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Department of Energy 
Ohio Field Office 

Fernald Area Office 
P. 0. Box 538705 

Cincinnati, Ohio 45253-8705 
(51 3) 648-31 55 

OCT 2 ? 1996 

DOE-0073-97 

Mr. James A. Saric, Remedial Project Director 
US.  Environmental Protection Agency 
Region V - 5HSF-5J 
77 W. Jackson Boulevard 
Chicago, Illinois 60604-3590 

Mr. Tom Schneider, Project Manager 
Ohio Environmental Protection Agency 
401 East 5th Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

OPERABLE UNIT 4 VITRIFICATION PILOT PLANT PHASE I INTERIM TREATABILITY S$JDY 
's- i REPORT - CAMPAIGN 1 

The purpose of this letter is to  transmit the Operable Unit 4 Vitrification Pilot Plant Phase I 
(Campaign 1) Interim Treatability Study Repod. This transmittal satisfies the recently 
proposed amendment to  the reporting requirements for Phase 1. As previously discussed 
and documented in the September 26, 1996, letter titled Operable Unit 4 Vitrification Pilot 
Plant, Phase 1 Treatability Study RePoding, the Department of Energy, Fernald 
Environmental Management Project (DOE-FEMP) proposed the submittal of interim reports 
following the completion of each of the Phase I campaigns in lieu of bi-monthly reports. 
The DOE-FEMP feels these reports, along with the weekly status meetings currently being 
held, will provide a better means for reporting status and facilitating decisions concerning 
the Vitrification Pilot Plant (VitPP). 

As you are aware, the objectives of Campaign 1 were to  establish Melter control, 
synchronize the operation of the Melter and the Gem Machine, and attempt to  increase the 
glass output of the Melter. The enclosed report contains (1) a description of the work 
performed t o  meet these objectives; 12) pertinent data collected from both laboratory and 
pilot plant operations; (3) results with technical discussion and interpretation of the data; 
and, (4) lessons learned. 
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If you have any questions or concerns, please contact Nina Akgunduz at (513) 648-31 10. 

Sincerely, 

FEMP: Akgunduz 

Johnny W. Reising 
Fernald Remedial Action 
Project Manager 

Enclosure: As Stated 

cc wlenc: 

S. Fauver, EM-425lGTN 
R. L. Nace, EM-425lGTN 
G. Jablonowski, USEPA-V, 5HRE-8J 
R. Beaumier, TPSSlDERR, OEPA-Columbus 
T. Schneider, OEPA-Dayton (3 copies total of enc.) 
F. Bell, ATSDR 
D. S. Ward, GeoTrans 
R. Vandegrift, ODOH 
S. McLellan, PRC 
T. Hagen, FDFl65-2 
J. Harmon, FDFISO 
R. Heck, FDFl52-5 
AR Coordinatorl78 
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C. Little, FDFl2 
EDC, FDFl52-7 
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October 8, 1996 

Fernald Environmental Management Project 
Letter No. C: W MTSP(S P) : 9 6-0022 

Ms. Nina Akgunduz . 
Department of Energy 
Fernald Area Office 
P. 0. Box 538705 
Cincinnati, Ohio 45253-8705 

Dear Ms. Akgunduz: 

OPERABLE UNIT 4 VITRIFICATION PILOT PLANT PHASE I INTERIM TREATABILITY STUDY 
REPORT - CAMPAIGN 1 

Enclosed is the Operable Unit 4 Vitrification Pilot Plant, Phase I, Interim Treatability Study 
Report for Campaign 1. All DOE-Fernald comments have been incorporated into this revision 
of the document. 

If you have any questions or concerns on this matter, or require additional copies for 
transmittal t o  the agencies, please contact Rod F. Gimpel at (513) 648-4842 or Dennis A. 
Nixon at (51 3) 648-4800. 

Sincerely, 

Don Paine 
Silos Project Manager 



Ms. Nina Akgunduz 
Letter No. C: WMTSPSP): 9 6-0022 
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1 .I 

1 .o EXECUTIVE SUMMARY AND TEST OBJECTIVES 

Executive Summarv 

Testing and operation of the Vitrification Pilot Plant (VitPP) a t  the Department of 
Energy's Fernald Environmental Management Project (FEMP) near Fernald, Ohio has 
begun. The pilot program objective is t o  aid in demonstration and development of 
the vitrification of the K-65 residues that are currently stored in three concrete 
silos. A full-scale facility, with a capacity of 25 MT/d of glass, would take 
approximately 3 years to  complete remediation. Due to  the large capacity of the 
vitrification process and the nature of the silo wastes, a graded or phased 
development approach from laboratory to  the full-scale facility was adapted to  help 
assure success. This report summarizes development activities' through startup 
and Campaign 1 of the VitPP using a non-toxic, non-radioactive glass recipe know 
as "benign" glass. Further campaigns, that use "surrogates" to  simulate the 
chemical makeup of the silo residues, will be performed in the near future and will 
be reported in separate reports. A final report, summarizing all the VitPP test 
Campaigns will be issued. A total of four campaigns has been planned for run for 
Phase I testing of the VitPP. They are: 

Campaign 1 -- Startup and benign glass runs (this report) 
Campaign 2 -- Glasses made from the blending of the silo residue surrogates 
Campaign 3 -- Silo 3 surrogate glass recipes (being considered for omission) 
Campaign 4 -.- Silo 1 and 2 surrogate glass recipes 

The VitPP has a high-temperature (up to  1400°C) Joule-heated2 ceramic Melter 
rated at 1 metric ton of glass per day (MT/d) from slurries. The Melter is of a 
unique three-chamber design t o  protect the electrodes from the corrosiveness of 
the silo wastes,. The electrodes are protected from the center chamber glass pool 

'Development activities prior to  operation of the VitPP are documented in other 
reports. However, their results will be summarized in this report and the future 
campaign reports to  help make the contents of these documents more meaningful. 

'Heat produced from current passing through a conductive material. In this case 
molten glass. 

3The K-65 Silos are high in silica content, which is good for vitrification, but is also 
high in lead (Pb, 7 to 15 w t %  Pb as PbO) and contains significant amounts of 
sulfates (approximately 2 w %  as SO,). Glass can normally hold only approximately 
0.5 to  1 .O wt% SO,. The extra SO3 will then result in effervescence of SOX gases 
from the glass Melter or form a sulfate (SO,) salt layer on top. However, 
techniques to  destroy the sulfate layer were developed in the laboratory and bench- 
scale studies. Silo 3 is lower in silica, but high in magnesium, calcium, and iron, 
which are good fluxes and glass formers. However, it is also high in sulfates (SO,) 
and phosphate (PO,) (approximately 17 w t %  and 11 w t %  respectively) which can , 
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which is oxygenated and agitated. The interior surface area of the Melter is 1 yd2 
(9 ft2, 3 ft x 3 ft). By optimizing glass chemistry with melter design, 
approximately, 2 MT/d were obtained during this campaign. Production was not 
limited by the Melter and glass chemistry, but by supporting systems (Le., slurry 
feed and off-gas systems). 

Bakeout4 and startup of the Melter went well. Bakeout of the Melter started on 
May 17, 1996 and ended with the charging of the glass and the insertion of 
electrodes in the Melter during June 6, 1996 through June 8, 1996. 

The primary objectives during Campaign 1 were to: 

1. Establish melter control 
2. 
3. 

Synchronize the operation of the Melter and Gem Making Machine 
Attempt to  Increase the glass output of the Melter 

The objectives were met. Further details are given in the following test and Section 
3.2, I' 0 bjectives. 

Preliminary testing of the Melter was performed between June 20, 1996 and 
June 23, 1996 by metering water into the Melter. While metering water into the . 

Melter, operations personnel learned to  control the Melter Feed Pump and 
documented the responses of the off-gas systems and the Melter t o  changes in the 
feed rate. Near the end of the test, a crack in the partition wall (E-Wall), between 
the west and main chambers, was noted. It was determined that the crack was 
due t o  thermal stress and would not significantly impact the performance of the 
scheduled test. Therefore, testing was continued. 

On June 24, 1996, a slurry formulated to produce a benign glass was prepared and 
fed to  the Melter. Testing and vitrification of benign slurry batches, to  accomplish 
the goals associated with Campaign 1, continued through July 31, 1996. A total 
of 11 slurry batches and one frit batch (remelting of previously made glass) was 
processed. Table 1-1 shows the chemistry of the benign glass slurry in the melter. 
Approximately 55,000 Ibs of slurry were vitrified to produce approximately 21,000 
Ibs of glass. Each slurry batch, of approximately 5700 Ibs, produced approximately 
2200 Ibs (1 metric ton) of glass. The slurries contained an average of about 50 
wt% solids. Most of the solids in the slurry produced glass. However, some of the 
solid compounds in the slurry decomposed to  produce carbon dioxide (C02 ) and 
water (H20) that are lost to  the off-gas system. For an example, calcium carbonate 
(CaCO, , a glass additive) broke down to form calcium oxide (CaO, a solid), which 
becomes part of the glass, and carbon dioxide (C02, a gas). Thus, for this 

hinder the vitrification process. 

4Bakeout is a gradual heating of the Melter to protect the Melter refractories from 
thermo shock resulting in cracking and breakage. Bakeout took a couple of weeks. 
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Melter h u t  - Feed 

Oxide 

Benign Glass for Campaign 1 
Table 1-1 

Basis: 100 Ibs Glass from Slurry 

Oxide's Chemical Name 

A1203 
8203 
CaO 
CaC03 
Na20 
Na2B407 
Na2C03 
Si02 
Zr02 

aluminum oxide, alumina 
boron oxide 
calcium oxide, lime 
calcium carbonate (chalk) 
sodium oxide 
sodium tetraborate, borax 
sodium carbonate, washing soda 
silica dioxide, sand 
zirconium oxide, zirconia 

Total Solids na 

Water for 50 wt% Solids 

Total 

Melter Output 

Glass 
C02 (to off-gas system) 
Water (H20 to off-gas system) 

Subtotal 

Frit Addition Impact 

Glass from slurry 
Side chamber leakage (or frit addition), Ibs glass: 

Total glass produced, Ibs: 

1-3 

Mix Moisture 
Glass dry,wt% wt% Batch 

10.92 10.92 2.71 1 1.22 
10.58 
14.56 

14.53 
25.99 0.72 26.17 

15.29 30.90 22.13 
20.14 3.53 20.87 

45.41 45.41 45.41 
4.00 4.00 4.00 

100.00 121.74 na 129.81 

129.81 

259.62 

100.00 
19.79 

139.83 

259.62 

100.00 
5.00 

105.00 
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campaign, about 2.6 Ibs of slurry produced a 1 Ib of glass. Also, glass frit, which 
was added to  the side chambers, eventually flowed to  the center chamber. There, 
the frit became part of the glass produced. Approximately 1900 Ibs of glass was 
added to  the side chambers. This increased the amount of glass produced 
approximately 9 %  for a total to 23,000 Ibs. 

The benign slurry was formulated to  vitrify into a clear, colorless glass, but 
depending on the operation of the Melter (glass viscosity, melter temperature, 
melter retention time, etc.) the glass can have different colors. In Campaign 1, the 
glasses were different shades of green due to  the varying concentration of 
chromium that eroded from the high-chromium refractories of the interior walls in 
the Melter. Glass produced by higher-viscosity formulas were lighter shades of 
green which indicate little erosion of the refractories. Other glasses were deeper 
shades of green, indicating more erosion. 

Slurry and glass samples were collected for each batch and analyzed for chemical 
and physical characteristics. Analytical results indicated that the levels of 
chromium in the glass were low. This equates to  1 0  Ibs of Cr,O, being leached 
from the refractories during Campaign 1 which indicates slow erosion of the Melter 
refractory walls. Assuming uniform corrosion depths of the refractory surfaces and 
equal corrosion rates of the two  refractories, approximately 0.750 mm of refractory 
in the Center Chamber, 0.091 mm in the East Chamber, and 0.178 m m  in the West 
Chamber have eroded during Campaign 1. The refractories are 10.24 cm (4 inches) 
thick. Therefore, under these test conditions the Melter is expected t o  operate 
several years before. needing to replace walls. 

Another encouraging result was the low concentration of molybdenum ( < 0.05 
w t %  Mo) in the glass, since the amount of molybdenum in the glass is directly 
related to the electrode wear. This equates to  2.75 Ibs of molybdenum in the glass 
produced during Campaign 1. There are approximately 1500 Ibs of molybdenum in 
the electrodes. Future campaigns with the silo slurries will better define the 
expected life of the Melter. 

. 

Another characteristic of the Melter that was determined by chemical and physical 
analysis was the mixing ability. A blue tracer, cobalt, was introduced (in minute 
amounts) into one of the batches to  determine the effectiveness of the Melter's 
agitation (due to  the air bubblers located in the bottom of the Melter). Buildup and 
decay of blue in the succeeding batches were noted and recorded. Test results 
indicate that the Melter mixes glass well. 

The maximum operating temperature for the Melter during this campaign was 
1250°C k 20°C. (The Melter is scheduled t o  be operated and tested at 1350°C 
during Campaign 2.) Glass was produced up t o  2 MT/d with slurries between 20 
and 5 0  weight percent solids as determined by laboratory personnel. Campaign 1 
testing provided evidence that the Melter has the capacity of producing glass at 
rates greater than 2 MT/d. The slurry feed system and the off-gas system were the 
limiting support systems of the Melter. 
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The Melter operated well, with one significant exception. This was occasional 
plugging at the discharge chamber. Originally, it was thought the glass was getting 
too viscous, but the glass measured only 47 poise which is well within expected 
operating range of the Melter of 1 0  to  80 poise. The plugging was later attributed 
to t w o  problems: 

1. The Melter and the discharge chamber were both operated at or above 
1250°C. Consequently, the temperature in the wall(s) separating the 
t w o  chambers is also around 1250°C which allowed glass to  slowly 
creep between the refractories of the Melter and migrate to  the 
discharge opening where it cooled and sealed it off. A cooling dam 
was placed in the discharge chamber to’prevent the migration of the 
glass. 

2. A common partition wall between the Melter and the discharge 
chamber is sufficiently porous to allow enough air to  be drawn through 
the discharge chamber into the Melter to  cool the glass, making it 
more viscous and sluggish as it flows through the discharge orifice. 
Attempts t o  restrict the flow during the campaign were only marginally 
successful. Monolithic pours into drums were generally successful. 
However, the ability t o  deliver a steady, a non wavering glass stream 
to the Gob Cutter of the gem-making machine5 appeared to  be 
frequently hampered by the inflow of air. More glass was poured into 
drums than was made into gems. This problem will be resolved in 
future campaigns. 

Most of the problems that were encountered during Campaign 1 where not 
directly related to vitrification. But rather, they were due to other supporting 
systems. Most notably, the slurry feed and off-gas systems. 

Since the Melter was operating with benign glass, several components of 
the off-gas treatment system were not activated. Figure 3-1 shows a 
schematic of the VitPP. The components that cooled and removed 
particulates from the exhaust gases were needed. Hot exhaust from the 
Melter is mixed with cool ambient air in a Film Cooler to reduce its 
temperature. This cooling is required to  prevent plating out of glass-forming 
residues in the off-gas piping. The Quench Tower, in turn, drops the 
temperature (to approximately 130°F) so the rest of the wet off-gas 
treatment system can function properly. 

Several restrictions or blockages occurred initially during Campaign 1 in the 
Film Cooler and the section of line going to  the Quench Tower. These 

SThe VitPP has a Gem Making Machine designed and installed to  work with the 
Melter t o  produce glass gems. A gem is a small semi-spherical piece of glass 
(about 5 grams) that looks like a squashed marble. 
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blockages appeared to be caused from molten particulates collecting and 
sticking to  the interior walls of the Film Cooler and the pipe. An air lance 
was placed at the entrance of the Melter exhaust. This appears t o  supply 
enough cooling so the molten particulates freeze and pass through the Film 
Cooler and the pipe without sticking. Much less downtime is now 
experienced due to  blockages in the off-gas system. It was also discovered 
that the off-gas fan did not have sufficient capacity to  establish the required 
flow rates in the piping and the negative 2 inches WG target, so it was 
replaced with a new larger fan. The larger fan provided additional capacity 
but it still is not sufficient and further modifications are being considered. 

Downtime experienced during Campaign 1 was frequently caused by 
problems with the slurry preparation and feed system, and t o  a lesser extent, 
the off-gas treatment system. A significant amount of time was spent on 
removing clogs from piping, repairingheplacing Slurry Tank Pumps, and 
repairing the Melter Feed Pump. The following are the causes identified 
which led to  these problems. 

Slurrv Feed Svstem 

e Sharp bends (elbows) in the piping provide sites for the solids t o  
collect. 

e The piping is too small for the long runs, thereby, restricting the 
flow. 

e .Pump design, seal design, and materials of construction selected 
were not appropriate for the task of transferring the abrasive 
slurry. The slurry appears to  wear at the diaphragms, internal 
valves, seals, and shafts of the pumps excessively. 

Clogging of pipes between the bag dump station (where dry 
chemicals are introduced to  the slurry system) and the slurry 
tanks were caused by a combination of moisture in the system, 
chemical, and physical characteristics of the materials used, and 
limited ability of the mechanical system. Operational steps were 
taken to  address the problem which included adding the bags of 
material slowly and adjusting the order in which the materials 
were added. 

Off-aas Treatment Svstem 

Frequently, the (normal) off-gas treatment system had 
insufficient capacity to  handle the pressures developed when 
the cold cap collapsed, clogs in the Melter feed pump line 
dislodged, or flush water was introduced into the Melter. The 
emergency off-gas tripped when these scenarios occurred. 
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Normally the emergency off-gas systems activated for only a 
few seconds. 

Prior to  the operation of the VitPP Melter, it was understood that there would be a 
migration of glass between the Melter chambers. To protect the molybdenum 
electrodes, a non reactive glass was developed to  bathe and protect the electrodes. 
The side chambers were not expected to be leak-tight. Therefore, migration from 
the side chambers to  the center chamber is encouraged. It was estimated that 
approximately 100 pounds of glass frit would need to  be added to the side 
chambers (50 pounds per chamber) daily to ensure flow from the side chambers to 
the center chamber instead of vice versa. As Campaign 1 testing progressed, it 
became apparent that glass migrated more from the west chamber to  the center 
chamber than from the east chamber to the center chamber. The frit addition 
hoppers for the side chambers clogged during bakeout and frit is now added with a 
portable funnel through side-chamber view ports located on the top of the Melter. 

Operation of the Gem Making Machine did not cause downtime, but was a 
hindrance t o  keep operating. Continuous operation and production of the Gem 
Making Machine were not consistent. During early testing, it was observed that 
the benign glass was too viscous for successful gem making. The glass would 
stick t o  the Gob Cutter, string around the Gob Cutter, or spatter off the Gob Cutter; 
resulting in the production of irregularly shaped gems, gems with "tails," and 
fiberglass. Later, there were problems with the lubrication system. As testing 
proceeded, the lubrication methods were changed, but the problem persisted. 
Additionally, some solutions resulted in filling the glass receiving drum with the 
lubricating solution (graphite in water). Then it became apparent. The Gob Cutter 
was getting too hot, and thereby, allowing the glass t o  stick and "gum-up" on the 
cutter. Redirecting air f low helped cool the cutters somewhat and allowed the 
production of a few tons of gems. However, better means of cooling (e.g., water 
cooling) the cutter is needed for long production runs and is being investigated. 

1.2 Obiectives 

In accordance with the OU4 VitPP Phase I Test Plan (1  8-SU-0003, Rev. 2), three 
objectives were to be accomplished during Campaign 1. Results of Campaign 1 
relative to  each objective follow. 

Objective 1 - Establish Melter Control 

Data presented in this report shows that a good understanding of the 
operation of the Melter has been achieved. Temperature of the main bath 
was maintained within an acceptable range during steady-state and transient 
conditions throughout Campaign 1. The empirical data supports 
theoretically calculated values. For example, theoretical calculations showed 
that the side chambers (even though they contain the electrodes and are 
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stagnant) run at lower temperature(s1 than the main center bath. The 
amount of power needed to  maintain a temperature in the Melter for various 
operating scenarios is understood. For example, the following power 
requirements are needed for benign glass in the Melter at 1250°C: 

Condition Kilowatts 

Running Idle 100 - 135 

Power to  process 1 metric ton/glass, 
50 w t %  solids 

170 - 210  

Power to  run idle a t  11 50°C 90 - 100 

Approximate transient power t o  increase/ 40 - 5 0  
decrease Melter main bath 100°C 

The glass chemistry for this campaign appears t o  be complimentary to  the 
Melter design. The glass chemistry allows the Melter to operate at voltages 
and amperages well within the operating range of the Melter. Also, the 
Melter functions properly with the viscosity ranges of the glass. 

All pilot plant crews (and laboratory personnel) participated in Campaign 1 
and received hands-on experience operating the VitPP Melter and its 
associated systems and programs. The laboratory analyses validated that 
the batches were mixed properly and that the Melter produced the correct 
recipe glass. 

Objective 2 - Synchronize the Operation of the Melter and Gem Making Machine 

Synchronization of the Melter and Gem Machine was achieved during 
Campaign 1. Glass gems were made after melter control was established 
and its operation was understood. A few metric tons of glass gems were 
produced. It was determined that the preferred method for making gems is 
in batches (or sometimes called lifts). This is accomplished by letting the 
Melter acquire glass for an hour or t w o  and then discharge for one-half t o  
one hour. The extra heat associated with the higher flow at the Melter 
discharge seems t o  work better. The major problems encountered with 
making gems are those previously mentioned about the Gob Cutter 
overheating and the wavering of the glass from the discharge chamber. 
These will be addressed further in subsequent campaigns: 

Objective 3 - Attempt to Increase the Glass Output of the Melter 

As mentioned, the Melter produced at a rate of approximately 2 MT/d of 

1-8 

000022 



4 6  1 
VitPP Phase I Interim Treatability Study Report - Campaign 1 

401 10-WP-0001 

glass at 1250°C. The Melter appeared to  be capable of producing more than 
2 MT/d of glass except feed and off-gas system shortfalls would not allow 
the Melter to produce at a higher rate. Corrections to  the off-gas system 
increased its capacity toward the end of the campaign; however, the feed 
pump could not deliver feed at rates more than 2 MT/d. Another run is 
planned for Campaign 4 at 1350°C with a new feed pump. Increasing the 
temperature normally increases production rates and should allow production 
rates of 3 MT/d and greater. Bench studies done a t  the Catholic University 
of America's Vitreaous State Lab estimate that the Melter could produce 
rates between 3 to  5 MT/d glass at 1350°C. 

1.3 Future Phase I Campaians. Testina. and Work 

Following campaign 1, the following testing is scheduled: 

Campaign 2 -- Glasses made from the blending of the silo residues (Series 
D6) 

Campaign 4 -- Silo 1 and 2 glass recipes (Series A and B) 

Campaign 3 -- Silo 3 glass recipes (Series C, presently being considered for 
omission) 

Additionally, modifications may be necessary to  the VitPP's facilities and t o  the 
glass chemistry during execution of the campaigns, to improve performance. Key 
findings (as cited in the Executive Summary) are that the present slurry feed and 
the off-gas systems need modifications t o  increase the availability of the VitPP. 
Potential modifications needed are being evaluated and plans are being made to 
incorporate the selected modifications into the VitPP facilities between Campaigns 
2 and 4. 

A brief discussion of each of the remaining campaigns is described in below: 

1.3.1 Campaian 2 

Campaign 2 will be performed with Series D surrogates. This campaign will 
be completed in t w o  runs. 

6During glass formula development studies, the glasses made were grouped 
according to  the silo wastes they contained (or simulated). This designation has 
continued. Series A contains a blend of Silos 1 and 2. Series B is the same as 
Series A except it also contains high concentrations of the bentonite cap in the 
Silos. Series C contains only Silo 3. Series D contains a blend of all three silos. 
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The first run is known as the "Acceptance Test" and will be performed in 
accordance with the procurement specifications for the VitPP's Melter and 
Gem Making Machines. The prescribed glass slurry recipe contains one-third 
each of the silos surrogates blended with bentonite. The blend purposely has 
higher than average sulfate and phosphate concentrations to  functionally test 
the Melter. The Melter must successfully process this slurry at a rate of 
1 MT/d for 36 hours and produce glass gems for 8 hours before the Melter 
can be accepted. The glass will be processed at 1350°C. 

The second run will be performed with a representative blending of the silo 
wastes. The purpose of this run is to  demonstrate the VitPP's capability for 
processing the optimal Series D formulation. This glass will be processed at 
1250°C which is the midrange operating temperature of the Melter. 

This campaign will collect information relating to three areas of the glass 
formula, melter, and off-gas system capabilities. 

a. The effects of lead, sulfate, nitrate, and phosphates on the 
Melter performance and the glass formula. 

b. SO, and NO, handling capabilities of the off-gas system. 

c. Devitrification potentials of the poured glass. 

1.3.2 Campaian 4 

Campaign 4 will be performed with Series A and Series B surrogate 
formulation. These runs are planned to be performed at 1250°C. A third run 
may be performed at 1 150°C depending on performance of the first t w o  
runs. The major concern is that the destruction of sulfates at 1 150°C may 
not be possible. Specialized glass formulations may be required to  facilitate 
running at 1 150°C in an effort to  maintain reasonable waste loading. 
However, if the sulfates are destroyed (or contained by the glass), then a low 
temperature melter may be considered in future design. 

The operation of the thickener will also be tested during this campaign. 
Bentonite is considered to be the hardest constituent to  be handled by the 
thickener . 

1.3.3 CamDaian 3 

The Campaign 3 run will be performed with Series C glass formulation. This 
run will collect information in the areas described in Campaign 2. However, 
the effects of sulfate, nitrate, and phosphate will be more significant since 
the constituents of a Series C (Silo 3)  slurry contains higher concentrations 
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of these constituents. 

This campaign is currently being considered for elimination from the Phase I 
testing as Silo 3 material would be blended with K-65 material (Silos 1 and 2 
residues) in the event it is finally vitrified. 
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2.0 GLASS FORMULA DETERMINATION 

During Campaign 1 a non radioactive benign startup glass (containing none of the 
hazardous or radioactive constituents of K-65 material) was used to  focus on melter 
control, Gem Machine operation, and increasing the output of the Melter to  its maximum 
capacity. The effects of processing material that is chemically similar to  K-65 material will 
be dealt with by using surrogate glass formulas in subsequent campaigns. This section 
will discuss the glass chemistry necessary to  operate the Melter and detail the 
characteristics of the startup and electrode glass-. 

2.1 Glass Chemistry 

Chemistry of the molten glass is tailored to  match the Melter design. In return, the 

even impossible, to  dissociate the two, but it is commonly done from a 
development perspective. Additionally, glass chemistry is tailored to  meet glass 
product forming, as well as disposal require'ments. 

- Melter is tailored to match the glass chemistry. Technically, it is very difficult, or 

2.1 .I Viscositv vs. Temperature 

Viscosity is probably the most important parameter to characterize for a prescribed 
glass. If the glass melt becomes too thick, the waste dissolution (glass production) 
rates will decrease and may result in possible stoppage and/or pluggage of the 
Melter. If the glass melt is too thin, glass can leak through joints and result in 
problems causing premature corrosion and erosion of the equipment. Additionally, 
glass form production (e.g., gem production) is sensitive to  glass viscosity. 

The desired viscosity of the molten glass in the Melter is between 10 and 80 poise. 
Due to  temperature loss during Melter discharge and glass form production, the 
viscosity of the glass may increase. For gem production, it is expected that the 
viscosity of the glass gob should not be below 200 poise when it reaches the 
conveyor. This allows the gob of glass to flow and have enough time t o  "pull " 
itself together, much like water "beads" on the surface of freshly a waxed car. If 
the glass is too thick, the glass does not have enough time to form a gem before it 
freezes. 

. 

2.1.2 Conductivitv vs. TemDerature 

Like viscosity, characterization of the glass conductivity is necessary for joule- 
heated melter operation. The VitPP is a joule-heated melter where electrical 
resistance of the glass produces the heat for melting. A low conductive glass 
requires electrical transformer taps that produce power at a higher voltage and 
lower amperage, compared to a high conductive glass that requires electrical 
transformer taps that produce power at a lower voltage and higher amperage. 

In the VitPP, if a glass is too conductive, excessive heat is generated in the Melter, 
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electrode chambers and/or the electrically semi-transparent walls, resulting in less 
heat transfer to  the glass melt. This could cause melter failure or premature 
deterioration of key melter components. Increasing resistivity of the glass melt 
requires increasing voltage in order to put in the same amount of power. 
that is too resistive may exceed the voltage capability of the Melter. With the 
three-chamber melter design, the conductivity of the side chamber (electrode 
chamber) glass is also very important. Originally, it was felt that the side-chamber 
glass should be of much higher conductance (five times higher) than the waste 
glass in the main chamber so that the side chamber glass generates less heat (this 
allows most of the heat t o  be generated in the main chamber glass). However, 
recent minimelter runs and calculations show the side chamber should remain cool , 
even with more resistive glasses. Current design values for glass conductivity 
(resistivity) have been approximated at 1 .O Siemendcm (S/cm, 1 .O ohm-cm ) for 
the side chamber glass and 0.15 to  0.33 S/cm (3.0 to 6.7 ohm-cm) for the main 
chamber. 

A glass 

2.1.3 Liauidus Temperature Ranae 

Liquidus temperature range is a temperature band below (and often near) the 
melting point of glass where crystallization, precipitation, and/or phase separation 
occurs within the glass melt given enough time. Different glass compositions have 
different liquidus temperature range profiles. The best liquidus temperature profile 
is one that is narrow, allows a low melting point of the glass, and has minor 
sensitivity to compositional changes. A wide profile, or one that approaches the 
melt temperature, can make pouring and forming glass difficult because the glass 
can crystallize or separate (decompose) as it cools before it has a chance to  
solidify. Likewise, a liquidus temperature profile that approaches the operating 
temperature can result in high viscosity and blockage(s) where the temperature can 
drop (e.g., the discharge chamber). A liquidus temperature profile that is sensitive 
to  compositional changes can result in blockage of a melter if the melter feed 
composition inadvertently drifts. 

For operation of the VitPP, the glass will automatically pass a liquidus temperature 
evaluation if visible crystals, phase separation, or other defects are not detected at 
a temperature 200°C below the glass's operating conditions in the Melter. Minor 
crystallization (precipitation) may be acceptable if the glass melt appears it can keep 
the crystals suspended without bunching together since such a condition may not 
cause blockage within the Melter. 

