [30, 35, 41]. The solids content of the waste from
pretreatment was reduced from the former baseline of 20 percent un-dissolved solids
(UDS) to 11-15 percent to reflect the new projected solids content of waste delivered
from the pretreatment facility.

e Testing conducted to evaluate variation in the HLW flow sheet with respect to feed
rheology and feed nitrate and organic content [29, 35]. The bubbler configuration prior to
optimization was used in order to provide comparisons with data collected in previous
tests [3, 9, 17, 23, 26, 28].

e Tests conducted with LAW simulants to provide scaling data in between those obtained
on the DM 100 and DM3300 Pilot Melter [10, 14, 21, 31]. These tests were also the sole
source of prototypical off-gas system performance data on an exhaust stream originating
from the vitrification of LAW simulants.

¢ Tests conducted with LAW and HLW simulants to collect regulatory data [10, 14, 41].
This report summarizes melter operation, production rate testing, maintenance activities,

and current status of the DM 1200, which is the HLLW Pilot Melter system at the Vitreous State
Laboratory of The Catholic University of America (VSL-CUA).
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SECTION 2.0
DM1200 SYSTEM DESCRIPTION AND MAINTENANCE

2.1 Melter System Description

The DuraMelter™ 1200 (DM1200), which is the HLW Pilot Melter, was used for all of
the tests described in this report. Cross-sectional diagrams of the melter illustrating the discharge
chamber and electrode configuration are provided in Figures 2.1 and 2.2. The DM1200 is a
Joule-heated melter with Inconel 690 electrodes and thus has an upper operating temperature of
about 1200°C. The melter shell is water-cooled and incorporates a jack-bolt thermal expansion
system. The footprint of the melter is approximately 8 ft. by 6.5 ft. with a 4 ft. by 2.3 ft. air-lift
discharge chamber appended to one end; the melter shell is almost 8 ft. tall. The melt surface
area and the melt pool height are approximately 32 percent and 57 percent, respectively, of the
corresponding values for the full-scale HLW melter. The discharge riser and trough are full-scale
to verify pouring performance. Other aspects of the discharge system, such as the chamber
ventilation scheme, are also prototypical. The glass contact refractory is Monofrax®™ K-3, while
the plenum area walls are constructed of Monofrax® H refractory. The surface of the glass pool
is 34" by 54" with a glass depth of nominally 25". The resultant melt volume is approximately
45,000 cubic inches (735 liters), which represents a glass tank capacity of more than 1.7 metric
tons of glass. However, since the typical operating glass level is closer to 29 inches, the effective
glass volume during testing is actually about 849 liters, giving an inventory of about 2.0 metric
tons, which is larger than had been previously assumed [10]. The DM 1200 is fitted with one pair
of electrodes placed high on opposite walls of the melter as well as one bottom electrode; the
bottom electrode is no longer prototypic of the WTP HLW melter since that feature was later
removed from the design. The side electrodes are 11" by 34" giving an electrode area for the pair
of about 750 sq. in. Depending on the glass level, the plenum space extends about 33" to 36"
above the melt surface, resulting in a plenum volume ranging from about 43 to 46 ft’.

The single-phase power supply to the melter electrodes (250 kW design power) is derived
from the DuraMelter™ 1000 transformers by wiring them in parallel and using a single large
silicon controlled rectifier. Current can be passed either from the side electrodes to the bottom
electrode or between the two side electrodes only by rearranging jumpers; side-to-side operation
was used (identical to the operation mode planned for the WTP HLW melter), except for some of
the early tests without bubbling. Programmable process controllers are installed and can be used
to control temperature or power. The melt temperature is controlled by configuring the process
controller to maintain constant power and adjusting the power set-point as needed to maintain the
desired operating temperature. Alarms can be set to detect out-of-range temperatures or power in
the melter. Backup process controllers are installed to be used in case of failure of the main
controllers. The entire system is supported by a back-up generator that is tripped on in the event
of a power outage.
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The DM1200 has several other features. The lid refractory is prototypic and also includes
a two-piece construction, which simulates the seam needed for the LAW lid that was planned to
be fabricated in three pieces. Nozzles are provided for the off-gas film cooler, a standby off-gas
port, and discharge airlift, along with 11 ports available for top-entering bubblers, start-up
heaters and other components as needed. In addition, a bubbler arrangement is installed in the
bottom e¢lectrode with the objective of developing permanent bubblers for possible use on future
melters. For the present tests, two top-entering bubblers in different configurations were used.

Testing on the DM 1200 was episodic and therefore the melter was idled for long intervals
during the last five vears. During idling, the glass temperature is lowered to between 1050°C and
1075°C. The side-to-side powering of the electrodes was used exclusively during idling except
for some of the idling periods within the first year of testing. In idling mode, flow through the
main off-gas system is prevented by the insertion of a blind flange immediately downstream of
the film cooler. A vacuum of 0.1 to 0.2 inches of water is maintained on the melter through the
bypass line, which is fitted with high efficiency particulate air (HEPA) filtration. In July of 2003,
air from the discharge dam cooling air flow, which goes to the bypass off-gas piping during
testing, was routed to the film cooler inlet, where it mixes with and lowers the temperature of the
air flowing from the melter plenum into the film cooler to cool and protect the film cooler during
periods of extended idling, The cooling air flow rate is about 23 scfim at a temperature of about
135°C at the outlet of the dam. This mixes with the plenum air, which is typically around 1020°C
during idling. As a result of this cooling system, the film cooler internal temperature is about
540°C during idling. Bubblers were often left in the melter and air flow adjusted to a very low
rate during idling periods to generate data on corrosion from exposure to HLW glass
compositions [45].

2.2 Lance Bubblers

Three types of lance bubblers, placed in a variety of locations and orientations, were
evaluated during these tests for the effect on processing rate. The three types of bubblers used,
single-outlet “J”, single-outlet “L”, and double-outlet “J”, are shown in Figures 2.3, 2.4, and 2.5,
respectively. In initial tests with HLW simulants [3, 9, 17, 23, 26, 28, 29, 35], two single-outlet
“J”” bubblers were used, located in opposite corners, pointing towards the center, six inches from
the melter floor. Tests evaluating bubbler air flow skewing, bubbler depth, and HLW flow sheet
variations also used the “J” bubblers in these locations [30]. For the first test evaluating bubbler
depth, the bubblers were rotated parallel to the electrodes to avoid current channeling and the
height of the “J” bubblers from the floor was varied [30]. In tests with LAW simulants [10, 14,
21, 41], four single-outlet “I.”” bubblers were used, located in opposite corners, six inches from
the melter floor pointing diagonally towards the center. Combinations of “J” and “L” bubblers
were used in tests to simulate the locations of bubbling outlets of proposed double-ported
bubblers, as illustrated in Figures 2.6 and 2.7 [30]. The Duratek design group provided the
bubbler arrangement shown in Figure 2.6: bubblers on the melter floor, one bubbler outlet 11.3
inches from the feed tube (in the plane of the melt surface), and eight inches separation between
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bubbling outlets on each side of the melter. The WTP Project provided an alternate bubbler
arrangement for testing, as shown in Figure 2.7: bubblers on the melter floor and fourteen inches
separation between bubbling outlets on each side of the melter, placed at the maximum distance
from the feed tube with a minimum distance from the wall of 8 inches. Figure 2.8 shows a
schematic of the prototypical double-outlet bubbler design that was based on the combination of
the results from these DM1200 tests and room-temperature tests that were performed in a
transparent fluid simulating the properties of the glass melt [46]. These bubblers have outlets 8
inches apart and were placed on the melter floor. The orientation of the bubblers in the melter, as
shown in Figure 2.9, results in one of the bubbling outlets being 11.3 inches from the feed tube.
These double outlet bubblers in the optimized orientation were evaluated for several waste
compositions [30, 35, 41]. Bubblers were removed and replaced in the melter to achieve the
required bubbling configurations; no replacements had to be made due to any lance bubbler
failures. The original “J” bubblers and the prototypical double-outlet bubblers, although not
currently installed in the melter, are fully functional and could be reinstalled for use at any time.
The extent of corrosion of these lance bubblers from exposure to HLW glasses is detailed in a
previous report [45].

2.3 DM1200 Maintenance History

Over the past five years, the VSIL operations personnel have documented all of the
maintenance activities performed on the DM1200 in maintenance logbooks. A detailed log
summarizing all these entries is provided in Table 2.1. One aspect of the present review was to
determine the frequency with which various melter components were replaced, including
thermocouples, thermowells, level detectors, discharge air lances, and discharge heaters. The
results of this review are discussed below.

The effect of radioactive exposure is outside of the scope of this summary and the
referenced reports. However, the reported life expectancy of components is highly relevant to
WTP operations unless presently unknown failure mechanisms due to radioactivity are
identified. For example, film cooler clogging and corrosion should be unaffected (positively or
negatively) by radioactivity. Thus, although radioactivity is not expected to affect failure rates,
the radioactive environment is certainly taken into consideration with respect to conservatism in
change out frequency for bubblers and other components.

2.3.1 Thermocouples

The thermocouples used in the DM1200 melter are Type K thermocouples and are used
to measure the glass pool and plenum temperatures, electrode temperatures, and the discharge
chamber temperatures. Nearly all of the thermocouples are installed into thermowells that
provide protection and allow them to be easily replaced. The exposed plenum thermocouple is
the only thermocouple that does not utilize a thermowell.
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Table 2.2 provides a summary of the number of times that the DM 1200 thermocouples
were replaced as well as the minimum, maximum, and average lifetime of the thermocouples.
The glass pool thermocouples were replaced anywhere between 8 and 14 times over the five
years of operation. Although the duration between the minimum and maximum replacement
frequency is extremely large, the average lifetime of all of the thermocouples is very similar,
between three and four months. The plenum thermocouples have similar lifetime to the glass
pool thermocouples (four months), except for the exposed thermocouple. Since this
thermocouple is directly exposed to the harsh, corrosive environment generated during the
vitrification process, it is not surprising that it lasts an average of only two months in the melter.
Glass pool and plenum thermocouples were routinely replaced on a four- to six-month schedule
as a preventative maintenance activity or when they had failed (typically as an open circuit). No
drift in the thermocouple readings was noted between replacements. The thermocouples in the
discharge chamber and electrodes have an average lifetime greater than eight months and have
only been replaced a few times. This is primarily due to the fact that the thermocouples are
located in arcas that are not directly exposed to the corrosive environment generated during
melter feeding. The only exception is the discharge riser thermocouple, which is located in the
melter riser and is continuously exposed to the molten glass. As a result, this thermocouple was
replaced more frequently and has a shorter average lifetime than the discharge chamber and
electrode thermocouples.

2.3.2 Thermowells

The DM1200 typically has two thermowells installed in the melter to hold the glass pool
and plenum thermocouples. The thermowells are fabricated from Inconel 690, 34 schedule 160
pipe that is capped on the bottom. Table 2.3 provides the dates that the thermowells were
installed in the melter, the number of days that the thermowells were exposed to feeding
operations, and the number of times they were removed for inspection, as well as the type of feed
that the thermowells were exposed to during operations (HLW or LAW feeds). The thermowells
were exposed mostly to HLW feeds because HLW melter testing was the primary R&T mission
for the DM 1200 over the past five years. The replacement frequency of the thermowells varied
between 105 and 784 days, with an average frequency of just under one year. The thermowells
were removed periodically for inspection or installation of corrosion coupons. Most of the
thermowells were removed due to wear. However, several of the thermowells were prematurely
replaced in order to install thermowells with corrosion coupons [45].

2.3.3 Level Detector

The DM1200 has a level detector installed in the melter to determine the level and
density of the glass during processing and to determine the melter vacuum. The level detector
consists of two Inconel 690, %327 schedule 160 pipes that extend to different depths within the
glass pool. Argon is then bubbled through the pipes and the backpressure is monitored to
determine the glass level and density. A third pipe, which is exposed to just the plenum, is used
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to monitor the melter vacuum. Table 2.3 provides the dates that the level detector was installed in
the melter, the number of days that it was exposed to feeding operations, and the number of
times it was removed for inspection, as well as the type of feed that the level detector was
exposed to during operations (HLW or LAW feeds). Since the primary mission of the DM1200
was to determine the glass production rates for HLW feeds, the level detector was primarily
exposed to HLW feeds. The replacement frequency of the level detector varied between 424 and
668 days, with an average frequency of 1.5 years. The level detector was removed periodically
for inspection or installation of corrosion coupons. In all cases, the reason for replacement of the
level detectors was wear of the level and density legs.

2.3.4 Discharge Air Lance

Glass is discharged from the DM 1200 using an air lance installed in the riser through
which air is bubbled to create an air lift that lifts the glass up the riser and out of the melter. The
air lance is fabricated from Inconel 690, 4 schedule 160 pipe and extends down to the bottom
of the discharge riser. The location of the riser is shown in Figure 2.1. Table 2.3 provides the
dates that the discharge air lance was installed in the melter, and the number of days that it was
exposed to feeding operations, as well as the type of feed that the air lance was exposed to during
operations (HLLW or LAW feeds). Since the primary mission of the DM 1200 was to determine
the glass production rates for HLW feeds, the air lance was primarily exposed to HLW glass
compositions. The replacement frequency of the air lance varied between 241 and 921 days with
an average frequency of approximately 1.7 years.

2.3.5 Discharge Heaters

The temperature within the DM 1200 discharge chamber is maintained at its operating
temperature (typically greater than 1000°C) by fourteen heaters arranged horizontally around the
discharge trough. The heaters are spiral-type silicon carbide heaters that are placed within heater
sheaths to prevent corrosion of the heaters due to gaseous emissions from the discharging glass.
Inside the heater sheaths, the heaters are placed within ceramic tubes to prevent the heaters from
electrically shorting to the metal heater sheath. Figure 2.10 provides a schematic of the heater
locations as well as heater numbering.

During the first year and a half of operation, the DM1200 had frequent failures of the
heaters, with many failing within one to two months of operation. Since a ceramic isolator
surrounds the heater element, it was surmised that the isolator was hindering the heat dissipation
from the heater, which increased the average centerline temperature of the heater, resulting in
premature aging and failure of the heater. To rectify this problem, the ceramic isolators were
split lengthwise to allow a greater amount of radiant heat loss in order to reduce the centerline
temperature. Figure 2.11 shows a discharge heater with the modified ceramic isolator. After this
modification was implemented in August 2002, no heater failures occurred in over 3.4 years of
operation. Table 2.4 shows the number of times heaters were replaced, and the minimum,
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maximum, and average lifetime of the heaters, both before and after the ceramic isolator
modification.

2.4 Current State of the DM1200 Melter

This section discusses the results of an inspection of the interior of the DM 1200 melter to
assess its current condition after five years of operation. Prior to discussing the details of the
inspection, it is useful to provide a more detailed description of the DM1200 construction in
order to provide the appropriate background for the discussion of the inspection results.

2.4.1 DM1200 Construction Details

The basic refractory package of the DM1200 consists of two layers: a glass contact
refractory and a back-up refractory. The glass contact refractory (melter walls and floor) consists
of a 5-inch thick layer of Monofrax® K-3 brick. Figure 2.12 shows the K-3 refractory package
for the DM1200. The large brick at the center of Figure 2.12 is the riser brick that is used to
direct glass out of the melter and into the discharge chamber. The back-up refractory consists of
two layers of 3-inch thick AZS brick. The plenum refractory package, which sits on top of the
glass contact refractory, consists of 5-inch thick Monofrax® H brick, behind which is 6 inches of
fiberboard. The plenum refractory sits on a layer of refractory called the tuckstone, which is also
manufactured from Monofrax® H brick. The top edge of the tuckstone is chamfered toward the
glass pool so that any glass or feed from the plenum walls will drain back into the melter. The
tuckstone refractory is 11 inches wide and 5 inches thick. Figures 2.13 and 2.14 provide views of
the plenum refractory for the DM1200.

The DM 1200 1id is constructed from castable refractory supported by a carbon steel
framework and provides access into the melter through penetrations arranged in rows. The
castable refractory consist of 6 inches of an insulating castable (Kaolite 2500-1.1) followed by 6”
of refractory castable (Narcon 60A). The refractory castable is directly exposed to the plenum
environment of the melter.

The DM1200 discharge chamber is a carbon steel shell lined with fiberboard. Fourteen
discharge heaters enter horizontally through the west side of the chamber to maintain the
chamber at its operating temperature of approximately 1000°C. The discharge heaters are
spiral-type resistance heaters manufactured from silicon carbide.

2.4.2 DM1200 Inspection

On May 30, 2006 an inspection of the DM1200 was performed to assess the condition of
the melter plenum refractory, melter lid, and the discharge chamber trough. Due to the level of
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the glass in the melter (approximately 27 inches), inspection of the glass contact refractory (K-3
bricks) could not be performed. Discussed below are the details of the inspection.

DM 1200 Refractory

Utilizing existing view ports on the west side of the melter, a visual inspection of the east
wall was performed. Although the field of view was limited through the view ports, the east wall
plenum refractory appeared to be in excellent condition with only minor surface cracking. All
visible seams were tight and no rounding or spalling of the refractory edges was noted. In
addition to the views through the view ports, a water-cooled video camera was inserted into the
melter through the center port in the lid and through the film cooler port to record the condition
of the melter refractory. Even though the camera was water cooled, the plenum temperature was
high enough (>1000°C) that the camera could only be inserted into the melter for 5 — 10 seconds
before it needed to be removed to prevent damage. Still frames from the video were obtained to
document the results of the inspection.

Inspection of the south plenum refractory revealed some isolated cracking of the plenum
wall refractory. These appear to be surface cracks in the refractory and probably do not penetrate
very deep in the overall thickness of the brick (5 inches). The refractory seam that is visible in
the video was in excellent condition with no evidence of deterioration or widening. Some slight
spalling of the tuckstone (approximately 8 inches long by 1 inch wide) is evident, but it appears
to be isolated. A picture of the south wall (taken from the video) is provided in Figure 2.135.

Figure 2.16 shows the condition of the plenum refractory on the east wall of the
DM1200. Aside from various surface cracks in the plenum refractory, there appears to be an area
near the northeast corner that is protruding slightly from the rest of the wall and may be in the
early stages of spalling. This area is centered on a refractory seam and is approximately 12
inches in length and several inches high at its largest point. The tuckstone appears to be in good
condition, but some cracking is evident from the videos. Unlike the south wall, no spalling of the
tuckstone has occurred.

Video inspection of the north wall of the DM1200 again revealed surface cracking of the
plenum refractory. The only viewable refractory seam appears to be slightly wider than the
seams on the other walls (see Figure 2.17). It is unclear, however, if this widening occurred
during melter operations or if it was present during the initial startup of the melter. As with the
east wall, the tuckstone refractory shows signs of cracking, and slight spalling (<1 inch) is
evident at the seams of the tuckstone.

The west wall is in similar condition to the other walls in the melter; surface cracking of
the refractory was noted as well as cracking of the tuckstone (see Figure 2.18). Figure 2.19
shows the southwest corner of the melter, which is directly under the film cooler. This view
provides a closer look at the general condition of the plenum refractory. Again, minor surface
cracking can be seen on the walls and in the tuckstone. Some slight spalling can also be seen on
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the edges of the tuckstone. The plenum brick that is directly behind the discharge chamber is in
excellent condition, with sharp edges and no spalling. This brick was purposely extended beyond
the rest of the plenum wall during the design of the DM 1200 melter to allow room for the riser
assembly.

Melter Lid

The visual inspection of the melter lid was performed through a port on the west side of
the melter that allowed viewing approximately 40% of the lid. The visible portion of the lid was
in excellent condition and was covered with a thin layer of a glassy material. No cracking or
spalling of the castable was noted and all areas around the lid penetrations were intact. No
pictures of the lid were taken due to the difficulty of obtaining clear pictures through the view
port.

Discharge Chamber

Inspection of the inside of the discharge chamber was performed through a view port on
the south side of the chamber as well as up through the discharge port at the bottom of the
chamber. Overall, the fiberboard insulation was in excellent condition with no evidence of
deterioration, as shown in Figure 2.20. Figure 2.20 also shows the condition of the bottom
portion of the Inconel 690 discharge trough. This portion of the trough had a thin coating of glass
and was in excellent condition. No significant wear of the trough was observed, although a very
slight rounding of the trough edges was noted on the bottom edge. Figure 2.21 provides another
view of the bottom of the discharge trough through the port on the south wall of the chamber.
The joint where the vertical portion of the trough connects to the sloped portion of the trough is
shown in Figure 2.22. This section of the trough was in excellent condition, but some very slight
rounding of the joint was evident.

Inspection Conclusions

Overall, the DM1200 melter is in excellent condition after five years of being at its
operating temperature. The plenum bricks appear to be structurally sound with some surface
cracking. All of the seams between the bricks are tight, with no evidence of any significant gaps.
The tuckstone is showing some minor wear and cracking on the brick faces nearest the glass
pool. Some small areas of spalling were also noted, but overall the tuckstone is in good
condition. The lid of the melter was in excellent condition; no spalling or cracking was noted.
Finally, the discharge chamber is in excellent condition. No significant wear of the trough was
noted.
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SECTION 3.0
DM1200 GLASS PRODUCTION RATES

One of the primary objectives of DM 1200 melter tests was to determine the achievable
glass production rates while processing simulated HLW feeds. This information is critical for
underpinning the performance of the WTP, for melter design, and for integration of the HLW
melter with waste pretreatment and LAW vitrification facilities. However, it is important to
recognize that the HLW melter throughput requirements have evolved significantly over the
course of the DM 1200 test program. The minimum production rate requirement for the DM1200
has more than doubled, while the potential solids content of the HLLW feed from pretreatment has
decreased by a factor of almost two, as depicted in Figure 3.1. The RPP-WTP HLW design basis
of 400 kg/m®*/day (1.5 MT/d full scale WTP) was increased to 800 kg/m?*/day (3.0 MT/d full
scale WTP) with the "2+2" revised baseline [44]. In addition, the DM1200 production rate target
was subsequently increased to 1050 kg/mlf day to reflect the scaling effects associated with the
fact that there are two bubblers in the one-third-scale DM1200 but five bubblers in the full scale
melter. Since, other things being equal, processing rates decrease with decreasing waste solids
content, the continued drop in the projected solids content of the waste further increases the
demands on melter production capacity. The DM1200 testing program had to evolve to address
these challenges while also striving to define the effect that various waste characteristics have on
HLW glass production rates.

For simulated LAW feeds, the definitive glass production rate data were collected on the
DM3300 LAW Pilot Melter and therefore factors affecting LAW glass production rates are not
discussed here. It 1s noted, however, that tests conducted on the DM1200 with LAW simulants
matched the corresponding surface-area-normalized rates obtained on the LAW Pilot Melter and
the information was used to produce scaling data with respect to bubbling rate [31, 46]. A further
objective of the LAW tests on the DM1200 was to collect data on the performance of the
prototypical off-gas system with simulated LAW feeds.

Initial tests that were conducted on the DM1200 melter with HLW simulants were
intended to determine the feasibility of attaining the design basis glass production rate of
400 kg/m*/day without bubblers [3, 9]. Previous testing on the DM 1000 system [1] concluded
that achievement of that rate with simulants of projected WTP melter feeds (AZ-101 and
C-106/AY-102) was unlikely without the use of bubblers. As part of those tests, the same feed
that was used during the cold-commissioning of the West Valley Demonstration Project
(WVDP) HLW vitrification system was run on the DM1000 system. The DMI1000 tests
reproduced the rates that were obtained at the larger WVDP facility, lending confidence to the
tests results [1]. Since the inclusion or exclusion of a bubbler has significant design implications,
the Project commissioned further tests to address this issue. The results of these tests are depicted
in Figure 3.2. All tests without bubbling resulted in production rates lower than 400 kg/m?/day.
None of the variables investigated, which included feed concentration, feed acidification, frit as
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the glass former additive, variable additions of reductant (sugar), continuous feeding (as opposed
to pulsed), and increased glass temperature, resulted in production rates approaching the Project
baseline. Conversely, all tests that used bubbling exceeded the production rate of 400 kg/m*/day
even though the feed solids content for many of the tests was significantly lower. As a result of
these findings, it was concluded that the current WTP HLW melter design is not capable of
achieving the baseline production rate of 1.5 MT/d without the use of bubblers and that bubblers
should be installed [43].

After the decision to include bubblers in the design, a series of tests was conducted on the
DM 1200 to determine the effects of bubbling rate and feed solids content on glass production
rate while processing a simulated HLW AZ-101 feed composition [17]. Three nine-day tests,
each at different feed solids content (530, 400 and 300 g glass per liter), were conducted at three
bubbling rates. These tests were preceded by tests designed to establish the bubbling rate values
required to produce glass at ~400 and ~800 kg/mz/day, as well as the maximum production rate.
An additional test was added that featured no bubbling to determine the effect of bubbling on the
retention of noble metals. Analogous tests were conducted at the highest solids content (20 wt%
undissolved solids) with three other HLW compositions (AZ-102, C-106/AY-102,
C-104/AY-101) to assess the effect of waste composition on production rate [23, 26, 28]. The
bubbler configuration used for all the tests was two single-outlet “J” bubblers, located in
opposite corners, pointing towards the center, six inches from the melter floor (see Section 2.2).
Steady-state production rates were obtained in the preliminary test with AZ-101 simulants for
production rates of 400, 600, 800, and 1000 kg/m*/day, but not for higher production rates, as
shown in Figure 3.3. Higher production rates at about 140 and 160 hours run time were not
sustainable due to accumulating and poorly distributed amounts of feed on the melt surface.
Based on these results, values of 8, 40, and 65 lpm were selected for subsequent tests. The
cold-cap-limited, steady-state production rates from tests conducted at these bubbling rates with
AZ-101 simulants at three solids contents are shown in Figure 3.4. As expected, glass production
rates increased with bubbling and decreased with decreasing feed solids content. The steady-state
production rates for four HLW compositions (20% undissolved solids in the waste simulant) are
illustrated in Figure 3.5. The production rates for three of the four compositions are virtually
identical to each other, whereas the production rate for the C-106/AY-102 composition was
about 10% lower at lower bubbling rates and about 10% higher at the highest bubbling rate. Also
of note is that production rates for all four compositions exceed the present WTP requirement of
800 kg/m*/day with feed containing 20% undissolved solids in the simulant. The tests employing
the highest bubbling rate and feed solids content on the DM 1200 exceeded the required WTP
glass production rate (800 kg/mz/day, or 3 MT/d per HLW melter), whereas tests with lower
bubbling rates or solids contents did not. Feed with waste solids contents of less than about 17%
UDS could not be processed at a glass production rate of 800 kg/m*/day at the highest bubbling
rate feasible with that bubbler configuration. Upon the conclusion of these tests, the projection
for the HLW waste solids content was reduced to 15% UDS and therefore testing was proposed
to increase the effectiveness of the bubblers. In addition, since the full-scale WTP melter has
slightly fewer bubblers per unit melt surface area than does the DM 1200 (five bubblers in 3.75
m” vs. two bubblers in 1.2 m®), a scaling factor was added which increases the required DM1200
production rate to 1050 kg/m*/day.
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Melter tests were also conducted on the DM1200 to determine the effects of flow sheet
changes of feed rheology, nitrate content, and organic content on glass production rate while
processing the HLW AZ-101 [29], AZ-102 [35], and C-106/AY-102 [29, 35] feed compositions.
The bubbler configuration and maximum bubbling rate (65 lpm) used in previous tests [17, 23,
26, 28] were used in the flow sheet variation tests to allow the results from the tests to be
compared. Tests with HLW AZ-102 and C-106/AY-102 simulants employed rheology-adjusted
feeds that were intended to provide better representations of the rheological properties of some of
the more viscous actual waste samples that have been characterized; the majority of the previous
melter testing has been performed with HLW waste simulants that are of somewhat lower
viscosity. The test results illustrated in Figure 3.6 show that the rheology-adjusted feeds
processed at rates that were four to fifty percent higher than those in analogous tests with the less
viscous feeds, indicating that the previous test results likely give an accurate to conservative
estimate of processing rate. Significant differences in processing rate were observed as a function
of simulant composition for rheology-adjusted feeds, suggesting that the previously held
conclusion that the processing rates for different HLW simulants are virtually identical may only
apply for limited compositions with lower feed viscosities. Tests conducted with AZ-101
simulants and variable amounts of sugar, C-106/AY-102 simulants and variable amounts of
sugar, and C-106/AY-102 simulants with high concentrations of nitrates and variable amounts of
sugar, demonstrated that additions of sugar and nitrate do not result in production rate increases
and can result in poor cold cap characteristics, which result in lower production rates.

Melter tests with HLW AZ-101 simulants were conducted on the DM1200 to optimize
bubbler operation and configuration with respect to glass production rates [30]. Tests of
durations of between seven and nine days were conducted using a variety of bubbler
configurations, operational strategies, and bubbling rates. An additional test was also conducted
with sodium chloride and sulfate spikes to determine the effects of the addition of these salts on
production rate. Each of the tests began with a day of feeding to establish the cold cap before
determining the production rate during the two- to four-day test segments. The results depicted in
Figure 3.7 show that of the test variables investigated, the number of bubbler outlets and their
locations had the greatest impact on processing rate. Tests using four outlets either as four lances
simulating two double-outlet bubblers, or two actual double-outlet bubblers, resulted in
production rates of between 1200 and 1400 kg/m?/day for feed containing 400 g glass per liter.
This result was obtained with four lances simulating two double-outlet bubblers with either 8 or
147 separation between the outlets. Production rates dropped from 1300 to 1100 kg/m*/day when
the number of bubbler outlets was reduced from four to two. A 235°C increase in glass
temperature did not produce a large rate increase, primarily because of power supply limitations;
however, a production rate of 1450 kg/m?/day was obtained in that test with 23% less bubbling
than in the comparable test at 1150°C. Increasing bubbler depth increased production rate;
however, the only test systematically evaluating that variable was complicated as a result of
bubbler orientation (parallel to the electrode as opposed to diagonally pointing towards the
melter center, which placed the bubble flow closer to the wall), which had a larger effect than did
the depth. A smaller but discernable production rate increase was observed as a result of varying
the flow between the two bubblers while keeping the total flow constant (skewing), as shown in
Figure 3.8. The effect of the chemical additives sodium chloride and sodium sulfate on
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production rate was unclear in these tests. Sodium chloride and sodium sulfate alone appeared to
decrease production rate, while the two combined appeared to increase production rate.
However, it is believed that these decreases in production rate may be attributable to cold-cap
ridges that built up in the first two test segments that were burned off prior to the last segment.
Based on these tests, the optimum configuration selected for future tests was two bubblers, each
with two outlets 8 inches apart, placed on the floor, one bubbler outlet 11.3” from feed tube, as
shown in Figures 2.5, 2.8 and 2.9.

The limited number of tests conducted with the optimized bubbler configuration is listed
in Table 3.1. The objective of the first four of these tests [30, 35] was to evaluate the optimized
bubbler configuration with respect to production rate, whereas the production rates achieved
during the MACT tests was a consequence of achieving other target test conditions, most notably
plenum temperature. The target production rate of 1050 kg/m*/day was achieved or exceeded for
feed containing HLW AZ-101 and C-106/AY-102 simulants but not with AZ-102 simulants.
During most of the tests explicitly evaluating the optimum bubbler configuration [30, 35], the
bubbling rate was adjusted to give the maximum cold cap limited steady state production rate. In
the tests with the AZ-102 simulants, the target production rate of 1050 kgfmlfday was initially
achieved; however, excessive mounding of the feed on the cold cap necessitated reducing the
feed and bubbling rate. Prior to reducing the feed rate, total bubbling flow rates as high as
225 lpm were used in an unsuccessful attempt to break down the accumulations in the cold cap.
A steady state rate greater than 1050 kg/m*/day was achieved in one of the MACT tests at the
low bubbling rate of 43 Ipm, suggesting that without the plenum temperature limitations, the
production rates with this feed and the optimum bubbler configuration would be significantly
higher. The comparisons that best illustrate the production rate enhancements are given in
Table 3.2. Feed of similar composition and solids content were processed 40 to 64% faster with
the optimized bubbler configuration.

It is worth noting that visual observation of the DM 1200 melt pool is a key operational
aspect of current DM 1200 testing. In many instances where feeding was slowed or even stopped
based on visual observations of cold cap ridges and mounds, non-visual data such as plenum
temperature would not have identified the extent of the cold-cap buildup. In fact, high plenum
temperatures can result from a high mound over a portion of the melt surface preventing feed
from spreading across the melt surface and creating an opening on the glass surface. Without the
visual evidence, an operator may conclude that feed rates should be increased, which could
exacerbate the problem. It is likely that the maximum production rate for each set of test
conditions would have been significantly impacted for most of the tests if the cold cap conditions
were not monitored visually. Consequently, it is recommended that the ability to maintain
production rates without use of visual information be evaluated, if that is the planned WTP
operating mode.

In summary, tests showed that significant improvements in glass production rates could
be achieved by employing optimized bubbler configurations. These improvements appear to be
sufficient to more than make up for the production rate short-fall brought about by the reduction
in the solids content in the HLW feed from pretreatment from 20 wt% to 15 wt% undissolved
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solids. However, attainment of the target rate was not possible for all HLW simulants after
further reduction in solids content. Attempts to achieve the target rate with low solids content
HLW feed resulted in unstable melter conditions and frequent blockages of the film cooler.
Further optimization, including the addition of more bubbling outlets and employing automated
bubbler flow rate skewing would result in additional production rate enhancements. All of these
increases in production rate have been achieved while visually monitoring the cold cap; the
increases may be lower if operators must rely exclusively on remotely collected data such as
plenum temperature. However, overall, the success demonstrated to date suggests that there is
considerable further scope for HLLW production rate enhancement.
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SECTION 4.0
DM1200 FILM COOLER AND TRANSITION LINE

This section provides data and analysis on the operation, maintenance, and post test
inspections of the melter film cooler and the transition line in between the film cooler and the
submerged bed scrubber (SBS). Similar reports reviewing the performance of the SBS and wet
electrostatic precipitator (WESP) have been issued previously [47, 48].

4.1 Film Cooler Operation

The duct between a melter and its off-gas system has traditionally been a trouble spot for
accumulation of deposits as a result of carryover in the melter exhaust, sometimes to the point of
constriction or blockage. The film cooler was developed as a means of mitigating this problem.
The film cooler injects a gas layer along the inside pipe wall to prevent collection of entrained
solids and to cool the melter exhaust stream to a temperature below the softening point of the
solids such that they are less adhesive and casier to remove.

The DM1200 has a louvered-type film cooler installed in the lid of the melter. The
DM 1200 film cooler is not fully prototypic of the WTP HLLW melter film cooler, but many of its
key features are similar. Figure 4.1 provides a representation of the DM1200 film cooler. An
outer shell with a flanged air injection line and an intermediate diverter sleeve create a
cylindrical passage that forces the air to the bottom of the film cooler. At the bottom, the air
changes direction and is swept upward through the cylindrical passage between the middle shell
and the louvered inner sleeve. Air exits the film cooler between these louvers. During normal
DM 1200 operations, the film cooler is kept clean by injecting water into the injection air supply
line. One liter per minute of water is added to the line for five minutes every twelve hours. In the
event that the water flushing is not sufficient to clean the film cooler, operations personnel
manually clean the film cooler with a rod and/or brushes.

Since the LAW Pilot Melter (DM3300) had an entire program to assess the operation of
the film cooler while processing LAW feeds, the results of which have been reported separately
[49, 50], discussion of the operation of the film cooler on the DM1200 will focus mainly on
HLW feeds. Initially, plugging of the film cooler was not an issue for the DM1200, especially
when low glass bubbling rates were used to meet the design HLW glass production rate of
400 kg/m*/day. However, as the WTP requirements have evolved over the last few years, the
required HLW glass production rate has increased from 400 to 800 kg/mz/day. In addition to this
rate increase, the target glass production rate for the DM1200 was increased to 1050 kg/m*/day
to account for scale-up issues associated with the number of bubblers installed in the melter. In
order to achieve these rates, a significant amount of testing was undertaken to optimize the
bubbler configuration [30] and determine the impact of different feed chemistries [29] and
rheology [35] on the glass production rate. During these tests, increased instances of film cooler
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plugging were observed. Figure 4.2 shows typical views of the film cooler with heavy particulate
buildup that required manual cleaning by the operations personnel.

In order to determine the causes of the film cooler plugging, operating data from April
2003 through the HLW MACT test were reviewed [29, 30, 35, 41], as were the operations log
books, to identity when manual cleaning of the film cooler was performed. Since it was believed
that the increased bubbling rates used to achieve the high glass production rates were the main
cause of film cooler plugging, plots of glass pool bubbling rate versus film cooler differential
pressure (DP) were created. Typically, a high differential pressure measurement across the film
cooler was the result of a plugged film cooler. Therefore, when the film cooler DP is overlaid
against the glass pool bubbling rate, impacts of high bubbling rates in the melter can be easily
observed.

Figure 4.3 shows the glass pool bubbling rate versus the film cooler DP for the HLW
AZ-102 feed rheology test [35]. As can be seen in Figure 4.3, the initial part of the test was
conducted at a bubbling rate of 65 liters per minute (Ipm) while processing a high rheology feed
at various solids contents (17 and 20 wt% solids). During this time, the film cooler was manually
cleaned once, as can be seen from the high film cooler DP at the run time of 20 hours. At
approximately 100 hours into the test, the feed was changed to a nominal rheology, dilute feed
(340 g/1). Bubbling rate was increased significantly in an attempt to achieve the desired glass
production rate of 1050 kg/m*/day, which resulted in 12 manual cleanings of the film cooler over
a period of approximately 24 hours. Since the conditions within the melter were not sustainable,
the bubbling rate was reduced to approximately 65 Ipm to achieve a sustainable rate of around
900 kg/mz/day. During this period, the film cooler was cleaned twice. Specific production rate
and processing information can be found in the referenced report [35].

Figure 4.4 shows the operating data from Test 9 of the configuration tests [30]. During
this test, production rates were maintained at 1000 kg/m?/day for the first 160 hours of the test,
with a glass pool bubbling rate of between 35 and 70 lpm. No film cooler plugging was observed
during this steady state run. The second part of the test was used to determine the maximum
production rate that could be achieved with this HLW AZ-101 feed. Bubbling rates were
increased to well over 100 lpm, which resulted in production rates as high as 1300 kg/m?/day.
However, during this 2.5-day portion of the test, the film cooler was manually cleaned 5 times.
Similar film cooler plugging and bubbling rate correlations can be seen in Test 8 [30] operating
data (Figure 4.5), where the maximum glass production rate was determined at 1150°C and
1175°C. In the first 36 hours of Test 8, where the bubbling rate was less than 75 lpm, no film
cooler cleanings were required. However, for the rest of the tests, where the bubbling rate was
greater than 80 Ipm, 21 and 13 manual cleanings were performed during the 1150°C and 1175°C
tests, respectively.

A summary of the manual film cooler cleanings for all of the HLW tests from April 2003
through the HLW MACT test is provided in Table 4.1. Table 4.1 provides test conditions and
average production rates for each test, as well as the number of cleanings at various bubbling rate
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ranges. The bubbler flow is the total flow of air through all of the bubblers. The terms “fixed”
and “variable” refer to how the air flow to the individual bubblers was controlled. Fixed flow
rates are those in which all of the bubblers have the same flow, which totals to the overall flow
rate (i.e., flow per bubbler is the total flow divided by the number of bubblers in the melter).
Variable flow rates signify that the air flow to each bubbler can vary subject to the constraint that
the air flow through all of the bubblers must total the overall flow rate. Figure 4.6 shows the
difference between “fixed” and “variable” bubbling rates, where the first 70 hours of the test was
run under a fixed condition (both bubblers were set at 32.5 Ipm) and the remaining portion of the
test was conducted under a variable condition (individual bubbler flows varied, but always
totaled 65 Ipm).

The frequency of manual cleaning of the film cooler increases significantly when the
bubbling rate increases above approximately 65 lpm when processing HLLW simulants. The
instances of manual film cooler cleaning during tests with a bubbling rate of 65 Ipm or less
occurred primarily during the initial startup and establishment of the cold cap. During this period
of time, melter emissions are at their highest as the melter feed is falling directly on a molten
glass surface instead of an established cold cap. Test 1 [30] resulted in a large number of manual
cleanings, which may be due to the high bubbling rates for individual bubblers, since the flow
rates ranged from 17 to 48 lpm at any given time (see Figure 4.6).

A similar table was assembled for the DM1200 transition line blockages and this
information is shown in Table 4.2. Although the correlation between line blockages and bubbling
rate is not as obvious as with the film cooler data, it is apparent from the data that line blockages
typically occurred at the higher bubbling rates. Many times the blockages were removed by
simply tapping the line with a hammer. Another item of note is that the sensor lines clogged
frequently even though the lines were purged with air to prevent solids buildup.

Although testing of the DM1200 was mainly focused on HLW feeds, five LAW feed
campaigns were run on the DM1200. Four of the campaigns were run to collect off-gas
emissions data (LAW Sub-Envelopes A1, B1, C1, and the LAW MACT test) and the remaining
was bubbling rate and foaming tests utilizing Envelope A and C feeds. During these LAW
campaigns, the film cooler was manually cleaned three times (twice while processing the Sub-
Envelope Al feed and once during the LAW MACT test). Plugging of the transition line only
occurred during the bubbling rate and foaming test (four occurrences) and the blockages were
cleared by tapping the transition line with a rubber mallet.

Based on the review of the operational data, it appears that plugging of the film cooler
and transition line is strongly dependent on the melter bubbling rate. As the bubbling rate
increases, larger holes are formed in the cold cap, which allows fresh feed more opportunity to
make direct contact with molten glass, leading to higher particulate carryover. In addition, the
higher bubbling rate makes the surface of the glass pool very active, which increases glass and
feed spraying within the plenum area. This additional particulate matter is then swept out of the
melter through the film cooler where it deposits and builds up, eventually clogging the film
cooler and transition line. The formation of holes in the cold cap can be prevented by reducing
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bubbling, which has the undesirable effect of reducing the glass production rate, or by increasing
the number of bubbling outlets, which permits the use of greater amounts of bubbler air without
concentrating the air flow in a limited number of locations.

Although the diameter of the WTP HLW film cooler is approximately twice the size of
the DM 1200 film cooler, there is reason to believe that similar plugging will occur in the WTP
HLW melter system. Therefore, it is recommended that routine washing/flushing of the WTP
film cooler be performed to ensure that any buildup that does occur during processing is quickly
removed before it impacts the facility operations. Redundancy of sensor lines and their design
should be considered especially given the number of times the sensor lines plugged on the
DM 1200 system. While film cooler washing may slow the rate of clogging, in DM1200 tests
with HLW feeds, it was found to be ultimately unsuccessful in removing the clogs that inevitably
occurred. Therefore, a mechanical means to remove blockages needs to be developed and tested
to ensure that it is reliable and will remove blockages without damaging the delicate film cooler
louvers. Film cooler plugging can also be mitigated by the addition of more bubblers and
bubbling outlets.

4.2 Film Cooler and Transition Line Inspections

The film cooler and transition line were inspected for solids accumulation and corrosion
after several of the DM 1200 tests [10, 14, 28, 30, 31, 41]. The general layout of the film cooler
and transition line sections is shown in Figure 4.7. The film cooler is shown on the right hand
side of the photograph. Transition line section #1 is located on the right, above the film cooler,
and has a Y shape. Transition line section #2 is a long and slightly curved portion following
transition line section #1. Transition line section #3 is a shorter straight part following section #2.
The transition line bellows is a short section shown as the last section in Figure 4.7. The
transition line section in between the bellows and SBS inlet, which is not shown in Figure 4.7,
has a similar shape to transition line section #1 and connects the transition line bellows to the
SBS. A complete list of deposits removed from the film cooler transition line is given in Table
4.3; chemical analyses of select deposits are given in Table 4.4

4.2.1 Inspection After LAW Sub-Envelope C1 Test [10]

At the end of the LAW Sub-Envelope C1 test, a large amount of dry solids was found at
the thermocouple location (~1/2 of the pipe diameter occluded) in the film cooler and on the
section right above the transition line connection to the film cooler. The film cooler was cleaned
with a rod and brush. Accumulation in the film cooler appeared to be greater than was observed
in the previous HLW tests [3, 9]. Only a slight coating was observed in the transition line inlet.
Similarly, only a slight solids coating was observed inside the bellows. Analysis by Direct
Current Plasma Atomic Emission Spectroscopy (DCP-AES) of material from the transition line
bellows shows the same four major components as in the melter feed (i.e., S10; ~47 wt%, NaO
~14 %, Al,O; ~6%, and Fe,0; ~6%). The sample also contained a large amount of S¢O,, which
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was not present in the melter feed. SeO,, SO;, SrO, TeO2, MnO and Cs,0 are probably deposits
from the AZ-101 post-commissioning tests [9] that were performed prior to the LAW Sub-
Envelope C1 test.

4.2.2 Inspection After LAW Sub-Envelope Al Test [14]

Film Cooler: At the end of the LAW Sub-Envelope A1l test series, the film cooler was
removed and inspected in detail. Photographs of the solids deposits in various parts of the film
cooler are provided in Figures 4.8 - 4.11. Although the mass of the deposits was not recorded,
significant solids deposition can be observed in the photographs. In addition to the solids
deposition, significant corrosion damage at the bottom of the film cooler was observed, as shown
in Figures 4.12 - 4.19. DCP analysis of a sample of solids removed from the film cooler after
washing indicated that the deposits consist mainly of sodium and silicon, with lesser amounts of
aluminum, boron, chromium, iron, nickel, selenium, and zinc. Cleaning of the film cooler was
only marginally successful, as shown in Figures 4.20 - 4.23.

A scanning electron microscope (SEM) image of a sample removed from the film cooler
bottom ring is shown in Figure 4.24. Specific results from analysis using SEM coupled with
energy dispersive x-ray spectroscopy (EDS) include:

= (lass has adhered to the corroded surface and is inundated with Cr-Fe-Ni spinel.

= A chromium chloride phase is found at the interfaces where the glass is observed in
contact with the bulk metal, both at the corroded surfaces and in cracks.

= Platelets of chromium oxide are found throughout the cross section of the ring, except
in the highly corroded/depleted regions.

= Metal near the corrosion areas is severely depleted in chromium.

= Sulfur attack is present, which extends into the bulk metal.

¢ Metal in the central areas of the ring is compositionally consistent with Inconel 690.

¢ Other phases observed in glassy/scale regions include aluminum oxide platelets, as
well as chlorine- and sulfur-containing phases.

Based on the SEM/EDS analysis, the general trend observed is glass with significant
spinel formation adhered to broad zones of chromium oxide that are hundreds of microns thick.
Next, a chromium chloride phase is observed forming a non-uniform boundary between the
chromium oxide and the chromium-depleted metal surface. Within the chromium depleted metal
(which 1s typically a few hundred microns thick), significant grain boundary attack is observed,
and formation of chromium oxide and sulfate phases is occurring at those boundaries. Finally,
away from the highly depleted/corroded areas of the metal, a significant amount of an eskoalite
platelet is observed. In general, these observations are consistent with high-temperature
corrosion of Inconel in the presence of chlorides and sulfates.
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Given the extent of the damage to the film cooler (which was the original unit installed in
the DM1200), a replacement was installed prior to the next set of tests on the DM 1200 system.

Transition Line: After 121.6 hours operation (in between the second and third test
segments) and at the end of the test series, parts of the transition line were removed for
inspection. The inside of the flexible bellows between the film cooler and the transition pipe and
the inside of the transition pipe (SBS side) contained solids deposits after 121.6 hours operation,
as shown in Figures 4.25 and 4.26. Similar, but not as extensive deposits were also observed at
the end of the test series.

4.2.3 Inspection After HLW C-104/AY-101 Test [28]

Photographs of the solids deposits in the film cooler after the HLW C-104/AY-101 test
are shown in Figures 4.27 and 4.28. Photographs of the solids deposits in various sections of the
transition line are provided in Figures 4.29 - 4.34. The largest mass of solids (3.11 kg) was
collected from transition line section #2. DCP analysis of solids taken from this section shows
major component composition similar to that of AZ-101, AZ-102, C-106/AY-102 and C-
104/AY-101 melter feeds, indicating entrainment of feed components into the exhaust stream.
However, the concentrations of volatile components such as selenium were higher than those in
the feed, indicating volatilization from the glass surface or cold cap. Other notable elements were
zine, zirconium, lithium, and manganese, which are also present in all of the four HLW feeds.
Sulfur is present in the sample and is present only in the AZ-101 and AZ-102 feeds.

Contributing factors to the amount of solids deposition in the film cooler probably
include feed composition, cooling of the off-gas, flow direction changes, and the film cooler
washing process. The solids deposits are the accumulations since 6/21/2002 for the film cooler
and the transition line sections #1, #2, and #3. The transition line bellows and the transition line
on the SBS side were cleaned on 10/24/2002, hence the deposits on these two sections
accumulated over a four-month period. The film cooler photographs (Figures 4.27 and 4.28)
indicate that there is some corrosion of the film cooler leading surfaces and some plugging of the
air holes. As noted above, this film cooler, which is constructed of Inconel 690, had been in
service since 6/21/02. Corrosion of the film cooler is likely somewhat enhanced during idling
since it is exposed to higher temperatures than during normal feeding as a result of the absence
of a cold cap. This component is one that is expected to need occasional replacement. The film
cooler and all sections of the transition line were cleaned before reassembly.

4.2.4 Inspection During and After HLW Configuration Tests [30]
Configuration Test 2
Solids deposits at the inlet of the film cooler are shown in Figure 4.35. Photographs of the

solids deposits throughout the transition line are given in Figures 4.36 - 4.41. The film cooler and
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all sections of the transition line were cleaned before reassembly. The solids deposits in the film
cooler, transition line sections #1, #2, #3, transition line bellows, and transition line section
connecting to the SBS are the result of accumulations since 3/5/03, right after the C-104/AY-101
HLW simulant test [28]. The maximum solids deposition was in transition line section #2 in both
cases. The masses of solids collected from this section were 3.11 kg on 3/5/03 and 2.28 kg on
6/11/03. The tests conducted between the two dates were Tests 5 and 6 of the HLW Reductant
series [29] and Configuration Test 2 [30], during which approximately 26,000 kg of glass was
poured. The transition line differential pressure increased during the latter half of Test 6 and was
fairly steady during Test 2, suggesting that the bulk of the transition line deposits may have
occurred during Test 6.

Configuration Test 1

After the test, the film cooler, transition line sections #2, #3. and transition line bellows
were inspected. Very little particulate was observed in the film cooler or transition line sections
#2 and #3. A photograph of the solids deposits at the transition line bellows inlet is provided in
Figure 4.42. About 10 grams of solids deposits was removed from the transition bellows. The
film cooler and the above mentioned sections of the transition line were cleaned before
reassembly.

