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ABSTRACT 
Demonstration tests for vitrifying mixed wastes and contaminated soils have been 

conducted using a small (800 kVA), industrial-scale, three-phase AC , graphite electrode 
furnace located at the Albany Research Center of the United States Bureau of Mines 
(USBM) . The feed mixtures were non-radioactive surrogates of mixed (radioactive and 
hazardous) , transuranic (TRU)-contaminated wastes stored and buried at the Idaho National 
Engineering Laboratory (INEL). The different feed mixtures included up to (a) 80 weight % 
combustibles, (b) 60% chlorinated and nonchlorinated hydrocarbons, (c) 27% metals, (d) 2% 
nitrates, and (e) 3% metal hydroxides, Cerium was added as a nonradioactive surrogate for 
plutonium, a TRU element. 

Over 9,200 kg (20,200 lb) of the feed mixtures were vitrified at feedrates of up to 
500 kg/hr (1,100 lb/hr). The furnace products including the glass, metal, offgas, and offgas 
solids have been analyzed to determine the fate and partitioning of metals, organics, and the 
TRU surrogate. Offgas emissions were efficiently controlled using an air pollution control 
system that included a thermal oxidizer, water-spray and air dilution cooling, cyclone and 
baghouse particulate removal, packed bed acid gas scrubbing, charcoal absorption, and High 
Efficiency Particulate-Air (HEPA) filtration. Gas compositions in the furnace ranged 
around: 13-18 volume % O,, 0.5-21% CO,, < 1-20% CO, and 16-400 ppm NO,. 

INTRODUCTION 

US. Department of Energy (DOE) sites are contaminated with long-lived transuranic (TRU) 
radionuclides and hazardous organic compounds and metals. These mixed wastes include 
solid combustibles, structural metals, organic and inorganic sludges, and construction debris. 
Storage conditions of these wastes do not meet currently accepted long-term disposal criteria. 

Some wastes and soils at the Idaho National Engineering Laboratory (INEL) and other 
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Some form of treatment or repackaging is expected to be necessary to meet a variety of 
requirements from the US Environmental Protection Agency (EPA) and DOE. 

With appropriate design and operation, an arc melter-based thermal treatment system 
can suitably treat both the radioactive and the hazardous components of mixed wastes. An 
arc melter-based system can (a) destroy the hazardous organic compounds, (b) reduce the 
final waste volume with essentially no added glass formers or other additives, (c) reduce 
much of the solid combustible mass via volatilization, pyrolyzation, and oxidation reactions , 
and (d) produce a homogeneous glass product that immobilizes the radionuclides and toxic 
metals, and is far easier to characterize and control than the input heterogeneous waste. 

In order to demonstrate the applicability and process conditions for graphite electrode 
arc melting, a test program has been conducted using a small, industrial-scale, three-phase 
AC, graphite electrode furnace system. This system is located at the Albany Research 
Center of the United States Bureau of Mines (USBM). Tests conducted in April 1995 
focused on demonstrating the tolerance of the graphite electrode melter system for stably 
processing heterogeneous solid wastes containing high levels of organics. If these materials 
can be successfully processed in the melting system, then an upfront incineration step will 
not be necessary in the treatment process. 

EQUIPMENT DESCRIPTION 
The melter system (Figure 1) consists of a continuous feed system, furnace, air 

pollution control system (APCS) , and facility power, water, instrumentation, and controls. 
The system can process materials at a maximum rate of 2,000 lb/hr, depending on the 
characteristics of the materials. The furnace is a stationary, refractory-lined, small 
industrial-scale (800 kVA), 3-phase electric arc melting furnace that is sealed for atmosphere 
control. The furnace has three moveable 4 in. diameter solid graphite electrodes. The 
electrodes are positioned at the apexes of an equilateral triangle 11.25 in. from electrode 
center to center and extend through ports in the furnace roof. Four water-cooled feed tubes 
also penetrate the furnace roof. The furnace roof, sidewalls, and glass tapping fixture are 
water cooled. Glass can be continuously tapped from the furnace; metal is tapped (and the 
hearth is emptied) through a taphole in the bottom center of the hearth. The inside diameter 
of the furnace is about 46 in. at mid-height. The capacity of the hearth is approximately 5 
ft3. 

