
WM ‘03 Conference, February 23-27, 2003, Tucson, AZ 

1

            Application of the Evacuated Canister System for Removing Residual Molten Glass
From the West Valley Demonstration Project High-Level Waste Melter

Joseph J. May, U.S. Department of Energy;
David J. Dombrowski, Paul J. Valenti, Helene M. Houston

West Valley Nuclear Services Company

ABSTRACT

The principal mission of the West Valley Demonstration Project (WVDP) is to meet a series of objectives
defined in the West Valley Demonstration Project Act (Public Law 96-368).  Chief among these is the
objective to solidify liquid high-level waste (HLW) at the WVDP site into a form suitable for disposal in a
federal geologic repository.  In 1982, the Secretary of Energy formally selected vitrification as the
technology to be used to solidify HLW at the WVDP.

One of the first steps in meeting the HLW solidification objective involved designing, constructing and
operating the Vitrification (Vit) Facility, the WVDP facility that houses the systems and subsystems used
to process HLW into stainless steel canisters of borosilicate waste-glass that satisfy waste acceptance
criteria (WAC) for disposal in a federal geologic repository.  HLW processing and canister production
began in 1996.  The final step in meeting the HLW solidification objective involved ending Vit system
operations and shutting down the Vit Facility.  This was accomplished by conducting a discrete series of
activities to remove as much residual material as practical from the primary process vessels, components,
and associated piping used in HLW canister production before declaring a formal end to Vit system
operations.

Flushing was the primary method used to remove residual radioactive material from the vitrification
system. The inventory of radioactivity contained within the entire primary processing system diminished  by
conducting the flushing activities.  At the completion of flushing activities, the composition of residual
molten material remaining in the melter (the primary system component used in glass production) consisted
of a small quantity of radioactive material and large quantities of glass former materials needed to produce
borosilicate waste-glass.

A special system developed during the pre-operational and testing phase of Vit Facility operation, the
Evacuated Canister System (ECS), was deployed at the West Valley Demonstration Project to remove this
radioactively dilute, residual molten material from the melter before Vit system operations were brought to
a formal end.

The ECS consists of a stainless steel canister of the same size and dimensions as a standard HLW canister
that is equipped with a special L-shaped snorkel assembly made of 304L stainless steel.  Both the canister
and snorkel assembly fit into a stainless steel cage that allows the entire canister assembly to be positioned
over the melter as molten glass is drawn out by a vacuum applied to the canister.  This paper describes the
process used to prepare and apply the ECS to complete molten glass removal before declaring a formal end
to Vit system operations and placing the Vit Facility into a safe standby mode awaiting potential
deactivation.
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Fig. 1  Basic Evacuated Canister Unit  

INTRODUCTION AND BACKGROUND

At the start of radioactive operations in 1996, the essential challenge for running the Vit system was to
process as many key radionuclides (curies) as could be removed from the primary HLW storage tank at the
WVDP site (Tank 8D-2) into canisters of borosilicate waste glass.  This challenge was met five years later
in 2001 when a formal determination was made that curie removal had been accomplished to the maximum
extent economically and technically practical.  After this point, the remaining challenge was to flush
residual waste from the system before ending operations and placing the Vit Facility in a safe and stable
configuration while awaiting selection of a closure alternative for the WVDP site. (1)  This remaining
challenge has been met by conducting flushing activities to remove as many curies as practical from the Vit
system and processing the resulting radiologically dilute flush material into canisters of waste glass.

Canister production was accomplished by using the main component of the primary process system, the 
joule-heated melter, to discharge molten glass from the main melter cavity through an under flow drain, 
through a sloped channel to a discharge trough. (1) (2) (3)  During normal canister production, the melter
was operated at a glass level of one to two inches below overflow, using an airlift to raise glass up to the
trough where it then flowed by gravity to a turntable used to hold canisters during filling operations.  The
waste stream from flushing operations was processed into canisters of waste glass using this basic process. 
That is, flush material was moved through the primary process vessels to the melter where it was eventually
airlifted to an empty canister staged in the canister turntable. The last airlift of flush material left a residual
quantity of molten glass in the melter (i.e., the level below which an airlift can no longer be performed).
The Evacuated Canister System was designed to remove this residual quantity of molten glass from the
melter.