Configuration Test 3

At around 162.3 hours into Test 3, melter feeding was interrupted and the transition line
bellows was removed due to clogging; a 4”-diameter solid chunk (shown in Figure 4.43.a) and a
small amount of debris totaling 0.254 kg were removed from the bellows. The film cooler was
rodded out about one hour prior to the solids removal at the bellows. After the film cooler was
cleaned, the transition line was tapped and the deposit moved down the transition line and lodged
in the bellows. A macro image of the material, which i1s shown in Figure 4.43.b, indicates a
reddish glassy admixture inundated with pores and periodically encrusted with a whitish
substance. An SEM/EDS spectrum of this sample is presented in Figure 4.43.c. Observations
with respect to this sample can be summarized as follows:

¢ An EDS spectrum taken in a region that showed a somewhat eroded appearance in SEM
back-scattered electron (BSE) mode revealed that the mixture primarily contained Na, Al,
Si, Fe, Zn, S, and CIL

¢ In regions where whitish material was evident, high Na, S, and Cl concentrations were
observed.

¢ Sodium sulfate was readily observed across the sample.

e In areas with surface cracks, various undissolved feed components were observed in the
cross section. Most notable was a sodium zirconium silicate.
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¢ The material contains the major feed components, indicating entrainment of feed
components into the exhaust stream, as well as higher-than-feed concentrations of
volatile components such as sulfur, indicating volatilization from the glass surface or cold
cap.

At the end of the test, the film cooler was removed and inspected. Figure 4.44 shows
some glazed build up of solids on air vent holes at the very bottom of the film cooler. There was
also moderate particulate buildup on its louvers. The film cooler (2nd installed on the DM1200)
was replaced on 7/23/03, before Test 8. The transition line segments were not inspected after the
test.

To cool and protect the film cooler during periods of extended idling, air from the
discharge dam cooling air flow, which goes to the bypass off-gas piping during testing, is routed
to the film cooler inlet, where it mixes with and lowers the temperature of the air flowing from
the melter plenum into the film cooler. The cooling air flow rate is about 23 scfim at a
temperature of about 135°C at the outlet of the dam. This mixes with the plenum air, which is
typically around 1020°C during idling. As a result of this cooling system, the film cooler internal
temperature is about 340°C during idling.

Test 10

The mass of solids removed from the film cooler and transition line segments was
0.57 kg and 1.5 kg, respectively. Photographs of the film cooler inlet are shown in Figures 4.45
and 4.46. Photographs of the solids deposits throughout the transition line are given in Figures
4.47 - 4.53. The white deposits seen in the figures are presumed to be alkali halides (sodium
chloride was spiked into the feed during Test 10). The film cooler and all sections of the
transition line were cleaned before reassembly. The cleaned film cooler inlet is shown in Figure
4.54.

Test 9

Figure 4.55 shows some glazed buildup of solids on air vent holes at the very bottom of
the film cooler. Only slight solids deposits were observed throughout the transition line except in
the transition line section in between the bellows and the SBS inlet, as shown in Figure 4.56. The
film cooler was partially cleaned, as shown in Figure 4.57, before the next test. The transition
line sections were deliberately not cleaned before reassembly; however, some solids in the
transition line section connected to the SBS inlet fell out.
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4.2.5 Inspection After LAW Production Rate and Foaming Tests [31]

After both the Production Rate and Foaming Tests, the transition line bellows were
removed. About 60 grams of small chunks and very fine white solids were removed from the
transition line bellows. The results from this test were similar to the previous LAW
Sub-Envelope C1 test [10] in that no blockages of the transition line occurred and only a small
amount of material was deposited in the transition line bellows. Photographs of deposits
observed in the transition line after the Foaming Tests are given in Figures 4.58 - 4.60. Sixteen
grams of solids was removed from transition line section #3 and fourteen grams was removed
from transition line section #2.

The film cooler was not inspected during or after the Production Rate or Foaming Tests.

4.2.6 Inspection After MACT Tests [41]

After the completion of regulatory tests with both LAW and HL'W simulants as well as
an HLW turnover period of about 62 hours in duration, the transition line sections and the film
cooler were taken out and inspected. The film cooler was installed during the bubbler
configuration test series (3rd installed on the DM1200) in July of 2003 [30]. Since that
installation, the film cooler and transition line were removed and cleaned on several occasions,
the most recent of which occurred in April 2004 [30]. The amount of material collected and
documented at the inspection at the end of the MACT tests therefore reflects feed processing
during the simulant verification tests [35], turn-over and scoping tests associated with the MACT
tests, the MACT tests, and idling time in between these tests. One exception occurred after the
MACT tests during the HLW turnover when a clog that began to severely limit the vacuum on
the melter required cleaning and removal of the bellows and cleaning of the adjacent transition
line segments in place. Corrosion observed on the film cooler can be attributed to about 440 days
of idling and 87 days of feed processing, whereas the measured amounts of solids (more than
1.56 kg) collected are the result of about 41 days of feeding but do not include the material
removed during the HLW Turnover Test. During the HLLW Turnover Test, the transition line
clogged and the transition line bellows were taken out. Views of transition line bellows and
transition line section in between the bellows and SBS inlet at 26.9 hours into the HLW
Turnover Test are provided in Figures 4.61 and 4.62, respectively. A view of the film cooler inlet
after the HLLW Turnover Test is provided in Figure 4.63. Glassy solids had deposited at the end
of the film cooler. In Figure 4.64, damage to the tip of the film cooler is shown. Even though the
film cooler was severely corroded, it functioned without incident throughout the tests. Close-up
views of the film cooler louvers and the film cooler outlet are shown in Figures 4.65 and 4.66,
respectively. The inlet of the film cooler after cleaning is shown in Figures 4.67 and 4.68.
Included in Figure 4.67 for comparison is a picture of the film cooler after about half the
exposure time. Deposits observed throughout the transition line are shown in Figures 4.69 - 4.76.

In summary, film cooler clogging events continued to be a significant operational

problem during DM 1200 tests. Their frequency appeared to increase with bubbling rate and glass
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production rate. Feeds with low solids contents further exacerbate this issue because of the need
for increased bubbling rates in order to maintain glass production rates. None of the film cooler
washing procedures were effective for clogging with HLW feeds. No mechanical cleaning
device has been tested. Consequently, this would appear to be a significant issue with respect to
the ability of the WTP to meet HLW throughput requirements. These findings have been
reported to the WTP Project and decisions regarding resolution are pending.
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SECTION 5.0
DM1200 EMISSIONS

Exhaust samples were taken in the transition line using 40-CFR-60 Methods 3, 5, and 29
to quantify and qualify emissions from the DM1200. Sampling durations were about one hour
due to the high particle concentration. Teflon filters were used to allow for analysis of all feed
components. The majority of the off-gas analyte concentrations were derived from laboratory
data on solutions extracted from air samples (filters and various solutions) together with
measurements of the volume of air sampled. The volume of air sampled and the rate at which it
can be sampled are defined in 40-CFR-60 and SW-846. Isokinetic sampling, which entails
removing gas from the exhaust at the same velocity that the air is flowing in the duct (40-CFR-
60, Methods 1-5), was used. Total particulate loading was determined by gravimetric analysis of
the standard particle filter and of probe-rinse solutions. Downstream of the particulate filter in
the sampling train are iced impingers with acidic (5% concentrated nitric acid plus 10%
hydrogen peroxide) and basic (2 N sodium hydroxide) solutions. The analysis of these solutions
permits the determination of total gascous emissions of several elements, notably halides and
sulfur. An additional procedure was required for particulate samples containing ruthenium [17,
29]. Undissolved ruthenium particles were filtered from the nitric/hydrofluoric acid digestate,
fused with sodium hydroxide, and dissolved with hydrochloric acid. Results from all inorganic
isokinetic samples taken at the melter outlet are provided in Table 5.1, including test, feed type,
melt pool bubbling rate, elemental emission rates, and melter decontamination factors (DFs).
Notice the distinction that is made between constituents sampled as particles and as "gas". The
"oaseous" constituents are operationally defined as those species that are scrubbed in the
impinger solutions after the air stream has passed through a 0.3 um heated filter. Impinger
solutions and filtered solids from off-gas sampling were analyzed for all of the elements in the
feed, but only halides, boron, selenium, and sulfur were detected in the impinger solutions.

Melter emissions can be attributed to two distinct mechanisms: simple entrainment of
feed or glass particles into the exhaust stream and volatilization of constituents from the glass
surface or cold cap. The composition of the former is very similar to the feed and glass target
composition, whereas the composition of the latter is skewed towards the more volatile elements
such as selenium, sulfur, halides, boron, and alkali metals. Increases in glass pool bubbling rate
have the potential to increase emissions generated by both mechanisms; entrainment due to glass
or feed being lifted into the plenum space and volatilization due to creation of openings in the
cold cap exposing the molten glass surface. The effect of feed composition on emissions is most
evident in the concentrations of volatile species that are lost from the melt pool or cold cap.
Extremely volatile components, such as water or nitrates, can also increase the activity in the
surface on the cold cap through gas evolution, thereby aiding the entrainment of other feed
components into the exhaust stream. In general, particulate melter emissions are composed of
major feed components with higher-than-feed concentrations of volatile components. The
C-106/AY-102 formulation is the only one of the four HLW compositions tested that contained
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the volatile element selenium and, therefore, emissions from this test are uniquely enriched in
selenium. Likewise, the C-104/AY-101 formulation contained significant amounts of fluorine,
resulting in emissions containing significant concentrations of fluorine. Particulate melter
emissions during tests with LAW simulants have higher concentrations of alkali metals, sulfur,
and halides due to their higher concentrations in the feed. The analyzed compositions of the
particulate emissions are similar to the analysis of the deposits removed from the film cooler (see
Section 4.2).

Figure 5.1 compares particulate carryover from the melter for several tests conducted
with HLW AZ-101 simulants with and without melt pool bubbling [3. 9]. Solids carrvover from
the melter is relatively low in this test series and increases with increased melt pool bubbling.
Exceptions to the bubbling trend are tests with minimal bubbling and feed that contains nitrates
and sugar, which result in emissions rates comparable to tests with bubbling.

Emissions samples were taken from tests with HLW AZ-101 simulants to determine the
effect of bubbling rate and feed water content on melter emissions [17]. The results are depicted
in Figures 5.2 and 5.3 for percent carryover of total solids and many feed elements. No
distinction was evident between emissions at the lowest bubbling rates when the data are
normalized to feed rate; however, emissions did increase substantially at the highest bubbling
rate. Bubbling at the intermediate rate of 40 Ipm is probably insufficient to disrupt the cold cap
enough to substantially increase glass production or emissions from the melter. Particulate
carryover increases with increasing feed water content (decreasing feed solids content), in
keeping with the expectation that increased steam generation in the cold cap region can lead to
increased entrainment of feed particulates. These data also illustrate the relative volatility of the
depicted feed components, with boron being most volatile, silicon being the least volatile, and
total particulate emissions being in between these two extremes. Also of note is the common
response of most feed elements and total solids to changes in feed water content and melter
conditions. In Figure 5.4, the solids carryover from the tests conducted at 65 lpm (Figure 5.3) is
compared to emissions collected while processing HLW AZ-101 feed in other tests at the same
bubbling rate [29, 30]. Melter emissions were higher in tests with sugar as a feed additive due to
less desirable cold cap conditions and the evolution of gases upon the breakdown of the sugar.
While processing feed at a solids content of 400 g glass per liter, emissions were lowest when the
65 Ipm of bubbling was spread out between four bubbling outlets instead of two.

Emissions data collected from melter tests with all HLW compositions are comparable to
data from samples taken during tests processing HLW AZ-101 compositions [26, 28, 29, 35, 41].
Percent solids carryover from the melter during tests with HLW C-106/AY-102 increased with
bubbling and was typically higher in tests with sugar and nitrates incorporated into the feed, as
shown in Figure 5.5. Emissions from tests with four HLW compositions at the highest feed
solids content (20% UDS) and a bubbling rate of 65 Ipm are compared in Figure 5.6. The
measured solids carryover from the melter was lower for the AZ-101 composition (0.55 percent
of feed solids) than for any of the other compositions. This performance was not due to
compositional differences, given the similarity between the feeds with lowest (AZ-101) and
highest (AZ-102) melter emission rates, but more likely was due to changing conditions in the
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melter (e.g., deposits on the tip of the feed nozzle causing spraying of feed towards the off-gas
outlet during the tests with HLW AZ-102 simulants, or ridges in the cold cap leaving sections of
the melt surface exposed vs. a contiguous cold cap across the entire melt pool surface) as the
samples are being taken. Measured carryover for tests with AZ-101, C-106/AY-102, and
C-104/AY-101 were all very similar.

The bubbler configuration tests provide a good opportunity to examine the effect of
changes in melter operation, particularly bubbler configuration and usage, on melter emissions
since the same AZ-101 feed is used throughout the tests with little compositional change [30].
Percent solids carryover for some of these tests is illustrated in Figure 5.7. These data can also be
compared to previous tests processing the same AZ-101 feed with two single outlet bubblers at a
bubbling rate of 65 lpm, which had a solids carryover from the melter of 0.55% and 0.78% for
feeds at 530 and 400 g solids per liter, respectively [17]. Another comparison can be made to
tests with the same AZ-101 feed at 400 g solids per liter processed using double outlet bubblers
at 64 and 134 lpm resulting in 0.62% and 1.11% solids carryover from the melter, respectively.
The data illustrate the increase in melter emissions with bubbling, although the increases are all
or partly mitigated when the bubbler air flow is distributed between four instead of two bubbler
outlets. For example, a test conducted with four bubbling outlets and total bubbling rate of
117 Ipm had lower solids carryover than an earlier test with the same feed conducted with two
bubbling outlets and a total bubbling rate of 65 lpm (0.78% vs. 0.58%). Carrvover from tests
conducted at the same total bubbler flow rate but with the flow spread out over four outlets
instead of two were lower (0.78% vs. 0.62%), suggesting that spreading bubbler flow over the
surface not only enhances production rate, but also reduces solids carrvover from the melter.
Other conditions tested that showed increased emissions included increased melt temperature
and the addition of chloride and sulfate to the feed. Solids carryover from the melter in the test
with the sulfate-only spike was higher than expected, particularly considering that the test with
the same amount of sulfate and chloride had about half the melter carryover. The high value is
probably due to the inherent variability in melter emissions as a result of continuing changes in
the cold cap and the difficulty in establishing an even cold cap during portions of tests with the
added salts. Step bubbler skewing resulted in a small increase in emissions due to the higher air
flow from one bubbler over an extended period of time.

Sampling of the melter exhaust while processing LAW simulants was done primarily to
provide scaling data between the DM 100 melter and the DM3300 LAW Pilot Melter [51]. A
summary of the percent solids carryover for the DM1200 tests processing LAW simulants is
given in Figure 5.8. Many of the general trends observed during tests with HLW simulants were
observed, increased emissions with increased bubbling and higher emissions when volatile
components such as halides are added to the feed. Solids carryover increased with increasing
feed alkali and halogen content (A > C > B), as expected. Comparison of DM1200 melter
emissions with those measured on other melter platforms is shown in Figures 5.9 and 5.10 while
processing the same LAW Sub-Envelope Al and B1 simulants, respectively. There is reasonable
consistency across the three melters. Elemental carryover is highest for the most volatile
elements: sulfur followed by alkali metals, chromium, and boron (it should be noted, however,
that the chromium data are likely skewed high as a result of the prevalence of chromium sources
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in the melter materials of construction). This trend is apparent at all three melter scales and for
all three Sub-Envelope compositions. Total emissions are therefore highest for the compositions
with highest total volatile content (LAW A) and lowest for compositions with the lowest total
volatile content (LAW B). The higher percentage of emissions for volatile constituents indicates
that volatilization is more significant than simple entrainment as the mechanism for generating
melter emissions during tests with LAW feeds. Simple entrainment would result in equal
carryover for all elements, which is not observed. In view of the differences in geometry and air
in-leakage rates, the similarity of emissions for melters spanning a range of a factor of 30 in
melter surface suggests that the emissions are dominated by the gross chemical and physical
process involved in the feed to glass conversion with an essentially complete cold cap rather than
the details of the melter design. Comparison of these data also suggests that melter emissions
data collected on smaller melters can be reliable predictors of melter emissions at much larger
scales provided that the operating conditions are similar.
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SECTION 6.0
SUMMARY AND CONCLUSIONS

The DM1200 at VSL has been operated for over five years, during which time over a
million and a half pounds of feed has been processed to produce over half a million pounds of
glass. A wide range of simulated HLW and LAW streams were treated under a variety of melter
and off-gas system operating conditions. From these tests, a large body of data has been
collected on melter performance, maintenance, post test inspections, and potential failure modes.
This includes the operation of the film cooler as well as plugging and corrosion of both the film
cooler and transition line.

Recent inspections show that, overall, the DM1200 is in excellent condition after five
years of being at its operating temperature. The plenum bricks appear to be structurally sound
with some surface cracking. All of the seams between the bricks are tight with no evidence of
any significant gaps. The tuckstone is showing some minor wear and cracking on the brick faces
nearest the glass pool. Some small areas of spalling were also noted, but overall the tuckstone is
in good condition. The lid of the melter is in excellent condition; no spalling or cracking was
noted. Finally, the discharge chamber is in excellent condition. No significant wear of the trough
was noted.

One aspect of the present review was to determine the frequency that various melter
components were replaced, including thermocouples, thermowells, level detectors, discharge air
lances, and discharge heaters; detailed information for these components is provided in Section
2.0.

One of the primary objectives of DM1200 testing was to determine the maximum
production rates feasible for various feeds containing HLLW simulated wastes. This objective was
addressed, over time, as the production rate requirement was increased and the projected solids
content of the waste was decreased. Initial tests showed that melt pool bubbling was required to
produce glass at a rate of 400 kg/mzfday. Subsequently, tests with two single outlet bubblers
demonstrated that production rates of 800 kg/m’/day could be obtained for HLW wastes with
greater than 17 wt% undissolved solids. Significant further improvements in glass production
rates (up to 1400 kg/mzfday) were achieved with feeds corresponding to 15 wt% undissolved
solids from pretreatment by employing optimized bubbler configurations. These improvements
appear to be sufficient to more than make up for the production rate short-fall brought about by
the reduction in the solids content in the feed from pretreatment from 20 wt% to 15 wt%
undissolved solids. However, attainment of the target rate was not possible for all HLW
simulants after yet further reductions in solids content. Attempts to achieve the target rate with
low solids content feed resulted in unstable melter conditions and frequent blockages of the film
cooler. Further optimization, including adding more bubbling outlets and employing automated
bubbler flow rate skewing, would result in additional production rate enhancements.
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Throughout testing on the DM1200, plugging of the film cooler and transition line
occurred, particularly in tests with higher bubbling rates. On several occasions, feeding was
interrupted in order to manually rod out the film cooler and, less frequently, a portion of the
transition line had to be disassembled for cleaning. A thorough review of operational data
indicated that the film cooler occlusions were directly related to the higher bubbling rates used to
maximize glass production rates. Analysis of the deposits removed from the film cooler indicate
that their composition is very similar to the composition of particulate melter emissions in that
they are close to the feed composition and enriched in volatile constituents. Film cooler plugging
can be limited by reducing the bubbling rate, which has the undesirable effect of reducing the
glass production rate, or by increasing the number of bubbling outlets, which permits the use of
greater amounts of bubbler air without concentrating the air flow in a limited number of
locations. None of the film cooler washing procedures were effective for preventing clogging
with HLW feeds. A mechanical means to remove blockages needs to be developed and tested to
ensure that it is reliable and will remove blockages without damaging the delicate film cooler
louvers. No mechanical cleaning device has been tested. Consequently, this would appear to be a
significant issue with respect to the ability of the WTP to meet HLW throughput requirements.
These findings have been reported to the WTP Project and decisions regarding resolution are
pending,

The three film coolers used over the five vears of DM1200 operation experienced severe
corrosion on the inlet and glassy deposits occluded the air outlet holes on the leading edge. Much
of the corrosion on the film cooler inlet may be due to exposure to higher temperatures during
extended idling periods and therefore this may be less of an issue for a continuously operated
melter.

Melter emissions were sampled throughout the DM1200 tests to provide data for off-gas
system design, to determine the effect of feed composition and melter operation on melter
emissions, and to provide data for system mass balance calculations. Analysis of the samples
shows that melter emissions increase with increasing melt pool bubbling, feed water content,
feed volatile content, and glass pool temperature. The effect of bubbling can be mitigated by
distributing the bubbler flow through more bubbling outlets. The composition of the particulate
emissions reflects the major feed components, indicating entrainment of feed components into
the exhaust stream. In addition, the high concentrations of volatile components such as sulfur in
the particulate indicate volatilization from the glass surface or cold cap. Particulate from LAW
exhaust has a higher proportion of volatile and semi-volatile constituents, indicating a greater
contribution from the glass surface or cold cap.

The major conclusions from this review are:

e DBubblers are needed to obtain glass production rates of 400 kg/m*/day in WTP HLW melters
with Hanford HLW feeds.
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Glass production rates as high as 1400 kg/mz/day can be obtained in the DM 1200 melter with
two double outlet bubblers and HLW feeds prepared from waste simulants with 15% or
higher undissolved solids.

Feeds prepared from HLW with solids contents of less than 15% will require very high
bubbling rates to achieve the contractually required glass production rate of 800 kg/m*/day.
These high bubbling rates are likely to cause film cooler clogging that may disrupt
operations.

Film cooler clogging can be minimized by increasing the number of bubbler outlets so that
bubbling is more distributed in the melt pool, while maintaining the same total bubbler air
flow. Skewing of bubbler air flow may also be beneficial in enhancing production rates.

A mechanical film cooler cleaning device will likely be required at the WTP, and should be
tested.

Bubblers placed deeper in the melt pool are more effective in increasing processing rate.
Addition of sugar and nitrates does not improve processing rates of Hanford HLW feeds.

The rheology of the HLW melter feed does appear to affect processing rates, probably
through its effect on feed distribution and cold cap formation. However, more viscous feeds
processed somewhat faster.

DM1200 glass production rates were obtained using visual monitoring of the cold cap, per
Project direction. Visual observation is not planned for the WTP HLW melters, where
instead, plenum temperature will be monitored to control feed rates. Since this could result in
lower glass production rates, it would be beneficial to determine the impact of the planned
WTP mode of operation on the DM 1200.

In bubbled melters, melter emissions consist mostly of entrained feed constituents with
volatiles over represented.

Melter emissions increase with bubbling rate, feed water content, feed volatile content, and
temperature.

After five years at the operating temperature, the DM 1200 1s in excellent condition.
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Table 1.1. Summary of Melter Tests Conducted on the DM12030 at VSL..

Testin Amount Glass
Report & Objective Feed Type Fed Produced
Date
(kg) (kg)
VSL- . . . .
5/7/01- Initial Testing of DM1200 HLW AZ-101 with variable
OlR?s}]OO—2 5/23/01 systems amounts of water [4-8] 15549 457
VSL- 6/25/01 - Verification of the need to use H;Xﬁié?;‘;ﬁ? ;Errl:ge
02R0100-2 bubblers to achieve required 2 TT668 26726
9] 11/10/1 olass production rates and sugar. Addl_tlves as
chemicals or frit [4-8]
VSL-
1/7/02 - - - LAW Sub-Envelope C1
OZR[Ei(E;?O—l 115/00 Regulatory Emissions Testing with iodine [11-13] 29245 14820
VSL- 2/27/02 - LAW Sub-Envelope Al
02R[813(])0—2 3/20/00 Regulatory Emissions Testing with iodine [11, 13, 15, 16] 28783 14661
VSL Determination of glass HLW AZ-101 with 1odine,
y 7/23/02 - | production as a function of feed | variable amounts of water
03}}312,?0_4 10/24/02 | solids content and bubbling rate, and noble metals (select 79870 25109
two single outlet bubblers tests) [4, 6, 18-20]
VSL- . .
11/4/02 - | Comparison of production rates LAW Sub-Envelope Bl
03R[3§§ U oz with LAW Pilot Melter with iodine [11, 13,22] | 2087 | 16281
Determination of glass
VSL- H/18/02 production rate as a function of | HLW AZ-102 with iodine
03R3800-2 - ) ) 17348 6743
bubbling rate, two single outlet [5, 19, 20, 24, 25]
[23] 11/27/02
bubblers
VSL- Determination of glass HLW C-106/AY-102 with
1/22/03 - | production rate as a function of . S
03R3800-1 ) . cesium and 1odine [6, 18, 16574 6316
1/31/03 | bubbling rate, two single outlet
[26] 20, 27]
bubblers
VSL Determination of glass
03R380_0 3 2/19/03 - | production rate as a function of | HLW C-104/AY-101 with 18530 6983
g ) 2/28/03 | bubbling rate, two single outlet | cesium and iodine [18, 20]
28] bubblers
Determination of glass HLW C-106/AY-102 with
0 41:\{/ 485(')_0 1 4/30/03 - | production rate as a function of | vanable amounts of cesium, 43617 19281
[29] ) 5/23/03 feed nitrate and sugar content, 1odine, sugar and nitrates.
two single outlet bubblers [6, 18, 20, 27)
Optimization of bubbler HLW AZ-101 with iodine,
0 41:\{/ 485(')_0 4 5/28/03 - configuration (orientation, variable amounts of water 168319 56010
[30] ) 4/01/04 number of outlets, location) to and noble metals (select
maximize production rate tests) [4, 6, 18-20]
VSL- Determination of glass 1 4 47 101 wwith variable
8/19/03 - | production rate as a function of A
04R4800-1 . amounts of iodine and 28095 8956
[29] 8/28/03 feed sugar content, two single sugar [4, 6, 18-20]
outlet bubblers >
9/25/03 - | Comparison of production rates | LAW Sub-Envelope C1[11-
VSL-- 1 q000/03 with AW Pilot Melter 13, 32] 42645 1 21340
04R4851-1 T0/30/03
[31] . Study of melt pool foaming LAW Envelope A [33] 4521 1404
10/21/03
T-1
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Table 1.1. Summary of Melter Tests Conducted on the DM1200 at VSL (continued).

. Glass
Testing _ Amount
Report Date Objective Feed Type Fed (ke) Produced
(kg)
VAL Change glass pool
) 11/3/03 — | composition, development LAW Envelopes A+C,
03L.4850-1 11/8/03 of allyl alcohol various HLW 17149 7817
[34] S
monitoring method
VSL- | oy |  Determinaionofthe | MY S e e
05R5800-1 effect of feed rheology on PIoy . 14713 5397
[35] 6/25/04 production rate theological properties [3,
19, 20,24, 25, 36, 37]
VSL- .
6/25/04- Test optimum bubbler HLW AZ-102 [5, 19, 20,
05%2?0'1 6/30/04 configuration 24, 23] 20002 10769
HLW C-106/AY-102
VSL- R/02/04- Determination of the adjusted to provide
05R5800-1 8/07/04 effect of feed rheology on different rheological 14300 5193
[35] production rate properties [6, 18, 20, 27,
36, 37]
oshanioq | 11/08/04- | Test optimum bubbler | HLW C-106AY-102[6, | “res
[35] ) 11/12/04 configuration 18, 20, 27, 36-40]
HLW C-106/AY-102 with
VSL- 11/15/04 Regulatory Emissions projected maximum
OSRS830-1 | {5100 B concentrations of toxic 23969 7525
[41] & metals, halides and
nitrates [6, 18, 20, 27, 42]
LAW Sub-Envelope A2
VSL- . with projected maximum
05R5830-1 ggg% . Regulat;gtimmons concentrations of toxic 28750 15201
[41] & metals, halides and
nitrates [13, 33, 42]
725055 287161
Total
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Table 1.2. Test Summary for DuraMelter 1200 HL.W AZ7-101 Commissioning Tests
(VSL-01R0100-2) [3].

Test # 1 2 3
Feed Start 5/7/01 10:00 5/14/01 09:29 5/21/01 08:51
Time Feed End 5/12/01 13:10 5/16/01 13:39 5/23/0113:28
Interval 123.2 hr 522 hr 52.7hr
Water Feeding for Cold Cap 32hr 2.6 hr 2.5hr
Slurry Feeding 120.0 hr 49.6 hr 50.2 hr
Cold cap burn off 10.0 hr 1.2 hr 16hr
Total 1332 hr 534 hr 532hr
Bubbling Rate < 8§ scth 100 scth 100 scth
Characteristics Nominal Nominal High Water
Used 4178 kg 4948 kg 6423 kg
Feed 570 ¢g/1 570 g/1 350 g/1
Glass yield®
0.380 kg/ke 0.380 kg/keg 0.275 kg/kg
Average Feed Rate 34 8 kg/hr 99.8 kg/hr 127.9 kg/hr
Poured 1587 kg 1948 kg 1922 kg
Average Rate® 265 kg/m*/day 785 kg/m*/day 766 kg/m*/day
Glass Produced Average Rate” 265 kg/m*/day 759 kg/m*/day 705 kg/m*/day
Steady State Rate" 155 ke/m*/day 750 kg/m*/day 700 kg/m*/day
Average Power Use | 9.8 kW hr/kg glass | 3.6 kW hr/kg glass | 4.5 kW hr/kg glass
# - Target values.

$ - Rates calculates from amount of glass poured.
*- Rates calculated from amount of feed consumed and conversion ratio.
Note: Rates do not take into account the time for water feeding and cold-cap burn-off.
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Table 1.3. Summary of Test Conditions and Results for IILW AZ-101 Tests 1-9
(VSL-02R0100-2) [9].

Test # 1 2 3 4
Feed Start 6/25/01 10:45 7/23/01 17:47 8/6/01 16:59 8/20/01 13:08
E Feed End 7/2/01 10:50 8/1/01 11:47 8/11/01 11:47 8/25/01 1444
Interval 168.1 hr 216 hr 114.8 hr 121.6 hr
Water Feeding for Cold Cap 2.25 hr 1.6 hr 0.8 hr 1.9 hr
Slurry Feeding 165.8 hr 214 4 hr 114.0 hr 119.7 hr
Cold cap burn 5.0hr 10.0hr 33hr 33hr
Total 1731 hr 226.0hr 1181 hr 1249 hr
Bubbling Rate <4 lpm <4 lpm Deep: 62 Ipm | Shallow: 50 Ipm
Electrode Firing Side to Bottom Side to Bottom Side to Side Side to Bottom
Characteristics High Solids High Solids + High Water High Water
10 g sugar/1
. Used 5927 kg 6816 kg 19184 kg 11573 kg
= 570 g/l 570 g/l 400 g/l 400 g/l
Glass yield®
0.38 kg/kg 038 kg/kg 0.29 kg/kg 0.29 kg/kg
Average Rate 35.7 kg/hr 31.8 kg/hr 168.3 kg/hr 96.7 kg/hr
Poured 2301 kg 2594 kg 6180 kg 3465 kg
g Average Rate® 278 kg/m*/day 242 kg/m*/day 1084 kg/m*/day | 579 kg/m?/day
E Average Rate’ 272 kg/m*/day 242 kg/m*/day 976 kg/m*/day | 561 kg/m?/day
Eﬂ Steady State Rate” | 255 kg/m?/day 205 kg/m*/day 980 kg/m*/day | 540 kg/m?*/day
© Average Power Use 6.1 kW hr/ 5.7 kW hr/ 3.9 kW hr/ 4.7 kW hr/
Kg glass kg glass kg glass kg glass

# - Target Values.

$ - Rates calculates from glass poured.
*. Rates calculated from feed data.
Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Table 1.3. Summary of Test Conditions and Results for IILW AZ-101 Tests 1-9
(VSL-02R0100-2) [9] (continued).

Test # 5 6 7 3
Feed Start 9/25/01 13:17 10/11/01 08:21 10/22/01 14:12 10/29/01 13:45
E Feed End 10/1/01 13:37 10/17/01 19:24 | 10/27/01 14:12 11/2/01 17:45
a Interval 1445 hr 155.0hr 120.0 hr 100.0 hr
Water Feeding for Cold Cap 2.0hr 2.2 hr 1.5hr 1.1hr
Slurry Feeding 142.5 hr 152.8 hr 118.5 hr 98.9hr
Cold cap burn 6.4 hr 14.5 hr 43 hr 10.3 hr
Total 1509 hr 169.5 hr 1243 hr 1103 hr
Bubbling Rate <4 Ipm <4 Ipm 60 Ipm deep <4 lpm
Electrode Firing Side to Bottom Side to Bottom Side to Side Side to Bottom
R =
3 Used 4932 ke 5417 kg 16240 kg 3426 kg
= Glass yield (targef) 420 g/l feed 480 g/l feed 480 g/l feed 420 g/l feed
0.31 kg/kg feed | 0.35 kg/kg feed | 0.35kg/kg feed | 031 kg/kg feed
Average Rate 34.6 kg/hr 355 kg/hr 137.0 kg/hr 34.6 kg/hr
Poured 1659 kg 1901 kg 5976 kg 944 kg
F% Average Rate® 233 kg/m"/day 249 kg/m*/day 1009 kg/m*/day 191 kg/m*/day
2 Average Rate’ 215 kg/m*/day 248 kg/m*/day 959 kg/m*/day 215 kg/m*/day
g Steady State Rate 220 keg/m*/day 210 kg/m*/day 1100 kg/m*/day 200 kg/m*/day
= Average Power Use 6.5 kW hr/kg 6.0 kW hr/kg 33kWhrkg 6.3 kW hrikg
glass glass glass glass

$ - Rates calculated from glass poured.

*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Test # Sa 9b
Feed Start 11/5/1 14:20 11/8/1 11:00

_E Feed End 11/8/1 11:00 11/10/1 17:00
~[Mnterval 68.6 hr S4.0hr

Water Feeding for Cold Cap 1.1hr NA

Slurry Feeding 67.5 hr 54.0 hr

Cold cap burn NA 6.9 hr

Total 68.6 hr 60.9 hr

Glass Temperature 1150°C 1200°C

Bubbling Rate <4 Ipm

Electrode Firing

Side to Side

Characteristics Nominal + 10 g sugar / |
o | Glass vield 108l
8 0.38 kg/kg
= Used 2028 kg 2125 kg
Average Rate 30.0 kg/hr 394 kg/hr
Poured 859 kg 847 kg
F% Average Rate® 255 kg/m*/day 313 kg/m*/day
E Average Rate 228 kg/m*/day 299 kg/m*/day
% Steady State Rate 230 kg/m?*day 310 kg/m*/day
= Average Power Use 6.3 KW.hr/kg 5.4 kW hr/kg
glass glass

3 - Rates calculated from glass poured.

*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn

T-6
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with Iodine (VSL-02R8800-1) [10]. (Process Engineering Data)

Feed Start 1/7/02 14:36
Time Feed End 1/15/02 07:20
Duration 184.8 hr
Water Feeding for Start-up 25hr
Slurry Feeding 1823 hr
Cold cap bum-off 1.5hr
186.3 hr

Electrode Firing Side to Side
Start 1/12/02 11:20
Organic Spike End 1/14/02 21:25
Duration 58.1 hr
Used 29245 kg
851 g/l feed
Feed Glass yield (target) iy
0.511 kg/kg feed
Average Rate 160.4 kg/hr
Poured 14820 kg
Average Rate® 1626 kg/m*/day
Glass Produced Average Rate 1639 kg/m*/day
Steady State Rate 1800 kg/m*/day

Average Power Use

1.9kW hr/kg glass

3 - Rates calculated from glass poured.
*- Rates calculated from feed data.
Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Iodine (VSL-02R8800-2) [14]. (Process Engineering Data)

Feed Start 2/27/02,16:41 3/3/02, 07:26 3/18/02, 08:45
Time Feed End 3/1/02,13:18 3/6/02, 06:33 3/20/02, 09:35
Duration 44.4 hr 71.1 hr 48.8 hr
Water Feeding for Start-up 215hr 21hr 2.0hr
Slurry Feeding 422 hr 68.9 hr 46.8 hr
Cold cap bum-off 3.45hr 2.6 hr 1.7 hr
Total 479 hr 73.7 hr 50.5 hr
Feed Reductant Sugar Sugar Sugar
Organic Start NA 3/4/02, 13:42 3/19/02, 00:38
Spike End NA 3/6/02, 06:31 3/19/02, 23:59
Duration NA 40.8 hr 2335 hr
Used 6850 kg 13195 kg 8738 kg
Feed Glass yield 860 g/l feed 860 g/l feed 860 g/l feed
(target) 0.516 kg/kg feed | 0.516kg/kg feed | 0.516 kg/kg feed
Average Rate 162 kg/h 192 kg/hr 186 kg/hr
Poured 34526 kg 6584.5 kg 4623 8 kg
Average Rate® | 1636 kg/m*/day 1907 kg/m*/day 1976 kg/m*/day
Glass Average Rate’ | 1664 kg/m*/day 1976 kg/m*/day 1920 kg/m*/day
Produced Stee;zlg;e%tate 1900 kg/m*/day | 2000 kg/m*day | 1950 kg/m*/day
Average 1.6 kW hr/kg 1.6 kW hr/kg 1.6 kW hr/kg
Power Use glass glass glass

# - On 3/2/02 and 3/15/02, the melter was fed slurry for 6.2 hr and 4 hr, respectively. Tests were

stopped due to WESP maintenance and blower failure. No organic spike was fed on 3/2/02 and the
spike was fed for 1.25 hr on 3/15/02.
§ - Rates calculated from glass poured.
*. Rates calculated from feed data.
NA — Not applicable.
Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Table 1.6. Summary of Test Conditions and Results Using HL.W AZ-101 Feed with lodine,
Variable Amounts of Water and Noble Metals (VSL-03R3800-4) [17].

1

Test 2
A B C D E
Feed Start 7/23/02 7/25/02 7/26/02 7/27/02 7/28/02 7/31/02
13:12 14:25 14:26 14:27 16:16 01:39
w
-E Feed End 7/25/02 726/02 7/27/02 728702 7/31/02 8/01/02
14:25 14:26 14:27 14:26 00:59 15:25
Interval 492 hr 24 hr 24 hr 24 hr 56.7hr 36.2 hr
Water Feeding for Cold Cap 12hr NA NA NA NA NA
Slurry Feeding 48 hr 24 hr 24 hr 24 hr 56.7 hr 338 hr
Cold Cap Bumn NA NA NA NA NA 2.4hr
Bubbling Average 7.5 26 43 65 73 69
Rate (Ipm) | panoe 60-11 10-33 29 - 54 49 -74 11- 107 23-99
Used 2634 kg 2032 kg 2586 kg 3199 kg 7209 kg 3506 kg
= 504 g/1 504 g/1 504 g/ 504 g/1 504 g/ 281 g/l
© Glass Yield*
- 0.37 kg/kg 037 kg/kg 037 kg/kg 037 kg/kg 037 kg/kg 023 kg/kg
Average Rate 54.9 kg/hr 86.4 kg/hr 116.7 kg/hr 43.0 kg/hr 127.1 kg/hr | 103.7 kg/hr
Poured 879.4 kg 688.9 kg 1055.4kg | 1198.4ke | 27320kg 863.5 kg
@ Average Rate’ 366 574 880 999 964 510
2 2 2 2 2 2
% kg/m~/day kg/m~/day kg/m*/day kg/m~/day kg/m*/day kg/m~/day
':E Averase Rate’ 406 627 797 986 941 477
& & kg/m*/day kg/m?*/day kg/m*/day kg/m*/day kg/m*/day kg/m*/day
©
* 400 630 800 1000 Not 500
Steady State Rate kg/m*/day kg/m?*/day kg/m*/day kg/m?*/day Achieved kg/m?*/day

# - Average measured values.

% - Rates calculated from glass poured.
*- Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
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Table 1.6. Summary of Test Conditions and Results Using HL.W AZ-101 Feed with lodine,
Variable Amounts of Water and Noble Metals (VSL-03R3800-4) [17] (continued).

3 4
Test
A B C A B C
Feed Start 9/09/02 9/12/02 9/15/02 9/23/02 9/26/02 9/29/02
19:46 20:59 21:00 16:02 19:01 19:02
[}
-E Feed End 9/12/02 9/15/02 9/18/02 9/26/02 9/29/02 10/02/02
20:58 20:59 21:01 19:00 19:01 21:30
Interval 73.2 hr 72 hr 74.9 hr 75 hr 72 hr 74.5 hr
Water Feeg;;g forCold {5, NA NA 3.0 hr NA NA
Slurry Feeding T2 hr T2 hr 72 hr 72 hr 72 hr 72 hr
Cold Cap Bumn NA NA 2.9 hr NA NA 2.5hr
Bubbling Rate 8 Ipm 40 Ipm 65 Ipm 8 Ipm 40 Ipm 65 Ipm
Used 3955 kg 6220 kg 8399 kg 3099 kg 5506 kg 8120 kg
5 530 g/l 530 g/l 530 g/l 400 g/l 400 g/l 400 g/l
3 Glass Yield®
. 0375kg/kg | 0.375kekg | 0375kgkg | 0.315kekg | 0315 ke/kg | 0.315 kekg
Average Rate 54.9 kg/hr 86.4 kg/hr 116.7 kg/hr 43.0 kg/hr 76.5kg/hr | 112.8 kg/hr
Poured 1502.6 kg 2356.5kg 31161 kg 1032.6kg 17104 kg 24918 kg
Averase Rate® 417 655 866 287 475 692
9 & kg/m*/day keg/m*/day kg/m*/day kg/m*/day kg/m¥/day | ke/m*/day
[}
% Average Rate” 412 648 875 271 481 709
oy & kg/m?*/day kg/m*/day kg/m?*/day kg/m?*/day kg/m?*/day kg/m*/day
w2
%‘ Steady State 400 655 900 270 500 750
Rate” kg/m*/day keg/m*/day kg/m*/day kg/m*/day kg/m¥/day | ke/m*/day
Average Power | 4.8 kW hr/ 3.9 kW hr/ 3.4kW hr/ 7.0kW hr/ 52kWhr/ | 43 kW hr/
Use kg glass kg glass kg glass kg glass kg glass kg glass

# - Target values.
$ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
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Table 1.6. Summary of Test Conditions and Results Using HL.W AZ-101 Feed with lodine,
Variable Amounts of Water and Noble Metals (VSL-03R3800-4) [17] (continued).

5
Test 6
A B C
Feed Start 10/15/02 13:30 10/18/02 14:31 10/21/02 14:32 10/07/02 12:49
E Feed End 10/18/02 14:30 10/21/02 14:31 10/24/02 17:30 10/12/02 20:30
Interval 73 hr 72 hr 75 hr 127.7 hr
Water Feeding for Cold | hr NA NA 15Hhr
Cap
Slurry Feeding 72 hr 72 hr 72 hr 1227 hr
Cold Cap Burn NA NA 3hr 35hr
Bubbling Rate 8 Ipm 40 Ipm 65 Ipm < Ipm
Used 3410kg 6816 kg 9726 kg 3453 kg
§ Glass Vield" 300 g/1 300 g/1 300¢/1 400 g/l
- 0.249 kg/kg 0. 249 kg/kg 0. 249 kg/kg 0.315 kg/kg
Average Rate 47 4 kg/hr 94.7 kg/hr 135.1 kg/hr 28.1 kg/hr
Poured 825.6kg 1508.0 kg 2098.9 kg 1049.2 kg
g Average Rate® 229 kg/m*/day 419 kg/m*/day 583 kg/m*/day 171 kg/m*/day
E Average Rate’ 235 kg/m?*/day 471 kg/m*/day 672kg/m*/day 177 kg/m*/day
E“ Steady State Rate' | 250 kg/m*/day 450 kg/m*/day 550 kg/m*/day 190 kg/m*/day
© Average Power 8.5 kW hr/ 5.5 kW hr/ 4.4 W hr/ 14.3 kW hr/
Use kg glass kg glass kg glass kg glass

# - Target Values.
$ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
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Table 1.7. Summary of Test Conditions and Results Using LAW Sub-Envelope Bl IFeed
with Todine (VSL-03R3851-1) [21].

i First Steady Second Steady Entire Feeding
State Period State Period Period
Feed Start 11/4/02, 18:03 11/6/02, 21:30 11/4/02, 12:44
Time Feed End 11/5/02, 16:46 11/8/02,17:24 11/8/02, 17:24
Duration 22.7hr 439 hr 100.7 hr
Run Time hours 53-280 56.8 -100.7 0-100.7
Water Feeding for Start-up NA NA 1.0 hr
Slurry Feeding 227 hr 43.9 hr 99.7 hr
. Start NA NA 11/6/02, 10:28
Organic
Spike End NA NA 11/6/02, 14:04
Duration NA NA 36hr
Cold cap burn-off NA NA 1.7hr
Feed Reductant Sugar Sugar Sugar
Used 3186 kg 9439 kg 18182 kg
Feed Glass Yield 957 g/l feed 957 g/l feed 957 g/l feed
(target) 0.557 kg/kg feed | 0.557kg/kg feed | 0.557 kg/kg feed
Average Rate 140 kg/h 216 kg/hr 182 kg/hr
Poured 1548 kg 5106 kg 9627 kg
Average Rate’ 1364 kg/m*/day | 2326 kg/m*/day 1931 kg/m*/day
Prco}cll?lise g | Average Rate” | 1563 kg/m*day | 2408 kg/m%day | 2032 kg/m*/day
Average Power 2.0 kW hr/ 1.6 kW hr/ 1.8 kW hr/
Use kg glass kg glass kg glass
"' Empty data field

$ - Rates calculated from glass poured.

*_ Rates calculated from feed data.

NA —Not applicable.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Table 1.8. Summary of DM1200 Test Conditions and Results Using HLW AZ-102 Feed
with Todine (VSL-03R3800-2) [23].

Test Segment A B C
reasn | 1 | 1 | e
Interval 73 hr 72 hr 72 hr
Water Feeding for Cold Cap 1.0 hr NA NA
Slurry Feeding 72 hr 72 hr 72 hr
Cold Cap Burn-Off NA NA 24hr
Bubbling Rate 8 Ipm 40 Ipm 65 Ipm
Used 3526 ke 5780 ke 8042 ke
§ s Vield" 550 g/l 550 ¢/1 550¢g/1
P 0.385 kgke | 0.385 kgkg | 0385 kg/ke
Average Rate 49.0 kg/hr 80.3 kg/hr 111.7 kg/hr
Poured 1277 kg 2249 kg 3222 kg
.= Average Rate? kg/fnslﬁday kg/rﬁn%?day kg/fn%?day
st
=
;:8 Average Rate” kg/fnz?day kg/rﬁnlszday kg/fng?day
é" Steady S*tate 3820 6520 9(;0
Rate kg/m*/day kg/m*/day kg/m*/day
Average Power | 5.1 kW h/ 4.2 kW hr/ 35KW hr/
Use kg glass kg glass ke glass

# - Target values.

$ - Rates calculated from glass poured.

*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap bumn-off.
NA: Not applicable.

T-13



ORP-51434, Rev. 0

The Catholic University of America
Vitreous State Laboratory

Summary of DM 1200 Operation at VSL
Final Report, VSL-06R6710-2, Rev. 0

Table 1.9. Summary of Test Conditions and Results Using HL.W C-106/AY-102 Feed with

Cesium and Iodine (VSL-03R3800-1) [26].

Test Segment A B C
Feed Start 01/22/03 01/25/03 01/28/03
12:32 13:32 13:37
w
5 Feed End 01/25/03 01/28/03 01/31/03
13:32 13:36 14:04
Interval 73 hr 72 hr 72.5 hr
Water Feeding for Cold Cap 1.0 hr NA NA
Slurry Feeding 72 hr 72 hr 725 hr
Cold Cap Burn-Off NA NA 2.0hr
Bubbling Rate 8 Ipm 40 Ipm 65 lpm
Feed Used 3181 kg 4689 kg 8704 kg
55752 g1 5575% g1 | 5575% g1
(Glass Yield
0.372" kg/ke | 0372" ke/kg | 0372" kgkg
Average Rate 442 kg/hr 65.1 kg/hr | 1201 kg/hr
Poured 1243 kg 1786 kg 3287 kg
Averape Rate® 345 496 907
.= kg/m*/day kg/m*/day kg/m*/day
2
% Averape Rate" 329 434 894
oy kg/m*/day kg/m*/day kg/m*/day
w2
g Steady State 330 550 970
Rate” kg/m*/day kg/m*/day keg/m*/day
Average Power 5.1 kW.hr/ 4.7 kW hr/ 3.5kW hr/
Use kg glass kg glass kg glass

(@ - Measured values.
# - Target values.

¥ - Rates calculated from glass poured.

*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.
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Table 1.10. Summary of DM1200 Test Conditions and Results Using HLW C-104/AY-101
Feed with Cesium and Iodine (VSL-03R3800-3) [28].

Test Segment A B C
Interval 73.7 hr 72 hr 72 hr
Water Feeding for Cold Cap 1.7 hr NA NA
Slurry Feeding 72 hr 72 hr 72 hr
Cold Cap Burn-Off NA NA 47 hr
Bubbling Rate 8 Ipm 40 Ipm 65 Ipm
Used 3875kg 5934 kg 8721 ke
5282 g/] 5282 g/] 5282 g/]
Feed Glass Yield
0.357" kg/kg | 0357 ke/kg | 0357 ke/g
Average Rate 538 kg/hr 82.4 kg/hr 121.1 kg/hr
Poured 1487 kg 2245 kg 3251 kg
.= Average Rate® kg/illziday kg/r6r122?day kg/rgrlg?day
2
E Average Rate” kg/rs;lgzﬁday kg/r5r182§day kg/rgrlg?day
é" Steady S*tate 4(:;0 6620 9(;0
Rate kg/m*/day kg/m*/day kg/m*/day
Average Power | 5.0 kW hr/ 4.3 kW hr/ 3.6 kW hr/
Use kg glass kg glass kg glass

(@ - Measured values.
# - Target values.
% - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.
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Table 1.11. Summary of DM1200 Test Conditions and Results Using HLW C-106/AY-102
Feed (VSL.-04R3800-1) [29].