A new "dry-wet" air pollution control system (APCS) was designed to completely 
oxidize the furnace offgases and control particulate, toxic metals and acid gas emissions. 
The APCS includes (a) a thermal oxidizer, (b) a water spray cooler to rapidly quench the 
offgas to around 260 C (500 F), (c) an air-dilution temperature quench section to further cool 
the gas to 150 C (300 F), (d) a cyclone to remove coarse particulate, (e) a pulse-jet 
baghouse, (f) a wet scrubber for acid gas removal, (g) a cooler/condenser for additional 
cooling and to remove condensed water droplets, (h) a reheater to raise the offgas 
temperature above the dewpoint, (i) an activated carbon filter for controlling Hg and other 
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Figure 1. Arc melter test facility with furnace and offgas system. 
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gaseous toxic metals and contaminants, and (i) a High Efficiency Particulate-Air (HEPA) 
filter, rated to remove 99.98% of particulate greater than 0.3 microns. 

FEED MIXTURES 

mixed, TRU-contaminated wastes at the INEL. There are over 100 different waste streams, 
representing a wide variety of different waste materials. These have been grouped according 
to physical similarity into 19 different categories such as combustibles (the largest category at 
around 26% of the total volume), metals (21% of the total volume), and sludges (11% of the 
total volume). Surrogate waste mixtures were chosen to represent three different types of 
wastes for this demonstration, (a) a nominal mixture of buried waste and soil (denoted Nom- 
xx) , (b) liquid chlorinated and non-chlorinated organics that were absorbed in silica-based 
absorbents (denoted S-xx), and (c) solid combustibles such as paper, rags and plastics 
(denoted C-xx). The xx indicates the ratio of soil to waste in the wastehoil mixture, 
expressed as percent. The compositions of the surrogate waste mixtures are shown in Tables 
1 and 2. Soil was added to these mixtures in proportions commensurate to the expected 
amounts of contaminated soil, and to produce an expectedly acceptable waste form based on 
earlier modeling. Some lime (CaO) was added to each mixture of waste and soil to increase 
the basicity of product glass to around 0.7. Cerium oxide, a TRU surrogate, was also added 
to each mixture in sufficient amounts (levels of 0.1-0.5 weight %) to measure and predict 
TRU partitioning during processing. 

The feed mixtures for these tests were designed to be non-radioactive surrogates for 

MEASUREMENTS AND SAMPLE COLLECTION 

included in the test program. Over 60 process variables were continuously or manually 
monitored and recorded for on-line process control. Samples of the resultant glass and metal 
products and the offgas solids were collected for composition, crystalline phase , oxidation 
state, leachability, and other analyses. Offgas measurements and sample collection was 
performed by Entropy Inc., Argonne National Laboratory-East, and Clean Air Engineering. 
These measurements and sampling runs were conducted at selected locations in the furnace 
and the APCS . Gaseous measurements included velocity, temperature, and continuous 
monitoring of gas composition (O,, CO, COz, NO, NO,, SO,, THC, and HCl). These 
measurements were performed according to EPA methods 1, 2, 3A, 6C, 7E, 10, and 25A. 
Gas temperatures measuurements in the melter were made using a shielded thermocouple 
mounted in a suction pyrometer probe to minimize the effects of thermal radiation on the gas 
temperature measurement. Samples were also collected for HCI, Cl,, HF, and F2 analysis 
using a modified EPA Method 26 procedure. Total particulate and metals determinations 
were done using the draft EPA Method 29, modified to include measurement of total 
particulate in addition to metals. Dioxin tests were also performed using EPA Method 23 at 
the baghouse outlet and at the stack. 