As designed, the evacuated canister system
(ECS) makes use of a simple engineering
principle to draw residual molten glass out
of the melter cavity.  The basic unit
consists of a stainless steel canister with
the same external dimensions as canisters
used in Vit system production that is
equipped with a special L-shaped snorkel
assembly made of 304L stainless steel
attached to the top of the canister by a
flange.  With a vacuum of approximately
one atmosphere (760.0 mm  Hg, or 29.9 in
Hg) applied to the canister, the snorkel
functions as a siphon that draws molten
glass out by atmospheric pressure after an
aluminum plug (seal) explosively bonded
to the end of the snorkel tube has melted
inside the melter cavit.  (See Fig. 1)
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Fig. 2  WVDP Proof-of-Principle Test

The basic concept behind the design of the ECS was tested
during the Functional and Checkout Testing of Systems
(FACTS) program.  This program was conducted at the
WVDP between 1984 and 1989 to evaluate the
effectiveness and operability of the Vit system. 
Proof-of-principle testing performed as a part of the
FACTS program proved that an evacuated canister could
be used to transfer molten glass out of a melter.  (See Fig.
2)  The process of developing the ECS, from the initial
stages of design development to prototype testing and
fabrication is described here, followed by a description of
canister application, and a summary evaluation of applying
the ECS to accomplish glass removal.

EVACUATED CANISTER DESIGN AND TESTING

The concept of applying an evacuated canister as a means
of removing (draining) molten glass from the melter was
part of the original overall system design prepared for the
Vit Facility.  As with other aspects of  Vit system design,
the concept was assessed as part of the FACTS program.
(4)  Assessment through proof-of-principle testing served

several purposes.  It confirmed theoretical predictions about glass flow and showed that the technique of
applying an evacuated canister to drain a melter worked.  It also helped to identify a number of areas to be
investigated more fully as conceptual and preliminary designs were prepared for the evacuated canister
unit.  As progress was made in completing system design and initiating Vit start-up testing, a combination
of empirical data and analytical data collected through proof-of-principle testing was prepared for use in
formulating the design for the evacuated canister.  According to the design basis prepared and approved in
1992 for further development, the basic evacuated canister unit needed to:

C Remove molten glass from the melter at high temperatures (about 1175EC) under a vacuum of one
atmosphere (760.0 mm/Hg, or 29.9 in Hg);

C Withstand thermal stresses resulting from glass transfer;

C Be positioned and held above the melter during glass transfer; and

C Maintain canister dimensions after thermal expansion (filling) such that the canister is able to be
placed inside a secondary container as required by the repository.

Working from the established design basis, arrangements were made with the Battelle Pacific Northwest
National Laboratory (PNNL) to continue the process of preparing the design for the proposed evacuated
canister unit.  Taking the lead at this stage of design development, PNNL conducted a series of analyses to
confirm the design basis, develop specifications, and use them to prepare the final canister design. 
Analyses conducted included ANSYS finite element analyses to identify internal structural support needed
for high temperature canister use; analytical calculations to determine the buckling load caused by
geometrical eccentricities associated with canister position; structural analysis to support the design of a
cage to hold the canister during glass transfer; and miscellaneous calculations to evaluate various
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details of the proposed canister design.  Specific features incorporated into canister design as a result of
conducting these analyses included:

C Increasing the thickness of the cylindrical portion of the canister as well as its top and bottom
heads to maintain structural integrity during glass transfer;

C Adding reinforcing ribs to the top and bottom heads of the canister to eliminate the possibility of
buckling at high temperatures under a vacuum;

C Adding a dam to the canister neck to prevent backflow during removal of the canister snorkel (lid)
assembly; and

C Using a nickel-coated O-ring to buffer sealing surface anomalies and improve the seal between the
canister and snorkel (lid) assembly.

Although sufficient to identify the basic features necessary for canister fabrication, the analytical methods
used to evaluate canister performance at this stage of design development were found to be limited in their
ability to adequately describe the flow of molten glass that cools as it flows (i.e., transient effects).  It was
therefore determined that the best method for developing an adequate canister design involved gathering
data though testing and observation.  This could be done by using a prototype of the canister unit fabricated
according to design specifications.