C-106/AY-102 (Target Glass Yield = 0.372 kg/kg or 550 g/l) with Variable Amounts of Sugar, Bubbling

=65 Ipm
- A B C D E
e R R e
E Feed End 5/01/03 5/03/03 5/05/03 5/07/03 5/09/03
14:34 14:49 14:59 1512 15:45
Interval 27 hr 483 hr 48.2 hr 48 hr 48.6 hr
Water Feeding for Cold Cap 26hr NA NA NA NA
Slurry Feeding 24.4hr 48.25hr 48.2hr 48 hr 48.6 hr
Cold cap burn NA NA NA NA 3.6hr
Sugar Concentration 0 10 g1 15g1 17.5-20¢g/1 25 g/l
Feed Used 3035kg 4714 kg 5630kg 4334 kg 4253 kg
Average Rate 1244 kg/hr | 97.6 kg/hr 116.8 kg/hr 90.3 kg/hr 87.5 kg/hr
Poured 1093 kg 2020 kg 2001 kg 1720 kg 1836 kg
z Average Rate’ kg/rgngz?day kg/ri%fday kg/rigf%ay kg/rz;;? day kzc:{/erz;55 day
2
E Average Rate’ kg/rgnzz?day kg/fnzz?day kg/fng?day kg/r6n7;?day kg/fnsz} day
a
g Steady State Rate’ Ati(i)rzed Ati(i)lied kg/fnz?day kg/rzg?day kg/rﬁnsz?day
Average Power Use 3.k3 kWht/ | 3.8kW.ht/ 3.3 kW he/ 3.7kW hr/ 3.8 kW he/
o glass kg glass kg glass ke glass kg glass

§ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
"-" Empty data field
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Table 1.11. Summary of DM1200 Test Conditions and Results Using HLW C-106/AY-102
Feed (VSL-04R3800-1) [29] (continued).

Amounts of Sugar, Bubbling = 65 lpm

C-106/AY-102 (Target Glass Yield = 0.372 kg/kg or 550 g/1) with Additional Nitrate and Variable

- A B C D E
5/14/03 5/15/03 5/17/03 5/19/03 5/21/03
Feed Start 12:05 14:00 15:03 16:00 16:20
w
-E Feed End 5/15/03 5/17/03 5/19/03 5/21/03 5/23/03
14:00 15:.03 16:00 16:20 16:30
Interval 259 hr 49 hr 49 hr 48.3 hr 48.2 hr
Water Feeding for Cold Cap 0.7 hr NA NA NA NA
Slurry Feeding 253 hr 49 hr 49 hr 48.3 hr 482 hr
Cold cap burn NA NA NA NA 35hr
Sugar Concentration 0 10g1 15 g1 20 g1 25 g/l
Feed Used 2643 kg 5885 kg 6738 kg 6385 kg 6502 kg
Average Rate 1045 kg/hr | 1201 kg/hr | 1375 kg/hr | 1322 kg/hr | 134.9 kg/hr
Poured 1022 kg 2244 ke 2437 kg 2395ke 2513 kg
Averase Rate’ 808 916 995 992 1043
9 & kg/m*day | kg/m*/day keg/m*/day kg/m*/day kg/m*/day
2
=
3 . 777 394 1023 984 1004
p8_| Average Rate kg/m*day | kg/m*/day keg/m*/day kg/m*/day kg/m*/day
w2
g * Not 1000 1000 1000 1000
© Steady State Rate Attained kg/m?*/day kg/m*/day kg/m?*/day kg/m*/day
Averase Power Use 36kWhr/ | 3.4kW i/ 3.0kW h/ 3.0 kW hr/ 3.0 kW hr/
& kg glass ke glass kg glass ke glass kg glass

§ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
"-" Empty data field
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Table 1.11. Summary of DM1200 Test Conditions and Results Using HLLW AZ-101 Feed
(VSL-04R3800-1) [29] (continued).

AZ-101 (Target Glass Yield = 0.3145 kg/kg or 400 g/l) with Variable Amounts of Sugar and Ruthenium,
Bubbling = 65 Ipm
- A B* c* D* E*
8/19/03 8/20/03 8/22/03 8/24/03 8/26/03
Feed Start 11:15 12:43 13:07 13:27 13:31
w
.E Feed End 8/20/03 8/22/03 8/24/03 8/26/03 8/28/03
12:43 13:.07 13:27 13:31 13:31
Interval 255 hr 48.4 hr 48.3 hr 48.1 hr 48 hr
Water Feeding for Cold Cap 1.5hr NA NA NA NA
Slurry Feeding 24 hr 48.4 hr 48.3 hr 48.1 hr 48 hr
Cold cap burn NA NA NA NA 33hr
Sugar Concentration 0 13';}71 76 10g/1 12.5¢g/ 16 g/l
Feed
Used 2266 kg 6026 kg 6332 kg 6624 kg 6847 kg
Average Rate 94 4 kg/hr 1245 kg/hr | 131.1 kg/hr | 137.7kg/hr | 142.6 kg/hr
Poured 708 kg 1841 kg 2055 kg 2039 kg 2313 kg
5 590 761 851 848 964
9 Average Rate kg/m*day | kg/m*/day keg/m*/day kg/m*/day kg/m*/day
2
=
3 . 594 783 825 866 897
£ Average Rate kg/m*day | kg/m*/day keg/m*/day kg/m*/day kg/m*/day
w2
g * Not 850 850 900 930
© Steady State Rate Attained kg/m*/day kg/m*/day kg/m*/day kg/m*/day
43kWhr/ | 3.9kW i/ 3.8kW h/ 3.8 kW hr/ 3.7 kW hr/
Average Power Use kg glass ke glass kg glass ke glass kg glass

# - Test segments B-E included ruthenium and vttrium spiked into the feed.

$ - Rates calculated from glass

poured.

. Rates calculated from feed data.
Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.
"-" Empty data field
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Table 1.12. Summary of DM1200 AZ-101 Feed Test Conditions and Results
(VSL-04R4800-4) [30].

AZ-101 (Target Glass Yield = 0.375 kg/kg or 530 g/), Bubbling = 65 lpm with Two [
Bubblers Oriented Parallel to Electrodes
- A B C D
_ 5/29/03 6/01/03 6/03/03
Feed Start 5/28/03 13:42 1420 14-31 14-33
L]
E . 6/01/03 6/03/03 6/06/03
= Feed End 5/29/03 14:29 1431 1433 Ld-40
Interval 248 hr 72 hr 48 hr 72.1 hr
Water Feeding for Cold 0.8 hr NA NA NA
Cap
Slurry Feeding 24 hr 72 hr 48 hr 72.1 hr
Cold cap burn NA NA NA 29hr
Shallow: 127 | Shallow: 127 | Nominal: 67 Deep: on
Bubbler Depth from floor from floor from floor | melter floor
; Used 2067 kg 5328 kg 3922 kg 6131 kg
Fee
Average Rate 86.1 kg/hr 74 kg/hr 81.7 kg/hr 85 kg/hr
Poured 827 kg 1999 kg 1486 kg 2468 kg
"§ Average Rate® 689 555 619 686
2 2 2 2
,§ kg/m*/day keg/m*/day kg/m*/day keg/m*/day
g Average Rate’ 0P >3 610 638
K & kg/m*/day keg/m*/day kg/m*/day keg/m*/day
B
Steady State . 550 640 680
Rate” Not Attained kg/m*/day kg/m*/day kg/m*/day

3 - Rates calculated from glass poured.
*- Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
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(VSL-04R4800-4) [30] (continued).

AZ-101 (Target Glass Yield = 0.375 kg/kg or 530 g/), Bubbling = 65 lpm with Two [
Bubblers 6” from floor pointed towards the melt pool center
- A B C D
6/25/03 6/26/03 6/28/03 6/30/03
Feed Start 12:00 13:00 13:02 13:02
L]
-E Feed End 6/26/03 6/28/03 6/30/03 7/02/03
13:00 13:02 13:02 13:01
Interval 25 hr 48 hr 48 hr 48 hr
Water Feeding for Cold 1hr NA NA NA
Cap
Slurry Feeding 24 hr 48 hr 48 hr 48 hr
Cold cap burn NA NA NA 1.7 hr
Bubbler Skewing None None 16 lpm, step 16 Ipm.
’ gradual
; Used 2344 kg 6643 kg 6907 kg 7034 g
Fee
Average Rate 97.7 kg/hr 138.4kg/hr | 1439 kg/hr | 146.5 kg/hr
Poured 795 kg 2484 kg 2619 kg 2757 kg
"§ Averaze Rate® 663 1035 1091 1148
,§ & kg/m*/day kg/m*/day kg/m*/day kg/m*/day
g Averace Rate” 733 1038 1079 1099
& & kg/m*/day | kg/m*/day kg/m*/day keg/m*/day
i
* Not 1050 1100 1100
Steady State Rate Attained kg/m*/day kg/m*/day kg/m*/day
"-" Empty data field

$ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.

T-20

72



ORP-51434, Rev. 0
Summary of DM 1200 Operation at VSL
Final Report, VSL-06R6710-2, Rev. 0

The Catholic University of America
Vitreous State Laboratory

Table 1.12. Summary of DM1200 AZ-101 Feed Test Conditions and Results

(VSL-04R4800-4) [30] (continued).

AZ-101 (Target Glass Yield = 0.315 kg/kg or 400 g/1), Bubblers on floor, 87 apart
on East and West side, one bubbler outlet 11.3” from feed tube. Refer to Figure 2.6
for Segments 3A & 3B bubbler placement. Segment 3C used only the L bubblers in

Figure 2.6.
- A B C
Feed Start 7/15/0312:15 | 7/16/03 12:53 | 7/20/03 10:02
w
.E Feed End 7/16/03 12:53 | 7/20/03 10:02 | 7/22/03 20:20
Interval 24.6 hr 932 hr 583 hr
Water Feeding for Cold Cap 0.6 hr NA NA
Slurry Feeding 24 hr 932 hr 583 hr
Cold cap burn NA NA 1.1hr
Outlets 4 4 2
Bubblers
Steady State
Bubbling Rate NA 135 lpm 80 lpm
Used 2289 kg 17252 kg 9532 kg
Feed
Average Rate 95.4 kg/hr 185.1 kg/hr 163.5 kg/hr
Poured 658 kg 5358 kg 3173 kg
g Average Rate® 5-4218 1150 1089
2 2
% kg/m“/day kg/m*/day kg/m*/day
§ Average Rate” 60 1164 1028
E = kg/m*/day kg/m*/day kg/m*/day
@)
* . 1300 1100
Steady State Rate Not Attained ke ey day ke Py day
"-" Empty data field

$ - Rates calculated from glass poured.
*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap bumn-off.

NA: Not applicable.
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Table 1.12. Summary of DM1200 AZ-101 Feed Test Conditions and Results

(VSL-04R4800-4) [30] (continued).

AZ-101 (Target Glass Yield = 0.315 kg/kg or 400 g/1), four bubblers on floor, one
in each corner, 14” apart on East and West side. Refer to Figure 2.7 for bubbler
placement.

- A B C
Feed Start 8/05/03 12:16 8/06/03 12:00 | 8/10/03 15:00
w
-E Feed End 8/06/03 12:00 8/10/03 15:.00 | 8/13/03 15:01
Interval 23.7hr 99 hr 72 hr
Water Feeding for Cold 1.7 hr NA NA
Cap
Slurry Feeding 22 hr 99 hr 72 hr
Cold cap burn NA NA 1.1hr
Glass Temperature 1150°C 1150°C 1175°C
Steady State Bubbling Rate NA 117 Ipm 90 Ipm
Steady State Power Use NA 238 kW 243 kW
Used 2596 kg 19079 kg 16515 kg
Feed
Average Rate 118.0 kg/hr 192.7 kg/hr 229 4 kg/hr
Poured 780 kg 5931 kg 5351 kg
g Average Rate® 7%9 1198 1486
2 2
% keg/m*/day kg/m*/day kg/m*/day
§ Average Rate’ 42 1212 1443
g & kg/m?*/day kg/m*/day kg/m*/day
©
. . 1400 1450
Steady State Rate Not Attained ke Py day ke Py day
"-" Empty data field

$ - Rates calculated from glass poured.
*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.
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Table 1.12. Summary of DM1200 AZ-101 Feed Test Conditions and Results
(VSL-04R4800-4) [30] (continued).

AZ-101 (Target Glass Yield = 0.315 kg/kg or 400 g/1), Two L Bubblers on floor, Bubbler on East side
11.3” from feed tube as shown for the two L bubblers in Figure 1.6, Bubbling rate = 80 lpm.
- A B C D
Feed Start 9/03/03 12:46 9/04/03 13:51 | 9/06/03 14:30 | 9/08/03 15:29
E Feed End 9/04/03 13:51 9/06/03 14:30 | 9/08/03 15:29 9/10/03 15:30
Interval 251 hr 48.7 hr 49 hr 48 hr
Water Feeding for Cold 1 hr NA NA NA
Cap
Slurry Feeding 24.1 hr 48.7 hr 49 hr 48 hr
Cold cap burn NA NA 1.1 hr 2.7 hr
Spike Solution Used None NaCl Nay S0y NaCl + Na, SO,
Used 278%ke 6604 kg 5804 kg 7029 kg
Foed Average Rate 115.7 kg/hr 135.6 kg/hr 118.4 kg/hr 146.4 kg/hr
jé Poured 770 ke 1958 kg 1920 kg 2516 kg
'é Average Rate® 639kg/m¥day | 804 kg/m¥/day | 784 kg/m¥/day | 1048 kg/m*/day
%j Average Rate” 730kg/m®/day | 853 kg/m¥day | 745 kg/m¥/day | 921 kg/m*/day
© Steady State Rate” Not Attained Not Attained | Not Attained | 930 kg/m®/day
"-" Empty data field

$ - Rates calculated from glass poured.
*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap bum-off.

NA: Not applicable.
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Table 1.12. Summary of DM1200 AZ-101 Feed Test Conditions and Results

(VSL-04R4800-4) [30] (continued).

AZ-101 (Target Glass Yield = 0.315 kg/kg or 400 g/1), Two bubblers, each
with two outlets 8 inches apart, placed on the floor, one bubbler outlet 11.3”
from feed tube. Refer to Figure 2.9 for bubbler placement.
- A B
Feed Start 3/23/04 19:21 3/29/04 20:35
L]
.E Feed End 3/29/04 20:35 4/1/04 20:35
Interval 1452 hr 72.0hr
Water Feeding for Cold Cap 1.2 hr NA
Slurry Feeding 144.0 hr 72.0hr
Cold cap burn NA 5.7 hr
Sugar concentration 38g/1 38g/
Outlets 4 4
Bubblers
Steady State
Bubbling Rate 641pm 134 Ipm
Used 23248 kg 15206 kg
Feed
Average Rate 161 kg/hr 211 kg/hr
"!g Poured 7240 kg 4920 kg
“g Average Rate® 1006 kg/m*/day 1366 kg/m*/day
o .
2 Average Rate 1017 kg/m®/day 1330 kg/m*/day
S Steady State Rate’ 1050 kg/m?*day 1400 kg/m*/day

"-" Empty data field
¥ - Rates calculated from glass poured.
*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.
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Table 1.13. Summary of Test Conditions and Results for Turnover Tests using LAW Sub-
Envelope C1 and LAW Envelope A (VSL-04R4831-1) [31].

complete cold cap burn-off

- A B
Feed Start 9/25/03 06:40 9/26/03 12:05
w
.E Feed End 9/26/03 10:00 9/26/03 20:47
Interval 273 hr 8.7 hr
Water Feeding for Cold Cap 1.0hr NA
Slurry Feeding 263 hr 87hr
Average Bubbling Rate 100 Ipm 96 Ipm
Type Mixed LAW, LAWC LAWC
Feed Used 5545 kg 1895 kg
Average Rate 210.8 kg/hr 217.8 kg/hr
Poured 2831 kg 834 kg
Glass Average Rate® 2153 kg/m*/day 1917 kg/m*/day
Average Rate” 2159 kg/m*/day 2230 kg/m*/day
o Power Off, Power Off,
Conditions ) )
Bubbling = 63 lpm Bubbling = 9.4 Ipm
Duration 1 hour, 2 minutes 2 hour, 49 minutes
Cold
cap Consumed 100 % 50 %
burn-
off Average Glass Temperature 1031°C 950°C"
when power restored
Additional time required
after power restoration to NA 2.0hr

$ - Rates calculated from glass poured.

*_ Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
"-" Empty data field
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Table 1.14. Summary of Test Conditions and Results for LAW Envelope C Rate Test
(VSL-04R4851-1) [31].

- A B C D E
Feed Start 9/30/03 10/01/03 10/03/03 10/05/03 10/07/03
07:06 11:00 11:00 11:00 11:30
w
-E Feed Bnd 10/01/03 10/03/03 10/05/03 10/07/03 10/09/03
11:00 11:00 11:00 11:30 17:02
Interval 279 hr 48.0 hr 48.0 hr 48.5 hr 535 hr
Water Feedmg fqr Cold Cap 10hr NA NA NA 40hr
Creation or Maintenance
Slurry Feeding 269 hr 48.0 hr 48.0 hr 48.5 hr 49.5 hr
Average Bubbling Rate 91.3 lpm 20.6 Ipm 41.1 lpm 62.1 Ipm 103.4 lpm
Cold cap burn-off NA NA NA NA 3.2hr*
q Used 5500 ke 3530 kg 5402 ke 7359 kg 11232 kg
Fee
Average Rate 204 8 kg/hr | 73.5 kg/hr 112.5 kg/hr 151.7kg/hr | 2269 kg/hr
Poured 2593 kg 2046 kg 2449 kg 3689 kg 5855 kg
Averase Rate’ 1928 853 1020 1521 2365
.= & kg/m*/day kg/m*/day kg/m*/day kg/m*/day kg/m*/day
2
% Averase Rate” 2097 753 1152 1554 2323
& & kg/m¥day | ke/m*/day kg/m*/day kg/m*/day kg/m*/day
w2
R . Not 750 1200 1600 2500
© | Steady State Rate Attained keg/m*/day kg/m*/day kg/m*/day kg/m*/day
Averaze Power Use 1.8 kWhr/ | 2.4 kW hr/ 2.1 kW hr/ 1.9 kW hr/ 1.8 kW hr/
& kg glass kg glass kg glass kg glass kg glass

$ - Rates calculated from glass poured.

*- Rates calculated from feed data.

# - Average glass temperature dropped to 1045°C during water feeding, lengthening time for cold cap burn-
off.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.

NA: Not applicable.

"-" Empty data field
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Table 1.15. Summary of DM1200 Test Conditions and Results Using LAW Envelopes A
and C and Various HLLW Feeds (VSL-031.4850-1) [34].

- LAW Test HLW Test
Feed Start 11/03/03 13:30 11/06/03 01:30
Time Feed End 11/06/03 01:30 11/07/03 20:01
Duration 60 hr 42.5hr
Water Feeding for Start-up 1 hr NA
Slurry Feeding 59 hr Hr
Cold cap burn-off NA 4 hr
Feed Reductant Sugar None
AZ-101 with and without
Type LAWA + LAWC [5] sugar [6], AZ-102 [7],
C104/AY-101 [8]
Feed Used 9610 kg 7620 kg
ee Glass yield (estimated) 0.516 kg/kg feed 0375 kg/kg feed
Average Rate 163 kg/hr 179 kg/hr
Average Rate During
Alcohol Feeding 168 kg/hr 166 kg/hr
1 Start 11/05/03, 07:10 11/06/03, 09:07
End 11/05/03, 08:58 11/06/03, 10:54
Start 11/05/03, 09:28 11/06/03, 11:17
Alcohol 2
Feeding End 11/05/03, 11:28 11/06/03, 12:57
X Start 11/05/03, 13:45 11/06/03, 13:22
End 11/05/03, 1541 11/06/03, 15:29
Run Time Interval 41.7 - 50.2 hours 67.6 — 74.0 hours
Glass Average Rate’ 1682 kg/m?/day 1345 kg/m*/day
Production - .
Average Rate During 2 2
Rate Aloohol Feeding 1734 kg/m*/day 1245 kg/m*/day

*_ Rates calculated from feed data.
NA —Not applicable.

Note: Rates do not take into account the time for water feeding and cold cap bum-off.
"' Empty data field
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Table 1.16. Summary of DM1200 AZ-102 and C-106/AY-102 Test Conditions and Results

(VSL-05R5800-1) [35].

- 1A1 1A2 1B 2A 2B
Feed Start 6/21/04 6/23/04 6/25/04 8/02/04 11/08/04
13:36 18:40 16:15 1515 09:30
L]
E 6/23/04 6/25/04 6/30/04 8/07/04 11/12/04
= Feed End
= see 17:46 12:33 11:30 17:33 19:18
Interval 52.2hr 41.9hr 1153 hr 1103 hr 1058 hr
Water Feeding for Cold Cap 2.0hr NA 1.3 hr 30hr 1.0hr
Slurry Feeding 50.2 hr 41.9 hr 114 hr 1073 hr 104.8 hr
Cold cap burn NA 1.2 hr 1.5 hr 2 hr 22 hr
“J7, single | “J7, single Prototypic, “I”, single Prototypic,
Bubblers outlet outlet Double outlet Double
Qutlet Qutlet
%D Location 6" above 6" above On floor 6” above On floor
% floor floor floor
5 Control Constant Constant Optimized Constant Optimized
Average Total 60 Ipm 64 1Ipm 100 lpm 63 Ipm 87 Ipm
Steady State 65 Ipm 65 Ipm 65 Ipm 65 Ipm 90 Ipm
Simulant AZ102 | AZ102 Az-102 | C-106/AY- | High waste
102 loading C-
Rheology Adjusted Adjusted Nominal Adjusted Nominal
0384 ke/keg | 0347kg/kg | 027 kg'kg 0372kg/ke | 0.263 kg/ke
Feed Glass Yield
560 g/l 480 g/l 340 g/l 540 g/l 340 g/l
Used 7877 kg 6836 kg 20002 kg 14300 kg 20100 kg
Average Rate 156.9 kg/hr | 163.2 kg/hr | 175.5 kg/hr 1308 kg/hr | 191.8 kg/hr
Poured 2932 kg 2465 kg 5576 kg 5193 kg 5168 kg
E Averase Rate® 1168 1177 978 968 986
—§ & kg/m*/day kg/m*/day kg/m?*/day kg/m?*/day kg/m*/day
&
* 1204 1133 948 982 1008
a A Rat
§ verage Kate kg/m*/day kg/m*/day kg/m*/day kg/m*/day kg/m*/day
* 1350 1150 900 1010 1050
Steady State Rate kg/m¥day | ke/m*/day kg/m*/day kg/m*/day kg/m*/day

§ - Rates calculated from glass poured.
*. Rates calculated from feed data.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
NA: Not applicable.
"-" Empty data field
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Table 1.17. Summary of HLW MACT Test Conditions and Results (VSL-05RS3830-1) [41].

C-106/AY-102 Simulant + MACT spikes, Target Glass Yield = 0.312kg/kg
Test 1 2A 1-continued 2B
Target Plenum Temp. (C*) 400 300 400 500
Average* 8” below ceiling 400 353 410 488
Measured | 17 below ceiling 392 338 387 484
Plenum Exposed TC 405 345 407 593
Temp. (€ Overall 399 345 401 522
Feed Start 11/15/04 13:45 12/6/04 10:12 12/9/04 13:24 12/10/04 09:40
Time Feed End 11/17/04 18:00 12/9/04 13:24 12/10/04 09:40 12/12/04 15:35
Duration 52.3 hr 75.2hr 19.1 hr 54.0 hr
Water Feeding for Start-up 1.0hr 1.0hr NA NA
Slurry Feeding 51.3hr 742 hr 19.1 hr 54.0 hr
Cold Cap Burn-Off 2.0 hr NA NA 2.0hr
Average Bubbling Rate (Ipm) 239 92 28.1 427
Naphthalene/
Type Allyl Alcohol Allyl Alcohol MeOH
Rate 40 g/min 40 g/min 13 g/min
Start 11/16/04 11:36 12/07/04 11:29 12/09/04 13:38
End 11/16/04 17:42 | 12/07/04 17:58 12/09/04 21:00
Duration 6.1 hr 6.5 hr 7.4 hr
Naphthalene/ Naphthalene/
Type MeOH MeOH NA
Organic Rate 13 g/min 13 g/min NA
Spikes Start 11/17/04 12:15 12/08/04 10-44 NA NA
End 11/17/04 17:36 | 12/08/04 21:38 NA
Duration 54hr 10.9hr NA
Type NA Naphihalene. NA
Rate NA 40 g/min NA
Start NA 12/09/04 10:28 NA
End NA 12/09/04 13:22 NA
Duration NA 29hr NA
eed Used 5751 kg 6656 kg 2268 kg 9294 kg
Average Rate 112 kg/h 88 kg/hr 119 kg/hr 172 kg/hr
Poured 1833 kg 1933 kg 724 kg 3035 kg
Prgclliise d Average Rate’ 715 ke/m*/day 521 kg/m*/day 758 kg/m*/day 1122 kg/m*/day
Average Rate 699 kg/m*/day 550 kg/m*/day 742 kg/m*/day 1072 kg/m*/day

$ - Rates calculated from glass poured.
*- Rates calculated from feed data.

NA — Not applicable.
Note: Rates do not take into account the time for water feeding and cold cap burn-off.
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Table 1.18. Summary of LAW MACT Test Conditions and Results (VSL-0SR5830-1) [41].

Test 1 2B 2A
Target Plenum Temp. (C°) 400 500 300
Average# 8” below ceiling 397 490 321
Measured | 17 below ceiling 414 504 333
Plenum Exposed TC 416 503 326
Temp. (€7) Overall 400 499 327
Feed Start 3/7/05 09:03 3/17/05 9:30 3/20/05 06:01
Time Feed End 3/10/05 12:01 3/20/05 06:00 3/23/05 03:01
Duration 75 hr 68.5 hr 69 hr
Water Feeding for Start-up 1.0 hr 1.0 hr NA
Slurry Feeding 74 hr 67.5 hr 69 hr
Cold Cap Bumn-Off 1.3 hr NA 1.2 hr
Average Bubbling Rate (Ipm) 26 43 93
Type Allyl Alcohol A&g}iﬁﬁgfgg’f
Rate 10 g/min 11 g/min
Start 3/8/05 10:06 3/21/05 09:00
. Enq 3/8/05 16:50 3/21/05 20:16
Snikes Duration 6.7 hr _ 113 hr
Naphthalene/ Naphthalene/
Type MeQIL MeOH
Rate 13 g/min 13 g/min
Start 3/9/05 10:02 3/22/05_09:05
End 3/9/05 21:12 3/22/05 19:58
Duration 11.2 hr 10.9 hr
Feed Used 9036 kg 11000 kg 8714 kg
Average Rate 122 kg/h 163 kg/hr 126 kg/hr
Poured 4774 kg 5779 kg 4648 kg
Glass Average Rate® 1290 kg/m?*/day | 1712kg/m*day | 1347 kg/m*/day
Produced Average Rate 1287 kg/m*/day 1718 kg/m*/day | 1331 kg/m*/day
Steady State Rate | 1400 kg/m*/day 1850 kg/m*/day | 1300 kg/m*/day

$ - Rates calculated from glass poured.

*- Rates calculated from feed data.
NA —Not applicable.

Note: Rates do not take into account the time for water feeding and cold cap burn-off.
"-" Empty data field
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Table 2.1. Chronology of the DM 1200 Melter Maintenance and Inspections.

VSL-01R0100-2

(5/07/01-5/23/01,
5/14/01-5/16/01,
5/21/01-5/23/01)

Report Feed Date Melter performance, observations, and maintenance activities.
Completed construction and installation of the DM1200 system during Part B1.
Note: Anytime during the insertion of anything to or removal of anything from the melter glass pool, power
was secured.
Approximately 37 gallons of ethylene glycol were added to the system. The system was tested to have a
8/1/2000 freezing point of ~ 20°F. This corresponds to 17% ethylene glycol concentration in the cooling system.
Therefore, the estimated cooling system volume is ~ 217 gallons.
/22/2000 Started leak test of DM 1200 melter to determine the actual melter air inleakage. The calibrated thermocouples
used for the bake out were MM-XXX-TR-01, -02, -03, -04, -05 and -06.
8/23-25/2000 DM 1200 Melter bake out. (Note: The melter bake out period lasted for longer than normal due to contractor
changes at the WTP, and time taken to make decisions about the future of the DM 1200 test program.)
9/6/2000 DM 1200 Melter bake out.
10/4/2000 To size a regencrative air blower to supply air to the dam cooler, pressure drop across the dam cooler pipe was
determined.
10/10/2000 Replaced electrode VI power transducer.
Continued and finished installation of the transition line.
11/02-06/2000 | Changed the location of the EOG vent line. Replaced the main EOG valve, MM-EQG-V-401. Installed EOG
dilution air valve, MM-EOG-V-402.
11/10-20/2000 Worked on cooling system modification so that during melter idling conditions we would be able to maintain
HLW AZ-101 the cooling panel temperatures warm gnough to prevent moisture condensation.

12/29/2000

CUA power outage between 7:15 and 12:00. Melter powered by VSL backup diesel generator.

1/17/2001

Continued DM1200 Melter bake out. Melter Emergency off-gas was operational only in the manual mode.
Back up city water was operational. However, the primary side of the building chilled water supply was not
functional. The secondary cooling water was operating in the closed loop. Back up compressed air bubblers
were tested. One out of six pressure regulators was leaking air slightly and was marked for replacement.
Bottom electrode was isolated. Air was supplied to the electrode bubblers. Melter electrode power supply was
locked-out/tagged out.

1/21/2001

Procedures were set up for dealing with circuit breaker tripping and fire in the control panel.

1/21-23/2001

Cooling system temperature testing was completed. Heat removal capacity of the back-up heat exchanger,
MCL-CW-HX-401 in which the city water was used as the cooling medium, was tested with the primary
system chilled water pump, MCL-CW-P-401 secured.

1/22/2001

Heat loss through the emergency off-gas line was determined as a function of the off-gas exit temperature.

2/13-14/2001

Reducing air in-leakage into the melter was explored. Air in-leakage was determined as a function of the
melter vacuum.
Pitot tube on the transition line was clogged.

February 2001 | Discharge chamber heater elements were placed in service.
2/14/2001 Silicon caulking was applied around electrodes and other locations to reduce air in-leakage.
2/26/2001 Obtained dip measurements of glass pool depth, which was found to be 23",
An automotive type antifreeze tester was used to find the freezing point of the cooling system fluid. The
3/09/2001 measured freezing point was between +10 and +20 °F. Added ~ 2gallons of Betz NT402 corrosion inhibitor to

the system.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

3/15-23/2001 Started water feed to test the performance of the DM 1200 melter and off-gas system.
3/19/2001 Performed a three-point accuracy check of cooling system thermocouples (readings were within 14%).
3/20/2001 Between 7:25 and 10:05 the auxiliary diesel generator was tested.
3/26-27/01 Performance of the DM1200 melter was tested with water feed.
3/98/2001 First start-up test with about 2000 kg of HLW AZ-101 feed was performed to assess the performance of the
HLW AZ-101 new melter, identify and correct problems, train opera.tors, and finalize procedures.
(5/07/01-5/23/01 3/29/2001 Between 10:30 and 11:04, turned melter power off to insulate under melter around heat exchanger.
VSL-01R0100-2 5/14/01-5/16/01 ’ 3/292001 The thermocouples (TCs) of MM-XXX-TR-12, -01, -06 were calibrated.
5/21/01-5/23 /013 4/18/2001 Discharge chamber silicon controlled rectifier, SCR, was set to full output.
Replaced EOG HEPA train (MM-EOG-F-401) local differential pressure gauge (MM-EQG-DPI-400) with a
5/17/2001 : s
0-5" W.C. scale gauge to improve sensitivity.
5/18/2001 Removed circuit 6 heaters (two heaters) from the discharge chamber for inspection.
5/95/2001 W(_)rk began on chilled water system to monitor cooling panel temperatures. All temperature readings were
satisfactory. Six hours later, the chilled water system was returned to normal operation.
5/30/2001 Cooling system controls were tested.
6/7/2001 Power to the electrodes was shut off to reconfigure for side-to-bottom firing.
0/16/2001 Removed the power fuse for the affected discharge heater circuit (see above).
6/19/2001 Electrode bubbler #1 was partially clogged; highest attainable flow rate was 1.0 SCFH
Electrode bubbler #5 flow rate was <3.5 SCFH with backpressure of 37 psi. Adjusted flow rate to 1.0 SCFH,
6/20/2001 backpressure was 32 psi. Electrode bubblers 1 and 5 are now at a flow rate of 1.0 SCFH, bubblers 2, 3 and 4
are at a flow rate of 3.5 SCFH.
6/21/2001 Found that electrode_ bubbler 5 flow rate can be increased to 3.5 SCFH at a backpressure of 40 psi. Electrode
bubbler 1 flow rate is 1.0 SCFH, bubblers 2, 3, 4 and 5 are at 3.5 SCFH flow rate.
HLW AZ-101 6/23/2001 Checked the melter operating parameters every two hours and everything is within acceptable limits.
(76 //22?? //(? 11_';/12 //(? 11’ 6/25/2001 Replaced heating elements of discharge chamber heaters 1B and 3A.
R/6/01-8/11 /01: 7110/2001 A selector switch was installed so that the melter can be operated based on power or glass temperature
R/20/0 1-8/25/01, feedback control.
VSI.-02R0100-2 9/25/0 1_10/1/01’ Removed thermowell for inspection.
10/11/01-10/17/01, Observed a 2" long and 1" wide high temperature/arc coloration on thermowell (TW) #2 at 9"-11" from the
10/22/01-10/27/01, bottom, and another spot on opposite side of pipe at 8" from the bottom. Also observed signs of arcing at the
10/29/01-1 1/2/01’ 7/19/2001 very.bottom of the plpe ) ) ) ) )
11/5/01-11/10/01) The immersed section of thermowell in the glass had become thinner. Signs of metal erosion near the tip also
were observed. The melter-air interface section looked relatively intact. Installed new thermowell #2 on the
west side. All thermowell thermocouples of MM-X3X-TR-01, -02, -03, -04 and -05 were replaced.
7/91/2001 Secured discharge chamb_er for maintenance and later energized the discharge chamber heaters. Calibrated
melter pressure sensor at instrument port (MM-X3{-PR-200).
7/22/2001 The melter pressure sensor at level detector port was labeled as MM-AR-PR-202.
7/23/2001 The power transducer for DM 1200 melter electrodes was modified to improve response.
Emergency diesel generator (new 300 kKW generator) was installed. Verified that MM-XXX-TR-01, -02, -03, -
7/23/2001 12 and -13 TCs were used to determine the average glass temperatures. Cleaned emergency off-gas port. The
pipe was ~75% clogged.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

7952001 Replaced 0-10 SCFH airlift flowmeter with a 2-20 SCFH flowmeter due to airlift requiring >10 SCFH flow
rate to lift glass at desired rate.
Removed TW #1 for inspection. Turned power off during removal.
Feed tube “B” was removed to allow bubbler testing to occur utilizing this port.
Visual inspection of TW #1 showed multiple “arc™ spots with slight metal degradation. No obvious failure
8/2/2001 points. Decided to remove 60" of old TW pipe and weld on a new 60" section.
Reinstalled TW #1 with the same TC’s that were in use. Power was turned off during this evolution.
Reconfigured electrode finng side to side. Torqued connecting fasteners to 105 1b-ft. Removed TW #2 for
inspection. No signs of arcing. Reinstalled TW #2 and reconnected TCs.
Melter lid components were re-configured. Electrode bubbler back pressures were going up, which was an
indication that these bubblers were clogging.
A new thermocouple was installed in lance bubbler #2.
HLW AZ-101 Lance bubbler #1 was installed in port A-3,
(6/25/01-7/2/01, 813/2001 Lance bubbler #2 was install_ed in port D-1,
7/23/01-8/1/01, Level detector was installed in port B-1,
8/6/01-8/11/01, TW #1 was installed in port A-2,
8/20/01-8/25/01, TW #2 was installed in port D-2.
VSL-02R0100-2 9/25/01-10/1/01, Feed tube A was installed in port C-2,
10/11/01-10/17/01, Feed tube B was installed in port B-2.
10/22/01-10/27/01, Secured electrode power. Lowered lance bubbler #2 to 6" from floor. Also installed lance bubbler #1 in the
10/29/01-11/2/01, southeast port. Power was restored. Checked glass level and glass density transmitter’s calibration. Removed
11/5/01-11/10/01) 8/6/2001 MM-CA-MFCR-001and -002 to recalibrate. Calibration of MM-CA-MFCR-003 and -005 were performed.
Bubbler outlets were installed at depths of ~62.8" and ~08.8" from the lid of the melter. Bottom of bubblers
were 6" below bottom of side electrode.
2/8/2001 Replaced mass flow controller for lance bubbler #2._ Controller was very hot_. Inst_alled_ a temporary fan to cool
the controller. Mass flowmeter was removed and shipped to factory for repair/calibration/evaluation.
8/11/2001 Cha_nged melter V(_)lte_lge taps from 168 V to 112 V toreduce harmonic frequency in SCR (silicon controlled
rectifier) and maximize power transfer. Control power output was 70 KW,
8/13/2001 Melter pressure increased to +0.6" W.C. Replaced all EOG filters. Melter pressure decreased to -0.4" W.C.
/14/2001 Re-configured electro_des to fire side to bottom. Torqued conn_ecting ha_rdware to105 ft-1bs. Raised both lance
bubblers to 11 4", This puts bottom of lance bubblers even with the middle of the side electrode.
Removed TW #1 (east side) for inspection. Found one small heat mark on the end of TW #1. Reinstalled TW
8/15/2001
#1 and reconnected TCs.
/1712001 Lance bubbler #1 flow is low Wi_th mass flow meter controller (MM-CA-MFCR-001). Switched the flow
control to MM-CA-MFCR-004 in order to repair the other mass flow controller.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Lowered both lance bubblers 4" and installed both feed tubes. MM-XXX-TR-17 TC was installed as plenum
exposed TC at an insertion depth of 17" below the ceiling through EOG clean-out flange.
MM-CA-MFCR-003 and -005 readings were compared with NIST traceable flow meter readings.

Verified temperature averaging for the TCs of MM-XXX-TR-02, -03, -12, and -13. MM-XXX-TR-19 TC was

8/20/2001
replaced.
Back-up mass flow controller comparison check was performed with a NIST traceable calibrated flowmeter.
Adjusted electrode power input range; changed from 218 kW to 250 kW.
Replaced MM-333-TR15 TC.
/21/2001 _Failure of the mass flowmeter was identified by AALBORG Engineering to a design flaw in the 4-20 mA
input, and corrected.
/24/2001 Replaced TC of emergency HEPA inlet temperature indicator, MM-EOG-TR-11 TC.
Calibrated electrode voltage and TCs of MM-333{-TR-04, -09 and -11.
Turned off power to the melter, removed TW #2 for inspection, and turned on the melter power and set it to 69
8/28/2001 KW
8/79/2001 Removed mass flow controllers for lance bubblers #1 and #2 for recalibration and replaced them with mass
HLW AZ-101 flow controllers with current calibrations.
(6/25/01-7/2/01, 8/30/2001 MM-ARTPR-_QOZ an(_i MM-XXX-PR-200 transmitters were replaced with fast response Asheraft transmitters.
7/23/01-8/1/01, Loop calibration verified.
8/6/01-8/11/01, 9/16/2001 Toshiba UPS for generator power for room 10 was tested Power failure was sinmilated, and UPS picked up the
8/20/01-8/25/01, load. UPS seems to be compatible with the generator, and the system worked as required.
VSL-02R0100-2 9/25/01-10/1/01, 0/7/2001 Visual inspection of electrodes to make sure that the silicone was still holding in between the electrodes and

10/11/01-10/17/01, the melter shell.

10/22/01-10/27/01, 9/19/2001 Removed lance bubbler #1 and #2 for inspection. Removed TW #1 for inspection and reinstalled TW #1 in
10/29/01-11/2/01, melter. Bubblers and TW photographs were taken.

11/5/01-11/10/01) 9/24/2001 Inspected film cooler. Slight build-up on walls. Inspected the Teflon lining of all feed tubes and found them to
be in good condition.

Removed plug A-3, and relocated level detector from port B-1 to port A-3.

9/25/2001 Feed tubes A and B reinstalled with verification of cooling water flow to each prior to installation. Replaced
TCs of MM-33X-TR-23 and -17.

Removed TW #2 for inspection. Digital photographs of TW #2 were taken. Observed slight erystallization, but
10/10/2001 no sign of high temperature or arcing. Reinstalled TW #2. MM-XXX-TR-14 TC failed and was scheduled for
replacement. Observed that MM-XXX-TR-14 and TR-15 connections were reversed; error was corrected.
10/13/2001 Replaced TCs of MM-3XXX-TR-16 and TR-06.

Removed TW #1. It did appear that the ceramic insulator or liner in the thermowell around the TC was starting

LoT8ra00l to crack. Relocated the level detector to port B-1. Photographs of TW #1 were taken.

Removed MM-XXX-TR-17 and -19 TCs for inspection.

Secured power to reconfigure electrode firing from side to bottom to side to side, and installed lance bubblers
10/22/2001 in ports A-3 and D-1. MM-XXX-TR-19 TC was inspected, cleaned and reinstalled. MM-XXX-TR-17 TC was

replaced.
Tightened all bolts around bubblers, feed tube, TWs and plugs on top of the melter. Bottom of bubbler was 6"
below bottom of side electrode.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Replaced lance bubbler #2 mass flow controller. The unit was sent to AALBORG for repair and failure
10/23/2001 AT
Replaced MM-XXX-TR-01 TC due to suspected failure. During inspection, found that the entire bundle was
10/25/2001 stuck together. Replaced TW #1 thermocouples as a group with a multi-TC unit. MM-XXX-TR-01, -02, -03, -
04 and -05 TCs were replaced.
10/28/2001 Photographs of TW #1 an_d TW #2 were taken. TW #1 had about a 6" arcing spot about 2.3 inches from the
bottom. TW #2 had 6 arcing spots up about 10 inches from bottom.
Secured power to reconfigure electrodes for side to bottom firing. Repositioned melter level detector from port
10/29/2001 B-1 to port A-3 and installed feed tubes. Wired electrodes to fire side to bottom. Replaced all lock washers,
torqued bolts to 105 ft-1bf. Tightened all flanges on the melter. Added a new TC in TW #2 to 1" from bottom
of melter using the existing TC wire connection for readout on LabVIEW.
10/30/2001 Replaced discharge heaters 1A and 1B. Found heater 1 A had failed.
Tested the back-up chilled water cooling pump(s) switching by simulating low water pressures.
Removed TW #1 for inspection. TW #1 showed about a 10-12" stretch of arcing about 2' up from the bottom.
HLW AZ-101 11/3/2001 Photoarith tak
oraphs were taken.
(6/25/01-7/2/01, 11/3/2001 Removed MM-XXX-TR-17 TC (exposed plenum) to minimize damage.
7/23/01-8/1/01, Used sil o nrnimize he air ek Tih + electrod
R/6/01-8/11/01 11/5/2001 sed silicone to minimize the air inleakage around the west electrode.
? Replaced the damaged MM-XXX-TR-17 TC (exposed plenum).
8/20/01-8/25/01, . . . . .
VSL-02R0100-2 0/25/01-10/1/01 11/5/2001 Inspected film cooler._ Qbsewedm L ofbuﬂ_d_-up b_elow TC on south west side ofplpe. Rest of the pipe was
101 1/01-10/17 /0’1 very clean up to transition pipe. Above transition pipe ther§ was a dry powdery build-up. .
10/22/01-10/27 /01’ 11/6/2001 Ran back-up dam wall regenerative blower and back-up chilled water cooling pumps for 15 mimutes.
10/29/01-11/2/01 ’ 11/7/2001 Film cooler regenerative blower, MM-RGB-B-102 bearings may have burned up.
11/5/01-11/10/0 13 Removed plenum exposed TC MM-XXX-TR-17. Also secured power to remove TW #1 for inspection. TW #2
11/15/2001 was removgd, an_d power was res_tored to 6l kW, Vlsual _inspection of TW #2 showed signiﬁc_ant
crystallization with ~3-4" wide high temperature indications centered at 10" from end, wrapping full
circumference of pipe. Digital photographs were taken.
Installed new TW #2. Power restored to 61 k'W. Also removed TW #1 which showed some signs of
11/20/2001 crystallization. Too_k digital photographs. Also, TW #2 hac_l signs of arcing about 12" from _bottom. _
Replaced TW #1 with a new TW. The removed TW had high temperature/burn marks starting approximately
12" from the bottom of the TW and extending to 24" from the bottom of TW. Restored power to 61 kW.
11/21/2001 Automatic transfer switch ATS-10 was installed in the back-up generator system.
11/26/2001 Discharge circuit 4 was not functioning. Total of 2 discharge heaters were affected.
11/29/2001 Removed MM-XXX-TR-12 TC for inspection. It was found defective and was replaced. Replaced
thermocouples for MM-XXX-TR-03, -16, -05,-15, -01, -04, -14, -02, -13.
12/3/2001 Relocated the level detector from port A-3 to port B-1.
Isolated power to the discharge chamber to remove and replace heating elements connected to circuits 2 and 4.
12/8/2001 Replaced heaters 2A, 2B, 4A and 4B with new ¢lements.
Power was restored and set to a maximum of 15 kW.

T-35

87



ORP-51434, Rev. 0
The Catholic University of America
Vitreous State Laboratory

Summary of DM1200 Operations at VSL
Final Report, VSL-06R6710-2, Rev. 0

Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Replaced TR-17 (exposed plenum) TC. Replaced bubbler #1 TC.
Two new bubblers, bubbler #3 and bubbler #4, were made and new TC installed in them.
Secured power to electrodes to reconfigure firing pattern. Restored power to electrodes (firing side by side).
Raised electrode power first to 90W then 100 kW.
Installed four lance bubblers between 11:23 and 12:00 while power was secured to reconfigure firing pattern.
Bubbler #1 was installed in port A-1.
12/10/2001 Bubbler #2 was installed in port A-3
Bubbler #3 was installed in port D-1
Bubbler #4 was installed in port D-3
HLW AZ-101 Bottoms of the bubblers were 6" below bottom of the side electrodes.
(6/25/01-7/2/01, Repaired west electrode silicone gasket by applying 4" bead of RTV (room temperature vulcanizing silicon).
7/23/01-8/1/01, Feed tube B gasket was missing; installed silicone gasket, which caused a gain of approximately 1.2" W.C. in
8/6/01-8/11/01, melter vacuum.
8/20/01-8/25/01, Relocated the melter pressure measurement port from D-3 to emergency off-gas line; connections were made
VSL-02R0100-2 9/25/01-10/1/01, for melter pressure sensor and exposed plenum TC.
10/11/01-10/17/01, Replaced film cooler regenerative blower, MM-RGB-B-102 with new blower due to the damaged bearing.
10/22/01-10/27/01, 12/11/2001 Installed melter pressure control air (i.e. dilution air) system. System included the following.
10/29/01-11/2/01, a. PAXTON blower (OG-DA-B-301) with variable frequency drive.
11/5/01-11/10/01) b.  Air flow indicator/transmmitter.
¢. Fast acting diverter valve, driven by compressed air and controlled based on melter pressure.
Placed electrode bubbler air flow through rotameters and turned off power to electrode bubbler mass flow
12/15/2001 meters.
Installed a new TC in melter pressure dilution air pipe and installed a pitot tube upstream of TC.
12/17/2001 Removed lance bubblers #1, #2, #3, and #4.
12/18/2001 Reconfigured electrodes to fire from side to bottom.
12/19/2001 Disconnected power to discharge chamber, replaced two heating elements and two heating sleeves, and restored
power.
1/4/2002 Replaced discharge chamber heating elements 1A and 1B.

T-36
88



ORP-51434, Rev. 0
The Catholic University of America
Vitreous State Laboratory

Summary of DM1200 Operations at VSL
Final Report, VSL-06R6710-2, Rev. 0

Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

VSL-02R8800-1

LAW Envelope C1
with cesium and
hazardous organic
compounds
(1/7/02-1/15/02)

1/7/2002

Installed lance bubblers #1, #2, #3, and #4. Bottom of bubblers were 6" below bottom of side electrode. A new
TC was installed for the exposed plenum temperature measurement, MM-33{{-TR-17. Replaced the riser TC
(MM-XXX-TR-08).

1/16-17/2002

Removed transition line bellows. Only slight coating of material was observed in transition line bellows.
Transition line bellows were reinstalled after cleaning. Inspected film cooler. Found large amounts of dry feed
build-up on TC (~ ' pipe diameter) and also in section of pipe above transition line into dilution air port. TC
was removed and cleaned.

Removed TW #2. Observed what appeared to be a few more arcing marks on the lower end of the tube. Took
photographs and reinstalled TW # 2.

Secured power to remove lance bubblers and reconfigure electrode firing pattern.

Lance bubblers #1 and #2 showed significant signs of crystallization/pitting and slight bow at bottom 6 to 12".
Lances bubblers #3 and #4 were in good condition. Photographs were taken.

VSL-02R8800-2

LAW Envelope Al
with cesium,
cadrmium,
selenium and
hazardous organic
compounds
(2/27/02-3/1/02,
3/3/02-3/6/02,
3/18/02 -3/20/02)

2/20/2002

Started preparations to install new lance bubblers and change electrode power configuration/tap. Lance
bubblers #1 and #2 were replaced with new lance bubblers. New TCs were also installed with the new lance
bubblers.

All four lance bubblers were installed.

Installed plenum exposed TC of MM-XXX-TR-17.

2/25/2002

Inspection of TW #1 showed a slight bow approximately 14" from the bottom. Photographs were taken;, TW #
1 was reinstalled.

2/26/2002

Replaced TC of MM-XXX-TR-17. Since the TC was not of the correct length, it was removed and installed at a
later date.

Added a switch to off-gas and melter 1abVIEW systems to change the save location of the data file to the local
hard drive should network server be down.

Added control air flow calculation to labVIEW.

Changed many of the instrument cabling to shielded cable in order to reduce the noise in the signal for the
following instruments:

MM-AR-PR-202 (melter pressure — off-gas labVIEW), MM-XXX-PR-200 (melter pressure - melter labVIEW).
The melter pressure measurement (MM-AR-PR-202) output values were averaged over ~ 0 s intervals p in the
off gas 1abVIEW program and the average value signal was transmitted to a CN 7600 series Omega PID
process controller to control melter pressure. The melter pressure control range was set to 0-15 inches W.C.
The controller was set to maintain melter pressure based on the set point value entered into the controller. The
imitial amount of control air flowing into the melter was 40-50 SCFM; this amount was varied to maintain
melter pressure.

2/27/2002

Installed a new TC for MM-XXX-TR-17.

Cocling jacket for Paxton blower failed because 1t was not made of corrosion resistant material. Based on
recommendations from the manufacturer, modifications were made to the blower so that it could be operated at a
higher temperature without coclant.

3/3/2002

Replaced plermm exposed TC of MM-XXX-TR-17. Inspected and verified that the film cooler (FC) had only
minor build-up on walls.

T-37
89



ORP-51434, Rev. 0
The Catholic University of America Summary of DM1200 Operations at VSL
Vitreous State Laboratory Final Report, VSL-06R6710-2, Rev. 0

Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Secured power to reconfigure electrode firing to side to bottom. Removed lance bubblers and TW #2. Secured
power to lance bubbler mass flow controllers based on vendor recommendation to secure power to the mass
flow controllers when air is not flowing through them. Restored power. Digital photographs were taken of
lance bubbler #2.

3/7/2002 Removed the level detector and stopped argon flow.