A very comprehensive process monitoring, sampling and analysis program was 

Argonne National Laboratory and Clean Air Engineering performed Fourier 
Transform Infrared (FTIR) gaseous analysis at the furnace, the baghouse outlet, and the 



rable 1. Composition for the nominal feed mixture (without added soil, lime, or cerium oxide). 
Composition in Weight % Total of 

Solid Sili- Nitrate Metal Each 
Hazard- Corn- cated (Evap.) Hydroxide Group 

ous busti- Org. Salts Sludges Nominal in Nom. 
Zomponent Metals bles (743) (745) (741, 742) Comp. Comp. 
Earbon steel 
Stainless steel 
4luminum 

0.94 Zirconium 
2ooqper 1.50 0.56 
Gad 0.50 0.19 37.50 
LD Polyethylene, (-CH2-CH2-) 25.90 6.29 
Wood pellets (paper, wood, cloth) 63.80 15.50 

ICH2-)n 10.30 2.50 

-___ 2.50 _________ 

NeoDrene rubber. (-CH2CCl-C€ . .  
3il Dri sorbent 24.30 

22.59 3.69 rexaco Regal Oil, (CH2)n 
Wheel bearing grease, (CH2)n 2.73 0.44 

16.95 9.70 PVC, (-C2H3Cl-) 
Microcel E 35.20 5.74 

22.54 3.68 3il Dri 
6 Polyethylene, (-CH2-CH2-) 23.25 
VaN03 
CN03 
VaCl 

~ _ _ _ _ _ _ _ _  

______ 

- _ _ _ _ _ _ _ _  

Na2S04 
NaOH 
Water 38.37 
LD Polyethylene, (-CH2-CH2-) 7.29 
Al(OH)3 15.00 1.15 
Fe(OH)3 14.07 1.08 

27.25 2.09 H20 
Portland Cement 15.12 1.16 
LD Polyethylene, (-CH2-CH2-) 7.66 
rotals 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

_ _ _ ~  

Table 2. Compositions of the C and S feed mixtures 

organics bles Component 
Zarbon steel 1.77 
Stainless steel 0.21 
Aluminum 1.11 
Cadmium 0.04 
Copper 0.37 
Lead , 0.04 
LD Polyethylene 3.39 3 1.73 
Wood pellets (wood) 42.57 
Neoprene rubber 1.34 
3il Dri sorbent 1.66 
rexaco R e d  Oil. (CH2)n 16.40 

1.98 
42.97 

Wheel bearing grease, (CH2)n 

Microcel E 25.56 
3 1  Dri 9.70 
HD Polyethylene, (-CH2-CH2-) 
Vermiculite 

PVC, (-CH3Cl-) 

Leaded rubber --I 
I’eflon 
Latex (surgeons gloves) 
Magnesium I I I 
Nickel 
4ntimony 
Zinc 

LLI 
I I 

rotals I 100.00 1 100.00 
FEEDMIX,XLS 



stack. Species that were monitored included CO, COz, NO,, SO2, and various chlorinated 
and non-chlorinated hydrocarbons. 

RESULTS 

around 18 hours of preheating and pretesting, the melter system was operated continuously 
for over 62 hours of operation, including 8 hours of cleanout. Around 9,200 kg (20,200 lb) 
of feed mixtures were processed, representing the nominal mixture mixed with from 40-90% 
soil, the S mixture without added soil and with 40% soil, and the C mixture with 20% and 
40% soil. Around 5,800 kg (13,000 lb) of glass and 830 kg (1,800 lb) of metal were tapped 
from the furnace. The average power levels during these test periods ranged around 200 
kW, and the average feedrate ranged around 170 kg/hr (380 lb/hr). The resulting energy 
efficiency was around 1.5 kWh/kg (0.65 kWh/lb). 