2.1.4 Redox7 Control 

Redox control in the VitPP Melter is a significant concern when processing actual 
' waste since it has the potential for adverse effects on the electrodes. It is not a 

' Redox is a term used to describe the amount of oxygen in a system. It is short for 
- Reduction oxygen potential. 
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concern in Campaign 1 using the benign glass formulas. For actual waste materials 
and surrogates, adverse reduced redox conditions in the VitPP Melter are mitigated 
because the electrodes are protected in the side chambers and oxygen feed to  the 
melt bath with the agitation air should keep sufficient oxygen to  prevent the "soft" 
metals, such as lead (Pb), from precipitating. Their precipitation would put 
elemental metal(s) in the glass melt and possibly produce a short across the 
electrodes. High temperatures and/or running idle with low agitation may result in 
some reduction in the redox state. Urea may be used, as a reductant, to 
destroy/control sulfate at the molten glass surface. 
significantly affect the redox of the molten glass in the bath. 

However, it should not 

2.1.5 Foaming 

Foaming is a release of gases within the glass bath which causes the whole glass 
mass to  swell (or foam). It becomes less likely for foaming to  happen if the 
reactions happen closer t o  the surface and the gases can be easily released. Thin 
(less viscous) glasses are less likely to foam because the bubbles that trap the 
gases ',pop" at the surface and do not have the chance to  collect and build up a 
"head." Foaming of the glass melt was shown to be a potential problem in the 
Battelle Pacific Northwest Laboratory (PNL) crucible melts and several of the 
Fernald melts. 

Conditions that cause foaming can be a change in redox or temperature. It was 

be the case with the silo wastes. Foaming seems to have occurred in the 
minimelter runs when the glass was discharged, feed to  the melter ceased, or the 
temperature of the melter was ramped up too quickly. The minimelter is not 
temperature controlled, but rather, power controlled. Therefore, when the glass 
was discharged or the feed to  the melter ceased, the same amount of power went 
into the smaller volume of glass. The net increase of power per unit mass of glass 
resulted in the temperature climbing. Since gas solubility decreases with increasing 
temperature, the saturated molten glass released dissolved SO4 as a gas. Provided 
the glass is viscous enough and the temperature increase is quick enough, foaming 
occurs. 

Lt found in minimelter Vitreous State Laboratory (VSL)* runs that the latter appears to 

Foaming events were controlled in the minimelter by decreasing the viscosity of the 
glass through glass chemistry, increasing power into the melt slowly, and 
destroying sulfates with urea. Foaming events were noticed in the minimelter with 
Silos 1, 2, and 3 surrogate glasses. 

2.1.6 Devitrification 

Devitrification (opacity, crystal formation, precipitation formation) upon cooling of 
the final product is permitted as long as it does not cause the final product to  fail 

8VSL is part of the Catholic University of America located in Washington, D.C. 
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the Environmental Projection Agency's Toxicity Characteristics Leaching Procedure 
(EPA TCLP) test, or impair the glass forming or handling properties of the glass 
(e.g., create excessive breakage in gems). Silo 3 glasses are more prone to  
devitrification because the glass is more "basic" (which generally implies less glass 
formers) in nature than the Silos 1 and 2 glasses. The silo glasses devitrify and 
form crystals at their liquidus temperatures much like their igneous "ultra basic" 
mineralhock counterparts. Below is the general characterization of glasses (and 
igneous rocks): 

- Acid Mostly made of glass formers. Over 65 w t %  silica. 

Basic Contains 45 w t %  to 55 wt% silica. Generally rich in ferro- 
mag n es i u m type mi ne r als .. 

Ultra Basic Contains less than 45 w t %  silica. Contains significant amounts 
of alkali and alkaline metal oxide, etc. Prone to  form crystals 
like spinels, etc. 

The study of igneous rocks and minerals gives additional insight of how the silo 
glasses may behave and what precipitates and crystals may form within the 
glasses, provided conditions are right. 

2.1.7 Additives 

Additives are necessary t o  impart therdesired properties necessary to  make glass in 
the Melter. The following paragraphs list and summarize additives used during the 
development program. A brief summary is provided t o  discuss the effect of the 
additives. 

Fluxes: these lower the melting point of the glass formers. 

- Sodium oxide (added as soda ash, Na,CO,) 
Calcium oxide (added as chalk, CaCO,) 
Lithium oxide (added as lithium carbonate, Li2C03) 
Boron oxide (added as boric acid or borax pentahydrate) 

- 
- 
- 
- Fluoride (metal fluorides) 

All fluxes lowered the viscosity of the glasses and.all, except fluoride, could be 
used as fluxes in the final glass formulas. Lithium (Li) is the most effective flux 
(produces the highest waste loading), but is also the most expensive. Boron (B) is 
the next most expensive. Studies may be necessary t o  determine if the extra 
material costs are warranted. 

Modifiers: impart some desired property t o  glass. 

- Aluminum oxide -- used to  help the dissolution of phosphates 
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into the glass and improve durability of the glass (added as 
alumina). 

- Boron oxide -- used to make the melt more vitreous and help 
prevent devitrification of the glass upon cooling (added as boric 
acid or borax pentahydrate). 

- Calcium oxide -- used to stabilize the glass and possibly aid in 
the handling and destruction of sulfates in the glass (added as 
chalk, CaCO,). 

- Urea -- used as a reductant. It is used successfully to destroy 
sulfates without reducing lead from the glass melt. 

2.1.8 Additive Moisture and TvDe vs. Cost 

The feed system to the Melter is only capable of pumping slurries up to  some 
certain wt% solids (possibly, 50 wt%). The extra moisture may be in the form of 
hydration. Even though it is water, water of hydration adds to  w t %  solids from a 
pumping standpoint, but actually reduces the wt% of solids delivered to the Melter 
from a vitrification standpoint. Therefore, chemicals with lower water of hydration 
are preferred. However, with some chemicals there may be no choice because 
once they are introduced into the water, they will automatically hydrate to  a level 
they naturally prefer. 

2.1.9 Retention Time 

Melters in the commercial glass industry tend t o  be large with long retention times. 
Long retention times, on the order of several days, are required to  make a good 
optical glass. This is because it takes time for all chemical reactions to  come to 
completion. What is more important, it takes time for the gases and minute 
bubbles t o  leave the bath and all thermogradients in the glass to  disappear and give 
an optically pleasing glass. However, this is not necessary in making a waste glass 
destined for disposal. Melters tend t o  make glass that is more durable and do 
better with the TCLP test than the crucible melts. This is largely because the glass 
generally spends more time forming in the Melter. The crucible melts are heated 
between one and four hours. The retention time in the Melter is normally several 
hours to  a couple days. 

For silo materials and surrogates, retention time is closely related to  sulfate 
destruction and cold cap formation, which is in turn, is related to  the production 
rate. If the retention time is too short, sulfate layers can form because the sulfates 
are not being destroyed fast enough. Likewise, a cold cap will form, when the 
production rate limit (for a given glass formula, temperature, agitation, etc.) is 
approached. 
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2.2 Startur, Glass 

The startup glass was picked from a series of historical glass melts not related to  
the OU4 project. However, the properties of these glass melts had characteristics 
desirable as a startup glass -- for example, startup glass is used to  "season" the 
melter and seal the refractories prior to the introduction of potentially corrosive 
glass formulations. The startup glass is sometimes referred to  as the "Wet-I 6" 
glass'. Other parameters for the glass were: 

1. The glass must contain no toxic/RCRA components. 

2. The glass must be clear and colorless so color changes, indicative of 
process, could be seen in the glass produced. 

3. The glass must. be non corrosive to  the Melter parts. This is the main 
reason for placing zirconium in the glass. Zirconium has been known 
t o  coat refractory bricks and limit corrosion/erosion. 

4. The glass must assist bake-in and sealing the refractories in the Melter 
during Melter startup. The VitPP Melter glass was preformed into 
glass frit and then directly added to  the Melter during bake-in and 
startup of the Melter. 

5. The glass must be relatively inexpensive. 

Tables 2-1 , 2-2, and 2-3 list relevant chemical and physical properties for the VitPP 
Melter startup glass. 

9r'Wet" refers t o  a series of laboratory crucible melts performed to  develop the glass 
chemistry for a non-Fernald related project at VSL. However, some of these 
glasses have the properties desirable for the VitPP's benign glass. The one chosen 
was the 16th melt; thus, "Wet -1 6." 

2-6 



4 6  1 

A1203, aluminum oxide 
B203, boron oxide 
CaO, calcium oxide 
CaCO,, calcium carbonate 
Na,O, sodium oxide 

VitPP Phase I Interim Treatability Study Report -- Campaign 1 
. 401 10-WP-0001 

Startup Glass Startup Glass Mix 
Wet-I 6 Slurry Feed, Typical 

Component (wt%) Component (wt%) 

10.92 10.92 
10.58 
14.56 

14.53 
25.99 

Table 2-1 
Startup Glass Makeup and Properties 

-Na2B,07, borax 
Na2C0,, sodium carbonate 
Si02, silicon dioxide 

Total 
ZrO,, zirconium oxide 

15.29 
20.14 

45.41 45.41 
4 4 

100 121.74 
Clear and colorless 

< 850°C 

Appearance upon cooling Above amount will make 
100 units of startup glass. 

Liquidus Temperature 
Density, g/cm3 2.6 I I 
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I Temperature ("C) 
1000 

. Table 2-2 
Temperature vs. Conductivity for Startup Glass 

Conductivity(S/cm) I 
0.09 

1050 
1100 

0.1 1 
0.1 5 

Table 2-3 
Temperature vs Viscosity for Startup Glass 

I Temperature ("C) 
1000 
1050 
1100 
1150 
1200 
1250 

- 

Viscosity'(p0ise) I 
588 
258 
135 
79 
51 
35 
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2.3 
\ 

Electrode Glass 

The electrode glass is a benign (or clean) glass that is placed in the side chambers 
to protect the molybdenum' electrodes from oxidation and corrosion and conduct 
electrical power from the electrodes to the partition wall. The electrode glass, 
C4EG-1 O'O, was selected from a series of 1 4  crucible glass melts. The electrode 
glass's composition and properties are listed in Table 2-4. A criterion for 
performing the melts was to  select a glass with the following properties: 

1. Same density as the proposed surrogate waste glass, 2.6 g/ml. 

2. Conductivity four times the proposed surrogate waste glass, 0.9 S/cm 
at 1300°C. 

3. Appropriate viscosity in the temperature range of 1200°C t o  1350°C 
(i.e., 43 poise at 1300°C.) 

4. Liquidus below 1000°C. 

5. No significant volatility of glass components (0.5 wt% max) after 72  
hours at 1350°C. 

6. Minimal corrosion of molybdenum, E-brickTM, and K-3TM'1 brick 
(Melter's refr.actories) after 7 2  hours at 1400°C. 

Included in Table 2-4 are analyses of samples taken of the electrode glass from the 
East and West chambers after Campaign 1. Notice that some of the startup glass 
from Campaign 1 has flowed into the electrode glass. This is evident by the lower 
lithium concentration and the appearance of boron in the glass. Knowing the 
components that make up the startup glass (as shown in Table 2-4) one can 
calculate the amount of startup glass that flowed into the electrode glass. 
Approximately 18% of the side chamber glass comes from the main chamber glass. 
This number was evaluated using both lithium and boron concentrations as a basis. 
Tables 2-5 and 2-6 show the change in glass viscosity and conductivity with 
respect to  temperature. 

. 

''A series of crucible melts t o  determine a good electrode glass was performed. 
The series is called C4EG for "CRU4 Electrode Glass" and the "-1 0" is the 10th 
melt done in this series. 

"E brick and K-3 bricks are trademark names for high-chromium containing 
refractory bricks supplied by Carborundum. The E brick contains very high 
chromium, and is therefore, there.is more conduction and is used for the Melter's 
partition walls. 
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Table 2-4 
Frit and Chamber Glass Makeup and Properties 
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I Temperature ("C) 
1150 
1200 
1250 
1300 
1350 
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Viscosity (poise) 1 
144 
91 
61 
43 
31 

Table. 2-5 
Temperature vs. Viscosity for Electrode Frit Glass 

Electrode Frit Glass 
Temperature ("C) Conductivity (S/cm) 

1000 
1050 
1100 
1150 0.36 
1200 0.51 

East Chamber Glass 
Conductivity (S/cm) 

0.238 
0.336 
0.461 

1250 
1300 

0.69 
0.92 
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3 .O VitPP SYSTEMS 

The operation of various systems in the VitPP during Campaign 1 is detailed in the 
following subsections. Figure 3-1 is a process flow diagram which shows the movement 
of material through the VitPP. Deviations from this diagram are noted since some systems 
were not required to  operate during Campaign 1. 

3.1 Feed PreDaration 

The equipment for introducing additives to  the feed includes a standard industrial 
bag slitting and dumping station. The bag dump station has its own ventilation fan 
and includes filters to  control fugitive dust during the dumping operation. The 
surrogate and additive materials, which are introduced as dry powders, are 
pneumatically conveyed to a filterheceiver unit. Exhaust from the filterheceiver is 
vented by a vacuum blower (that draws through a HEPA filter unit) prior to release 
through the VitPP exhaust stack. 

Solids from the filterheceiver fall into one of two  slurry tanks for mixing with 
water. Slurry is agitated with turbine agitators and re circulated with double- 
diaphragm slurry transfer pumps to  maintain the slurry in suspension. The slurry 
transfer pumps re circulate the slurry through either (1  ) a short loop directly back to 
the slurry tank or (2) through a longer loop to the Melter Feed Pump and back to  
the slurry tank. 

During Campaign 1 1 2 ,  all of the slurry feed ingredients were added directly to  one of 
the Slurry Tanks (A or B). The Thickener Tank was not used. Water was added to 
a Slurry Tank. Dry ingredients were pre weighed and added to a Slurry Tank via 
the pneumatic transfer system. The slurry was mixed using the tank agitators and 
re circulated through the Melter feed loop for feed to  the Melter or through the 
bypass loop if the slurry was being held in standby. 

Throughout Campaign 1, the feed preparation and slurry systems provided many 
operational challenges. The pipes of the pneumatic material transfer system and 
the slurry re circulation and Melter feed system frequently clogged. Clogging was a 
result of t w o  primary issues: (1) poorly designed piping with too many 90 degree 
bends, horizontal sections, and dead sections with too few access ports for 
flushing and cleaning; and (2) the physical and chemical characteristics of the 
slurry. In combination with the clogging issues, components of the slurry transfer 
pumps and Melter Feed Pump wore down rapidly with constant exposure to  the 
abrasive slurry. 

'*It must be noted that during this phase of testing, all materials are added through 
this system and therefore large quantities must be processed manually. During 
operations with slurry from the thickener, the quantities of additives will be reduced 
significantly as would be the case with actual remediation. 

3-1 



I -  

I 

I 
I I I lostrot 

! ‘ I  ! I 

I , _ ”  .I t-j 
I r-‘1 I i-w- 

[- =< 
w 

I- 

nu 

“ I 1  

- 1  Rwoo +I 
UNITED STATES 

DEPARTMENT OF ENERGY 
FERNALD ENVIRONMENTAL MANAGEMENT PROJECI 

.I..--- 

FLUOR FERNALD DANIEL 9 
SILOS PROJECT 

QOIuLQ.0 

VitPP Process Schematic 
Figure 3-1 



VitPP Phase I Interim Treatability Study Report -- Campaign 1 
401 10-WP-0001 

The diaphragms, balls, and seats, of the double-diaphragm slurry transfer pumps 
well as the seals on the Melter Feed Pump were frequently replaced. 

as 

While the inherent problems of the system still exist, Operations and Maintenance 
personnel have developed techniques to lengthen the life of the components and 
quickly replace or rebuild the components when they do fail. 

Operational experience gained during Campaign 1 also provides evidence that the 
agitation system in the tanks and the shape of the tanks are inadequate. The . 

agitator is incapable of independently mixing the slurry and preventing solids from 
depositing on the bottom of the tank. This is a critical issue considering the 
frequency that the slurry transfer pumps fail. Even with the combined mixing effort 
of the slurry pumps and the agitator, the slurry is not homogeneous throughout the 
batch. Operations personnel have learned to  anticipate the changing percent solids 
of the slurry and the effects it has on the Melter. 

Examination of the slurry tanks after a series of batches revealed that the current 
configuration of the tanks is inadequate for the slurry preparation and feeding 
process. Significant quantities of material are retained in the tank due to the 
various ledges and access ports in each tank. This design oversight was addressed 
with a combination of forgiving slurry formulas and occasional labor-intensive tank 
cleanings. Redesign of this system will be considered prior to  Phase II testing. 

3.2 Melter. Glass Formina. and Water Cooling 

3.2.1 Vitrification and the VitPP Melter 

Glass is normally an excellent electrical insulator. However, glass does become 
conductive when it melts at high temperatures. Once glass becomes soft, its 
ability t o  conduct electricity increases with temperature, although it always offers 
some electrical resistance to  the electricity flowing through it. This resistance 
results in heat. "Joule" heat is the name given for heat that is generated from 
electricity passing through a material. The glass, itself, generates the heat in a 
joule-heated melter. 

Electrical power, and thus heat, is added to  the molten glass via the in-bed 
electrodes. A secondary heat source is required t o  initially melt glass before the 
electrodes are inserted into the molten glass and energized. The electrodes are not 
functional yntil the glass softens and becomes conductive. Electrical resistance 
heaters above the bath (molten glass in the Melter) provide the heat t o  melt the 
startup glass and initiate the joule-heating process. 

Slurry feed enters the Melter from the top and collects on the surface of the bath. 
Typically, joule-heated melters operate with a "cold cap." The cold cap is defined 
as a mass of solid materials that collects on top of the molten glass after entering 
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the melter. When the materials come to temperature, technically, they do not melt, 
but rather, dissolve into the molten glass like sugar into water. This is evident 
because most of the constituents in the glass have higher melting points than the 
glass itself (e.g., Si02 and CaCO, both melt above 1700OC). 

Melter production is largely dependent on the rate of the dissolution at the cold- 
cap/molten-glass interface. Increased agitation and temperature can increase this 
rate. However, constituents that do not readily dissolve in the melt can form 
layers at the interface or wick into the cold cap. These effects can hinder (or even 
poison) dissolution, and thus, decrease the glass production rate. Conversely, 
these effects can increase the production rate if they help to  conduct the heat into 
the cold cap without poisoning the dissolution. 

A melter that is not operating with a cold cap is probably not working at full 
capacity, unless the Melter cannot deliver more power to  the glass melt. The VitPP 
Melter appears to  be no different. A change in glass chemistry can help match 
parameters with the Melter to increase power delivery. 

The general arrangement of the Melter is shown in Figure 3-2. The Melter was 
designed and manufactured by GTS Duratek. Some parts of this melter design are 
proprietary and/or patented by GTS Duratek.  
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3.2.1.2 Wet Feed 

The wastes from the silos will be removed from the silos as a wet slurry. Early 
designs for the VitPP included a dryer which sent dry feed t o  the Melter. However, 
this was eliminated when it was found that the Minimum Additive Waste 
Stabilization (MAWS) P r ~ j e c t ' ~  melter ran with high rates with a wet slurry feed. 
Also, some of the steam flashing concerns about placing water atop molten glass 
were eliminated. 

Glass is a poor conductor of heat. Therefore, glass cannot deliver heat fast enough 
to  boil water fast enough t o  cause a steam excursion at the surface. Water 
actually puddles and/beads on the surface of molten glass and boils. Large 
quantities of water would have t o  be injected into the interior of the glass melt bath 
to  cause a steam excursion. 

It is possible for a melter t o  perform better with a wet or slurry feed. The agitation 
of the boiling water can enhance heat transfer and dissolution of the slurry 
constituents into the molten glass. There have been some melter studies that have 
started as dry feed systems, but their production rates were less than expected. 
The dry feed formed a stagnate interface with molten glass. However, when the 
same feeds were fed wet, the production rates increased, even though more heat 
was needed by the Melter t o  boil the water. 

3.2.1.3 Melter Discharae 

Molten glass can be discharged from the Melter in a continuous or batch mode. The 
continuous mode is accomplished by the molten glass passing through the 
discharge chamber and out the discharge trough. The batch method is 
accomplished by using a unique air lift feature located in the bottom of the 
discharge chamber. The air lift injects air bubbles that lift molten glass into the 
discharge chamber over the edge of the trough. The rate of discharge can be 
controlled by the rate of air f low applied. The air lift gives flexibility in the control 
of glass flow through the Melter and to  the Gem Making Machine. The ability of 
the Gem Making Machine (discussed later) appears to be largely dependent on the 
ability of the Melter to  deliver a consistent stream of molten glass. 

13The MAWS is a vitrification process installed in Plant 9 at Fernald. It also has a 
joule-heated melter, but it has only one chamber with lnconel 690TM plate 
electrodes. Its maximum operation temperature was 1 150°C. -Its capacity was 1 /3  
to  I MT/d. The vitrification process was linked to  other waste minimization 
processes t o  establish synergy in waste volume reduction and minimization of the 
need for addition additives, hence its name, the Minimum Additive Waste 
Stabilization Project. 
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3.2.1.4 Melter Coolina and Wall Desian 

The VitPP Melter’s walls are designed for air cooling. This requires the melter to  
have thicker walls and insulation when compared to  common water-cooled melters. 
Both air and water-cooled melters require a temperature drop across the thickness 
of the walls to  prevent the seepage of molten glass past the refractory bricks. The 
VitPP Melter’s walls need t o  be and are rather thick to  keep the exterior 
temperature of the Melter within reasonable limits ( s  100°C). Water-cooled melter 
walls are thin because cooling plates are placed on the walls to  absorb the extra 
heat and drop the temperature to  prevent the flow of glass through the wall. Also, 
water-cooled melters are prone to  damage in the event of power failures and other 
unexpected shutdowns. The extra mass of the walls in an air-cooled melter stores 
heat and helps keep the melter warm. The VitPP Melter appears that it could hold 
enough heat for about 8 hours before the glass gets too cold (900 “C). The VitPP 
Melter also has amintermediate shell made of Inconel”, to stop the flow of glass 
should it start to advance. 

Cooling of the molybdenum electrodes, where exposed to air, is essential because 
molybdenum will start t o  oxidize in air at 400°C and burn at higher temperatures. 
Therefore, the electrode holders are water-cooled t o  drop the temperature of the 
molybdenum electrodes below 400°C within 15 cm of the hot side of the Melter 
wall. Molten glass flows around the inner portion of the electrode and freezes to  
prevent oxidation. The electrode can wear down with use requiring more electrode 
material to be inserted. This is done by temporarily turning off the cooling water 
and letting the glass around the electrode soften until the electrode can be pushed 
in with a new section of molybdenum added. 

The feed ports and drains are also water-cooled. Drains work by freezing glass 
above the drain pipe with cooling water. Then, when needed, the cooling water is 
turned off, the glass plug thaws and a mechanism is used to  push the plug into the 
Melter before backing out the mechanism t o  allow the glass to flow out. 

3.2.1.5 Melter Refractories and ODeratina Temperature 

Most commercial melters are made of alumina or alumina/zirconium type 
refractories because they do not impart color to  the glass and they have fairly good 
erosion/corrosion resistance against normal glasses. However, these refractories 
would not be effective against the erosiveness of the silo wastes. Also, a good 
portion of the waste is alumina which makes alumina refractories less desirable. 
Refractories high in chromium are commonly used for this application. The major 
drawbacks with chromium refractories are that they are expensive and they may 
need to be treated as Resource Conservation Recovery Act (RCRA) material when 
the melter is dismantled. 

The refractories in the Melter walls and the partition walls are expected to  allow 
operating temperatures above 1400°C; however, the lives of these components 
and melter would be greatly reduced. Therefore, the stated melter design 

-. . 
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Feed Moisture -- evaporate 

Gas Generation 

temperature is 1400°C with a maximum operating temperature of 1350°C. Direct 
temperature measurements of the bath, using thermocouples in thick platinum 
thermowells, are presently working well. However, this may not always be 
possible because the thermocouple wells may corrode/erode away. Correlations 
with other thermocouples in the Melter and other methods t o  determine the bath 
temperature are being developed and are presented in this report. 

53.26 -- 1,031 54,900 

195 2,200 11.52 -- 

3.2.2 Mass and Enerav Balance Around the Melter 

In-leakage & bubbler 

Radiant/convection shell 
loss 

Cooling -- Electrodes 

Cooling -- Ports 

Vitrification, glass 

Cooling -- Drains 

Lid heater banks 

Large amounts of mass and energy pass through the Melter during the vitrification 
process. Most of the mass transfer takes place in the center chamber; 'however, 
energy transfer takes place in both the side and center chamber. The amount of 
power that needs to be supplied to  the Melter by the electrodes is the summation 
of all the heat losses throughout the Melter. Table 3-1 contains calculated heat 
loss for the Melter producing 1 MT/d of startup glass (known as Wet 16 glass) 
from a 50 w t %  slurry. 

195 13,000 

52,000 52,000 

-- 10 500 5,000 

5 3,000 14,400 
-- 4 3,500 13,700 

408 17,000 

2 -1,000 -2,000 

66.67 -- 
-- -- 

-- 

41.76 -- 
-- 

Notice, that the lid heater banks are shown as negative values because they are 
minimally energized t o  prolong their lives. The basis for the numbers is summarized 
in Table 3-2. 

Total 

Table 3-1 
Melter Heat Loss 

-__ 
170,200 -- -- -- 

Power Requirements I kg/hr I Each watts/u ni t (a watts 
Amount q' I Amount 
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Table 3-2 
Melter Heat Loss Calculation Basis 

Power Requirements 

Feed Moisture -- evaporate 

Gas Generation 

In-leakage & bubbler 

Radiant/convection shell loss 

Cooling -- Electrodes 

Cooling -- Ports 

Cooling -- Drains 

Vitrification, glass 

~ ~~ 

Lid heater banks 

Basis 

Heat t o  boil and raise the temperature of water vapor to  
exhaust temperature, X"C. 

Heat t o  the temperature of air t o  exhaust temperature, 
X"C. 

Heat t o  the temperature of air t o  exhaust temperature, 
X"C. In-leakage is assumed 30 scfm and the bubbler 2 
scfm for the calculations in the chamber. However, the 
in-leakage has been determined to  be as high as 80 to  
100 scfm. If so, this can increase the heat demand 
approximately 20 to 40 more kilowatts. Air in-leakage 
from the discharge chamber is already preheated t o  
approximately 1 250"C, and therefore, requires no 
additional heating. 

The MAWS melter (located at the Fernald Site and of 
similar construction) lost approximately 1 6,600 watts at 
1 150°C and has a surface area of approximately 1 16 
ft2. The VitPP has approximately 338 'ft2 and is at 
1250°C. Therefore: 

q, = 16,600 watts x (338 ft2/1 16 ft2) x 
(1 25O"C-2O0)/( 1 1 5O0C-20"C) 

q, = 52,000 watts 
~~ 

Calculated by the amount of heat that can pass along 
the axis of a 3-in molybdenum metal cylinder between 
the temperatures of approximately 1 150°C and 400°C. 

Reference 

Reference 

Heat capacity, C,, of the glass was experimentally 
determined in the lab by pouring molten glass into water 
and measuring the temperature rise of.the water. The 
C, = 0.33 watt-hours/kg"C. This equates t o  17,000 
watts/metric ton to  heat the glass to  I-250"C. 

Measured in the field. 
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3.2.3 Enerav Balance Around the Side Electrode Chamber 

The ability to put power into the Melter is best understood by doing an energy 
balance around a side electrode chamber. Calculations showed that the electrode 
chamber would normally run cooler than the center chamber and this was proven in 
the campaign runs. Figure 3-3 shows the model used to  perform the calculations. 

The heat balance for the side chamber is mathematically as follows: 

Accumulation, a, = zin - Eout (Equation 3-1) 

a, = qb + q, + qp - qe - q, - q, - q, (Equation 3-21 

Each flux was individually broken down into equations and entered into fields in a 
spreadsheet so values could be calculated for different scenarios. Figure 3-4 shows 
the spreadsheet calculating the results for producing startup glass at 1 MT/d at 
1250°C from 50 wt% solids in the slurry. The basis for the temperature profile 
through the partition wall is given in the appendix. The temperature profile across 
the thickness of the partition wall is also shown in Figure 3-4. Notice that the 
partition wall can get hotter than the surrounding glass; however, this depends on 
the conductance of the center chamber glass conductivity, center bath 
temperature, and production rate of the Melter. Figure 3-5 shows the Melter 
producing the same glass at 3 MT/d. This glass rate puts undue hardship on the 
Melter because it requires high amperage. 

The Melter can behave quite differently from one glass to  the next. Compare 
Figure 3-4 against Figure 3-6. Both are producing glass at 1 MT/d at 1250°C from 
50 wt% solids in the slurry, but notice the difference in voltage, amperage, 
temperature profile of the partition wall, and the temperature in the side chamber. 
They are greatly different because of the differences in the conductivity of the 
glasses. This was evident when sodium carbonate was added directly to  the Melter 
to  reduce the viscosity of the glass during Campaign 1 (see Section 5.1 4). 
Increasing the temperature also changes the conductivity of the glass as shown in 
Figure 3-7. Notice that the conductivity of the side chamber glass and the partition 
wall also change. Together these show that the Melter is sensitive to  the 
conductivity of the glass and vice versa. They become more sensitive at higher 
production rates and the operating envelope narrows. This is because at high 
power the conductivity of the glass needs to  be just right so power can be put into 
the Melter at the proper volts t o  amps ratio. Figure 3-8 shows how this envelope 
looks. This envelope is only preliminary and will be refined with data from future 
Melter runs. 

I 
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Uelter Heat a Power Profile 

Scenario: Startup Glass (Wetl6) - 50 wt% Sluny, 1 tonnes/day g b  s, watts/an3: 

Te. 'Lc: 

Estimate k. WattsanlanZ-Ac: 
WasteGIass: Startup ElectrodeGIass: -10 4 an2: 

lnwk QwVQin: Tb.'Lc: 
Bath temp.. 'Lc 1.250 S. chamber temp, 'Lc: 1.138 1 .00 
Bath level. an 81.3 Gbss. tonneslday 1.00 Partdepth Temp. 

RodF.Gbnpel 08113191 
E-srosLw 

0.4937 
0.0577 
7.431 
1.138 
1250 

S.Chamberdepth. an 4.50 &an c ~ ~ , %  W,*c 

kg g- feed 
---- Feed rate, ilhr 72.00 

% Moisture 
0.58 Ah Inleakage, sdm 30 0.00 1.138 1.138 1.138 

50.00 &Ibbler. sdm 2 
Feed density, @an3 1.48 Radiint.heat sink, 'Lc: 450 

Amount Amount q' a 
Needed Power kghr each watwunit watts 

MoistlUk2 
Gasgeneration 
Inleakage & bubbkr 
R a d i i  ksses 
cooQlg-- 
Cootng-POrts 
ca0rIng-m 
v i m .  gbss 
Lid heater banks 

-- 
53.28 
11.52 
66.67 - 

10 
5 
4 

2 
41.76 

' 1.031 
195 
195 

52.000 
481.  