Reinstalled TW #2.

Removed TW #1 for inspection.

Secured power to replace discharge heaters 2A and 2B with new elements.

Power was restored.

Replaced fuse on discharge heater circuit 2, which controls heaters 2A and 2B.

Replaced the heating elements of the discharge chamber heaters 2A and 2B.

Visual inspection of level detector showed damage to the ends of both glass submerged pipes. On the longest
pipe " of half the diameter of the pipe was missing, and there was a split in the pipe ~2" up the pipe. On the
second longest pipe about the same amount of metal was missing, but no splitting. Also, there was significant
crystallization and pitting. Overall lengths of the pipes were still as specified in the drawing. Digital
photographs were taken. Inspection of TW #1 showed slightly more crystallization than during the previous

3/8/2002

LAWﬂElnvel_ope ul inspection. No significant crystallization or heat damage was noticed. Photographs were taken.
Wéa dfr:ﬂnnn’ Replaced TW #1 and TCs. Secured electrode power to install new TW #1. Power was restored.

Cooling liquid was added to the secondary cooling system to raise the inlet water pressure of the chilled water
pumps MCL-CW-P-402A/B from 1 psi to 20 psi. The system was not working properly, and ~ 2 gallons of
3/11/2002 liquid was removed to bring the inlet water pressure down to ~10 psi. Cooling system was a closed loop system
with an expansion tank; adjustments were made on an as-necded basis.

After replacing EOG pre-filters, melter vacuum was about -0.3 “WC.

Removed transition line bellows for inspection.

Took digital photographs of transition line from melter to SBS before and after cleaning. No significant solids
build-up was observed. Small amount of solids were seen in the bellows, which was typical. Bellows was
reinstalled.

Secured power and reinstalled level detector. Power was restored.

selenium and
VSL.-02R8800-2 hazardous organic
compounds
(2/27/02-3/1/02,
3/3/02-3/6/02,
3/18/02 -3/20/02)

A%0002 Found erratic melter level and density readings. Investigation showed that argon supply was off. Restored
argon flow and readings returned to normal.
Film cooler and transition line were cleaned.
A second EOG HEPA housing was installed.

3/15/2002 A pressure regulating valve was installed at the inlet of the ammonia system regenerative blowers to control air

flow.

Investigated unusual melter pressure and film cooler DP readings and found damage to the EOG vent line

{~20" of pipe missing from EOG vent pipe insertion into the melter), and extensive corrosion of pressure sensor
3/18/2002 line that was connected to the EOG vent line. Tempeorarily plugged port while new sensor pipe was fabricated.
The EOG went line was replaced.

TC of MM-XXX-TR-17 was also replaced.

Secured electrode power to remove lance bubblers and change electrode firing pattern to side to bottom.
Re-energized the electrodes. Lance bubblers #1 - #4 were removed, and photographed

3/21/2002
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Removed MM-XXX-TR-17 and MM-XXX-PR-200 from EOG port. Large amount of solids build-up was
3/22/2002 observed in vertical and horizontal sections of EQG piping. Solids from the vertical section were cleaned and
put in the melter. Horizontal was still blocked at the 45° bend and was cleaned by vacuuming.

Secured melter electrode power to facilitate cleaning of EOG piping.

Removed solids in EOG line with a vacuum cleaner with stainless steel flex hose. Sample of the removed
material were taken.

3/26/2002 Opened manual EOG vent valve, MM-EOG-V-403 and found piping packed with material resembling
conerete. Cleared valve and removed piping at upstream flange. Material found packed solid past next “T™
fitting. Removed and cleaned the EOG vent line.

Re-energized electrodes.

Continued EOG vent cleaning. Main EOG valve, MM-EOG-V-401 had large amount of solids build-up on
damper and pipe downstream, ~ 3" build-up at the bottom of the pipe. Upstream pipe was coated with a thin
layer of material. Digital photographs were taken.

Finished cleaning MM-EOG-V-401 valve and piping. Changed EQG filters.

4/3/2002 Removed and replaced EOG HEPA filters on MM-EOQG-F-402 EQG HEPA train.

Replaced pre-filters and HEPA filters in both MM-EQG-F401 and MM-EOG-F-402 EOG HEPA trains.

3/27/2002

LAW Envelope Al Transition line and film cooler were removed; digital photographs were taken. Observed solids build-up on the
: AL 4/5/2002 film cooler. There was significant corrosion damage to the bottom of the film cooler. The transition line piping
with cesium, : ; : R
: had ~1/16" - 1/8" build up on pipe wall umformly along entire piping.
cadmium, . . :
— Small sections of film cooler bottom were collected for analysis by microscopy.
: Cleaned film cooler with water. This was only marginally successful. Majority of solids remained. Tried to
VSL-02R8800-2 hazardous organic : = . : : . :
compounds 4/6/2002 remove materials by chipping with hammer/chisel with marginal success. Collected sample of removed solids
(2/27/02-3/1/02 for analysis. Digital photographs were taken.
3/3/02-3/6/02, ’ 4/8/2002 Melter pressure became positive; switched to EOG HEPA train MM-EOG-F-401.
3/18/02 -3/20/02) A/11/2002 Secured power to change TCs of MCL-CW-TR-410, TR-411, TR-406, TR-409, TR-413, TR-415, TR-416 and
TR-418, all used to measure temperature of chilled water supply to the melter.
4/29/2002 Removed air-lift for inspection. Inspected the airlift and noticed some arcing on the bottom end of the lance.

Photographs were taken.

5/1/20002 Cooling panel back-up pumps and dam wall regenerative blowers were tested. They were all working properly.
Installed power switch ATS-10A (Automatic Transfer Switch).

{In the event of a power failure, AT S-10A switches to the first source of electrical power available. When both

S sources of power are available, it uses the normal power source. If normal power fails, ATS-10A switches to
EMErgency power.)
5/3/2002 Restored dam cooling to normal RGE supply and disccn_mected temporary B-301 air supply connection.
Replaced HEPA and pre-filters on both EOG HEPA trains.
ATS wiring was completed. Secured power to melter electrodes and discharge heaters and placed diesel
5/3/2002 generat_or in “OFF” position to complete wiring modifications.
Operation of ATS-10A was performed.
Power was restored to melter and the discharge heaters. Diesel generator was placed back in “Auto” control.
5?’/1164/2%%(12 Effect of a bulb on air flow through the bubbler was tested.

5/15/2002 Changed EOG HEPA train MM-EQG-F-4011filter and pre-filter.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

5/17/2002 Changed EOG HEPA train MM-EOG-F-402 filter and pre-filter.

VSL-02R8R00-2 5/21/2002 Noticed that heater #5 in discharge chamber had burned out.

6/13/2002 Switched the EOG exhaust trains. Replaced pre-filter on MM-EOG-F-401 EOG HEPA train.

Installed new film cooler and re-piped the dam wall outlet air into the film cooler. Installed a new film cooler

6/21/2002 TO
Replaced EOG train MM-EOG-F-402 HEPA with a high temperature stainless steel filter.
6/22/2002 Noticed that melter pressure was at 0.00" W.C. Piping dam wall outlet air to film cooler may be the cause of

lack of melter vacuum. Momentarily switched dam wall outlet air valve through EOG, and vacuum went to -
0.24" W.C. Switched the valve back so that dam wall outlet air flow was through film cooler.

Installed HEPA filter and pre-filter in EOG HEPA train.

Performed instrument calibration and loop calibration on:

7/2/2002 MM-0OG-DPR-002, MM-AR-DTR-201, MM-AR-PR-201, MM-AR-LTR-201, MM-OG-DPR-001, MM-XX-
PR-200, OG-B-FIR-301, MM-AR-PR-202, MM-OG-DPR-002, glass density and glass level.

Removed the pancake flange from the transition line.

7/8/2002 Reduced power from 65 to 60 kW for core dnlling of melter lid.

Secured power to electrodes to begin core drill evolution, utilizing rented air compressor.

7/10/2002 Core drilling complete. Restored power. Shut down off-gas system.

Switched electrode power to “Auto”.

Placed both EOG HEPA trains in service.

HLW AZ-101 Inspected EOG port. Vertical section was clean, horizontal pipe was ~ %4 blocked. Rodded as much as possible
(7/23/02-8/1/02, of the solids into the melter.
VSL-03R3800-4 9/9/02-9/18/02, 7/12/2002 Inspection of EOG TC showed no visible damage.
9/23/02-10/02/02, Removed MM-EOQG-V-403 valve (Manual EOG vent/dilution air valve). No clog was observed downstream of
10/7/02-10/12/02, EOG valve MM-EQG-V-401, emergency vent valve. Replaced valve, MM-EQG-V-403 due to corroded ball
10/15/02-10/24/02, and seat.
Replaced the clements of discharge chamber heaters 5A and 5B with new elements. Heater 5B failed due to
7312002 | Tacture.

Made a modification to EOG control circuit. Durning automatic system operation the dilution valve would open
with a time delay. Replaced MM-XX¥-TR-10 TC.

Secured power. Removed TW #2 for inspection. Minor arc spots and minor crystallization were observed.
Photographs were taken.

Power was restored.

Secured power to reinstall TW #2. Restored power.

Installed a 100 — 3000 CCM flow meter for the film cooler water wash line.

Installed film cooler water wash line nozzle at 40 psi.

Transition line was cut on the bend with pipe support added down to the melter so the film cooler could be
removed without taking down the entire transition line.

Cut hole in the lid, welded flange in the center of the melter 1id and core drilled for ADS feed tube.

Installed new instrumentation and exposed plenum TC in melter port B-3 and recommected all instrumentation.
Installed a manual 4" blast gate valve (with an in/out sliding piece of metal) on the end of the emergency
dilution air pipe.

7/15/2002
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Installed new thermocouple in riser air lance MM-XX3-TR-08. TC was inserted to a depth of 14" above the
bottorn of the air Lance.

7/17/2002 Replaced filters and pre-filters of both MM-EOG-F-401 and -402 EOG HEPA trains.

Inspected EOG lines. Horizontal section of the EQG line was clear. The vertical section was partially clogged
7/20/2002 up to the “T™ section. Air flow still had about 90% open flow path. The material was removed. Took sample of
solids found blocking EOG dilution air valve.

Secured power to replace lance bubblers with “T” type bubblers. Thermocouples were installed in lance
bubblers #1 and #2.

Removed TW #1 for inspection.

Lance bubblers #1 and #2 were replaced with “J” bubblers to the same depth. After TW #1was removed, power
7/22/2002 was restored.

Inspection of TW #1 showed sigmficant crystallization and signs of conduction of electric current. Caliper
measurements were taken. Inspection of removed bubblers showed some crystallization with arcing spots on
lance bubbler #2. Photographs were taken.

Secured power to install TW #1. Power was restored after installing TW #1.

Repaired discharge chamber heater circuit 4A and 4B. Replaced the heating elements of heaters 4A and 4B
with new elements. Heating element of heater 4A had failed. Also repaired several overheated heater
7/24/2002 connections. An external fan was added to help remove radiant heat. A different type of material ring terminals

7/16/2002

HLW AZ-101 ordered to replace all connection ends.
(7/23/02-8/1/02, Ran back-up generator for 30 minutes.
VSL-03R3800.4 | 2/9/02-9/18/02, 773172002 | Replaced MM-XXX-TR-13 TC.

9/23/02-10/02/02,
10/7/02-10/12/02,
10/15/02-10/24/02

TW #land #2 were removed for inspection. Initial inspection TW #1 (before glass coating shattered) showed
unusually large deposits, which have not been observed previously, on electrode side of TC.

Closer observation of deposits on TW #1 showed a metallic appearance and was collected for analysis.

Visual inspection of both TW #1 and #2 showed significant degree of crystallization in the section exposed to
the electrode. TW #2 appears more degraded than TW #1. TW #1 had an unusual shiny coating on the bottom
3" of the TW. Significant signs of arcing were observed on the bottom end of both TWs. Photographs and dial
caliper readings were taken of both.

Decision was made to replace both TW #1 and #2. Fabrication was started.

Since the new TW #1 was shortened, TC of MM-XXX-TR-04 was replaced with a shorter TC. Existing TC for
MM-X3X-TR-13 is now MM-XXX-TR-15. Both TW #1 and #2 were reduced in length from 76 14" to 67 14",
Also TC for MM-XXX-TR-18 was removed. Glass pool temperature average now uses MM-XX3X-TR-01, -02,
203,-12, -13 and -14.

In the new configuration:

TCs of MM-333{-TR-01 and MM-XXX-TR-12 are 13" from melter floor.

8/8/2002 TCs of MM-XXX-TR-02 and MM-XXX-TR-13 are 15 4" from melter floor.

TCs of MM-3X3-TR-03 and MM-XXX-TR-14 are 18" from melter floor.

TCs of MM-3X3XX-TR-04 and MM-XXX-TR-15 are 27" from melter floor.

Plenum TCs are unchanged.

In addition to shortening the TW, a 16" quartz sleeve was inserted to insulate TCs of MM-XXX-TR-01,-02, -
03, -12.-13, -14 from TW wall.

Removed pancake flange from the transition line. Reinstalled gasket and secured the bolts.

8/5/2002
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

8/9/2002 Switched to MM-EOG-F-401 EOG HEPA train. Decided to replace EOG HEPA pre-filter on the other train.
8/12/2002 Replaced MM-EOG-F-402 EOG HEPA train pre-filter. Observed build-up before pre-filter.

8/12/2002 Verified the TW #2 TC readings.

8/13/2002 Discharge chamber heaters 3A and 3B failed.

Heating elements of discharge chamber heaters 1A, 1B, 7A and 7B were replaced with new elements. Modified
heating element sleeve by splitting it in half. Removed top half of the alumina insulation inside the Kanthal
8/16/2002 protection tube covering cach heater element. The reason for removing the upper half of the alurmina sleeve was
to reduce failure due to high temperature caused by the excessive insulation

Switched from EOG HEPA train MM-EOG-F-401 to EOG HEPA train MM-EOG-F-402.

8/17/2002 Replaced pre-filters and HEPA filters on both EOG HEPA trains.

Bubbler in port D-1 and TW in port D-2 were removed. Lance bubbler #2 showed some high temperature
(arcing) at the tip, on the bend, and just above the bend. No crystallization was observed. Photographs were

taken.
TW #2 showed no physical damage but did show an indentation on the pipe (full circumference) at the glass
HLW AZ-101 surface interface. Photographs were taken.
(7/23/02-8/1/02, Coupons were installed on both the lance bubbler and TW #2. Photographs were taken.
VSL-03R3800-4 9/9/02-9/18/02, TW #2 and lance bubbler #2 were installed.

9/23/02-10/02/02, Secured power to discharge chamber for repairs.

10/7/02-10/12/02, Replaced the heating elements of discharge chamber heaters 3A, 4A, 4B and 5A with used elements.

10/15/02-10/24/02 All of the heater elements were removed for inspection and resistance measurements were taken at room

temperature of the elements that were reinstalled. A Tektronix modsl TX1 True RMS Multimeter was used for
this purpose. The ceramic (alumina) isolator was split lengthwise to allow for a greater amount of radiative heat
loss to lower the average temperature in the heating zone of the heating elements. This was implemented to try
and prevent the failure mode observed with some of the past heater element failures. Metal sheaths of the
following heating elements were significantly warped: 1A, 2A, 2B, 3A, 4A, 7A and 7B. The ceramic insulators
for these heating elements were again cut in half lengthwise to allow better fit inside the warped metal sheaths.
Two cylindrical tube sections were placed around all of the heating elements to prevent the elements from
melting the ceramic insulators and to prevent the heating element from touching the metal sheaths at the top.
This tube, which was ~3/8" wide at the connection end and ~1" wide at the heating zone tip had a high alumina
content. This material had good insolating propertics. All heater power leads showed various degrees of
overheating at the conductor - terminal connection. So all of the heater power lead connections were redone
using 1200 F nickel-plated steel crimp on ring terminals. These replaced the 195 F aluminum set serew ring
terminal connectors.

Restored power to the discharge chamber.

8/20/2002
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Removed level detector and replaced with new level detector with coupons attached.

Outside diameter caliper readings were taken of the old level detector.

8/21/2002 Removed level detector showed significant crystallization and loss of pipe outside diameter. Radial cracks were
observed on both level detector pipe (7" from end) and density pipe (1 14" from end). Photograph and caliper
readings were taken.

While attempting to open MM-EOG-F-401, EOG HEPA filter outlet isolation valve-damper (MM-EOG-V-
405), the damper stem fell into the ductwork. (Damper stem was broken). MM-EOG-F-401 was opened.
Removed EOG damper (MM—EOG-V-405) from the ductwork. In MM-EOG-V-401, no clogging was found.
MM-EOG-F-402 filters were marked for replacement.

Installed a new level detector with coupons.

8/26/2002 LabVIEW calculations for glass level were modified for new detector pipe dimensions. Level detector was
placed in service.

8/27/2002 Performed functional/operational test of cooling water system and diesel generator.

Completed high temperature switch testing for the cooling system. Chilled water return high temperature
switch TSH-105 and supply city water high temperature switch TSH-107 were tested for their functionality.
Removed airlift lance. Maintained air flow in an attempt to remove and replace TC. Air flow was maintained
9/4/2002 for glass to flow out and to keep the lance open.

8/22-23/2002

9/3/2002

HLW AZ-101 Air lance outside diameter caliper readings were taken.
(7/23/02-8/1/02, 9/5/20072 Performed loop calibration of MM-BB-TR-01 and TCs of MM-XXX-TR-
0/6/02-9/18/02, -19, -10, -05, -01, -02, -03, -04, -06, -16, -11,-08,-12, -14, -15, -07, -23, -21, -22_-09 and -13.
VSL-03R3800-4 9/23/02-10/02/02, Removed TW #land lance bubbler #1. Coupon closest to bottom of bubbler had broken off during cooling.
10/7/02-10/12/02, Outside diameter caliper readings were taken of lance bubblers #1 and TW #1.
10/15/02-10/24/02 0/6/20072 Bubblj&< #1was reinstalled without re-attaching coupon. TW #1 was inspected and reinstalled. Photos of both
were taken

Coupons were installed on air lift lance.

Replaced air lift TC MM-XXX-TR-08 with a new one.

Reinstalled MM-XX3-TR-17, plenum expossd TC.

9/9/2002 Installed corrosion coupons in the film cooler and transition pipe

Lance bubbler #1 and #2 backpressure transmitters were added (0 -15 psi).

Completed control air control upgrades. Input to controller is MM-AR-PR-201 (melter pressure for the EOG
system).

9/16/2002 Diesel generator weekly test run was completed.

Removed TW #2 and lance bubbler #2. Nothing unusual noted. Outside diameter caliper readings of lance
9/20/2002 bubbler #2 were taken.

Qutside diameter caliper readings of TW #2 were taken.

Weekly test of diesel generator was completed. Completed test of MCL-CW-P-402 B and -403B chilled water
pumps.

Missing coupons of lance bubbler #2 were remounted.

TW #2 and lance bubbler #2 were reinstalled.

Checked exposed plenum TC. It was functional.

Replaced TC of MM-XXX-TR-15 due to erratic readings.

9/11/2002

9/23/2002
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Removed TW #1 and lance bubbler #1. Lance bubbler #1 showed pitting after the bend (the corner) at the end
about 4" long and farther up at 13" from the bottom. There were two hot spots close together plus some
crystallization from 8" to 22" from the bottom. Photographs were taken.
There was Joule heating signs at 0 to %" from the bottom of TW #1. No other spots or crystallization were
noticed on TW #1.
Outside diameter caliper readings of lance bubblers #1 were taken.
Outside diameter caliper readings of TW #1 were taken.
Lance bubbler #1 and TW #] were reinstalled.
Installed mamual rotameter flow meters for lance bubblers #1 and #2. (MM-CA-FIC-012, -013).
10/7/2002 Replaced RGB/film cooler domestic water totalizer (RGB-DW-FIT-215).
Performed back-up chilled water pump and back-up dam wall regenerative blower tests.
Removed manual bubbler mass flow controllers MM-CA-MFR-001, -004, -005, -010, -011, -012, and -013 for
10/9/2002 . I
offsite calibration.
10/12/2002 Removed lance bubbler #2 and TW #2.
While trying to measure dimensions of lance bubbler #2 and TW #2, found too much residual feed on both.

10/3/2002

HLW AZ-101 Reinstalled both into the melter to melt residual feed.
(7/23/02-8/1/02, 10/13/2002 Removed lance bubbler #2 and TW #2 again. After bubbler was removed, one of the lower coupons came off.
9/9/02-9/18/02, Photographs were taken.
UELAIAR A0 9/23/02-10/02/02, Qutside diameter caliper readings of TW #2 were taken.
10/7/02-10/12/02, 10/14/2002 Installed lance bubbler #2 and TW #2.
10/15/02-10/24/02 Installed a new TC in lance bubbler #2.

10/15/2002 MM-X3X-TR-17 exposed plenum TC was inspected and reinstalled.

10/15/2002 Back-up chilled water pumps & diesel generator tests were completed.

After troubleshooting melter pressure indication, found that 24 volt DC power supply nesded to operate the
10/16/2002 pressure transmitter was overloaded. Added another power supply.

Replaced RGB/film cooler water totalizer with a model of 0-3 lpm capacity (RGB-DW-FIT-215).

During glass discharge operator noticed that knife gate valve was closed; immediately secured discharge and
attempted to open knife gate valve. Since the valve had warped, it was necessary to loosen the nuts around the
valve body before it could be opened. Removed glass from the valve body, verified that glass discharge path
10/17/2002 was clear, and replaced discharge can. This happened because the interlock that should have prevented glass
discharge, while the gate was closed, did not work.

Repaired limit switch for discharge chamber knife switch.

Replaced MM-X3{-TR-02 TC.

10/22/2002 A start up test was performed on all cooling panel motors including backups.

10/24/2000 Photographs were taken of coupons inside the transition piping. Transition line itself appeared mostly clean.
Some debris around the bellows was removed.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

VSL-03R3800-4

HLW AZ-101
(7/23/02-8/1/02,
9/9/02-9/18/02,

9/23/02-10/02/02,
10/7/02-10/12/02,
10/15/02-10/24/02

10/28/2002

TW #2, air lift and level detector were removed for inspection and coupon removal. Removed coupons from
discharge chamber.

Took photographs of air lift from bottom to 31" up. The metal appeared somewhat pitted. Also, there was a
greenish color to the pipe up to~-31" (it has greenish tint to it). A small amount of crystallization also was
observed in this region. Between 27" — 31" there was heavy pitting and between 18" - 23" there was a bend in
it. Adr lift outside diameter caliper readings were taken.

Outside diameter caliper readings of lance bubblers #1, #2, #3 and #4 were taken.

Inspection of TW #2 showed slight crystallization. No sign of arcing. Photographs were taken.

Outside diameter caliper readings of TW #1 and TW #2 were taken.

Inspection of level detector showed no signs of degradation. Photographs were taken.

Inspection of airlift showed no sign of degradation. Photographs were taken.

TW #2, airlift, and level detector were reinstalled.

10/29/2002

Removed lance bubbler #1, lance bubbler #2 and TW #1.

Inspection of lance bubbler #1 showed slight narrowing at tip with minor crystallization. Photographs were
taken.

Lance bubbler #2 had similar appearance as lance bubbler #1. Photographs were taken.

TW #1 showed slight crystallization with only minor indication of arcing. Photographs were taken.
Installed lance bubblers #1, #2, #3, #4 and TW #1.

Installed TCs of MM-3X3X-TR-01, -02, -03, -04 and -05 in TW #1.

Replaced HEPA and pre-filter in EOG HEPA train MM-EOG-F-402.

11/1/2002

Installed a new TC inlance bubbler #2, MM-BB-TR-02.
Removed discharge chamber knife gate valve; replaced the gate with a piece of 1/8” TK 601 inconel plate and
reinstalled the valve.

11/3/2002

Replaced plenum exposed MM-X33-TR-17 TC with a new one. Inserted the MM-XXX-TR-17 TC 17" below
the lid

VSL-03R3851-1

LAW Envelope Bl
with hazardous
organic
compounds
(11/4/02-11/8/02)

11/4/2002

Replaced 2 “J” type lance bubblers with 4 “L” type lance bubblers.

Removed all glass corrosion coupons.

Replaced exposed plenum TC.

Installed 2 more (total 4) back pressure transmitters for 4 lance bubblers.

Melter LabVIEW software was changed to revision VI.

Removed transition line pancake flange and tightened film cooler flange bolts.

Repaired damaged TC wire of MM-XXX-TR-17.

Zeroed all blow-down and water addition totalizers.

Reinstalled all mass flow controllers previously removed for calibration. Added lance bubblers #3 and #4 back
pressure transmitters to melter labVIEW.

11/8/2002

Outside diameter caliper readings of the “I” type lance bubblers #1, and #2 were taken. They appeared the
same as during the inspection on 10/19/2002. Glass was adhering to the bubblers, making it difficult to get
good dimension measurements. Readings near the tip were taken to determine the severity of loss there.
Removed lance bubblers #2 and #3 for inspection and caliper measuraments (“L.”" type).

11/9/2002

Photographs of lance bubblers #2 and #3 were taken. Inspection showed various spots on both bubblers, and
some minor pitting on lower 20" of bubblers. Took caliper readings on lance bubblers #2 and #3.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Increased power from 75 to 80 kW in preparation for bubbler installation and transformer tap change from 224
Vio 168 V.

Tested RGB electronic valve for film cooler washing. Verified timer and flow were correct for 5-liter water
flow. Since the existing nozzle could not be cleaned, installed a new spray nozzle for film cooler wash line.
Tested (electric valve with timer) flow rate and adjusted rotameter to flow 1 liter of water per minute.
11/11/2002 Installed “J” bubblers in ports A-3 and D-1. Increased discharge heater power from 12 to 14 kKW.

LAW Envelope Bl Replaced upstream film cooler inlet air temperature (MM-RGB-TR-201) TC.
with hazardous Replaced exposed plenum TC (MM-XXX-TR-17). Note: ~ 6" was missing from the “OLD” TC.
VSL-03R3851-1 organic Film cooler was inspected.
compounds Replaced “L” type lance bubblers in ports A-3 and D-4 with “J” type lance bubblers.
(11/4/02-11/8/02) Added upstream film cooler inlet air temperature, MM-RGB-TR-201 to the melter data file.

11/13/2002 Changed voltage connections from 224 V tap to 168 V tap.

Removed lance bubblers #1, #2, #3, #4 and TW #2.

Installed “J” type lance bubblers #2 and #3 with new TCs.

Inspected and took photographs of lance bubblers #1, #2, #3, #4 and TW #1 and #2. Only visible damage was
an arc spot on lance bubbler #4 at about 12"-14" from the bottom.

11/16/2002 Installed coupons on both sides of the transition line.

Installed new TCs MM-XXX-TR-12, -TR-13, -TR-14, -TR-15 and -TR-16 in TW #2.

Caliper readings of TW #2 were taken

Outside diameter caliper readings of lance bubbler #1 (L type), lance bubbler #2 (J type), lance bubbler #3 (J
type) and lance bubbler #4 (L type) were taken.

TW #2 was installed.

Exposed plemum TC was inspected and reinstalled.

Discharge coupons were reinstalled.

Replaced TCs of MM-XXX-TR-12, -13 and -14 with multi TC set.

Removed lance bubbler #1 and TW #1 for inspection.

Inspected film cooler. Tt appeared clean and smooth with no-build-up. Photographs were taken.

Inspection of TW #1 did not reveal any new damage or bends. Photographs taken.

Outside diameter caliper readings of TW #1 and TW?2 were taken.

“I"” type lance bubbler #1 lost two coupons due to removing adhering glass with hammer. Other than that the
bubbler looked good with no apparent damage. Photographs were taken. Outside diameter caliper readings of
“I”” type lance bubbler #1 were taken. Decided to leave bubblers out until coupons were reattached.

TW #1 was reinstalled.

Removed the pancake flange from film cooler outlet. Replaced two damaged bolts.

11/28/2002 Due to unusual noise from chilled water (CW) pump, MCL-CW-P-402 A, switched from CW pump MCL-CW-
P-402 A to CW pump MCL-CW-P-402B.

Lance bubbler #2 was removed for coupon inspection. All 6 coupons were still attached. Some of the coupons
became detached during removal of glass adhering to the outside of the bubbler. The bubbler appeared to be in
good condition, except for minor signs of high temperature at bend (bottom side) of “I”. Outside diameter
12/3/2002 caliper readings of the bubbler were taken.

Performed operational test on the chilled water pump MCL-CW-P-402 A. Did not observe any noise. Pump
outlet pressure gauge removed and tested. Chilled water pump MCL-CW-P-402B was placed in operation with
MCL-CW—-P-402A CW pump in back-up.

11/15/2002

11/18/2002

HLW AZ-102 11/27/2002
VSL-3R3800-2 (11/18/02-
11/27/02)
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Temporary EOG installation was completed in preparation to remove the existing off-gas duct pipes.
12/4/2002 Replaced both EOG HEPA filters and pre-filters.

Installed temporary “W.C. differential pressure indication (0-10”) on both EOG HEPAs.

12/11/2002 Installed lance bubblers #1 and #2 with attached corrosion coupons.

Since building compressed air supply was not fiinctioning properly, dilution air could not be supplied prior to
EOG HEPA. Therefore, a hole was cut in the line prior to EOG HEPA to reduce exhaust gas temperature to
12/16/2002 about 180 °C.

EOG dilution air valve became functional. Temporary hole to supply dilution air at the EOG HEPA inlet
sealed.

12/17/2002 DMI1200 off-gas duct pipes were removed.

Temporarily closed EOG to modify ductwork for gas sample ports to be installed.

HLW AZ-102 12/18/2002 EOG returned to service.
VSL-3R3800-2 {11/18/02- Level detector and airlift were removed, and coupons were installed.
11/27/02) EOG sampling/testing was performed.

12/19/2002 Reinstalled level detector and airlift.

Back-up air compressor was placed in service because main air compressor could not be started.
Adjusted EOG dilution air valve-damper to gain more melter vacuum.

Tied-in EOG duct work to permanent piping.

1/6/2003 Replaced temporary EOG HEPA pre-filters.
Replaced EOG HEPA filters.
1/9/2003 Installed pre-filter and filter in both new EOG HEPA housings.
1/13/2003 Installed pancake flange in the transition line.
1/16/2003 An automatic sw*_itching pancl was i_nstalled for the roof blowers_, including an upgraded damper mechamsm.
Panel had alarm interlocks and received power through automatic transfer switch, ATS-10A system.
1/21/2002 Weekly test of diesel generator and cooling pumps was completed.
/2812003 ~ 30 minutes _since the main compressor was switched off for maintenance and the back-up compressor did
HLW C-106/AY- not come on line.
VSL-03R3800-1 102 Installed pancake flange on the transition line.
{1/22/03-1/31/03) 2/1/2003 Lance bubblers #1 and #2 and TW #2 were removed. One of the coupons on lance bubbler #1 became

detached after removal.

Outside caliper readings of lance bubbler #1 (“J” type) and #2 (“T” type), and TW #2 were taken.

Inspection of TW #2 showed moderate pitting and crystallization. Photographs were taken. Inspection of lance
bubblers #1 and #2 showed no signs of arcing or crystallization. Photographs were taken.

Ly Performed a test to simulate a broken belt on the roof blower for the DM 1200 off-gas system. Responses of 5
HLW C-104/AY- pressure indicators were used to evaluate the response of the system to roof blower PLC {programmable logic
VSL-03R3800-3 101 controller) control program. The system response was acceptable.
(2/19/03-2/28/03) Auarlift and level detector were removed. Discharge chamber exhaust pipe was removed for inspection for
build-up.
2/10/2003 Inspection of discharge chamber exhaust pipe showed a lot of dry solids in the flange opening, coming off the

top of the chamber where there was an inner reduced flange with a 14" opening. There were some solids in the
opening by the EOG piping. Pipe itself appeared to be clear. Photographs were taken. Pipe was reinstalled.
Completed diesel performance test.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

2/11/2003 Replaced pre-filter and HEPA filter in EOG HEPA train, MM-EQG-F-401.

Inspection of airlift showed 4 circumference crack in pipe just above the larger pipe at the bottom. While
moving residual glass for further inspection with needle gun, tip broke off completely. Tip had visible arc
spots. Photographs were taken. All coupons were still attached to the airlift.

Level detector outside diameter caliper readings and air lance outside caliper readings were taken.
2/19/2003 Raised airlift lance 3" from previous insertion depth.

Replaced existing Omega Controller Model CN7600 used with control air system to a series 8600 Love

2/12/2003

S Model 8600 controller that is a newer PID (proportional integral derivative) controller.
2/25/2003 Performed test on back-up dam wall regenerative blower and back-up chilled water cooling pumps.
2/27/2002 Replaced TC of MM-XXX-TR-21.
3/3/2002 Installed the pancake flange in the transition line.
Lance bubblers #1 and #2 and airlift air lance were removed.
Visual inspections of lance bubblers and airlift air lance were made.
Lance bubbler #1 had all corrosion coupons still attached. Metal loss was visible on “I” section (O.D.
3/4/2003 significanfly less than remainder of pipe). No sign of crystallization was noted. Tip was very rounded.
Lance bubbler 2 appeared similar to lance bubbler #1.
Airlift showed signs of some arcing on bottom tip. No metal degradation was observed. Caliper readings and
photographs were taken.
Film cooler and sections of transition line were removed for inspection.
HLW C-104/AY- Total of ~4.5 kg of solids were removed from the film cooler, 4 sections of the transition line and transition
VSL-03R3800-3 101 line bellows. Light coating of solids was seen in the film cooler pipe walls. Inlet of the film cooler showed
(2/19/03-2/28/03) large amount of glass collected at the bottom side of pipe, blocking most of the air holes. Fin area had only
3/5-6/2003 light coating of material. Parts of transition line section 2 were 50% blocked with solids. Photographs were
taken.

Film cooler and transition line sections were cleaned by chipping, hammering, soaking and washing.
Took photographs of cleaned film cooler and sections of the transition line and bellows.
Photograph illustrating the configuration (lay-out) of the film cooler and transition line also were taken.
Changed filter and pre-filter of EOG HEPA in train #2 (MM-EOG-F-402).
Performed automatic switching test on the chilled water pumps MCL-CW-P-402 A to -402B and MM-CW-P-
3/10/2003 403A to -403B respectively. Two pumps, one pump from either MCL-CW-P-402A or -402B and one pump
from either MM-CW-P-403A or -403B were operational at any time. Ran the dam wall regenerative blower
MCA-RGB-B-101 for 30 minutes. All of the systems functioned satisfactorily
3/24/2003 Diesel generator test was completed.
312712003 Removed and replaced TW #2, thermocouple wires of MM-XXX-TR-IZ, -13,-14 and -15.

Removed dam wall flow indicator (local) MCA-RGB-FI-201 pitot tube to check blockages. Tt was clean.
3/28/2003 TC for MM-3X3{X-TR-16 was giving erratic readings.
3/31/2003 Switched from MM-EQOG-F-401 ]_EOG HEPA train to -402 EOG HEPA train. Replaced HEPA pre-filter in
MM-EOG-F-401 EOG HEPA train.
CUA maintenance confirmed primary system chilled water pump, MCL-CW-P-401, seal failure. Repair
4/7/2003 required primary CW outage. Scheduled repair and ordered new pump as replacement.
Performed chilled water back-up pumps test for 0.5 hour.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Reinstallation of film cooler and transition line was started.
Installed a new TC in film cooler for film cooler air temperature, MM-XXX-TR-09.
Imtiated city water flow to cooling panel. Secured primary chilled water pump, MCL-CW-P-401, for
repair/replacement.
4/8/2003 Finished installation of film cooler and transition line sections. Replaced EOG HEPA filter and pre-filter on
both trains.
HLW C-104/AY - Upgradec_l melter labV_IEW. _
VSL-03R3Z00-3 101 _CUA malntenan_ce nou_ﬁed that repair/replacement of MCL-CW-P-401 was complete. The system was placed
(2/19/03-2/28/03) in normal operahop. City water was secured. .
41012003 Installed coupons in the film cooler outlet and SBS inlet. _ _
Installed discharge chamber exhaust flow manometer (MM -XXX-FI-205), tubing and pitot tube.
Reconfigured electrode firing pattern form side to bottom to side to side.
41412003 Installed “J” type lance bubblers #1 and #2, in ports A-3 and D-1 respectively.
Installed airlift.
Performed weekly chilled water back-up pump test.
4/16/2003 Installed coupons in discharge chamber.
Installed (“L”" type) lance bubblers #3 and #4 in ports A-1 and D-3 respectively. Also mass flow controllers
MM-CA-MFCR-008 and 009 were installed to operate these lances.
e Wire in “J” type lance bubbler #1 pressure transmitter line that was broken was repaired.
e Installed parallel 20 HP blowers for melter pressure control with associated piping and controls to
412212003 run “independently” or in parallel
e Installed additional alarms for stack vacuum to indicate belt failures, fire damper closure or blower
failures.
e  Added film cooler and dam cooler inlet flow indications.
e  Replaced exposed plenum TC, MM-XXX-TR-17.
(1) Installed rebuilt ammonia supply regulator with new inlet and outlet pressure gauges.
Post C104/AZ101 HLW AZ-101 Removed lance bubblers #3 and #4, TW #1 and TW #2. Secured bubbling and flow to lances bubblers #3 and
Turnover (4/22/03-4/25/03) #4.
Installed the pancake flange in the transition line.
42512003 TW #1 and TW #2 were inspected. Both showed a green tint from the bottom up to about 18". Also pitting
was observed throughout on both TWs. Photographs were taken. Coupons were still attached to TW #2 (4
total).
TW #land #2 were reinstalled.
TW #1 and TW #2 outside diameter caliper readings were taken.
Inspection of lance bubbler #3 showed an arc spot at about 25" from the bottom. Joule heating signs are
present on lance bubbler #4 at the bend and on lance bubbler #3 at about 26" from the bottom. Digital
4/26/2003
photographs were taken.
Outside diameter measurements were taken.
HLW C-106/AY- Removed the pancake ﬂa_nge from the transition line.
. 4/28/2003 Power was lost temporarily to all 4 computers screens, EOG, electrode temperatures, alarms, and power
102 with sugar
VSL-04R4800-1 (4/30/03-5/09/03) controller. Power was restored to all components.
413012003 The solenoid that controls main EOG valve, MM-EOG-V-401 failed. Parts were ordered for repair.
Removed “L.” type lance bubblers #3 and #4.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).
Replaced TW #1 TCs MM-XXX-TR-01, -02, -03 with multi-TC.

Replaced TW #2 TCs MM-XXX-TR-12, -13, -14 with multi-TC.

TW #1 TCs were replaced due to erratic TC MM-XXX-TR-01 reading.

TCs for MM-XXX-TR-12, -13 and —14 also were replaced.

HLW C- 106/AY- L08R MM-XXX-TR-QS, _—16,_ -15, -04TCs were replaced. o _ _
. Experienced an indication problem with MM-XX3-TR-01 indicator. Found a problem with channel input and
L with suigae corrected.

CHAN0E-FI03) Main EOG valve, MM-EOG-V-401 actuator solenoid was repaired and tested for auto control function.
5/5/2003 Performed weekly cooling pump maintenance test. Completed diesel generator test.
5/8/2003 Replaced compressed air bottles #1 and #2 for bubbler back-up air supply.
5/12/2003 De-fraigmented both off-gas and melter labVIEW hard drives. Re-started system. All systems are working

properly.

Installed the pancake flange into the transition line.

Cleaned both melter and off-gas 1abVIEW computers.

5/13/2003 Found that electrode seals were damaged. Applied additional 4" bead of RTV (room temperature vulcanizer)
around electrodes to seal. Performed a two-point verification of all cooling system temperatures.

Applied additional 4" bead of RTV around dam cooler flow inlet and outlet piping.

Switched all cooling pumps to secondary pumps.

5/14/2003 Completed monthly diesel generator test.

Completed functional test of MM-XX3X-TR-01.

Switched from CW pump, MCL-CW-402A to MCL-CW-402B due to leakage.

VSL-04R4800-1 Repaired seal on chilled water pump MCL-CW-P-402A. Melter cooling panels were placed in closed loop

LR recirculation with city water during repair. Secondary system was isolated from the cooling panels.
Pump MCL-CW-P-402A was reinstalled, leak tested, and vented. System was restored to normal operation.
5/16/2003 Chilled water pressure alarm MCL-CW-PAL-1006 indicated low differential pressure for chilled water pump
HLW C-106/AY- MCL-CW-P-403B. The pressure alarm sensor was found to be leaking and was isolated.
: Verified that MM-3XX-PR-200 and MM-AR-PR-202 (melter pressure at the level detector) sensors
102 with sugar and 5/19/2003 '
responded over their full range.
(5/14/03-5/23/03) 5/20/2003 Switched from chilled water pump MCL-CW-P-402B to 402A and switched chilled water pump MCL-CW-P-
403B to 403A.
Removed airlift and lance bubblers and shut off mass flow controllers. Electrode firing pattern was
5/23/2003 ;
reconfigured to side to bottom.
(Glass coating was removed from lance bubblers and airlift and digital photographs were taken. Several
52412003 corrosion coupons had fallen off.

Installed pancake flange in transition line. There was some solids build-up on the inside of the pipe. It had to
be removed from both sides of the pipe before the gasket could be pulled out.

Took caliper readings of lance bubbler #1, lance bubbler #2 (both J type) and airlift. Photographs were taken.
Airlift had a bend at about 24" from the bottom.

Replaced 0-2" W.C., primary system chilled water flow indicator, MCL-CW-FI-401 gauge with a 0-3" gauge.
5/27/2003 The larger range was needed to match the system flow characteristics.

Performed pump and blower weekly maintenance.

Electrode firing pattern was changed from side to bottom to side to side.

Lance bubblers #1 and #2 were reinstalled with new TCs.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

5/28/2003 Removed the pancake flange from the transition line.
Replaced MCL-CW-PAL-1006, chilled water pressure alarm, with a new alarm.
Replaced airlift TC.

5/29/2003 Switched CW pumps from MCL-CW-P-403A to -403B.

Bubbler configuration was changed for the melter test. Direction of air flow now parallel to electrode with
varying elevation during test (1.e. 6" above normal and 6" below normal).

6/2/2003 Performed weekly maintenance of cooling water pumps and blowers.

6/6/2003 Electrode firing pattern was changed from side to side to side to bottom. Removed lance bubblers #1 and #2.
Installed pancake flange in the transition line.

Performed monthly test on diesel generator and weekly test on chilled water pumps. Switched from chilled
water pump MCL-CW-P-402A to -402B pump. Switched from dam wall regenerative blower MCA-RGBE-B-
102 to -101.

6/9/2003 Cleaned bubblers J3 and J4 with needle gun. Bubbler I3 was inspected. There were signs of Joule heating at
about 10.5", 15.5" and 17" on J3. The rest of bubbler J3 was in very good shape. Photographs were taken.
Inspection of bubbler 14 showed a total of 19 joule heating spots ranging in size from 0.25" to 3.5" wrapping
halfway around the bubbler. The joule heating spots were seen from 10.5"to 29.5" from the bottom. The rest
of bubbler J4 was in good shape. Photographs were taken. Caliper readings were taken of bubblers J3 and J4.
Installed pancake flange in the transition line. Removed transition line sections and the film cooler for

HLW AZ-101 6/10-13/2003 inspection.Photographs of film cooler and transition line sections were taken.
(5/28/03-6/6/03, Total of about 4 kg solid deposits were removed from the film cooler and all of the transition line sections
VSL-04ARA800-4 6/25/03-7/2/03, incl_uding the bellows. About 2.5% of the holes were clogged in the film cooler.
) ) 7/15/03-722/03, 6/11/2003 Sm_tchedto city wat_er on cooling panzls due to loss of chilled water.
8/5/03-8/13/03) Switched back to chilled water.
6/17/2003 Roof blowers fault alarms were observed. Found that alarm tubing was disconnected. The tubing was
reconnected.

TW #1 and #2 were removed.

Inspection of TW #1 showed joule heating spot at about 17-18" from end, some pitting in the glass area, and
some discoloration to about 20" from the tip. No significant bends or twists were observed.

TW #2 showed no joule heating spots. Discoloration was observed at 11 to 17" from the tip. There was some
pitting in the glass area. Photographs were taken.

Caliper readings of both TWs were taken.

Reconnected all computers inside new control console in room 10.

Reinstalled TW #1.

Added 55 gallons of antifreeze to closed loop cooling system. Also added 2.5 liters of corrosion inhibitor.
TW #2 was reinstalled.

Transition line differential pressure sensor, MM-OG-DPR-001, high and low side tubing and the film c¢ooler

differential pressure sensor, MM-OG-DPR-002, low side tubing were cleaned with compressed air. All three

lines showed small amounts of dust when airflow was initiated.

Installed revised labVIEW software for melter system.

Tested lance bubbler skewing function for manual and auto control and was found to be satisfactory. Secured
mass flow controllers for the lance bubblers.

6/23/2003 Reinstalled transition line sections and the film cooler.

6/18/2003

6/19/2003

6/20/2003
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Table 2.1. Chronology of the DM 1200 Melter Maintenance and Inspections (continued).

Replaced TC in lance bubbler #1.
Observed that electrode bubbler #2 flow is now at 7 scth
Swapped on-line chilled water pumps from MCL-CW-P-402B and -403B to -402A and 403 A, respectively.
6/24/2003 Delayed dam wall regenerative blower weekly test until feed preparation completed.
Modified labVIEW VI to support automatic lance bubbler flow variance in either “step” or “ramp” mode.
Reinstalled lance bubblers #1 and #2.
Electrode firing was reconfigured from side to bottom to side to side.
Switched dam wall blower MCA-RGB-B-101 to MCA-RGB-B-102.
6/25/2003 Switched control air flow to manual due to removal of TCs in the SBS down-comer. A number of new TCs
were installed in the SBS.
6/26/2003 Noticed some noise from MCL-CW-P-402 A chilled water pump. Switched to MCL-CW-P-402B chilled water
pump. Suspect that the chilled water pump MCL-CW-P-402 A has a broken scal.
Removed section #3 of the transition pipe. There was little or no clogging. Photographs were taken from
bellows toward the SBS inlet. There was a small amount of very hard dry particulate at the bottom of the
bellows inlet. Photographs of section #3 were taken. Inspection of section #2 of the transition line showed
HLW AZ-101 only very slight build-up.
7/3/2003 Photographs of airlift were taken. There were 3 sets of 2 coupons attached at the bottom, 16", and 40" up.
(5/28/03-6/6/03, L
6/25/03-7/2/03 Rerr_loved the panc_ake flange 1_‘3r0m ‘_[he transition line. _ _ _
VSL-04RA800-4 7115/03-722 /03’ _Partlally closed chilled water _1solat10n valve MCL-CW-V-494 to raise cooling panel temperatures. This v_alve
§ is located at outlet of main chilled water heat exchanger MCL-CW-HX-402 and at the inlet of the four chilled
8/5/03-8/13/03)
water purmnps.
Roof blower panel showed a broken belt warning for blower #1; system automatically switched to blower #2.
This fault was caused by severe weather.
7/7/2003 Blower #1 was reset.
Replaced pre-filter on EOG HEPA, MM-EOG-F-402. Switched from EOG HEPA train MM-EOG-F-402 to -
403.
7/8/2003 Shifted lance bubbler air supply from mass flow meters to rotameters to implement LabVIEW VI changes.
7/9/2003 Roof blower #2 tripped due to heavy rain.
Experienced a total of 3 power outages in 60 seconds. Momentarily lost compressed air and connection to all
commputers.
All power was restored. Computer connection to network was not functional. System was left in local drive
until network connection could be reestablished.
7/10/2003 Noticed that chilled water system was not working.
Placed domestic water supply in parallel to cooling water system by opening, city water bypass valve, MCL-
DW-V-404.
Reset 1abVIEW melter, O/G, feed) from local drive to network data log. Also closed MCL-DW-V-404 valve.
Installed new melter labVIEW VI Rev. 1763 software.
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Table 2.1. Chronology of the DM 1200 Melter Maintenance and Inspections (continued).

Removed lance bubblers #1 and #2. Installed new lance bubblers #1, #2, #3, and #4 as given below.
e “I”type lance bubbler (J13) was installed in port A3
e “L” type lance bubbler (L 1) was installed in port B3
e “I"type lance bubbler (J4) was installed in port C1
e “L” type lance bubbler (L.2) was installed in port C2
LabVIEW was modified to support the “banked” bubbler flow control. Lance bubblers #1 and #2 to be
controlled together, and lance bubblers #3 and #4 to be controlled together.
Lance bubbler #4 was installed with a new TC.
Lost roof blower #1 due to severe weather.
Observed fluctuations and had to reset some alarms and systems due to weather.
Lance bubbler #3 controller was indicating flow with no corresponding glass agitation. Found loose tubing in
bubbler ¢ontrol panel. The connections were tightened in order to restore flow.
Adjusted EOG damper from % to 14 open.
Replaced chilled water pump MCL-CW-P-402A for repair.
Cleaned, measuraed the dimensions, and stored bubblers I5 and J6. Photographs were taken. No damage was
observed.
Airlift was reinstalled.
Conducted monthly diesel generator test.

HLW AZ-101 Shut off city water and returned melter cooling to chilled water system.
(5/28/03-6/6/03, Lost all power to Hannan Hall.
6/25/03-7/2/03 7/15/2003 Cooling system was switched to work on city water
VSL-04R4800-4 > g 8y ty .
7/15/03-722/03, Heaters were turned off.
8/5/03-8/13/03) About 44 minutes later power was restored. Off-gas system was restarted.

Transition line bellows was removed due to clogging. A 4" diameter chunk of solids, plus small amount of
debris, was removed. Photographs were taken.

Removed all 4 lance bubblers from melter.

Lance bubbler #3 installed in Port C1 (] type) showed small indication of arcing at 19" from bottom. No
indication of any bowing or metal loss was seen. Photograph was taken.

Lance bubbler #4 installed in Port C2 (L type) showed slight bow at 24" from bottom and indication of joule
heating at 22". Photographs were taken.

Lance bubbler #2 installed in port B3 (L type) had slight bow and indication of joule heating at 28" from
bottom. Photographs were taken.

Lance bubbler #linstalled in port A3 (J type) showed no bowing, but had indication of joule heating at 28"
from bottom. Photographs were taken.

Caliper readings of all 4 bubblers were taken.

Nylon bushing for lance bubbler #3 back pressure sensor was broken.

Switched from city water to chilled water.

Installed the pancake between film cooler and transition line.

Installed “J” bubblers, I3 in port A-3 and J4 in port D-1. Replaced MM-XXX-TR-09 TC.

Noticed that air compressor breaker had shut off. The compressor was reset. 1labVIEW was in local mode.
7/28/2003 Both 1abVIEWSs were switched back to network mode.