The test matrix and some preliminary results are shown in Table 3. Following 

The furnace processed all of the planned feed mixtures in a stable, controllable 
fashion. Prior to the tests, there was some question about the capability of a graphite 
electrode furnace to process feed materials with large amounts of fixed and volatile organics 
and chlorides, without interference from conductive carbon, soot, or ionizable gases. The 
furnace power was very steady for all conditions except for the S-0 feed mixture, which 
contained large amounts of both chlorine and volatile organics. Some minor anomalous 
fluctuations were observed at one time during the S-0 test, while a quartz glass sample probe 
was inserted through the wall of the furnace, between the electrodes. Arcing to the sample 
probe may have occurred due to the (a) highly conductive gas, which contained quantities of 
HC1, Cl,, and soot particles, or (b) presence of an electrically conductive soot layer of 
around 1 rnm on the otherwise non-conductive quartz probe. 

Chemical analyses of the resultant glass, metal, and solids collected in the APCS are 
shown in Table 4. As expected, the major components of the glass were oxides of silicon, 
calcium, and aluminum, with smaller concentrations of many other oxides. While the feed 
mixtures contained up to 27% metals including iron, aluminum, zirconium, copper, lead, 
chromium, nickel, and cadmium, essentially all of the aluminum, chromium, and zirconium 
was oxidized and dissolved into the glass. Essentially all of the cerium, the TRU surrogate, 
also stayed in the glass, as desired. All of the glass samples readily passed Toxicity 
Characteristic Leachability Procedure (TCLP) tests (Table 3). Additional analyses including 
leachability using the Product Characterization Test (PCT) , scanning electron micrograph 
analysis, and x-ray diffraction are underway. These analyses, together with more rigorous 
mass balances, will be used to determine elemental mass balance closure and mass 
partitioning between all of the melter products. 

Some metals such as iron, copper, and nickel concentrated mostly in the metal 
product, as expected. The metal product also contained up to 6.5% carbon, up to 8.6% 
silicon, and around 500 ppm lead. Potassium, lead, cesium, and sodium exhibited significant 
volatility, concentrating mostly in the APCS solids. The APCS solids also contained 
relatively high concentrations of chlorides, carbon, and sulfur compared to the glass. 



Table 3 .  Global summary of demonstration tests. 

Operating Total Total Total Total 
Test run Average feed Average Energy slag metal APCS 

Feed Test start/stop duration' power' material feedrate' EEciency Slag temp. at taphole, ("C) tapped product solids 
type day times (hr) (kW) (kg) (kg/hr) (kWh/kg) Average Range (kg) (kg) (kg) 

Nom-90 11-Apr 2045-0015 
Nom-80 12-Apr 0015-0420 
Nom-70 12-Apr 0420-1530 
Nom-60 12-Apr 1530-0235 
Nom-50 13-Apr 0605-1015 
Nom-40 13-Apr 1015-1130 

S-40 13-Apr 1140-1736 
S-0 14-Apr 1736-0345 

C-20 14-Apr 0345-0525 
C-40 14-Apr 0525-0615 

Cleanout 14-Apr 06 15-1440 

Totals (for all days) 
Averages (for all days) 

3.50 
4.08 
11.2 
11.1 
4.17 
1.25 
5.93 
10.2 
1.67 
0.83 
8.42 

62.3 

347 
159 
175 
193 
194 
22 1 
196 
147 
224 
123 

198 

678 
679 

1,813 
1,804 
674 
443 
723 
498 
136 
225 

1,491 

9,165 

194 1.79 
166 0.96 
162 1.08 
163 1.19 
162 1.20 
355 0.62 
122 1.61 
49.1 3.00 
81.5 2.75 
272 0.45 

173 1.47 

1,721 
1,597 
1,524 
1,495 

no tap 
1,472 

no tap 
no tap 
no tap 
1,64 1 

1,575 

1,450-1,880 
1,400-1,850 
1,350-1,700 
1,350-1,675 

no tap 

no tap 
no tap 
no tap 

1,400-1,550 

1,400-1,725 

733 
709 

1,074 
1,347 455 

3 10 
- 

378 
1,272 373 

5,824 828 

140 

65.8 

- 
596 

802 

1. Only for the indicated test times, and includes some occasional short periods when feeding or power was turned off. 
2. From intermittent manual temperature measurements during velocity/flowrate traverses. 
3. From facility data acquisition system @AS). 

