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ABSTRACT 

Since October 1984, the Pacific Northwest Laboratory (PNL) has operated 

a pilot-scale radioactive liquid-fed ceramic melter (RLFCM) vitrification 

process in shielded manipulator hot cells. This vitrification facility is being 

operated for the Department of Energy (DOE) to remotely test vitrification 

equipment components in a radioactive environment and to develop design and 

operating data that can be applied to production-scale projects. This paper 

summarizes equipment and process experience obtained from the operations of 

equipment systems for waste feeding, waste vitrification, canister filling, 

canister handling, and vitrification off-gas treatment. 

INTRODUCTION 

The liquid-fed ceramic melter vitrification process is the reference 

process for conversion of high-level liquid commercial and defense wastes to 

borosilicate glass. Currently, the LFCM process is to be applied to the West 

Valley Demonstration Project (WVDP), West Valley, New York; the Defense Waste 

Processing Facility (DWPF), Savannah River Plant, South Carolina; and the 

Hanford Waste Vitrification Plant (HWVP), Richland, Washington. Because of 

the significant application of this process, the Department of Energy (DOE) 

requested that PNL design, construct, and operate a prototypical radioactive 

LFCM vitrification process. Pilot-scale radioactive testing of the LFCM process 

was deemed prudent to provide reliable design and operating data that could 

be applied to these larger-scale projects. , <'''''?"YCB 

D,STmBUT,ON OF TH,S DOCUMENT IS UKUMITUO 

^ ^ 



The RLFCM process was designed, fabricated and remotely installed in 

existing shielded manipulator cells during 1983 and 1984. In October 1984, 

actual radioactive operations in the facility were initiated. Radioactive 

testing since that time has concentrated on testing vitrification flowsheets 

simulating waste stored at the West Valley site and preparation of special 

isotopic heat and radiation dose canisters for the Federal Republic of Germany 

(FRG). 

GENERAL SYSTEM DESCRIPTION 

The pilot-scale RLFCM is a radioactive testing facility consisting of a 

vitrification system and supporting equipment systems for liquid waste 

preparation, off-gas treatment, and condensate treatment. The vitrification 

system, which consists of an RLFCM, a canister positioning turntable, and glass 

level detection system, is depicted in Figure 1. 

Radioactive waste slurries prepared by the blending of radioactive waste 

and glass-forming chemicals in the waste preparation equipment will be fed 

from a feed makeup tank to the RLFCM using a slurry metering system. In the 

RLFCM, the liquid waste is dried and melted to form a borosilicate glass. 

The bulk glass temperature in the RLFCM is maintained at 1100 to 1200OC during 

operation, and 1050OC during idling. Off-gas from the vitrification process 

consisting of inleakage air, water vapor, chemical decomposition products and 

some entrained particulates is treated through successive stages of scrubbing, 

quenching, filtration, and absorption. The decontaminated off-gas is then 

discharged to the building stack. 

The molten glass product formed in the RLFCM overflows into a stainless 

steel canister that is positioned underneath the RLFCM by a turntable, which 

can hold three canisters. The glass level in the canister being filled is 

monitored by a gamma detection system. Once filled, the canister is rotated 

from the filling position while another canister is rotated into the filling 

position. The filled canister is allowed to cool, removed from the turntable, 

covered, and transferred to another part of the process cell for final sealing 

and decontamination. 
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EOUIPMENT ARRANGEMENT IN THE REMOTE CELL 

Figure 2 shows the arrangement of the RLFCM equipment and its relationship 

to the various cell features and other equipment systems in the remote cell. 

The remote cell, with overall dimensions of 7.5 m x 6.7 m x 9.3 m high (25 ft 

X 22 ft X 30.5 ft high), is equipped with five shielding windows. Three are 

located on a lower maintenance level and two are located at an upper maintenance 

level. The cell is serviced by two remotely operated cranes with capacities 

of 3 and 10.5 tons. The lower shielded windows are each accompanied by two 

Type F master slave manipulators. The upper workstations can accept upset 

type manipulators. 

Equipment racks within this cell have name codes indicating position 

(e.g. 3A, 3B). In general, feed racks (Racks lA and 30) and process off-gas 

treatment racks (Racks 3A, IB and 2A) are located in the corners of the cell 

where the racks have process service access to high- or low-level storage vault 

tanks. The RLFCM and canister handling turntable are located in front of the 

shielded viewing windows to facilitate remote maintenance with manipulators. 