Secured city water. Adjusted CW supply valve.

7/10/2003

7/11/2003

7/14/2003

7/22/2003

7/23/2003
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Reduced chilled water flow.
Replaced the film cooler. Photographs of old film cooler were taken. Moderate particulate buildup was observed
7/29/2003 on louvers and glazed buildup on air vent holes on very bottom of film cooler.
Increased chilled water flow by adjusting valve MCL-CW-V-494 to reduce cooling panel temperatures. Switched
chilled water pumps and dam wall regenerative blowers.
Installed lance bubblers #2 (L.1) and #4(1.3) into ports A-1 and D-3 respectively. Mass flow controllers were set
to 1.5 1pm air flow rate.
7/31/2003 Comnection wire on plug for TC of MM-X3X3-TR-17, which was loose, was tightened.
Investigated compressor air low-pressure alarm and found that compressed air bottle #2 was leaking. The leak
was stopped, compressed air was turned back on.
Switched chilled water cooling pumps and dam wall regenerative blowers.
Temporarily transferred lance bubblers #1- #4 air flow control from mass flow controllers (MFCRs) to manual
8/4/2003 rotameters, MM-CA-FIC-012 thru 00015, Flow was set to 1.0 SCFH each while checking 1labVIEW prograim.
Transferred lance bubblers #1- #4 air flow control back to mass flow meters. Secured manual rotameters MM-
CA-FIC-012 thru -015. No problem was found with melter labVIEW VI,
Replaced PID (proportional integral derivative) control air controller due to output failure. Configured lance
8/5/2003 bubblers with one in each corner (i.e. ports Al, A3, D1 and D3) controlled by MFCRs in banked mode with

HLW AZ-101 lance bubblers #1 and #2 together, and lance bubblers #3 and #4 together.
(5/28/03-6/6/03, Utlhlzed (;:{[thy vtx:ter to sup;l)lem;nt CW system on cooling pane(lltemperature control.

- Replaced the thermocouples of MM-XXX-TR-15, -05, -04 and -16.

VSL-04R4800-4 76//12 2}8;%%’/%3 8/7/2003 Replaced pitot tube of MM-RGB-FI-201.
8/5/03-8/13/03) Removed horizontal blank flange on EOG port on the melter lid. Visual inspection showed ~ 4 pipe diameter of
8/13/2003 solids restricting flow of air. Vacuumed EOG line to remove solids from the pipe all the way to the 90° bend on
the east wall.
All bubblers and airlift were removed.
Lance bubbler #1 and #3 showed no evidence of any abnormalities on either “J” bubbler, except for bubbler #3
castable section which showed some damage. Photographs were taken.
Lance bubbler #2 showed significant bend at 28" from the bottomn. Also, slight joule heating marks were seen at
the same location. Castable section also showed damage. Photographs were taken.
Lance bubbler #4 was bent at ~28" from the bottom. No signs of joule heating were observed. Photographs were
taken.
8/14/2003 TW #1 showed minor pitting, but no bend. Photograph was taken.
TW #2 showed damage to the castable section. Photograph was taken.
Airlift showed small bend in middle section, with no other noticeable damage. Photograph was taken.
Replaced multi-junction TC in each TW:
TCs of MM-XX3-TR-01, -02 and —03 were replaced in TW #1.
TCs of MM-333{-TR-12, -13, -14 were replaced in TW #2
Caliper readings of all 4 lance bubblers, both TWs, and air lift were taken.
“I”” bubblers #1 and #2 were reinstalled. Reconnected TCs for lance bubblers #1 and #2.

8/17/2003 Closed MM-EOG-V-403, manual EOG vent/dilution valve to increase the melter vacuum from -0.1 to -0.2" W.C.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Switched chilled water pumps and dam wall regenerative blowers.
EOG HEPA train #2 in service.
8/19/2003 Utilized tWO ‘_‘J ” type lance bubblers in ports A3 and D1, respectively controlled inindividual mode.

Installed air lift..
8/22/2003 Replaced TW #2 thermocouples MM-XXX-TR-12, -13, and -14.
8/26/2003 Switched chilled water pumps and dam wall regenerative blowers.
8/28/2003 Installed pancake flange in the transition line.
Main EOG valve, MM-EOG-V-401 failed. Due to failure of the main EOG valve, regular off gas system was
started.
HLW AZ-101 with TW #1 and #2 both were cleaned, inspected and measursd for the dimensions. Upon inspection found no
VSL-04RAR00-1 Sugar signiﬁc ant abnormality on e_ither except damage to the castable on TW #2. Photographs were tal_(en. In addition
(8/19/03-8/28/03) to caliper measurement of dimensions, and photographs, both TWs were turned over and metallic dust was
removed from both. TW #2 had considerably more metallic dust.
Removed pre-filters from both EOG HEPA trains.
8/29/2003 Lance bubbler J1 was installed in port A-3 and J2 in port D-1. Both were cleaned and inspected prior to
installation. No significant abnormalities were noted on J2. Lance bubbler J1 located in port A-3 had an arc spot
adjacent to a corrosion coupon. Photographs of both lance bubblers were taken.
Cleaned and inspected airlift lance. No abnormalities noted, other than a slight bend in the lance located at the
location of the lower corrosion coupon.
Caliper readings of J1 and J2 lance bubblers, TW #1 and #2, and airlift were taken.
Removed MM-EOQOG-V-401 emergency vent valve and found valve shaft sheared. Replaced shaft and valve with
old parts. Photographs were taken. Electrode TCs were calibrated.
Switched chilled water pumps and dam wall regenerative blowers.
Reconfigured electrodes to fire from side to side.
9/2/2003 Lances bubblers L1 and L.2 (in ports B-3 and C-2), TW #2 and airlift were installed. Lance bubbler in C-2 port
was configured to be 11.3” from feed tube center line.
Film cooler inspected, and was found to be clean.

8/18/2003

9/5/2003 Replaced city water filter due to low flow rate.
HLW AZ-101 with 9/6/2003 Cleaned film cooler rinse spray nozzle. Hole was partially clogged.
VSL-04R4800-4 | chloride and sulfate 9/8/2003 Swapped chilled water pumps and dam wall regenerative blowers.
(9/3/03-9/10/03) Bubblers, airlift, TW #2 and level detector were removed.

Secured air flow through mass flow controllers to bubblers.

Removed transition line sections and film cooler.

9/10/2003 Inspection of film cooler showed 50% blockage at the bottom with light coating on louvers. Photographs were
taken.

Transition line showed some solids build-up, but no large accumulations. Heavier build-up was seen on bottom
of pipe as expected. Photographs were taken.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Replaced EOG HEPA filters and installed pre-filters.

Inspection showed vertical section of EQG clear, but horizontal section was ~50% blocked due to hard solid
deposits. Sclids were chipped as far as possible (i.e. up to 45° bend). Collected sample of material for analysis.
Installed pancake flange in the transition line.

Due to shared sensor port, melter vacuum reading on EOG panel was in error.

Cleaned and inspected air lift. Normal pitting was noted. Five corrosion coupons were still attached. Slight bend
in pipe was noticed at lower coupon holder.

Cleaned and inspected TW #1. Normal pitting was noted. Three corrosion coupons were still attached. Slight
bend was seen ~13" from bottom. Approximately 4-5" of castable was missing from bottom of plug. Photographs
9/11/2003 were taken.

Cleaned and inspected lance bubbler L.2. Normal pitting was noted. Arc spots were seen on back side of bubbler,
between 27-30". Slight bend was noticed at 28-29". Photographs were taken. Cleaned and inspected level
detector. Two coupons were attached. Normal pitting was noted. The level detector tube had a slight bend at 12"
and an eroded area next to the outlet of the density tube. The air outlet on both tubes showed signs of erosion.

Photographs were taken.
HLW AZ-101 with Dimensions of the air lift, TW #2, lance bubblers L1 and L2, and level detector were measured using calipers.
VSL-04R4800-4 | chloride and sulfate Reconfigured electrodes to fire from side to bottom.
(9/3/03-9/10/03) Reinstalled level detector, air 1ift and TW #2.

Replaced MM-XXX-TR-09 TC because the old one broke in half partway through installation.
Film cooler and transition line were cleaned and reinstalled. Samples and photographs were taken.
9/12/2003 Positioned the dam wall cooling outlet valve to direct air into film cooler.

Removed coupons from discharge chamber.

Removed all coupons from the transition line.

9/15/2003 Switched chilled water pumps and dam wall regenerative blowers.
Corrected discharge chamber knife gate closed alarm problem by adjusting switch.
9/22/2003 Switched chilled water pumps and dam wall regenerative blowers.

Replaced TCs in lance bubblers #1 and #3.

Reconfigured electrodes to fire from side to side.

Installed lance bubblers 1.1, 1.2, L3 and L4 in ports A-1, A-3, D-1 and D-4, respectively.
Replaced damaged TC wires in lance bubblers #3 and #4.

Erratic CW temperature indications. Reboot of operating system corrected the problem.
9/24/2003 Installed 4 “L” bubblers at normal elevations in ports A-1, A-3, D-land D-3.

Added cooling panel flow display on labVIEW.

Installed a new exposed plemum TC.

9/23/2003

251200 Replaced airlift TC.
Mixed LAW 9/27/2003 Removed level detector.
VSL-04R4851-1 {9/25/03-9/27/03) Found that melter cooling panel system flow rate indicator, MCL-CW-FR-401 pitot tube had failed. A spare was
9/29/2003 calibrated and installed.

Inspection of level detector showed that bottom 12-15" of pipe was heavily pitted, and that bottom of pipe had
started to break and fall part. Density pipe was in similar condition though the damage was not that severe.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).
Installed level/density detector in normal position in port B-land additional detector in port C-1.
9/30/2003 Swapped CW pumps and RGB blowers.

Replaced film cooler outlet TC.

Replaced butterfly type dampers on EOG HEPA trains with slide gate style dampers.

SRR Replaced compressed air bottle #1.
10/7/2003 Swapped CW pumps and RGB blowers.
10/8/2003 Replaced exposed plenum temperature TC.

Removed transition line bellows. Inspection showed only some small chunks of solids and some very fine white
LAW Envelope C particulate, samples of which were collected. The rest of the transition line showed only a thin coating of
(9/30/03-10/9/03) 10/10/2003 particulate.

Secured mass flow controllers (MFCRs) for bubblers, and bubbler air flow control was switched to manual
rotameters while updating some of the software.

Computer updates were completed. Air flow control was returned to MFCRs.

Replaced pre-filter in EOG HEPA train MM-EOG-F-402

10/15/2003 Swapped chilled water pumps and dam wall regenerative blowers.

Adjusted control air set point for melter pressure from 3.75 to 3.0" W.C.

10/16/2003 Replaced HEPA filter in EOG HEPA train MM-EOG-F-401.

VSL-04R4851-1 10/17/2003 Replaced pre-filter and filter in EOG HEPA train MM-EOG-F-402.

Replaced TW #2, thermocouples MM-XXX-TR-15 and - 16.

10/20/2003 Replaced TW #1, thermocouples MM-3XXX-TR-04 and -05.

Switched chilled water pumps.

Removed transition line section #3 and bellows, and took solids samples. Photographs were taken.

Removed transition line section #2, and collected samples. Photographs were taken.

LB2Aahts Transition line sections were reinstalled. Installed a pancake flange on bellows outlet to allow draining and
inspection of SBS.
LAW Envelopes A Replaced level detector.
and C Replaced pre-filters in both EOG HEPA trains.
(10/20/03- 10/28/2003 Replaced main city water filter.
10/23/03) Lance bubblers #1 and #4 MFCRs were removed to do a check. Lance bubblers #1 and #4 were connected to
manual rotameter circuit at 1.0 SCFH air flow rate.
Lance bubblers #1 and #4 were connected back to mass flow controllers.
10/30/2003 Temporarily tested new melter labVIEW software.
If1abVIEW VT fails, the system will be restarted using the new Rev 17c¢.
Performed calibrations of back pressure transmitters for lance bubblers #1 - #4, and the inlet gas, outlet gas, and
10/31/2003 differential pressure transmitters.
Completed calibration of density probe.
Replaced plenum exposed TC.Switched CW pumps and RGB blowers.
LAW + HLW Repaired tubing for melter pressure indicator (MM-33X-PR-200). Near the EOG ling, tubing appeared to be
VSL-03L4850-1 (11/03/03- 11/3/2003 brittle.
11/08/03) Replaced 2 part level detector with single unit per new design.

In-house comparison checks of flow rates were made against a calibrated NIST traceable manual rotameter.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).
Replaced control air flow pitot tube, OG-DA-FR-301. Replace the control air valve.
Bled air from the cooling system flow transmitter to restore normal system readings.
Pancake flange was installed in transition line inlet.
Lanee bubblers were removed from the melter.
Lance bubbler #1 had heavy pitting up to 24" from bottom and a substantial bow at about 16-24". Photographs
were taken.
11/8/2003 Lance bubbler #2 had a slight bow and showed minor pitting. Photograph was taken.
Lance bubbler #4 showed minor pitting. Photograph was taken.
Lance bubbler #3 showed only minor pitting.
Caliper readings of all lance bubblers were taken.
Installed lance bubbler #1 in port B-3 and lance bubbler #2 in port C-2.
Observed lance bubbler #2 flow to be 0 SCFH; and on investigation found that MFCR air supply was not
connected. Reconnected air supply to the bubbler.
Due to lack of spare MFCRs, utilized lance bubbler #3 MFCR for lance bubbler #2.
Switched the chilled water pumps.
Switched melter electrode control power fuses from 1 amp to 5 amps. One amp was too close to the normal load
11/10/2003 for the circuit. 5 amps fuse allows circuit to operate while maintaining necessary protection. Fuses were switched
to allow for changeover to VSL emergency gencrator power.
Diesel generator test was performed.
Bubbler configuration modified from 4 lance bubblers to 2 bubblers.
Installed lance bubbler #2 (L2)in port C-2 at 11.3" from feed tube center. Installed lance bubbler #1 (L.1) in B-3
port.
11/11/2003 Swapped dam wall regenerative blowers.
11/12/2003 Replaced electrode TCs of MM-XXX-TR-22 and -23.
Removed lance bubblers #1 and #2. Changed electrode firing pattern to side to bottom.
Bubblers were cleaned, inspected photographed, and measured for dimensions.
Lance bubbler #1 was bowed and had pitting in the lowest 12" section of the bubbler.
Lance bubbler #2 had a large bend in the top 40" of bubbler and heavy pitting on lower section of bubbler.
Air compressor alarm activated. Investigation showed that air compressor main breaker had failed. No spare was
in stock. Lowered all electrode bubbler flow rates.
Removed both TWs.
Cleaned and inspected TW #1 and #2. Both are bent about 9-11" from bottom. Normal pitting also was observed.
Photographs of both TWs were taken. Caliper readings of both TWs were taken.
Replaced multi-function TC in TW #1.
Swapped chilled water pumps and dam wall regenerative blowers.
12/2/2003 Diesel generator testing was performed.
Removed TW #2.
Moved control air controller location.
Installed TW #2 with 3 corrosion coupons.
12/4/2003 Removed transition line pancake flange.
Fitting for 1.2 bubbler, which was slightly loose was tightened.
12/5/2003 Main EOG valve, MM-EOG-V-401 was replaced with a knife gate valve. Its functional test was satisfactory.

11/4/2003

LAW + HLW
VSL-03L4850-1 (11/03/03-
11/08/03)

11/15/2003

HLW AZ-101 11/17/2003
VSL-04R4800-4 (3/23/04-
4/02/2004)

12/3/2003
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

City water low pressure alarm sounded. Found city water valve on west wall in the open position. Valve was
12/6/2003 closed.

Due to low city water pressure, removed camera from feed tube port and replaced blank plug.

12/9/2003 Swapped chilled water pumps.

Removed the mass flow controller, MFCR-004 for testing.

Replaced the thermocouples for MM-XXX-TR-01, -02, -03, -04, -12, -13, -14 and -15.

12/12/2003 Removed feed tube from “feed port” and installed a blank flange in its place.
Replaced the mass flow controller, MFCR-004 in the system.
Installed 2 “J”” bubblers in ports A-3 and D-1. The video camera was also installed in the feed tube port to record
the bubbler configuration testing.

12/15/2003 Bubbler depth was adjusted twice.
Installed the pancake flange in transition line.
Switched electrode firing from side to bottom to side to side. Installed “L” bubblers in ports A-1 and D-3. I
bubblers are still installed in ports D-1 and A-3. The bubblers were rotated so that there is 14" separation from

12/16/2003 tips of bubblers in A-1 and A-3 and D-1 and D-3 per project direction.
Depths of bubblers were changed.
Removed bubblers to reinstall in a new configuration.
Installed bubblers for bubbler configuration test.
Bubbler depths were adjusted.

HLW AZ-101 12/17/2003 Adjusted east electrode high temperature alarm set point from 1100 °C to 1110 °C to complete tests per the test
VSL-04R4800-4 (3/23/04- plan.
4/02/2004) Swapped chilled water pumps and dam wall regenerative blowers.

12/18/2003 Removed lance bubblers #1, #2, #3, and # 4.

Electrode firing configuration was changed from side to side to side to bottom.
12/19/2003 Changed electrode high temperature alarm set point from 1110 °C to 1100 °C.
12/20/2003 Switched EOG HEPA train MM-EOG-F-401 to -402.

12/21/2003 Compressor low pressure alarmed. Restored compressor pressure.
Swapped CW pumps and dam wall blowers.
1/6/2004 Removed transition line sections and bellows. Dam wall cooling outlet valve was positioned to direct air to EOG
line.
1/7/2004 Removed film cooler. Photographs of the transition line sections including bellows and film cooler were taken.

Film cooler seems to be clean and inspection found no sign of abnormalities.
Removed total of ~1.4 kg solids from the transition line sections. Inspection of the film cooler showed no

1/8/2004 particulate to sample.
Determined that air compressor failure was due to power supply failure inside the unit. Parts will not be available
1/12/2004 | umtl /1372004 o _
Opened manual EOG vent/dilution air valve, EQG-V-403 to reduce vacuum in the melter from 0.28" W.C. to
0.15" W.C.
1/21/2004 Swapped chilled water pumps and dam wall regenerative blowers.
1/27/2004 Swapped chilled water pumps and dam wall regenerative blowers.
1/28/2004 Placed new air compressor in service and old air compressor in stand by.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Swapped CW pumps and dam wall regenerative blowers.

Simulated loss of power and tested the diesel generator.

2/4/2004 Electrode firing pattern was changed from side to bottom to side to side.

2/5/2004 Secured cooling water to camera cooling plug. Plug had been removed form the melter.

2/6/2004 Discomnected air flow to lance bubblers to allow glass migration to occur.

Transition line inlet pressure transmitter taken out of service for testing. Cooling water flow transmitter, MCL-CW-
FR-401 placed in service to monitor system flow rate.

2/11/2004 Transition line inlet pressure transmitter returned to service.

Mass flow controllers for bubblers L1A, L4A, spare 6, electrode bubblers # 2, #3, and #4 were placed back in

2/2/2004

service.

5/12/2004 Melter cooling panel system flow rate transmitter, MCL-CW-FR-401 was isolated to check the problem with the
transmitter.

2172004 Swapped chilled water pumps and dam wall regenerative blowers.

Switched EOG HEPA train MM-EOG-F-402 to F-401.
2/23/2004 Replaced the thermocouples of thermowells #1 and #2, MM-X3{-TR-04, -15, -05 and -16.
2/24/2004 Swapped chilled water pumps and dam wall regenerative blowers.

Swapped chilled water pumps and dam wall regenerative blowers.

Seliants Performed simulated loss of power diesel generator test.
Replaced the thermocouples of chilled water return and supply MCL-CW-TR-417 and 418, respectively. City water
HLW AZ-101 3/5/2004 .
i low-pressure alarm sounded. No knowledge of any broken mains or any other problems.
Nl 04RAR00- 4% 22; é) 5:) 3/6/2004 City water low-pressure alarm was cleared.

Swapped CW pumps and dam wall blowers.

3/8/2004 Installed a new TC on film cooler internal temperature, MM-3X33-TR-09.

Repositioned dam wall exhaust diverter three-way valve MCA-RGB-V-220 to exhaust via the film cooler.
3/9/2004 Replaced filter and pre-filter of MM-EOG-F-401 EOG HEPA train.

Completed installation of film cooler and transition line assembly from melter to SBS.

3/10/2004 Installed two coupons in the transit line closest to the film cooler.

Straightened transition line piping and installed metal gasket on the bellows flange upstream of the SBS.
Replaced the three-way control valve (which maintains the chilled water temperature during idling) MCL-CW-V-
3/11/2004 496 positioner, and restored automatic temperature conirol of chilled water at 80 °F.

Melter air pressure indication was connected to control air circuit.

Replaced air pressure transmitter. Replaced 0-100 psi pressure transmitter, which displays “compressed air pressure™
3/12/2004 indicator on the annunciator sub-panel. The new transmitter, which measures 0-200 psi, was placed in service.
Raised compressor air low-pressure indicator set value from 100 psi to 105 psi.

3/14/2004 Placed both EOG HEPA frains online.

Swapped chilled water pumps and dam wall regenerative blowers.

3/16/2004 Installed corrosion coupons in discharge chamber.
Leak found on CPVC coupling to lance bubbler #2 hose. Investigated and found that fitting had cracked.
3/17/2004 Replacement of CPVC header is required.

Replaced TW #2 multi-thermocouples, (TCs of MM-XXX-TR-12, -13 and -14).
Replaced TC for MM-XXX-TR-08.

T-60
112



ORP-51434, Rev. 0
The Catholic University of America Summary of DM1200 Operations at VSL
Vitreous State Laboratory Final Report, VSL-06R6710-2, Rev. 0

Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Modified lance bubbler tubing to combine outputs from mass flow controller MM-CA-MFCR-003, MM-CA-

MFCR-008, MM-CA-MFCR-004, and MM-CA-MFCR-009 as a single source to lance bubbler #2 (port D-1)

since the test plan called for more air flow than that one mass flow controller alone could provide.

3/18/2004 Replaced TCs of MM-XXX-TR-06 and -10.

Modified tubing connections for lance bubbler #1 to combine outputs from mass flow controller MM-CA-

MFCR-001, MM-CA-MFCR-006, MM-CA-MFCR-002, and MM-CA-MFCR-007 as a single source to lance

bubbler #1. Reconfigured mass flow meters to conduct the test according to the test plan.

Replaced filter and pre-filter of EOG HEPA lower train (MM-EOF-F-401).

Removed pancake from the transition line.

Replaced filter and pre-filter in EOG HEPA train of MM-EOG-F-401. All the studs that hold the door shut have

stripped.

Opened the chilled water isolation valve, MM-EOG-V-494, and closed city water valve.

Removed both TWs, level detector, and airlift. TW #1 is to be inspected and reinstalled.

HLW AZ-101 Alarms sounded twice when air compressors pressure reached 100 psi.

VSL-04R4800-4 (3/23/04- 3/20/2004 TW #1 and #2 caliper readings of dimensions were taken. Photographs were taken. Inspection showed no

4/02/2004) damage or abnormalities.

Placed melter cooling panel system flow rate transmitter MCL-CW-FR-401 in service.

TW #2 was cleaned, inspected and measured. No damaged spots were found. Photograph was taken.

Similar observations were for the level detector. Photographs were taken.

Performed inspection of air lift. Observed a slight bend at approximately 21" from the bottom (at the 2

corrosion coupon tab), which possibly happened during removal. No other damages were observed. Digital

photographs were taken.

3/22/2004 Swapped chilled water pumps and dam wall regenerative blowers.

Isolated MCL-CW-FR-401 so that maintenance could be performed on the cooling system.

Changed melter thermocouple connections to module 1120 for labVIEW; MM-X3X-TR-01 to MM-XXX-TR-04

and MM-XXX-TR-12 to MM-XXX-TR-15.

Completed caliper readings for the airlift and level detector.

Installed TW #2, airlift, level detector and lance bubbler #1.

DM1200 melter lid temperature survey was done.

Replaced multi-thermocouple in TW #1 for MM-33{-TR-01, -02 and -03.

Completed 1st functional check of melter labVIEW VIrev 17e for bubbler control. The check failed because the

MFCR flow readings were erratic.

3/23/2004 Retested melter labVIEW VI Rev 17e again for functionality. The test was satisfactory, and the new software

was accepted for operations.

VSL-04R4800-4 HLW AZ-101 Lance bubblers were modified to be two deep bubblers with 2 outlets each. Bubblers were set on melter floor
(3/23/04-4/02/04) Hiiiah fiotts A AHATAT.

3/27/2004 Drained control air receiver tank in mechanical room; ~ 10 gallons of water was removed.

3/31/2004 Replaced MM-3XCX-TR-04 TC in TW #1.

4/2/2004 Cleared blockage of EOG vertical line on top of the melter. The 4" line was ~ 50% blocked.

4/5/2004 Secured power to mass flow controllers for lance bubblers L.1A and 1.3A.

3/19/2004
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Table 2.1. Chronology of the DM 1200 Melter Maintenance and Inspections (continued).

Removed film cooler and transition line sections.

Video and digital photographs of the film cooler and the transition line assembly were taken. Visual inspection
HLW AZ-101 1/6/2003 showed that most of the transition line was c¢lear of solids build-up. No solids were removed. Film cooler showed

(3/23/04-4/02/04) some glass and dry feed mostly on the bottom section covering the air holes. Film cooler was cleansd (gently)

due to minor metal corrosion.

Swapped CW pumps and dam wall regenerative blowers.

VSL-04R4800-4

4/13/2004 Swapped CW pumps and dam wall regenerative blowers
4152004 Photographs were taken of film cooler and transition line bellows.
4/16/2004 Removed discharge chamber coupons and transition line coupons.

Swapped CW pumps and dam wall regenerative blowers.

Removed TW #2, airlift, level detector and lance bubbler #1 for inspection and coupon removal.

Level detector showed only very minor pitting on submerged section of level and density pipes. Two corrosion
coupons in plenum area were still attached. Photographs were taken.

Airlift showed some crystallization from 8-15" with minor bend at coupon tab (21" elevation). Photographs were
taken.

Inspection of DB-2 lance bubbler (DB stands for deep bubbling double outlet bubbler) showed ~1/2 of bottom
support tab missing with a shiny (silver) look to bottom of pipe (melter floor side). Significant arc spots were
4/20/2004 observed at 1™ coupon tab (~15" from floor) with shiny metal surface. Remainder of the bubbler was in good
condition with no visible damage. Photographs were taken.

Bubbler did have a slight bend near 1% tab (possibly may have occurred curing removal). Seven corrosion
coupons were still attached.

4/1972004

HLW AZ-102 Inspection of TW #2 showed no damage or arc spots. Photographs were taken. Three corrosion coupons were
VSL-05R5800-1 (6/21/04-6/30/04, attached.
8/2/04-8/7/04) Caliper readings of level detector, air lance, lance bubblerDB-2 (in port A-3), TW #1 and TW #2 were taken.

Removed lance bubbler #2 (DB-1) (deep bubbling double outlet bubbler -1) and installed TW?2, level detector,
smaller “J” bubblers, lance bubbler #1 in port A-3 and lance bubbler #2 in port D-1 (lance bubbler ID in port A-3
is I3 and in port D-1 15 I5).

Visual inspection of lance bubbler from port D-1 (DB-1) showed that bottom support tab was completely missing
and tip end of the bubbler lance had bent away from horizontal to vertical (pointing down towards the floor).
Slight “rounding” of tip and other minor heat spots were noted on the vertical portion of the submerged section.
Photographs were taken. Caliper readings of bubbler #2 (DB-1) were taken.

Installed air lift.

4/25/2004 Adjusted manual set point for electrode(s) and discharge chamber power.

Swapped chilled water pumps and dam wall regenerative blowers.

4/26/2004 Comparison check was performed between NIST traceable calibrated flowmeter and mass flow meter, MM-CA-
MFR-009 {(used to supply air to lance bubbler L4B).

About 3 gallons of water was blown down from the compressor.

41272004 Installed film cooler and associated transition line piping. Diverted dam wall air flow via film cooler.

Checked EOG cleaning port for solids build-up. Very little debris was found.

42172004
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

VSL-05R5800-1

HLW AZ-102
(6/21/04-6/30/04,
8/2/04-8/7/04)

About 1 gallon of water was blown down from the compressor.
Checked EOG port. No solids build-up was found in the vertical section, but very minor build-up was found up

4/28/2004 to 45 ®bend in the horizontal section.
MM-XXX-TR-15 TC was found damaged due to arcing. MM-XXX-TR-15 TC was fused to MM-XXX-TR-16
TC. MM-XXX-TR-09 TC was also out of service, but not due to the arcing. Replaged TC of MM-XXX-TR-15.
4/29/2004 Repositioned external section of TC of MM-XX3-TR-16 to eliminate the chance of arcing to ground.
$/2/2004 Electrode power control was switched to ordinary potentiometer because of automatic circuit failure (Dimension
controller).
Swapped chilled water pumps and dam wall regenerative blowers.
Performed loss of power simulation, diesel generator test.
5/3/2004 Ab(_)ut 5-6 ga]lons of water was blown down from the COIMPIEsSOr.
Switched discharge chamber heater control to manual setting at 33.3%.
Replaced dimension controller with spare unit.
Replaced TC of MCL-CW-TR-418.
5/772004 Adjusted control air damper for EQOG to increase vacuum to -0.16" W.C.
Electrode bubbler #5 pressure transmitter was removed and tested. The unit passed the functional tests
5/10/2004 3
successfully and was returned to service.
$/11/2004 Removed aiﬂiﬂ. TC out of lance bubbler #2 was remo_ved.
Swapped chilled water pumps and dam wall regenerative blowers.
51712004 Swapped chilled water pumps and dam wall regenerative blowers.
Replaced the cooling fan on top of the melter.
Refer to DB-1 and DB-2 damaged or missing support tabs on 4/20/2004 and 4/21/2004 entries.
5/20/2004 Analysis of tab material determined that tabs were not Inconel 690, but stainless steel. New supports were made
of 14" thick [-690 and welded in place. Tabs are 4" thick, 14" wide and 134" long.
5/21/2004 Dimension controller was replaced with two Love Model 8600 controllers.
Switched the discharge chamber power and electrode controls from the Dimension controller to Love Model
5/24/2004 8600 controller in order to perform functional testing.
Swapped chilled water pumps and dam wall regenerative blowers.
Electrode temperature loop calibrations were completed.
5/25/2004 Complete_d various temperature loop checks throughout the melter sy;stem.
Opened city water bypass valve, MCL-DW-V-404, due to chillers being down.
CUA maintenance indicated that chilled water was functioning, but there appeared to be a damper problem.
$/97/2004 Removed vertical and horizontal flanges on the EOG and rodded out piping beyond the initial bend. Minor
blockage was observed after the flanges.
Swapped CW pumps and dam wall regenerative blowers,
Performed loss of power simulation testing of diesel generator.
6/1/2004 Removed film cooler to_ install TC. Installed "l_"C for MM-XXX-TR-09, film f:ooler internal temperature.
Reinstalled film cooler in melter system. Redirected dam wall air flow back into film cooler.
Replaced filter and pre-filter of EOG HEPA train MM-EOG-F-402. Both filters appeared black. Repaired threads
for door bolts and installed new wing nuts.
6/2/2004 Removed blockage in EOG piping using a drain snake. Build-up appeared to be in the first 90° elbow closest to

melter.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

6/3/2004 Melter pressure sensor, MM-X3X-PR-200 tubing, which became disconnected, was reconnected.
6/4/2004 Completed riser TC temperature evaluation.
6/7/2004 Swapped chilled water pumps and dam wall regenerative blowers.

6/10/2004 Adjusted dilution air damper.

Swapped chilled water pumps and dam wall regenerative blowers.
6/14/2004 Secured bypass rotameters for lance bubblers #1 and #3 and reconnected to mass flow meters MM-CA-MFCR-
001 and 003. Set flow rate for both at 1.5 Ipm each.

Air lift was installed.

Rebooted melter labVIEW V1.

Switched instrument port (for melter pressure) from B-2 to B-3 due to camera being installed.

6/15/2004 Switched to Dimension controller; unable to switch back to Love 8600 controller.

Secured power to the Love 8600 melter and discharge chamber controllers. Replaced the Love 8600 melter
controller. Restored power to the Love 8600 melter and discharge chamber controllers.

Removed lance bubbler #3 for inspection.

Inspected and took photographs of lance bubbler #3. Inspection showed bubbler pipe to be in good condition.
6/16/2004 Glass blockage was seen at air inlet. Somehow glass had migrated up the entire length of the bubbler and frozen
at air inlet. Caliper readings of the bubbler dimensions were also taken.

Cleared the glass blockage that was observed in lance bubbler #3.

HLW AZ-102 Installed lance bubbler #3 in port D-1.
VSL-05R5800-1 (6/21/04-6/30/04, Disconnected 1labVIEW power indicator in order to perform a fimetional test of the loop.
8/2/04-8/7/04) Recomnected 1abVIEW power indicator. Loop calibration test was completed successfully.
6/17/2004 Replaced plenum exposed TC of MM-XXX-TR-17.

Completed water separator filter maintenance for air dryer system.

Switched lance bubbler #3A to the manual rotameter in order to perform mass flow controller maintenance.
Replaced riser TC of MM-XXX-TR-08.

Compressor air dryer alarm sounded and was investigated.

Returned lance bubbler #3A connection to the mass flow controller.

Compressed air system functioned satisfactorily after the alarm was reset.

Functional testing of electrode voltage and clectrode power current loops was completed. No problems were
found. All testing was completed successfully.

Thermocouples of MM-XXX-TR-21, -22, and -23 were replaced.

Added 2% of power controllers for melter electrodes and discharge heaters.

6/21/2004 Switched from Dimension controller to Love controller.

Swapped chilled water pumps and dam wall regenerative blowers.

Removed nominal depth “J” bubbler. Installed extended bubbler that rests on the melter floor.

6/18/2004

G EA Installed extended bubbler #1 (DB-2) in port A-3 and extended bubbler #2 (DB-1) in port D-1.
Inspections and caliper readings of lance bubblers I3 and I5 were performed. No signs of damage were found.
6/26/2004
Photographs were taken.
6/28/2004 Swapped chilled water pumps and dam wall regenerative blowers.
6/29/2004 Photographs were taken of cold cap formation and stalactites in the melter plenum.
T-64
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Lance bubbler #2 was raised to cool prior to removal.

Removed lance bubbler #2 from the melter.

Lance #1 was raised to cool and then removed.

Lance bubblers I3 and J5 were installed in ports A-3 and D-1, respectively.

Switched off all but mass flow meters L1A and L3A a 1.5 lpm each.
Opened MM-EOQOG-V-403 (EOG-HEPA-401 outlet damper) about half way. Melter vacuum decreased from -
HLW AZ-102 0.25"W.C. t0-0.20" W.C

7/1/2004 ) o : T . .
VSL-05R5800-1 (6/21/04-6/30/04, Lance bubblers DB-1 and DB-2 were cleaned and inspected. Lance bubbler DB-1 appeared to be in good
8/2/04-8/7/04) condition with only minor pitting. Lance bubbler DB-2 was in similar condition with minor pitting and no arcing
spots. Photographs were taken. Caliper readings of the dimensions were taken.

6/30/2004

7/6/2004 Swapped chilled water pumps and dam wall regenerative blowers.
Switched dam wall regenerative blower from MCA-RGB-B-102 to B101. MCA-RGBE-B-101was slated to remain
7/7/2004 . . . . .
in use for 2 weeks to make up for not being switched in proper sequence to balance run time.
7/9/2004 Switched from EOG HEPA train MM-EOG-F-401 to -402.
7/13/2004 Swapped chilled water pumps and dam wall regenerative blowers.

TW #1 and TW #2 were removed. Visual inspection of TW #1 and TW #2 showed no damage. Caliper readings
of dimensions, and photographs were taken.

7/15/2004 TW #1 and TW #2 were reinstalled.
Changed air drver inlet filter. Removed desiccant for inspection and refilled with same material. The dryer was
turned back on.
Adjusted dilution air to bring vacuum to about -0.20" W.C. Observed readings of MM-AR-PR-201, MCA-RGBE-

7/17/2004 FR-201, MM-XXX-TR-11 and HF-EOG-DPI-403 (differential pressure across MM-EOG-F-402 EOG HEPA
train).

7119/2004 Swapped chilled Watgr pumps and dam Waﬂ regencrative blowers.
Both EOG HEPA trains were placed online.

7/26/2004 Swapped CW pumps and dam wall regenerative blowers.

VSL-05R5800-1 HLW AZ-102 7/29/2004 DM 1200 high electrode temperature alarm sounded. Started actions to correct the situation.

Switched lance bubblers #1 and #2 to manual rotameters MM-CA-FIC-012 and MM-CA-FIC-013, respectively.
Manual rotameters were set to 1 SCFH. Bubbling was verified inside the melter before and after the flow
controllers were switched.

7130/2004 Adjusted EOG dilution air valve. _
Returned lance bubblers #1 and #2 inputs to mass flow controller MM-CA-MFCR-001 and MM-CA-MFCR-003,
respectively, Mass flow controller MM-CA-MFCR-006 was removed for testing. Mass flow controller MM-CA-
MFCR-010 was used to replace mass flow controllerMM-CA-MFCR-006. Mass flow controllers MM-CA-
MFCR-001 and MM-CA-MFCR-003 were set to 1.5 Ipm. Bubbling was venfied inside the melter.
Added water to CW secondary system.

7131/2004 Replaced thermocouples in TW #2. New multi-thermocouple consists of MM-XXX-TR-12, -13, -14, -15 and -16.

TCs of MM-XXX-TR-04 and MM-XX3X-TR-05 in TW #1 were also replaced.
Changed filter and pre-filter of MM-EOG-F-401 EOG HEPA train.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Replaced HEPA filter and pre-filter of MM-EOG-F-402 EOG HEPA train. There was a leak in the bottom left
corner due to inability to tighten the wing nut. A longer bolt was used to correct this problem.

Switched EOG HEPA train MM-EOG-F-401 to -F-402. It was not possible to scal the door of EOG HEPA train
MM-EOG-F-401 due to studs, which were fixed or replaced as needed.

Swapped chilled water pumps and dam wall regenerative blowers. Simulated loss of power and tested diesel
generator.

Modified film cooler spray to utilize a wand inserted through top view-port to the bottom of film cooler. Spray
volume was still set at 5 liters. Previous film wash method was discontinued.

Inserted melter camera in port C-2.

Electrode power control was switched back to Love controller.

Replaced transducers for electrode voltage and electrode power with newly calibrated umits (or units with
unexpired calibration dates) as part of instrumentation calibration maintenance.

8/3/2004 Replaced TW #1 multi-TC due to suspect readings.

8/10/2004 Airlift was removed.

Cleaned airlift for inspection. There were 3 bends in the pipe; one at 9" from the bottom, second at 16" from
bottom, and the third at 22" from the bottom. Photographs were taken. The most significant damage was that a
piece of the pipe had flaked off at 48" from the bottom. Caliper readings of the airlift were taken. It was decided
to replace the airlift.

Removed bubblers J3 and J5 from the melter. Bubblers DB-2 and DB-1 were installed in ports A-3 and D-1,
8/12/2004 respectively.

Slightly closed EOG damper slide gate.

VSL-05R5800-1 HLW AZ-102 Completed cleaning and inspection of bubblers I3 and J5. Inspection showed no damage on either bubbler,
8/13/2004 except for heat marks at about 22" from the bottom on lance bubbler J5. Caliper measurements of the dimensions
and photographs were taken.

City water low pressure light was lit on the annunciation panel. However, water pressure throughout the room
appeared normal.

City water alarm was investigated. It was found that the supply valve to the pressure transmitter was closed.
Swapped chilled water pumps and dam wall regenerative blowers.

Repaired door on EOG HEPA MM-EQOG-F-401 housing and put that train on ine. EOG HEPA train MM-EOG-
8/17/2004 402 was taken off line and filter and pre-filter were replaced.

Placed EOG HEPA train MM-EOG-F-402 train back in service and took MM-EOG-F-401 off line.

Photographs were taken of plenum camera fixture, camera, and light.

8/1/2004

8/2/2004

8/12/2004

8/14/2004

8/15/2004

8/19/2004 Switched EQOG HEPA frain from MM-EQOG-F-402 to -401.
8/23/2004 Replaced EQG HEPA filter and pre-filter on MM-EOQ-F-402.
Swapped chilled water pumps and dam wall regenerative blowers.
8/24/2004 Cooling panel temperature indicator (MCL-CW-TR-408) appeared to be out of service; momnitoring continued.
8/25/2004 Rebooted Melter 1abVIEW. MCL-CW-TR-408 functioned properly.
8/25/2004 Annunciator panel alarm was noticed, but no lights were illuminated. No operational problems were identified.
8/30/2004 Swapped chilled water pumps and dam wall regenerative blowers.
Installed lance bubbler I.1B. Moved mass flow controller MM-CA-MFCR-010 to stand by.
8/31/2004 Switched EOG HEPA train from MM-EOG-F-401 to MM-EOG-F-402.
9/1/2004 Performed simulated loss of power, diesel generator test.
9/5/2004 Adjusted dilution air damper.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Swapped chilled water pumps and dam wall regenerative blowers.

Opened EOG HEPA train MM-EOG-F-402 due to low melter vacuum and high HEPA temperature.

City water low pressure alarmed due to testing by CUA maintenance.

9/8/2004 Replaced pre-filter on EOG HEPA train MM-EQG-F-401. Closed EOG HEPA train MM-EOG-F-402. Replaced
pre-filter on EOG HEPA train MM-EQOG-F-402.

9/12/2004 Opened flow to EOG HEPA train MM-EOG-F-402. Both trains were placed on line.

9/13/2004 Swapped chilled water pumps and dam wall regenerative blowers.

Inspection of EQG piping showed plenty of solid material throughout. Photographs were taken. About 160 grams
of solids sample was removed from the EOG piping. Including the solids removed earlier, total mass of solids
removed from the EOG piping was about 6.1 kg. Photographs were taken.

9/14/2004 1.7 kg more solids were removed from the EQG pipe after the EOG valve. The new total solids mass was about
7.8 kg plus the sample mass of ~160 grams.

Closed EOG HEPA train MM-EOG-F-401.

Opened EOG manual vent/dilution valve, MM-EOQG-V-403 about ¥ way.

9/15/2004 Adjusted MM-EOQOG-V-403 to be open ~4% way.

Closed MM-EOG-V-403. Partially closed EQG dilution air slide gate to increase vacuum.

Obtained caliper measurements of new air lift.

Installed new air lift.

Removed air lift due to a bad TC fitting. TC that was damaged during earlier air lift removal was replaced.
Lance bubbler #2 was pointing closer to TW #2 than preferred. Adjusted lance bubbler #2 orientation more
VSL-05R5800-1 HLW AZ-102 towards port C-2. _ - _

9/17/2004 Opened city water bypass valve, MCL-DW-V-404, to provide ad&gonal cooling to the panels.

Closed MCL-DW-V-404 valve because chilled water was back on line.

Adjusted main EOG valve to be ~ 14 closed.

Swapped chilled water pumps and dam wall regenerative blowers.

9/23/2004 Adjusted main EOG valve slightly.

9/24/2004 Collected dip samples.

9/27/2004 Swapped chilled water pumps and dam wall regenerative blowers.

10/1/2004 Collected dip samples

L0/4/2004 Swapped chilled water pumps and dam wall regenerative blowers. Performed simulated power loss diesel
generator test.

10/8/2004 Dip samples were collected.

10/9/2004 Opened main EOG valve slightly.

10/12/2004 Svyapped chilled water pumps and _dam wall regensrative blowers.

Slightly closed main EOG valve slide gate.

10/18/5004 Swapped chilled water pumps and dam wall regenerative blowers.

10/16/2004 Adjusted EOG damper open slightly.

TC of MM-XXX-TR-04 failed and was removed. Repaired connection plug of TC of MM-XX3X-TR-04 that had
heat damage. TC of MM-XXX-TR-04 was scheduled to be replaced within the week with TCs of MM-XXX-TR-
05,-15and -16.

Completed functional testing of the lance bubbler back pressure transmitters.

9/7/2004

9/16/2004

10/29/2004
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Film cooler wash lance was tested. The timer was set for a 230 second cycle with the air pulse set for 10 seconds
11/1/2004 on and 10 seconds off. One cycle was set to provide 5 liters of wash water.
Swapped CW pumps and dam wall regenerative blowers.
TW #1 and TW #2 were removed. During removal hot glass dripped on the level detector tubing causing erratic
11/3/2004 reading on labVIEW. Level detector tubing was repaired. Caliper readings of both TWs were taken. Digital
photographs of TWs were taken.
Replaced the following thermocouples: MM-X3{-TR-04, -05, -06, -10, -15, -16 and -17. Thermowells were
cleared of debris before reinstallation of thermocouples. Noticeable reduction in diameter measurements on both
11/4/2004 TW at 18" from the bottom.
Replaced the following thermocouples: MM-X3X-TR-01, -02, -03,-12, -13 and -14.
HLW C- TW #1 and TW #2 were reinstalled.
VSL-05R5800-1 106/AY-102 Fc_)und that TCs ofMM-XXX-TR_-l_él and MM-XXX-TR-15 were revers_ed. During the swap of conmections, TC
(11/08/04- wire of MM-X3X-TR-14 broke inside the connector. Repaired connection.
11/12/04) 11/5/2004 Removed mass flow controllers MM-CA-MFCR-002 and MM-CA-MFCR-005 for testing. Moved mass flow
controller MM-CA-MFCR-010 into the mass flow controller MM-CA-MFCR-002 position.
Collected dip sample.
Rebooted both melter and off-gas 1labVIEWSs.
Observed difficulty in achieving normal discharge temperatures. Investigated and found that the weld connecting
11/8/2004 mounting flange to the bottom of the discharge chamber was partially cracked causing air inleakage.
Modified film cooler rinse mechanism to combine water and compressed air purge during wash ¢ycle. Cycle ime
was set to 120 seconds for a 5-liter flush.
Removal and inspection of feed tube, plenum camera and airlift were completed. Airlift outside diameter caliper
11/13/2004 readings were taken. There was no visible damage to the air lift lance, except for minor arcing on tip and slight
metal discoloration.
Swapped chilled water pumps and dam wall regenerative blowers.
11/15/2004 Rebooted both melter and off-gas 1abVIEW VI.
Airlift was reinstalled.
HLW C- Removed deep lance bubblers DB-1 and DB-2 for inspection.
106/AY-102 Inspection of DB-2 and DB-1 showed no damage, except for some pitting and arcing that were noticed during the
with envelope 11/18/2004 last inspection. Photographs were taken. Bubblers were tipped over to remove any metallic debris (total of about 20
maximum g of debris; DB-1 had slightly more debris than DB-2). Caliper readings of the bubbler dimensions were taken.
concentrations DB-1 and DB-2 were reinstalled in ports A-3 and D-1, respectively.
of RCRA Adjusted dilution air supply.
metals and Swapped chilled water pumps and dam wall regenerative blowers.
VSL-03R3830-1 hazardous 1112212004 Lifted lance bubbler #2 to check gasket. The gasket appeared cut in half.
organic Removed bubbler and replaced gasket.
compounds 11/23/2004 Opened flanges to the 90 ° and horizontal pipe of the EQOG line to DM1200 melter for inspection. Investigation
(11/15/04- showed minimal build up of solids that was cleared.
11/17/04, 11/26/2004 | Replaced pre-filter in EOG HEPA train MM-EOG-F-402. The other EQG HEPA train was on line.
12/06/04- 11/28/2004 | Adjusted main EOG valve to bring DM1200 melter vacuum from -0.10" W.C. to -0.15"W.C.
12/12/04) Replaced HEPA filter in EOG train MM-EOG-F-401.
11/29/2004 SW_apped chilled water pumps e_md dam wall regenerative blox_ivers. _
Switched from EOG HEPA train MM-EOG-F-401 to -402. Filter and pre-filter of EOG HEPA train MM-EOG-F-
402 were replaced.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

VSL-
05R5830-1

HLW C-
106/AY-102
with envelope
IMaximum
concentrations
of RCRA metals
and hazardous
organic
compounds
(11/15/04-
11/17/04,
12/06/04-
12/12/04)

12/1/2004

Performed monthly diesel generator test.

12/2/2004

It appeared that particles were being emitted from the glass pool due to bubbling. This was seen by a rise in
EOG HEPA differential pressure and debris within EOG piping.

Rodded the EOG piping up to the first 90° elbow, and removed minor build up. Lots of fine dust was seen.
Melter vacuum increased from -014" W.C. t0 -0.17" W.C.

Rodded the EOG piping for the second time, including past the 90° elbow.

EQG HEPA filter and pre-filter were replaced in MM-EOG-F-401 train.

12/6/2004

Installed plenum camera.

12/12/2004

The EOG control circuit had a limit switch that needed adjusting.

12/13/2004

Removed both thermowells. Completed inspection and caliper measurements of both TW #1 and TW #2. TW
#1 showed some discoloration. Both TWs showed significant metal loss on submerged sections with moderate
pitting and minor crystallization. Photographs were taken.

Replaced TW #2 with a new TW and the old TC bundle. During the holiday idle period, only TW #2 scheduled
to be installed.

Swapped chilled water pumps and dam wall regenerative blowers.

Lance bubblers 1and 2 and airlift were removed for inspection. TW #2 (new TW) was installed. Lance bubblers
not scheduled to be reinstalled at this time. Changed electrode firing pattern from side to side to side to bottom.
Level detector was disconnected during DB-2 removal and then reconnected.

Visual inspections of lance bubbler #1 showed numerous arcing spots and a slight bend ~37" down from the
ceramic insulator. Photographs were taken. Lance bubbler #2 also showed numerous arcing spots and a slight
bend ~32" down from the ceramic insulator. Photographs were taken. Air lance looked good, with no
significant damage. Caliper readings of lance bubblers #1 (DB-2) and #2 (DB-1) and the air lift were taken.

12/14/2004

Reduced supply air pressure to electrode bubblers #3 and #5 due to back pressure being too high.
Installed jumpers on TC connectors MM-333-TR-01 thru -05.

12/22/2004

On, 12/22, 12/24, and 12/29, tapped on EQG piping to dislodge solids build up to improve system airflow and
to reduce the melter vacuum.

12/23/2004

Swapped chilled water pumps and dam wall regenerative blowers.

12/30/2004

Due to scheduled power outage, melter was powered by diesel generator for about six hours.

12/31/2004

All systems functioned satisfactorily. City water bypass valve, MCL-DW-V-404, to cooling panels left open
until 1/3/2005 to supply city water to the back-up heat exchanger.