1 SUMMARY.XLS 



Table 3. (continued). 
TCLP Leachability 

(padfail) Furnace Average offgas temperatures ("C) 
Electrode consumption Total static Thermal Offgas flowrates (wscdmin)' 

Feed fig/ (kg/metric ton particulate pressure Furnace Furnace oxidizer Bh Furnace Bh 
type (kg) MWh) feed material) Slag solids (in. H20) plenum2 outlet' outlet3 outlet3 outlet outlet Stack 

Nom-90 - 
Nom-80 - 
Nom-70 
Nom-60 - 
Nom-50 - 
Nom-40 - 

S-40 
s-0 -. 

(2-20 
C-40 

Cleanout - 

Pass 

Pass Pass 

Pass 
Pass 
Pass 

Pass 

-0.9 
-0.7 
-1.4 
-0.8 
-1.4 
-1.4 
-1.5 
-1.5 
-1.3 
-1.4 
-1.5 

709 
553 

437 

78.7 
88.8 

794 82.2 
765 93.3 

85.3 
97.2 

977 98.1 
805 90.9 

99.9 
94.3 

111 
111 - 
85.9 5.14 - 
88.0 5.00 - 
95.3 - 
96.6 - 
86.4 
79.1 2.57 55.8 63.6 
93.4 40.7 
86.2 - - 

Totals 131 
Averages 

10.6 10.5 Pass Pass 
-1.3 566 836 90.9 

1. Only for the indicated test times, and includes some occasional short periods when feeding or power was turned off. 
2. From intermittent manual temperature measurements during velocity/flowrate traverses. 
3. From facility data acquisition system @AS). 

93.2 4.23 55.8 52.1 

815195 2 SUMMARY.XLS 



Table 4. Compositions of the glass, metal, and APCS products (ppm by weight). 