2.880 
3.425 
408 

(1 .000) 

54.932 
2246 

13,000 
52,000 
4,808 

. 14.400 
13.700 
17,038 
(2.000) ---- 

17323 19 M 170.124 

POWW condud. 
talc. 9an 

Left cham. 0.333 
0.096 

Mabr 0.310 
R.partition 0.096 
Rightcham. 0.333 

Total M 

Ac Qg 

44 4.788 

Resist Resist. Power Vol@+e 
o h m c m o h m  waits Dr0p.v % ----- 

3.00 0.0018 4.788 2.95 2.81 
10.38 0.0106 27.954 1721 16.43 
3.23 0.0397 104,639 64.43 61.51 

10.38 0.0106 27,954 1721 16.43 
3.00 0.0018 4,788 2.95 2.81 

,- 0.0645 170.124 104.76 100.00 
----- 

Amps: 1,623.95 
Q Qe Qd Qs Qw 

20.219 (2.404) (2.000) (5,019) (15.600) 
----- 

025 
0.50 
0.75 
1 .00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
325 
3.50 
3.75 
4.00 
4.25 
4.50 
4.75 
5.00 
525 
5.50 
5.75 
6.00 
625 
6.50 
6.75 
7.00 
725 
7.50 
7.62 

lIl50 
1.161 
1.171 
1.181 
1,190 
1.199 
1.208 
1215 
1223 
1 230 
1236 
1241 
1247 
1251 
1255 
1259 
1262 
1 264 
1266 
1266 
1268 
f269 
1269 
1.268 
1,266 
1265 
1262 
1259 
1256 
1252 
1250 

11142 * 1:146 
11145 
1.149 
1.153 
1.156 
1,160 
1.164 
1,167 
1.171 
1.175 
1.178 
1.182 
1.186 
1.189 
1,193 
1.197 
1.200 
1,204 
1208 
1211 
1215 
1.219 
1223 
1226 
1.230 
12% 
1237 
1,241 
1245 
1 248 
1.250 

1.153 
1.160 
1.166 
1,172 
1.177 
1.182 
1.186 
1,190 
1.193 
1.195 
1.197 
1,199 
1200 
1 200 
1200 
1,199 
1.198 
1.196 
1,194 
1.191 
1.188 
1,184 
1.180 
1,175 
1,169 
1,163 
1,157 
1.149 
1.142 
1.138 

watts 
20.27! 
19.36; 
18.44! 
17.52l 
16.61' 
15.69: 
14.77( 
13.851 
12.94; 
12.02! 
11.10( 
10,191 
92X 
8.W 
7.431 
6.52; 
5-60! 
4 . w  
3.771 
2.854 
1 .w 
1,011 
la 

(El! 
(1 .m 
(2.641 
(3,56( 
(4.484 
(5.401 

' (6.311 
C1a 
(7.67! 

1300 

1250 

Y 

f 1200 

L c 

1150 

1100 
0 

[Partition Temperature Profile] 
I 

2 6 8 
! 

Figure 3-4 
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Metteter Heat a Power Profile Rod F. Ginpel 

SCeMrio: Startup O b  (Wetl6) - 50 wt% Slurry. 3 tonnedday glur  s. wawan3: 0.7613 
Estimate k. ~at&cmlanz-'Lc: 0.0577 

Waste Glass: Startup EkQodeGbss: CIEG-10 4- 
Te. e: 

QoutlQin: Tb:Ac: 
1250 s. chamber temp. Ac: 1,242 1 .00 

lImul% 
Bath temp.. % 
8ath level. an 81.3 Glass, tonneslday 3.00 Pan depth 
s.chamberdepth, an 4.50 xan 
Feed fate. Uhr 215 Loprds; 

0.00 kg glass& feed 
% Moisture 50.00 Bubbler. sdm 
Feed dew, glan3 

0.58 Air Inleakage. sdm 

1.48 Radiint heat sink, e: 
Amount Amount 

w e d  Power kg/hr ad, 

Moisture 

Inleakage 6 bubbler 
Radiant losses 
C d i ~  - Electrodes 
Coohng-POrts 
Cooling - Drains 
vition. glass 
Lidheaterbanks 

Gasgeneration 

-- 
159.31 
34.44 
66.67 - 

10 
5 
4 

2 
124.86 

-- 
385.28 19 

P- Condud. Res i s t  Res is t  Power 
calc. slan ohman ohm watts 

Left cham. 0.657 1.52 O.ooo9 5,155 

Main 0.310 323 0.0397 222,065 

RigMcham. 0.W 1.52 O.WO9 5.155 

---- 
L partition 0.133 7.54 0.0077 43,109 

R. partition 0.133 7.54 0.0077 43,109 

30 
2 

450 
q' Q 

wawwlit watts 
-- 

1.031 164246 
195 6.717 
195 13.000 

52.OOO 52.000 
559 5.588 

2.880 14.400 
3.425 13.700 
408 50.944 

(1.OOO) (2.000) -- 
M 318.594 

vdtage 
b 0 P . V  % -- 

2.18 1-62 
1822 13.53 
93.87 69.70 
18.22 13.53 
2.18 1.62 ------ 

Total M M 0.0569 318,594 134.67 100.00 
Amps: 2,365.74 

Ac as Q Qe Qd Qs Qw 

5.155 22,005 

025 
0.50 
0.75 
1.00 
125 
1.50 
1.75 
2.00 
225 
2.50 
275 
3.00 
325 
3 s  
3.75 
4.00 
425 
4.50 
4.75 
5.00 
525 
5.50 
5.75 
6.00 
625 
6.50 
6.75 
7.00 
725 
7.50 
7.62 

. ~~ 

7.431 
1,242 
1,250 

--- 
1.242 1.242 1242 
1.254 
1.266 
1.277 
1,287 
1296 
1,304 
1,312 
1,318 
1,324 
1,329 
1.333 
1,337 
1,339 
1,341 
1,342 
1,342 
1,341 
1.339 
1,337 
1.334 
1.330 
1,325 
1.319 
1,312 
1,305 
1.297 
1,288 
1,278 

1956 
1950 

1,267 

1242 
1.243 
1243 
1,243 
1,243 
1,244 
1,244 
1244 
1,244 
1,245 
1245 
1,245 
1,245 
1,246 
1,246 
1 3 6  
1 246 
1,247 
1 247 
1247 
1 248 
1,248 
1 248 
1248 
1249 
1,249 
1,249 
1,249 
1,250 
1,250 
1.250 

1 iss 
1.265 
1276 
1286 
1295 
1.303 
1.310 
1.316 
1,322 
1,326 
1.330 
1.333 
1.336 
1,337 
1,338 
1,338 
1,336 
1,335 
1,332 
1.328 
1,324 
1.319 
1,313 
1,306 
1298 
1.290 
1,281 
1,271 
1260 
1 248 
1,242 

08/13/96 
E-STllXWA 

Q(X) 

22.005 
20,590 
19.176 
17.762 
16.347 
14.933 
13.519 
12.104 
10.690 
9276 
7.861 
6.447 
5.033 
3.618 
2204 

790 
(625) 

(2.039) 
(3.453) 
(4.868) 
( 6 2 W  
Q.696) 
(9.111) 

(10,525) 
(1 1.939) 
(13.354) 
(14.768) 
(1 6.182) 
(17.597) 
(19.01 1) 
(20.426) 
(21.104) 

watts 

i Partition Temperature Profile 1 
ljso ~ I I I 

I I I 
1340 

1320 

1240 

Figure 3-5 
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Moltor Heat & Power Profile Rod F. Gmpel 

Scenario: S e h  A G b  at 1 tonnefday glass, 50 wt% r l u y  s. wattslcm3: 02331 
k, 0.0577 

Waste Glass: C I A 0 3  ElectrodeGIass: CIEGlO A cm2: 7.431 
Te. F :  1,025 

ltmu Tb,F: 1,250 
Bath temp.. % 1250 S. chamber temp, "C: 1,025 1 .00 

S.Chamberdepth. an 4.50 x. an c only.% W*% 
Feed rate. uhr 72.00 m ---- 

0.58 Air Inleakage. sdm 30 0.00 .i,o25 1.025 1.025 
50.00 Bubbter, sdm 2 025 1,036 1,032 1.029 

k9 9- feed 
% Moisture 
Feed density, gan3 1.48 Radiant heat sink. "C: 450 0.50 1.047 1.040 1,032 

Amount Amount q' Q 0.75 1,058 1.047 1,035 
Needed Power kg/hr each waWunil walts 1.00 1,068 1.055 1.038 

125 1,078 1,062 1,041 
Moisture 53.28 1,031 54.932 1.50 1.088 1,069 1.044 
Gasgeneration 11.52 195 2,246 1.75 1.097 1.077 1,046 
Inleakage 8 bubbler 66.67 195 13,000 2.00 1.107 1.084 1.048 
Radiant losses - 52,OOO 52.000 225 1,116 1.091 1,049 

Bath level, an 81.3 Glass. tonneslday 1 .00 PaRdepth Temp. ConductiOnGeneration 

---- 

cooting - Electrodes 10 396 3,960 2.50 1.125 1.099 1.051 
Cooling-POrts 5 2.880 14.400 2.75 1.133 1.106 1.052 
COdbrg-Drains 4 3.425 13.700 3.00 1,142 1.114 1.053 
V i M .  ghss 41.76 408 17,038 325 1,150 1.121 1,054 
Lid heater banks 2 (1.000) (2.000) 3 s  1,157 1.128 1,054 

3.75 1,165 1,136 1.054 
173.23 19 na 169.276 4.00 1,172 1,143 1.054 

.425 1.179 1,150 1.054 
Power Conduct Resist Resist. Power Voltage 4.50 1,186 1,158 1.053 
calc Slcm ohmcm ohin watts DrO0.v % 4.75 1.193 1.165 1.053 

---- 

.. _ _  - 
5.W 1,199 1.173 1.051 

kfl Cham. 0.141 7.10 0.0043 3.778 4.03 2.23 525 1,205 1,180 1.050 
------ 

L partition 0.068 14.68 0.0150 13.198 14.07 7.80 5.50 1211 1.187 1.049 
Man 0.080 1250 0.1538 135.323 14424 79.94 5.75 1,217 1.195 1.047 
R.partition 0.068 14.68 0.0150 13.198 14.07 7.80 6.00 1.222 1.202 1.045 
Riahtcham. 0.141 7.10 0.0043 3.778 4.03 2.23 625 1.227 1.210 1.042 --- - - 

6.50 1,232 1,217 1,040 
Total M M 0.1923 169,276 180.43 100.00 6.75 1,236 1.224 1.037 
------ 

Amps: 938.16 7.00 1.240 1232 1.034 
Ac c19 8( Qe Qd as Qw 725 1,244 1,239 1.030 

7.50 1248 1246 1.027 
81) 3,778 19259 (1.980) (2.000) (3.489) (15,600) 7.62 1,250 1,250 1.025 
- - - - - .-. 

Q(x) 

19.2: 
18.81 
18.1 
17,s 
17.52 
17.a 
16.a 
1 6 2  
15.76 
15.3 
14,s 
14.4s 
14.N 
13.E 
13.15 
12.7( 
1 2 3  
11.81 
11.a 

' 11.0: 
10.R 
1o.v 
9.7: 
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H e b r  Heat a Pomr Profile 

Scenario: Startup Glass (Wens) - 50 wt% Slumy, 1 tonneslday glass s. wawan3: 0.5181 
GWte k. wattsanlan2-%: 0.0577 

Startup ElectrodeGlass: C4EG-10 4 an2: 7.431 
Te. %: 1,204 
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Bath temp., ’C 1.350 s. chamber temp. %: 1,204 1.00 
Bath level. an 81.3 Glass. tonneslday 1 .oo Partdenth Temp. Conduction Generation 
s.Chamberdepth. an 4.50 
Feed rate, Llhr 72.00 lnQuts 
kg glassR feed 0.58 Air Inleakage. schn 30 
K Moisture 50.00 Bubbler, scfm 2 
Feed density, glan3 1.48 R a d i i  heat sink, %: 450 

Amount Amount q‘ a 
Needed Power kghr each wattdunit watts 
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---- 
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3.2.4 Glass Form 

The VitPP is equipped to turn the molten glass into gems. Gems are hemispherical 
pieces of glass that look like "flattened marbles." The VitPP has a conveyor-type 
Gem Making Machine that is connected to  the discharge chamber of the Melter. 
Gems are made by cutting the molten glass stream from the Melter into individual 
pieces, called gobs. The gob cutting mechanism, shown in Figure 3-9,'is composed 
of t w o  rotating cylinders that turn into each other. One cylinder is made of steel 
and has hollowed grooves that capture the falling glass as it turns. The crest of the 
grooves then touch the opposing smooth cylinder made of graphite and 
momentarily pinches off the flow (or cuts) the glass. The glass gobs fall onto a 
conveyor where they are quickly cooled and solidified. However, before the glass 
solidifies, the gob has time to  form a puddle on the plate and pull itself together as 
a gem because of surface tension. 

The VitPP has produced gems and monolithic pours into drums but not enough of 
either have been made to  effectively determine which is better for OU4. Some 
glasses (monolithic pours) will devitrify when poured into slowly cooling drums. 
Bench studies showed that devitrification did not happen for any of the silo glasses 
when made into gems. However, the Series C and D glasses did devitrify (turned 
a milky color -- mostly green) when cooled slowly. Consequently, better volume 
may be gained by using gems to prevent devitrification. This is because the 
monolithic glass would have to  be made with a much lower waste loading, with a 
resulting increase in volume, to prevent devitrification within the drum. Also, the 
drums may not be poured completely full because they will need to  be moved with 
molten glass in them during full-operation. Series A glasses show promise that 
they may not devitrify even with slow cooling. This is probably because of higher 
silica and lesser phosphate content in the Series A glasses. 

The void fraction for the gems will be measured once the production of gems is 
perfected in later runs. Gems typically have a void volume of approximately 20% 
to 30% which is better than marbles and significantly better than frit or cullet 
which is 50% void volume. 

Another consideration is the high cost of containers designed to withstand the high 
temperature of molten glass. The integrity of the container will be monitored during 
the monolithic. pours. The outside surface of the drums poured thus far, at 
1 250°C, melter temperature, appear to have withstood the heat. 
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3.2.5 Water Coolina for the Melter and Gem Makina Machine 

The Melter and the Gem Machine have a separate devoted water cooling system. 
The water is fed to the electrode holders, ports, and parts of the Gem Making 
Machine to  keep components from overheating' and stop the advance of molten 
glass into the ports. The cooling water is recycled. Heat is removed from the 
cooling water by an air-cooled radiator. The temperature and flow rate of the water 
leaving each port, etc., are measured and recorded. High purity water is needed to 
limit high-temperature corrosion/erosion problems. The cooling water originally 
contained an antifreeze (50/50 mixture of water and glycol); however, it was later 
discovered the antifreeze contained a small concentration of chloride that may have 
lead to  corrosion problems. It is questionable if the low amount of chloride could 
cause the corrosion problems, but it was removed from the cooling system during 
Campaign 1 for assurance at this time (see Section 6.4). This is being investigated. 

3.3 Off-aas and Film Cooler 

Sources of off-gas are the Melter and the VitPP tank vents. The off-gas treatment 
system consists of a Film Cooler, Quench Tower, Scrubber, Desiccant Tower, 
radon absorption carbon beds, HEPA filters, blower and stack. The temperature of 
the hot Melter off-gas (800 "C) is reduced by the Film Cooler and direct heat loss 
through the pipe wall to the surrounding atmosphere. The Quench Tower then 
receives the Melter off-gas and cools it further using recycled water. The off-gas 
from the Quench Tower flows into the ScrubberNenturi system for removal of 
sulfur oxides using caustic solution. Next, the off-gas flows to  the Desiccant 
Tower which reduces the water content of the off-gas to  15 percent relative 
humidity (I 5% Rh) using a deliquescent material such as calcium chloride (CaCI,). 
Since no radon (Rn-223) producing material will be processed during Phase I of the 
VitPP, the carbon beds are bypassed. HEPA filtration for final particulate removal is 
the last off-gas treatment step prior to discharge through the exhaust fan and the 
stack. 

As discussed in Section 5.1 6.1, the Desiccant Tower was overwhelmed by the 
moisture entering it. The exit off-gas was about 57% RH until the two-week idle 
period at the beginning of July when the desiccant was allowed to  dissolve away. 
Afterward the Desiccant Tower did no dehumidifying. Different dehumidifying 
technologies are being investigated for future designs. 

During Campaign 1, the Scrubber was operated with water only (no caustic). The 
split in the Scrubber re circulation loops was 8 gpm to the packed tower and the 
rest to  the ejector-venturi. The Desiccant Tower was charged with the 
deliquescent desiccant tablets. All the various tank vents were initially open to  the 
off-gas system and balanced per procedure. The tank vents-were closed early in 
Campaign 1 because of problems holding sufficient negative pressure in the Melter. 
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3.4 Recvcle Water 

The recycle water loop starts with the Recycle Water Tank which holds a controlled 
inventory of recycle water. Recycle water is pumped from the Recycle Water Tank 
by one of two recycle water pumps to the Quench Tower form melter off-gas 
cooling via direct, water-spray contact. Recycle water collects in the base of the 
Quench Tower and is pumped by one of t w o  Quench Tower pumps to  the Heat 
Exchanger where the recycle water is cooled against Cooling Tower Water. The 
recycle water then flows to the Thickener which runs full and overflows to  the 
Recycle Water Tank to  complete the loop. Additionally, recycle'water is piped t o  
various slurry lines for flushing purposes. 

The recirculating flow (Recycle Water Tank to  Quench Tower to  Heat Exchanger t o  
Thickener and back to  Recycle Water Tank) was initially about 27 gpm vs. a design 
flow of 40 gpm. This was initially attributed t o  plugging of the spray nozzles in the 
Quench Tower. It was determined that 27 gpm water f low to  the Quench Tower 
was acceptable for startup. 

3.5 Data Gatherinq 

The Vitrification Pilot Plant System (VPPS) is an ORACLE-based system developed 
t o  provide data management support for the VitPP. ORACLE is a data base 
program by ORACLE Corporation that is leased and used at the Fernald site. The 
database contains specific tables, fields, and programs t o  support the VPPS. VPPS 
acts as a central repository for several types of data collected during the operation 
of the VitPP. The system consists of a central database and related data collection 
and reporting software as shown on the simplified Data Flow Diagram, Figure 3-1 0 
below. 

3.5.1 Svstem Overview 

The core of VPPS is an ORACLE-based relational database running on one of the 
FEMP's VAX (trade name of computer) mainframe computers. Data from the 
various VitPP data streams are loaded into this data base. 

The operation of the VitPP currently produces data streams from the following 
sources: 

1. Process data is collected via the Foxboro Distributed Acquisition and 
Control System (DACS). The Foxboro system automatically records 
and temporarily stores the plant process data. The system has data 
storage capacity for approximately 24 hours. After this time period, 
the stored data is overwritten and replaced with current data. The 
Foxboro acquisition cycle is approximately 1 minute. Three programs 
perform the data transfer t o  ORACLE: 
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IMMRUN, which is a computer program, sends the data for 
selected data tags to a port on the VitPP control FOXBORO. 

GETDATA.WAX is a computer program that creates data files 
from the IMMRUN output. Files are saved locally until picked up 
by the computer program VPPSLOAD. 

VPPSLOAD computer program copies the waiting files to  the 
FEMP network and loads the files onto ORACLE. All files are 
saved in the ARCHIVE program; rejected files are saved in a 
separate directory known as BAD. 

2. Analytical data from on- and off-site labs as well as the VitPP lab will 
be available in the site FACTS (Fernald Analytical Computerized 
Tracking System). 

3. Operations log book information such as the Test Coordinators' Log, 
Shift Turnover Log, and operator's comments may be manually keyed 
into the data base using the VPPS Data Entry Module. This module is 
accessed using the FACTS system in a manner similar to  the analytical 
VPPS combines these data streams into a set of tables that can be. 
accessed for reporting and analytical data. VPPS combines these data 
streams into a set of tables that can be accessed for reporting and 

4. Data from shift Roundsheets and other special data collection sheets 
may be entered into the ORACLE data base manually using the Data 
Entry Module. The Roundsheet data are collected by plant operators 
on a routine time cycle throughout an operating shift. 

VPPS combines these data streams into a set of tables that can be accessed for 
reporting and analysis. 

3.5.2 ReDortinq 

The VPPS database is accessed through the VPPS Reporting Application available 
on the Local Access Network (LAN) t o  selected users. Individual data tags or 
groups .of data tags as specified by the user may be accessed on an hourly 
averaged basis or a minute-by-minute basis. Reports may be printed or read to  file. 
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4.0 DATA ACQUISITION AND PROCESS CONTROL 

4.1 Data Acauisition 

For Melter control, the process instrumentation system and Melter observation 
points provide the ,means to measure and respond to  changes in the Melter 
vitrification pro cess to ma i n t a i n stead y-st ate conditions . The f o I I o w i n g re a I -t i me 'I 
parameters are measured or observation noted: 

Melter Chamber 

Glass temperature - thermowells into the waste chamber glass 
Amperage, voltage, and power Silicon Control Rectifier (SCR) to  resistance 
heaters - SCRs 3, and 4 t o  resistance heaters for the main chamber lid and 
the glass discharge chamber 
Agitation - air flow rate to  bubblers 
Glass discharge - air pressure to  the glass air lift between the main chamber 
and the discharge chamber 
Glass level in the main chamber - observation ports 
Glass surface of melt - observation ports 
YO cold cap and appearance - observation ports 
Foaming - observation ports 
Response time to  changed conditions - process instrumentation recorded on 
the Data Acquisition and Control System (DACS) 
Chamber glass - periodic sampling 
Feeder tubes - surface thermocouples, cooling water temperature, and 
water flow rate 
Main chamber drains - 2 bottom drains, surface thermocouples, cooling . 
water temperature, and water flow rate 
Refractory wall - thermocouple behind refractory in main chamber 

Electrode Chamberlsl 

Electrode amperage, volts, and power - SCR 1 
Temperature - thermowells into the glass and optical infrared glass surface 
measurement 
Electrode holders - surface thermocouple, cooling water temperature, and 
water flow rate 
Chamber glass level - level probes molybdenum disilicjde electrical contacts 
Chamber glass - periodic sampling 
Drains - surface thermocouples, cooling water temperature, and water flow 
rate 

_ .  

Glass Discharae Chamber 

Glass temperature - thermowell into glass 
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0 

0 

0 

0 

Feed 

0 

0 

0 

Amperage, voltage, and power to resistance heaters - SCR 2 to  resistance 
heaters for the glass discharge chamber 
Glass transfer to  discharge chamber - air lift f low rate and pressure 
Appearance and thickness of glass discharged - observation ports 
Plenum temperature - thermowell into plenum area 

Glass feed composition - batch formulation sheets 
Feed rate - Melter feed pump RPM and feed rate calibration, feed slurry 
tank weight 
Percent Solids - laboratory analysis 

Off-aas and Melter Plenums 

Melter pressure - differential pressure between room and Melter, emergency 
off-gas system and Melter, and furnace off-gas system and Melter 
Plenum temperature - thermowells into plenum area of each electrode 
chamber 
Film Cooler - air flow rates, temperature, and pressure drop 
Off-gas system - pressure, temperature, and f low in lines and at 
components 
Constituent gases - concentration and makeup from sample points 
Volatilization and particulate carry over - prefilters and HEPA filters, 
observation of lines and components 

. Moisture content - moisture instrumentation 

Gem Machine 

Enclosure pressure - differential pressure between room and enclosure 
Enclosure temperature - thermocouples at top, bottom, and expansion joint 
Conveyor - head and tail component temperatures, cooling water 
temperature and flow rate, speed 
Gem roller and cutter - component temperatures, cooling water 
temperatures, and cooling water f low rate, speed 
Glass diverters - cooling water temperature and flow rate, position 
indicators 
Material receivers - emergency, startup, and gem receivers; infrared 
temperature detectors at each receiver 

Closed-Loop Coolina Water 

System water - level indicators, f low rate, supply and return pressure and 
temperature 
Pumps - discharge pressure, operating mode 
Water to  air cooler - fan speed, operating mode 
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4.2 Process Control 

4.2.1 Melter Control 

Control focuses on maintaining the main chamber glass at an optimal temperature. 
When the temperature of the glass drops, more heat is imparted to  the glass (joule 
heating of the glass from current flow between the electrodes) until the temperature 
is again reached. Heat to the main chamber glass is controlled by a 60 hertz, single 
phase, SCR 1. SCR 1 may be operated using voltage, temperature, current, or 
power set points. All Campaign 1 operations have been performed using the power 
set point selected to maintain the main chamber glass at various operating 
temperatures. 

There are four basic parameters or characteristics of the glass melt that effect the 
operation of the Melter, but are not readily measurable. These are (1) viscosity, (2) 
electrical conductivity, (3) liquidus temperature, and (4) redox14. The relation of 
these parameters with the Melter feed are described in Section 2.1. 

4.2.2 Batch ODeration and Analytical Process Control 

Melter runs were performed with slurry feed batches prepared in accordance with 
Batch Sheets to  provide slurries of 15 to  55 wt.% solids. 

Samples were taken for each slurry batch during slurry mixing/preparation [Sample 
points S-O4A/04B] and as a batch was being fed to  the Melter [Sample points S- 
05/05Al. The samples were tested by the laboratory for physical and chemical 
properties following the analysis procedures specified in the Project Specific Plan for 
Phase I process sampling [document 2504-SU-00111. Table 4-1 shows the 
laboratory results reported for the property wt.% solids. 

Variation between the calculated wt.% solids and the laboratory results are being 
reviewed to  resolve the range of variability. The calculated slurry percent solids is 
based on the formula weight of the solids additives which in some cases includes 
water of hydration. The measured slurry percent solids values are determined in the 
laboratory by drying the slurry sample. This method drives off some of the hydrated 
water which accounts for some of the variation between the calculated and the 
measured percent solids. Also VitPP operations problems with slurry mixing and 
pumping the slurry on occasion have required that water additions be made to the 
slurry during processing. Individual analysis samples that were taken of a diluted 
slurry and subsequently measured in the laboratory may account for low 
measurements of percent solids. 

_. . 

I4Redox is a term used to  describe the amount of oxygen in a system. It is short for - Red u ct  i o n oxygen pot en t i al . 
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C1 BO2 

CIB03 

C1 BO4 

C1 BO5 

Table 4-1 
Weight Percent Solids by Batch Number 

34 31.4 to  39.5 

N/A Frit charged 

N/A ' Frit charged 

34 22.9 to 37.0 

Batch No. 

C1 BO6 

C1 BO7 

C1 BO8 

C1 BO9 

Calculated 
Weight 

. % Solids 

~~ 

35 23.5 to 35.2 

46 Not sampled 

45 42.6 to 45.0 

25 26.3 

Lab oratory 
Weinht % Solids 

C1 B1 315 

I C1 BO1 

50 53 to  54.7 

15 13.3 

I C l B l O  I 55 Not sampled 

I C1 B11 I 50 I 49.3 to 50.3 

I C1 B12 I 50 I 49.6 

lSBatch numbers refer to Campaign 1, Batch No. 1 (ClBOl). 
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5.0 CAMPAIGN 1 RESULTS 

5.1 Refractorv Bakeout 

Due to its size and construction, the Melter had to  be brought up to  operating 
temperature slowly -- approximately t w o  weeks. This process allowed a slow curing 
and thermal expansion of the walls and prevents the thermo shock that may impact 
the materials of construction. The initial temperature showed no significant rise 
during the first few days of the bakeout due to  low amperage per hour limits set by 
the vendor. A t  the request of Fluor Daniel Fernald personnel, the vendor increased 
the amperage per hour limit and from that point, the bakeout progressed smoothly. 
Figure 5-1 graphically shows how heat up of the Melter progressed. 

5.2 EmDirical Melter Heat Losses 

Heat losses from the Melter are best observed after it has been subjected t o  the lid 
heaters for a considerable amount of time and reached an equilibrium condition. 
Table 5-1 shows that 95,594 watts of heat were produced by t w o  banks of 
molybdenum disilicide heaters in the Melter lid during an equilibrium condition on 
June 5, 1996. According to calculations also contained in Table 5-1 , the majority of 
the heat input is lost through the Melter-shell (44,414 watts) and Melter exhaust 
(25,188 watts). 

The Melter vendor originally anticipated a higher heat loss from the Melter shell, so 
that it would reach a contact temperature of 400 OF. The Melter contact 
temperature measured using a contact pyrometer, is below 200 O F  and can be 
momentarily touched with the fingers without burning. The building ventilation 
system keeps the Melter room cool. 

5.3 Electrode Insertion into the Melter 

Ten electrodes were inserted into the Melter during startup activities. Each electrode 
is 3 inches in diameter, approximately 6 feet long and weighs 150 pounds. The 
electrodes taper to  a point at the end that is inserted into the Melter. The tapered 
electrodes simulate a worn electrode allowing them to erode uniformly. 

The electrodes were inserted in lifts with hammers and large wrenches. Frit was 
placed in each chamber as necessary t o  cover the electrode after it was inserted. 
This keeps the molybdenum electrodes from oxidizing. As each electrode was 
inserted, a temporary plug that prevents frit leakage was knocked out and the 
surrounding frit was melted. The procedure continued until all'the electrodes were 
inserted into the chambers. Joule heating of the glass frit was limited to 600 amps 
per electrode during this procedure. 
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Table 5-1 

June 5, 1996 
Heat Input from the Lid Heaters During Bakeout 

Lid Heater Bank 1 (SCR#3) 
Volatage Amps Watts 

59 415 24,485 
63 419 26,397 

Lid Heater Bank 2 (SCR #4) 
Volatage Amps Watts 

396 26,928 68 
45 393 17,685 

50,882 

Bath temp., "C: 
East chamber temp., "C: 
Air inleakage, scfm: 
Bubbler, scfm: 

Heat Losses (Calculated) 
~ 

Moisture 
Gas generation 
lnleakage & bubbler 
Radiant losses 
Cooling - Electrodes ** 
Cooling - Ports 
Cooling - Drains 
Vitrification, glass 
Lid heater banks 

44,613 

Bank 1 and 2 total: 95,495 
1,126 
1,028 

60 
2 

q' Q Amount . Amount 
kg/hr each watts/unit watts 

0 
0 . .  

129 
I 

10 
5 
4 

2 
0 

1,031 
195 
195 

44,414 
199 

2,460 
2,925 

368 
0 

0 
0 

25,188 
44,414 

1,991 
12,299 
11,701 

0 
0 

129 19 na 95,594 

d:heatup.vvk4 

Electrodes were not installed, but the holders were, 
Used 1R the electrode value. 