1/3/2005

Closed cooling panel, city water bypass MCL-DW-V-404.
No monthly testing of the diesel generator was done due to the scheduled outage on 12/30/2004.
Swapped chilled water pumps and dam wall regenerative blowers.

1/4/2005

Airlift was reinstalled.

1/10/2005

Swapped chilled water pumps and dam wall regenerative blowers..

1/18/2005

Swapped chilled water pumps and dam wall regenerative blowers.

1/24/2005

Swapped chilled water pumps and dam wall regenerative blowers.
Opened EOG port at melter for inspection and found no blockage in vertical section and very little on
horizontal section. Cleaned all visible solids build up.

1/25/2005

Found TC of MCL-CW-TR-418, removed from thermo well on chilled water pipe. Reinstalled the TC, and the
reading changed by ~6 °C to 32.5 °C.

1/26/2005

Performed loop testing of various melter thermocouples.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Removed mass flow controllers for the bubblers L1A, L4A and L spare 6 from the system for testing,

Placed mass flow controllers for bubbler L spare 5 and L2A back in operation after testing.

1/28/2005 Removed air lift for inspection. No damage was noticed. Caliper readings and photographs were taken. Air lift
left out for now.

1/29/2005 Switched form EOG HEPA train MM-EQG-F-402 to -401.

Found that both melter and off gas 1abVIEW VI were recording to “local”™ drive. Reestablished network

1/31/2005 connection, and system appeared to be working satisfactorily.

Swapped chilled water pumps and dam wall regenerative blowers.

2/2/2005 Electrode firing was from side to bottom.

Swapped chilled water pumps and dam wall regenerative blowers.

1/27/2005

SRE Started and completed calibration of various melter and off gas thermocouples.
EOG piping was cleaned.
IOHG}:KS-OZ D Started and completed calibration of various melter and off-gas loops.
. 2/9/2005 Started and completed calibration of various melter and off-gas loops.
with envelope - - -
. Completed updates to melter, off-gas, and feed data programs including spyware detection and removal.
Maximum 2/10/2005 : ; :
concentrations Started and completed calibration of various melter and off-gas loops.

of RCRA metals 2/11/2005 Reinstalled E.iil" lift. :
2/14/2005 Swapped chilled water pumps and dam wall regenerative blowers.

VSL-

05R5830-1 andol;féﬁgous Reconfigured lance bubbler air supply tubing from MFCRs to allow for individual air flow control.
compounds Found dam wall air flow (MCA-RGB-FR-201) reading 0 SCFM. Investigation of blower status, outlet
(11/15/04- pressure, and local differential pressure did not show any problems. Cleaned both dam wall RGB inlet filters.
11/17/04, 2/17/2005 Electrode finng pattern was changed from side to bottom to side to side.
12/06/04- Reinstalled lance bubblers J4 in port A-3, 1.3 in port A-1, L4 in port D-3 and L.2 in port D-1.
12/12/04) Power was set to 69 kW.

Adjusted dam wall regencrative blower, MCA-RGB-B-102 outlet pressure from 28 to 25 psig. Dam wall flow
was unchanged at 26 SCFM. Lower pressure may trip low pressure alarm.

Reinstalled TW #1 with a new multi-TC assembly and TW #2.

2/18/2005 Replaced EOG filter and pre-filter of EOG HEPA train MM-EOG- F-402. Debris had accumulated on the
housing floor.

Swapped chilled water pumps and dam wall regenerative blowers.

2/21/2005 Functional test of mass flow meters for lance bubblers 1B, 2A, 2B, 3A, 3B and 4B with labVIEW VI was
unsuccessful.

Increased discharge chamber power from 12 to 15 kW. Discharge chamber was heated to discharge glass to
obtain grab sample of riser glass, and lower melt pool level in preparation for glass turnover to LAW
composition.

Replaced TC of MM-XXX-TR-08 for airlift.

2/22/2005
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Turned on MM-CA-MFR-013 (electrode bubbler #3) at 1 1pm. No flow was observed through MM-CA-
MFCR-013 after 8 minutes. Unplugged power to MFCR.
Swapped lance bubbler air supply from rotameter to MFCR and vernified flow in melt pool. Lance bubblers
were installed with L1 in port A-1, L2 in port A-3, L3 in port D-1 and L4 in port D-3. MFCRs in use were set
HLW C- to 1.5 lpm air flow rate. Secured power to electrode MFCRs.
106/AY-102 Swapped EOG HEPA line from MM-EOQG-F-401 to MM-EOG-F-402 train. MM-EOG-F-401 EOG HEPA
with envelope differential pressure was 3.5" W.C. Melter vacuum was -0.11" W.C. with dilution air valve (from manual EOG
Maximum went/dilution valve, MM-EOG-V-403) almost fully closed. Tapping EOG pipe had no effect on melter
concentrations pressure.
VSL- of RCRA metals 2/23/2005 Reduced air supply pressure to electrode bubbler #2 due to back pressure being =42 psi.
05R5830-1 and hazardous Found MM-X33{-PR-200 (melter pressure at instrument port) melter pressure tubing disconnected. When the
organic tubing was reconnected, melter vacuum reading changed from +0.1" W.C. to -0.1" W.C., as expected.
compounds Primary chilled water system pump MCL-CW-P-401 tripped for unknown reason, was reset, and continued to
(11/15/04- operate without any other problems. The pump will be monitored.
11/17/04, Completed testing of several of gas and melter pressure transmitters.
12/06/04- Melter pressure at -0.1" W.C., This may be due to partial blockage in the vertical section of the EOG piping.
12/12/04) Minor build up was removed from the bottom part of the vertical section of the EOG pipe.
Chillers appeared to be down. CUA maintenance was notified that chillers were off line.
Removed mass flow controller, MM-CA-MFCR-013 from the system for testing.
Chilled water supply temperature, MCL-CW-TR-402 was at 46 °C.
2/25/2005 Replaced EOG HEPA train MM-EOG-F-401 filter and pre-filter.
LA\_?\t/hEnvellope 2/26/2005 Installed lance bubblers 1A, 2B and 4A in the melter. The units were powered and set to 1.5 Ipm flow rate.
A “I?]&Xie;‘znom 2127/2005 Turned on mass flow controller MM-CA-MFCR-002 of lance bubbler L2 A at 1.5 Ipm, and secured mass flow
concentrations controller MM-CA-MFCR-007 of lance bubbler L2B.
LAW of RCRA metals 2/28/2005 Installed 4 lance bubblers (3 L type bubblers and one J type bubbler) in 4 comers pointed to the center of the
Scoping test and hazardous melter.
organic
Cg?;;%ids 3/1/2005 Swapped chilled water pumps and dam wall regenerative blowers.
3/04/04)
LAW ]iwelope 3/7/2005 Swapped chilled water pumps and dam wall regenerative blowers.
with epvelope 3/11/2005 Both EOG HEPA trains were placed on line.
maxirmum
concentrations 3/12/2005 Replaced MM-EOG-F-401 EOG HEPA filter and pre-filter. High amounts of sulfate dust were found inside the
VSL- of RCRA HEPA housing. Both EOG HEPA trains were placed on line.
05R5830-1 metals, halides, 3/13/2005 Tapped on the EQG pipe, which raised melter vacuum from 0.09 to 0.18" W.C.
and hazardous 3/14/2005 Swapped chilled water pumps and dam wall regenerative blowers.
Orgame Replaced EOG HEPA, MM-EOG-F-401 pre-filter.
compounds
(;{? g;f(());, 3/15/2005 Replaced MM-EOG-F-402 HEPA train pre-filter and filter. Left both trains on line.
3/17/05-3/23/05)
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

VSL-
05R35830-1

LAW Envelope
A
with envelope
Maximmum
concentrations
of RCRA
metals, halides,
and hazardous
organic
compounds
(3/07/05-
3/10/05,
3/17/05-3/23/05)

3/16/2005

Replaced electrode TCs TR-22, TR-21 and TR-23.

Film cooler was inspected visually. No build up was found.

Reinstalled plenum exposed TC.

Installed a remote melter pressure indicator (MM-AR-PR-201) by the chemical room door, tested for
functionality, and was found to be satisfactory.

3/18/2005

Found clog in one of the MM-OG-DPR-002 sensing lines.

3/21/2005

Observed discharge chamber drum flange to be “looser”™ than previously noted. Tt was difficult to maintain
chamber temperature.
Swapped chilled water pumps and dam wall regenerative blowers.

3/23/2005

EOG pipe got clogged causing loss of melter vacuum. Used drain snake to clear clog.

Melter vacuum returned to -0.32" W.C. Opened dilution air valve with both HEPA trains open.

One EOG HEPA train was taken offline to allow for swapping trains to replace filters.

Reduced clectrode bubblers 1, 2, 4 and 5 flow rates from 0.5 to 0.2 SCFH to help mimimize carryover to EOG
piping/HEPA.

Removed TC of MM-XXX-TR-17.

Both EOG HEPA trains were placed on line. Checked all melter ports for leakage.

Started modified off-gas operation to clean EOG piping. During this time PBS was in line and HCU was off
line. Switched back to EOG.

~ 3 kg of solids build up was removed. This was in the EOG pipe after the 90° and up to valve 401. Was not
able to remove much of the build up before the 90° on top of the melter. There is only about 2" opening
through the pipe. Cleaning scheduled for a later time.

Placed cooling panels on city water.

3/24/2005

Primary system chilled water pump, MCL-CW-P-401, tripped and was reset, The pump worked satisfactorily
afterwards. Water pressures appeared to be normal, but monitoring of pump continued.
HEPA filter and pre-filter of MM-EOQG-F-401 EOG HEPA train were replaced.

3/26/2005

Tapped on the first 90° of EOG line and was able to bring vacuum to -0.07" W.C.
Both HEPA trains were in operation.

3/27/2005

Both EOG HEPA filters and pre-filters were replaced.

Tapped on EOG line to try to remove blockage due to solids deposits. Tried rodding out EOG line with a drain
snake. Neither was effective in removing the blockage. Due to the condition of the EOG line, a modified off-
gas system was implemented bypassing HCU. Melter vacuum was at -0.09" W.C.

Changed EOG alarm set point from 0.5" to 0.00" W.C.

3/28/2005

EOG alarm sounded and was reset.

3/29/2005

Primary system chilled water pump, MCL-CW-P-401 alarm sounded on the annunciator and cooling panels.
Alarms reset.

Removed the first section of the EOG line for modification and cleaning.

Cut the first section of EQG line, 90% packed with solids. Photographs were taken.

First section of the EOG line on top of the melter was cleaned, modified and put back together. Photographs
were taken. EOG was put back on line.

3/31/2005

Placed lance bubblers #1, #2, #3, and #4 on the bypass rotameters, and set them at 0.5 SCFH flow rate to
reduce carry over to the HEPA system.

4/1/2005

Switched EOG HEPA trains from MM-EOG-F-402 to -401. Replaced EOG HEPA train MM-EOG-F-402 filter
and pre-filter.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Swapped chilled water pumps and dam wall regenerative blowers.
Completed simulated loss of power diesel generator test. Primary cooling pump MCL-CW-P-401 tripped, was
LAW Envelope 4/4/2005 reset, and worked satisfactorily afterwards.

: A Dam wall regenerative blower, MCA-RGB-B-102, tripped due to low air flow rate. Flow rate was increased to
with e]_welope 23 SCFM and the system functioned satisfactorily.

Maxinum
concentrations Lost dam wall regencrative blower, MCA-RGB-FR-202. Was able to reset and adjust flow to dam wall using

of RCRA 4/6/2005 | blower MCA-RGB-FR-201 at 20 SCEM.

VSL- métils. halides Switched EOG line from EOG HEPA train MM-EOG-F-401 to -402.
05R5830-1 and heizardous’ 41712005 Added particulate removed from EOG piping into melter.

organic Replaced EOG HEPA train MM-EQOG-F-401 pre-filter.

compounds 4/9/2005 Replaced EOG HEPA train MM-EOG-F-402 pre-filter.

{(3/07/05- 4/11/2005 Swapped chilled water pumps and dam wall regenerative blowers.

3/10/05, Removed mass flow controllers for lance bubblers L1A, L4A and L spare 6 (MM-CA-MFCR-001, -004,
3/17/05-3/23/05) 41122005 and -010) for testing. Moved mass flow controllers for lance bubblers L1B and L4A (MM-CA-MFCR-006 and
-009) into positions for MM-CA-MFCR-001 and -004.

Per CUA maintenance, primary CW system was fully finctional.
Reinstalled MM-XXX-TR-17, exposed plenum TC.
4/13/2005 Secured city water to melter panel heat exchanger.
TR-17 TC failed again. Replaced TR-17 TC.

Stopped test to remove transition line bellows. Differential pressure across transition line was very high at 7-
10" W.C. Inspection showed only minor build up at the bellows. Photographs were taken. Clog was found at
the end of the curvature from the melter, prior to sample port. Rodded with slight success. About 333 grams of
solids were removed.

Removed lance bubblers #1, #2, #3 and #4, TW #1 and TW #2.

Changed electrode firing pattern from side to side to side to bottom.

Swapped chilled water pumps and dam wall regenerative blowers.

HLW A/18/2005 Inspection of TW #1 showed heavy pitting at the lower 15" section. Above the 15" mark, the TW seemed OK.
HLW mixed Joule heating was observed at about 3” and 10” from the bottom.

Tu\irsliver {4/13/05- Inspection of TW #2 showed two joule heating spots at 1" and 20""marks. The rest of the pipe was in very good
05R5830-1 4/15/05) shape. Photographs and caliper readings of both thermowells were taken.

Both TWs were reinstalled. Removed TC of MM-X33-TR-17.

Lance bubblers were inspected:

Lance bubbler # 1 (L.3) showed crystallization in the pipe below glass level. Pitting was observed above the
glass level. Three joule heating spots were seen at 9.5", 17.5" and 23", and a bend at 23".

Lance bubbler #2 {I14) showed crystallization in the bottom 20" and pitting above that. Joule heating spots were
seen from 12" to 18",

Lance bubbler #4 (L4A) showed crystallization in the bottom 20" and slight pitting above. Joule heating spots
were seen in the bottom 15" and the pipe had a bend at 26.5".

Lance bubbler #3 (1.2) showed crystallization in the bottom 17" and heavy pitting above that. Joule heating
spots were seen in the bottom 24.5" and the pipe had bends at 14", 21", and 28".

Photographs and caliper readings of all 4 lance bubblers were taken.

4/14/2005

4/19/2005
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

More than 1560 grams of solids were removed from the transition line assembly and the film cooler. Transition
4/20/2005 line section #1 was clean. Film cooler end was damaged. Photographs of the solid deposits and the film cooler
were taken.

HLW . Cleaned glass build-up from the bottom of film cooler. Photographs were taken. Louvered section of the film
Turnover HLW mixed i cooler had separated from the main body. Photographs of the Louvered section were taken.

VSL- (4/13/05- Reduced electrode bubblers #1, #2, #4 and #5 air flow rate from 0.8 to 0.5 SCFH.
05R5830-1 #1303} w005 | Removed MM-XXX-TR-04 TC from the melter

Swapped chilled water pumps and dam wall regenerative blowers.

Opened MCL-DW-V-404 valve (city water bypass valve) in preparation for cooling tower outage.
4/29/2005 Closed MCL-DW-V-404 valve and returnad to chilled water for cooling panels.

Swapped chilled water pumps and dam wall regenerative blowers.

Simulated loss of power and successfully completed diesel generator test.

5/2/2005

5/9/2005 Swapped chilled water pumps and dam wall regenerative blowers.

Switched from EOG HEPA train MM-EOG-F-401 to -402. Melter pressure was -0.20" W.C. EOG HEPA inlet
temperature (MM-3X-TR-11) was reading 81°C.. Differential pressure across MM-EOG-F-401 EOG HEPA
train was ~5.6" W.C., which had not changed for several days. After switching to MM-EQG-F-402 train,
melter vacuum incrzased to -0.66" W.C. All dilution air valves were opened.

5/12/2005 Partially closed MM-EOQOG-F-401 EOG HEPA inlet valve, which dropped melter vacuum to -0.14" W.C, then
closed the suction valve after the HEPA outlets. Melter vacuum at 0.21" W.C.

Replaced MM-EQG-F-401 EOG HEPA train filter and pre-filter. This HEPA housing had a large amount of
particulate (possibly sulfate) prior to pre-filter. Undemeath particulate there was a build-up of glass-like
material. The housing was scraped and vacuumed, and new gasket material was placed on the door.

5/13/2005 Removed lance bubbler #4.

Alarm sounded because cooling system, chilled water pump MCL-CW-P-401 was not running. The pump was
) restarted.

- Maintenance L2000 Partially closed the main EOG valve to raise the melter vacuum to about -0.17" W.C.

Partially opened MCL-DW-V-404 valve to allow some city water flow to the back-up heat exchanger.
Swapped chilled water pumps and dam wall regenerative blowers. Dam wall regenerative blower MCA-RGB-
5/16/2006 B-102 outlet pressure was adjusted to 2.5 psi. Flow was 25 SCFM.

CUA maintenance informed that chilled water was back in service.

Primary chilled water system was functioning satisfactorily. Closed city water to MCL-DW-V-404 valve.
Adjusted EOG HEPA train MM-EQG-F-402 inlet valve to fully open. Melter vacuum was at -0.14" W.C.

Sk Obl Closed manual EOG vent/dilution valve completely and opened the dilution air damper to about 70% open.
Melter vacuum was at -0.20" W.C.
City water low pressure alarm sounded due to city water outage for Hannan Hall.

5/20/2005 City water restored to Hannan Hall.

Turned on city water to the back-up heat exchanger because chilled water supply temperature was 80°F and
return 82°F. Cooling panel temperatures at 39-43 °C.

5/22/2005 Switched from MM-EQG-F-402 EQG HEPA train to -401 train.

5/23/2005 Closed MCL_,-DW-V-404 city water bypass valve. _

Swapped chilled water pumps and dam wall regenerative blowers.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Partially closed MM-EOG-V-403 valve, ¥4 of the way. Melter vacuum increased from -0.13" to -0.18" W.C.
Replaced the filter and pre-filter of MM-EQOG-F-402 EOG HEPA train.
5/26/2005 Closed MM-EQG-V-403 valve to increase the melter vacuum from -0.16" to -0.19" W.C.
Removed lance Bubbler #3 back pressure transmitter from the system. Unit was removed for use in the DM100
systermn.
5/30/2005 Swapped chilled water pumps and dam wall regenerative blowers.
5/31/2005 Performed simulated loss of power diesel generator test.

Closed MM-EOG-V-403 valve fully, and partially (%) closed dilution air valve (MM-EQG-V-402). Melter
6/3/2005
vacuum changed from -0.14" to -0.17" W.C.
Swapped chilled water pumps and dam wall regenerative blowers.
Hannan Hall experienced loss of power. Automatic transfer switch (ATS) for building powered by back-up
diesel genzrator did not activate. Normal power was restored. Diesel generator was generating only ~220 volts
on all 3 phases, which might be insufficient to power ATS.
Switched dam wall regenerative blower from MCA-RGB-B-101 to —102. Blower MCA-RGB-B-101 was
making unusual noises and not maintaining proper flow.

6/6/2005

Air compressor dryer switching alarm activated. The compressor was back to normal operation after the
solenoid valve was reset.

Found that diesel generator speed (motor) switch was set for low speed. Switched to high speed and tested
generator. Output was back to ~480 volts on all phases.

Maintenance 6/9/2005 Swapped chilled water pumps. Did not switch dam wall regenerative blowers.

Inspected EQG inlet port at the melter and found horizontal section almost 90% blocked; cleared blockage and
melter vacuum increased from -0.14" to -0.35" W.C.

6/7/2005

% 182005 Completely opened dilution air damper and MM-EOG-V-403 valve. Melter vacuum changed to -0.18" W.C.
Slightly closed MM-EOG-V-403 valve. Melter vacuum changed to -0.21" W.C.
Swapped chilled water pumps. Checked the MCA-RGB-B-101 blower for operation. Noticed a grinding noise
from the blower housing. Maintained flow using MCA-RGB-B-102 dam wall regenerative blower.

6/20/2005 Inspected internals of MCA-RGB-B-101 blower along with outlet check valve. No problems were identified.

Observed noise during operation of MCA-RGB-B-101 that occurred only when it warmed up, indicating
probable bearing failure. The blower maintained as emergency back-up.
Closed valve MM-EOG-V-403 entirely. Opened dilution air damper completely. Melter vacuum at -0.20” W.C.

6/25/2005 Partially closed (~2/3) EOG dilution air damper. Melter vacuum was changed from -0.12" to -0.16" W.C.

6/26/2005 SWl:tched EOG line from EOG HEPA train MM-EOG-F-401 to -{102. .
Adjusted electrode bubbler #3 supply pressure to target of ~40 psi (found at 32 psi and no flow)
6/27/2005 Swapped chilled water pumps.
6/28/2005 Replaced filter and pre-filter of EOG HEPA train MM-EQG-F-401.
7/5/2005 Swapped chilled water pumps.
Swapped chilled water pumps.
7/11/2005 Started removal/replacement of MCA-RGB-B-101 dam wall regenerative blower. New blower was a single
stage regenerative blower.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Melter vacuum had decreased to -0.09" W.C. Removed horizontal flange and vertical plug at melter outlet.
Rodded out blockage in both sections. Replaced flange and plug. Melter vacuum increased to -0.42" W.C.
Opened dilution air damper and MM-EOG-V-403 completely. Melter vacuum changed to -0.22" W.C.
Temporarily secured power to MCA-RGB-B-102 dam wall regenerative blower to replace temperature
overload relays inside disconnect box. Replacement was to downgrade relay temperature limit due to
replacement of MCA-RGB-B-101 with a smaller unit. Performed replacement in 2 stages to prevent excessive
7/12/2005 heating of dam wall panel.

Restarted air to dam wall. Outlet air temperature at 160 °C.

1% stage of overload replacement was completed, allowed temperatures to decrease before completing second
stage.

Secured dam wall regenerative blower to complete temperature overload replacement. Qutlet temperature at
139 °C.

Power restored to RCA-RGB-B-102. Dam wall outlet temperature at 173 °C.

7/13/2005 MCA-RGB-B-101, new dam wall regenerative blower was returned to service in standby mode.

7/14/2005 Performed monthly simulated loss of power diesel generator test.

7/18/2005 Swapped chilled water pumps and dam wall regenerative blowers.

7/16/2005 Switched EOG line from EOG HEPA train MM-EOG-F-402 to -401.

Replaced filter and pre-filter of EOG HEPA train MM-EQG-F-402.

7/25/2005 Swapped chilled water pumps and dam wall regenerative blowers..

City water low pressure alarm activated due to maintenance work being performed.

Found dam wall inlet flow at 29 SCFM, adjusted back to 28 SCFM.

CUA maintenance experienced some problems with one of the chillers. Opened city water bypass valve MCL-
7/27/2005 DW-V-404 until problem was resolved.

Dam wall regenerative blower inlet flow was at 30 SCFM with outlet pressure at 2.10 psi. Switched blower to
MCA-RGB-B-102. Adjusted outlet pressure to 2.50 psi.

Dam wall outlet flow from -B-102 at 21 SCFM.

Closed city water bypass valve MCL-DW-V-404 about ' way. Flow was adjusted from 32 gpm to 27 gpm.
MM-XXX-TR-16 temperahire was 32.3°C and -17 temperature 36.3°C.

Maintenance

TSR0 Partially closed (~80%) city water bypass valve MCL-DW-V-404. CW supply temperature at 32.3°C and

panels at 35-39 °C.

Swapped chilled water pumps. Until alarm set point could be lowered for MCA-RGB-B-102, dam wall
R/1/2005 re_generative blowers would not be sv_vitched.

Simulated loss of power and tested diesel generator.

Found electrode bubbler #3 back pressure at 35.8 psi; adjusted regulator to 40.5 psi pressure.

Closed city water bypass valve MCL-DW-V-404 completely. Chiller rehirned to service. Panel temperatures at
8/2/2005 o

37-43°C.

Found 1abVIEW data logged in local position and reset to network.
R/5/2005 Tested dam wall regenerative blower -B-102 for flow with outlet relief pressure at 2.5 psi; flow at 20 SCFM.

No problems were observed with either blower operation. Switched back to -B-101 dam wall regenerative
blower.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Swapped chilled water pumps and dam wall regenerative blowers.

Found some blockages in the EOG vertical and horizontal sections. Once blockages were cleared, melter
vacuum increased from -0.10" to -0.30" W.C. Partially opened (‘4 way ) dilution valve. Melter pressure at -
8/8/2005 0.21"W.C.

Switched dam wall regenerative blower (RGB), MCA-RGB-B-102 to -B-101. Found inlet flow at 31 SCFM and
blower outlet at 2.5 psi pressure. When the blower was switched pressure was still at 2.5 psi, but inlet flow
dropped to 20 SCFM. Also noticed no melter pressure change after switching blowers.

Switched dam wall regenerative blower (RGB), MCA-RGB-B-101 to -B-102 and lowered outlet pressure to 2.2
8/9/2005 psi; corresponding flow rate was 19 SCFM. In order to increase dam wall air flow rate to 31 SCFM, blower
outlet pressure was increased to 2.5 psi.

Performed flow versus outlet pressure testing of MCA-RGB-B-101 and -B-102.

-B-101 at 2.5 psi outlet pressure flow is 21 SCFM.

8/10/2005 -B-102 at 1.6 — 2.5 psi outlet pressure flow is 20 SCFM (after 45 minutes).

—B-102 has at times shown flow rates as high as 31 SCFM.

Outlet pressure for both blowers will be maintained at 2.5 psi.

8/13/2005 Switched EOG line from EOG HEPA train MM-EOG-F-401 to —F-402.

8/15/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower ouflet pressure to 2.5 psi.
Maintenance 8/18/2005 Replaced filter and pre-filter of EOG HEPA train MM-EOG-F-401.

8/21/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower ouflet pressure to 2.5 psi
MM-EOQG-V-403 valve was fully closed. Ammonia duct valve was closed, and EOG damper valve was closed.
Melter vacuum at -0.15" W.C. Tapping on the EOG pipe at the melter outlet raised the melter vacuum to -0.30"

8/23/2005 W

MCL-CW-TR-408 TC failed. It was taken out of service.

Rodded out build up of particulate at EOG horizontal and vertical sections. Vacuum increased from -0.15" to -
8/27/2005 018" W C

Used the manual drain snake device to clear EOG horizontal piping and was successful in cleaning the 45
RI98/2005 degree elbow. Melter vacuum increased from -0.14" W.C to -0.79" W.C. Openad dilution damper to full open

position, and fully opened MM-EOG-V-403 valve; vacuum at -0.34" W.C.

Opened ammonia exhaust valve fully. Vacuum now at -0..24" W.C.

8/29/2005 Swapped chilled water pumps and dam wall regenerative blowers

8/31/2005 Replaced TC of MCL-CW-TR-408.

Removed level detector from melter.

Inspection of level detector showed significant damage and metal 1oss. Both level and density pipes had lost 14"
or more of the pipe due to corrosion extending upward at a 45° angle. Pipes also showed significant
crystallization and arcing. Photographs and outside diameter caliper readings were taken.

Installed temporary jumper from MM-XXX-PR-200 (melter pressure measurement at instrument port) to MM-
AR-PR-202 (melter pressure measurement at level detector port) tubing to provide melter pressure indication on
. 0/2/2005 EOG panel and labVI.EW f01." MM-XXX-PR-201 (melter pressure indication at EOQ).

Maintenance Removed TW #1 for inspection. Also removed TC of MM-33X-TR-15 from service.

Visual inspection of TW #1 showed significant damage. It will not be reinstalled. Only one TW (TW #2) will be
installed in the melter. Photographs and caliper readings of TW #1 were taken.

9/5/2005 Swapped chilled water pumps and dam wall regenerative blowers.

9/1/2005
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Found compressor alarm fault illuminated. Reset the fault switch on dryer in the mechanical room. Found large
amounts of moisture build up in dryer. Will continue to monitor.

Removed TW #2 for inspection.

There were some pittings and metal flaking on lower 12-15" of TW #2. Overall, the condition of TW#2 was
9/6/2005 satisfactory.

Caliper readings and photographs of TW #2 were taken.

TC of MM-XXX-TR-16 failed. Replaced this TC with the TC from TW#1 that had been removed from
service.

Simulated loss of power, diesel generator test was performed.

9/9/2005 Switched from EOG HEPA train MM-EOG-F-402 to -F-401.

9/12/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
9/14/2005 Increased melter vacuum from -0.17” to -0.217 W.C. by slightly opening EOG HEPA inlet valve.
9/19/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure from 2.2 to 2.5
psi.

9/24/2005 Replaced filter and pre-filter of HEPA train MM-EQG-F-402.

9/26/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
Found city water pressure alarm on. Pressure was at 3.5 psi. The alarm was silenced. Primary CW supply
9/27/2005 temperature was 87°F and return temperature was 90°F.

The city water pressure at 46 psi and rising. Alarm was reset.

10/3/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
Maintenance 10/6/2005 Rebooted melter 1abVIEW VI to reset the readout from TC of MM-XXX-TR-408.

10/7/2005 Switched from EOG HEPA train MM-EOG-F-401 to -F-402
10/10/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure from 2.9t0 2.5
psi.

10/12/2005 Performed simulated loss of power, diesel generator test.

10/13/2005 Adjusted electrode bubbler #3 back pressure from 35.6 to ~41 psi. Air flow rate at <1.0 SCFH.
10/17/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
10/22/2005 Replaced filter and pre-filter of MM-EOQG-F-401 EQG HEPA train.

10/24/200 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
10/31/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
Performed simulated loss of power diesel generator test.

11/3/2005 The city water pressure alarm was on. The city water pressure was at 36 psi. Alarm was reset.

The water pressure now at 79 psi.

11/7/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower pressure to 2.5 psi.
11/8/2005 Switched from EOG HEPA train MM-EOG-F-402 to -F-401.

11/14/2005 Swapped chilled water pumps and dam wall regenerative blowers_.

Replaced filter and pre-filter of MM-EQG-F-402 EOG HEPA train.

11/22/2005 Swapped chilled water pumps and dam wall regenerative blowers.

11/28/2005 Swapped chilled water pumps and dam wall regenerative blowers.

12/5/2005 Swapped chﬂled water pumps and dm wall regenerative blowers.

Performed simulated loss of power-diesel generator test.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Annunciator panel alarm sounded. No lights were illuminated. However primary chilled water supply and

return temperatires as shown on MCL-CW-TI-402 and 421 were at 120°F while on the labVIEW

corresponding chilled water supply and return temperatures were 45.6 and 54.2°C, respectively. All cooling

panel temperatures were 53-55°C.

Found chiller stopped. CUA maintenance was alerted.

Opened the city water bypass valve MCL-DW-V-404 half way.

Later found the secondary chilled water temperatures to be normal and pressures and temperatures within

normal parameters. Closed the city water bypass valve MCL-DW-V-404

12/12/2005 Swapped chilled water pumps and dam wall regenerative blowers.

12/15/2005 Du_e to chillq being off li_ne city water bypass valve was opened half way.

Chiller back in service; city water bypass valve was closed.

Cooling panel temperatures exceeded 40°C. Opened city water bypass valve partially.

Chilled water back on line. Closed city water bypass valve.

12/19/2005 Swapped chilled water pumps and dam wall regenerative blowers.

Opened city water bypass valve in preparation for chiller outage.

Switched from EOG HEPA train MM-EOG-F-401 to -F-402.

12/20/2005 Differential pressure across the MM-EOG-F-402 EOG HEPA train was 5.2” W.C. Fully opened the air dilution

valve and MM-EOG-V-403 valve. MM-EQG-F-402 EOG HEPA inlet valve was about half way open and

melter vacuum as at -0.17" W.C.

Closed the city water bypass valve, chiller back on line.

Replaced filter and pre-filter of EOG HEPA train MM-EOG-F-401.

11/22/2005 In anticipation of power outages throughout the day, opened the city water bypass valve to provide water for
the back-up heat exchanger.

12/23/2005 Closed the city water bypass valve.

12/26/2005 Swapped chilled water pumps and dam wall regenerative blowers.

12/20/2005 Chiller out of service. City water bypass valve was opened.

Chiller back in service. Closed city water bypass valve.

12/30/2005 Opened slightly MCL-DW-V-404 city water bypass valve in preparation for power outage later in the day.
Power outage in progress, melter powered by the diesel generator.

12/31/2005 Closed MCL-DW-V-404 city water bypass valve. Cooling panels on normal chilled water.

1/2/2006 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower outlet pressure to 2.5 psi.
1/4/2006 Partially opened the city water bypass valve for replacement of the chilled water 3-way valve.

Primary system chilled water pump fault alarm.

Notified by CUA maintenance that primary chilled water system was back in service.

Restarted primary system chilled water pump. Primary chilled water temperatures still high. City water bypass

valve to be left on until temperatures return to normal.

Rebooted melter 1abVIEW VI due to reset erroneous display of MCL-CW-TR-408 temperatures.

The temperature readings returned to normal,

1/6/2006 Closed city water bypass valve.

Primary chilled water return temperature rose from 79 to 100°F during the last 2 hours, and cooling panel

1/8/2006 temperatures increased several degrees at over 40 °C. City water bypass valve was opened due to the suspected

chiller problems.

12/8/2005

12/18/2005

12/21/2005

Maintenance

1/5/2005
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Primary chilled water system appears to be functioning properly. Secured the city water bypass valve.
Swapped chilled water pumps and dam wall regenerative blowers.
1/17/2005 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower outlet to 2.5 psi.
Swapped chilled water pumps and dam wall regenerative blowers.
1/23/2005 Secured power to discharge chamber to replace a bad cooling fan on SCR. Heaters to be left off to facilitate
repairs to 1solation valve and bad heating elements.
1/30/2006 Swapped chilled water pumps and dam wall regenerative blowers.
2/4/2006 Switched from EOG HEPA train MM-EOG-F-402 to -F-401.
2/6/20006 Swapped chilled water pumps and dam wall regenerative blowers.
2/13/20006 Swapped chilled water pumps and dam wall regenerative blowers.
MM-RGB-B-101 regenerative blower fault alarm sounded. Switched to alternate blower MM-RGB-B-102.
The dam wall cooler inlet air flow rate now at 26 SCFM. Attempted to restart dam wall regenerative blower
2/14/2000 MM-RGB-B-101. As soon as the blower was turned on, the outlet pressure dropped.
Inspection of the blower for mode of failure indicated bearing failure.
Swapped chilled water pumps.
2/22/2006 Replaced filter and pre-filter of EOG HEPA train MM-EOG-F-402.
2/23/2000 Adjusted MCA-RGB-B-102 outlet pressure from 2.3 to 1.3 psig and dam wall flow rate from 27 to 25 SCFM.
Swapped chilled water pumps.
2/27/2000 Removed TW #2 for inspection. Inspection showed extensive pitting 18" from the bottom upward. No bends
were seen. Photographs and caliper readings of TW #2 were taken.
Replaced dam wall regenerative blower MCA-RGB-B-101. The blower needs to be wired and checked for
3/2/2006 . . . .

proper operation before being placed in service.
3/6/2006 Swapped chilled water pumps.
Performed simulated loss of power-diesel generator test.

1/9/2006

Maintenance

SLHLZH0G Tested dam wall regenerative blower MCA-RGB-B-101.
Switched from dam wall blower MCA-RGB-B-102 to blower -B-101. Initially the outlet pressure was 3.75

3/8/2006 psig: adjus_;ted pressure to 2.5 psig with a flow rate of 22 SCFM. _ _ _
Regenerative blower -B-101 outlet pressure dropped from 2.5 to 2.25 psig, adjusted back to 2.5 psig; flow rate
at 21 SCFM.

3/13/2006 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted blower outlet pressure to 2.5 psi.

Switched from EOG HEPA train MM-EOG-F-401 to -F-402.
3/17/2006 Replaced filter and pre-filter of EOG HEPA train MM-EOG-F-401.
3/20/2006 Swapped chilled water pumps and dam wall regenerative blowers.

Swapped chilled water pumps and dam wall regenerative blowers. Adjusted dam wall regensrative blower
3/27/2006 3
outlet pressure to 2.5 psig.
Melter pressure was at -0.14" W.C. Tapped on EOG pipe in an attempt to increase melter vacuum. This
3/28/2006 resulted in melter pressure of -0.09" W.C. Atternpted to remove blockage using drain snake down the EOG
pipe. This also was not effective in increasing melter vacuum.
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Attempted again to clear any blockage in the EOG pipe using a drain snake. Measurement of the length of the
snake in the EOG pipe showed it to have passed up to the main EQG valve. Also cleared a blockage above the
MM-EOG-V-403 {manual EQG vent/dilution) valve. During this attempt to clear the EOG pipe, no
obstructions were felt and melter pressure stayed at -0.09" W.C.

Switched from EOG HEPA train MM-EOG-F-402 to —F-401. The differential pressure of EOG HEPA train
MM-EOG-F-401 was 4.2" W.C.
Used MM-AR-PR-202 for melter pressure indication.

Switched back to EOG HEPA train MM-EQG-F-402 to increase vacuum on the melter.

Troubleshooting of melter vacuum measurement identified that melter pressure indication on the MM-AR-PR-
201 and -202 were inaccurate since the sensor line was disconnected during the level detector removal.
Reconnected sensor line to high pressure port on the instrument plug for the film cooler differential pressure
measurement. (Film cooler differential pressure, high pressure line was left disconnected). Since argon was no
longer available to purge, modified purge supply to compressed air on 3/30/2006.

Melter vacuum now between -0.10 to -0.20" W.C.

Swapped chilled water pumps and dam wall regenerative blowers.
4/3/2006 Performed simulated loss of power-diesel generator test.
Switched from EOG HEPA train MM-EOG-F-402 to —F-401.
4/10/20006 Swapped chilled water pumps and dam wall regenerative blowers.
4/11/20006 Replaced the filter and pre-filter of EOG HEPA train MM-EOG-F-402.

41772006 Swapped chilled water pumps and dam wall regenerative blowers.
) 4/23/2006 Noticed that chilled water retumn line from Room 15 had a leak.
Maintenance 4/24/2006 Swapped chilled water pumps and dam wall regenerative blowers.
4/27/2006 Switched from EOG HEPA train MM-EOG-F-401 to —F-402.

5/1/2006 Swapped chilled water pumps and dam wall regenerative blowers.

5/2/2006 Performed simulated loss of power-diesel generator test. Noticed some corrosion on the battery terminals.
5/8/2006 Swapped chilled water pumps and dam wall regenerative blowers.

5/9/2006 City water low pressure alarm. Water pressure at 3.2 psig.
5/12/2000 Turned on the Room 10 air conditioning umnit to cool the computers.
5/15/20006 Swapped chilled water pumps and dam wall regenerative blowers.
5/16/2006 Secured Room 10 air conditioning umit.

5/22/20006 Swapped chilled water pumps and dam wall regenerative blowers.

5/26/2000 Replaced the filter and pre-filter of EOG HEPA train MM-EOG-F-401.

5/29/20006 Swapped chilled water pumps and dam wall regenerative blowers.

5/30/2006 Took digital photographs of discharge chamber trough, melter plemum interior walls, and ceiling.

6/1/2006 Performed simulated loss of power-diesel generator test. Noticed some corrosion on the battery terminals.
6/5/2006 Switched from EOG HEPA train MM-EOG-F-402 to —F-401.

6/5/2006 Swapped chilled water pumps and dam wall regenerative blowers. Adjusted dam wall regenerative blower
outlet pressure to 2.5 psig.
6/6/2006 City water low pressure alarm. The pressure reading at 30.5 psig.
The primary system chilled water pump MCL-CW-P-401 fault alarm illurminated. Attempted to reset without
6/7/2006 success.
Opened the city water bypass valve to the back-up heat exchanger.

3/29-30/2006
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Table 2.1. Chronology of the DM1200 Melter Maintenance and Inspections (continued).

Low pressure alarm on primary system chilled water pump, MCL-CW-P-401. Pump was reset and restarted.
6/8/20006 Low pressure alarm on primary system chilled water pump, MCL-CW-P-401. Secured -P-401 pump to allow
CUA chilled water to circulate and vent potential air bubbles out of the system.
6/9/2006 Restarted primary system chilled water pump, MCL-CW-P-401. Monitored for low pressure alarms.
Completely closed the city water bypass valve, MCL-DW-V-404.

Swapped chilled water pumps and dam wall regenerative blowers. Adjusted dam wall regenerative blower
6/12/2006 z
outlet pressure to 2.5 psig.

Removed discharge chamber heater and ceramic sheath for digital photographs. Reinstalled after photographs
: 6/15/2006
Maintenance were taken.

Diesel generator was temporarily disconnected to relocate the unit to allow inspection and repair of
6/16/2006
underground storage tanks.
Swapped chilled water pumps and dam wall regenerative blowers.

Performed simulated loss of power diesel generator test after it was relocated. The system worked
6/19/2006 . .
satisfactorily.
Diesel generator was placed in the standby mode.

Swapped chilled water pumps and dam wall regenerative blowers. Adjusted dam wall regensrative blower
6/26/2006 3
outlet pressure to 2.5 psig.
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Table 2.2. Summary of Thermocouple Replacements on the DM1200.

Thermocouple Thermocouple #Times Minimum Time | Maximum Time Average Time
Location Description Replaced Installed, days Installed, days Installed, days
17 from floor (W) 13 25 225 111
13” from floor (W) 14 2 223 104
18” from floor (W) 13 25 225 111
27 from floor (W) 14 35 312 108
(lass Pool
9” from floor {(K) * 8 354 134
18” from floor (E) * 9 244 119
24" from floor (E) * 8 354 134
307 from floor (E) 12 53 302 123
8” below ceiling * 10 35 225 120
Plenum 17 below ceiling 9 47 354 158
Exposed 20 1 227 56
TC1* 2 231 887 559
Discharge TC2* 2 231 614 423
Riser * 6 52 384 190
East * 2 271 842 557
Electrode West * 2 219 271 245
Bottom * 2 490 778 634

* Thermocouple still installed in melter, therefore, lifetime data for that thermocouple is not included.
Note: Replacement data does not include the first thermocouples installed.
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Table 2.3. Summary of Thermowell, L.evel Detector and Discharge Air Lance

Replacements on the DM1200.

Duration | Total Days | Days Exposed | Days Exposed # Times
- Dates in Melter in Melter, | Exposed to to LAW to HLW Removed for
days Feeding Feeding Feeding Inspection
08/22/00 — 08/02/01 345 25.5 0.0 25.5 2
08/02/01 — 11/15/01 105 36.6 0.0 36.6 5
Thermowell 11/20/01 — 08/05/02 258 235 14.6 8.9 4
#1 08/08/02 — 05/01/03 266 65.4 42 61.2 5
05/01/03 — 09/02/05 784 124.1 22.2 101.9 9
Average 352 55.0 8.2 46.8 -
07/19/01 - 11/15/01 119 45.6 0.0 45.6 3
11/20/01 — 08/05/02 258 235 14.6 8.9 4
Thermowell | 08/08/02 — 05/01/03 266 65.4 42 61.2 7
#2 05/01/03 — 12/13/04 592 1153 13.4 101.9 11
12/13/04 — 05/31/06 * 534 8.9 8.9 0.0 1
Average 354 51.7 8.2 43.5 -
02/01/01 — 08/21/02 561 85.6 146 71.0 5
Level 08/26/02 — 10/28/03 424 1422 15.1 127.1 ]
Detector 10/28/03 — 09/01/05 668 483 11.4 36.9 2
Average 551 92.0 13.7 783 -
02/01/01 — 10/28/03 921 226.8 254 201.4 11
Discharge 11/03/03 — 08/10/04 241 26.6 2.4 242 3
AirLance | 09/16/04 — 05/13/06 * 584 21.6 8.8 12.8 3
Average 608 91.7 12.3 79.4 -
* Component still installed in melter.
"-" Empty data field
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Before Modification After Modification
. Min. Time Max. Time Ave. Time . Time
Heater # i;};iiﬁi Inratalled, Installed, Installed, ée;izz Installed,

ays days days days

1A 3 66 271 187 0 12356
1B 4 66 224 140 0 12356
2A 4 26 310 141 0 1252
2B 4 26 310 141 0 1252
3A 2 144 421 283 0 1252
3B 1 565 365 565 0 1252
4A 3 27 310 188 0 1252
4B 3 27 310 188 0 1252
S5A 2 38 5327 283 0 1252
5B 3 12 5327 188 0 1252
6A 1 565 565 565 0 1252
6B 1 565 565 565 0 1252
TA 1 561 561 561 0 1236
7B 1 561 561 561 0 12356
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Table 3.1. Tests Performed with Final HL.W Bubbler Configuration.

Glass . Bubbling Glass Production
Test Feed Yield Duration Rate Rate
Ci’fnsff;:;jggo?ﬁ;aﬁ* AZ-101 400g/1 | 145hs 64 lpm 1050 kg/m?/d
C%gfﬁ*?ﬁﬁgggoﬂe[sgog]B AZ-101 a00gl | 72hrs 134 Ipm 1400 kg/m*/d
N 3] AZ-102 3401 | 114hrs 65 Ipm 900 ke/m?*/d
Test 2B C-106/AY-102, High Waste
VSL-05R5800-1 [35] Loading gh 340 g/l 105 hrs 90 Ipm 1050 kg/m*/d
MACTHLW 1
{400°C plenum) C-106/AY-102, spiked 430 g/ 52 hrs 24 lpm 700 kg/m*/d
VSL-05R5830-1 [41]
MACT HLW 2A
{(345°C plenum) C-106/AY-102, spiked 430 g/l 75 hrs 9 lpm 550 kg/m*/d
VSL-05R5830-1 [41]
MACT HLW 1-cont
{400°C plenum) C-106/AY-102, spiked 430 g/l 19 hrs 28 lpm 742 kg/m*/d
VSL-05R5830-1 [41]
MACT HLW 2B
(500°C plenum) C-106/AY-102, spiked 430 g/ 54 hrs 43 lpm 1072 kg/m*d
VSL-05R5830-1 [41]

T-86

138




ORP-51434, Rev. 0
The Catholic University of America

Summary of DM 1200 Operation at VSL
Vitreous State Laboratory

Final Report, VSL-06R6710-2, Rev. 0

Table 3.2. Rate Increase from Improved Bubbler Configuration.

Glass Bubblin Glass
Test Bubbler Configuration Feed . Duration g Production
Yield Rate
Rate
Test 1B
New A7Z- 2
VSL-10[531§§800- (2 — Double Outlet bubblers on floor) j02 | 340l | 1l4hrs 65 Ipm 900 kg/m™/d
Test 5C 0Old A7
VSL-03R3800- | (2 - Single Outlet bubblers in corners 300 g/1 75 hrs 65 Ipm 550 kg/m*/d
- » 101
4117] facing center, 6” from floor)
Rate Increase 64%
Configuration
Test 9A New AZ- 2
VSL-04R4800-4 | (2 — Double Outlet bubblers on floor) 101 400 g/l 145 brs 64 Ipm 1050 ke/m*/d
[30]
T\e/?}fc Old AZ
y (2 - Single Outlet bubblers in corners ) 400 g/l 72 hrs 65 lpm 750 kg/m*/d
03R3800-4 . - 101
7] facing center, 6” from floor)
Rate Increase 40%
T-87
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Table 4.1. Summary of Manual Cleanings of the DM1200 Film Cooler.

Ave. Glass Bubbler Flow Number of Cleanings vs. Bubbling Rate
Test Feed Type and Test Conditions | Production Rate, * 65-100
2 Rate, lpm 0—65 Ipm >100 1pm
kg/m*/day Ipm
C-106/AY-102, variable sugar, .
5 550 o/l [29] 650 — 925 65 {variable) 0 - -
C-106/AY-102, variable sugar .
6 with nitrates. 550 o/l [20] 895 - 1025 65 {variable) 1 - -
AZ-101, variable bubbling
2 depth (parallel to electrodes, 550 — 650 65 (variable) 0 - -
530 g/ [30]
AZ-101, bubbler skewing, 530
1 o/l [30] 730 -1100 65 (skewed) 10 - -
AZ-101, prototypical bubbling, .
3 2 and 4 outlet bubblers, 400 g/l 600 — 1165 Adjusted for max 2 10 5
[30] rate (fixed)
AZ-101, 4 outlet bubbling and Adjusted for max
8 1175°C. 400 /1 [ 30] 740 - 1450 rate (fixed) 0 12 22
AZ-101, variable sugar with .
4 Ru, 400 g/ [29] 600 — 900 65 {variable) 0 - -
AZ-101, variable C1/S0,, 400 .
10 o/l [30] 730 - 920 80 (variable) 1 - -
AZ.-101, best bubbler Adjusted for max
? configuration, 400 g/1 [30] 1000 1275 rate (fixed) 0 0 >
AZ-102, rheology test, 2 and 4 65 and adjusted
- bubbling outlets, 300 — 340 g/l 1000 — 1300 for max rate 3 0 12
[35] (fixed)
C-106/AY-102, theology test, 65, adjusted for
- 2 and 4 bubbling outlets, 540 — 1010 - 1050 1050 kg/m*/day 1 1 -
340 g/1[35] (fixed)
HLW C-106/AY-102, 4 outlet 500 1100 <65 (adjusted to 0
MACT bubblers, 420 g/1 [41] achieve rate) ) ]
"-" Empty data field

* Fixed — all bubblers have equal flow rates and total to the target overall flow rate.

Variable — bubbler flow rates are independent of one another, but total to the target overall flow rate.
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Ave. Glass Bubbler Flow #of
Test Feed Type and Test Conditions Production Rate, » Comments
2 Rate, Ipm Blockages
kg/m“/day
C-106/AY-102, variable sugar, . Sensor line clogging, line
> 550 g/1[29] 630~ 925 65 (variable) 0 not cleaned after test.
C-106/AY-102, vaniable sugar . Line not cleaned after
6 with nitrates, 550 g/1, [29] 895 1025 65 (variable) 0 test.
AZ-101, variable bubbling depth
2 {parallel to electrodes, 530 g/l 550 - 650 65 (variable) 4 Line cleaned after test.
[30]
. Blockage cleaned by
1 AZ-101, bUbbhE; gicewmg, 230¢/1 7301100 65 (skewed) 1 tapping line with hammer,
sensor line clogged.
. . . Blockages rodded out,
AZ-101, prototypical bubbling, 2 Adjusted for max .
3 and 4 outlet bubblers, 400 g/l [30] 600 1165 rate (fixed) > fine not Clet?;fd at end of
2 AZ-101, 4 bubbling cutlets and 740 — 1450 Adjusted for max 0 Line not cleaned at end of
1175°C, 400 g/l [ 30] rate (fixed) test.
AZ-101, variable sugar with Ru, . Line not cleaned at end of
4 400 g/1 [29] 600 — 900 65 {(variable) 0 test
. Blockage cleared by
10 AZ-101, variable CI/SO;, 400 g/ 730 - 920 80 (variable) 2 tapping with hammer, line
[30]
cleaned after test.
9 AZ-101, optimum bubbler 1000 1275 Adjusted for max 0 Line not cleaned after
configuration, 400 g/l [30] rate (fixed) test.
AZ-102, rheology test, 2 and 4 65 and adjusted Line tapped with hammer
- bubbling outlets, 500 — 340 g/1 1000 — 1300 for max rate 0 prior to start, sensor
[35] (fixed) tubing clogged.
C-106/AY-102, rheology test, 2 65, adjusted for
- and 4 bubbling outlets, 540 — 340 1010 - 1050 1050 kg/m?*day 0 -
o/l [35] (fixed)
HLW C-106/AY-102, 4 bubbling 500 1100 <65 (adjusted to 0
MACT outlets, 420 g/L [41] achieve rate) ]
LAW LAW Sub-Envelope A2, 4 Sensor tubing clogged
MACT bubblers, 8M Na [41] 1300 1850 20-35 0 several times.
"-" Empty data field

* Fixed — all bubblers have equal flow rates and total to the target overall flow rate.