Glass uroduct &om feed mixtures 

Nom-50, S-0, 
Nom-40, C-20, 

Elements Nom-90 Nom-80 Nom-70 Nom40 S-40 C-40 

Ag 
Al 
As 
Ba 
C 

Ca 
Cd 
Ce 
c1 
Cr 
cs 
c u  
F 

Fe+* 
Fd3 

Total Fe 

Hg 

Mg 

K 

Mn 
Mo 
Na 
Ni 
OS 
P 
Pb 

S from SO3 
S from SO, 

Total S 

Se 
Si 
Ti 
zr 
H 

Totals 

< 0.5 
73,800 

< 5  
400 
241 

217,000 
< 0.1 
3,500 
18.0 
540 
18.0 

7.00 
24,000 
2,300 
26,300 
< 0.1 
8,200 
8,810 
407 
32.0 

7,870 
15.0 

425,173 
3 80 
7.00 
190 
20.0 
210 
< 3  

216,000 
7,790 
718 

997,436 

< 0.5 
71,300 

<5 
485 
245 

216,000 
< 0.1 
2,890 
37.0 
581 
10.0 

7.00 
16,100 
0.00 

16,100 
<o. 1 
8,380 
10,800 

560 
5.00 
8,200 
9.00 

426,486 
76.0 
8.00 
320 
9.00 
329 
< 3  

2 2 2,o 0 0 
5,850 
1,710 

992.068 

4 

59,700 

222,000 

4,800 

252 
4.00 

4,700 

4,700 

7,130 
13,000 

8,140 
9.00 

412,214 

220,000 
3,700 
4,095 

959,744 

< 0.5 
66,800 

< 5  
647 
193 

208,000 
< 0.1 
3,920 
100 
207 
3.00 

9.00 
8,000 
0.00 
8,000 
< 0.1 
4,450 
14,400 

517 
3.00 
5,190 
8.00 

425,636 
39.0 
< 2  
420 
12.0 
432 
< 3  

230,000 
3,250 
3,960 

975,764 

< 0.5 
65,967 

< 5  
623 

2,047 
260,333 
<0.1 
4,063 
211 
59.0 
3.00 

5.00 
6,200 
0.00 
6,200 
< 0.1 
1,074 
13,533 
293 
3.00 
1,980 
9.00 

422,828 
70.0 
< 2  
330 
8.00 
338 
< 3  

208,333 
2,490 
5,233 

995,695 

0.00 
52,200 
0.00 
186 

6,890 
391,000 

0.00 
4,535 
440 
4.00 
3.00 

6.00 
3,350 
0.00 
3,350 
0.00 
41.0 
1,317 
3.00 
3.00 
852 
5.00 

382,749 
96.0 
< 2  
560 
7.00 
567 
0.00 

137,500 
420 

1,258 

983,425 

Metal products 

MP1’ MP2* average 
Weighted 

1. MP1 includes metal from feeds Nom-90 to Nom-40 and S-40. 
2. MP2 includes metal from feeds S-0, C-20, and C-40. 
3. Weighted average of compositions from cyclone, baghouse, thermal oxidizer, and ductwork 
4. Notmeasured 
5. Calculated based on weights of assumed oxides. 

< 0.5 
205 
106 
18.0 

33,400 

< 0.1 
< 1  

46,700 
< 3  

13,300 

860,000 
< 0.1 

5,520 
3,060 

17,300 

4,780 
509 

700 
< 3  

40,900 
2,540 

113 

1.00 
215 
94.0 
13.0 

65,000 

< 0.1 
< 1  

32,900 
< 3  

15,000 

838,000 
< 0.1 

4,860 
1,290 

i3,ooo 

3,630 
515 

600 
< 3  

85,500 
2,080 
283 

1,029,151 1,062,981 

0.40 
210 
10 1 
16.0 

47,625 

< 0.1 
< 1  

40,488 
< 3  

14,065 

850,096 
c 0.1 

5,223 
2,263 

15,364 

4,262 
512 

655 
< 3  

60,977 
2,333 
190 

1,044,3 8 1 

Weighted 
average of 

APCS 
solids3 

1.00 
18,886 
20.0 
73.0 

10,706 
113,443 

71.0 
80.0 

134,771 
63.0 

1,607 

537 

4,262 
0.00 

52,686 
9,680 
146 
405 

81,892 
4.00 

365,295 
742 

4,485 

6,787 
117 

152,937 
65.0 
1.00 

5,139 

964,901 

1 PRODCOMP.XLS 



Even for feed mixtures that contained large amounts (up to 80%) organic material, 
there was under 1 % carbon in the glass. Almost all of the organic material was readily 
volatilized or oxidized, partitioning to the offgas. Furnace design and operation 
modifications that can be done, if necessary, to more effectively oxidize the carbon (and 
metals) include (a) increasing the primary (furnace combustion) air flowrate, (b) using 
oxygen or oxygen-enriched air for primary air, (c) using solid oxidants, (d) steam injection, 
or (e) using lancing or tuyeres to obtain better oxygen or steam contact with the carbon idon 
the melt. 