The next step taken to complete the design process involved preparing a set of objectives for prototype
testing. The main objective was to determine if glass transfer resulted in filling the canister to a  minimum
of 80%.  Additional objectives were to:

C Determine the maximum temperature reached during glass transfer;

C Determine residual strain in the canister caused by thermal shock; 

C Determine actual stress levels in the canister at high stress locations; and

C Quantify canister distortion during and after the filling process.

After establishing these objectives, a test plan was developed to simulate in-cell canister operation using a
canister unit fabricated according to design specifications. The entire unit included a standard canister
reinforced according to specification; an L-shaped snorkel assembly made of 101.6 mm (4-inch) 304L
stainless steel with an aluminum plug explosively bonded to the tip of the snorkel tube; and a support cage
constructed of 9.5 mm (0.375-inch) 304L stainless steel with cutouts to promote free convection cooling
and Fiberfrax duraboard pads place inside the cage assembly to provide insulation.

Test preparations involved placing the canister inside of the cage, attaching instrumentation to record test
data, taking pretest measurements, hoisting the unit to a position 15E horizontal above the a high
temperature melter (HTM) used for testing, and attaching the snorkel assembly to the canister. Preparations
included the application of a liberal amount of anti-seize compound to the flange bolts to reduce the risk of
seizing during thermal expansion.
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Following these preparations, a vacuum was drawn on the canister and monitored for leaks.  After the
vacuum was confirmed and final test preparations completed, the unit was lowered into the melter port and
held at 15Ehorizontal to the HTM, using load cells incorporated into the cradle for testing purposes to
indicate when glass transfer was complete.  The end of glass transfer was signaled by load cell readings and
confirmed by checking a vacuum gauge positioned near the canister flange.  Once vacuum loss was
confirmed, the vacuum valve was opened to relieve residual pressure and to allow glass to flow back into
the canister.  The bolts attaching the snorkel flange to the canister were then loosened, the snorkel detached
and the canister lowered to the floor for final cooling.

Prototype testing done with the canister unit established that the evacuated canister performed as designed. 
During the test run, reference glass with a density of 2.39 kg/L (149 lb/ft3) transferred at 25-torr (0.5-psia)
before the level of molten glass in the HTM fell below the tip of the snorkel, breaking the vacuum.  In total,
1666 kg of glass transferred at a fairly consistent rate in 16.5 minutes to achieve a fill of 86%.  Overall test
results confirmed that the canister design was capable of removing glass at high temperatures, withstanding
thermal stresses during transfer, and remaining within repository tolerances after transfer. The
flange/Inconel O-ring interface maintained integrity throughout the test process, as did the entire canister
assembly.  However, flaming was observed at various points as molten glass transfer occurred. To limit the
potential for flaming, the following recommendations were made for unit design and the transfer process:

C Addition of insulation around the valve assembly and a 6.98 cm x 10.6 cm ( 2.75" x 4") CF full
nipple between the valve base and transfer pipe flange.

C Use of fired duraboard as pad material for the cage.

C Limited use of anti-seize compound or use of nonflammable lubricants on flange bolts.

C Use of rigging equipment rated for 400EC (750EF) or higher.

Fabricated according to the design confirmed through prototype testing, the basic evacuated canister unit
includes:

C A standard WVNS canister with increased internal wall thickness, reinforcing spars across the top
and bottom hemispherical heads of the canister, and a dam incorporated into the canister neck;

C An L-shaped snorkel assembly made out of 10.16 cm (4-in) diameter, 304L stainless steel pipe,
with a  19.05 cm (7.5-in) horizontal section before the 90Eelbow, and 304.8 cm (10-ft) vertical
section after the elbow that is sealed with a 1.27 cm (.5-in) thick explosively bonded aluminum
plug;

C A 55 cm (22-in) diameter flange and nickel-coated Inconel O-ring used to attach the snorkel to the
canister; and 

C A cylindrical 304L stainless steel cage with 12.7 cm (5-in) by 12.7 cm (5-in) cutouts spaced 25.4
cm (10-in) apart, alumina support pads, an annular ring to support the canister when placed in a
vertical position, and lifting hooks.