5-3 



VitPP Phase I Interim Treatability Study Report -- Campaign 1 
401 10-WP-0001 

5.4 

5.5 

Heat Loss Via the Electrode Chambers and Melter Ports 

After the electrodes were inserted, the heat was supplied by joule-heating from the 
electrodes. However, the heat losses from the Melter do not change much. The 
major changes are as follows: (1 ) air in-leakage has been reduced since the 
electrodes have filled the holes in the Melter wall; and, (2) the electrodes themselves 
draw heat from the East and West side chambers. The heat drawn by the electrodes 
from the glass is less than the electrode-holder vendor suggested (2,000 
wattdholder or electrode). Data shown in Table 5-2, taken on July 7, 1996, show 
the requirement is much less than the vendor's estimate. The most probable reasons 
for this difference are as follows: (1 ) that the side chambers run significantly cooler 
than most molybdenum electrode applications; and, (2) the distance between the hot 
glass and the electrode holder is greater than typically seen. 

The temperature in the side chambers varies from top to  bottom. A rod with 
thermocouples along its length was inserted in the East Chamber to  obtain a 
temperature profile. Table 5-3 presents the temperature profile as measured at 
different times. Depths are measured from the top of the Melter. The 
thermocouples were installed to  support replacement of the bottom drain which was 
done August 18, 1996. The side chamber appears to be hottest in the center and 
coolest a t  the bottom. This is a typical type heat pattern seen in commercial non 
agitated melters. 

Melter Power Reauirements 

This section discusses the power requirements of the Melter for idle conditions, 
transition, slurry feed operations, and Melter glass and component temperatures 
relationship. 

5.5.1 Power Reauirements for the Melter t o  Run Idle 

Tables 5-4 and 5-5 show typical power requirements for the Melter t o  idle at , 

approximately 1050°C and 1 1 23°C respectively. The power required is 
approximately 84 and 92 kilowatts. Table 5-6 shows typical power requirement for 
the Melter to idle at 1250°C. The Melter was never allowed t o  idle during Campaign 
1 at 1250°C long enough for the Melter t o  come t o  equilibrium at 1250°C long 
enough for the melter to come to equilibrium at 1250°C. On June 29, 1996, the 
Melter was held for a short time in transition between a run at 1250°C and idle at 
1 150°C. However, the results show that it requires about 104 kilowatts 
respectively to  idle at 1250°C or approximately 20 kilowatts more than it takes t o  
idle at 1 1  50°C. 

- .  
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Table 5-2 

Electrode and Other Port Heat Losses 
August 7, 1996 

~ 

Electrodel Holder CW Out Delta T. CW HeatLoss 
CW in Temp, O F  Temp, O F  Temp, O F  gpm kw 

Cooling water temp., O F :  104.15 
Cooling water (50% glycol) Cp, cal/g-"C: 0.75 

East Chamber Electrode S (glass 1 171 'C) 

D '  571 107.3 2.6 2.60 0.74 
E 51 0 106.66 2.6 2.60 0.74 

557 107.3 2.6 2.80 0.80 
544 107.3 1.6 1 .oo 0.18 

F 
G 
H 316 111.71 0.8 0.60 0.05 

Average 499.6 108.054 2.04 1.92 0.50 

West Chamber Electrodes (glass 1 136°C) 

I 
J 
K 
L 
M 

51 2 1 12.02 
438 1 10.76 
570 107.93 
524 106.66 
432 1 12.65 

1.2 1 .oo 0.13 
1.2 0.60 0.08 
2.8 2.80 0.86 
2.8 2.80 0.86 
0.8 0.50 0.04 

Average 495.2 110.004 1.76 1.54 0.40 

Total - - - 17.30 4.49 
Average 497.4 109.029 1.9 1.73 . 0.45 

Other Ports 

Cooling water temp., O F :  104.15 

Center Chamber Feed 
West Chamber Feed 
East Chamber Feed 
Bottom Drain #l 
Bottom Drain #2 
Center Frit Tube 
Bottom Drain #3 
Spare Bottom Drain 
East Chamber Infrared Detector 
West Chamber Infrared Detector 
Surface Drain 

Total. 
Average 

111 
134 
128 
122 
114 
110 
107 
1 24 

00s 
00s 

1 09 

- 
96.27 

6.85 
29.85 
23.85 
17.85 
9.85 
5.85 
2.85 

19.85 -. 

00s 
00s 
4.85 

1.80 
1.80 
1.80 
3.10 
1.80 
3.00 
2.20 
2.30 
0.00 
0.00 
1 .oo 

I - 18.80 
11.06 1.71 

1.35 
5.90 
4.72 
6.08 
1.95 
1.93 
0.69 
5.02 
0.00 
0.00 
0.53 

28.17 
2.56 
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Table 5-3 
Temperature in the East Side Chamber vs. Depth 

Depth 
(inches) 811 0/96, 

(2000 hrs) 

48 998 

60 997 

72 1106 

84 1052 

96 924 

Melter 1130 
Bath 

Temperature, "C 

811 2/96, 
(2000 hrs) 

1007 

1001 

1116 

1056 

927 

1130 

8/14/96, 
(2000 hrs) 

999 

1001 

1124 

1060 

933 

1130 

8/16/96, 
(2000 hrs) 

1018 

1015 

1123 

1060 

930 

1131 
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Table 5-4 
Melter Idle Conditions at 1050°C 
June 17, 1996 around 0700 hrs. 

Bath temp., "C: 1,050 Electrode 

Air inleakage, scfm: 50 Current, amps: 81 5 
Bubbler, scfm: 2 Power, watts: 84,560 

East chamber temp., "C: 1,030 EMF, volts: 104 

Amount Amount 9' Q 
Heat Losses (Calculated) kghr each watWunit watts 

Moisture 
Gas generation 
lnleakage & bubbler 
Radiant losses 
Cooling - Electrodes 
Cooling - Ports 
Cooling - Drains 
Vitrification, glass 

. o  
0 

108 - 
10 
5 
4 

0 

1,031 
195 
195 

39,765 
389 

2,202 
2,619 

343 

0 
0 

21,125 
39,765 
3,885 

11,012 
10,476 

0 

108 19 - 86,263 

Minus heat from lid heaters (2,000) 

Electrode power needed (compare above) 84,263 

... . 

. 

d:ldle4.wk4 
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Table 5-5 
Melter Idle Conditions at 11 23°C 
June 17,1996 around 1700 hrs. 

Bath temp., “C: 1,123 Electrode 
East chamber temp., “C: 1,067 EMF, volts: 
Air Inleakage, scfm: 50 Current, amps: 
Bubbler, scfm: 2 Power, watts: 

Amount Amount q’ 
Heat Losses (Calculated) kg/hr each watts/unit 

Moisture 0 

Inleakage & bubbler 108 
Radiant losses - 
Cooling - Electrodes 

Cooling - Drains 

Gas generation 0 

, Cooling - Ports 

Vitrification, glass 0 

. 108 

1,031 
195 
195 

44,414 
10 425 
5 2,460 
4 2,925 

368 

19 I 

.. . 

Minus heat from lid heaters 

97 
955 

9231 0 

Q 
watts 

0 
0 

21,125 
44,414 
4,253 

12,299 
11,701 

0 

93,792 

(2,000) 

Electrode power needed (compare above) 91,792 
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Table 5-6 
Melter Idle Conditions at 1250°C (Calculated 

~ ~~ 

Bath temp.. "C: 1,250 Electrode 
East chamber temp., "C: 1,132 
Air Inleakage, scfm: 50 
Bubbler, scfm: 2 

Heat Losses (Calculated) 

Moisture 
Gas generation 
Inleakage & bubbler 
Radiant losses 

EMF, volts: 
Current, amps: 
Power, watts: 

Amount Amount q' 
kg/hr each wattslunit 

0 1,031 
0 195 

108 195 
- 52,000 

83 
1,252 

103,988 

Q 
watts 

0 
0 

21,125 
52,000 

Cooling - Electrodes 10 476 4,763 
Cooling - Ports 5 2,880 14,400 ; 
Cooling - Drains 4 3,425 13,700 
Vitrification, glass 0 408 -0 

108 19 - 105,988 

Minus heat from lid heaters (;r,OOO) 

Electrode power needed (compare above) 103,988 ~ 

* Numbers are calculated because the melter never came 
to idle equilibrium at 1250°C. However, the melter hovered 
idle around 1250°C 7/29/96 after a run then dropping to 
1150°C idle. 
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The lid heaters are only supplying a small amount of Heat at this time. This is 
because the heaters were kept slightly hotter than their surroundings to  help extend 
their life. This prevents the formation of deposits on the heaters that may be 
corrosive. The power requirement is estimated to be 1 t o  2 kilowatts which is not a 
significant contribution to the Melter system. 

Four long-term idle conditions selected for main chamber glass temperatures of 
1 120, 1 130, and 1250°C are presented below in Table 5-7. 

Table 5-7 
Power Readings During Idle Conditions 

Main Chamber 
Glass 

Temperature 
C 

SCR 1 t o  
Electrodes 

I 1130 

, 

Power can vary approximately 30 or 40 Kilowatts for what appears to be the same 
setting. However, conditions can be different. For example, air in-leakage may vary 
from 30 to 80 scfm. This difference alone can account for the difference in the 
power requirement. Likewise, air in-leakage from the discharge chamber is already 
preheated to  approximately 1250°C which requires no additional heat from the 
Melter. Also, taking measurements during transient conditions will give different 
readings. 

5.5.2 Power Reauirements for the Melter for Transition 

Initially, a knowledge of the Melter transients was gained by pumping water to  the 
Melter in lieu of a slurry feed during the month of June 1996. The above shows at 
least 10 kilowatts continuous (at equilibrium) .is needed t o  transition 1 OO'C, but 
more power is needed (temporarily) to change the temperature of the glass bath and 
the surrounding Melter mass -- mainly the refractories. The refractories will increase 
an average 50°C. Therefore, the approximate amount of power required for 
transition is given in Table 5-8. 

- .  

5-10 



4 6 1  
VitPP Phase I interim Treatability Study Report -- Campaign 1 

401 10-WP-0001 

Table 5-8 
Chamber Power Needs During Transient Conditions 

Main chamber glass: (0.33 kWh/tonne glass "C)( 1.82 tonne glass) x 
(100°C) = 60 kWh 

Side chamber glass: (0.33 kwhltonne glass "Q(0.5 tonne glass) x 
(100°C) = 16 kWh 

For the Melter: (0.33 kWh/tonne refractories "C)(20 tonne 
refractories, needs t o  be verified) x (50°C) = 330 
kWh (this does not include metal around the 
Melter) 

The above calculations show approximately 400 kWh are needed for a 100°C 
transition. The heating of  the glasses will be rather immediate. A 20"C/hr 
temperature change was administratively set t o  limit thermo shock t o  the Melter. A t  
20"C, this equates t o  an increase of  19 kilowatts. However, the refractories absorb 
heat f rom the glass and additional power is required. Empirically, it appears 
approximately 40 more kilowatts are needed for transition in addition t o  the 10 
kilowatts t o  maintain the higher 100°C temperature. This transitional need will 
eventually dri f t  t o  zero. Therefore, the Melter bath temperature normally creeps up 
and the operators are continually readjusting the power set point for the Melter until 
equilibrium is reached a day or so later. The reverse can be true if transitioning from 
a high t o  a lower temperature. 

5.5.3 Power Reauirements t o  Process Slurrv 

The amount of power necessary t o  process a slurry is largely dependent on i ts 
percent solids content. The more water the slurry has, the more power it takes up t o  

s just evaporate the water. The Melter appears t o  behave best at approximately 40 t o  
50 wt% solids. Table 5-9 shows the average power requirement for the Melter at 
different wt% solids and temperatures. It takes approximately 70 t o  75 more 
kilowatts power than the idle power requirement t o  process a metric ton of glass at 
approximately 50 wt% solids. The first metric ton is often shown t o  require the 
most power t o  process since the idle power requirement is factored in. Each 
additional metric ton requires significantly less power t o  process. Most of  the extra 
power t o  process the glass is in (1) evaporating water (-73%), (2) vitrification 
(-24%, raising the glass t o  melt temperature), and heating off-gases (-3%). 
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Date 

Table 5-9 
Power Needed To Process Slurry 

Solids 
Time Temp. (wt% Rate 
Hours ("C)  Solids) (Eq MTld Glass) 

7-18-96 

7-23-96 

I 7-16-96 I 1900 I 1246 I 35 I 0.8 

2300 1252 35 1 .I 

1900 1246 45 1.7 

7-27-96 

7-28-96 

0800 1254 50 1.8 

1100 1252 55 1.7 

Power 
(kilowatts) 

212 I 
154 I 

The Melter system can deliver 500 kilowatts of power (or Heat) t o  the Melter. 
Indications are that this is sufficient power to  process 5 to  6 metric tons of glass per 
day from slurry at 40 to  50 wt% solids. However, the operation envelope narrows 
because amperage limits can become more limiting than the power ceiling of 500 
kilowatts. As power increases in the Melter, the allowable ratio of amps t o  volts 
(electrical conductivity) of the glass narrows. Generally, it appears the glasses need 
to  be made less conductive so the power can be delivered at higher volts and lower 
amps. Figure 3-8 shows how the envelope can collapse at higher production rates 
due to conductivity. 

5.5.4 Melter Response 

. The temperature of the Melter or the reference temperature of the Melter has 
historically been defined as the bottom bath temperature, which is measured by a 
thermocouple located in a platinum thermocouple well protruding into the bath 6 
inches from the bottom of the Melter. The other key thermocouples normally read 
less than the Bottom Main Thermocouple. Table 5-10 shows approximately how 
much less the key thermocouples read at 0.8 MT/d glass production at 1250°C (July 
17, 0300 hrs). 
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~~~ 

Bottom Main 

Top Main 

Table 5-10 
Melter Temperatures at Steady State (1 MT/d) 

1257 0 

1211 -46 

Thermocouple I Reading, "C I Difference, "C 

~ 

Wall Refractory, 1 

East Side Chamber 

in from bath 1127 -1 30 

1109 -1 48 
~~ 

West Side Chamber 
~ 

1141 -1 1 6  

However, the relationship of these temperatures can vary greatly at different (1 ) 
power levels, (2) glass conductances, and (3) during transients. Figure 5-2 shows 
how the temperatures varied for 48 hours after the Table 5-10 reading. Figure 5-3 is 
similar to  Figure 5-2, except all the temperatures are set to "zero" at 0300 hrs to  
show how the transients vary thereafter. 
West Chamber was lost at this time and no more information is available for this 
chamber. However, up until this time this side chamber appeared t o  run about 30 to 
40°C hotter than the East Side Chamber. Response of the Melter will be further 
studied during the subsequent campaigns t o  better understand its response so 
control can be maintained in the event of loss of thermocouples in the bath. If these 
thermocouples were lost, the refractory thermocouple would most likely become the 
one used for controlling the Melter. 
would have to  be made slowly because the refractory thermocouple response 
appears to  lag 1 to  3 hours behind the Main Bottom Bath Thermocouple. 

Unfortunately, the thermocouple in the 

However, temperature and power changes 

5.6 Frit Leakaae from the Side Chamber 

Up t o  100 Ibs/day (50 Ibdchamber) of side chamber electrode glass were expected 
to  leak into the main chamber. Table 5-1 1 shows the amounts of frit added to  
maintain a protective glass level over the molybdenum electrodes. The leakage of 
the electrode glass into the main chamber is not a complete loss or waste of 
material. The electrode glass is high in lithium and aluminum which are additives 
required in making glass of the silo wastes. So the amount of the constituents in the 
electrode glass can be subtracted from the amount for the additives. Lithium is the 
most expensive additive; therefore, the loss of side chamber glass may not be as 
costly as it first appear. 
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Batch Number 
East Chamber West Chamber 

(Ibs) (Ibsl 

1 

2 

3 

75 250 

50 75 

25 25 

6 I 50 

4 

5 
~ 

100 

25 75 

25 50 

.7 I 50 

10 

11 

12 

25 

~~ 

225 400 

0 125 

0 75 

8 I 25 

13 

Total 

75 

25 50 

575 1325 

9 I 0 0 
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5.7 

5.8 

. 5.9 

Cold Cat, vs. Production Rate and Off-aas Control 

Experience, thus far, has shown that the pilot system performs best with a cold cap. 
A cold cap is a mass of dry slurry that collects on top of the molten glass surface 
that has not yet dissolved into the molten glass underneath. Operating with a cold 
cap appears to  reduce the temperature and particulate overflow to the off-gas 
system. The Film Cooler needs cleaning less frequently when operating with a cold 
cap. A cold cap can reduce the off-gas temperature several hundred "C, which 
significantly reduces the demand on the off-gas system. The Bubbler agitators and 
the Melter Feed Pump rate are used to  develop the optimal cold cap. The Bubblers 
tend t o  be a course adjustment and the feed pump rate is a finer adjustment. 

Aaitation -- Bubblina Rate in the Main Bath 

A correlation between bubbling rate and agitation has not been directly studied. 
However, Agitation does appear to play a factor in the production rate of glass. The 
bubbler rate (along with feed rate and power) has normally been changed to control 
the cold cap size and percent of glass surface coverage. Higher bubbler rate appears 
t o  break up the cold cap and accelerate its dissolution, but a direct correlation has 
not been measured. The bubblers are normally over 4 scfh. This rate appears to 
significantly increase the production rate over the traditionally accepted norm of 1 
MT/d glass produced per square meter. 

Electrical Groundina of the Melter 

Since the refractory conductivity is related to temperature, some electrical current is 
expected to  flow to ground and does so as measured and isrecorded in Table 5-12. 
Notice that the amounts are not much; however, if the numbers were t o  increase 
sign'ificantly, it could be an indication that glass is beginning to  flow into the Melter 
liner or ports and would probably warrant corrective action. Amperage to ground the 
Northwest corner of the outer shell has also been measured at an average of 0.5 
amps. 
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Table 5-12 
Voltage Reading to  Ground on the Melter, 8/28/96 

Bottom Drain 1 1.19 Inner Shell 0.63 
Bottom Drain 2 2.1 Outer Shell 0.05 
Bottom Drain 3 0.67 Air Lift 2.9 
Bottom Drain Spare 0.39 Thermowell 1 3.9 

Thermowell 3 4.1 
Thermowell 5 43.1 

Melter Conditions: 
RMS Voltage: 101 volts 
RMS Current: 1274 amps 
Power: 125 kilowatts 
Bath temp.: 1281 "C 

5.10 DescriDtion of Slurrv Batches and Glass Product 

Table 5-13 summarizes the Campaign 1 slurry batches. A slurry Batch Sheet was 
prepared specifying the additive glass forming constituents and mixing water. The 
batch formulation was prepared on the basis of producing 1 metric ton of product 
glass. The formulation accounted for the necessary additives to  meet the 
requirements for an acceptable glass, achieve the target slurry solids weight %, 
achieve the necessary molten glass viscosity, and provide the proper conductivity for 
the molten glass t o  maintain the desired Melter main chamber operating temperature. 
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Calculated 
Slurry% Measured Slurry Calculated 

SOTb Test Batch No. Solids YO Solids Glass Product 
No. (wt %I (wt %I (Ibs) 

Test Pia+ 

Glass 
Produced from 

Slurry Feed 
(Ibsl 

Table 5-13 
Campaign Batches 

3 7.5 ClBlO 50 Not Reported 3838 3038 

I 2 I 7.4 I ClB09 I 50 I 26.3 I 1880 I 236 

3 

3 

3 

7.5 CIB11 50 49-50 800 1977 

7.5 C1 B12 50 49.6 2240 21 05 

7.5 C1 B13 54 53-55 2240 2714 

CAMPAIGN 1 TOTALS 
~~ 

- a: 

- b: 

Operable Unit Vitrification VitPP Phase I Treatability Study Work Plan, WP-25-0007, 
Revision 2, June 1996. 
Vitrification Pilot Plant Startup Program Phase I Pilot Plant Systems Operability Test 
Procedure Melter Campaign 1, Test Procedure 2504-SU-0034, Revision 1, June 
1996. 

19,880 21,090 

.. . . 
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Detailed information for all batches and the glass produced from each batch is 
presented in the Test Performance Parameters sheets that are in the Appendix A to  
this report. 

The calculated slurry percent solids is based on the formula weight of the solids 
additives which in some cases includes water of hydration. The measured slurry 
percent solids values are determined in the laboratory after heating a slurry sample t o  
dryness. This method drives off the hydrated water which accounts for some of the 
variation between the calculated and the measured percent solids. Also, VitPP 
operations problems with slurry mixing and pumping the slurry on occasion have 
required that water additions be made to'the slurry during processing. Individual 
analysis samples that were taken of a diluted slurry, and subsequently measured in 
the laboratory, account for the excessively low measured percent solids values. 

Differences between the expected glass product value and the produced glass value 
are attributable to  t w o  sources. The product glass yield for a slurry formulation is 
based on estimating the volatile elements of a slurry formulation that are released to  
the furnace off-gas system. The current slurry formulation calculations include a 
factor of 20% t o  account for the release of the volatile components; i.e., a yield 
factor of 80% of the slurry solids that become glass product. Revised laboratory 
slurry sample drying methods are being evaluated to  improve the estimate of glass 
yield from the slurry. The column "produced glass product" is the glass product 
form and other glass material recovered from the Gem Making Machine. A "lesson 
learned" from the Campaign 1 operations has identified the need for tighter controls 
t o  be implemented with regard to retrieving and segregating all product glass for each 
designated glass batch. Also, identifying the in-process slurry batch affected when 
frit additions are made to  the Melter will improve individual batch correlation between 
calculated versus produced product glass. Overall, for all of the Campaign 1 tests, 
the produced glass product value is approximately 90% of the calculated glass 
product value. 

5.1 1 Analytical Results for Batch Glasses 

The physical and analytical analysis of the glasses are given in Table 5-14. The glass 
chemistry appears to  be rather consistent except for Batch 8 and 13 where the silica 
content appears low. However,' a good glass was still made. Also, most of the 
viscosity and conductivity numbers appear rather consistent, except a few numbers 
appear to  be significantly out of the expected range which indicates possible analysis 
error. 
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5.12 Mixina - Cobalt Tracer 

In order to  determine the mixing characteristics of the Melter, a cobalt tracer was 
introduced during the Batch 5 slurry preparation. Glass samples were taken during 
consecutive batch runs for analysis of the weight percent of cobalt (Co) and t o  
observe the color of the glass. This data was used to develop a mixing profile and 
determine a stay time for components in the Melter. 

The glass sample taken during the feed of Batch 5 slurry (referred to  as Batch 5 
glass) displays the same emerald green color as previous batches. The characteristic 
blue from the cobalt tracer did not become apparent by visual inspection until Batch 
6 glass which showed a slight blue tint but remained predominantly green. Batch 7 
and Batch 8 glass were unmistakably blue. The green color was prevalent again at 
the t ime the batch 1 0  glass sample was taken indicating a substantial decrease in the 
concentration of cobalt. 

Laboratory analyses of the batch glass shows the initial presence of cobalt in Batch 6 
glass at a concentration of 0.0383 w t %  cobalt. The cobalt concentration reaches a 
maximum of 0.0451 wt% in Batch 7 glass and decrease t o  0.0174 wt% by batch 
1 0  glass. In batch 11 glass, the cobalt concentration is below the reportable 
detection limit. The weight percent of cobalt in glass for each batch glass sample .is 
shown in Figure 5-4 and reported in Table 5-14. Laboratory results and visual 
observation show the Melter to be characteristic of a well-mixed tank rather than a 
plug flow operation and has a flush volume of approximately 4 batch feeds. 

. 

5.13 Effect of Air In-leakaae on Glass Discharae CaDabilitv 

The balance of pressure between the Melter and the Gem Machine housing was 
designed such that leakage between the two, through the pour spout, would be 
minimal. However, it became apparent that air in-leakage through the Melter pour 
spout was detrimental because it tended to  cool the glass stream being discharged. 
This would cause the pouring glass to thicken and possibly plug the pour spout. The 
only means of minimizing this in-leakage was t o  try to balance the pressure in the 
Melter with the pressure in the Gem Machine housing. This proved t o  be tricky and 
frequently inefficient. 

5.14 Effect of Glass Chemistry on Conductivitv and Viscosity 

There are possible shortfalls of the Melter's ability (specifically the discharge 
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chamber's ability) to  handle the necessary glass viscosities during some of the 
campaigns and deliver these glasses to  the Gem Machine's Gob Cutter. This has 
become evident while processing with Campaign 1 startup glass. 

When it was noticed that the partition wall of the VitPP Melter appeared hotter than 
anticipated, there was concern that the excess temperature could cause unnecessary 
erosion of the partition wall. It was agreed to  reduce the Melter amperage by 
decreasing the conductivity of the glass. This was accomplished by decreasing the 
sodium oxide content in the next batches. The sodium oxide content of the next two  
batches was decreased from 1 4  wt% down t o  7.25 wt%16. Thereafter, the batches 
were increased t o  11 wt%. 

During the batch on 7/28/96, the VitPP and GTS Duratek personnel had problems 
with discharging glass. The reason cited was that the glass appeared t o  be too thick 
(viscous). It was noted that the glass "flows like molasses." Later, the discharge 
plugged at and below the discharge hole of the discharge chamber. It is true, the 
glass appeared thicker than it did during the initial batches, but the Melter was 
designed to  handle glass that flows "like molasses." The blockage was removed by 
melting the glass from underneath with a torch. 

The glass was then thinned by adding sodium carbonate mixed with 1 0 %  glass frit 
to help wet the carbonate and assist dissolution of the sodium into the glass. 
Initially, 125 Ib of sodium carbonate was added directly to  the Melter bath. 
However, the glass was judged to  still be too thick. Then .a total of 250 Ib of sodium 
carbonate (equivalent t o  150 Ib sodium oxide Na,O) was added to  the melt. This 
increased the sodium oxide content of the melt back to  its original concentration of 
14.5 wt%. 

This exercise helped t o  define the Melter's operational envelope. Table 5-1 5 
presents Fluor Daniel Fernald measured values that illustrate the envelope at 1250°C 
according to  the bottom bath thermocouple. 

In summary, it is felt the Melter should and can perform better than these data 
indicate. However, the discharge chamber must be modified to allow this (and did 
prove so in later campaigns). 

l6 Note that lithium oxide (Li,O) from the in-leakage of the side-chamber glass helps 
compensate for some of the sodium oxide decrease. Analysis shows that the glass 
contains approximately 0.6 to 0.7 wt% lithium oxide in the glass from in-leakage. Lithium 
has two to three times the fluxing capability of sodium. Therefore, the effect of the 
sodium oxide is less significant. 
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Na,O in Viscosity Discharge 
Glass (Poise) Operability 

( wt%) 

7.25 46.9 Plugged in 
discharge chamber 
spout 
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Melter 
Resistance 

(ohms) 

0.080 

Table 5-15 
Direct Use of Na,O To Thin the Glass in The Melter 

11 

14.5 

~~ 

30.6 Blockage at under- 0.072 

24.8 Functioned 0.060 

side of pour spout 

Table 5-1 5 shows that the maximum viscosity that can be successfully discharged is 
approximately 25 poise. This is much lower than projected. For comparison, the 
minimelter at VSL ran at over 300 poise during Series A, 1-MT/d equivalent. Also, the 
minimelter's discharge chamber operated at a significantly lower temperature (1 180°C) 
than the VitPP's discharge chamber (1 300°C). 

Table 5-1 6 implies that the Melter (in particular, the discharge chamber) may not function 
properly during some of the Campaigns. The table gives-the viscosities of the Acceptance 
Glass and other Campaign Glasses as measured by VSL". The glasses marked in bold 
letters can be processed. The Acceptance Glass is on the envelope's boundary at  
1350°C. 

The procurement Technical Specification, No. RHN02-40-062, for the Melter, entitled 
" Joule-Heated Vitrification Furnace" defines (in Table 1 of the procurement specification) 
the viscosities of the glasses expected to  be run in the Melter at that time. The glass 
viscosities have been lowered through further development activities to  help assist the 
Melter and production rates. Even though, the Melter capability appears to  falls short of 
the specification (see Table 5-17) at this time, it is felt the problems are due mainly to air 
in-leakage and cooling in the discharge chamber. The Melter should function desirably 
when modifications are made to  the discharge chamber. (Campaign 2 showed this to be 
the case.) 

l7 VSL's measured viscosity values have generally been lower than FD Fernald's. There is 
some question who's measurement is the more correct. This is being investigated. 
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Temperature 
"C 

1150 

1200 

1250 

1300 

1350 

Table 5-16 
Viscosity Envelope of the Melter 

~ 

Campaign 2 Campaign 2 Campaign 3 Campaign' 4 Campaign 4 
Acceptance Series D Series C Series A Series B 

161 53 53 234 2234 

93 35 34 123 2123 

58 24 24 76 276 

39 77 76 53 253 

28 73 77 39 239 

~~ 

ll Viscosity, Poise -- Per VSL Development Work 

1150 

1250 

1350 

1450 

765 351 1 2003 1256 

296 1317 220 433 

129 557 32 170 

62 260 6 75 

Table 5-17 
Viscosity per the Melter Procurement Specification 

5.15 Yellow %arks in the Side Chambers 

Soon after slurry was fed t o  the Melter during the last week of June 1996, sparks 
were observed at the surface of both side chambers. More specifically, flashes of 
bright yellow light about 0.25 inch in diameter and occurring every 5 seconds or so 
were observed through the side chamber sight glasses. The sparks appeared to  
result from bubbles of gas breaking at the surface of the melt. These sparks caused 
no operational difficulties and would disappear for periods of time. 

Initial speculation was that the molybdenum electrodes were flaking off small bits 
that were carried to  the surface where they burned (molybdenum is pyrophoric, it can 
rapidly oxidize at 400°C). This vheory does not explain the gas bubble, that breaks 
to produce the spark. Molybdenum trioxide (Mo203) is a gas at 1250°C and could 
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form a bubble but it would not further combust when it broke the surface. 

One possible explanation is that, because the side chambers are starved for oxygen, 
sodium oxide in the melt may be being reduced to  elemental sodium. Since sodium, 
metal boils at 892"C, microgram quantities might be forming bubbles and flashing 
(burning) when the bubbles break and contact the air. The possible mechanism for 
the reduction of sodium involves a weak electrolytic potential forming between two  
electrodes in the same side chamber but at different temperatures. 