Measured offgas compositions are shown in Table 5. These measurements were made 
using a time-shared sample probe and sampling system that was moved to various locations 
and delivered conditioned sample gas to either the standard EPA continuous monitors or to 
the FTIR system. Offgas species concentration levels varied widely due to the different 
feedrates, feed mixtures, and furnace operating conditions. Oxygen levels varied at different 
times and locations, ranging around 13-18 volume % in the furnace, and 16-20% at the 
stack. Even when there was up to 2 weight % nitrates in the feed during the Nom-60, Nom- 
50, and Nom-40 tests, there was consistently low NO, levels in the furnace, ranging up to 
around 400 ppm (at 14% 0,). While this was an order of magnitude higher than furnace 
NO, levels during other test periods, it suggests that a significant portion of the nitrates in 
the feed decomposed to form N, rather than NO,. 

The offgas system performed as expected. Carbon monoxide in the arc furnace 
ranged from under 1 volume % to over 20% , and unburned total hydrocarbons in the arc 
furnace ranged from under 1 % to over 10% (measured and reported as methane). Some 
species of hydrocarbons that were monitored periodically in the furnace included methane 
(0.4-4%), ethylene (0.1-2%), benzene (up to 700 ppm), and toluene (up to 0.4%). These are 
common products of incomplete combustion. The thermal oxidizer readily and efficiently 
oxidized these species to C02 and H,O, resulting in stack gas concentrations of CO and total 
hydrocarbons typically under 10 ppm. HCl and SO, levels at the stack were also typically 
very low, under 5 ppm. Stack gas HC1 levels exceeded 60 ppm for the S-40 feed mixture, 
when large amounts of halocarbons were fed into the furnace. The HCl scrubbing efficiency 
was around 96% or better even for the S-40 feed mixture, based on estimated scrubber inlet 
HC1 levels. 

Around 800 kg (1,800 lb) of solid material was collected in the cyclone, the 
baghouse, and the ducting between the thermal oxidizer and the baghouse. This solid 
material included entrained, fine-particle-sized feed material and volatilized material from the 
melt that has subsequently cooled and condensed in the offgas system. One of the challenges 
of predicting and controlling the partitioning of metals and TRU elements is differentiating 
between entrained feed material and volatilized material. While the volatilized material 
represents only those species that are relatively volatile at the melt temperatures, the 
entrained feed material can contain all varieties of species found in fine feed particles, 
regardless of volatility. 



Table 5. Off-gas compositions (as measured, dry). 
I Offgas composition from continuous monitoring per EPA procedures 

Feed I Feedrate 0 2  C02 CO NOx SO2 HCl THC 

0048-0252 402 16.7 2.8 8.1 26.8 1.1 2.5 
0347-0412 0 16.7 2.8 2.5 29.8 0.4 0.8 

Nom-80 t h e  weighted avg. 310 16.7 2.8 6.8 28.3 1.0 0.0 2.5 
1/12/95 Nom-70 Stack 0420-0609 0 19.6 0.9 10.9 5.6 0.2 3.6 3.3 

0815-0915 980 17.1 2.7 0.0 30.6 0.2 2.8 12.0 
Nom-70 tinie weighted avg. 

1/12/95 Nom-70 In-Furnace 

4/12/95 Nom-60 In-Furnace 

Noin-60 t i l e  weighted avg. 
4/13/95 Nom-60 Stack 
4/13/95 Nom-60 In-Furnace 

348 19 2 7 14 0 3 6 
1413-1500 727 13.7 12.7 94,460 75 
1509-1529 846 8,69 1 

268 
1530-1538 601 19,357 
1543-1702 110 14.8 10.9 12,645 
1709-1714 0 17.5 20.5 18,555 16 
1934-2011 691 14.2 11.9 6,267 407 
2330-2334 623 12.8 11.1 109,498 133 

312 14.7 11.6 16,579 341 13,262 
779 
0 13.8 5.3 115,811 1 ::;:::::; 127 13.8 7.7 236,840 

Nom-60 t h e  weighted avg. 83 13.8 6.9 236,840 
4/13/95 Nom-50 Stack 63 1 
4/13/95 Nom-50 In-Furnace 1010-1015 1,160 16.3 1.4 11,826 