Variable — bubbler flow rates are independent of one another, but total to the target overall flow rate.
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Table 4.3. Solid Deposits Removed During DM1200 Tests.

Report Number Sm[r)le;li[l;ng Location Mass (g)
VSL-02R8800-1 [10] 1/15/2002 Transition line bellows 130
3/6/2002 Solids in the transition bellows and transition line section 4 Mass not recorded.
Small sections of film cooler bottom for microsco Digital pictures taken. Mass
VSL-02R8800-2 [14] 4/5/2002 analysis i i rIl)ot recorded.
4/6/2002 Solids removed from film cooler with chisel and hammer. Digital picfures taken. Mass
not recorded.
VS1L-03R3800-4 [17] [ 10/24/2002 Transition line section #4 - transition line section #1 Masses are not recorded.
3/6/2003 Film cooler 62
3/6/2003 Transition line (section) #1 116
3/6/2003 Transition line section #2 3110
VSL-03R3800-3 [28] 3/6/2003 Transition line section #3 842
3/6/2003 Transition line bellows 236
Transition line #4
3/6/2003 (SBS inlet transition line pipe) 136
6/11/2003 Transition line section #1 740
6/11/2003 Transition line section #3 410
6/11/2003 Transition line section #4 260
6/11/2003 Transition line section #2 2280
VSL-04R4800-4 [30] 6/11/2003 Transition line bellows 270
6/11/2003 Film cooler 80
7/2/2003 Transition line bellows 10
7/22/2003 Transition line bellows 254
VS1,-04R4800-4 [30] 9/12/2003 Transition line and bellows 1500
9/12/2003 Film cooler 570
10/10/2003 Transition line bellows 60
VSL-04R4851-1 [31] | 10/23/2003 Transition line section #3 and bellows 16
10/23/2003 Transition line section #2 12
1/8/2004 Transition line bellows 150
1/8/2004 Transition line section #3 270
1/8/2004 Transition line section #1 4
VSL-031.4850-1 [34] — i i
1/8/2004 Transition line section #4 87
1/8/2004 Transition line section #2 890
1/8/2004 Film cooler Found no particulate to
sample.
4/14/2005 Transition line section #2 333
VSL-05R5800-1 [35] 4/20/2005 Transition line section #2 834
4/20/2005 Transition line section #3 and bellows 360
4/20/2005 Transition line section #4, 370
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Table 4.4. DCP Analyzed Composition of Solid Deposits Collected During DM1200 Tests (wt%o).

Report VSL'O[ZI%]SSOO'I VSL'O[ZII?;?SOO'Z VSL-03R3800-3 [28] VSL'OS%T800'4 VSL-05R5800-1 [35]
Date 1/16/2002 4/06/2002 3/6/2003 7/22/2003 4/20/2005
. . .. Transition ..
Sample Transition line Residual solids Transition line Transition line Trar_lsﬂ;lon line section Trar_lsﬂ;lon
o removed from film . line line
Description bellows . section #2 bellows . # & .
kcooler after washing) Section #2 section #4
bellows

AlO; 747 419 4.14 2.13 2.05 3.65
As;05 0.10 0.01 0.08 <0.01 <0.01 <0.01
B20s 322 9.97 6.93 7.49 8.06 10.35
BaO 0.03 0.01 0.01 0.01 0.01 0.05
Ca0 0.96 1.33 0.63 0.73 0.60 0.50
cdo 0.43 0.13 0.03 0.12 0.13 0.04
Crs04 031 2.81 0.04 . 5.01 2.75 0.14

Main

Cs;0% 0.55 NA 0.11 constituents NA NA NA
CuQ 0.03 0.01 0.03 determined 0.01 0.01 0.02
Fe:0 1439 6.95 1168 by SEM/EDS 7.66 6.60 1188

were Na, Al
Ik <0.01 NA NA Si Fe, 7n, S NA NA NA
K;0 039 1.37 0.06 and Cl. 5.57 5.37 0.27
Li;O 2.06 137 1.03 In regions 0.75 1.15 2.04
where whitish

MgO 0.70 0.30 0.60 material was 0.46 042 0.60
MnoO 0.61 0.28 111 evident, high 0.35 0.30 2.71
Na,0 6.99 17.78 6.61 Na, 5, and Cl 755 55 271 11.90

- peaks in EDS
NiO 0.74 4.02 037 spectrawere 0.17 0.17 0.34
P,0s 025 0.14 0.08 observed. 0.10 0.19 0.34
PbO 0.15 0.04 0.08 Sodium 0.08 0.09 0.53
sulfate was

Sby04 0.16 <0.01 0.13 readily NA NA NA
SeO, 14.01 1.99 5.06 observed NA NA NA
Si0, 20.68 14.73 2642 acrosslthc 1342 13.70 35.05

sample.

SO4%* 6.06 <0.01 1.99 P 12.07 6.89 2.28
S0 1.70 0.39 0.38 0.22 0.26 0.36
TeO, 144 0.25 NA NA NA NA
Ti0; 024 1.53 0.19 0.45 0.49 0.16
Zno 2.01 2.15 207 1.35 147 1.20
Zr0; 0.73 0.70 348 061 0.40 147
Total 86.43 7249 73.36 8131 73.82 85.88

* Analyzed by AA; **Analyzed by IC; NA Not analyzed
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Table 5.1. Melter Emission Rates.

Report VSL-01R0100-2 [3] VSL-01R0100-2 [3]
Feed Type HLW AZ-101, 570 g/ HLW AZ-101, 570 g/l
Dates 5/10/01 5/10/01 5/15/01 5/15/01
Bubbler ; ;
: : Bubbling from the bottom electrode bubblers Bubbling from the bottom electrode bubblers
Configuration
Bu}l{): thg <4 lpm 47 Ipm
Average Average Average Average
Feed Melter DF Melter DF Feed | Melter DF Feed Melter DF
- Flux | Emissions | Across | Emissions | Across | Flux |Emissions [ Across [ Flux | Emissions [ Across
(g/hr) Flux Melter Flux Melter | (g/hr) Flux Melter | (g/hr) Flux Melter
{mg/min) {mg/min) (mg/min) (mg/min)
Total® | 9655 78.0 2063 60.0 2682 | 42045 1879 373 | 46717 1951 399
Al 303.6 1.7 2976 18 2811 (13222 403 547 | 1469.1 46.1 531
As 2.4 0.1 400 0.1 400 10.2 1.7 100 11.4 1.5 127
B 120.3 0.8 2506 2.1 955 | 5237 32.7 267 | 581.9 27.4 354
Ba 2.8 <0.1 =470 <().1 =470 | 121 0.5 403 13.4 0.5 447
Ca 13.9 0.9 257 1.0 232 60.3 5.4 186 67.0 4.9 228
Cd 259 0.1 4283 0.3 1428 | 111.8 6.3 296 | 1242 5.4 383
Cr 1.1 <0.1 =180 0.1 183 4.6 1.0 77 5.1 0.7 121
Cs 6.2 0.1 1033 0.4 258 27.0 9.5 47 30.0 6.9 72
Cu 1.9 <0.1 >320 0.1 =320 8.1 0.4 338 9.0 0.4 375
Fe 563.1 4.0 2346 4.2 2235 |2452.0( 977 418 | 27245 96.7 470
I 7.8 <0.1 >1300 <0.1 >1300 | 33.8 <0.1 >5630 | 375 <0.1 >6250
o K 10.9 0.3 606 0.4 454 47.6 7.3 109 52.9 6.0 147
% Li 216.0 0.6 6000 1.2 3000 [ 940.7 21.7 723 | 1045.2 19.7 884
2 Mg 2.8 0.2 233 0.1 467 12.2 0.9 226 13.6 0.9 252
E Mn 181.9 0.3 10106 0.4 7579 | 792.0 8.2 1610 | 880.0 7.1 2066
Na 378.9 4.4 1435 6.2 1019 16502 914 301 | 18335 78.0 392
Ni 329 0.2 2742 0.3 1828 | 143.2 6.2 385 159.1 6.3 421
P 113.7 0.1 18950 <0.1 >18950( 495.0 0.3 27500 | 550.0 <0.1 =91660
Pb 10.8 0.1 1800 0.1 1800 | 47.0 3.1 253 52.2 2.7 322
S 7.8 2.6 50 1.8 72 33.8 35.7 16 37.6 30.3 21
Sh 12.3 0.1 2050 <0.1 >2050 | 53.4 1.1 809 59.3 0.6 1647
Se 8.3 8.3 17 21.2 7 36.0 345.9 2 40.0 323.1 2
Si 1649.5 5.1 5391 2.2 12496 | 7183.2| 1140 1050 | 7981.4 111.0 1198
Sr 152.0 0.8 3167 1.2 2111 [ 662.1 21.8 506 | 7357 20.5 598
Te 8.7 0.5 290 19 76 37.8 43.1 15 42.0 343 20
Ti 2.8 <0.1 =470 0.1 467 12.1 0.5 403 13.5 0.7 321
7n 124.5 0.8 2594 1.3 1596 | 542.3 20.7 437 | 602.5 20.6 487
Zr 204.3 0.3 11350 0.1 34050 | 889.5 10.5 1412 | 9883 9.4 1752
B 120.3 17.2 117 4.9 400 | 5237 1415 62 581.9 197.9 49
Cl 0.8 8.7 2 2.9 5 34 65.5 1 3.8 78.7 1
@ ¥ 31 4.4 12 4.3 12 13.5 72.8 15.0 103.3 2
0 I 7.8 47.2 3 1223 1 33.8 475.9 1 37.5 584.6 1
S 7.8 5.2 25 1.8 72 33.8 95.0 6 37.6 119.1 5
Se 8.3 17.4 3 12.7 11 36.0 38.0 16 40.0 63.1 11

NC —Not calculated.
"-" Empty data filed.
¥ . From gravimetric analysis of filters and rinse dry downs
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Table 5.1. Melter Emission Rates (continued).

Report VSL-01R0100-2 [3] VSL-02R0100-2 [9] VSL-02R0100-2 [9]
Feed Type HLW AZ-101, 350 g/1 HLW AZ-101. 570 g/l HLW AZ'IOI; Sggrgﬂ with 10 g/
Dates 5/22/01 6/29-30/01 7/29-30/01
Bubbler Bubbling from the bottom ; .
Configuration elegfode bubblers No bubbling No bubbling
Bubbling Rate 47 Ipm <4 1pm <4 lpm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions®™ | Across Flux |Emissions| Across Flux Emissions Across
{g/hr) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) {mg/min) (mg/min)
Total® | 41746 1704 408 317167 155.3 2042 | 232167 202 1149
Al 1371.2 47.9 479 12425 3.04 4090 9095 5.82 1563
As 10.6 2.5 71 96 <041 > 234 70 1.58 45
B 543.1 276.4 33 9843 30.20 326 7205 6.07 1187
Ba 12.5 0.5 417 114 <010 | =1140 83 <0.10 > 830
Ca 62.5 24.9 42 567 <446 =127 415 0.72 573
Cd 116.0 8.6 225 1051 0.67 1572 769 13.45 57
Cl 35 41.6° 1 NA NA NC NA NA NC
Cr 4.8 2.0 40 37 <0.13 > 669 64 0.13 503
Cs 28.0 9.9 47 239 0.40 599 175 0.46 380
Cu 8.4 0.4 350 76 0.29 258 56 0.24 232
F 14.0 05 467 NA NA NC NA NA NC
Fe 25428 90.8 467 23043 6.38 3609 16867 10.27 1643
o 1 35.0 181.8 3 317 <009 | =5286 232 < (.06 > 3869
% K 49.4 3.8 94 448 0.48 925 328 0.57 578
2 Li 9755 28.4 572 8840 1.49 5932 6471 2.35 2755
E Mg 12.7 4.6 46 2208* 1.18 1871 1613* 1.69 954
Mn 821.3 8.7 1573 7443 0.78 9587 5448 L2 3159
Na 1711.3 661.8 43 15507 7.71 2012 11351 7.50 1514
Ni 148.5 6.0 413 1346 <030 | =4487 985 0.50 1976
P 5133 0.7 12221 180 <1.52 =118 132 0.32 412
Pb 48.7 3.9 208 442 0.38 1156 323 1.71 189
S 35.1 190.2 3 318 12.56 25 233 0.88 265
Sh 553 2.6 354 501 <030 | =1670 367 0.55 665
Se 37.4 400.4 2 339 104.25 3 248 29.64 8
Si 7449.3 973 1276 67505 9.78 6906 49414 15.38 3213
St 686.6 24.1 475 6222 2.37 2624 4555 3.64 1250
Te 39.2 64.4 10 355 2.56 138 260 37.66 7
Ti 12.6 0.4 525 114 <009 [ =1901 84 < (.08 > 1050
7n 562.4 20.9 448 5096 3.55 1434 3730 3.88 961
Zr 922.4 7.7 1997 8359 <067 |>12476| 6119 0.86 7074
B 543.10 NA NC 9843 18.99 518 7205 24.53 294
Cl 3.50 NA NC 32 < 4.05 > 8 23 5.31 4
© F 14.00 NA NC 127 <433 > 29 a3 5.21 18
O 1 35.00 NA NC 317 216.03 1 232 63.66 4
S 35.07 NA NC 318 <10.49 =30 233 22.99 10
Se 37.36 NA NC 339 16.73 20 248 22.27 11

NC — Not caleulated..
¥ _ From gravimetric analysis of filters and rinse dry-downs.

* - Melter emissions include gas and particle fractions combined due to filter breach.
# - The analyzed MgO concentration of 1.15 wt% instead of the target value of 0.06 wit% was used to calculate the feed flux
NA —Not analyzed; "-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-02R0100-2 [9] VSL-02R0100-2 [9] VSL-02R0100-2 [9]
Feed Type HLW AZ-101, 400 g/l HILW AZ-101, 400 g/l HIA 8101430001 with nitrated +
sugar (sugar ratio=0.5)
Dates 8/08-10/01 8/22-24/01 9/28-30/01
Cofflilgﬁz‘fion Bubbling: Deep Bubbling: Shallow No bubbling
Bubbling Rate 62 Ipm 50 Ipm <4 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux | Emissions | Across Flux |Emissions| Across Flux Emissions Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
{mg/min) (mg/min} {mg/min)
Total’ | 1036333 4520 229 536667 1748 307.4 | 275333 949.7 290
Al 40600 169.48 240 21025 76.37 275 10787 15.11 714
As 314 5.83 54 163 1.56 104 83 0.38 221
B 32162 140.49 229 16655 49.26 338 8545 26.19 326
Ba 371 1.46 255 192 0.64 300 99 0.19 514
Ca 1852 9.08 204 959 3.68 261 492 1.37 359
Cd 3433 21.27 161 1778 8.53 209 912 2.30 397
Cr 284 4.75 60 147 2.10 70 75 0.26 289
Cs 782 16.61 47 405 8.32 49 208 1.46 142
Cu 248 0.97 257 129 0.49 263 66 0.18 361
Fe 75292 312.81 241 38990 119.84 325 20003 28.15 711
I 1036 <0.06 > 17272 537 <0.06 | =8944 275 <0.06 > 4589
o K 1463 11.55 127 757 5.46 139 389 2.80 139
i; Li 28884 71.23 405 14958 32.85 455 7674 18.20 422
2 Me# 7200 36.84 195 3725 15.68 238 1920 3.97 105
E Mn 24319 32.71 743 12593 14.10 393 6461 3.43 1886
Na 50670 223.13 227 26240 93.11 282 13462 51.26 263
Ni 4398 18.81 234 2277 7.54 302 1168 1.70 689
P 588 6.21 95 305 1.54 197 156 0.64 245
Pb 1443 7.23 200 747 3.06 244 383 0.60 634
S 1038 102.47 10 538 34.34 16 276 1.49 185
Sh 1638 6.11 268 848 1.96 433 435 0.11 3892
Se 1106 485.26 2 573 278.12 2 294 38.76 8
Si 220570 | 459.30 480 114223 171.89 664 58601 38.38 1527
Sr 20330 70.73 287 10528 31.30 336 5401 7.90 684
Te 1160 31.88 14 601 42.07 14 308 1.16 266
Ti 373 1.17 319 193 1.35 143 99 0.29 346
7n 16652 67.92 245 8623 30.26 285 4424 5.53 301
Zr 27312 37.59 727 14144 12.65 1118 7256 7.30 993
B 32162 333.09 97 16655 146.58 114 8545 65.35 131
Cl 104 73.78 1 54 66.71 1 28 <0.07 > 459
v F 415 131.53 3 215 61.61 3 110 139.60 1
© I 1036 508.80 2 537 448.56 1 275 12.95 21
S 1038 164.92 6 538 94.75 6 276 7.31 38
Se 1106 49.64 22 573 3722 15 294 0.52 562

NC —Not Calculated

Y . From gravimetric analysis of filters and rinse dry-downs

# - The analyzed MgO concentration of 1.15 wt% instead of the target value of 0.06 wt% was used to calculate the
feed flux.

"-" Empty data field
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Report VSL-02R0100-2 [9] VSL-02R0100-2 [9] VSL-02R0100-2 [9]
Fesd Type HLW AZ-101, 480 g/l with frit | HLW AZ-101, 480 g/l with frit and HLW AZ-101, 420g/1 \_Jvith
and 7.5 g/l sugar 7.5 g/l sugar nitrated + sugar (sugar ratio=0.7)
Dates 10/15-17/01 10/23-25/01 10/30-11/1/01
Coflegllﬁ:{ion No bubbling Bubbling: Deep No bubbling
Bubbling Rate <4 lpm 60 lpm <4 lpm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across Flux Emissions Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) (mg/min) {mg/min)
Total® 160333 206.4 797 957667 2212 433 285167 1291 221
Al 6281 4.60 1364 37518 25.32 1482 11172 5.58 2004
As 49 0.57 85 290 10.65 27 86 1.41 61
B 4976 1.48 3367 29721 30.75 967 8850 61.33 144
Ba 57 < 0.06 = 057 343 0.14 2381 102 0.31 328
Ca 287 1.98 145 1711 3.36 509 510 2.14 238
Cd 531 1.97 269 3173 35.09 90 945 5.31 178
Cr 44 0.15 302 262 1.08 244 78 0.23 340
Cs 121 0.43 282 723 9.53 76 215 6.24 34
Cu 38 <0.07 > 543 230 0.25 204 68 0.12 581
Fe 11649 6.49 1795 69576 53.95 1290 20718 12.54 1652
1 160 <0.06 = 2672 958 <0.06 = 15961 285 <0.06 = 4753
© K 226 0.36 632 1352 6.17 219 402 9.45 43
5 Li 4469 1.42 3149 26692 18.63 1432 7948 26.30 302
é Mg# 1114 0.66 1687 6643 3.26 2038 1978 2.75 719
p‘c§ Mn 3762 0.36 10536 22473 3.44 6528 6692 1.53 4384
Na 7839 3.74 2096 46824 55.92 837 13943 139.66 100
Ni 680 0.36 1884 4064 3.08 1319 1210 0.74 1628
B 91 <0.08 > 1240 544 1.02 531 162 0.68 239
Pb 223 0.25 896 1334 4.40 303 397 1.10 361
5 161 1.17 137 959 41.72 23 286 3.65 78
Sh 253 <0.13 > 1946 1514 3.31 457 451 0.96 468
Se 171 28.39 6 1022 562.05 2 304 29.28 10
o 34125 12.45 2742 203827 62.82 3245 60694 364.85 166
Sr 3145 1.04 3026 18787 7.30 2573 5594 6.25 896
Te 179 7.19 25 1072 122.25 9 319 3.02 106
Ti 58 0.60 96 344 0.59 582 103 0.21 491
Zn 2576 0.76 3397 15388 732 2102 4582 2.90 1582
Zr 4226 0.56 7501 25239 4.62 5466 7515 2.48 3034
B 4976 14.36 347 29721 29279 102 8850 55.23 160
Cl 16 8.27 2 926 94.59 1 29 <0.07 > 475
@ F 64 20.73 3 383 265.73 1 114 <0.07 = 1901
0 1 160 27.86 6 958 222.54 4 285 15.19 19
5 161 19.52 8 959 481.31 2 286 17.09 17
Se 171 10.08 17 1022 30.35 34 304 0.59 513

NC —Not Calculated
% _ From gravimetric analysis of filters and rinse dry-downs
# - The analyzed MgO concentration of 1.15 wt% instead of the target value of 0.06 wt% was used to calculate the

feed flux.

"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-02R0100-2 [9] VSL-02R8800-1 [10] VSL-02R8800-2 [14]
BoedTyps | AZ'IOIS’ lf;aor glwith 108l 1 xvyrEovelopeicl, 851 g/l LAW Envelope Al, 860 g/l
Dates 11/07-08/01 1/9-10/02 3/03- 04/02 and 3/18/02
Bubbler _ Four top-entering bubbl_ers {one in | Four top-entering bubbl_ers (one in
Gonfipnrafion No bubbling each comer) together with three of | each corner) together with three of
the bottom-electrode bubblers. the bottom-electrode bubblers.
Bubbling Rate <4 lpm 71 Ipm 90 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter (g/hr) Flux Melter
(mg/min) (mg/min) (mg/min)
Total® 281833 536 526 | 1126150 2767 407 2041667 8239.9 248
Al 11041 2.25 4902 46417 6.39 7260 51717 56.65 912.9
As 85 4.10 21 NA NA NC NA NA NC
B 8747 4.15 2108 44903 60.25 745 44048 75.06 586.8
Ba 101 <0.06 > 1683 NA NA NC NA NA NC
Ca 504 0.59 859 52482 472 11119 22444 13.23 1696.4
Cd 934 32.12 29 NA NA NC 1704 14.57 117.0
Cl NA NA NC 1152 820.59" 1.40 8881 3044.66 2.9
Cr 7 0.09 824 197 3.14 63 217 5.15 42.1
Cs 213 1.50 141 2173 119.73 18 2094 248.11 8.4
Cu 68 <0.12 > 567 NA NA NC NA NA NC
F NA NA NC 2016" 126.72° 16 317 58.42 5.4
Fe 20476 4.95 4140 56072 22.95 2443 76957 53.67 14339
o 1 282 <0.06 >4697 | 14407 <0.01° | >144000 1586 <0.10 [ > 15860
= K 398 0.76 526 956 14.53 66 5793 141.70 40.9
é L 7855 1.86 4227 16719 14.80 1129 NA NA NC
E Mp# 1958 0.60 3264 13108 0.32 41394 18933 0.43 44030.2
Mn 6614 0.24 27815 NA NA NC NA NA NC
Na 13780 8.24 1673 154346 388.30 397 234847 1766.24 133.0
Ni 1196 0.29 4081 339 0.04 8475 NA NA NC
P 160 <0.18 = 889 754 3.67 205 485 3.05 158.8
Pb 392 2.49 157 267 1.64 163 NA NA NC
S 282 3.26 87 2192" 195.60" 11 1525 61.05 25.0
Sh 446 0.42 1060 NA NA NC NA NA NC
Se 301 168.09 2 NA NA NC 1128 333.21 34
Si 59985 8.07 7434 312808 46.59 6715 328554 85.59 3838.5
Sr 5529 1.00 5540 NA NA NC NA NA NC
Te 315 96.59 3 NA NA NC NA NA NC
Ti 101 <0.06 > 1690 | 9839 5.38 1829 21011 27.47 764.8
/n 4528 1.25 3620 35392 18.70 1893 37584 67.56 556.3
Zr 7428 0.40 18529 32080 0.47 67775 34868 1.67 348680
B 8747 32.25 271 44903 87.37 514 44048 163.03 270.2
Cl 28 14.58 2 1152 4.25 271 8881 131.21 67.7
" F 113 30.04 4 2016 50.54 40 317 9.96 31.8
2 1 282 98.60 3 1440 698.31 2 1586 633.29 2.5
S 282 119.22 2 2192 6.03 364 1525 0.55 2500
Se 301 10.18 30 NA NA NC 1128 1.63 667
NH, NA NA NC 0 2058 NC 2427 1516 1.6

"." Empty data field; NC — Not calculated, NA — Not analyzed.
¥ From gravimetric analysis of filters and rinse dry-downs

* - Calculation based on water dissolution of filter particulate
# - The analyzed MgO concentration of 1.15 wt% instead of the target value of 0.06 wt% was used to calculate the feed flux
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Table 5.1. Melter Emission Rates (continued).

Report VSL-03R3800-4 [17] ViL-03R3800-4 [17] VSL-03R3800-4 [17]
Feed Type HLW AZ-101, 530 g/l HLW AZ-101, 530 g/ HLW AZ-101, 530 g/l
Dates 9/12/02 9/14/02 9/17/02
Two top-entering “I” bubbling Two top-entering “I” bubbling Two top-entering “J”
Bubbler lances located six inches from the lances located six inches from bubbling lances located six
Configuration melter bottom in corners the melter bottom in corners inches from the melter bottom
diagonally. diagonally. in corners diagonally.
Bubbling Rate 40 Ipm 40 Ipm 62 Ipm
Average Averape Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across | Flux | Emissions | Across
{mg/min) Flux Melter (mg/min) Flux Melter | (g/hr) Flux Melter
{mg/min) {mg/min) (mg/min)
Total® 396400 1634 243 625700 1116 561 [ 903300 4987 131
Al 8847 216 410 13965 26.0 537 20159 127 159
B 11900 593 201 18784 65.1 288 27116 264 103
Ba 58 0.18 322 a1 0.51 178 132 1.45 21
Ca 645 3.67 176 1013 3.17 321 1470 12.3 115
Cd 173 0.59 293 273 1.04 263 394 3.33 117
CI* 0 40.4 NC 0 27.2 NC 0 953 NC
Cu 77 0.23 275 122 0.23 436 176 0.97 131
F* 129 12.6 103 203 179 114 294 261 1.1
5 Fe 27510 71.89 383 43425 121 360 62688 492 127
% I* 322 <0.10 = 3220 509 <0.10 = 5090 | 734 <010 |=>7340
2 K 80 1.00 80.0 127 1.17 109 183 5.37 34
E Li 5269 9.62 548 8317 11.6 720 12006 43.9 273
Mg 214 1.53 140 337 1.73 195 487 6.89 71
Mn 424 0.84 505 670 1.12 598 967 4.28 226
Na 27851 115 243 43963 133 332 63464 476 133
Ni 1545 3.94 392 2438 5.77 423 3520 27.35 129
Pb 90 0.20 450 142 0.46 309 204 2.54 80
S 90 18.3* 4.9 143 279 5.1 206 116 1.3
Si 71396 87.7 814 112699 142 792 [ 162690 463 351
ST 82 0.21 391 129 0.22 586 186 1.38 135
Zn 5203 29.9 174 8213 25.0 329 11857 87.86 135
Zr 9064 13.7 662 14308 21.7 661 20655 76.78 269
B 11900 46.2 258 13784 92.3 203 27116 193.07 140
" Cl 0 <0.10 NC 0 <0.10 NC 0 <0.10 NC
& F 129 16.9 7.6 203 43.4 4.7 294 60.57 4.9
I 322 302 1.1 509 417 1.2 734 748 1.0
S 20 8.15 11.0 143 28.6 5.0 206 333 6.2

$ - From gravimetric analysis of filters and front-half rinse dry-down
* _ From water dissolution of filter particulate.

NC —Not calculated

"-" Empty data field
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Report VSL-03R3800-4 [17] VSL-03R3800-4 [17] VSL-03R3800-4[17]
Feed Type HLW AZ-1 Ogjg?sgf Lwith noble HLW AZ-101, 315 g/l HLW AZ-101, 300 g/l
Dates 10/01- 02/02 10/11/02 10/23-24/02
Two top-entering “J” bubbling Two top-entering “J” bubbling Two top-entering “J” bubbling
Bubbler lances located six inches from lances located six inches from lances located six inches from
Configuration the melter bottom in corners the melter bottom in corners the melter bottom in corners
diagonally. diagonally diagonally.
Bubbling Rate 63 <1 lpm 62 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
S Flux Emissions Across Flux Emissions | Across | Flux Emissions | Across
{mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
{mg/min) {mg/min) {mg/min)
Total® 703500 5462 129 185392 2196 84 500541 6176 82.5
Al 17092 172 99 4431 449 99 12378 216 574
B 22991 293 78 5961 86.9 69 16650 311 53.6
Ba 112 1.49 75 29 0.44 66 31 2.30 353
Ca 1246 14.8 84 323 4.97 65 902 16.8 539
Cd 334 3.51 95 87 0.96 9] 242 3.75 64.5
CI* 0 94 .4 NC <] 5.2 NC 0 108 NC
Cu 149 1.01 147 39 0.40 93 108 1.39 775
I 249 182 1.4 65 41.6 1.6 180 131 1.4
Fe 53151 582 91 13780 159 87 38491 495 778
I* 623 <0.10 > 6230 161 <0.10 >1610] 451 <0.10 > 4510
g K 155 4.76 33 40 0.95 42 112 431 26.0
§ Li 10179 54.2 188 2639 16.1 160 7372 76.3 96.7
'*g Mg 413 7.98 52 107 2.34 46 299 7.38 40.5
fa¥ Mn 320 3.61 227 212 1.02 210 594 6.24 952
Na 53809 534 101 13951 180 78 38968 502 77.6
Ni 2084 31.7 94 774 8.22 94 2161 272 795
Pb 173 2.83 61 45 0.86 52 126 2.90 435
Pd 0 <0.10% NC 66 0.84 79 0 <0.12° NC
Rh 0 0.56" NC 37 0.99 37 0 Qe NC
Ru 0 24.3" NC 104 3.22 32 0 3.64" NC
S 175 77.3 2 45 6.2 7.3 126 124 1
Si 137940 509 271 35763 173 207 99895 504 198
Sr 158 1.87 84 41 0.54 76 114 231 494
/n 10053 98.2 102 2606 377 69 7280 94.0 T1.5
Zr 17513 76.8 228 4540 327 139 12683 995 128
B 22991 177 130 5961 10.2 584 16650 122 137
5 Cl <1 11.0 NC <] 14.2 NC 0 <78 NC
& I 249 452 65 <0.10 > 650 180 19.2 9.4
1 623 518 1 161 935 2.8 451 262 1.7
S 175 14.1 12 45 2.44 18 126 11.8 10.6

$ - From gravimetric analysis of filters and front-half rinse dry-down
* - From water dissolution of filter particulate

# - From combination of standard HF :HNOj; digestion and NaOH:Ru fusion in HCL

NC —Not calculated.
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-03R3851-1 [21] ViL-03R3800-2 [23] VSL-03R3800-1 [26]
Feed Type LAW Envelope B1, 957 g/l HLW AZ-102, 550 g/l col 06/AYE-I%C‘)§ 5575 o/l
Dates 11/07- 08/02 11/26 - 27/02 1/29-30/03
Four top-entering bubblers .
Bubbler (one in each comer) Two top-entering bubblers located | TVIO dt(_)p g_nterm%lbubblers L
Configuration | together with three of the bottom | 1n diagonally opposite corners. ocatec In Glagonally oppostte
electrode bubblers. COTners.
Bubbling Rate 54 lpm. 65 Ipm 65 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across | Flux | Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) {mg/min) (mg/min)
Total® | 2259000 2888 782.2 845000 10688 493  |954700| 6458 148
Al 65402 40.32 1622 20984 290.74 722 | 22650 | 10530 215.5
As NA NA NC NA NA NC 1167 19.66 59.4
B 62246 52.54 1185 27598 469.51 58.3 23628 | 190.96 123.7
Ca 96963 80.79 1200 1169 25.52 45.8 1739 21.13 82.3
Cd NA NA NC 700 11.10 63.1 NA NA NC
Cl NA NA NC NA NA NC 892 237 3.76
Cr 543 2.76 199 NA NA NC 444 5.24 84.7
Cs 2835 29.87 95 335 12.59 26.6 382 10.46 36.5
Cu NA NA NC NA NA NC 259 1.28 202.3
Fe 73978 102.05 725 62182 792.18 78.5 71322 | 505.13 141.2
I 2004 <0.10 = 20040 711 <0.10 =7110 [ 811 <0.10 = 8110
2 K 3160 14.55 217 177 6.19 28.6 NA NA NC
B Li 40023 42.40 944 10765 80.69 133.4 | 11337 47.45 233.9
'g Mg 35883 7.25 4952 300 12.68 23.7 5720 38.31 1493
a¥ Mn NA NA NC 1982 12.24 162.0 | 25117 52.46 478.8
Na 81319 162.56 500 63394 849.95 746 | 71165 | 498.18 142.8
Ni NA NA NC 2514 32.97 76.2 1083 6.34 170.9
P 350 0.40 382 93 3.25 28.6 319 1.89 168.8
Pb NA NA NC 462 8.33 55.4 1054 7.33 143.8
S 5219 173.77 30 114 64.68 1.8 NA NA NC
Sb NA NA NC NA NA NC 1694 12.20 133.9
Se NA NA NC NA NA NC 2135 959.77 2.2
Si 454471 32031 1419 160367 1627.95 98.5 |178201| 481.36 3704
Sr NA NA NC NA NA NC 6308 40.24 156.8
Ti 16697 23.66 706 NA NA NC 681 8.71 78.2
Zn 77752 105.43 737 11479 157.02 73.1 13484 | 105.52 127.8
Zr 46726 8.83 5292 9315 114.99 81.0 1561 5.83 267.6
B 62246 23139 269 27598 162.47 1699 | 23628 | 183.41 123.8
Cl 200 1534 13 NA NA NC 892 196.36 4.5
@ F 1202 117.86 10 NA NA NC NA NA NC
O I 2004 798.20 3 711 713.72 1.0 811 689.57 1.2
S 5219 303.72 17 114 23.50 4.9 NA NA NC
Se NA NA NC NA NA NC 2135 49.75 42.9

¥ _From gravimetric analysis of filters and rinse dry downs.
NA —Not analyzed.

NC —Not calculated.
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-03R3800-3 [28] VSL-04R4800-1 [29] VS1L.-04R4800-1 [29]
Feed T HLW C 106/A$I1\(?g 550 ¢/1 C 106/A$I;\(?£ 550¢/1
eed Lype - -1og, g/l - -1z, g/l
C-104/AY-101, 528 g/l with 10 g/1 sugar with 15 g/l sugar
Dates 2/26-27/03 05/02/03 5/4/2003
Bubbler Two top entering bubblers located T“éo' top entering bu_bblers locate_d in _Two_ top entering bqbblers locate_d
Configuration | in diagonally opposite corners. 1_agonally opposite corners, six in c_hagonally opposite corners, six
inches from the melter floor. inches from the melter floor.
Bubbling Rate 65 Ipm 65 Ipm 65 lpm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux' Emissions | Across | Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) {mg/min) (mg/min)
Total’ [ 924000 6689 138 508300 9263 54.8 609300 5750 106.0
Al 14200 147.49 96.5 16931 177.60 953 20289 75.06 2703
As NA NA NC 871 74.77 116 1043 83.86 12.4
B 25200 296.79 84.9 17631 326.94 53.9 21128 97.47 216.8
Ca 2580 16.19 159 1297 28.50 45.5 1555 8.94 173.9
Cd NA NA NC 0 15.57 NC 0 12.26 NC
Cl < 1% 131.87% NC 666 NA NA 798 NA NA
Cr 308 5.54 55.6 331 0.63 525.4 397 0.39 1018
Cs 354 10.43 34.0 285 21.28 13.4 342 8.86 38.6
Cu 180 1.22 148 193 2.40 80.4 232 1.41 164.5
F 902* 690.04* 1.31 NA NA NC NA NA NC
Fe 50100 645.56 7717 53219 779.54 68.3 63775 289.77 220.1
I 751% 15.47* 48.6 605 <0.10 = 6050 725 <0.10 = 7250
2 La 961 NA NA NA NA NC NA NA NC
B 1 11600 64.06 180 8459 70.93 119.3 10137 28.39 357.1
'*g Mg NA NA NC 4268 60.25 70.8 5115 29.48 173.5
=¥ Mn 8850 29.73 297 13742 69.14 271.1 22459 57.50 3906
Na 64100 659.88 97.1 53101 729.29 72.8 63634 331.38 192.0
Nd 709 NA NA NA NA NC NA NA NC
Ni 2780 25.58 108 808 7.67 105.3 969 4.54 2134
P 131 1.66 78.9 238 9.57 24.9 285 2.50 114.0
Pb 837 8.80 95.1 786 18.72 42.0 942 33.87 27.8
S < 1% 92.16% NC 0 86.66 NC 0 39.68 NC
Sb NA NA NC 1264 24.27 52.1 1515 16.37 92.5
Se NA NA NC 1593 915.61 1.7 1909 1277.55 1.5
Si 163000 784.49 207.7 133037 793.55 1676 | 159424 419.93 379.6
Sr NA NA NC 4707 66.53 70.8 5640 28.51 197.8
Ti 90 6.68 13.5 508 14.39 353 608 5.46 1114
Zn 13000 131.33 99.3 10061 152.48 66.0 12057 63.60 189.6
Zr 52500 251.82 208 1164 9.18 126.8 1395 5.08 274.6
B 25200 224.77 112 17631 129.34 136.3 21128 101.34 207.5
Cl <1 3.06 NC 666 86.56 7.7 798 241.55 33
@ F 902 84.26 10.7 0 54.44 NC 0 16.69 NC
O I 751 586.72 1.28 605 319.54 1.9 725 419.76 1.7
S <1 10.39 NC 0 66.99 NC 0 100.06 NC
Se NA NA NC 1593 3597 44.3 1909 64.25 29.7

- From gravimetric analysis of filters and rinse dry downs

* - From water dissolution

M+

- Calculated from target concentrations and steady state production rates
- Amount of iodine in residual feed not rigorously known.

"- " Empty data field, NA — Not analyzed. NC — Not calculated.
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Table 5.1. Melter Emission Rates (continued).

Report V3L-04R4800-1 [29] V31.-04R4800-1 [29] V31.-04R4800-1 [29]
HLW HLW HLW
Feed Type C-106/AY-102, 550 g/1, C-106/AY-102, 550 g/l, C-106/AY-102, 550 g/1,
with 17.5-20 g/l sugar with 20 g/1 sugar with 10 g/l sugar and nitrates
Dates 5/6/2003 5/8/2003 5/16/2003
Bubbler TWQ top entering bqbblers locate_d in _TWC_) top entering bl_lbblers locate_d _TWC_) top entering bu_bblers locate_d
Configuration dl_agonally opposite corners, six in c_hagonally opposite corners, six |in c_hagonally opposite corners, six
inches from the melter floor. inches from the melter floor. inches from the melter floor.
Bubbling Rate 65 Ipm 65 Ipm 59 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux” Emissions | Across Flux” Emissions | Across | Flux’ Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) {mg/min) (mg/min)
Total’ [ 490200 2633 186.2 455200 4542 100.2 | 688000 8853 717
Al 16325 27.00 604.6 15159 55.10 275.1 23321 91.63 254.5
As 839 54.13 15.5 779 79.28 9.8 1199 35.20 34.1
B 16999 46.12 368.6 15785 100.15 1576 | 24284 202.75 119.8
Ca 1251 1.24 1009 1162 4.10 2834 1787 14.14 126.4
Cd 0 3.24 NC 0 2.98 NC 0 2.85 NC
Cl 642 NA NA 596 NA NA 917 250.2 37
Cr 319 0.42 759.5 296 0.31 954.8 456 6.54 69.7
Cs 275 8.00 34.4 255 9.44 27.0 393 12.16 323
Cu 186 0.56 332.1 173 1.10 157.3 266 2.13 124.9
* NA NA NC NA NA NC 0 471.7 NC
Fe 51313 133.39 384.7 47648 253.96 187.6 | 73305 568.27 129.0
2 1 583 <0.10 > 5830 542 <0.10 > 5420 0 <0.10 NC
B Li 8156 16.50 4943 7574 26.87 2819 | 11652 69.00 168.9
g Mg 4115 10.19 403.8 3821 21.65 176.5 5879 56.25 104.5
=¥ Mn 18071 10.00 1807 16780 23.09 7267 | 25815 70.51 366.1
Na 51200 201.85 253.7 47543 345.73 137.5 | 73142 638.03 114.6
Ni 779 1.91 407.9 724 2.88 2514 1113 7.99 1393
P 229 <0.10 = 2290 213 <0.10 = 2130 327 3.19 102.5
Pb 758 14.97 50.6 704 13.96 50.4 1083 419 258.5
S 0 36.48 NC 0 42.23 NC 0 83.90 NC
Sb 1219 4.73 257.7 1132 4.83 234.4 1741 8.71 199.9
Se 1536 560.58 2.7 1426 862.81 1.7 2194 1356.12 1.6
Si 128273 118.57 1082 119110 250.35 4758 | 183246 643.24 284.9
Sr 4538 10.74 422.5 4214 22.15 190.2 6483 51.21 126.6
Ti 490 2.49 196.8 455 4.46 102.0 699 10.26 68.1
Zn 9701 26.70 363.3 9008 51.02 176.6 | 13859 114.57 121.0
Zr 1123 1.02 1101 1043 2.34 445.7 1604 8.15 196.8
B 16999 67.94 250.2 15785 86.57 182.3 | 24284 231.04 105.1
Cl 642 200.68 3.2 596 83.49 7.1 917 120.50 7.6
Cas F 0 6.97 NC 0 11.08 NC 0 34.43 NC
1 583 294.45 2.0 542 370.23 1.5 0 <0.10 NC
3 0 52.21 NC 0 46.92 NC 0 17.94 NC
Se 1536 117.94 13.0 1426 30.92 46.1 2194 36.31 60.4

Y. From gravimetric analysis of filters and rinse dry downs

+ - Calculated from target concentrations and steady state production rates

NC — Not calculated

NA —Not available due to insufficient particulate loading for separate anion analysis
"-" Empty data field; *- From water dissolution of filter particulate
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Table 5.1. Melter Emission Rates (continued).

Report V3L-04R4800-1 [29] VSL-04R4800-1 [29] V3L-04R4800-1 [29]
HLW HLW HLW
Feed Type C-106/AY-102, 550 gl with 15 g/1 | C-106/AY-102, 550 g/l with 20 g/l | C-106/AY-102, 550 g/l with 25
sugar and nitrates sugar and nitrates g/l sugar and nitrates
Dates 5/18/203 5/20/03 5/22/03
Two top entering bubblers located in | Two top entering bubblers located | Two top entering bubblers located
Bubbler | " i onall it ix | in diagonall e ix | in diagonall e i
Configuration iagonally opposite corners, six mn diagonally opposite corners, six | in diagenally opposite comers, six
inches from the melter floor. inches from the melter floor. inches from the melter floor.
Bubbling Rate 65 Ipm 63 Ipm 65 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) (mg/min) (mg/min)
Total’ | 688000 8491 81.0 688000 9903 69.5 | 685000 7028 979
Al 23321 91.46 255.0 23321 106.43 2191 [ 23321 53.12 439.0
As 1199 116.62 10.3 1199 191.00 6.3 1199 304.85 39
B 24284 195.42 124.3 24284 208.15 1167 | 24284 130.61 1345
Ca 1787 5.24 341.0 1787 17.05 104.3 1787 11.74 1522
Cd 0 4.94 NC 0 3.69 NC 0 2.14 NC
Cl 917 NA NA 917 NA NA 917 NA NA
Cr 456 2.45 186.1 456 1.54 296.1 456 0.45 1013
Cs 393 6.48 60.6 393 15.59 252 393 12.90 30.5
Cu 266 2.03 131.0 266 2.74 97.1 266 1.66 160.2
Fe 73305 653.79 1121 73305 615.27 1191 | 73305 378.95 193.4
1 0 <0.10 NC 0 <0.10 NC 0 <0.10 NC
o Li 11652 67.81 1713 11652 73.65 1582 | 11652 53.21 219.0
:g Mg 5879 56.01 105.0 5879 62.04 94.8 5879 39.78 147.8
3 Mn 25815 72.59 355.6 25815 82.33 313.6 [ 25815 34.94 738.8
E Na 73142 653.28 112.0 73142 668.59 1094 | 73142 571.88 127.9
Ni 1113 8.97 124.1 1113 10.02 111.1 1113 7.92 140.5
P 327 8.83 37.0 327 5.90 55.4 327 5.69 575
Pb 1083 6.88 157.4 1083 42.23 25.6 1083 58.71 18.4
3 0 42.86 NC 0 57.97 NC 0 34.08 NC
Sb 1741 6.91 252.0 1741 29.29 59.4 1741 22.30 78.1
Se 2194 1609.78 1.4 2194 1937.62 1.1 2194 1282.06 1.7
Si 183246 691.18 265.1 183246 731.84 250.4 | 183246 299.98 610.9
Sr 6483 49.57 130.8 6483 55.37 117.1 6483 34.35 188.7
Ti 699 11.52 60.7 699 10.99 63.6 699 6.37 109.7
Zn 13859 120.56 115.0 13859 119.75 1157 | 13859 77.00 130.0
Zr 1604 8.40 191.0 1604 9.32 172.1 1604 3.08 520.8
B 24284 242.23 100.3 24284 217.50 111.7 | 24284 210.62 1153
Cl 917 31.88 28.8 917 22.79 40.2 917 40.31 22.7
F 0 <0.10 NC 0 <0.10 NC 0 <0.10 NC
@ 1 0 <0.10 NC 0 <0.10 NC 0 <0.10 NC
© S 0 62.07 NC 0 106.70 NC 0 127.77 NC
Se 2194 5.35 410.1 2194 7.26 302.2 2194 7.14 307.3

¥ - From gravimetric analysis of filters and rinse dry downs
+ - Calculated from target concentrations and steady state production rates

NC —Not calculated

NA — Not available due to insufficient particulate loading for separate anion analysis

"-" Empty data field.
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Table 5.1. Melter Emission Rates (continued).

Report V3L-04R4800-1 [29] VSL-04R4800-1 [29] V3L-04R4800-1 [29]
HLW AZ-101, 400 g/l with 13.3-7.6 | HLW AZ-101, 400 g/l with 10 g/l | HLW AZ-101, 400 g/l with 12.5
Feed Type . . .
g/1 sugar and ruthenium sugar and ruthenium 2/ sugar and ruthenium
Dates 8/22/03 8/24/03 8/26/03
Bubbler TWQ top entering bqbblers locate_d in TWQ top entering bqbblers locatf?d _Two_ top entering bqbblers locate_d
Configuration dl_agonally opposite corners, six in c_hagonally opposite corners, six | in c_hagonally opposite corners, six
inches from the melter floor. inches from the melter floor. inches from the melter floor.
Bubbling Rate 65 Ipm 65 Ipm 65 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across | Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) (mg/min) (mg/min)
Total’ | 476300 10308 46.2 476300 9103 523 | 504300 7030 71.7
Al 19448 221.67 87.7 19448 190.33 102.2 | 20592 138.77 148.4
B 26159 506.44 51.7 26159 373.20 70.1 27698 324.80 85.3
Ba 127 1.65 77.0 127 1.51 84.1 134 1.14 1175
Ca 1413 30.15 47.0 1418 24.56 577 1501 19.85 75.6
Cd 331 85.97 4.4 381 80.52 4.7 403 124.27 32
Cl* 0 278.69 NC 0 239.64 NC 0 231.53 NC
Cs 0 0.17 NC 0 0.16 0.0 0 0.18 NC
Cu 170 1.77 96.0 170 2.58 65.9 180 1.75 102.9
3 F* 283 335.43 NC 283 329.25 NC 300 216.45 1.4
= Fe 60476 881.92 68.6 60476 763.01 79.3 64034 650.75 98.4
8 K 176 8.19 21.5 176 7.46 23.6 187 6.18 30.3
E Li 11582 86.22 1343 11582 66.35 1746 | 12263 52.47 233.7
Mg 470 14.50 32.4 470 12.04 39.0 497 9.56 52.0
Mn 933 7.87 118.6 933 7.62 122.4 987 5.79 170.5
Na 61225 925.56 66.1 61225 783.65 78.1 64827 661.54 98.0
Ni 3395 39.71 85.5 3395 41.82 81.2 3595 29.22 123.0
Pb 197 4.64 425 197 4.44 44.4 209 3.84 54.4
S 199 96.43 2.1 199 59.50 33 210 84.53 2.5
Si 156952 1209.72 129.7 156952 1329.04 118.1 | 166134 898.33 185.0
St 130 3.24 556 130 2.76 65.2 190 2.15 88.4
/n 11438 163.05 70.2 11438 141.97 80.6 12111 118.08 102.6
Zr 19926 254.32 78.4 19926 287.51 69.3 21099 172.80 122.1
B 26159 180.83 144.7 26159 196.60 133.1 27693 182.15 152.1
g Cl 0 0.51 0.0 0 1.51 NC 0 (.83 NC
© F 283 1.58 179.1 283 1.43 197.9 300 4.14 72.5
3 199 134.62 1.5 199 123.28 1.6 210 105.45 2.0

*_ From gravimetric analysis of filters and rinse dry downs
+ - Calculated from target concentrations and steady state production rates
* - From water dissolution of filter particulate
NC — Not caleulated

NA —Not available due to insufficient particulate loading for separate anion analysis
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-04R4800-1 [29] VSL-04R4800-4 [30] VSL-04R4800-4 [30]
Feed Type | LUV AZ-10L 400 gllwith 16 g/l HLW AZ-101, 530 g/ HLW AZ-101, 530 g/l
sugar and ruthenium
Dates 8/27/03 6/01/03 6/03/03
Bubbler TWQ top entering bqbblers locate_d in | Two bubblers oriented parallel to | Two bubblers oriented parallel to
Configuration dl_agonally opposite corners, six electrodes. Bubbler depth: shallow, electrqdes. Bubbler depth:
mnches from the melter floor. 12” from floor. nominal, 6” from floor
Bubbling Rate 65 Ipm 65 Ipm 65 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions Across Flux Emissions | Across [ Flux Emissions | Across
{mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) (mg/min) (mg/min)
Total’ | 520000 6669 78.0 505800 2848 177.6 | 645100 3271 197.2
Al 21278 119.43 178.2 11852 54.19 218.7 | 15113 60.10 251.5
B 28622 308.89 92.7 15894 151.88 104.6 | 20268 165.42 122.5
Ba 139 1.00 139.0 77 0.35 218.4 98 0.46 212.3
Ca 1551 17.44 88.9 861 8.59 100.2 1097 9.89 111.0
Cd 416 14798 2.8 231 1.05 220.8 295 1.07 276.4
CI* 0 217.44 NC NA NA NC NA NA NC
Cs 0 0.25 NC NA NA NC NA NA NC
Cu 186 1.61 115.5 103 0.48 215.2 131 0.53 247.1
2 F* 310 396.94 NC 172 7.03 24.5 219 12.38 17.7
= Fe 66168 609.93 108.5 36863 285.66 120.0 | 47007 336.02 139.9
8 K 193 5.83 33.1 107 4.15 25.8 137 3.58 38.1
E Li 12672 52.48 241.5 7031 28.73 244.7 8966 31.19 287.5
Mg 514 9.11 56.4 285 5.18 55.0 364 5.68 64.0
Mn 1020 5.31 192.1 566 7.44 76.1 722 3.04 237.8
Na 66988 600.67 111.5 37167 274.33 1355 | 47395 306.61 154.6
Ni 3715 25.80 144.0 2095 12.58 166.5 2671 14.43 185.1
Pb 216 3.68 58.7 120 0.88 136.3 153 1.62 94.3
S 217 78.50% 2.8 138 21.27 6.5 176 18.56 9.5
Si 171723 757.67 226.6 95279 356.56 2672 | 121499 370.81 32779
St 197 2.12 92.9 109 1.70 64.1 139 1.90 73.2
7n 12515 108.14 115.7 6978 81.95 85.1 8899 70.42 126.4
Zr 21802 142.34 153.2 12160 62.29 195.2 | 15507 57.19 271.1
B 28622 208.30 137.4 15894 92.23 1723 | 20268 110.10 184.1
9 Cl 0 1.50 NC NA NA NC NA NA NC
© ¥ 310 4.33 71.6 172 <0.10 > 1720 219 <0.10 > 2190
I NA NA NC < 4307 95.74 NC | <548 26.89 NC
S 217 101.31 2.1 138 <0.10 > 1380 176 0.69 253.1

¥ From gravimetric analysis of filters and rinse dry downs

+ - Calculated from target concentrations and steady state production rates

NC — Not caleulated

* - From water dissolution of filter particulate

# - Amount of iodine in residual feed not rigorously known.

NA —Not available due to insufficient particulate loading for separate anion analysis
-" Empty data field.
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Table 5.1. Melter Emission Rates (continued).