5.16 Off-aas 

Soon after filling the Melter with molten glass, it was observed that the Melter 
pressure could not be controlled at the desired -2 to -4"WC (inches water column). 
Even after all the tank vents to the vent header were closed, the Melter pressure 
could not be controlled at much lower than -0.5"WC. The tank vents remained 
closed for the remainder of Campaign 1. The Melter air in-leakage at this Melter 
vacuum was estimated t o  be 55 SCFM (total flow of 175 SCFM minus a Film Cooler 
air f low of 120 SCFM). It appeared that most in-leakage was through the 3" 
diameter glass pour spout. The pressure in the Gem Machine housing was kept just 
a few tenths inch WC higher than the pressure in the Melter to  minimize in-leakage 
through the pour spout. Operation of the Melter at -0.5 inches WC was considered 
acceptable for the initial runs. Eventually, this problem will need to  be resolved by 
modification to  the off-gas system. 

5.1 6. I Water Runs 

Initial feeding of the Melter with water occurred between 2200 hrs, 6/20/96 
and 0230 hrs, 6/24/96.The maximum water feed rate over a four-hour period 
was 1 .O L/min, which is the water equivalent to  about 1.2 MT/d glass 
production. The temperature of the off-gas from the Film Cooler was about 
960°F and the off-gas cooled t o  about 530°F as it traversed the off-gas line to 
the Quench Tower. The temperature of the off-gas leaving the Quench Tower 
was 120°F vs. a design temperature of 97°F. This was due to  a water flow to 
the Quench Tower spray nozzles of 17 gpm vs. a design flow of 40 gpm. 
Inspection of the lines at the Quench Tower nozzles revealed gross scaling on 
the inner surfaces. This scaling was apparently caused by an inadvertent 
introduction of Desiccant Tower condensate (containing magnesium and calcium 
salts) into the recycle water loop via the Spare Storage Tank piping. High 
pressure drops in the lines from the Quench Tower to  the Heat Exchanger and 
onto the Recycle Water Tank, along with the fact that the Quench Tower level 
control valve typically ran about 80% open, indicated that the entire recycle 
water loop was heavily scaled. Chemical cleaning of this loop is planned before 
Phase II operations. 

During early operation before Campaign 1 , the Desiccant Tower reduced the off- 
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gas humidity to  about 15% RH as designed. However, this effectiveness lasted 
only about t w o  weeks vs. a design period of four weeks between recharges. 
The decision was made to limit recharging the desiccant material which caused 
the humidity from the Desiccant Tower to  hover about 5 5 %  RH. This was 
satisfactory for protecting the downstream HEPA Filters. During the four-hour 
run discussed above, the temperature of the off-gas entering the Desiccant 
Tower was about 11 5°F and the temperature leaving was about 150°F due to 
adiabatic condensing of the moisture. 

5.16.2 13 wt% Slurrv Feed 

A nominal 13 w t %  slurry was fed t o  the Melter between 2300 hrs, 6/24/96 and 
0900 hrs, 6/25/96. The feed rate for this run was 1 .O L/min, a water 
equivalent t o  about 1 MT/d glass production with a 5 0  wt% slurry. Off-gas 
temperatures were similar to the water run above. During a steady operating 
period, with 17  gpm going to the Quench Tower, the Heat Exchanger was 
cooling the Quench Tower bottoms from 11 5°F down to 80°F. The recycle 
water was heated back up to 90°F as it passed through the Recycle Water 
Pump on its way back to  the Quench Tower. 

5.16.3 40 wt% Slurry Feed 

A nominal 40 w t %  slurry was fed t o  the Melter between 1600 hrs, 6/26/96 and 
0330 hrs, 6/28/96. The feed rate for this run varied widely from 0.5 L/min (0.3 
MT/d glass rate) toward the beginning of the run, to  1.8 L/min (1.1 MT/d glass 
rate) for the last t w o  hours of the run. By the end of this run, it was clear that 
plugging in the Film Cooler was a serious problem; the Melter could be operated 
(i.e., was fed slurry) only 4 to 6 hours before the Melter pressure could not be 
held at -0.5"WC due to the Film Cooler plugging. It was also noticed that the 
off-gas line downstream of the Film Cooler was steadily increasing in pressure 
drop. At this time, Film Cooler air f low was still about 120 SCFM and total 
exhaust f low was about 175 SCFM indicating that Melter in-leakage was still 
about 55 SCFM (tank vents remained valved off). Off-gas system temperatures 
were, again, similar to  the 1 .O L/min water test described above because no 
significant cold cap was allowed to form. 

During a t w o  week shutdown after this run (Melter idle), corrective actions were 
taken. The immediate fix was to vacuum out the horizontal section of line just 
downstream of the Film Cooler, and t o  install a new Exhaust Fan. The original 
centrifugal Exhaust Fan was capable of producing a pressure of -3 I "WC at 200 
SCFM at the fan suction. On 7/11/96, a new Spencer turbine blower was 
installed in its place which was capable of producing a pressure of less than - 
80"WC at 200 SCFM at the fan suction. This new blower allowed the Melter 
control pressure t o  be reduced t o  -0.75"WC. It was clear that, because of the 
inherently high frictional pressure drop in the entire off-gas system, significantly 
lower pressures in the Melter could not be achieved simply by putting a higher- 
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vacuum exhauster at the end of the off-gas train. Also, addressed was the 
Desiccant Tower. The desiccant material was allowed t o  completely dissolve 
away. To protect the HEPA Filters from moist air, the off-gas line from the 
Desiccant Tower to  the HEPA Filters was electric heat traced and insulated. 
The intent was to Heat the off-gas by about 15°F to reduce the moisture to 
about 70%RH. 

Also during the shutdown, a sample was taken on 7/3/96 of the solids that had 
accumulated in the Film Cooler. The results are given in Table 18 (reported as 
oxides). This material had a sulfur yellow-color, presumably due to  the 
chromium content. Chromium is the only element listed in Table 5-18 that 
produces a sulfur-yellow color. The high sodium and boron content give the 
material it low melting, sticky characteristic. 

Table 5-18 
Oxides in the Clogging Material in the Film Cooler 

Boron 1 4  wt% 

Calcium 12  w t %  

Chromium I 0.13 w t %  I 
Iron I ' 0 . 1 4 w t %  I 
Magnesium I 0.3 w t %  I 
Molybdenum I 0.7 w t %  I 
Silicon I 32  w t %  I 
Sodium I 22 w t %  I 

5.16.4 Continuous Slurrv Feed to Melter 

The next set of runs occurred between 1830 hrs, 7/15/96 and 1400 hrs, 
7/17/96 and focused on establishing continuous feed to  the Melter for as long 
as possible. During the (approximate) 12  hours of feeding nominal 40 w t %  
slurry t o  the Melter at about a 1.2 MT/d glass production rate, the Film Cooler 
had to  be cleaned out three times. However, the off-gas line just downstream 
of the Film Cooler remained clear. During this run, the Melter pressure varied 
between -0.6 and -0.8"WC with the off-gas control valve (FCV-250) open 
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100% much of the time. Total off-gas flow varied between 177 and 257 SCFM 
and Film Cooler air f low between 7 0  and 160  SCFM. The difference between 
these t w o  flows was the Melter in-leakage air flow and it varied between 85  
SCFM and 187 SCFM. The raw data is included in Table 5-1 9 in order t o  
demonstrate the variability. Unfortunately, given these data, it was not possible 
to  synthesize a coherent theory which would allow in-leakage to  be predicted 
given Melter and Gem Machine pressures. 

These were the first runs where it was standard procedure t o  establish a 
significant cold cap in the Melter (75 to  85% coverage of the center chamber). 
The cold cap benefitted the off-gas system by lowering the temperature in the 
Melter plenum and therefore the temperature of the Melter off-gas leaving the 
Film Cooler. Under similar operating conditions, the temperature leaving the 
Film Cooler was reduced from about 960°F to  about 800°F. This was felt t o  be 
instrumental in preventing buildup (plugging) in the off-gas line downstream of 
the Film Cooler. Plugging in the Film Cooler itself was becoming an untenable 
situation. The Film Cooler was not providing adequate air injection in the first 
6" or so out of the Melter plenum. The semi-molten material that built up was a 
"sticky goo" that could not be easily removed. A t  the end of these runs, an 
lnconelTM cleaning brush inserted to clean the Film Cooler was stuck t o  the 
extent that it finally had to  be forced into the melt pool to  clear the Film Cooler. 
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Table 5-19 
Campaign 1 Melter Air In-leakage 

~ 

7/16/96 17:17 150 245 95 -1 -0.52 

7/16/96 17:30 150 235 85 -0.6 -0.49 

7/16/96 21:30 120 230 110 -0.7 -0.57 

7/16/96 22:40 120 230 110 -0.66 -0.66 

7/16/96 22:41 110 220 110 -0.66 -0.59 

7/17/96 00:54 100 225 -125 -0.68 -0.62 
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5.16.5 Run Melter and Gem Machine Toaether 

Runs between 21 00 hrs, 7/18/96 and 1 100 hrs, 7/24/96 were to  coordinate 
operation of the Melter and Gem Machine. Before these runs were started, an 
air lance was added to  the Film Cooler. This was a pipe fabricated from 
stainless steel with the end sealed and radial holes drilled at the sealed end. The 
pipe was inserted into the Film Cooler to  introduce compressed air at the 
beginning of the off-gas line as it leaves the Melter plenum. This modification 
was immediately successful in that no Film Cooler cleanings were necessary for 
the duration of these runs. 

, 

Melter feed rates varied between 1 .O L/min and 2.7 L/min. The longest period 
of stable operation occurred between 2000 hrs, 7/21 /96 and 01 50 hrs, 
7/22/96. The Melter feed rate was 1.8 L/min of nominal 40 wt% slurry, 
equivalent to a glass rate of about 1.1 MT/d. During this period, total off-gas 
flow was 230 SCFM. The off-gas exited the Film Cooler at 720°F and cooled to  
520°F before entering the Quench Tower. Off-gas leaving the Quench Tower 
was at 133°F (significantly above the design temperature of 97°F) which again 
demonstrated how the low water flow t o  the nozzles was hurting Quench 
Tower operation. 

5.16.6 Maximize Melter Throuahput Rate 

The final runs of Campaign 1 occurred between 1300 hrs, 7/26/96 and 
0700 hrs, 7/31/96. These runs had the goal of determining the maximum 
sustainable slurry feed rate to the Melter. Melter temperature was a nominal 
1250°F (as it had been throughout Campaign 1). Significantly, no Film Cooler 
clean outs were required during these runs. 

With slurry at about 50 w t %  solids, there were t w o  runs at a Melter feed rate of 
2.9 L/min which equates t o  about 2.5 MT/d glass production rate. For present 
purposes, call these runs A and B. Both runs A and B had large cold caps in the 
Melter, and intermittent breaking up of the cold cap produced pressure pulses in 
the Melter plenum which activated the Emergency Off-gas (EOG) System 
numerous times. Run A occurred between 0930 hrs and 1420 hrs, 7/27/96 
and experienced EOG System activations at 0939, 1048, 1225, 131 5, 1348, 
and 141 5 hrs. Run B occurred between 1030 hrs, 7/27/96 and 0245 hrs, 
7/28/96 and experienced EOG System activations at 01 34, 021 9, and 0241 
hrs. A few EOG activations were observed to  be accompanied by a puff of 
steam from the Melter into the furnace room indicating a positive pressure 
momentarily in the Melter. 

Off-gas parameters for runs A and B are shown in Table 5-20. 
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Run B 

Table 5-20 
Off-gas Measured Parameters 

~ 

Off-gas flow 

Off-gas flow valve 

200 scfm 220 scfm 

45% open 50% open 

~~~~~~~~ ~ ~ 

Temperature from Quench Tower 

Water flow to Quench Tower 

Temperature from Film Cooler I 660°F I 615°F I 

145°F 142°F 

16.3 gpm 16.3 gpm 

Temperature to  Quench Tower I 490°F I 460°F I 

~ ~~ ~~ 

Water to Quench Tower nozzles 

Water from Quench Tower 

89°F 90°F 

131°F 129°F 

Quench water to Heat Exch. I 133°F I 130°F I 
Quench water from Heat Exch. I 85°F I 84 "F I 

The above data clearly demonstrated the benefits to .the off-gas line of operating 
with a large cold cap in the Melter. Off-gas temperatures from the Film Cooler 
and to  the Quench Tower were satisfactorily low and neither the Film Cooler nor 
the off-gas line accumulated any solids. The off-gas temperatures from the 
Quench Tower were high due to  the high steam condensing load at this rate,. 
and as discussed previously, the restricted water flow to  the Quench Tower 
nozzles. The large cold cap produced pressure pulses which the off-gas system 
could not handle adequately. It is anticipated that at Melter pressures of -2 
inches WC that these pulses would be adequately dissipated without the 
emergency off-gas initiating. 

5.1 7 Snapshot 

The selected representative run for Campaign 1 is the run starting approximately 
1200 hours on July 26, 1996, and completing approximately 1200 hours on July 
28, 1996. Slurry feed batches C1 BIO, C1 B11, and C1 B12 were prepared 
alternately in slurry tanks A and B and fed consecutively to  the Melter via the Melter 
feed pump. The feed slurries were nominally 50 weight % solids fed at rates of 1.3 
and 1.8 equivalent MT glass/day over a total run period of approximately 40 hours. 
The feed slurries are characterized in other sections of this report. 

Figure 5-5 shows the overall parameters of the Melter components, glass and internal 
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conditions, off-gas, and the discharge chamber at a representative time during the 
run. 

The Melter was operated with the main chamber bottom glass temperature controlled 
to  nominally 1250'C. SCR 1 power input to  the electrodes ranged between 120 and 
290 kilowatts, averaging about 200 kilowatts. Several Melter pressurization events 
occurred during the run. These were attributed to  situations when the slurry mix 
tanks A or B were nearly depleted of a feed batch which leaves only the slurry 
material below the level of the tank agitators. Additional water was added to  the 
slurry in the tanks to enable continued feed to  the Melter feed pump. This resulted in 
relatively larger quantities of water being converted momentarily to steam as the 
diluted slurry was fed t o  the Melter which resulted in a short term Melter pressure 
surge occurring before the Melter off-gas system could reestablish the normal Melter 
reduced pressure. In each of these events the EOG system responded normally until 
the Melter reduced operating pressure was reestablished. 

Glass produced from the slurry feed equaled 5080 Ibs. During this run monolith 
glass was produced from batches C1 B10 and C1 B12. During batch C1 B11, 1 18  Ibs 
of glass gems were produced and the balance of the glass was produced as 
monolith. The gem cutter, gem roller, and the Gem Machine conveyor were operated 
throughout the run. The overall glass production rate from the slurry feed, measured 
from the product drums, was equivalent to  1.9 MT g ladday.  The range was from 
2.4 MT/day (Batch C1 B10) t o  1.6 MT/day (C1 B12). 

The Melter off-gas system and the emergency off-gas system'performed normally 
throughout the run. The air-cooled lance installed at the furnace off-gas Film Cooler 
substantially corrected earlier problems experienced with plugging of the Film Cooler. 

Tabulations and plots presenting the data collected for these runs is in the Appendix 
B t o  this report. The data are organized by VitPP systems; Feed Preparation System, 
Furnace System, Gem Machine System, and Furnace Off-gas System. 
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6.0 Campaian 1 Maintenance Actions. Equipment Wear 
and Expected Lonaevitv 

6.1 Chromium Oxide Balance 

The Melter walls are comprised of two  types of refractory. The Partition wall is 
constructed of Monofrax Type E Fused Cast Refractory, consisting of 77.7% 
chromium oxide Cr203. The remaining Melter walls are constructed of Monofrax 
Type K-3 Fused Cast Refractory, consisting of 27.1 % Cr,O,. 

A chromium oxide mass balance performed around the Melter determined the amount 
of refractory wall corrosion. No Cr203 was introduced into the system through batch 
feed or frit addition, therefore all Cr,03 present in the glass was attributed to  
corrosion of the refractory. Cr203 analysis of the glass samples taken from each 
consecutive batch shows that approximately 1 6  Ibs of Cr203 have leached from the 
Melter walls (see Table 5-2 and Figure 6-1). Assuming uniform corrosion depths of 
the refractory surfaces and equal corrosion rates of the two  refractories, 
approximately 0.750 mm of refractory in the Center Chamber, 0.091 mm in the East 
Chamber, and 0.1 78 mm in the West Chamber have eroded during Campaign 1. 
Although the E refractory's higher Cr203 content would suggest a greater resistance 
to  corrosion, the current running through the wall may sputter the Cr203 molecules 
and thus compromise its lower corrosion rate. 

6.2 Molvbdenum Balance 

The amount of molybdenum reported in the glass samples remained near the 
detection limit indicating little erosion of the electrodes. This was supported by 
physical observation which showed little erosion. Laboratory analysis showed that 
approximately 2.75 Ibs. of molybdenum were detected in the glass samples (see 
Table 5-10 and Figure 6-2) and a that there was a presence of molybdenum on the 
filters from the off-gas stream. 

6.3 Film Cooler 

Plugging in the Film Cooler and the line leaving it was a serious problem until the 
installation of the air lance. The air lance was a pipe inserted through the center of 
the Film Cooler which provided for injection of compressed air a t  
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the point where off-gas leaves the Melter plenum. The original Film Cooler le f t  a gap 
of about I O "  before off-gas leaving the plenum was contacted with compressed air. 
It also appeared that the method which the original Film Cooler initially introduced 
compressed air (through four 3/4" diameter holes) was inadequate in that these holes 
plugged up. The air lance, along with operating the Melter with a cold cap, 
substantially solved these problems such that Film Cooler and off-gas line plugging 
were no longer a significant operating impediment. 

6.4 Chlorides in Melter Coolina Water 

A dedicated, closed cooling water loop is used to  cool the Melter electrodes, bottom 
drains, side drain, IR detectors, feed tubes, the Gem Machine conveyor, and the Gem 
Machine diverters. For freeze protection, the coolant was a 50:50 volume mix of 
deionized water and commercially available inhibited propylene glycol. A t  the end of 
Campaign 1, flames were observed coming from the molten glass surface of the east 
side electrode chamber of the Melter. When coolant f low was reduced to  the east 
chamber bottom drain, the flames subsided. It was obvious that the flames were 
caused by burning antifreeze (propylene glycol) from a coolant leak into the east 
electrode chamber. 

The coolant was analyzed and found to  contain 150 ppm chloride which was traced 
to  the commercial glycol antifreeze. The bottom drain consisted of a 304L stainless 
steel pipe with a welded-on cap made of lnconelTM 690. The chlorides may have 
attacked this assembly, producing the leak. However, the welding of dissimilar 
metals could also be the major cause for the cracking. This is being investigated. As 
a stopgap, the east chamber bottom drain was disconnected from the closed loop 
system and put on its own water-only cooling loop consisting of a 55-gal drum and a 
small pump. The glycol solution was replaced with deionized water only, and the 
bottom drains were slated for replacement. 
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7.0 ENVIRONMENTAL 

The environmental objective for the VitPP treatability testing is t o  ensure off-site- 
protection of human health and the environment during the various vitrification 
campaigns. The degree t o  which the design and operation of  the plant has met the 
environmental objective is determined by evaluation of compliance with the environmental 
regulatory requirements, as well as the application of environmental ALARA concepts and 
waste minimization practices during operation of the plant. 

Phase I Campaign 1 involves the useLof benign glass prepared with silica and other glass 
forming additives. No RCRA metals, radionuclides, or chemicals that would generate an 
air toxic regulated under the Clean Air Act  were added t o  the Melter feed during 
Campaign 1. The off-gas system was used primarily t o  maintain negative pressure in the 
Melter, vent moisture, and remove particulate from the Melter off-gas. 

7.1 Release Pathwavs and Monitorina Points 

Potential environmental release pathways for contaminants from the VitPP include 
the following: 

0 Air - Stack emissions 
0 Water - Wastewater and stormwater 
0 Soil - Includes spills or other releases 
0 Waste - Hazardous or toxic waste managed off-site 

Potential 'sources of discharge, and associated monitoring points for these release 
pathways are shown in Table 7-1. Note that there are no required monitoring points 
for releases t o  soil; monitoring of  spills or releases of f  the plant pad is on  a case by 
case basis. 

7.2 Environmental Evaluation of Phase I CamDaian 1 

The Phase I Campaign 1 testing met all environmental regulatory requirements 
identified as applicable or relevant and appropriate requirements (ARARs) or 
environmental "to be considered" (TBC) criteria in the VitPP Phase I Work Plan, in 
accordance with the signed OU4 Record of Decision (ROD). 

Environmental data taken during Campaign 1 included sampling of the air, water, and 
solid waste release pathways. A summary of environmental data for Campaign 1 is 
presented in Table 7-1. These data include the source of environmental contaminant, 
sample point, sample results, and how the contamination was managed. There were 
no spills or releases to soil during Campaign 1. 
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Bag Dump Station 

WWTR Filters 

Bldg Sump 

Spills 

Glass 

Misc. Waste 

AIR 

WATER 

SOIL 

WASTE 

None - no air toxics 
or radionuclides 
added in Campaign 
1 

s-15 ' 

S-17 

Case by Case 

s-10 

Characterization per 
procedure 

Table 7-1 : Summary of Environmental Data from Campaign 1 

NA4 

Passed TCLP for Ba, Cr, 
Pb 
TDS 20000 - 285000 
mgll 
TSS 2.2 - 2216 mg/l 

No spills 

All glass passed TCLP for 
Ba, Cr, Pb 

MEF generated or 
referenced 

SOURCE I SAMPLING' 
I 

Wastewater treated by 
AWWT plant' 

Wastewater sent t o  
AWWT for further 
treatment 

NA4 

Staged for disposal as 
solid waste 

Disposal per site 
procedures 

VitPP Stack HEPA Filters 

I s-123 

MANAGEMENT 

Filters that fail TCLP 
managed as Hazardous 
Waste 

Some filters failed TCLP' 
for Cr; also Se and Pb , None. (See footnote 2) BAT met by HEPA filters 

NA4 BAT includes fabric filter 
and HEPA filter 

' Sampling points are described and shown in the Project Specific Plan for Operable Unit 4 Vitrification Pilot Plant, Phase I, Process 
Sampling, 2504-SU-0011, Rev.1, May 1996. The "S" numbered sampling points are established locations where samples are 
routinely taken during operation. Other waste streams are sampled on a case by case basis. 

Toxicity Characteristic Leaching Procedure (TCLP) for testing for RCRA characteristic waste. 

During Phase I, sampling point S-12 will include isokinetic sampling during Campaign 4. No data from S-12 were taken during Phase 
1, Campaign 1, operations. . .  

Not applicable. No sampling conducted. 

The wastewater filters (effluent sample S-1) require sampling only during Campaign 4. 

Normal management of VitPP wastewater and stormwater is by collection in the Building Sump Tank (EST) and discharge to the 
Advanced Waste Water Treatment ( A M )  plant via the High Nitrate Tank. During Campaign 1, stormwater and BST wastewater 
was routed.to the AWWT plant via the OU1 runoff control system. 
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Air sampling during Campaign 1 consisted of samples from HEPA filters and medium 
efficiency particulate air (MEPA) prefilters. Since there were no air toxics or 
radionuclides present in the surrogate or feed additives, isokinetic monitoring of the 
stack at S-12 was not conducted. In addition, no stack performance testing was 
conducted. 

A summary of the sampling events, filter, and sample data is presented in Table 7-2. 

HEPA filters and prefilters - Although not identified for routine sampling, samples 
from HEPA filters and prefilters used during bakeout and Campaign 1 were taken and 
analyzed for RCRA metals. Both normal off-gas system (OGS) and emergency off- 
gas system (EOS) filters, including HEPAs used for VitPP building ventilation, were 
characterized by analysis. Many of the normal OGS and EOS filters failed (exceeded) 
the TCLP limit of 5.0 mg/l for chromium (Cr). Although chromium was not added to  
the feed, it is present in high concentrations as a constituent in the refractory lining 
the Melter. This is the only source of the chromium particulate found on the filters. 
Selenium also exceeded the TC limit in three filter samples. The source of the 
selenium is unknown, but is believed to be an impurity in one of the feed additives. 

Since the OGS filters became saturated due to  high humidity in the off-gas line, 
water samples from the water collected at the bottom of the filter housing were 
taken for analysis. The filter liquid also failed (exceeded) the TCLP limits on several 
occasions as noted in Table 7-2. Excess filter liquid was disposed in the Building 
Sump Tank (BST). Filters that failed the TCLP were staged in two  white metal boxes 
(WMBs) in Building 80 for disposal as hazardous waste. 

Feed Additives - To ensure effluent from the feed additives station meets the Ohio 
Air Toxics Policy (OATP) off-site limits, the fan exhaust is prefiltered by a fabric 
filter, then passed through a Medium Efficiency Particulate Air (MEPA) filter before 
reaching the atmosphere. No RCRA metals or radionuclides were added to the feed 
in Campaign 1 ; therefore, no sampling of the bag dump additives MEPA filter has 
been conducted. A single sample from the "Invincible" prefilter on the dry additives 
filterheceiver passed the TCLP for all RCRA metals. 

Some radionuclides were present in detectable quantities as a contaminant in the 
zirconia feed additive. Air modeling using the EPA approved CAP-88 code was 
conducted to  determine compliance with 40 CFR Part 61 National Emission 
Standards for Hazardous Air Pollutants (NESHAP) Subpart H requirements for these 
contaminants. Input data included stack parameters, a maximum additive feed rate 
of 88 Ib/d (4% feed additive), and a combined radionuclide activity of 1 .I 4 E-4 Ci/yr. 
Results of the modeling indicated that the dose to  off-site receptors from a 
continuous release of this source term would be below 0.1 mrem/yr; therefore, no 
additional controls would be required. 
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Sample Date, 
Time 

Table 7-2 
Summary of Campaign 1 Environmental Data from Air Pathway (Filters). 

Filter - Media Results (mg/l or as  
designated) , 

7/3 0900 

6/24 1600 I S48A - Misc. Liquid I cr+6 37.8 
I I 

SFL48 -0ff-gas prefilter (Bank TCLP Cr , 314.0 
A) Total Cr 9060. mg/kg 

HEPA Dust - 2 7/11 No time 
given 

Total Cr 633.0 mg/kg 

~ 

S48B - Filter 

S48B - Off-gas prefilter 
(Bank B) 

S48A - Off-gas prefilter 
(Bank A) 

S37 - EOG filter, water 

~ s37 - EOG filter 

7/15 0838 I S48B - Water I cr+6 0.12 

~ ~ 

Cr 0.31 w t  % 

Cr 214.7 
Total Cr 4130. mg/kg 
Se 1.3 

TCLPCr 98.6 
Total Cr 151 6. mg/kg 

Cr 56.9 

Cr 146.5 

7/15 0839 I S48S - Water I < TCLP Limit 

7/18 1430 

7/18 1435 

7/18 1440 

7/18 1445 

7/18 1450 

7/15 0845 

S48 - MEPA filter < TCLP Limit 
("Invincible") from any 
additives filterheceiver 

S48 - Off-gas prefilter TCLP Cr 84.8 
Total Cr 1520. mg/kg 

S48 - Off-gas prefilter TCLPCr 66.3 
Total Cr 766. mg/kg 

S48 - Off-gas prefilter TCLP Cr 60.3 
Total Cr 980. mg/kg 

S48 - Off-gas HEPA filter TCLP Cr 158.0 
Total Cr 2008. mg/kg 

7/15 0846 

7/19 0925 

7/15 1830 

S48A - Off-gas prefilter TCLP Cr 76.3 
(Bank A) Total Cr 395. mg/kg 

7/17 1613 

7/17 1615 
I I Se 1.2 
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Filter - Media 

S48B - Off-gas prefilter 
(Bank B) 

S85 - Prefilter (HVAC) 

S85 - Prefilter (HVAC) 

Results (mgll or as 
designated) 

Cr 84.7 
Total Cr 922. mglkg 

Ba 1.81 wt % 
Cr 0.21 wt % 

Ba 1.86 wt % 

S48 - HEPA liquid 

S48 - Water 

S48BH - Water 

S48BH - Water I < TCLP Limits 

< TCLP Limits 

< TCLP Limits 

TSS 7.6 

S48A - Water I < TCLP Limits 

S48B - Water I < TCLP Limits 

S48B - Water 

S48 - Off-gas prefilter 
(Bank B) 

S48 

S48 

S48 

< TCLP Limits 

Total Ba 6500. 
mglkg 

Total Cr 2200. 
mglkg 

Total Pb 2320. 
mglkg 

Total Ba 1 1600. 
mglkg 

Total Cr 2360. 
mglkg 

Total Pb 429. mglkg 

Total Ba 14400. 
mg/kg 

Total Cr 1290. 
mg/kg 

Total Pb 321. mglkg 

Total Ba 9821. 

Total Cr- 301 3. 
w l k g  

mglkg 
88728. 
ma/ka 
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Emeraencv Off-aas Svstem (EOSI - The EOS was triggered on various occasions. 
Some of these occasions were intentional, such as when the Melter or Film Cooler 
was opened for manual feed of the side chambers, or maintenance activities. 
Maintenance was generally scheduled during times when the Melter was in idle 
mode. The EOS was also triggered during the various runs, mainly due t o  brief 
"pressure" surges caused by Melter cold cap upset, or the inability of the off-gas 
system to maintain sufficient vacuum in the Melter. The EOS uses a high 
temperature HEPA filter and prefilter to remove particulate prior t o  discharge t o  the 
atmosphere. Use of the EOS in Campaign 1, either during planned maintenance or 
unplanned events, did not violate any regulatory requirements, or result in 
environmental insult. 

A listing of EOS events during bakeout and Campaign 1, along with probable cause 
and approximate duration, is presented in Table 7-3 below. 

7.4 Water and Wastewater 

Since the thickener and wastewater filters will be tested during Campaign 4, 
wastewater was managed primarily through the Building Sump Tank (BST) at 
sampling point S-17. Wastewater was routinely analyzed for the RCRA metals 
barium, chromium, and lead; nitrate; total dissolved solids (TDS); and total 
suspended solids (TSS). Analytical data from S-17 indicate the RCRA metals 
concentrations in the BST did not exceed the TC limits during Campaign 1. 

Due to use by the UNH Neutralization Project, the High Nitrate Tank (HNT) was 
unable to  receive discharge from the BST. During Campaign 1, stormwater from the 
pad, and wastewater from the BST were sent to  the Advanced Wastewater 
Treatment (AWWT) plant by an alternate route, using the lined trench constructed for 
the OU1 Runoff Control Removal Action. Wastewater management by this alternate 
route was approved in advance by OU5 AWWT personnel. Based on analytical data 
from S-17, no hazardous wastewater was discharged by this route. 

Other wastewater discharged during Campaign 1 included slurry heel and slurry tank 
washout water. This wastewater ,was tanked and transported t o  the Plant 8 Sump 
for treatment. The wastewater contained high total dissolved solids (TDS) and total 
suspended solids (TSS), which included alumina, calcium carbonate, borax, sodium 
carbonate, silica, and zirconium oxide. No RCRA metals were present in the slurry 
wastewater. 
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BAKEOUT 
5/18/96 0700 

511 9 0700 

512 1 2000 

5/23 1100 

5/24 1600 

5/25 1200 

5/25 300 

5/27 0200 

IDLE 
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24 Intentional bypass 

28 Same 

8 Improper needle set point 

14 Reason unknown 

15 Reason unknown 

25 Reason unknown 

1 

1 Reason unknown 

777 Electrode insertion 

Stepped on emergency trip cord to gem maker 

Table 7-3 
Emergency Off-gas System Usage during Bakeout and Campaign 1 

611 5 0800 

611 5 1700 

6/20 1700 

DATE’ I  DURATION^ I REASON 

102 Same 

1641 Same 

9 Balancing EOS set points . 

6/22 0800 

6/22 21 00 

6/23 1100 

6/24 1900 

6/25 0800 

6/26 2200 

6/27 0400 

6/27 1600 

6/29 2300 

712 1300 

715 1000 

716 0900 

717 1700 

711 1 1000 

362 

5 

1 Same 

56 Reason unknown 

5 

2 Same 

2 

78 Maintenance on Film Cooler 

Adding frit to side chamber 

Reason unknown, possibly due to maintenance 

Maintenance on gem maker diverters 

Melter feed intermittent - steam release 

Melter feed intermittent - steam release 

Startup drums removed from discharge while gate still open 

1 

51 

7 Reason unknown 

26 Maintenance on normal OGS 

62 Reason unknown 

274 

- 

Maintenance on normal OGS form 

Manual override, reason not given; not feeding Melter I CAMPAIGN 1 Run I 483 
1A 
612 1 1600 I I 
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1 '  

I  DURATION^ I 

01 00 4 Melter feed intermittent - steam release ;:z: Run 38 2100 4 Same 

REASON 

Reason unknown - Film Cooler out of service; EOS used 

713 1 0200 1 Melter feed intermittent - steam release 

~~~~~ ' Times are approximate to the nearest hour. 

period is approximate. 
The duration of EOS usage was determined by examination of the position of the EOS valve FI-370. Total duration for this time 
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7.5 Soil and Spills 

There were no reported spills of hazardous substances to  soil during Campaign 1. 
There were various instances of leaks, pump seal failures, etc., which occurred on 
the containment pad at the plant. These were minor in nature, and did not contain 
any hazardous waste, or result in the generation of hazardous waste. Gross material 
from these leaks was containerized and managed according to  procedure, or 
reintroduced into the Melter feed. Residues on the pad were washed down to the 
building sump. 