Service racks (3C, 4C, and 7C) were located adjacent to the window positions 

to provide access of process services to other equipment racks. 

PROCESSING EXPERIENCE 

The RLFCM system has been used to test two vitrification flowsheets to 

date. The first flowsheet, which was used for shakedown testing and equipment 

verification tests, was a simulated radioactive West Valley type waste. The 

waste feed for this glass was an alkaline nitrate feedstream with the resulting 

glass composition as shown in Table 1. The second flowsheet had a glass 
137 

composition similar to the West Valley flowsheet but had high levels of Cs 
90 

and Sr activity. This waste feed was an acidic formate with the resultant 

glass composition also shown in Table 1. This glass is being used to produce 

isotopic heat sources for the Federal Republic of Germany (FRG). The 

radiochemical compositions of these two vitrification flowsheets are summarized 

in Table 2. 
EOUIPMENT OPERATING EXPERIENCE 

The recent equipment operating experience for the following systems will 

be discussed: 
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TABLE Nominal Chemical Compositions of the 
Glasses Tested in the RLFCM 

Assumed 
Oxide 
Compound 

AI2O3 
BaO 
CaO 
Ce203 
Cr203 
Cs20 
Fe203 
B2O3 
K2O 
La203 
Li20 
MgO 
Mn02 
M0O3 
Na20 
Na2S04 
Nd203 
NiO 
Re203 
Ru02 
PbO 
Si02 
SrO 
Te02 
Th02 
Ti02 
UO2 
Zr02 

West Va 
Waste G 

wt% 

2.18 
0.12 
0.64 
0.16 
0.24 
0.11 
12.42 
16.43 
0.07 
0.09 
0.21 
0.17 
1.36 
0.24 
15.58 
0.25 
0.18 
0.29 
0.13 
0.12 

47.07 
0.04 
0.03 
0.94 
0.64 

0.18 

100.05 

ley 
ass. 

FRG 
Waste Glass, 

wt% 

2.42 
1.22 
1.13 
0.27 
0,22 
5.73 
9.99 

14.86 
0.08 
1.19 

0.54 
1.24 

11.46 
0.97 
1.06 
0.30 

0.63 
44.54 

1.90 

0.03 

0.07 

99.99 
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TABLE 2. Radiochemical Activity Levels in 
Glasses Tested in the RLFCM 

Radionuclide 

90s, (90Y) 

134,3 

137cs 

232Th 

IS^Ea 

239/240p^ 

Specific Activity 
in West Valley 
Waste Glass, 

Ci/kq 

-_-

0.55 

81.1 

4.53 X 10"^ 

0.40 

0.002 

Specific Activity 
in FRG 

Waste Glass, 
Ci/kq 

640 (640) 

10 

1443 

<-«.« 

»«-. 
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• waste feed system 

• RLFCM vitrification system 

• glass level detection system 

• canister handling turntable 

• off-gas treatment system. 

In general, performance of the process equipment has varied greatly 

depending upon the specific vitrification flowsheet. The West Valley wastes 

presented less problems in processing compared to the FRG glass compositions. 

This difficulty in waste processing is a direct result of the FRG waste slurry 

composition. 

Waste Feed System 

The waste feed pump used exclusively in RLFCM operations is the air-

displacement slurry (ADS) pump. The original pump has performed well after 

more than two years of intermittent operation. The concept of the pump 

operation is illustrated by referring to Figure 3. The pump is controlled by 

a microprocessor which controls two air-solenoids operating in a sequence of 

four unique steps. In the first step, a check valve is driven upward by a 

valve drive rod. In step two, a vent line opens venting the pump chamber to 

the feed tank and allowing waste solution to fill a 1-liter displacement. 

The third step is the closure of the check valve against a bottom seating 

surface. In the fourth step, the vent valve closes, directing air to the 

displacement chamber and thus solution is forced from the displacement chamber 

into the melter. The fluid flow that results from the pump is pulsating. 