As tested, the unit was found to be capable of transferring up to 1360 liters of molten glass from a high
temperature melter (1100EC) within an eight-hour period when held at a position of no more than 15E
horizontal to the melter.  Once glass transfer was completed, the unit was removable from the melter and
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able to be set into position so that the snorkel could be removed using an impact wrench, as required for
use inside the Vit Cell.  Following completion of the prototype testing program, four units were
manufactured according to approved design and equipment specifications and were ready for potential
deployment by the end of 1995. 

APPLICATION

The process of preparing canister units for molten glass removal was initiated in March 2002 as Vit system
flushes were being conducted.  Preparations began by reviewing unit design to determine the operational
viability of using the canister units in the Vit Cell.  Specific attention was given to reviewing design
elements related to transferring and positioning the unit to confirm compatibility with in-cell equipment and
components.  A quarter-scale model of the rack (stand) used hold the canister units was also built and
employed inside the Vit Cell to confirm maneuverability and develop operator proficiency in executing
required movements.  Through design review and operational mockups, several modifications were made to
support canister transfer and handling operations.  These included changing the angle of the support-rack to
make it easier for operators to load the units onto the support-rack, repositioning the lifting bails on the
cage assembly to make more effective use of the in-cell process crane and hoists, modifying the neck of the
canister to help determine its position within the cage, and adding an inclinometer to each unit to confirm
alignment during evacuated canister operations.  Final modifications allowed the entire assembly (units and
rack) to be moved into and positioned within the Vit Cell without interference, and provided for greater
control in positioning a canister unit during each step of the canister transfer and glass-removal process.

With design modifications and operational enhancements in place, the process of preparing to use the
canister units shifted to beginning the actual sequence (evolution) of evacuated canister operations.  The
complete sequence, as shown in Fig.3, was structured in stages to accomplish molten glass removal using
two canister units.  The first stage involved canister inspection and assembly (including drawing an initial
vacuum), and melter preparation.  During this stage, each of the canister units was inspected, assembled
and then set onto the support-rack.  As the units were being placed and aligned onto the rack, a series of
steps were being conducted in the Vit Cell to remove jumpers and inserts from the melter lid, making it
possible to access the melter port (nozzle) and lower the canister snorkels into the melter cavity.  These
steps also provided an opportunity to insert a level probe into the melter to determine how much molten
material remained in the melter cavity.  Level readings taken were then used to position and fix a set-flange
on the snorkel of each unit to limit the depth to which the snorkel could be lowered into the melter.  Once
set-flanges were welded into position, a vacuum of at least 685.8 mm Hg (27.5 in Hg) was drawn on each
canister and monitored for one hour to confirm that the vacuum was being held on each unit.  After
verifying the vacuum on each canister, the entire canister assembly was lifted onto a skid and taken into the
operational area where the transfer cart used to move canisters into and out of the Vit Cell is stationed, the
Equipment Decontamination Room (EDR).
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Basic Sequence for Removing Glass Using E.C.S.

Step 2.Step1. Step 3. Step 4.

Step 5. Step 6. Step 7.

Step 8. Step 9. Step 10.

Step 11.

15017.cdr

Step 12. Step 13.

Fig. 3 Basic Operating Sequence
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Fig. 4 Glass Flow into the Evacuated Canister 

The next stage of evacuated canister operation involved preparing to execute the time-dependent sequence
of operations to be performed inside the Vit Cell.  Defined by the 12-hour period during which the transfer
cart holds its charge and the temperature below which molten glass transfer is no longer possible (950EC),
preparations included raising the melter temperature to 1175EC,  holding this temperature for 12 hours to
offset the effect of cooling rates after powering down the melter, and lifting the skid onto the transfer cart
inside the EDR.  After completing these preparatory steps, the standard process for moving the transfer
cart into the Vit Cell was initiated, marking the actual start of time-dependent operations.