7.6 Waste 

Waste produced during Campaign 1 included glass product, used air filters, empty 
feed additive bags, and personnel protective equipment (PPE). Analytical data from 
glass sampling (sample point S-IO) indicate that all the Campaign 1 glass passes the 
TC limits for Ba, Cr, and Pb. The glass has been drummed and labeled, and is 
currently staged in the buffer area. While some glass may be reused in the future as 
Melter feed, the bulk is expected to  be disposed as solid waste. 

Management of filters was discussed in the previous section. Empty bags and PPE 
that was not reusable were disposed in dumpsters as solid waste. Miscellaneous 
waste was characterized by process knowledge, or by sampling on a case by case 
basis, as required, t o  determine proper management. 

7.7 Problems and Concerns 

There are several opportunities for "lessons learned" in the area of environmental 
protection for future operation of the VitPP. These are discussed below 

7.7.1 Off -gas System 

7.7.1 .I Desiccant Unit - The Desiccant Tower is a dehumidifier designed 
t o  remove excess moisture from the off-gas in order to  maximize 
radon adsorption in the carbon beds. However, during 
Campaign 1, the high moisture content of the off-gas quickly 
overwhelmed the unit, allowing moisture and entrained particulate 
to  plug the HEPA filters and prefilters requiring frequent change 
out. High humidity in the off-gas line increases the risk of filter 
failures, and free liquids increase the risk of spreading 
contamination. Installation of a water removal system such as a 
chiller or heat exchanger prior t o  the Desiccant Tower would be 
prudent. The Desiccant Tower could then6e used to  remove any 
remaining water and preserve the life of the downstream carbon 
beds and off-gas filters. 

I 
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7.7.1.2 

7.7.1.3 

Emergency Off-gas System (EOS) - Campaign 1 experienced 
significant use of the emergency off-gas system. Although the 
emergency off-gas was HEPA filtered and the EOS met BAT for 
Campaign 1 runs, this is a concern for future campaigns. There 
are various reasons why the EOS was initiated; these include both 
design and operational problems. As designed, the normal off-gas 
system is unable to  maintain target negative pressures in the 
Melter, causing the valve opening set points in the emergency off- 
gas line to  be exceeded on a routine basis. In addition, frequent 
maintenance and repair of the Melter or off-gas line (such as Film 
Cooler Clean out) has resulted in increased use of the EOS. Use 
of the EOS during times of Melter feeding is of particular concern 
since there is the increased risk of overwhelming the filters with 
water vapor, entraining fine particulate from the feed, and during 
later campaigns, routing SO, and NO, directly out the stack 
without benefit of treatment. 

Log entries show that feed to  the Melter was not always stopped 
when the EOS triggered. Since there are no differential pressure 
alarms on the EOS HEPA, in the campaigns that involve 
hazardous substances, feed t o  the Melter must be stopped when 
the EOS activates. 

Use of the emergency off-gas system on a routine basis negates 
the purpose of the EOS design. Routine use of an emergency off- 
gas system requires the same controls as a normal off-gas 
system. Bypassing normal required control systems is not 
allowed under the OEPA Ohio Administrative Code (OAC). The 
corrective action alternative is to  redesign the normal off-gas 
system to improve control of the Melter to  bring utilization of the 
emergency off-gas system back to  only true emergency use. 
Since the EOS does not include treatment of the off-gas, feed to  
the Melter must cease whenever the EOS is being utilized. 

Melter and Discharge Chamber - The design of the Melter and 
discharge chamber allows significant in-leakage of outside air t o  
the Melter, which must be processed and exhausted through the 
off-gas system. This in-leakage further reduces the capability of 
the off-gas system to maintain design negative pressures in the 
Melter, contributes to  the volume of gas that must be processed, 
and provides a potential pathway for Melter and off-gases t o  
escape to  the work area. 

7.7.1.4 The building HVAC system was used for ventilation and dust 
control while feeding frit into the Melter. This resulted in six 
changes of HVAC filters. Although not prohibited, a more cost- 
effective method of dust control prior to  redesign of the off-gas 

7-10 



461 
VitPP Phase I Interim Treatability Study Report - Campaign 1 

401 10-WP-0001 

7.7.1.5 

system may include routing a vent line to intercept the EOS line 
downstream of FV-370. This interim design would provide dust 
control on a temporary use basis. The line would be valued shut 
during all other times. 

Particulates in Off-gas - Campaign 1 data show significant 
quantities of particulate material passing through the off-gas 
control equipment (Quench Tower, Scrubber, and Desiccant 
Tower) to become deposited on the HEPA filters. During Phase II, 
carbon beds will be installed upstream of the HEPA equipment. 
Based on these Phase I Campaign 1 data, particulate material 
could enter and load the carbon beds during Phase II operation, 
resulting in an increase in pressure differential or blinding of the 
beds which may require bed change out. Since change out is not 
a part of the design, particulates must be prevented from entering 
the beds. This can be accomplished by installation of a HEPA 
filter or roughing filter upstream of the carbon beds. 

7.7.2 Wastewater 

An issue occurred during Campaign 1 regarding management of hazardous 
wastewater. Since the High Nitrate Tank was unavailable, wastewater was 
routed to  the AWWT via an alternate path during Campaign 1 ; i.e., by using 
the OU1 lined runoff control ditch and Bio-Surge Lagoon. This alternate 
disposal path was approved by AWWT/OU5 personnel since no hazardous 
substances were t o  be used during Campaign 1, or expected in the 
wastewater. 

Prior t o  implementation, it was stipulated that all wastewater to  be discharged 
in this manner should be contained and characterized before release to  verify 
no hazardous substances were present. In practice, the wastewater was 
released prior to  receipt and review of lab data. Wastewater from the 
Scrubber, Desiccant Tower, rainwater and pad washdown, and other plant 
sources is collected in the Building Sump Tank (BST), where it is released to 
the AWWT as plant wastewater. 

In this case, sampling data taken from analyses of the spent Scrubber liquor 
(sampling point S-7) showed that the Scrubber wastewater was a hazardous 
waste due to the RCRA characteristic of chromium. However, sampling 
results were not available until several weeks later. Data from the BST 
(sampling point S-17) showed the wastewater was no longer hazardous 
waste. Had the BST data indicated the released wastewater was a hazardous 
waste, we would have introduced hazardous waste into the OU1 concrete 
collection sump, and the Bio-Surge Lagoon. These unit% along with the ditch 
and other appurtenances, could have been considered hazardous waste 
management units (HWMUs) by the OEPA, resulting in the need for RCRA 
regulation and closure of the units. Since the presence of chromium in high 
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concentrations in the wastewater was not anticipated, this issue could have 
been programmatically prevented by holding the waste stream back until 
cleared for release through analytical characterization and timely data review. 

7.7.3 Sampling and Data Management 

7.7.3.1 Sampling points - New sampling points have been added t o  the 
VitPP operation but the Project Specific Plan (PSP) has not been 
revised. For example, S-22, 23, and 24; S-37 (EOS HEPA filters); 
and S-85 (Building HVAC filters). Sampling of the graphite 
solution waste stream should also be added to  the PSP. 

7.7.3.2 Analytical Data - There is a long time delay between 
environmental sampling and receipt of sample data (as much as 6 
weeks). Field management of material is being restricted by data 
turnaround times. In addition, environmental data are not entered 
into an electronic database that is accessible in a timely manner; 
therefore, access to  these data is encumbered by the need for a 
single point of contact and the physical transfer of data. 

7.7.3.3 Data Packages - The data received from the lab are not easily 
matched with the sampled source. For example, the data for the 
HEPA filters do not alwdys specify whether the prefilter or HEPA 
filter was sampled, whether train A or train B filters were 
sampled, or even whether the filter came from the normal OGS, 
EOS, plant ventilation MEPA, additives MEPA, or "Invincible" 
MEPA (on the filterheceiver). In addition, the data do not indicate 
whether the sample date is the date the HEPA was removed from 
service date taken t o  the lab, or the date the filter was processed 
in the lab. These information gaps and uncertainties make the 
data difficult to use. 

7.7.4 Environmental ALARA 

7.7.4.1 Wastewater volume - The unroofed portion of the VitPP pad 
allows significant quantities of rainwater t o  collect in the 
secondary containment catchments of the plant. This excess 
water requires characterization and management through the 
Building Sump, and increases the volume of wastewater treated 
by the AWWT plant. The alternative would be.to cover the 
remaining pad area t o  prevent this waste from being generated. 

Slurry Tank Heel Removal - Current slurry tank design and 
operation requires a significant portion of the slurry from each 
batch to  be managed as waste, since the last portion of each 

- 

7.7.4.2 
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batch cannot be fed t o  the Melter. This requires manual pump 
out and staging for eventual refeeding, or transfer t o  the Building 
Sump Tank (or Plant 8 by portable tank) for discharge as 
wastewater. This waste generation rate is several hundred 
pounds of solids and wastewater per batch of feed. A t  present, 
the system design and procedures do not accommodate the 
refeed of tanked or drummed slurry. An alternative would be t o  
redesign the slurry tank system t o  minimize the heel, and allow 
refeeding of  slurry solids and wastewater. 

7.7.4.3 The gem maker required use of large quantities of cooling water 
mixed with graphite which resulted in a large quantity of waste. 
This cooling water mixed with the glass product in the waste 
containers. In future campaigns involving hazardous substances, 
this may result in the generation of a new (hazardous or mixed) 
waste stream, requiring additional handling and disposal. The 
waste disposal facility does not accept waste with free liquids, or 
hazardous or mixed waste. An alternative would be t o  redesign 
t o  recycle the cooling water, and keep coolant away from the 
glass product. 

7.7.4.4 Contamination control - Slurry or Melter feed pumps can leak or 
blow seals and spread water and material over a large area. 
Pumps should be shielded t o  contain spray, and be placed in 
separate containment areas t o  minimize spread of  process 
material. This will become more important for later campaigns 
that include RCRA materials, or radionuclides. 

7.7.5 Miscellaneous 

7.7.5.1 Field changes - Changes t o  the configuration of equipment, or 
method of  operation made in the field can increase the probability 
of spills and releases due t o  elimination of environmental 
oversight and guidance. Field changes, such as rerouting flows, 
or deviations from procedure or direction must be reviewed by 
environmental compliance staff and reconcurrence reached prior 

. t o  implementation. 

7.7.5.2 All System Operating Procedures (SOPS) and Systems Operability 
Test (SOT) procedures that affect environmental areas of  the 
VitPP project (off-gas system, wastewater, material handling, 
etc.) must be reviewed by environmental compliance staff t o  
ensure environmental requirements, limits, and management 
methods are addressed in sufficient detail tB provide guidance t o  
VitPP operations personnel. 

7.7.5.3 VitPP test log entries for environmental events are incomplete. 
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An example is extended time periods when the EOS was used, 
but not documented in the log. CERLCA regulatory requirements 
include release reporting, which rely on accurate documentation. 
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8.0 VitPP DESIGN DATA NEEDS for Phase I I  

Data needs and test requirements were identified by the project for development of the 
VitPP for Phase II testing using silo waste and for design and cost information for a future 
higher throughput waste vitrification facility. These data needs are planned to be 
accomplished from the Phase I and Phase II VitPP operating campaigns. The major VitPP 
systems operation and the test data obtained from Campaign 1 were reviewed from the 
perspective of providing the identified data needs. 

8.1 Feed PreDaration Svstem 

The Feed Preparation System must be able to mix and homogenize the process slurry 
and to reliably pump the slurry through both horizontal and vertical piping containing 
valves and fittings. During Phase I testing, variations were observed in the slurry 
solids loading during gradual pumped withdrawals from the two slurry tanks (5-TK- 
29A & B). This nonhomogeneity is believed to  be caused by insufficient slurry 
mixing and solids suspension by the existing slurry tank agitators (5-AG-05A & B). 
When pumping the slurry, the lack of functioning pressure indicators in the slurry 
piping has precluded calculation of slurry friction losses and apparent viscosity under 
actual f low conditions. Providing instrumentation for pump suction and discharge 
pressures would provide information for adjusting the diaphragm pump motive air 
supply and discharge pressures to  improve operations and reduce wear. 

The supplier of the existing slurry tank agitators (Mixmor) indicates that the following 
data are needed to  assess the agitator design: 

0 Dimensions of process tank and range of operating levels 

Solids content of slurry (percent by weight) 

Density of individual particles (as opposed to the apparent density of a 
layer of settled solids) 

Determination of force to  overcome settled slurry conditions 

0 Specific gravity of slurry 

0 Particle size distribution 
0 

0 

0 Slurry viscosity 
0 

Data needed on the flow characteristics and rheology of the slurries were not 
obtained during Campaign 1. Added instrumentation for the slurry pumps and lines 
has not been installed. 
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8.2 Glass Product Handlinq 

Design of upgrade facilities requires information on the temperature and temperature 
decay with time of the glass product containers. These data could not be obtained 
during Campaign 1. Specially designed glass product test containers with radial and 
axial thermowells installed are being considered for future campaigns. 

8.3 Furnace Off-aas Svstem 

Prior to  Campaign 1 , it was known that Melter pressure could not be controlled at 
much lower than -0.5"WC with the Melter full of molten glass. Campaign 1 began 
on June 16, 1996 with water feed to the Melter, then progressed to  a 1 2  wt% feed 
benign glass slurry, then t o  a 40 w t %  feed of benign glass slurry on June 27, 1996. 
By June 28, 1996, it was clear that plugging in the Off-gas system Film Cooler was 
a serious problem; the Melter could be operated (fed slurry) only 4 t o  6 hours before 
Melter pressure could not be held at -0.5"WC due t o  the Film Cooler plugging. It 
was atso noticed that the off-gas line downstream of the Film Cooler was steadily 
increasing in pressure drop. At this time, Film Cooler air f low was about 120  SCFM 
and total exhaust f low was about 175 SCFM, indicating that Melter in-leakage was 
about 55 SCFM (all the process tank vents were valved to  the "off" position). 

The immediate fix was to  vacuum out the horizontal section of line just downstream 
of the Film Cooler and to  install a new exhaust fan. The original centrifugal exhaust 
fan was capable of producing a pressure of -31 "WC at 200 SCFM at the fan suction. 
A new Spencer blower which is capable of producing a pressure of -8O"WC at 200 
SCFM at the fan suction was installed in its place. This new blower allowed the 
Melter control pressure t o  be reduced to  -0.75"WC. 

The first controlled run after the new blower was installed occurred on July 16, 
1996 and July 17, 1996. During the approximately 12  hours of feeding slurry t o  the 
Melter at a nominal 1 MT/d glass production rate, the Film Cooler had t o  be cleaned 
out three times. However, the off-gas line just downstream of the Film Cooler 
remained clear. During this run, the Melter pressure varied between -0.6 and - 
0.8"WC with the off-gas control valve (FCV-250) 100% open much of the time. 
With total off-gas flow between 220 and 250 SCFM, and Film Cooler air f low 
between 120 and 150 SCFM, it appears that Melter in-leakage air f low was about 
100 SCFM''. 

As a result, it is concluded that the current off-gas system configuration does not 
provide the Melter pressure to be controlled below about -O.75"WCI even with a lean 

l9 A number somewhat less (30 to 80 SCFM) is used when doing heat/energy balance 
calculations around the Melter. This is because air in-leakage that flows through the 
Discharge Chamber into the Melter is already preheated (in the Discharge Chamber) and 
has no effect on the Melter energy balance. 
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Film Cooler. 

Plugging in the throat of the Film Cooler was an impediment to  continuous operation. 
(Subsequent installation of an air lance into the Film Cooler has greatly reduced 
plugging problems.) 

The total pressure drop between the Melter plenum (at -0.7"WC) and the off-gas 
flow control valve (FCV-250) just upstream of the exhaust fan, at 250 SCFM, total 
flow is about 40"WC. When feeding the Melter at a 1 equivalent MT glass/day rate, 
the pressure drop increases to about 55"WC due to increased flow and temperature 
through the Film Cooler and the line to the Quench Tower. This high frictional 
pressure drop was not predicted by the design calculations. The cause of this 
miscalculation appears to  be an incorrect accounting of losses in elbows, tees, 
valves, and entrances/exits for the equipment in the system. The calculation resulted 
in the specification of a 4" diameter off-gas line which has proved to  be inadequate. 
Also, recent pressure drop calculations allowing for actual line size and routing do not 
predict pressure drops as high as those observed in the plant. This would seem to 
indicate significant plugging, plate out, or other problems in the system. 

The high Melter in-leakage rate of about 100 SCFM and Film Cooler plugging 
concerns require the high Film Cooler air rate of about 150 SCFM. This takes up all 
the off-gas system capacity, leaving none for the tank vents. This high Melter in- 
leakage rate also cripples the entire off-gas system because attempts t o  lower the 
Melter pressure result in even more in-leakage that must be cooled by additional Film 
Cooler air flow. Since pressure drop rises as the square of the'flow, there is no 
leeway in the existing system to significantly lower Melter pressure. The high in- 
leakage rate is believed to  be due mostly to  the large orifice at the glass discharge 
chamber at the interface with the Gem Machine. 

The high velocity in the line to the Quench Tower appears to  be keeping it clear, but 
the high pressure drop observed across the Quench Tower contributes to  the 
problems described in the previous paragraph. 

Quench Tower operation is deficient in that water flow is limited to  about 16  gpm 
(vs. design of 40 gpm) believed to  be due to  scale buildup in the line. Consequently, 
the air leaving the Quench Tower runs 130 to 140°F (vs. design of 97°F. The water 
line from the Quench Tower to  the system heat exchanger and onto the recycle 
water tank is also heavily scaled. Even if 40 gpm could be supplied to  the Quench 
Tower, it is doubtful that it could be pumped out of the Quench Tower fast enough. 

The Desiccant Tower worked well initially during campaign 1, but the large amounts 
of moisture to  be remove from the off-gas overwhelmed it. Regardless of the final 
moisture removal system used, most of the moisture should be condensed out of this 
stream. (Cooling 120°F saturated air down to 50°F condenses out 90% of its 
moisture.) 

It is concluded that replacement of the entire off-gas system and Melter in-leakage 
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interface, which are currently planned for the facility upgrade, should be done at the 
earliest opportunity. Also, the scaled water lines should be chemically cleaned as 
soon as possible as is currently planned. 

8.4 Maintenance Loa keepinq 

VitPP maintenance activities during Campaign 1 were contained in the Supervisors 
Shift Turnover Log prepared at the end of each shift. For maintenance work, a FEMP 
Work Request/Order is prepared (see FEMP Work RequeWOrder Procedure, MT- 
0003, 6/28/96) and executed. The work' request as written is general and typically 
does not describe in detail the work or activities performed to  complete the work 
request. Section F of the procedure, Work Process/Package Closeout, provides for 
recording comments/lessons learned from the activity, however this may be general 
comments since no guidelines are provided. Completed FEMP Work Request/Order 
forms are archived and controlled at the document control center. 

The present maintenance Log keeping is not adequate for tracking equipment 
performance, failure modes, diagnostics, and corrective actions in enough detail to  
provide design data for a future vitrification facility. It is suggested that Log keeping 
guidelines/procedures be provided for recording information on logs, Log keeping 
responsible party, and archiving of the logs. The maintenance log should serve as a 
record for defining equipment maintenance history for both plant and engineering 
personnel, and it should be recorded and stored in a retrievable manner. 
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9.0 LESSONS LEARNED 

The VitPP has and is undergoing extensive testing of all the operating systems. 
Design, construction, and operation of the VitPP has provided experiences that can 
be valuable t o  others. 

These "lessons learned" are contained in Appendix C of  this report. The information 
has been accumulated from "plan of  the day" meetings, Total Quality Management 
(TOM) meetings, and daily operationdtesting at the VitPP. Appendix C is sorted by 
system and area of the VitPP. These items will be reviewed by Fluor Daniel Fernald 
Engineering, Operations, Project Management, and Testing t o  ensure all activities are 
incorporated, documented, and implemented in design and procedures for operation 
for the VitPP, plant upgrades, and ultimately the final operating facility and program. 

I 
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VITRIFICATION PILOT PLANT 
PHASE 1 

CLOSEOUT OF 
SYSTEM OPERABILITY TEST PROCEDURE 2504-SU-0034 

GLASS CAMPAIGN 1 

The following report summarizes the Vitrification Pilot Plant (VITPP) Operability 
Test Procedure Melter Campaign 1, 2504-SU-0034, Revision 1 in accordance the 
requirements of ENG-12-6003 Startup and System Operability Test Procedure. 

SUMMARY 

System operability testing in accordance with revision 1 of the SOT for the VITPP 
Melter and Gem Machine Systems commenced 6/19/96 and was completed 7/31/96. 
During Campaign 1, a total of 11 slurry tank batches and one frit batch were fed 
to the Melter. The Melter's main chamber temperature was maintained at 
approximately 1250 OC. Both the slurry and frit batches were free of barium and 
lead compounds. The feed slurries were mixed directly in the slurry tanks, 
eliminating the need for the Thickener Tank. 

Summary data for the 12 batches is provided in the attached "Test Performance 
Parameters for SOT Campaign 1 at the Vitrification Pilot Plant" data sheets. 
Some noted highlights from these sheets are as follows: 

Weighted Average Melter Temperature: 
Total Slurry Fed: 
Total Glass Produced as Monolith: 
Total Glass Produced as Gem: 
Total West Side Chamber Frit: 
Total East Side Chamber Frit: 
Total Center Chamber Frit: 

1250 +/- 20 'C 
49,734 lbs 
21,739 lbs 
3,452 lbs 
1,325 lbs 

575 lbs 
1,862 lbs 

The following provides a correlation'between the batch and the section of the SOT 
to which it corresponds: 

Batch NO. SOT Section 

ClBOl 

ClB02 
ClB03 

ClB04 
ClB05 
ClB06 

C1B07 
ClB08 
ClB09 
ClBlO 
ClBll 
ClB12 
ClB13 

7.2 

7.2 
7.4 

N/A 
7.3 * 
* 
7.4 
7.5 
7.5 
7.5 
7.5 
7.5 

Description 

Initial 20% w t .  solids slurry feed, 
monolith 
40% wt. solids, monolith 
Glass gem production for 6 hours with 
addition of center chamber frit €or feed. 
Bulk discharge during standby/idled modes 
1 MT/D slurry feed to melter, monolith 
45% w t .  solids, bulk discharge, off-gas 
upgrades 
46% wt. solids, 1 MT/D bulk discharge 
45% w t .  solids, continuous gem production 
25%wt. solids, Maximumglassproductionrate 
55%wt. solids, Maximumglassproductionrate 
51%wt. solids, Maximumglassproductionrate 
50%wt. solids, Maximumglassproductionrate 
53%wt. solids, Maximumglassproductionrate 

* ClB06 & ClB07 was not associated with any portion of-the SOT but was ran 
during times in which the continuation of the SOT was on hold. ClB06 & 
ClB07 was used to gain experience with running the melter in an operation 
status. All data for both batches was recorded in the SOT test log. 

Attached is a "Test Performance Parameter" data sheet €or each batch ran during 
I campaign I. Each batch data sheet compiles operational data., sampling data, 

slurry feed/glass production data, etc. that pertaining to each batch. 



A total of 17 procedure interim changes and 1 test exception were written that 
address test changes and exceptions to the SOT methodology and criteria. These 
changes and exceptions are specifically discussed later herein. 

PURPOSE 

The systems operability test document "defines and comprises the System 
Operability (SO) test procedure for Campaign 1 of melter operations" as stated 
in 2504-SU-0034, Rev. 1. Testing consisted of initial continuous glass 
production in the melter, establishment of melter temperature and throughput 
control, synchronization of the operation of the melter and gem machine, and 
increasing the glass output of the melter to achieve maximum output to define 
system limits. 

PROCEDURE CHANGE NOTICES 

A total of 2 Interim Change Procedures (ICP's), ICP 01-96 and ICP 02-96, were 
written against 2504-SU-0034, Revision 0. 

A total of 15 Interim Change Procedures (ICP'S), ICP 03-96 through 17-96, were 
.written against 2504-SU-0034, Revision 1. 

ICP 1 was prepared to add Melter Feed and Discharge Rate Data Table. This table 
provides the Shift Test Coordinators an organized location to record key .data 
generated by the SOT. 

ICP 2 was prepared to correct an erroneous step reference. 

ICP 3 was prepared to include Shift Manager authorization to proceed with the SOT 
after concurrence on test results from Step 7.1 by FERMCO, Vitreous Sate Laboratory 
of Catholic University (VSL), and Duratek. 

ICP 4 was prepared to change order of ingredients to be added to Slurry Tank B per 
Duratek direction. The order was changed to avoid clumping/solidification of 
ingredients in slurry tank. 

ICP 5 was prepared to delete step of re-establishing melter idle parameters. This 
ICP was issued to avoid temperature cycling. 

ICP 6 was prepared in response to a suggestion from Duratek and VSL representatives. 
The ICP was issued to change the feed rate to the melter to 114 MT/D for the 20% 
solids solution. The feed rate at 112 MT/D was too great for a 20% solids slurry. .' 

ICP 7 was prepared to correct an erroneous step reference. 

ICP 8 was prepared to reflect an agreement between the Operations Manager and VSL 
representatives that the desired data concerning feed and discharge rates can be 
obtained in approximately four hours instead of the eight hours specified in the 
SOT. 

ICP 9 was prepared to indicate that initial discharging with FI-007 at 2 SCFH 
revealed that air flow rates greater than 2 SCFH were not required to produce glass 
at 80 pounds/hour. 

ICP 10 was prepared to delete steps in the SOT that would run the melter at the 
maximum rate. The steps were deleted as a result of previous-sections demonstrating 
that the Off-gas system could not operate at a slurry feed rate of more than 1 MT/D. 

ICP 11 was prepared to change the initial objective of the 24 hour slurry feed 
Section 7.3. The initial objective of Section 7.3 was changed to establish a cold 
cap coverage of 60 to 80%. The cold cap allowed operations to maximize feed time 
and minimize down time related off-gas line clogging. The changes implemented by 
this ICP allow for slurry feeding of the melter to continue. 



46 1 
PROCEDURE CHANGE NOTICES (cont.1 

ICP 12 was prepared to revise Attachments 8 and 9 of the SOT to aid Melter, DCS, 
and Pad Operators in taking the necessary data. Attachment 10 of the SOT was also 
added as result of this ICP. 

ICP 13 was prepared to change the order of addition of the ingredients on the batch 
sheets. This was done to support the RWP requirements. 

ICP 14 was prepared to change the order of addition of the ingredients on the batch 
sheets. This was done to help induce usage of the zirconium oxide in the system. 

ICP 15 was prepared to maintain a glass stream equivalent to 1-1/4 to 1-1/3 MT/D to 
the gem cutter/roller to avoid clogging the discharge orifice with glass. ICP 15 
was also issued to maintain the melter at standby temperature rather than idle the 
melter before pezforming the section. 

ICP 16 was prepared to indicate that the normal off-gas equipment was upgraded. The 
limits of the normal off-gas system, melter feed pump, and air lift were defined 
with current plant configuration. In addition, using Emergency off-gas system for 
an extended period of time while feeding slurry to the melter would cause avoidable 
particulate build up in the Emergency off-gas system. 

ICP 17 was prepared to add Test Performance Parameters data sheets for each batch 
produced during Campaign 1. 

TEST EXCEPTIONS 

One test exception (TE's) was written against 2504-SU-0034, Revision 1. 

TE 1 was prepared to explain that slurry feed rate of 1 metric ton/day (MT/D) for 
a 8 hour continuous run resulted in build up and eventual clogging of the film 
cooler in the off-gas system. Additionally, to obtain a 1 MT/D melter output rate, 
a slurry feed rate of greater than 1 MT/D would be necessary because of material 
losses to the off-gas system. Film cooler clogging would likewise result. The SOT 
was suspended and the melter was placed in idle per Operations Managers direction. 
Reference ICP 16 for resolution to Test Exception 1. 

PROBLEMS ENCOUNTERED AND SOLUTIONS IMPLEMENTED 

Normal Off-aas Svstem 

During early slurry batches of Campaign 1, the Normal Off-gas System 
frequently required cleaning when Operations personnel attempted to feed 
slurry to the Melter at rates greater than the 1/2 MT/D. Relatively rapid 
particulate build up in the Film Cooler Outlet and Transition Line was the 
primary problem. The frequent cleaning interrupted slurry feeding and 
strained operations resources. 