Air provided at a constant pressure, rather than a discrete volume, to 

the pump chamber has been found to be the best method of supplying motive 

air. Flow control in the ADS pump system is achieved by controlling the air 

pressure to the pump (Step 3) and the discharge cycle (Step 4). These control 

parameters have been examined during operations to characterize the ADS pump 

under conditions of low feed rates. In general, air pressures of 5 to 7 psig 

and pump discharge times of between 4 and 6 seconds were found to be effective 

in controlling flow rates in the range of 15 to 20 L/hr, the nominal feed 

rate for the RLFCM. Higher flow rates are best achieved by slightly increasing 

the air pressure to the pump chamber. The monitoring of ADS flow rates has 

been accomplished by time averaged information from waste feed tank dropout 
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rates. In-line flow measuring devices were found to be too susceptible to 

pluggage or failed due to radiation damage and have therefore been eliminated 

from the in-cell feed system. 

RLFCM Vitrification System 

The RLFCM itself has operated well since joule heating was initiated in 

the glass tank in August 1984. Since then, the melter tank has been operated 

at temperatures in excess of lOOOoC. Operations in the RLFCM have been 

conducted through the use of nonvisual sensors. Glass weight factor, glass 

specific gravity, melter pressure, and glass temperature information have 

been used for monitoring the conditions within the melter. Several electrode 

power control schemes have been used and evaluated, including control feedback 

based on bulk glass temperature and glass resistivity. Corrosion of melter 

components has occurred, principally in the melter diptubes, thermowells and 

feed nozzle, but has not created operational difficulties. 

The RLFCM (Figure 4) operates on the same basic principle as a large 

number of electric melters in the commercial glass industry. Molten glass is 

contained within a cavity made of highly corrosion-resistant, glass-contact 

refractory. Behind the glass-contact refractory are additional layers of 

lower density, corrosion resistant, and thermally insulating refractories. The 

glass is joule-heated by passage of an alternating current between electrodes 

in contact with the molten glass. The electrodes in the RLFCM are composed 

of a nickel and chromium alloy known as Inconel-690®.C^) 

The melter refractories are contained and supported by a gas-tight 

stainless steel and Inconel box. The melting cavity, including the vapor space 

above the glass surface, measures 61 cm x 99 cm long x 99 cm high; 36 cm is 

the normal glass depth. The melter is designed to operate at slurry feed 

rates of up to 40 L/h, producing glass at 20 kg/h. The melting cavity has a 

holdup of 0.18 m3 of glass (500 kg glass), which provides for a mean residence 

time of >40 h in the melting cavity at the nominal glass production rate. 

Molten glass exits the melting cavity through the throat of the discharge 

section. The glass rises up a tunnel in the refractory into an overflow chamber 

(a)®International Nickel Corporation. 
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and down through an Inconel-690 discharge trough into the receiving canister. 

The discharge section is heated with silicon carbide electrical-resistance 

heaters to maintain a low glass viscosity, permitting ease of glass flow into 

the receiving canister. 

The RLFCM glass tank is equipped with glass weight factor, glass specific 

gravity and glass temperature instruments to monitor the conditions within 

the glass tank. These nonvisual sensors have been used to provide information 

for process control and monitoring. Thermowells within the RLFCM glass tank 

contain multiple thermocouples arranged at several levels below and above the 

static glass level. 

Glass pouring operations are governed by the glass level within the melting 

tank. Batch pouring of glass from the melter tank is accomplished by a remotely 

replaceable Inconel airlift installed in the melter tank riser block. Glass 

flow from the melter is indicated by a decrease in melter weight factor and 

an increase in temperatures in the lower portion of the melt chamber and the 

riser block. Glass rate is controlled by the air flow rate to the airlift, 

bulk glass temperatures, and the glass riser temperature. The monitoring of 

glass fill in the receiving canister is achieved with the glass level detection 

system (GLDS) discussed in the next section. 

The RLFCM discharge section lid contains six silicon carbide heaters 

arranged in a circular pattern around the discharge trough. During the first 

year of operation, these six heaters performed well. During an unexpected 

pressurization of the RLFCM, glass was forced onto the floor of the discharge 

section. This glass surrounded the bottom of four discharge section heaters, 

which led to their failure. The two remaining heaters failed a short time 

later due to failure of the electrical connections on the heater. Three of 

the six failed heaters were replaced remotely. The conservativism in the 

original design allowed the discharge section to operate at a sufficient 

temperature with only two heaters in operation. Since the remote replacement 

of these heaters and the processing of the FRG waste glass, the operating 

lifetime of the discharge section heaters has decreased to approximately one 

month. Although the failure mechanism of the heaters is not completely 

understood, they appear to be failing due to condensation of an electrically 

conductive salt that condenses on the cooler, upper portion of the heater. 
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This condensed salt physically bridges the two ends of the spiral-wound heater, 

resulting in an electrical short. The short causes a point contact on the 

heater to overheat, causing a high thermal gradient that fractures the silicon 

carbide heater. A new discharge lid has been fabricated that allows for remote 

heater replacement and provides an air sweep down through the silicon carbide 

heater which purges salt vapor away from the heater. These design changes 

should result in a more maintainable and reliable discharge section lid design. 