As the transfer cart advanced from the EDR through
the transfer tunnel to the Vit Cell, final preparations
were made to support evacuated canister operation. 
These included removing the existing plug and insert
from the melter nozzle, placing a temporary cover over
the nozzle, and making several adjustments to maintain
pressure balance inside both the Vit Cell and the
melter.  Once the transfer cart reached the point where
the in-cell (Process) crane could be used for lifting and
positioning, the first canister unit to be used was lifted
off the support-rack, oriented into position for checking
canister alignment and vacuum during glass-transfer,
and brought to a viewing window to confirm alignment
and record dynamometer readings (canister weight)
before glass-transfer.  The unit was then moved into
position over the melter and held there as the melter
was powered down and the temporary nozzle cover
removed.  At this point, the snorkel was lowered into
the melter and briefly held in position to allow the
explosively-bonded plug at the snorkel tip to melt.  (See
Fig. 4)  Rapid heating of the unit was visible within
three minutes, indicating the start of glass flow.   The
snorkel was then lowered to within one inch of the
melter’s top flange and held in position until observable
change in dynamometer readings and unit appearance
indicated the cessation of glass flow.  After this was
confirmed by checking dynamometer readings, the

snorkel was lifted about 30.4 cm (1 ft) and held for at least ten minutes to allow residual material on the
snorkel to drip back into the melter before recording dynamometer weights, removing the snorkel from the
melter, replacing the temporary cover, and returning the filled unit to the rack.  With the first unit filled and
in place on the rack, the sequence was then repeated using the second unit to complete the glass-removal
process.  

The entire process was accomplished within one hour.  After the fill-sequence was completed, each unit
was lifted off the support-rack and set into an upright position near the melter to cool for a two-day period
while the support-rack was loaded back onto the transfer cart and moved out of the Vit Cell.  The final
stage of evacuated canister operation involved removing the snorkels from the canisters and then processing
them following the normal process sequence used to measure, sample, weigh, weld, and decontaminate
canisters produced during HLW canister production.
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SUMMARY RESULTS

Application of the Evacuated Canister System at the WVDP has demonstrated that using an evacuated
canister is a viable method for removing residual molten glass from a melter in a remote (in-cell) setting. 
Based on data recorded before evacuated canister operations began (including melter level data),
approximately 2500 kg of molten glass remained in the melter cavity after the final airlift was performed. 
According to data taken during evacuated canister operations, about 2200 kg (88%) of the glass was 
transferred from the melter to the two evacuated canister units employed inside the Vit Cell.  This success
in accomplishing glass transfer can be attributed to:

C Using a simple principle (atmospheric pressure) as the basis for canister unit design; 

C Conducting a strong test program that made use of proof-of-principle testing, rigorous structural
and thermal analyses, and prototype testing to develop a sound design for the evacuated canister
units; 

C Adding dynamometers to rigging used in final in-cell deployment to help determine the start and
stop of glass flow; and

C Dedicating ample time and attention to preparing for in-cell deployment.

Several elements of the design process proved to be instrumental in developing an evacuated canister that is
capable of holding a vacuum for an extended period, reacting rapidly when the seal to the vacuum is
released through exposure to heat, and sustaining glass-transfer until the vacuum is breached.  Extensive
analyses of the most critical and complex aspects of glass flow conducted during the test program led to the
formulation of several design features that supported these outcomes, including the flange/O-ring interface
used to connect the snorkel assembly to the canister, and the explosively bonded plug used to trigger flow at
the start of the glass-transfer process.  

The thoroughness of the approach taken to developing the concept for an evacuated canister into a final
design was matched by the practicality of process used to prepare the canister units for deployment in the
Vit Cell.  This process, which was initiated in advance of the last flushing cycles performed using the Vit
system, began by reviewing the configuration of the Vit Cell and recent operational experience to develop
an efficient method for deploying the evacuated canister units inside the Vit Cell.  Modifications to the
entire assembly (canister, cage, and support-rack) that resulted from this review enhanced the ability to
position the canister units during critical points in the basic operating sequence.  Specific improvements
that allowed operators to execute canister movements with greater precision involved:

C Positioning two lifting bails near the upper segment of the cage to correspond to the position of the
in-cell (process) crane hoists;

C Adding inclinometers to the canister units to increase accuracy in placement; and

C Changing the angle of the support-rack for better balance during tipping and lifting of the canister
units.

These improvements and associated operating efficiencies made it possible to carry out each stage of
operating sequence with a high level of accuracy, culminating in an operating sequence (evolution) that was
completed in significantly less time than the maximum allowable.
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