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SUMMARY

The Contaminated Materials Treatment Program comprises five different
efforts: 1) West Valley Support, 2) Federal Republic of Germany (FRG) Canis-
ter Loadout and Transportation, 3) Greater-Than-Class-C Low-Level Waste Man-
agement Support, 4} Production Rate Enhancement, and 5) Miscellaneous Waste
Treatment. Each effort relates to nuclear waste treatment, and several have
been previously reported as Tasks under the Nuclear Waste Treatment Program
Annual Report (PNL-7131}. The following are brief summaries of each effort.

WEST VALLEY SUPPORT

The West Valley Support activities inciude: Remote Technology Design,
Process Support, Waste {Product) Qualification, and Tank Farm Process Support.
Each task supports a specific group at the West Valley Demonstration Project
that is designing, building, and preparing to operate a vitrification facility
that will solidify the existing high-Tevel wastes (HLW) at West Valley,

New York.

The Remote Technology Support Task completed design of a decontamination
station to remove surface contamination from filled HLW canisters. The sta-
tion will use the cerium IV process that chemically dissoives a few microns of
canister surface and thereby removes smearable contamination. A maintenance
station was also designed to permit minor in-cell maintenance. A design was
prepared for a system to allow viewing of the glass stream as it pours from
the melter into the canister. It uses a series of mirrors and lenses to allow
a video camera outside the cell to see the pouring glass stream. Stress
analysis of equipment nozzles was completed for most of the high-temperature
nozzles, and several were identified as potentially overstressed. Stress
analyses of remote jumpers were also completed to show compliance to American
National Standards Institute B31.3 code requirements.

The Process Support Task supports the definition of process limits, con-
ditions, and controls to permit the vitrification process to operate safely
and to ensure that the product glass is acceptable. In accordance with the
Waste Acceptance Preliminary Specifications (WAPS), studies were conducted on
the analytical Taboratory accuracy and precision and determined that the

iiid



relative standard deviation for most majbr constituents of the glass was less
than 5% and was due to long-term instrument variations. Studies were also
conducted on the homogeneity and abitity to sample process vessels. The tests
showed that the tanks were homogeneous and that the samplers were mostly con-
sistent, but some bias was noted for the Hydragard sampler for some elements.
As backup process data, several processes were evaluated to remove excess sul-
fur from the process should sTudge-washing not prove sufficiently successful.
Direct decantation of the submerged bed scrubber 1liquid was the most attrac-
tive process. A large spreadsheet to allow mass balances throughout the West
Valley waste preparation and vitrification process was further improved, veri-
fied, and validated. A conservative analysis of the volatilization losses
during glass-pouring was made based on first principles. The conservatijve
calculations indicated that a maximum of 0.1% of the cesium could volatilize
during glass-pouring. Correlations of previous melter data, analytical cal-
culations, and laboratory experiments were studied to determine potential
methods to increase the melting rate of West Valley feed. Study recommenda-
tions included the need to decrease nitrates and sugar in the feed and
increase formates, hydroxides, and frit. PNL also supported testing of a
pilot-scale selective catalytic reduction system to reduce the NO, content in
the off-gas system to comply with New York State requirements.

The Waste Qualification Task supports the preparation of the West Valley
Waste Qualification Report in accordance with the DOE WAPS. A major activity
completed this year is the leach-testing of heat-treated glasses. According
to WVNS plans the glasses were prepared by Catholic University of America,
heat-treated at Alfred University, and then leach-tested by the MCC-1 and
MCC-3 Teach procedures at PNL. The tests showed some expected small effects.
The most significant was measured for the sample held at 600°C for 96 hr, in
which the leach rate increased about 50%.

The Tank Farm Process Support Task provides technical information related
to the HLW storage tanks and the processing of the supernatant in the primary
HLW tank. During the year a problem with the dump valve in the Supernatant
Treatment System (STS) was limiting operations. Tests were conducted that
jidentified alternative operational modes that allowed processing to continue.
Other tests have been conducted to begin evaluating the corrosion of the
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storage tank caused by zeolite used in the STS process. Pitting of the cor-
rosion specimens was noted.

FRG CANISTER LOADOUT AND TRANSPORTATION

Isotopic heat and radiation sources for the Federal Republic of Germany
have been fabricated previously and are in storage at PNL awaiting shipping
approvals. During this year the future shipping cask was received at PNL and
functionally tested. An Environmental Assessment is being completed before
shipment.

GREATER-THAN-CLASS-C-1LOW-LEVEL WASTE

A program was started this year on the packaging, transport, treatment,
disposal, and fee estimation of the commercial Greater-Than-Class-C low-level
waste being generated in the United States. This program is part of a larger
national effort being performed by the Idaho National Engineering Laboratory
and PNL. During the year, draft reports were prepared in those technical
tasks and plans were made for future activities.

PROBUCTION RATE ENHANCEMENT

Work on increasing the production rate of 1liquid-fed ceramic melters
(LFCM) was started in FY 1989. The objective of the program is to identify
key factors and methods that will increase the throughput of production
melters. A series of activities are being pursued.

Existing information was first acquired and analyzed. A computer data
base was compiled summarizing past runs of LFCMs. It was statistically ana-
lyzed to determine the effects of meiter feed compositions on processing char-
acteristics. The analytical results showed that only a few variables could be
correlated to production rate; most had insufficient trials to support true
statistical analysis.