Glass foaming is a condition that can exist with some waste feed and 

glass compositions and can be detected through melter instruments. Extreme 

glass foaming can lead to unstable operations and pressure surges. Prolonged 

glass foaming can lead to excessive corrosion of the melter refractory walls. 

Early detection of foaming is necessary for melter control. Foaming conditions 

generally increase the temperatures of all thermocouple locations in the glass. 

Thermocouples above the glass surface increase at a rapid rate as the foam 

level rises to the thermocouple elevation. The melter glass tank specific 

gravity will also decrease rapidly during significant foaming events. In 

addition, the resistivity of the glass will increase as the foam level 

increases. The normal corrective action in the event of a glass foaming 

incident is to terminate waste feeding operations until the accumulated foam 

is redissolved. 

The RLFCM refractory arrangement is designed to contain glass at a 

temperature up to 1300OC at a viscosity of 100 poise. With glass viscosities 

less than 10 poise, the melter tank refractories become very susceptible to 

corrosion and penetration by the glass. Thus the primary function of the 

RLFCM process control system is to regulate the electrical current flow through 

the glass such that its viscosity remains at approximately 30 to 80 poise at 

a temperature of approximately 1150 OC. Two modes of automatic power control 

have been used to control the power level to the RLFCM electrodes: resistance 

feedback control and temperature feedback control. 

Resistance feedback control could be attractive because within the normal 

glass temperature operating range, the glass resistivity is approximately 

inversely proportional to glass temperature. Thus, as the glass temperature 

drops due to changes in feed rate, the glass resistance increases and the 

power controller demands more power to raise the glass temperatures. Glass 
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resistivity can be monitored through the electrode power leads located outside 

the hot cell; therefore, this control system does not require the use of in-

cell instruments, which can fail. Batch glass transfers from the melter 

generally result in a rapid increase in the melter tank resistance values 

because of the rapid decrease in the cross-sectional area of the electrical 

current path through the glass. The constant resistance power control system 

interprets these and any other resistance value increases as a glass temperature 

decrease, and executes a power increase proportional to the magnitude of the 

resistance increase. As the glass temperature increases, the resistance drops 

to the controller set point and the power returns to the level dictated by 

the existing slurry feed rate. Because of the speed with which the glass 

transfer is generally accomplished, the resistance change is essentially a 

step function, and this, combined with the 3- to 4-hour time constant of the 

temperature control system, generally results in power surge that may last 

from 2 to 3 hours, with possibly some overshoot of the resistance set point. 

Resistance feedback control is also highly undesirable in instances where 

there is a tendency for the waste glass to foam. Foaming will increase the 

glass resistivity, and more power will be applied to the electrodes, further 

increasing the glass foaming. 

Temperature feedback control is the most promising method of controlling 

the melter electrode power. The design of the temperature feedback control 

system is important since the glass has a distinctive temperature profile 

both vertically and horizontally, thermocouples are subject to drift or failure, 

and glass convection currents in the melter tank can result in relatively 

rapid temperature fluctuations in any one location in the melter tank. The 

RLFCM temperature feedback control system relies on three thermocouples 

vertically spaced in the upper half of the glass, located within a single 

thermowell. Information from these thermocouples is filtered to reduce short 

term temperature fluctuations and averaged to yield an average glass temperature 

value for control purposes. The control algorithm allows for the rejection 

of suspect thermocouple values either automatically or by operator discretion. 

Remote sensing instruments are necessary for melter control. However, 

these instruments are subject to failure due to corrosion. The melter diptube 

assembly has a useful lifetime of approximately nine months. Some drift will 
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occur through this time period in glass weight factor and specific gravity 

measurements as a result of continual corrosion of the diptubes. Thermowells 

have been more durable and have shown an average life in the glass tank of 

12-18 months. Melter diptubes and all thermowells have been fabricated from 

1/2 inch. Schedule 160 Inconel-690 pipe. 