Report VSL-04R4800-4 [30] VSL-04R4800-4 [30] VSL-04R4800-4 [30]
Feed Type HLW AZ-101, 530 g/1 HLW AZ-101, 530 g/1 HLW AZ-101, 530 g/1
Dates 6/05/03 6/28/03 6/30/03
Bubbler Two bubblers oriented parallel to _Two bubblers 6 from floor Two bubblers 6” from floor pointed
: . electrodes. Bubbler depth: deep on | pointed towards melt pool center, | towards melt pool center, bubbler
Configuration . o
melter floor bubbler skewing: none skewing: 16 lpm step
Bubbling Rate 65 lpm 65 lpm 65 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter {g/hr) Flux Melter
(mg/min) {mg/min) {mg/min)
Total’ | 658800 4336 1519 1060700 5568 190.5 | 1121500 8935 1255
Al 15435 86.54 178.4 24852 90.01 276.1 26276 115.90 226.7
B 20699 219.32 94.4 33327 328.96 101.3 35237 497.40 70.8
Ba 100 0.60 168.3 162 0.72 2243 171 131 130.8
Ca 1121 10.92 102.6 1805 16.56 109.0 1908 24.91 76.6
Cd 301 1.64 183.2 484 4.02 120.6 512 5.86 87.5
Cu 134 0.81 166.1 216 0.71 303.1 228 1.40 163.8
¥ 224% 16.77% 13.4 361 NA NA 381% 357.17% 1.1
o Fe 48008 442.80 108.4 77298 603.81 128.0 81727 790.61 103.4
= K 139 3.12 447 225 7.99 28.1 237 9.84 24.1
B Li 9157 36.26 2525 14743 59.47 2479 15588 68.47 2279
E Mg 371 5.88 63.2 598 8.39 71.3 632 12.15 52.0
Mn 737 3.93 187.8 1187 4.11 288.9 1255 5.89 213.2
Na 48404 406.59 119.0 77936 583.60 1335 82402 849.29 97.0
Ni 2728 19.18 142.2 4393 20.76 211.6 4645 3371 1378
Pb 156 0.83 1876 251 2.57 97.6 265 4.64 57.2
B 180 28.36 6.3 289 43.07 6.7 306 57.46 5.3
Si 124084 546.56 227.0 199790 525.48 380.2 | 211238 675.56 312.7
Sr 142 1.27 1117 229 1.54 148.3 242 2.71 89.2
7n 9088 8231 1104 14633 100.83 145.1 15471 157.50 98.2
Zr 15837 97.23 162.9 25499 48.33 527.6 26960 65.50 4116
B 20699 118.68 174.4 33327 208.33 160.0 35237 242.83 145.1
@ F 224 <0.10 > 2240 361 <0.10 >3610 381 <(.10 > 3810
© I < 560" 6.40 NC NA NA NC NA NA NC
S 180 44.43 4.0 289 97.00 3.0 306 95.37 3.2

* - From gravimetric analysis of filters and rinse dry downs
* - From water dissolution of filter particulate
# - Amount of iodine in residual feed not rigorously known.
NC —Not calculated
NA — Not available due to insufficient particulate loading for separate anion analysis
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Table 5.1. Melter Emission Rates (continued).

Report VSL-04R4800-4 [30] VSL-04R4800-4 [30] VSL-04R4800-4 [30]
Feed Type HLW AZ-101, 530 g/1 HLW AZ-101, 400 g/l HLW AZ-101, 400 g/l
Dates 7/02/03 7/19/03 7/22/03
Bubbler Two bubblers 6” from floor pointed | Bubblers on floor, 8" apart on East | Bubblers on floor, 87 apart on East
Configuration towards melt pool center, bubbler and West side, one bubbler outlet | and West side, one bubbler outlet
skewing: 16 Ipm gradual. 11.3" from feed tube. 11.3" from feed tube.
Bubbling Rate 65 lpm 135 Ipm 80 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter (g/hr) Flux Melter
(mg/min) (mg/min) {mg/min)
Total® | 1081300 7128 151.7 1344400 16838 79.8 | 1085500 11776 92.2
Al 25334 141.14 179.5 31205 349.50 89.3 25196 278.71 90.4
B 33974 438.46 77.5 41847 855.80 48.9 33789 604.33 559
Ba 165 1.13 145.5 203 2.18 92.9 164 1.73 94.6
Ca 1840 24.61 74.8 2266 40.03 56.6 1830 31.11 58.8
Cd 494 5.31 93.0 608 8.87 68.6 491 6.71 73.2
Cu 220 1.16 189.4 271 3.70 73.4 219 293 74.9
* 368 208.68 1.8 453 244.29 1.9 366 486.75 0.8
o Fe 78798 742.77 106.1 97058 1565.19 62.0 78370 1024.18 76.5
= K 229 9.38 24.4 282 15.46 18.2 228 10.80 21.1
B Li 15030 81.67 134.0 18512 172.17 107.5 14948 12228 122.2
E Mg 610 12.16 50.1 751 20.64 36.4 606 15.47 39.2
Mn 1210 7.65 158.3 1491 12.80 1164 1204 10.93 110.1
Na 79449 761.44 1043 97859 1519.70 64.4 79016 999.11 79.1
Ni 4478 28.36 157.9 5516 69.42 79.5 4454 52.18 85.3
Ph 256 3.85 66.5 315 7.81 40.4 255 6.42 39.6
S 205 39.21 7.5 363 83.82 43 293 54.21 5.4
Si 203668 657.20 309.9 250864 1977.69 126.8 | 202560 1301.11 155.7
Sr 233 2.10 111.2 287 392 73.2 232 3.03 76.6
7n 14917 140.75 106.0 18373 268.69 68.4 14836 199.87 74.2
Zr 25994 85.99 302.3 32017 371.53 86.2 25852 328.48 78.7
. B 33974 205.22 165.6 41847 390.30 107.2 33789 232.33 145.4
5 F 368 <0.10 > 3680 453 <0.10 > 4530 366 <(.10 > 3660
S 205 91.80 32 363 147.91 2.5 293 117.44 2.5

¥ _ From gravimetric analysis of filters and rinse dry downs

* - From water dissolution of filter particulate

NC —Not calculated

NA —Not available due to insufficient particulate loading for separate anion analysis
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VS1.-04R4800-4 [30] VSL-04R4800-4 [30] VS1L-04R4800-4 [30]
Feed Type HLW AZ-101, 400 g/l HLW AZ-101, 400 g/l HL‘\xtﬁ:gf;;?{Oe g/l
Dates 8/10/03 8/12/03 9/06/03
Bubbler Four bubblers on floor, one in each | Four bubblers on floor, one ineach | Two bubbl_ers on floor, bubbler
. . corner, 14” apart on East and West | corner, 14 apart on East and West on East side 11.3” from feed
Configuration . )
side. side. tube.
Bubbling Rate 117 lpm 90 Ipm (1175°C) 80 Ipm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across | Flux Emissions | Across
(mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
{mg/min) (mg/min) {mg/min)
Total® | 1412700 8215 172.0 1439300 20444 70.4 | 861900 7987 107.9
Al 32789 134.46 243.9 33419 424.61 78.7 20005 120.66 165.3
B 43973 365.00 120.5 44817 1123.25 399 26828 291.18 92.1
Ba 213 1.28 167.1 217 3.56 61.0 130 1.22 106.7
Ca 2331 22.54 105.6 2427 59.34 40.6 1453 24.05 60.4
Cd 639 5.69 112.4 651 14.18 459 390 6.16 63.4
CI* NA NA NC NA NA NC 3629 608.36 6.0
Cu 285 1.40 203.9 291 4.39 66.2 174 2.17 80.3
F 476* 425.77* 1.1 435 708.36 <1 2007 192.81* 15
2 Fe 101988 759.44 134.3 103945 1857.40 56.0 62224 752.00 82.7
B K 296 9.47 313 302 15.40 19.6 181 10.12 17.9
g Li 19453 71.61 271.7 19826 168.25 1178 | 11868 74.98 1583
a¥ Mg 789 10.36 76.1 804 27.34 29.4 481 12.00 40.1
Mn 1566 6.14 255.1 1596 16.37 97.5 956 5.17 134.8
Na 102829 739.32 139.1 104803 1897.88 55.2 65107 966.75 67.3
Ni 5796 26.90 215.5 5907 84.41 70.0 3536 26.96 131.2
Pb 331 4.15 79.8 338 11.90 28.4 202 4.82 41.9
3 381 50.29 7.6 389 72.61 5.4 233 50.27 4.6
Si 263605 831.56 317.0 268664 2543.73 105.6 | 160829 546.15 294.5
Sr 302 2.61 115.7 308 6.81 452 184 2.81 65.5
Zn 19307 130.82 147.6 19677 337.47 58.3 11779 133.64 88.1
Zr 33643 112.98 297.8 34289 508.36 67.5 20526 53.97 380.3
B 43973 488.65 90.0 44817 413.98 108.3 | 26828 259.34 103.4
@ Cl NA NA NC NA NA NC 3629 569.05 6.4
0 F 476 3.27 145.5 485 1.44 337.1 290 85.09 3.4
S 381 115.63 33 389 155.72 2.5 233 66.43 3.5

¥ - From gravimetric analysis of filters and rinse dry downs
* - From water dissolution of filter particulate
NC —Not calculated

NA —Not available due to insufficient particulate loading for separate anion analysis
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VS1.-04R4800-4 [30] V31L.-04R4800-4 [30] VS1.-04R4800-4 [30]
Feed Type HLW AZ-101, 4Q0 g/l HLW AZ-101, 400 g_/l HLW AZ-101, 400g/1
with NaSO, spike with NaCl +NaS0, spike with 3.8 g/l sugar.
Dates 9/08/03 9/09/03 3/29/04
Two bubblers on floor, bubbler | Two bubblers on floor, bubbler Two bubblers, each with two
Bubbler . - . - outlets 8 inches apart, placed on
. . on East side 11.3” from feed on East side 11.3” from feed
Configuration tube tube the floor, one bubbler outlet
' ' 11.3” from feed tube.
Bubbling Rate 80 lpm 80 lpm. 64 lpm
Average Average Average
Feed Melter DF Feed Melter DF Feed Melter DF
- Flux Emissions | Across Flux Emissions | Across | Flux | Emissions | Across
{mg/min) Flux Melter | (mg/min) Flux Melter | (g/hr) Flux Melter
(mg/min) (mg/min) {mg/min)
Total® | 734200 14588 50.3 910400 8111 1122 |1059610] 6595 160.7
Al 17042 314.91 54.1 21131 145.02 145.7 | 24594 107.98 227.8
B 22855 607.82 37.6 28338 288.68 98.2 | 32982 295.96 111.4
Ba 111 2.49 44.5 137 1.24 110.4 160 1.02 156.4
Ca 1238 44.79 27.6 1534 21.18 72.4 1786 19.34 92.3
Cd 332 7.33 45.3 412 492 83.8 479 11.13 43.0
Cl* 0 274.57 NC 3833 694.96 5.5 NA NA NC
Cu 148 3.66 40.5 184 2.24 82.0 214 1.29 166.3
B 247 139.74 1.77 307 83.90 3.6 357 291.24 1.2
Fe 53008 1320.97 40.1 65725 754.25 87.1 | 76493 710.47 107.7
2 K 154 10.86 14.2 191 8.51 22.4 222 11.57 19.2
B 1 10111 118.57 85.3 12536 77.69 161.4 | 14591 64.91 224.8
'*g Mg 410 21.23 19.3 509 10.48 48.5 592 11.13 53.2
a¥ Mn 814 13.35 61.0 1009 7.08 1425 | 1175 3.81 308.1
Na 54868 1365.96 40.2 70533 988.44 71.4 | 77129 784.29 98.3
Ni 3013 65.09 46.3 3735 29.27 1276 | 4347 25.15 172.9
Pb 172 7.48 23.0 214 5.27 40.5 249 2.73 91.2
Ru NA NA NC NA NA NC 610 24.86 24.5
3 1023 134.21 7.6 1269 114.00 11.1 286 115.51 2.5
Si 137009 1704.91 80.4 169877 114041 | 149.0 | 197722 | 689.70 286.7
St 157 4.93 318 194 2.56 76.0 226 2.33 96.9
Y NA NA NC NA NA NC 527 <0.39 >1351.9
Zn 10035 245.10 40.9 12442 136.76 91.0 | 144381 134.69 107.5
Zr 17486 348.23 50.2 21681 117.23 184.9 | 25235 91.00 2773
B 22855 195.44 1169 28338 234.53 120.8 | 32982 373.91 88.2
e Cl 0 27.48 NC 3833 479.77 8.0 NA NA NC
© F 247 68.15 3.6 307 89.83 34 357 <3.15 >113.3
S 1023 213.89 4.3 1269 2338.44 53 286 77.45 3.7

¥ From gravimetric analysis of filters and rinse dry downs
* - From water dissolution of filter particulate
NC —Not calculated
NA —Not available due to insufficient particulate loading for separate anion analysis
"-" Empty data field
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Report VSL-04R4800-4 [30]
Feed Type HLW AZ-101, 400 g/l with 3.8 /1 sugar
Dates 3/31/04
Bubbler Two bubblers, each with two outlets 8 inches apart, placed on the floor, one bubbler outlet 11.3” from
Configuration feed tube.
Bubbling Rate 134 lpm
Feed Average DF
- Flux . Melter Across
(mg/min) Emlssmns_ Flux Melter
{mg/min)
Total® 1324800 14761 89.8
Al 30750 248.07 124.0
B 41237 837.36 492
Ba 200 2.76 72.5
Ca 2233 35.49 62.9
Cd 599 16.05 373
Cu 267 277 96.3
F* 446 15833 2.8
Fe 95644 1822.74 52.5
2 K 278 15.79 17.6
§ L1 18243 137.06 133.1
'*g Mg 740 23.90 31.0
a¥ Mn 1469 970 151.5
Na 96433 1811.81 532
Ni 5436 58.90 923
Pb 311 6.23 499
Ru 763 47.12 16.2
3 358 165 86 22
Si 247208 1287.73 192.0
Sr 283 6.48 437
Y 659 1.32 498 9
n 18106 29323 61.7
Zr 31551 20281 1556
@ B 41237 475.80 86.7
& F 446 6.63 672
3 358 83.18 4.1

¥ From gravimetric analysis of filters and rinse dry downs

* - From water dissolution of filter particulate

NC — Not calculated

NA —Not available due to insufficient particulate loading for separate anion analysis

"-" Empty data field
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Report VSL-04R4851-1 [31] VSL-04R4851-1 [31]
Feed Type LAW Envelope C LAW Envelope C
Dates 10/02/03 10/04/03
Bubbler Four top-entering bubblers located in diagonally Four top-entering bubblers located in diagonally
Configuration opposite corners, six inches from the melter floor. opposite comers, six inches from the melter floor.
Bubbling Rate 20.6 Ipm 41.1 Ipm
Feed Average DF Feed Average DF
- Flux’ . Me lter Across Flux” . Me lter Across
. Emissions Flux . Emissions Flux
{mg/min) (mg/min) Melter (mg/min) (mg/min) Melter
Total’ 553000 362 1528 885000 869 1018
Al 14005 1.47 9552 22412 339 6602
B 13563 1.20 11317 21704 2.32 9350
Ca 15852 3.25 4877 25367 6.04 4199
cr’ 739 NA NA 1184 169% 7.0
Cr 59 0.53 113 95 1.30 72.9
F* 1563 NA NA 2493 45 5% 54.9
Fe 16934 2.20 7691 27098 4.44 6108
o I 434 <0.10 > 4340 695 < (.10 > 6950
% K* 936 5.34 175 1498 10.7 139
5 Li 5040 2.90 1738 8065 5.84 1381
E Mg 3952 0.24 16553 6323 0.35 17869
Na 46529 82.4 565 74457 37.6 1982
Ni 102 0.20 516 164 0.24 686
P 227 <0.10 > 2270 364 <0.10 > 3640
Pb 31 < (.10 > 810 129 0.20 638
S 661 9.26 713 1058 44.49* 23.9
Si 94481 8.93 10516 151192 20.2 7477
Ti 2966 1.33 2235 4746 2.94 1616
7n 10669 3.65 2926 17073 8.35 2046
Zr 9703 0.27 35534 15527 0.56 27757
B 13563 13.9 973 21704 348 623
" Cr 739 5.86 126 1184 18.1 65.6
S F* 1563 12.8 122 2498 57.4 43.4
I 434 280 1.6 695 419 1.7
B 661 7.14 92.6 1058 155 68.0

¥ From gravimetric analysis of filters and rinse dry downs.
+ - Calculated from target concentrations and steady-state production rates.
# - Calculated elemental feed rates from analyzed concentrations and steady-state production rates
NA —Not available due to insufficient particulate loading for separate anion analysis

* - Calculated from water dissolution of filter particulate.
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-04R4851-1 [31] VSL-04R4851-1 [31]
Feed Type LAW Envelope C LAW Envelope C
Dates 10/7/03 10/8/03
Bubbler Four top-entering bubblers located in diagonally Four top-entering bubblers located in diagonally
Configuration opposite comers, six inches from the melter floor. opposite corners, six inches from the melter floor.
Bubbling Rate 62.1 Ipm 103.4 lpm.
Feed Average DF Feed Average DF
- Flux . Melter Across Flux . Melter Across
. Emissions Flux . Emissions Flux
{mg/min) (mg/min) Melter (mg/min) (mg/min) Melter
Total® 1180000 1423 829 1843000 4513 408
Al 29882 4.84 6174 46690 243 1923
B 28939 7.43 3896 45216 50.3 398
Ca 33823 7.95 4254 52847 39.9 1325
cr’ 741 295 2.5 1157 841 14
Cr 127 2.36 53.8 198 6.78 29.2
F 1296 36.5 355 2026 138 14.7
Fe 36131 7.37 4900 56453 38.1 1481
o 1 926 < (.10 = 0260 1447 <0.10 > 14470
% K* 615 21.6 28.5 961 56.5 17.0
5 Li 10754 11.8 914 16802 39.5 425
E Mg 8431 0.69 12285 13173 2.77 4763
Na 99276 92.5 1073 155115 286 543
Ni 218 0.37 592 341 1.06 322
p 485 0.92 526 758 132 573
Pb 172 0.32 543 269 1.06 254
3 1410 87.10%* 19.0 2203* 216 10.2
Si 201589 29.1 6935 314974 140 2255
Ti 6329 3.68 1719 9888 18.1 548
7n 22765 12.0 1892 35569 52.2 682
Zr 20703 173 11937 32347 4.31 7504
B 28939 757 382 45216 244 185
Cr 741 86.1 8.6 1157 220 5.3
Gas F* 1296 142 9.1 2026 351 5.8
1 926 708 13 1447 1378 1.0
S 1410 1.8 71.2 2203 46.4 47.5

¥ From gravimetric analysis of filters and rinse dry downs
+ - Calculated clemental feed rates from target concentrations and steady-state production rates

# - Calculated elemental feed rates from analyzed concentrations and steady-state production rates
* - Calculated from water dissolution of filter particulate.
"-" Empty data field
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Table 5.1. Melter Emission Rates (continued).

Report VSL-05R5800-1 [35] VSL-05R5800-1 [35]
Feed Type HLW AZ-102, 560 g/1 HLW C-106/AY-102, 540 g/l
Dates 06/23/04 08/05-06/04
Bubbler Top-entering bubbler. “J” single outlet, 6” above Top-entering bubbler. “J” single outlet, 6” above
Configuration melter floor melter {loor
Bubbling Rate 65 lpm 65 lpm
Feed Average DF Feed Average DF
- Flux . Melter Across Flux . Melter Across
. Emissions Flux . Emissions Flux
{mg/min) (mg/min) Melter {mg/min) (mg/min) Melter
Total® 1187988 9206 129 992352 7477 133
Al 33328 195.02 170.9 23643 90.81 260.4
As NA NA NC 1211 24.40 49.6
B 43712 614.61 71.1 24527 227.15 108.0
Ca 1850 27.45 67.4 1805 20.80 86.8
Cd 1108 10.92 101.5 NA NA NC
Cl NA NA NC 926 183.2 5.1
Cr NA NA NC 461 5.09 90.6
Cs 531 16.14 329 397 22.77 17.4
Cu NA NA NC 269 2.08 129.5
Fe 98804 988.70 99.9 74332 562.84 132.1
© K 280 10.29 27.2 NA NA NC
= Li 17036 87.88 193.9 11768 48.16 244.4
B Mg 475 14.96 318 5938 44.13 134.6
5 Mn 3137 12.71 246.7 26139 60.49 432.1
= Na 100328 1026.21 97.8 73936 607.68 121.7
Ni 3978 26.41 150.6 1124 9.02 124.6
P 147 1.42 103.5 331 5.95 55.6
Pb 731 8.23 88.8 1094 7.24 151.1
B 180 89.37 2.0 0 37.52 NC
Sh NA NA NC 1829 15.88 115.2
Se NA NA NC 2216 1078.06 2.1
Si 253799 1043.34 2433 185118 647.08 286.1
Sr NA NA NC 6548 50.11 130.7
Ti NA NA NC 706 8.83 79.9
7n 18167 167.30 108.6 13997 105.17 133.1
7Zr 14825 77.76 190.7 1620 9.01 179.8
B 43712 272.96 160.1 24527 179.25 136.8
Cl NA NA NC 926 114.45 8.1
4 F NA NA NC 0 1.03 NC
© I NA NA NC 842 634.87 1.3
B 180 70.15 2.6 0 17.54 NC
Se NA NA NC 2216 26.00 85.2

*_ Fram gravimetric analysis of filters and rinse dry downs for the first set of data and

From gravimetric analysis of filters and front-half nitric acid analytical results for the second set of data.
NA — Not Analyzed
NC — Not Calculated.
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Figure 2.1. Cross-section of the DM1200 melter through the discharge chamber.
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Figure 2.2. Cross-section through the DM1200 melter showing electrodes.
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Figure 2.3. Single Outlet “.J° Buhhler.
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Figure 2.4. Single Outlet “L” Buhbler.

F-4
168



ORPF-51434, Rey 0
The Catholic University of America Summary of DMI200 Operation at V5L
Vitreows State Laboratory Final Report, VSL-06R6710-2, Rev. 0

i o L O W W M

e

Figure 2.5. Double Outlet “J” Bubbler.
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Figure 2.6. Placement of 4 single outlet bubblers simulating 2 double outlet bubblers; 8 separation between
outlets on each side of the melter. Note: solid circles represent locations of bubbler outlets.
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Figure 2.7. Placement of 4 single outlet bubblers simulating 2 double outlet bubblers; 14 separation between
outlets on each side of the melter. Note: solid circles represent locations of bubbler outlets.
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Figure 2.8. Double Outlet “.J”” Bubbler.
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Figure 2.9. Placement of double outlet bubblers. Note: solid circles represent location of bubbler outlet.

el



ORP-514324, Rev. 0

Summary of DM1200 Operation at VSL
Final Report, VSI.-06R6710-2, Rev. 0

The Catholic University of America

Vitreous State Laboratory

harge chamber showing the location and

numbering of heaters.
F-10

Figure 2.10. Schematic of the DM1200 disc
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Figure 2.11. Typical discharge heater in the modified ceramic isolator. This assemhly was installed in metal
sheaths located in the discharge chamher.
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Figure 2.12. View of the south and west DM1200 K-3 refractory (north and east walls removed for clarity)
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Figure 2.13. View of the north and east walls of the DM1200 plenum refractory (south and west walls

removed for clarity).
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Figure 2.14. View of the south and west walls of the DM1200 plenum refractory (north and east walls
removed for clarity).
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Figure 2.15. View of the south wall plenum refractory in the DMI1200.
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Figure 2.16. View of the plenum refractory on the eastwall of the DA1200.
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Figure 2.17. View of the plermm refractory on the north wall of the DM1200.
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Figure 2.13. View of the plemim refractory on the west wall of the DRM1200.
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Figure Z.E:Li?imir of the plenum refralﬁ:ury ,;n the southwest corner of the DM1200.
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Figure 2.20. View of the inside of the DMI1200 discharge chamber showing the fiherhoard walls and
the end of the dischar ge trough. View up through the discharge port on the hottom of the chamhber.
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Figure 2.21. View of the hottom of the discharge trough through the view port on the south wall of the
discharge chamber.
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Figure 2.22. View up the discharge trough showing the top edge of trough.
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Figure 3.1. Schematic representation of the variation over time of the required HL.W glass production rates
for the DM1200 and the projected solids content of the HHL. W feed from pretreatment.
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Figure 3.2. Comparison of steady state glass production rates for HLW AZ-101 melter tests without
bubbling and with bubbling using two single outlet bubblers [3, 9].
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Figure 3.3. Glass production rates for HLW A Z-101 waste simulants with bubbling using two single
outlet bubblers [17].
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Figure 3.4. Comparison of steady state glass production rates for HLW
AZ-101 melter tests using two single outlet bubblers [17].
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Figure 3.5. Comparison of steady state glass production rates for 20% UDS HLW

waste simulants using two single outlet bubblers [17, 23, 26, 28].
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Figure 3.6. Comparison of steady state glass production rates for HL.W waste simulants of
varying viscosities using two single outlet bubblers at 63 lpm [23, 26, 35].
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Figure 3.7. Steady state glass production rates for IILW AZ7-101 waste simulants obtained
during bubbler configuration tests [30].
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Figure 3.8. Comparison of steady state glass production rates for HLW
A7-101 melter tests using two single outlet bubblers [30].

F-30

70

194



ORP-514324, Rev. 0

The Catholic University of America
Vitreous State Laboratory

To Transition Pipe
Injection Gas and Off-Gas System

|

Figure 4.1. Schematic of the DM1200 film cooler.
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Figure 4.2. Typical views of particulate buildup/plugging of the film cooler. View from the top of
the film cooler looking down.
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Figure 4.3. Glass pool bubbling rate versus film cooler DP for the HLLW AZ-102 tests [33].
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Figure 4.4. Glass pool bubbling rate versus film cooler DP from Test 9 employing the optimum bubbler
configuration [30].
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Figure 4.5. Glass pool bubbling rate versus film cooler DP from Test 8 of the optimum bubbler configuration tests [30].
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Figure 4.6. Glass pool bubbling rates from Test 1 of the bubbler configuration tests [30].
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Figure 4.7. Layout of film cooler and transition line sections.
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Figure 4.8. View of top of the installed film cooler after tests (pre-cleaning) with L AW Sub-
Envelope Al simulants [14].

Figure 4.9. View of top of the removed film cooler after tests (pre-cleaning) with
LAW Sub-Envelope Al simulants [14].
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Figure 4.10. View of bottom of the removed film cooler {(pre-cleaning) after tests with LAW
Sub-Envelope Al simulants [14].

Figure 4.11. Close-up view of hottom of the removed film cooler (pre-cleaning) after tests
with LAW Sub-Envelope Al simulants [14].
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Figure 4.12. View of fractured bottom ring of the film cooler {pre-cleaning) after tests with
LAW Sub-Envelope Al simulants [14].

Figure 4.13. View of the bottom ring and throat of the film cooler (pre-cleaning) after tests
with LAW Sub-Envelope Al simulants [14].
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Figure 4.14. Another bottom view of the film cooler (pre-cleaning) after tests with LAW
Sub-Envelope A1 simulants [14].

Figure 4.13. View of detachment of the film cooler bottom ring (pre-cleaning) after tests
with LAW Sub-Envelope Al simulants [14].

F-41
205



ORP-51434 Rev. 0
The Catholic University of America Summeary of DMI 200 Operation at VSL
Vitreous Stete Laboratory Final Report, VSI-O6R6710-2, Rev. 0

Figure 4.16. View of glass and weld beneath the failed region of film cooler
(pre-cleaning) after tests with LAW Sub-Envelope Al simulants [14].

Figure 4.17. View of louvers of the film cooler (pre-cleaning) after tests with LAW Sub-
Envelope A1 simulants [14].
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Figure 4.18. View of louvers of the film cooler {pre-cleaning) after tests with LAW Suh-
Envelope Al simulants [14].

Figure 4.19. Side view of the film cooler {pre-cleaning) after tests with LAW Sub-Envelope
Al simulants [14].
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Figure 4.20. View of damage to the bottom ring of film cooler (post cleaning) after tests
with LAW Sub-Envelope Al simulants [14].

Figure 4.21. View of louvers of the film cooler (post cleaning) after tests with L AW Suh-
Envelope Al simulants [14].
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Figure 4.22. View of exit end of the film cooler (post cleaning) after tests with LAW Sub-
Envelope Al simulants.

Figure 4.23. Close-up view of exit end of the film cooler (post cleaning) after tests with
LAW Sub-Envelope Al simulants.
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Figure 4.24. SEM micrograph of a sample rem oved from the film cooler hottom
ring after tests with LAW Sub-Envelope Al simulants [14].
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Figured4.25. View of flexible hellows (pre-cleaning) during tests with
LAW Sub-Envelope Al simulants [14].

Figure 4.26. Inside view of the SBS-side of the flexible hellows (pre-cleaning)
after 121.6 hours of operations during tests with LAW Suh-Envelope Al
simulants [14].
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Figure 4.27. Film cooler inlet after tests with HLW C-104/AY -101 simulants [28].
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Figure 4.28. Film cooler inlet close-up after tests with HLW C-104/AY-101

simulants [28].
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Figure4.29. Transition line section #2 inlet after tests with HLW C-104/AY-101 simulants [28].
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Figure 4.30. Transition line section #2 outlet after tests with HLW C-104/AY-101
simulants [28].
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Figure4.31. Transition line section #3 inlet after tests with HL'W C-104/AY -101 simulants [28].
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Figure 4.32. View of transition line section #3 inlet after tests with HLW C-104/AY-101
simulants [23].
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Figure 4.33. Transition line bellows outlet after tests with HLW C-104/AY-101 simulants [28].
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Figure 4.34. SBS transition line inlet after tests with HL'W C-104/AY-101 simulants [23].
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Figure 4.35. Film cooler inlet after Configuration Test 2 [30].
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Figure 4.36. Transition line section #1 outlet after Configuration Test 2 [30].
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Figured4.37. Transition line section #2 inlet after Configuration Test 2 [30].
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Figure 4.38. Transition line section #3 inlet after Configuration Test 2 [30].
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Figure 4.39. Transition line bellows inlet after Configuration Test 2 [30].
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Figure 4.40. Tr ansition line hellows outlet after Configuration Test 2 [30].
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Figure 4.41. Outlet of transition line section in hetween hellows and SBSN inlet after
Configuration T est 2 [30].
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Figure 4.42. Transition line bellows inlet after Configuration Test 1 [30].
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Figure 4.43.a. View of large debris removed from transition line bellows inlet during
Configuration Test 3 [30].
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Figure 4.43.b. Macro image of sample removed from the transition line during
Configuration Test3 [30] (Sample # 1D2-O-25A).
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General Spectrum

) 2 3 4 5 6 7 8 9 10
Full Scale 2203 cts Cursor: -0.028 keV (963 cts) keV

Figure 4.43.c. EDS spectrum of the transition line sample (Sample # 1D2-0-25A).

F-66
230



ORFP 31434, Rev. 0
The Catholic University of America Srenmary of DA 200 Operafion af FAL

Fifrecus Shafe Laboratory Firedl Repord, VEL-OGRGIIO2, Rev. O

Figure 4.44. Close-up of clogged perforation of film cooler inlet after Configuration Test 3 [30].

F-a7
23



ORP-51434, Rev. 0
The Catholic Ukdversity aof America Stummary af DAI200 Operatios at VEL
Vitrecus State Laboratory Firnal Report, VEL-08RG7I0RZ Rev O

Figure 4.435. Film cooler inlet after Configuration Test 10 [30].
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Figure 4.46. Close-up of film cooler inlet after Configuration Test 10 [30].
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Figure 4.47. Transition line section #1 outlet after Configuration Test 10 [30].
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Figure 4.48. Transition line section #2 inlet afte Configur ation Test 10 [30].
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Figure 4.49. Transition line section #3 inlet after Configuration Test 10 [30].
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Figure 4.50. Transition line section #3 outlet after Configuration Test 10 [30].
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Figure 4.51. Transition line bellows inlet after Configuration Test 10 [30].
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Figure 4.52. Transition line bellows outlet after Configuration Test 10 [30].
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Figure 4.53. Inlet of transition line section in between bellows and SBES ilet after Configuration Test 10
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Figur e 4.54. Film cooler inlet (post-cleaning) after Configuration Test 10 [30].
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Figure 4.55. Film cooler inlet and internals after Configuration Test 9 [30].
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Figure 4.56. Inlet of transition line section in between bellows and SBS inlet (on
bellows side) after Configuration Test 9 [30].
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Figure 4.57. View of film cooler inlet and internals (partial pust—ﬂeaning} after
Configuration Test 9 [30].
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Figure 4.58. Transition line section #2 outlet after Foaming T est [31].
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Figure 4.59. Closeup of transition line section #2 oulet after Foaming Test [31].
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Figured.0l. Transition line section #3 inlet after Foaming Test [31].
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Figure 4.61. Transition line hellows at 26.9 hours of HLW Turnover
Test following the MACT tests [41].
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Figure 4.62. Inlet of transition line section in hetween hellows and SBS
inlet at 26.9 hours of HLW Turnover Test following the MACT tests [41].
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Figure 4.63. Film cooler inlet after HL. W Turnover Test following the
MACT tests [41].
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Figure 4.64. Tip of the film cooler inlet showing dam age after HLW Turnover
Test following the MACT tests [41].
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Figure 4.65. Close-up view of inlet and louvers of the film cooler after HLW Turnover
T est following the MACT tests [41].
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Figure 4.66. Film cooler outlet after HLW Turnover T est following the
MACT tests [41].
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Figure 4.67. View of bottom end of film cooler (post-cleaning) after Configuration Tests
[30] (bottom) and HLW Turnover Test following the MACT tests [41] (top).
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Figure 4.68. Close-up view of hottom end of film cooler {post-cleaning) after HLW Turnover
T est following the MACT tests [41].
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Figure 4.69. Transition line section #1 inlet after HLW Turnover T est following the
MACT tests [41].
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Figure 4.70. Transition line section #1 outlet after HLW Turnover T est following
the MACT tests [41].
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Figure 4.71. Transition line section #2 outlet after HLW Turnover T est following
the MACT tests [41].
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Figure 4.72. Transition line section #3 inlet after HLW Turnover T est following the
MMACT tests [41].
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Figure 4.73. Solids that fell out of Transition line section #3 after HLW Turnover Test
following the MACT tests [41].
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Figure4.74. Transition line hellows outlet after HLW Turnover T est following the
MACT tests [41].
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Figure 4.75. Inlet of transition line section in hetween hellows and SBS inlet after
HLW Turnover Test following the MACT tests [41].
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Figure 4.76. Outlet of transition line section in betwween the bellows and SES inlet after
HLW Turnover Test following the MACT tests [41].
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Glass vield 400 ¢/l, <4 Ipm bubbling, sugar 10 ¢/l \

Glass yield 420 g/, <4 lpm bubbling, nitrate+ sugar

Glass yield 480 ¢fl, 60 Ipm bubbling, frit + sugar \

Glass yield 480 ¢fl, <4 Ipm bubbling, frit + sugar

Glass yield 420 ¢/, <4 Ipm bubbling, nitrate + sugar

Glass yield 400 ¢fl, 0 lpm bubbling

Glass yield 400 ¢fl, 62 lpm bubbling

Glass yield 570 gfl, <4 Ipm bubbling

Glass yield 350 ¢fl, 57 lpm bubbling

Glass yield 570 ¢f1, 57 lom bubbling

Glass yield 570 g/l, <4 Ipm bubbling, sugar 10 ¢/l
]
]

Glass yield 570 gfl, <4 Ipm bubbling

0 0.1 0.2 0.3 0.4 0.5
% feed solids emitted as particles

Figure 3.1. Carryover from the DM1200 during initial HLW AZ-101 tests [3, 9].
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Figure 5.2. DM1200 emissions during HLW AZ-101 tests [17] conducted with feed at
330 g glass per liter and two single outlet bubblers.
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Figure 5.3. DM1200 emissions during HLLW AZ-101 tests [17] conducted with two single
outlet bubblers at a total constant flow of 63 Ipm.
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400 g/l, 4 bubbler outlets

400 g/l, sugar 16 g/l

400 g/l, sugar 12.5 g/l

400 g/, sugar 10 g/l

300 g/l

400 g/l

530 g/l

. | ‘ . .
0 0.5 1 15 2
% feed solids emitted as particles

Figure 5.4. Carryover from the DM1200 during HLW AZ-101 tests [17, 29, 30] conducted
with a total constant flow of 65 Ipm.
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Sugar 25 g/l, added NO3, Bubbling 65 Ipm |

Sugar 25 g/l, Bubbling 65 Ipm |

Sugar 20 g/l, added NO3, Bubbling 65 Ipm

Sugar 17.5-20 g/l, Bubbling 65 Ipm

Sugar 15 g/l, added NO3, Bubbling 65 Ipm

Sugar 15 g/l, Bubbling 65 Ipm

Sugar 10 g/l, added NO3, Bubbling 65 Ipm

Sugar 10 g/l, Bubbling 65 Ipm

Adjusted rheology, Bubbling 65 Ipm

Bubbling 65 Ipm

Bubbling 42 7 Ipm
]

Bubbling 28.1 Ipm

0.5 1 15 2
% feed solids emitted as particles

o

Figure 5.5. Carryover from the DM1200 during HL.W C-106/AY-102 tests [17, 29, 35, 41].
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AZ-101

AZ-102

C-106/AY-102

C-104/AY-101

0 0.2 0.4 0.6 0.8 1 1.2
% feed solids emitted as particles

Figure 5.6. Carryover from the DM1200 during HL.W tests [17, 26, 28, 29] conducted with
two single outlet bubblers at a total constant flow of 65 Ipm.
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230 g/l, 2 outlets, 65 Ipm, no skew

530 g/l, 2 outlets, 65 Ipm, step skew

530 g/l, 2 outlets, 65 Ipm, grad skew ‘

400 g/l, 4 outlets, 135 Ipm

400 g/l, 2 outlets, 80 Ipm

400 g/1, 4 outlets, 117 lpm

400 g/l, 4 outlets, 90 Ipm, 1175 C glass

400 g/l, 2 outlets, 80 Ipm, NaCl spike

400 g/l, 2 outlets, 80 Ipm, Na2S04 spike

400 g/l, 2 outlets, 80 Ipm, NaCl + Na2504 spike

0 0.5 1 1.5
% feed solids emitted as particles

Figure 5.7. Carryover from the DM1200 during HLW AZ-101 Configuration Tests [30].
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LAW A2+halides, 43 Ipm bubbling

LAW A2, 26 |pm bubbling

LAW A1, 90 Ipm bubbling

LAW B1, 52 Ipm bubbling

LAW C1, 71 Ipm bubbling

LAW C1, 20.6 Ipm bubbling

LAW C1, 41.1 Ipm bubbling

LAW C1, 62.1 Ipm bubbling

0 0.1 0.2 0.3 0.4 0.5 0.6
% feed solids emitted as particles

LAW C1, 103.4 Ipm bubbling

Figure 5.8. Carryover from the DM1200 during LAW tests [10, 14, 21, 31, 41].
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Figure 5.9. DM1200 emissions during LAW Sub-Envelope A1 tests [14, 46].
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Figure 5.10. DM1200 emissions during LAW Sub-Envelope B1 tests [21, 46].
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Suggested Activities
1. These tests showed that significant improvements in HLW glass production rates

[\

could be achieved by refining the bubbler configurations, even when this
refinement is subject to the significant constraints imposed by the existing melter
lid design. These improvements appear to be sufficient to more than make up for
the production rate short-fall brought about by the reduction in the solids content
in the HLW feed from pretreatment from 20 wt% to 15 wt% undissolved solids.
However, attainment of the target rate was not possible for all HLW simulants
after yet further reduction in feed solids content. Attempts to achieve the target
rate with low solids content HLW feed resulted in unstable melter conditions and
frequent blockages of the film cooler. Overall, the success demonstrated to date
suggests that there is considerable further scope for HLW production rate
enhancement.

The observed differences in processing rates for different waste compositions for
adjusted rheology feeds and lower solids content feeds underscores the need for
pilot-scale production rate testing across the full range of feed compositions and
likely solids contents.

. Film cooler clogging events continued to be a significant operational problem;

their frequency appeared to increase with bubbling rate and glass production rate.
Feeds with low solids contents further exacerbate this issue because of the need
for increased bubbling rates in order to maintain glass production rates. None of
the film cooler washing procedures were effective for preventing clogging with
HLW feeds. No mechanical cleaning device has been tested. Consequently, this
would appear to be a significant issue with respect to the ability of the WTP to
meet HLW throughput requirements. These findings have been reported to the
WTP Project and decisions regarding resolution are pending.

Per WTP Project direction, maintaining a cold cap limited feed rate during
DM1200 tests was dependent on frequent visual monitoring of conditions in the
melter. In contrast, operation of the WTP melters will be based only on non-visual
data, such as plenum temperature. This could lead to either under feeding of the
melter, resulting in under-achievement of otherwise attainable production rates, or
over feeding of the melter, resulting in excessive cold-cap buildup as well as other
operational difficulties. Testing under such conditions is therefore recommended
to determine whether the required glass production rates can be achieved without
employing the artificial visual data.

R&T Comments

1.

Acceptable production rates were obtained for the contract feeds at between 20 wt
% and 15 wt % undissolved solids using bubbler rates which are sustainable in
the melter. WTP initiatives have started to look at other potential feeds,
additional bubblers, and at the Pretreatment system’s ability to deliver feed to
Vitrification at flow sheet rates and concentrations.
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2. Feeds of different rheology were processed. The thicker, non-Newtonian feeds
demonstrated higher production rates, so that testing results are probably
conservative (low). Feeds beyond the four contract tanks are not within the scope
of this work.

3. A film cooler cleaner is included in the WTP design baseline. An assessment of
plugging potential is being made based on expected feed composition (wt %
solids), bubbler rated to achieve production, and the number of available bublers.

4. Observations were used as part of the control strategy for the test melters to assure
that test parameters were maintained. The melter design has provisions for a
CCTV camera in the lid, however, more recently, remote camera design and
procurement has been put on hold. No scope has been identified to mitigate the
lack of available observation. It has been identified as a start up issue.
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Petkus, Lawrence

From: Valenti, Thomas
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To: Petkus, Lawrence

Subject: RE: DM1200 Summary Report VSL-06R6710-1

Engineering and Process Engineering has reviewed and accepts resolution of comments to the
subject summary report.

/7',5';.' z’/,ﬂ , /
S AT

Process Enginéering Group
MPF C120A
509/ 371-3760

-----Original Message-----

From: Petkus, Lawrence
Sent: Tuesday, September 26, 2006 12:21 PM
To: Valenti, Thomas

Subject: DM1200 Summary Report VSL-06R6710-1

Tom,
I have all of the individual acceptances, but not the final Engineering acceptance.

Jarny Pulbus
R&T, ETCA1

MS6-N1

Ph. 371-4557

<< Message: FW: Responses to Comments on DM1200 Summary Report, VSL-06R6710-2 >> << Message: RE:
Responses to Comments on DM1200 Summary Report >> << Message: RE: Responses to Comments on DM1200
Summary Report >> << File: DM1200 ComResp - Proc Eng.doc >>
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Petkus, Lawrence

From: Randklev, Edward H [Edward_H_Randklev@RL.gov]
Sent:  Thursday, September 28, 2006 3:31 PM

To: Petkus, Lawrence

Cc: Randklev, Edward H

Subject: FW: DM1200 Summary

Larry,

Thanks for checking on this matter for me. | am satisfied with the revised VSL phrasing regarding their reporting/concern about
the lack of a demonstrated (workable) film cooler cleaning method, and | take your word for it that the Section 6 entry on this
same topic was similarly revised by VSL.

With that | consider my primary review comment o be satisfactorily resolved.
Thanks,

EdR.

From: Petkus, Lawrence [mailto:llpetkus@bechtel.com]
Sent: Thursday, September 28, 2006 2:45 PM

To: Randklev, Edward H

Subject: DM1200 Summary

Ed, ,
| checked your original comment S6. Duratek has added words that the project is looking at the resolution of the issue. Again, |
have included excised section G. Section 6 uses the same words.

Larry PetRus
R&T, ETC-1
MS6-N1

Ph. 371-4557
<<Report Summary SecG.doc>>
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Petkus, Lawrence

From: Randklev, Edward H [Edward_H_Randklev@RL.gov]

Sent:  Thursday, August 24, 2006 5:35 PM

To: Petkus, Lawrence

Cc: Randklev, Edward H

Subject: FW: Response to Comments on VSL-06R6710-2 "Summary of DM1200 Operations at VSL"

Larry,

1) I have reviewed the VSL proposed responses to my review comments, and | find them to be acceptable except for the VSL

proposed response to one comment.

2) The one exception, to my approval of the VSL responses, is in regards to my Comment S-6 and the VVSL response. (Film

cooler issue and the dramatic VSL conclusions about it, including potential WTP Contract requirement violation.)

a) You noted how BNI (R&T, et al) tracks, by separate reporting documentation, the issue that are brought to the attention of BNI

R&T via contractor work, and then BNI efforts to resolve the issue. Sounds fine. | do not propose that this be included in this

VSL report.

b) What | do propose, as an acceptable response/resolution path, regarding my comment, is that VSL at least include a

statement in the report that notes that VSL has made recommendations to the WTP Project regarding resolution of this issue

and Project decisions are pending. Without such a statement, a general reader is left to wonder if BNI is even paying attention
- to this dramatic conclusion.

| believe this simple additional statement needs to go into this report in each location where the VSL authors have made the
dramatic conclusion that the issue of film cooler plugging, unless fixed, will result in the system not being able to meet the WTP
Contract requirements on production throughput. (A very serious claim.) Examples of such locations inciude the Summary. of
Testing section (e.g. on page 14 next to their dramatic conclusion), and also in the Section 4.2.6 discussion on the MACT work
(again put it next to the VSL claim that a lack of a method fix film cooler plugging is going to jeoprodize the WTP Contract
requirement on throughput) and also include it in the Summary and Conclusions section (6.0).

Later,
Ed R.

From: Petkus, Lawrence [mailto:llpetkus@bechtel.com]
Sent: Tuesday, August 22, 2006 4:06 PM
To: Randklev, Edward H
Subject: Response to Comments on VSL-06R6710-2 "Summary of DM1200 Operations at VSL"

Ed,
Attached are the responses to you comments. Please let me know if these responses are acceptable.

Larry Petkus
R&T, ETC-1
MS6-N1

Ph. 371-4557
<<ORPcoms 8-22-6.doc>>
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Petkus, Lawrence

From: Babel, Carol A [Carol_A_Babel@RL.gov]

Sent:  Monday, July 31, 2006 10:51 AM

To: Petkus, Lawrence

Cc: Hamel, William

Subject: RE: Document Review: VSL-06R6710-2 "Summary of DM1200 Operation at VSL
Larry,
Thank you for the opportunity to review the draft report VSL-06R6710-2 "Summary of DM1200 Operation at VSL," Rev A,
containing the history of the DM1200 Melter operation and development across many runs for both HLW and LAW. These

summary reports are very useful for the project. 1 have no comments at this time.

Carol

From: Petkus, Lawrence [mailto:lipetkus@bechtel.com]

Sent: Wednesday, July 12, 2006 7:28 AM

To: Babel, Carol A; Randklev, Edward H

Subject: Document Review: VSL-06R6710-2 "Summary of DM1200 Operation at VSL

Carol and Ed

VSL has submitted a draft report, VSL-06R6710-2 "Summary of DM1200 Operation at VSL," Rev A. This report reviews the
history of the DM1200 Melter operation and development across many runs, both HLW and LAW. Please have the appropriate
staff review this document and return comments to Larry Petkus by July 26, 2006.

The report is too big to E-mail, so | am mailing a CD to Carol this morning. | hope you can share.
Thank you,

Larry Petkus

R&T, ETC-1

MS6-N1
Ph. 371-4557
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