4/13/95 Nom-40 Stack 606 

4/13/95 S-40 Stack 419 

322 
4/13/95 S-0 Stack 312 

377 
S-0 h i e  weighted avg. 340 

4/13/95 Nom-40 In-Furnace 1015-1022 1,165 16.7 1.0 7,347 

4/13/95 S-40 In-Furnace 1348-1438 523 14.8 0.5 7,205 

1504-1633 614 18.1 2.3 30.2 21.9 20.3 20.4 0.5 

4/13/95 S-0 In-Furnace 2030-2242 377 16.4 2.5 56,085 43.3 
4/13/95 S-0 Furnace 0 
4/13/95 S-0 Furnace Outlet 2246-2357 0 15.9 3.3 26,753 
4/14/95 S-0 Stack 0059-0209 515 -18.3 ~ 2.1 34.2 18.6 0.8 2.1 

S-0 h i e  weighted avg. 444 17.7 2.5 22.4 23.3 0.8 2.1 
0237-0344 370 17.1 3.0 10.1 28.2 

4/14/95 S-0 Furnace 437 
4/14/95 C-20 Stack 0345-0522 299 16.4 3.8 270.0 39.6 
4/14/95 C-40 Baghouse 0607-0624 0 17.7 2.7 1.7 26.6 3.1 8.7 

Outlet 0625-0737 92 19.2 1.7 1.0 61.0 1.5 14.0 
C-40 time weighted avg. 74 18.9 1.9 1.1 54.4 1.8 13.0 

Organic gas speciation from FTIR analysis 
Methane Ethylene Benzene Toluene 

Time (PPm) ( P P d  ( P P 4  (PPm) 

0016-0418 4.8 

0424-1443 8.7 

1519-1650 3,502 1,106 279 180 

0006-0139 3.2 
0155-0217 36,266 17,668 4,465 

0607-1015 3.0 

1021-1139 2.6 

1145-1500 2.9 

1636-1724 2.9 
1740-1832 55.0 2.3 
2136-2216 5.4 1.7 

33.4 2.3 1.7 

0002-0144 22.1 56.3 I 
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There was some particulate buildup and occasional plugging in the furnace offgas 
outlet duct. The inside diameter of the existing water-cooled outlet duct was limited to 8 
inches and had only one inch of insulating refractory. Slag deposits at the upper end of the 
water cooled section seemed to sluff or flow down the wall of the water-cooled section, 
cooling and more strongly adhering to the wall. This deposition was an artifact of the 
existing test system furnace roof and outlet duct design and operating conditions, and can be 
mitigated by design in a production system. 

CONCLUSIONS 

INEL alpha-contaminated wastes on April 11-14, 1995. This was the first vitrification 
demonstration of surrogate wastes that contained large amounts of combustibles, halocarbons, 
nitrates, and hydroxides in this type of melter system. These tests show the potential for 
processing as-received buried and mixed wastes in an electric arc melter without prior 
incineration. The furnace refractory readily tolerated the glass melt compositions and 
temperatures. For the durations of these test runs, the graphite electrode melter system 
readily tolerated high levels of combustibles, halocarbons, nitrates, and metals. This version 
of a dry/wet offgas system can operate very satisfactorily for controlling offgas emissions. 

The demonstration tests were very successfully conducted by the USBM on surrogate 

Reducing conditions in the melt resulted in the formation of a metal heel that 
contained iron, copper, nickel, carbon, and silicon. Even under such reducing conditions, 
cerium (the TRU surrogate) was not detected in the melt, and was mostly concentrated in the 
glass. Additional sample analysis and data evaluation is in progress to determine (a) mass 
balances and partitioning, (b) evaluate and control volatilization and entrainment, (c) optimize 
volatilization and oxidation of organic materials in the feed, and (d) evaluate and determine 
measures to prevent or control particulate slagging and fouling in the offgas system. 
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