A successful solution to the problem was the design and installation of an 
air lance. During later slurry batches of Campaign 1, the Normal Off-Gas 
System did not trip to the Emergency Off-gas System due to particulate build 
up and rarely required cleaning between batches. 

The trips of the Normal Off-gas system to the Emergency Off-gas system during 
later slurry batches were often a result of the sudden collapse of a cold 
cap. This occurrences became less frequent as operations personnel became 
skilled in working with cold caps. 



PROBLEMS ENCOUNTERED AND SOLUTIONS IMPLEMENTED ( c o n t . )  

Lube SDrav and Gob Cutter Desiun and ODerations 

Early efforts to use the gob cutter and roller assembly to make glass gems 
identified that a heat dissipation problem with the cutter. An exterior 
cooling system using graphite solution was installed, allowing for the 
Operations personnel to continue working towards the goals of the SOT. One 
significant undesired feature of the extorior cooling system is that the 
excess graphite solution is collected by the drum located under the Emergency 
Diverter. At the completion of the SOT for Campaign 1, GTS Duratek was 
continuing to design and test the gob cutter and roller assemblies. 

Melter Feed PumD ODerations 

The Melter Feed Pump seals failed when slurry seeped into the seals. 
Investigations revealed that the there was insufficient air pressure applied 
on the seal tank as designed because one of the two valves on the air line 
was not opened. To avoid this situation in the future, a Design Change 
Notice (DCN) was generated to add a pressure gauge on the air line to the 
Melter Feed Pump seal tank. In the field, a catch pan was secured beneath 
the seals to divert the leaking slurry to a pail. A temporary alteration 
allowed the mechanical seals to be replaced by a packing gland. this allowed 
the test to safety continue. 

APPLICABLE DOCUMENTS 

The following Duratek series of drawings are included in the scope of this test: 

CRUI-M-M 
CRUI-X-E 
CRUI-X-I 

A review of the DCN's posted against the VITPP was performed. The following DCN's 
were identified to have potential impact to the test boundaries. All DCN's listed 
below were satisfactorily implemented in the field and bounded by this test package. 

DCN's 21, 29, 33, 37, 39,  55, 56, 95, 97, 117, 157, 200, 210, 243 

Other DCN's initiated subsequent tothis test package should be evaluated for impact 
to system performance and retest requirements. 

PROCEDURE ACCEPTANCE 
. .  

System performance is found to be acceptable according to the criteria specified by 
2504-SU-0034, including regard to the satisfactory resolution to the test exception 
discussed above. The test exception is closed and the SOT is complete. 

CONCLUSION 

During the performance of the SOT for Campaign 1, Operations personnel proved that 
the Melter and associated systems can support feeding a slurry with up to 55 weight 
percent solids. Operations personnel developed the .skill of establishing, 
maintaining, and controlling a 95 percent cold cap with adj-ustments to the Melter 
Feed Pump rate, bubbler air flow rate, Melter temperature, and discharge air lift 
air flow rate and were readily able to exceed the target lMT/D glass production 
rate. As a result of the combined efforts and experiences of the Operations 
personnel, a compilation of preferred operating parameters have been developed to 
support future campaigns. 
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Campaign Number 1 Batch Number C1 BO1 Formula Benign 

Slurry Tank B 

Initial Weight 3545 Ibs 
lfull batch) 

Final Weight 2275 Ibs 
(heel before Htnhl 

Solids in Slurry 15 % w t  

Slurry Feed Rate 

Maximum Average 

110 RPM 97 RPM 

1 L/min 0.80 L/min 

Slurry Feed Start 231 2 hr on 6/24 

Slurry Feed Stop 0844 hr on 6/25 
(time) 

(time1 

Slurry Feed Duration 9 hr 30 min 

Slurry Fed - 1270 Ibs Avg. Rate 133.7 Ibs/hr 

Glass Produced - 395 Ibs Avg. Rate 41.6 Ibs/hr 
1 

Drum ID Net Weight (Ibs) Form 

C1 BO1 02  395 - gem 

C1 BO1 D1 142 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Slurry Samples 

Customer Number Results 

5048-960624-1 721 1.1 5g/ml & 
16.4 wt% 

SO5-960624-2314 0.939g/ml & 
6.5 wt% 

S05A-960625-0233 1.1 28g/ml & 
13.3 wt% 

SO4B-960625-0245 1.1 8 g/ml 
wt% 

SO5-960625-0915 1 .Og/ml & 
0.90 wt% 

SO5-960625-0916 1 .Og/ml & 
1.1 wt%' 

* O h  solids not analyzed for in sample 
S WB-960625-0245 

Weighted Avg. Melter Temp. 1256 O C  

Weighted Avg. Melter Power 175 KW 

Weighted Avg. Melter Current 1707 Amp 

Weighted Avg. Melter Voltage 399 Volts 

~ ~~~ ~ 

Average Cold Cap Coverage N/A % 

Glass Samples 

Customer Number 

S10-960624-2249 

S10-960725-1701 

Results Drum ID 

C1 BO1 D2 

*+  C1 BO1 D1 

* See attached "Laboratory Glass Analysis 
Results" 

**  See Glass Characteristics (viscosity & 
conductivity) on next page 

Gem Production 

Gem Production Stan 0720 hr Stop 0741 hr 

Gem Production Duration 21 min 

Average Cold Cap Thickness N/A in 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Frit Addition 

West Side Chamber 50 Ibs 

East Side Chamber 25 Ibs 

Center Chamber 0 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate N/A scfm 

Bubbler 1 Flow Rate 6 scfh 

Bubbler 2 Flow Rate 6 scfh 

Bubbler 3 Flow Rate 6 scfh 

Bubbler 4 Flow Rate 6 scfh 

Air Lift Flow Rate 2-3  scfh 

Trickle Air Flow Rate 1 scfh 

Film Cooler Outlet Temperature 

Max. Avg. w/cold cap 

1010 OF 923 OF 

Gem Machine Settings 

Gem Machine Gob Cutter Speed N/A 

Gem Machine Roller Speed N /A 

Gem Machine Conveyor Speed N/A . 

-- 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Characteristics 
reponed by the lab1 

Viscosity 36.78 p 

Conductivity 366 mS/CM 

TCLP Ba 

* *  TCLP Cr 

TCLP Pb 

No. of Phases 1 

**  Gem Size(s1 

Gem Uniformity * *  

See attached "Laboratory Glass 

.. 

Analysis Results" 

**  Gem production time was only 21 
minutes due to lube spray problems 

Gem Housing Characteristics 

Average Pressure -0.48 W.C. 

Avg. Discharge Temp. 1273O C 

~~~ 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter N/A 

Maximum DP across HEPA filter 

Final DP across HEPA filter N/A 

Number of changings of HEPA filter N/A 

Initial DP across transition line N/A 

Maximum DP across transition line 

Final DP acrcxss transition line 

Initial DP across Film Cooler Outlet 

Maximum DP across Film Cooler Outlet 

N/A 

N/A 

N/A 

N/A 

N/A 

Final DP across Film Cooler Outlet , N/A 

No. of cleanings of Film Cooler Outlet N/A 

Note: Round sheets (attachment 8 & 10) where 
not taken due to limited resources 

Normal Off-Gas Characteristics 
IAver.ga Dunw Stable Conditiom) 

PDlC - 250 FI-250 

% Open Pressure Flow 

64 % -0.48 " W.C. 180 scfm 

Number of Emergency Off-Gas Trips 1 

_ _  Comments: 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Campaign Number 1 Batch Number ClBO2 Formula Benign 

~~~ ~ ~ 

Batch Objectives: Feed Slurry with approximately 40 % by weight 

of solids to the Melter and produce glass (bulk discharging) 

a t  a minimum rate of 1 MT/D. Section 7.2 of the SOT for Campaign 1. 

Slurry Tank B 

Initial Weight 7553 ibs 
(full batch1 

Final Weight 31 10 Ibs 
lhed bsfors f l d l l  

Solids in Slurry 34% wt 

Slurry Feed Rate 

Maximum Average 

201 RPM 75 RPM 

1.75 L/min 0.7 L/min 

Slurry Feed Start 1609 hr on 6/26/E 

Slurry Feed Stop 1601 hr on 6/27/9 

Slurry Feed Start 21 00 hr on 6/27/9 

Slurry Feed Stop 0326 hr on 6/28/8 

Itlmel 

llimel 

IIlmeI 

Itemel 

Slurry Feed Duration 30 hr 18 min 

Slurry Fed 4443 Ibs Avg. Rate 240 Ibs/hr 

Glass Produced 11 35 Ibs Avg. Rate 61 Ibs/hr 

Drum ID Net Weight (Ibs) Form 

C1 B02D1 707 Bulk 

ClBO2DO2 442 Bulk 

ClB02D03 354 Bulk 

ClB02D04 550 Bulk 

ClBO2BO5 293 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Slurry Samples 

Customer Number Results 

SO4B-960626-0923 1.25g/ml & 
33.6wt% 

SO4B-960627-1931 1.34g/ml & 
44.0 wt% 

SO4B-960627-1041 1.21g/ml & 

SO4B-960627-2105 1 .*31 g/ml & 

wt% 

32.8wt% 

SO4B-960628-0051 1.31g/ml & 
38 wt% 

S05A-960626-1616 1.32g/ml & 
34.2wt% 

S05A-960627-0111 1.24g/ml & 
39.5wt% 

S05A-960627-1035 1.38g/ml & 
3 9.2 wt % 

S05A-960627-1036 1.37g/ml & 
37.4wt% 

SO5-960627-1925 1.36g/ml & 
44.8 wt% 

S05A-960627-2103 1.32g/ml & 
31.4wt% 

S05A-960628-0107 1.22g/ml& 
38 wt% 

% solids not analyzed for in sample 
SWB-960627-1041 

Customer Number 

S10-960627-0014 

S10-960628-0230 

S10-960628-0231 

S10-960628-0232 

S10-960628-0950 

S10-960628-0955 

S10-960628-1000 

S10-960629-1015 

S10-960629-1020 

S10-960629-1025 

S10-960725-1702 

Glass Samples 

Results Drum ID 

* C1 B02D1 

C1 B02D1 

C1 B02D1 

C1 B02D1 

C1 B02D4 

* C l  B02D4 

C1 B02D4 

C1 B02D5 

* C1 B02D5 

C1 80205 

C1 B02D1 **  

See attached "Laboratory Glass Analysis 
Results" 

**  See Glass Characteristics (viscosity 81 
conductivity) on next page 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Weighted Avg. Melter Temp, 

Weighted Avg. Melter Power 164 KW 

Weighted Avg. Melter Current 1698 Amp 

Weighted Avg. Melter Voltage 388 Volts 

1253 O C  

Average Cold Cap Coverage N/A % 

Frit Addition 

West Side Chamber 75 Ibs 

East Side Chamber 0 Ibs 

Center Chamber 0 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate 80 - 160 scfm 

Bubbler 1 Flow Rate 6 scfh 

Bubbler 2 Flow Rate 6 scfh 

Bubbler 3 Flow Rate 6 scfh 

Bubbler 4 Flow Rate 6 scfh 

Air Lift Flow Rate 2 - 5 scfh 

Trickle Air Flow Rate 1 scfh 

Gem Production 

Gem Production Start N/A hr Stop NIA hr 

Gem Production Duration N/A min 

Average Cold Cap Thickness N/A in 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

1065 OF 798 OF 

Gem Machine Settings 

Gem Machine Gob Gutter Speed 

Gem Machine Roller Speed 

Gem Machine Conveyor Speed 

N /A 

NIA 

N /A 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Characteristics 
la reponed by the lab1 

Viscosity 

Conductivity 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 

Gem Size(s) 

Gem Uniformity 
- .  

47.48 p 

229 mS/cm 

* 

1 

N /A 

N /A 

See attached "Laboratory Glass 
Analysis Results" 

Gem Housing Characteristics 

Average Pressure -0.4" W.C. 

Avg. Discharge Temperature 1275 O C  

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 

Maximum DP across HEPA filter 

Final DP across HEPA filter N/A 

Number of changings of HEPA filter 0 

Initial DP across transition line 

Maximum DP across transition line 

Final DP across transition line 

Initial DP across Film Cooler Outlet 

Maximum DP across Film Cooler Outlet 

Final DP across Film Cooler Outlet N/A 

No. of cleanings of Film Cooler Outlet 12 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Round sheets (attachment 8 & 10) where not 
taken due to limited resources 

__ 

Normal Off-Gas Characteristics 
IAversgs D W I ~  St& Cond10ora) 

PDlC - 250 FI-250 

% Open Pressure Flow 

70% -0.5 " W.C. 141 scfm 

Number of Emergency Off-Gas Trips 3 
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Campaign Number 1 

Slurry Fed N/A Ibs 

Batch Number C1 BO3 Formula Frit 

Glass Produced N/A" Ibs 

a - Currently, the amount of glass 
produced cannot be. measured due to  
the amount of graphite solution in some 
of the drums. See item below. 

~~ 

Drum ID Net Weight (Ibs) Form 

ClB03Dl"  529 Bulk 

C1B03D2b 462 Bulk 

ClB03D3 586 Gem 

ClB03D4 570 Gem 

ClB03D5" 335 Bulk 

ClB03D6" 293 Gem 

ClB03D7" 266 Bulk 

a - These drums contain graphite solution and 
glass. 
b - Drum contains graphite solution only 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Samples 

Customer Number 

S10-960705-2126 

S10-960705-2127 

S10-960705-2128 

S10-960706-0920 

S10-960706-0923 

S10-960706-0926 

S10-960706-0930 

S10-960706-0933 

S10-960706-0936 

Results 

* 

* 

* 

Drum ID 

C1 B03D7 

C1 BO307 

C1 B03D7 

C1 BO301 

C1 BO302 

C1 BO305 

C1803D6 

C1803D6 

* See attached "Laboratory Glass Analysis 
Results" 

Weighted Avg. Melter Temp. 

Weighted Avg. Melter Power 130 KW 

Weighted Avg. Melter Current 1590 Amp 

1255 . O C  

Weighted Avg. Melter Voltage 82 Volts 

Glass Samples 

Customer Number 

S10-960704-2043 

S 1 0-960704-2 1 1 2 

S10-960704-2113 

S10-960704-2230 

S10-960704-223 1 

S10-960704-2232 

S10-960705-0550 

S 1 0-960705-005 1 

S10-960705-0052 

S10-960705-0552 

S10-960725-1703 

Results 

* 

* 

* 

**  

Drum ID 

C1 B03D3 

C1 B03D3 

C1 B03D3 

C1 B03D4 

C1 B03D4 

C l  B03D4 

C1 B03D4 

C1 B03D4 

C1 B03D4 

C1 B03D3 

C1 B03D3 

* See attached "Laboratory Glass Analysis 
Results" 

* *  See Glass Characteristics (viscosity & 
conductivitv) on next Datae 

Gem Production 

Start 1948 hr Stop 21 20 hr on 7/4/96 

Start 2250 hr on 714 Stop 021 5 hr on 7/5 

Start 0309 hr Stop 0342 hr on 7/5/96 

Start 0354 hr S t o p  0613 hr on 7/5/96 

Gem Production Duration 7 hr 45 min 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 A T  

THE VITRIFICATION PILOT PLANT 

Average Cold Cap Coverage N/A % 

Frit Addition 

West Side Chamber 125 Ibs 

East Side Chamber 0 Ibs 

Center Chamber 1400 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate N/A scfm 

Bubbler 1 Flow Rate 6 scfh 

Bubbler 2 Flow Rate 6 scfh 

Bubbler 3 Flow Rate 6 scfh 

Bubbler 4 Flow Rate 6 scfh 

Air Lift Flow Rate 3-5 scfh 

Trickle Air Flow Rate 1 scfh 

Average Cold Cap Thickness N/A in 

Film Cooler Outlet Temperature 

Max. Avg. w/cold cap 

800 O F  680 OF 

Gem Machine Settings 

Gem Machine Gob Cutter Speed 10 - 25 

Gem Machine Roller Speed 1 0 - 2 5  

Gem Machine Conveyor Speed 37 - 40 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Characteristics , 

Viscosity 23.12 p 

Conductivity 21 7 mS/cm 

Is reported by the lab1 

TCLP Ba 

TCLP Cr. 

TCLP Pb 

No. of Phases 1 

Gem Size(s1 

Gem Uniformity 90 % 

* 

* .  

1/2" to 1-1 /2" 

* See attached "Laboratory Glass Analysis 
Results" 

Gem Housing Characteristics 

Average Pressure -0.1 6 - -0.36-" W.C. 

Avg. Discharge Temp. 1290 O C 

~~ ~~ ~ ~ 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 

Maximum DP across HEPA filter 

Final DP across HEPA filter N/A 

Number of changings of HEPA filter N/A 

Initial DP across transition line 

N/A 

N/A 

N/A 

Maximum DP across transition line 

Final DP across transition line 

Initial DP across Film Cooler Outlet 

Maximum DP across Film Cooler Outlet N/A 

Final DP across Film Cooler Outlet 

N/A 

N/A 

N/A 

N/A 

No. of cleanings of Film Cooler Outlet 0 

* Round sheets (attachment 8 & 10) where 
not taken due to  limited resources 

Normal Off-Gas Characteristics 
IAver-e Duriw Stable Conditiont) 

PDlC - 250 FI-250 

% Open Pressure Flow 

63 -0.5 " W.C. 300 scfm 

Number of Emergency Off-Gas Trips 0 

_. 

Comments: 
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4 6  1 

TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Campaign Number 1 Batch Number ClBO5 Formula Benign 

Batch Objectives: Feed slurry to the Melter at approximately 

1 MT/D continuously while testing newly developed Film Cooler 

Outlet cleaning device. Work is performed in accordance with Section 7.3. 

Slurry Tank B 

Initial Weight 7203 Ibs 
lfull beIchl 

Final Weight 31 15 Ibs 
lheel before Hush1 . 
(Note: Remainina slurrv used in C1 B06.) 

Solids in Slurry 34% wt 

Slurry Feed Rate 

Maximum Average 

350 RPM 203 RPM 

3.1 L/min 1.8 Urnin 

Slurry Feed Start - 1830 hr on 7/15/96 

Slurry Feed Stop - 2040 hr on 7/15/96 

Slurry Feed Start - 1205 hr on 7/16/96 

Slurry Feed Stop - 1845 hr on 7/16/96 

Slurry Feed Start - 2025 hr on 7/16/96 

Slurry Feed Stop - 041 5 hr on 7/17/96 

Slurry Feed Duration - 16 hr 40 min 

ltlmel 

(time1 

Itime) 

IIImel 

ltime] 

(time) 

Slurry Fed - 4088 Ibs Avg. rate 245 Ibs/ hr 

Glass Produced - 1435 Ibs Avg. rate 86 Ibs/hr 

Drum ID Net Weight (Ibs) Form 

C1 B05D1 899 Bulk 

C1 BO504 64 1 Bulk 

-- 
Note: The first 112 pounds of glass was from the 

interim between C1 BO4 and C1805. 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
~~ ~ 

Slurry Samples 

Customer Number Results 

SO4B-960715-0300 1.34g/ml & 34wt% 

SO4B-960715-1534 1 .19g/ml & 40.1 wt% 

S04B-960715-1815 1.14glml & 44.6wt% 

S05A-960715-1902 1.34g/ml & 32 wt% 

S05A-960715-1903 1.35g/ml & 24 wt% 

S05A-960715-1910 1.35g/ml & 34 wt% 

S05A-960715-1912 1.34g/ml & 30 wt% 

SO4B-960715-1821 1.34 g/ml & 33 wt% 

SO4B-960715-2100 1.34g/ml& 39 wt% 

Weighted Avg. Melter Temp. 1252OC 

Weighted Avg. Melter Power 179 KW 

Weighted Avg. Melter Current 1742 Amp 

Weighted Avg. Melter Voltage 405 Volts 

Average Cold Cap Coverage 70% 

Glass Samples 

Customer Number Results Drum ID 

S 1 0-9607 1 6-0930 N/A 

S10-960725-1705 * C1 B05D1 

S10-960715-1215 N/A 

S10-960715-1210 N /A 

510-96071 5-1205 * N /A 

S10-960715-1200 N/A 

See attached "Laboratory Glass Analysis 
Results" 

* * See Glass Characteristics (viscosity 81 
conductivity) on next page 

N/A Item not available 

Gem Production 

Gem Production Start N/A hr Stop N/A hr 

Gem Production Duration N/A min 

.Average Cold Cap Thikkness 1/2 in. 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Frit Addition 

West Side Chamber 0 Ibs 

East Side Chamber 0 Ibs 

Center Chamber 0 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate 120 scfm 

Bubbler 1 Flow Rate 6 - 12 scfh 

Bubbler 2 Flow Rate 6 - 12 scfh 

Bubbler 3 Flow Rate 6 - 12 scfh 

Bubbler 4 Flow Rate 6 - 12 scfh 

Air Lift Flow Rate 1 - 2.8 scfh 

Trickle Air Flow Rate 1 scfh 

Film Cooler Outlet Temperature 

Max. Range wlcold cap 

920 OF 425 - 900 OF 

Gem Machine Settings 

Gem Machine Gob Cutter Speed N/A 

Gem Machine Roller Speed N /A 

Gem Machine Conveyor Speed N/A 
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TEST PERFORMANCE PARAMETERS FOR . 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Characteristics 
(aa rspwted by ths lab1 

Viscosity 28.17 p 

Conductivity 403 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 1 

Gem Size(s) N/A 

Gem Uniformity N /A 
.. 

See attached "Laboratory Glass 
Analysis Results" 

Gem Housing Characteristics 

Average Pressure -0.57" W.C. 

Avg. Discharge Temperature 1 149O C 

j/ 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 0.3" W.C. 

Maximum DP across HEPA filter - 0.4" w.c 

Final DP across HEPA filter - 0.3" W.C. 

Number of changings of HEPA filter - 1 

Initial DP across transition line - 1 1 " W.C. 

Maximum DP across transition line - 11 " W.C. 

Final DP across transition line - 7" w:c. 

Initial DP across Film Cooler Outlet - off scale 

Maximum DP across Film Cooler Outlet - off  scale 

Final DP across Film Cooler Outlet - off scale 

No. of cleanings of Film Cooler Outlet - 6 

Normal Off-Gas Characteristics 
IAvsrqs Durirq Slabla CondiIiom) 

PDlC - 250 FI-250 

% Open Pressure Flow 

91% -0.7" W.C. 255 scfm 

Number of Emergency Off-Gas Trips 4 

Comments: 

_. . 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Campaign Number 1 Batch Number C1 BO6 Formula Benign 

~ ~ ~~~ 

Batch Objectives: Target wt % solids is 45 %. Feed slurry and 

maintain stable cold cap with the support of the air lance in the 

film cooler outlet. 

Slurry Tank B 

Initial Weight 7337 Ibs 
lfull batch) 

Final Weight 47 Ibs 
lheel before fluah) 

Solids in Slurry 35% wt 

Slurry Feed Rate 

Maximum Weighted Average 

350 RPM 202 RPM 

3.1 L/min 1.8 L/min 

Slurry Feed Start 2105 hr on July 1 8'h 

Slurry Feed Stop 0410 hr on July.1 gth 

Slurry Feed Start 1 51 0 hr on July 1 gth 

Slurry Feed Stop 0705 hr on July 20* 

(tima) 

Ithd 

(cime) 

nimet 

Slurry Feed Duration 23 hrs 0 min 

Slurry Fed 7290 Ibs Avg. 317 Ibs/hr 

Glass Produced 2364 Ibs Avg. 103 Ibs/hr 

Drum ID 

C1 B06D1 

C1 B06D4 

C1 B06D5 

Net Weight (Ibs) 

638 

1076 

658 

Form 

Bulk 

Bulk 

Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT C.AMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Slurry Samples 

Customer Number Results 

S05A-960718-2100 1.31 g/ml & 
35wt% 

S05A-960718-2110 1.32 g/ml & 
35.3wt% 

S05A-960720-0045 1.1 9 g/ml & 
24 wt% 

S05A-960720-0046 1.19 g/ml & 
23 wt% 

S04B-960718-0215 1.33 g/ml & 
40 wt% 

SO4B-960718-0230 2.63 g/ml & 

% solids not analyzed for in 
sample S04B-960718-0230 

* w t  
* 

Weighted Avg. Melter Temp. 1255OC 

Weighted Avg. Melter Power 181 KW 

Weighted Avg. Melter Current 1592 Amp 

' Weighted Avg. Melter Voltage 109 Volts 

Average Cold Cap Coverage 86% 

~~~ 

Glass Samples 

Customer Number 

S10-960719-0525 

S10-960719-1405 

S10-960720-1630 

S10-960720-1645 

S10-960719-0925 

S 1 0-9607 1 9- 1 240 

S10-960720-1330 

S10-960720-1345 

S10-960725-1706 

Results 

* 

* 

* 

* 

* 

* 

** 

Drum ID 

N /A 

C1 B06D1 

C1 B06D5 

C1 B06D5 

N /A 

NIA 

NIA , 

NIA 

C1 B06D4 

* See attached "Laboratory Glass Analysis 
Results" 

* See Glass Characteristics (viscosity & 
conductivity) on next page 

NIA Item not available 

..  

Gem Production 

Gem Production Start N/A hr Stop N/A hr 

Gem Production Duration N/A min 

_ _  - 

Average Cold Cap Thickness 1/2 in 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Frit Addition 

West Side Chamber 75 Ibs 

East Side Chamber 25 Ibs 

Center Chamber 0 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate 57 scfm 

Bubbler 1 Flow Rate 6-12 scfh 

Bubbler 2 Flow Rate 6-12 scfh 

Bubbler 3 Flow Rate 6-12 scfh 

Bubbler 4 Flow Rate 6-12 scfh 

Air Lift Flow Rate 1-3.5 scfh 

Trickle Air Flow Rate 1 .O scfh 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

927 O F  800 O F  

Gem Machine Settings 

Gem Machine Gob Cutter Speed N/A 

Gem Machine Roller Speed N /A 

Gem Machine Conveyor Speed N/A 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 

Glass Characteristics 
(P reported by ths'labl 

Viscosity 95.25 p 

Conductivity 336 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 1 

Gem Size(s) N /A 

Gem Uniformity N /A 

* 

TCLP samples were not taken after 
batch 5 due t o  the fact that 
batches 1, 2, 3 i% 5 provided 
sufficient data to prove that the 
glass passed the TCLP 

Gem Housing Characteristics 

Average Pressure -0.65" W.C. 

Avg. Discharge Temperature 1275O F 

~~~~~~ ~ 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 3.9" W.C. 

Maximum DP across HEPA filter 4.0" W.C. 

Final DP across HEPA filter 

Number of changings of HEPA filter 0 

Initial DP across transition line 8.0" W.C. 

Maximum DP across transition line 14.5" W.C. 

Final DP across transition line 

Initial DP across Film Cooler Outlet 7.0" W.C. 

Maximum DP across Film Cooler Outlet 17" W.C. 

0.2" W.C. 

5.0" W.C. 

Final DP across Film Cooler Outlet 8.0" W.C. 

No. of cleanings of Film Cooler Outlet 1 

Normal Off-Gas Characteristics 
IAverqe During Stable Conditiorrsl 

PDlC - 250 FI-250 

% Open Pressure Flow 

65% -0.73" W.C. 245 scfm 

Number of Emergency Off-Gas Trips 0 

Comments: 

--_ 
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Batch Objectives: Establish and maintain a cold cap while 

feeding slurry and producing glass a t  least 1 MT/D rate. 

Slurry Tank A 

Initial Weight 6245.0 Ibs 
(full batch) 

Final Weight 347 Ibs 
(heal before flush) 

Solids in Slurry 46% wt 

Slurry Feed Rate 

Maximum Average 

275 RPM 187 RPM 

2.45 L/min 1.7 L/min 

Slurry Feed Start 183 1 hr on 7/21 /96 

Slurry Feed Stop 1335 hr on 7/22/96 

Slurry Feed Duration 19 hr 24 min 

Slurry Fed - 5898 Ibs 299 Ibs/hr 

Glass Produced - 2126 Ibs 108 Ibs/hr 

Drum ID Net Weight (Ibsl Form 

C1 80703 960 Bulk 

C1 B07D4 889 Bulk 

C1 80705 41 5 Bulk 

Approximately 207 pounds of glass from 
discharge during interim between C1 BO6 and 

C1 B07. 