A unique event that has occurred in the RLFCM is failure of a melter feed 

nozzle during a melter idling period. Glass vapor condensation caused corrosion 

that penetrated completely through the feed tube. Cold water in the cooling 

jacket was subsequently sprayed on the hot glass surface. The corrosion of 

the feed nozzle caused the melter to pressurize to >15-inch water. 

Approximately 100 liters of water entered the melter before cooling water 

flow was terminated. During the pressurization, approximately 26 liters (or 

19% of the glass volume) was forced through the melter discharge trough into 

a receiving canister. Glass temperatures in the center of the melt tank dropped 

from UOOOC to near 6000C within 5 minutes. Boil-off of the water continued 

for approximately 20 minutes after the feed nozzle failure while the glass 

reheated to lOOOOC. The feed nozzle rupture event is significant in that it 

serves as further evidence that violent reactions between water and molten 

glass in the ceramic melter are highly unlikely events and that the consequences 

from the addition of cold liquids onto a hot glass surface are minimal. 

Glass-Level Detection System 

A glass-level detection system (GLDS) was designed and installed to 

remotely monitor the accumulation of glass in the receiving canister to prevent 

overfilling. The system consists of 11 gamma activity detectors positioned 

along the vertical axis of the receiving canister within the concrete shielding 

wall of the remote hot-cell facility (Figure 5), a movable 3000 Ci, Co source, 

and the glass receiving canister. The detectors are oriented and collimated 

such that they measure a 5-cm-diameter circular segment of the receiving 

canister passing horizontally through the vertical centerline of the canister. 

A single movable Co source is positioned sequentially on the opposite side 

of the canister in the line-of-sight from each gamma detector. As glass 

accumulates at the line-of-sight level of a detector, the Co counting rate 

for that particular detector will decrease. The degree of the reduction of 

the counting rate at any particular detector level will indicate the total 
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accumulation of glass at that level. A redundant system utilizing the same 
137 

11 gamma detectors monitors the Cs gamma activity at each detector level 
137 

and, since the Cs is a radioactive constituent of the glass itself, as the 
137 glass accumulates at the line-of-sight level of a detector, the Cs counting 

rate for that particular detector will increase. The degree of increase of 
137 

the Cs counting rate at any detector level will also indicate the total 

accumulation of glass at that level. 

The Co source is contained in a collimated holder attached to a ball 

screw. The source is moved up or down to the level of the various gamma 

detectors by rotating the ball screw with a reversible DC stepper motor drive. 

A shaft encoder attached to the bottom of the ball screw maintains an awareness 

of the location of the source holder. A microprocessor controls the movement 

of the gamma source, the operation of the counting instruments, the 

interpretation of the counting rates, and the display of the results. The 

normal operating mode for the source positioning system consists of a repetitive 

cycle in which the Co source will be positioned at the bottom detector level 

where the counting instruments will measure the Co and Cs counting rates 

for a predetermined period of time. The source will move up to the next 

detector level and repeat counting rate measurements at each detector level 

until the counting rates have been measured at the topmost detector. At this 

time, the Co source will be returned to the bottom detector level and the 

process can be repeated. The Co and Cs counting rates that would be 

measured at each detector level are compared with similar counting rate 

measurements that were taken when the canister was initially brought into 

position under the melter. The difference between the initial and current 

counting rates indicates glass accumulation in the canister. 

Both modes of glass level detection-- Co transmission and Cs direct 

counting--have been used to control the filling of canisters. Level accuracy 

on the Co transmission method of glass detection is + 3/15 inch. Glass level 
137 

accuracy for the Cs counting method of glass level detection is + 1/2 inch. 

Additional value is received from the transmission source data because of 

this system's ability to provide qualitative determination of nonuniform 

canister filling, such as the presence of voids or glass "hair" in the canister. 
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Canister Handling Turntable 

The primary function of the RLFCM turntable is to provide physical movement 

and positioning of canisters under the RLFCM. The turntable consists of a 

three-position, motor-driven carousel located inside a containment vessel. 

Canisters are positioned in three containment pods that extend radially from 

a center axis. Two bearings located at the top and bottom of the central 

shaft permit the carousel to rotate in either direction. The top of the shaft 

has a coupling for the motor that positions the turntable, and provides the 

motive force for moving the carousel. A positive indexing system can be used 

to remotely position canisters beneath the RLFCM discharge port. 

Each of the three containment pods has the capability to accommodate 

removable thimbles that are used to hold and position various waste canisters. 