-.- 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Slurry Samples 

Customer Number Results 

S04A-960721-1240 1.39 g/ml& 
50 wt% 

S04A-960721-1243 1.4 g/ml & 
42 wt  % 

Weighted Avg. Melter Temp. 1258OC 

Weighted Avg. Melter Power 179 KW 

Weighted Avg. Melter Current 1426 Amp 

Weighted Avg. Melter Voltage 499 Volts 

Average Cold Cap Coverage 84% 

Glass Samples 

Customer Number 

S10-960723-0145 

S10-960723-0200 

S10-960724-0800 

S10-960724-0801 

S10-960724-0802 

S10-960724-0815 

S10-960724-0820 

S10-960724-0831 

S10-960724-0830 

Results 

* 

* 

* 

** 

Drum ID 

C1 B07D4 

C1 B07D4 

C1 B07D5 

C1 B07D5 

C1 B07D5 

C1 B07D4 

C1 B07D4 

C1 B07D3 

C1 80703 

* See attached "Laboratory Glass Analysis 
Results" 

**  See Glass Characteristics (viscosity & 
conductivity) on next page 

Gem Production 

Gem Production Start Time NIA hr 

Gem Production Stop Time NIA hr 

Gem Production Duration NIA min 

Average Cold L CapThickness 2 in 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VlTRlFlCATlON PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 1 1, ICP 17-96 

~~~~ 

Frit Addition 

West Side Chamber 25 Ibs 

East Side Chamber 50 Ibs 

Center Chamber 0 Ibs 

Utility Air Flow Settings 

Film Cooler Flow Rate 40 scfm 

Bubbler 1 Flow Rate 6-15 scfh 

Bubbler 2 Flow Rate 6-15 scfh 

Bubbler 3 Flow Rate 6-24 scfh 

Bubbler 4 Flow Rate 6-1 8 scfh 

Air Lift Flow Rate 0-7 scfh 

Trickle Air Flow Rate 1 scfh 

Film Cooler Outlet Temperature 

Max. Range w/cold cap 

1074O F 546-1047' F 

Gem Machine Settings 

Gem Machine Gob Cutter Speed N/A 

Gem Machine Roller Speed N /A 

Gem Machine Conveyor Speed N/A 
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TEST PERFORhnANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 AlTACHMENT 11, ICP 17-96 

Glass Characteristics 
I= reponed by the lab) 

Viscosity 47.48 p 

Conductivity 199 mS/cm 

TCLP Ba I) 

TCLP Cr I) 

TCLP Pb I) 

No. of Phases 1 

Gem Size(s) N /A 

Gem- Uniformity N /A 

* TCLP samples were not taken after 
batch 5 due to the fact that 
batches 1, 2, 3 & 5 provided 
sufficient data to prove that the 
glass passed the TCLP 

Gem Housing Characteristics 

Average Pressure - 0.6" W.C. 

Avg. Discharge Temperature 1273O F 

Normal Off-Gas Characteristics 

nitial DP across HEPA filter - N/A 

Maximum DP across HEPA filter - N/A 

final DP across HEPA filter - N/A 

Number of changings of HEPA filter - NIA 

Initial DP across transition line - N/A 

Maximum DP across transition line - N/A 

Final DP across transition line - 7.5" W.C. 

Initial DP across Film Cooler Outlet - N/A 

Maximum DP across Film Cooler Outlet - N/A 

Final DP across Film Cooler Outlet - 1 1.5" W.C. 

No. of cleanings of Film Cooler Outlet - 1 

* Round sheets (attachment 8 &lo) where 
not taken due to limited resources 

Normal Off-Gas Characteristics 
IAver.ge Duriw Stable Conditiom) 

PDlC - 250 FI-250 

% Open Pressure Flow 

54% -0.76" W.C. 230 scfm 

Number of Emergency Off-Gas Trips - 2 

Comments: 
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461 

Campaign Number 1 Batch Number ClB08 Formula Benign 

Batch Objectives: Perform "continuous" gem forming in accordance 

with Section 7.4 of SOT for Campaign 1 

Slurry Tank B 

Initial Weight 5577 Ibs 
(full batch) 

Final Weight 1475 Ibs 
(bed betas flush) 

Solids in Slurry 45% wt 

Slurry Feed Rate 

Weighted 
Maximum Average 

350 RPM 195 RPM 

3.1 L/min 1.75 L/min 

Slurry Feed Start 1100 hr on 7/23/96 

Slurry Feed Stop 001 5 hr on 7/24/96 

Slurry Feed Duration 13.25 hrs 

Slurry Fed 4102 Ibs 310 Ib/hr 

Glass Produced 21 53 Ibs 162 Ibhr 

Drum ID Net Weight (Ibs) Form 

C1 B08D1 754 Bulk 

Cl BO802 257 Bulk 

C1 B08D3 41 8 Gem 

C1 B08D5 714 Gem 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11, ICP 17-96 

Slurry Samples 

h t o m e r  Number Results 

505A-960723-1135 1.45 g/ml & 
45.4 wt% 

S05A-960723-1138 1.44 g/ml & 
44.5 wt % 

505-960723-1 920 1.38 g/ml & 
42.6 wt% 

504B-960722-1945 1.46 g/ml & 
50.7 wt % 

5048-960722-2000 1.45 g/ml & 
63.7 wt % 

Utility Air Flow Settings 

Film Cooler Flow Rate 40 scfm 

Bubbler 1 Flow Rate 8-12 scfh 

Bubbler 2 Flow Rate 

Bubbler 3 Flow Rate 

Bubbler 4 Flow Rate 

8-12 scfh 

8-1 2 scfh 

8-12 scfh 

Air Lift Flow Rate 2-8 scfh 

Trickle Air Flow Rate 1 scfh 

Glass Samples 

Customer Number Results 

S10-960724-0840 * 

S10-960724-0841 * 

S10-960724-0850 * 

S10-960724-0851 * 

SI 0-960724-0900 

S10-960724-0901 

S10-960724-0902 * 

Drum ID 

C1 B08D3 

C1 B08D3 

C 1 B08D2 

C1 B08D2 

C1 B08D5 

C1 B08D5 

C1 B08D5 

See attached "Laboratory Glass Analysis 
Results" 

* *  See Glass Characteristics (viscosity & 
conductivitv) on next Daae 

Gem Machine Settings 

Gem Machine Gob Cutter Speed 18-20 

Gem Machine Roller Speed 18-20 

Gem Machine Conveyor Speed 25-40 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11, ICP 17-96 

~~ ~~~~~~ 

Weighted Avg. Melter Temp. - 1257O C 

Weighted Avg. Melter Power - 190 KW 

Weigked Avg. Melter Current - 1503 Amp 

Weighted Avg. Melter Vpltage - 126 Volts 

Average Cold Cap Coverage 93% 

Frit Addition 

West Side Chamber 100 Ibs 

East Side Chamber 50 Ibs 

Center Chamber 0 Ibs 

Gem Production 

Start Time 1 1  55 hr 

Start Time 1230 hr 

Start Time 1300 hr 

Start Time 161 5 hr 

Start Time 1953 hr 

Start Time 2026 hr 

Start Time 21 00 hr 

Start Time 21 38 hr 

Stop Time 1200 hr 

Stop Time 1250 hr 

Stop Time 1525 hr 

Stop Time 1905 hr 

Stop Time 2009 hr 

Stop Time 2055 hr 

Stop Time 21 30 hr 

Stop Time 2245 hr 

Gem Production Duration 8 hr 2 min 

Average Cold Cap Thickness 1-1 /2 to 2 in 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

1079O F 755O F 

-. . 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Glass Characteristics 
1.0 reponed by the Iabl 

Viscosity 43.77 p 

Conductivity 147'mS/cm 

TCLP Ba 

TCLP Cr * 

TCLP Pb 

No. of Phases 1 

Gem Size(s1 1 /2" to 1-1 /2" 

Gem -Uniformity 90% 

* TCLP samples were not taken after 
batch 5 due to the fact that 
batches 1, 2, 3 & 5 provided 
sufficient data to prove that the 
glass passed the TCLP 

Gem Housing Characteristics, 

Average Pressure -0.56" W.C. 

Avg. Discharge Temperature 1 21 4O F 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter N/A 

Maximum DP across HEPA filter N/A 

Final DP across HEPA filter 

Number of changings of HEPA filter N/A 

Initial DP across transition line N/A 

Maximum DP across transition line N/A 

Final DP across transition line 

Initial DP across Film Cooler Outlet N/A 

Maximum DP across Film Cooler Outlet NIA 

Final DP across Film Cooler Outlet 

No. of cleanings of Film Cooler Outlet N/A 

* 

N/A 

N/A 

N/A 

Round sheets (attachment 8 & 101 where 
not taken due to limited resources 

Normal Off-Gas Characteristics 
IAver.ga Dunng Stable Conditiaral 

PDIC - 250 FI-250 

% Open Pressure Flow 

94 -0.67"w.c. 253 scfm 

Number of Emergency Off-Gas Trips 1 

Comments: A Gem Production Rate of approximately 156 Ibs/hour was obtained between the 

hours of 1230 and 1525. 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 1 1, ICP 17-96 

Campaign Number 1 Batch Number 9 Formula: Benign w/ l50# Na,CO, 

Batch Objectives: Section 7.5 of SOT for Campaign 1 

Slurry Tank A 

Initial Weight 7660 Ibs 
(full batch1 

Final Weight 61 65 Ibs 
(kea1 before flush1 

Solids in Slurry ‘ 25% wt 

Slurry Feed Rate 

Maximum Average 

200RPM . 162RPM 

1.8 Llmin 1.45 Llmin 

Slurry Feed Stan - 0415 hr on 
7/24/96 

Slurry Feed Stop - 11 00 hr on 
7/24/96 , 

Slurry Feed Duration - 6 hrs 45 
min 

Slurry Fed 1495 Ibs 221 Iblhr 

Glass Produced 200 Ibs 30 Ib/hr 

Drum ID Net Weight (Ibs) Form 

ClB09D1 166 Bulk 

ClBO9D2 80 Gem 

ClB09D3 63 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 AlTACHMENT 11. ICP 17-96 

Slurry Samples 

Customer Number Results 

S04A-960723-1910 1.23g/ml & 
24.02wt% 

S04A-960724-0615 1.27g/ml & 
24.3 wt% 

S05A-960724-0630 1.27g/ml & 
26.3 w t  % 

Range Melter Temperature - 
Range Melter Power - 

1262O C 

177 KW 

Range Melter Current - 
Range Melter Voltage - 

1499 Amp 

1 17 Volts 

Average Cold Cap Coverage 85% 

Frit Addition 

West Side Chamber 50 Ibs 

East Side Chamber 25 Ibs 

Center Chamber 0 Ibs 

Glass Samples 

Customer Number Results Drum ID 

No glass samples taken 

- Gem Production 

Start Time 0430 hr 

Start Time 0530 hr 

Stop Time 0450 hr 

Stop Time 061 5 hr 

Gem Production Duration 1 hr 5 min 

Average Cold Cap Thickness 112 in 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

848OF 747OF 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11. ICP 17-96 

Utility Air Flow Settings 

Film Cooler Flow Rate 40 scfm 

Bubbler 1 Flow Rate 8 - 12 scfh 

Bubbler. 2 Flow Rate 8 - 12 scfh 

Bubbler 3 Flow Rate 

Bubbler 4 Flow Rate 

8 - 12 scfh 

8 - 12 scfh 

Air Lift Flow Rate 2 - 7 scfh 

Trickle Air Flow Rate 1 scfh 

Glass Characteristics 
I- reported by le lab1 

Viscosity 

Conductivity 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 

Gem Size(s) 

Gem Uniformity 

it 

* 

* *  

*+  

* *  

* 

it 

Batch aborted due to glass chemistry 
problems, no samples taken 

**  TCLP samples were not taken after 
batch 5 due to the fact that batches 1, 
2, 3 & 5 provided sufficient data to 
prove that the glass passed the TCLP 

Gem Machine Settings 

3em Machine Gob Cutter Speed 

3em Machine Roller Speed 

3em Machine Conveyor Speed 

18 rpm 

1 8  rpm 

39 rpm 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 

Maximum DP across HEPA filter 

Final DP across HEPA filter 

Number of changings of HEPA filter 

Initial DP across transition line 

Maximum DP across transition line 

Final DP across transition line 

Initial DP across Film Cooler Outlet 

N /A 

N /A 

N /A 

0 

N /A 

N/A 

N /A 

N /A 

Maximum DP across Film Cooler Outlet N/A 

Final DP across Film Cooler Outlet N /A 

No. of cleanings of Film Cooler Outlet 

* 

0 
___ 

Batch aborted due to glass chemistry 
problems, round sheets (attachment 8 & 10) 
where not taken 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11, ICP 17-96 

Gem Housing Characteristics 

Average Pressure -0.56" W.C. 

Avg. Discharge Temperature 1 300° C 

I' 

Normal Off-Gas Characteristics 
(Averwe Duriw Stable Conditions1 

PDlC - 250 FI-250 

% Open Pressure Flow 

65% -0.7" W.C. 327 scfm 

Number of Emergency Off-Gas Trips - 3 

Comments: Aborted batch feed due to low wt % solids. . 

. .  
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Campaign Number 1 

Slurry Tank A 

Initial Weight 51 90 Ibs 

Batch Number C1 B10 Formula Benign 

(full batch1 

Final Weight 220 Ibs 
lhsel More fluah) 

1 

Solids in Slurry 55.3% wt 

Slurry Feed Rate 

Maximum Average 

442 RPM 233.5 RPM 

4.0 L/min 2.07 L/min 

Slurry Feed Start 1250 hr 7/26/96 

Slurry Feed Stop 0145 hr 7/27/96 

Slurry Feed Duration 13 hrs 

Slurry Fed 4970 Ibs 382 Ibs/hr 

Glass Produced 2964 Ibs 228 Ibs/hr 

Final center chamber lev& lower than initial wmer chamber level. 

Drum ID Net Weight (Ibs) Form 

IC1 B1OD1 394 (1 66) Bulk 

'ClBlOD2 358 180) Gem 

"C1 B10D3 220 163) Bulk 

C1 B1 OD4 673 Bulk 

C1 B1 OD6 294 Bulk 

C1 B1 OD7 1002 Bulk 

e Contains glass from ClB09. Ibs in 0 
indicate amount of glass from ClB09 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 AlTACHMENT 1 1. ICP 17-96 

Slurry Samples 

Customer Number Results 

S04A-960724-1915 1.59 g/ml & 
55.3 wt % 

Weighted Avg. Melter Temp. 1261 O C 

Weighted Avg. Melter Power 190 KW 

Weighted Avg. Melter Current 1537 Amp 

Weighted Avg. Melter Voltage 120 Volts 

Average Cold Cap Coverage N/A % 

Frit Addition 

West Side Chamber 75 Ibs 

East Side Chamber 25 Ibs 

Center Chamber 0 Ibs 

Glass Samples 

Customer Number Results Drum ID 

S10-960731-2140 C1B1 OD2 

S10-960731-2141 ClB1 OD2 

S10-960820-1627 * *  C1 B1 OD2 

See attached "Laboratory Glass Analysis 
Results" 

See Glass Characteristics (viscosity & 
conductivity) on next page 

* *  

. Gem Production 

Gem Production Start Time 1330 hr 

Gem Production Stop Time 1440 hr 

Gem Production Duration 70 min 

Average Cold Cap Thickness N/A in 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

1010 OF 788 O F  
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Utility Air Flow Settings 

Film Cooler Flow Rate 32 scfm 

Bubbler 1 Flow Rate 15 scfh 

Bubbler 2 Flow Rate 15 scfh 

Bubbler 3 Flow Rate 15 scfh 

Bubbler 4 Flow Rate 15 scfh 

Air Lift Flow Rate 3 scfh 

Trickle Air Flow Rate 1 scfh 

Gem Machine Settings 

Gem Machine Gob Cutter Speed 1 8  rpm 

Gem Machine Roller Speed 

Gem Machine Conveyor Speed 

18 rpm 

39 rpm 
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TEST PERFORMANCE PARAMETERS FOR 
SOT C.4MPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11, ICP 17-96 

Glass characteristics 
(a reported by ths lab1 

Viscosity 52.47 p 

Conductivity 175 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 1 

Gem Size(s1 

Gem Uniformity 90% 

* 

1/2" to 1-1 /2" 

TCLP samples were not taken after 
batch 5 due to  the fact that 
batches 1, 2, 3 & 5 provided 
sufficient data to  prove that the 
glass passed the TCLP 

it  

Gem Housing Characteristics 

Average Pressure -0.62" w .c. 

Avg. Discharge Temperature 1 197O F 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter N/A, 

Maximum DP across HEPA filter N/A 

Final DP across HEPA filter 

Number of changings of HEPA filter N/A 

Initial DP across transition line N/A 

Maximum DP across transition line N/A 

Final DP across transition line 

Initial DP across Film Cooler Outlet N/A 

Maximum DP across Film Cooler Outlet N/A 

Final DP across Film Cooler Outlet 

No. of cleanings of Film Cooler Outlet N/A 

* 

N/A 

N/A 

N/A 

Round sheets (attachment 8 & 10) where 
not taken due to limited resources 

Normal Off-Gas Characteristics 
(Aver.gs During Stable Conditions) . .  

PDlC - 250 FI-250 

% Open Pressure Flow 

46 -0.74" W.C. 196 scfm 

Number of Emergency Off-Gas Trips 4 

Comments: 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 ATTACHMENT 11. ICP 17-96 

Campaign Number 1 Batch Number 11 Formula Benign w/Boric Acid 

~ ~~~ ~ 

Batch Objectives: Perform Section 7.5 of the SOT for Campaign 1 

Reach the maximum feed and production rates for the Melter with 

the current configuration. 

Slurry Tank B 

Initial Weight 5733 Ibs 
(full brrchl 

Final Weight 425 Ibs 
I k l  before fluthl 

Solids in Slurry 51.2% wt 

Slurry Feed Rate 

Maximum Average 

325 RPM 265 RPM 

2.9 Llmin 2.35 Llmin 

Slurry Feed Start 0207 hr on 7/27/96 

Slurry Feed Stop 1429 hr on 7/27/96 
Itimel 

(timSl 

Slurry Feed Duration 12 hr 30 min 

Slurry Fed 5308 Ibs 425 Ibs/hr 

Glass Produced 1979 Ibs 158 Ibslhr 

Drum ID 

C1 B11 D1 

C1 B11 D2 

C1 B1103 

C1 B11 D4 

Net Weight (Ibs) Form 

856 Bulk 

237 Bulk 

118 Gem 

7 66 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE ViTRlFlCATlON PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Slurry Samples 

Customer Number Results 

SO4B-960725-2300 1.59 g/ml & 
51.2 wt % 

S05A-960727-0910 1'.52g/ml & 
49.3 wt % 

S05A-960727-Q915 1.53g/ml & 
50.3 wt % 

Avg. Melter Temp. 1230° C 

Avg. Melter Power 130 KW 

Avg. Melter Current 1674 Amp 

Avg. Melter Voltage 528 Volts 

Average Cold Cap Coverage N/A % 

Frit Addition 

West Side Chamber 25 Ibs 

East Side Chamber 25 Ibs 

Center Chamber 0 Ibs 

Glass Samples 

Customer Number Results Drum ID 

S10-960727-1545 * C1 B11 D1 

S10-960727-1546 * ClB11 D1 

S10-96073 1-2222 * NIA 

See attached "Laboratory Glass Analysis 
Results" 

See Glass Characteristics (viscosity & 
conductivity) on next page 

* *  

NIA Item not available 

Gem Production 

Gem Production Start Time N/A min 

Gem Production Stop Time N/A min 

Gem Production Duration N/A min 

Average Cold Cap Thickness N/A in 

Film Cooler Outlet Temperature 

Max. Avg. wlcold cap 

664O F - 690° F 

page 2 of 4 



4 6  1 

Glass Characteristics 

I la reponed by the lab1 

TCLP samples were not taken after 
batch 5 due to  the fact that 
batches 1, 2, 3 & 5 provided 
sufficient data to prove that the 
glass passed the TCLP 

it 

TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Final DP across Film Cooler Outlet 

No. of cleanings of Film Cooler Outlet 0 

0 

- 

Utility Air Flow Settings 

Film Cooler Flow Rate 30 scfm 

Bubbler 1 .Flow Rate 9 scfh 

Bubbler 2 Flow Rate 9 scfh 

Bubbler 3 Flow Rate 9 scfh 

Bubbler 4 Flow rate 9 scfh 

Air Lift Flow Rate 7 scfh 

Trickle Air Lift Flow Rate 1 scfh 

Gem Machine Settings 

Gem Machine Gob Cutter Speed N/A 

Gem Machine Roller Speed N/A 

Gem Machine Conveyor Speed N/A 

Viscosity 43.27 p 

Conductivity 147 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 

Gem Size(s) 

Gem Uniformity 

* 

I) 

1 

N /A 

N /A 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 

Maximum DP across HEPA filter .138 

.068 

Final DP across HEPA filter .138 

Number of changings of HEPA filter N/A 

Initial DP across transition line N/A 

Maximum DP across transition line 7.5 

Final DP across transition line 

Initial DP across Film Cooler Outlet N/A 

5.5 

Maximum DP across Film Cooler Outlet Off Scale 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 1 1, ICP 17-96 

Gem Housing Characteristics 

Average Pressure -0.6" W.C. 

Avg. Discharge Temperature 1 193O F 

Normal Off-Gas Characteristics 
(Average During Stable Conditions1 

PDlC - 250 FI-250 

% Open Pressure Flow 

43 - 0 . 7 6 " ~ ~  191 scfm 

Number of Emergency Off-Gas Trips 0 

Comments: 
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FEED PREPARATION SYSTEM 
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FURNACE SYSTEM 
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7/26/96 
7/26/96 
7/26/96 
7/26/96 
7/26/96 
7/26/96 

18:OO 1526.00 246.00 463.88 454.80 179.12 179.16 
19:OO 1410.36 246.00 412.32 454.80 147.17 147.17 
20:OO 1377.72 246.00 428.42 454.80 148.92 148.97 
2 1 :00 1432.30 246.00 449.09 454.80 162.15 162.10 
22:OO 1513.58 246.00 48 1.46 454.80 184.93 184.64 
23:OO 1721.82 246.00 494.5 1 454.80 214.3 1 214.05 

7/28/96 0:OO 
7/28/96 1:00 
7/28/96 2:OO 
7/28/96 3:OO 

1728.69 246.00 582.58 454.80 254.13 254.16 
1740.56 246.00 596.05 454.80 261.48 261.64 
1560.1 1 246.00 500.96 454.80 199.95 199.92 
1217.05 246.00 420.96 454.80 129.55 129.68 

Cl-PTF18.XLS Sheet 3 

7/28/96 
7/28/96 

Page 1 of 2 Pages 

4:OO 1320.03 246.00 444.20 454.80 148.20 148.35 
5:OO 1641.13 246.00 53 1.90 454.80 220.17 220.39 
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VITRIFICATION PILOT PLANT FURNACE SYSTEM I 

Cl-FTF18.XLS Sheet 7 000292 . VHP 8/28/96 
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GEM MACHINE SYSTEM 
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7/21/96 20100 91 ' 96 106 150 548 20 1 203 202 
7/28/96 0:OO 88 116 86 166 83 8 213 215 224 
1/28/96 4:OO 83 85 86 142 176 160 170 180 
7/28/96 8:OO 84 99 84 150 92 177 186 194 
1/28/96 12:OO 90 197 89 162 40 1 222 239 247 
7/28/96 1600 111 140 84 92 139 166 182 23 1 





Campaign Number 1 . 

Batch Objectives: High Feed / Production Rate Batch w/ maximum ll . '  

Batch Number ClB12 Formula Benign 

Slurry Tank A 

Initial Weight 5785 Ibs 
(full batch) 

Final Weight 300 Ibs 
~hssl before f l d l l  

Solids in Slurry 50.8% wt 

Slurry Feed Rate 

Maximum Average 

325 RPM 229 RPM 

2.9 L/min 2.0 L/min 

Slurry Feed Start 171 5 hr on 7/27 

Slurry Feed Stop 0755 hr on 7/28 

Slurry Feed Duration 14 hr 40 min 

feed rate. 

Slurry Fed 5485 Ibs 374 Ib/hr 

Glass Produced 2341 Ibs 160 Ib/hr 

Drum ID Net Weight (Ibs) Form 

C1 B12D1 921 Bulk 

C1 B12D2 397 Bulk 

C1 B12D4 1012 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE ViTRlFlCATlON PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Slurry Samples 

Customer Number Results 

SO4A-960727-1305 1.4 g/ml & 
50.8wt% 

S04A-960727-1300 1.46 g/ml & 
* wt% 

S04A-960727-1305 1.4 g/ml & 
50.8 wt% 

S05A-960727-2055 1.51 g/ml & 
49.6wt% 

% solids not analyzed for in 
sample SO4A-960727-1300 

* 

Range Melter Temp. 1263O C 

Range Melter Power 190 KW 

Avg. Melter Current 1424 Amp 

Avg. Melter Voltage 123 Volts 

Average Cold Cap Coverage 97. % 

Frit Addition 

West Side Chamber 75 Ibs 

East Side Chamber 50 Ibs 

Center Chamber 0 Ibs 

Glass Samples 

Customer Number Results Drum ID 

S1O-960728-1301 C1 B12D2 

S10-960728-1300 ClB12D2 

S10-960728-1303 C1 B12D2 

S10-960729-1700 * C1 B12D4 

S10-960729-1708 * *  C1 B12D1 

See attached "Laboratory Glass Analysis 
Results" 

See Glass Characteristics (viscosity 81 
conductivity) on next page 

* 

* *  

Gem Production 

Gem Production Start Time N/A min 

Gem Production Stop Time N/A .min 

Gem Production Duration NIA min 

Average Cold Cap Thickness 3-6-in 

Film Cooler Outlet Temperature 

Range wlcold cap - Max. 

950° F 682O F 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11. ICP 17-96 

Glass Characteristics 
la8 reponed by the lab1 

Viscosity 43.3 p 

Conductivity 142 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 1 

* 

Gem Site(s) N /A 

Gem Uniformity N /A 

**  TCLP samples were not taken after 
batch 5 due to the fact that 
batches 1, 2, 3 I& 5 provided 
sufficient data to prove that the 
glass passed the TCLP 

Gem Housing Characteristics 

Average Pressure -0.62" W.C. 

Avg. Discharge Temperature 1 161 O F 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter -0.1 

Maximum DP across HEPA filter -0.1 

Final DP across HEPA filter 

Number of changings of HEPA filter N/A 

Initial DP across transition line 0.0 

Maximum DP across transition line 9.0 

Final DP across transition line 

-0.1 

7.0 

Initial DP across Film Cooler Outlet 0 

Maximum DP across Film Cooler Outlet 13 

Final DP across Film Cooler Outlet N/A 

No. of cleanings of Film Cooler Outlet 0 

Normal Off-Gas Characteristics 
IAver.ge During SIlble Cditioml 

PDlC - 250 FI-250 

% Open Pressure Flow 

47 -0.75" W.C. 215 scfm 

Number of Emergency Off-Gas Trips 3 

Comments: 
- 
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4 6 1  

TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 1 1, ICP 17-96 

Campaign Number 1 Batch Number C1 B13 Formula Benign 

Batch Objectives: Feed 50 % wt slurry a t  a steady, high feed rate 

(325 RPM) in support of Section 7.5 of SOT 2504-SU-0034, Rev. 1 

Slurry Tank B 

Initial Weight 5620 Ibs 
(full batch1 

Final Weight 232 Ibs 
ihesl before flush1 

Solids in Slurry 53.9% wt  

Slurry Feed Rate 

Maximum Average 

350 RPM 196 RPM 

3.1 L/min 1.75 L/min 

Slurry Feed Start 0850 Hours on 7/28 

Slurry Feed Stop 1240 Hours on 7/28 

Slurry Feed Start 1930 Hours on 7/30 

Slurry Feed Stop 0710 Hours on 7/31 

Slurry Feed Duration 15 hrs 30 min 

Slurry Fed 53881bs Avg. Rate 348 Ibs/hr 

Glass Produced 31 691bs Avg Rate 2051bdhr 

Drum ID Net Weight (Ibs) Form 

ClB13D1 1065 Bulk 

ClB13D2 440 Bulk 

ClB13D4 808 Bulk 

ClB13D5 876 Bulk 
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TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034, REV. 1 A7TACHMENT 11, ICP 17-96 . 

Slurry Samples 

Customer Number Results 

SO4B-960727-2041 55.7 wt% & 
1.61 g/ml 

S05B-960728-1100 1.56 g/ml & 
53 wt % 

SO5B-960728-1101 1.60 g/ml & 
54.7 wt% 

SO4B6-960730-1145 1.58g/ml & 
55.2 wt% 

Range Melter Temperature 1259-1 279 O C  

Weighted Avg. Melter Power 170 KW 

Range Melter Current 101 4 Amp 

Range Melter Voltage 97 Volts 

Average Cold Cap Coverage 90% 

Frit Addition 

West Side Chamber 250 Ibs 

East Side Chamber 75 Ibs 

Center Chamber 212.5 Ibs 

Glass Samples 

Customer Number Results Drum ID 

S10-960728-1300 C1 B13D3 

S10-960728-1303 C1 B13D3 

S10-960729-0330 ' C1 B13D3 

S 10-960729-0640 C1 B13D3 

See attached "Laboratory Glass Analysis 
Results" 

* *  See Glass Characteristics (viscosity & 
conductivity) on next page 

Gem Production 

Gem Production Start Time 0910 hr on 7/28 

Gem Production Stop Time 0928 hr on 7/28 

Gem Production Duration 18 min 

Average Cold Cap Thickness 4 in 

Film Cooler Outlet Temperature 

Max. Avg. w/cold cap 

690° F - ' 640° F 

page 2 of 4 



TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VlTRlFlCATlON PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 11, ICP 17-96 

Utility Air Flow Settings 

Film Cooler Flow Rate 29 scfm 

Bubbler 1 Flow Rate 6 - 10.5:scfh 

Bubbler 2 Flow Rate 6 - 10.5 scfh 

Bubbler 3 Flow Rate 6 - 10.5 scfh 

Bubbler 4 Flow Rate 6 - 10.5 scfh 

Air Lift Flow Rate 3.5 - 5 scfh 

Trickle Air Flow Rate 1 scfh 

Glass Characteristics 
(a reponed by the lab) 

Viscosity 34.71 p 

Conductivity 143 mS/cm 

TCLP Ba 

TCLP Cr 

TCLP Pb 

No. of Phases 1 

Gem Size(s) 112“ to 1-1 /2” 

Gem Uniformity 90% 

.** TCLP samples were not taken after batch 
5 due to the fact that batches 1, 2, 3 & 
5 provided sufficient data to prove that 
the glass passed the TCLP 

Gem Machine Settings 

Gem Machine Gob Cutter Speed 18 rpm 

Gem Machine Roller Speed 18 rpm 

32 rpm Gem Machine Conveyor Speed 

~ 

Normal Off-Gas Characteristics 

Initial DP across HEPA filter 0.2 

Maximum DP across HEPA filter 0.2 

Final DP across HEPA filter 

Number of changings of HEPA filter 1 

Initial DP across transition line NIA 

Maximum DP across transition line 10 

Final DP across transition line 4.5 

Initial DP across Film Cooler Outlet N/A 

Maximum DP across Film Cooler Outlet 7 

Final DP across Film Cooler Outlet 10 

No. of cleanings of Film Cooler Oytlet 0 

0.2 

. .  

- 

page 3 of 4. 



TEST PERFORMANCE PARAMETERS FOR 
SOT CAMPAIGN 1 AT 

THE VITRIFICATION PILOT PLANT 
2504-SU-0034. REV. 1 ATTACHMENT 1 1, ICP 17-96 

I Number of Emergency Off-Gas Trips 1 

Gem Housing Characteristics 

Average Pressure -0.51 W.C. 

Avg. Discharge Temperature 1294O F 

Normal Off-Gas Characteristics 
(Aver- During Stable Conditions) 

PDlC - 250 FI-250 

% Open Pressure Flow 

53 -0.75 217 scfm 

Comments: -The feeding of this batch was discontinued due to viscosity of the glass. 

. page 4 of 4 
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READINGS 

VITRIFICATION PILOT PLANT GEM MACHINE SYSTEM 
CAMPAIGN 1 

I I IIOURLY'AVERAGES 
GEM GOB GOB GOB CONVEYOR GEM CLCW CLCW CLCW 

HOPPER CUTTER CUTTER ROLLER SPEED ENCLOSURE DIVERTERS DIVERTERS DIVERTERS 
TO ROOM & CONVEYOR & CONVEYOR & CONVEYOR 
VACUUM SUPPLY SUPPLY RETURN 
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Appendix C 
Vitrific.ation Pilot Plant (VitPP) - LESSONS LEARNED 
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