These thimbles are capable of containing canisters with diameters up to 0.41 

meters (16 inches) and lengths up to 2.65 meters (8.7 feet). The West Valley 

test canisters measured 2.65 m (8.7 feet) in length and 0.30 m (12 inches) in 

diameter. In comparison, the FRG canisters measured 1.2 m (3.9 feet) in length 

and 30 cm (11.8 inches) in diameter. Each was positioned in the center of 

the containment pod by their dimensioned thimbles. 

The design of the turntable has been found to be reliable for remotely 

positioning canisters. Turntable carousel positioning accuracy has been 

sufficient to properly align the receiving canisters with the falling glass 

stream, thereby assuring proper filling of the canisters. 

One of the perceived drawbacks associated with this turntable concept, 

as opposed to direct coupling with the canister, has been the deposition of 

radioactive material on the outside of glass receiving canisters. Radioactive 

material may volatize from the glass pouring stream as it pours into the 

receiving canister. The tendency for a portion of the glass vapor to condense 

on the canister and turntable surfaces has been observed. This, in turn, may 

present problems for subsequent canister handling, welding, and canister storage 

operations. 

Experiments are in progress to assess the contamination levels on the 

receiving canister and in within the turntable. Remotely removable coupons 

are suspended within the glass receiving canister and the turntable to estimate 
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contamination buildup. A comparison of the radioactivity poured into the 

canister versus the observed contamination on the coupons indicates that the 

radionuclides (^^^Cs, -^^^Cs, ^^^Eu, ^ ° W ^ ° ^ R h and ^^^Sb) are not appreciably 

volatized (less than 10" %) during the glass pouring operation for the West 

Valley glasses. The magnitude of the contamination was surprisingly similar 

for the coupons inside the canister and within the turntable. Approximately 

one half of this contamination was found to be smearable. Further data 
137 90 collection activities are in progress to study the deposition of Cs and Sr 

within the turntable and outside of glass receiving canisters in an ongoing 

glass production program. 

Off-Gas Treatment System 

The RLFCM off-gas system consists of an ejector venturi scrubber (EVS), 

a packed bed scrubber/condenser, an evaporator/fractionator system, off-gas 

heaters, HEPA filters, and process off-gas blowers. This off-gas system was 

designed to meet the radionuclide emission guidelines specified in DOE Order 

5480.1, Chapter 11, Table 2. The RLFCM's NOx emission rate is within the 20% 

opacity limit for the building stack specified by district regulations. 

Off-gas emission data for the West Valley tests indicate that minimum 

decontamination factors (DFs) of 21 and 230 can be achieved for cesium and 

strontium, respectively, from the RLFCM. Decontamination factors for the EVS 

were estimated to be 33 for strontium and 4.2 for cesium. These results compare 

favorably with nonradioactive test results. 

During processing of the FRG waste feeds, different results have been 

observed for the behavior of cesium and strontium in the vitrification process. 

Entrainment has been the primary mechanism for cesium and strontium losses 

due to the nature of the waste feed. The RLFCM DFs for cesium and strontium 

were typically 10 and 130, respectively. The EVS DFs were 3 for cesium and 

72 for strontium. Entrainment losses from processing the FRG waste feeds 

have also resulted in increased off-gas line deposits, leading to eventual 

pluggage of the off-gas line between the RLFCM and the EVS. Off-gas line 

pluggage did not occur during nonradioactive vitrification testing of a 

simulated FRG feed slurry. Material removed from these off-gas line plugs is 

porous, having the physical appearance of pumice. The porosity of these off-

gas line deposits arises from the revolatilization of condensed compounds of 
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boron. The deposits chemically consisted of 54 wt% cesium, 25% boron and 12% 

sodium with minor amounts of the other feed components. On a molar basis, 

the off-gas plug contains twice as much boron as cesium and sodium. The 2:1:1 

molar ratio between boron, cesium and sodium suggests that the deposit may be 

composed of alkali metaborates (Mb02) rather than oxides. 

The high rates of solids deposition in the off-gas line between the RLFCM 

and the EVS was not observed in nonradioactive testing of this flowsheet. 

This off-gas line pluggage has required the development and implementation of 

an off-gas reaming device for continual removal of material from the off-gas 

line (Figure 6). This off-gas reamer consists of a fixed elevation shaft 

centered in the melter off-gas discharge nozzle. Attached to the shaft are 

six, 12-inch long by 1/4-inch link stainless steel chains attached by both 

the first and last link. Rotation of the shaft causes the chain links to 

gently rub against the inner wall of the off-gas pipe, removing any deposits. 

The reamer shaft, which is supported on graphite bushings, is rotated by a 

1.35 Hp air motor. The off-gas reamer is operated continuously. The normal 

mode of operation is for the rotational speed of the reamer shaft to be reduced 

so that the centrifugal force on the chains is minimized preventing the rubbing 

of the chains on the side of the off-gas pipe. On a periodic basis, the 

rotational speed of the reamer shaft is increased, forcing the chains further 

outward until they gently rub against the inside of the off-gas pipe. This 

rubbing action removes any material buildup on the inside of the wall. After 

termination of melter feeding, the reamer is operated at a high rotation speed 

for approximately one hour. This allows material to be knocked loose from 

the shaft and chains where it might otherwise fuse, as the plenum temperatures 

increase during melter idling periods. 

Current RLFCM Processing Activities 

Current processing activities in the RLFCM vitrification system are 

directed at the preparation of 30 isotopic heat and radiation sources for the 

FRG's repository test in the Asse Salt Mine. Specifications on these canisters 
137 90 

are summarized in Table 3. Cs and Sr solutions have been received to 

produce these canisters. These solutions will undergo concentration and 

denitration. Glass-forming chemicals are added to the solutions before they 
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FIGURE 6. RLFCM Off-Gas Pipe Nozzle Reamer 
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TABLE 3. Characteristics of the Isotopic Heat 
and Radiation Sources Being Produced 
for the FRG 

Radiochemical 
Activity Per Surface 

Number of Canisters Canister Decay Heat, Kw Dose Rate, R/hr 

10 210 KCi ^llcs 1.7 >5 X 105 
100 KCi ^"Sr 

10 40 KCi ^QACS^^^ 1.7 8 x 104^^^ 
220 KCi ^"Sr 

10 210 KCi ^llcs 2.0 >5 x 105 
160 KCi '̂ "Sr 

(a) Average values for the 10 canisters, 
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are fed to the melter. The first 10 canisters have been filled; the remaining 

20 canisters are scheduled for completion in early 1987. After filling, the 

canisters will be sealed by welding lids on the canisters, decontaminated and 

stored in an adjacent hot cell before transport to Germany in 1988. 

SUMMARY 

Pacific Northwest Laboratory has installed and is operating a Pilot-Scale 

Radioactive Liquid-Fed Ceramic Melter (RLFCM) system for conversion of high-

level radioactive wastes to borosilicate glass. The RLFCM system is being 

operated to test remote handling operations, remote process control, and 

maintenance of the melter and supporting equipment and to determine the 

reliability of this equipment in a radioactive environment. 

Equipment operating experience has proven that the ADS pump is a reliable 

and controllable pump for feeding high solids containing slurries to the RLFCM. 

Operation and control of the RLFCM has been demonstrated to be safe and reliable 

through the interpretation of information from nonvisual sensors such as glass 

weight factor, glass specific gravity and glass temperatures. Melter electrode 

power control schemes have been tested in the RLFCM and it has been determined 

that the power control scheme must be chosen based upon the melting 

characteristics of the waste feed. Melters processing glasses with a high 

foaming potential should use temperature feedback of the glass batch for 

electrode power control. Resistance feedback control can be used for glasses 

that melt stably. Monitoring of canister fill level by transmission sources 

( C o ) and direct counting of gamma activity have been demonstrated to be 

accurate and reliable methods for controlling the canister filling process. 

Transmission counting is necessary, however, to determine the quality of glass 

fill. Contamination levels on the outside of the receiving canisters filled 

with the closed turntable have been shown to be negligible compared to the 

activity levels processed. The vitrification of waste feeds that contain 

high levels of Cs and Sr has resulted in increased failure rates of 

discharge section heaters and an increased frequency of melter off-gas line 

pluggage. The failure of discharge section heaters has been mitigated through 

redesign of the discharge section lid. Off-gas line plugging problems have 

been eliminated by development and implementation of an off-gas nozzle reamer. 

Several of the operating problems associated with the RLFCM were not predicted 
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from nonradioactive testing. Radioactive testing of waste vitrification 

flowsheets is therefore necessary to determine radionuclide performance in the 

process system and effect on equipment performance. 
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