The second step of the Production Rate Enhancement task was to study the
melting phenomena using both analytical and laboratory methods. The labora-
tory investigation was conducted with semi-batch crucible tests using varia-
tions of the West Valley Demonstration Project flow sheet. The results



indicated qualitative differences with use of g]ass—forming'chemicals and
reductants, but quantitative data could not be obtained because of the small
scale, Further laboratory-scale testing should be done to learn why different
glass-formers give different cold-cap characteristics. Larger scale (contin-
uous bench scale) tests are also required to quantify the effects of different
feed properties and operating conditions.

The analytical modeling was conducted using simple thermodynamic models
and fluid dynamics modeling on a computer. The thermodynamic models showed
the effect of feed concentration on the heat required to produce glass. The
results indicated a preference for concentrated feeds although the benefit
decreases with increasing concentration. It should be noted, however, that
the sTurry rheology was not taken into account in the model. The fluid
dynamics modeling investigated the effect of bulk glass temperature,
viscosity, and power distribution on production rate. The results indicated
that high-temperature operation increased heat transfer to the cold-cap region
by reducing the viscosity and the thickness of the thermal boundary layer.
Further development and use of these modeis will give additional insight into
ways to increase the glass production rate of melters.

MISCELLANEOUS WASTE TREATMENT

The Miscellaneous Waste Treatment Program is designing and constructing a
plasma furnace for treating contaminated or activated metals. Various tech-
nologies for volume reduction of Greater-than-Class-C metals have been eval-
uated in earlier programs at PNL. Metal melting, specifically via plasma
heating, has emerged as a promising approach. In FY 1989, the functional
design criteria for the plasma furnace were prepared, a contract with a manu-
facturer was established to design and build the plasma torch, design concepts
for the furnace were developed, and design of the furnace and torch was
initiated.

vi



CONTENTS

SUMMARY . . . . . e e e e e e e e e e e e e e e e e e
1.0 WEST VALLEY SUPPORT . . . . . . . & v o v v v i v v e e e e v
1.1 OBJECTIVES . . . . . « o v v v v v vt e e e e d e v e v s

1.2 REMOTE TECHNOLOGY SUPPORT . . . . . . . . . « .« v v v v v ..
1.2.1 Decontamination Station . . . . . . . . .. .. ...

1.2.2 Maintenance Station . . . . . . . .. .. ...

1.2.3 Glass Pour Viewing System . . . . . . . .. . . . ..

1.2.4 Jumper Drawings . . . . . . « « « v ¢ v v v v 0w .

1.2.5 Vitrification Cell Tank Nozzle Analysis . . . . . . .

1.2.6 Remote Jumper B31.3 Code Compliance . . . . . . . ..

1.3 PROCESS SUPPORT . . . . . « & « v i v v v v v e v v e e

1.3.1 Analytical Laboratory Accuracy and
Precision - Glass Analysis . . . . . . . . . .. ..

1.3.2 Variance for Concentrator Feed Makeup Tank, Melter
Feed Hold Tank, and Slurry Sampler System . . . . . .

1.3.3 Removal of Sulfur from the Vitrification
Process . . . . i . e e e e e e e e e e e e e e e e

1.3.4 Mass Balance Spreadsheet . . . . . . . . . . . . . ..
1.3.5 Volatilization Losses During Glass Pouring . . . . . .

1.3.6 Effect of Melter Feed Composition on Processing
Characteristics . . . . . . . . . . . . .. ...

1.3.7 Nitrous Oxide Reduction by Selective Catalytic
Reduction . . . . . . . . . . . . . . e e e e e e

1.4 WASTE QUALIFICATION . . . . . . . . . . . o v o v v v v ..

vii



2.0

3.0

4.0

1.

1.

2.
2,

4.
4.

4

5

6

1
2

1
2

.3

TANK FARM PROCESS SUPPORT . . . . . . . . . . . . .. . ..

1.5.1 Support for STS Operations . . . . . . . . . ... ..

1.5.2 Tank Corrosion Testing . . . . . . . . . .. ... ..

REFERENCES

OBJECTIVE
INTRODUCTION

OBJECTIVE
INTRODUCTION

-------------------------

-------------------------

------------------------

.........................

.........................

.........................

------------------------

DATA BASE ANALYSIS . . . . . . . . . . . o o oo oo oL,

LABORATORY-SCALE EXPERIMENTS . . . . . . . . . . . . . . ..

ANALYTICAL MODELING . . . . . . v . . v o o o o o o v o o

4.5.1 Theoretical Meiting Enthalpies in Ceramic
Melters . . . . . . . . o . L Lo e e e e e

4.5.2 Effect of Cold-Cap Porosity on Thermal
Conductivity . . . . . . « . . . . ... ..

PILOT-SCALE TESTING . . . . . . . « . . « o o v v v v o o .

REFERENCES

.........................

viii

.22
.23
.24
.24

.10
.12
.13



5.0 MISCELLANEOUS WASTE TREATMENT

5.1 OBJECTIVE . .. .. ..
5.2 INTRODUCTION . . . . . .
5.3 DESIGN PROGRESS . . . . .
5.4 STATUS AND PLANS . . . .

oooooooooooooooooo

cccccccccccccccccc

------------------

cccccccccccccccccc

------------------

ix






T S I e 4

FIGURES

Uncertainty Estimates from Glass Analysis--RSD--
Normalized Results . . . . . . « & v v ¢ v v v o o e e e e e

Uncertainty Estimates from Glass Analysis--Sources of
Variance--Normalized Results . . . . . . . . . . . « .« v v v+ ..

Process Flow Sheet and Proposed Options for Sulfur Removal . . . .
Comparison of Boron Average Normalized Releases from Isother-
mally Heat-Treated G1afses: MCC-1, 2B days, Deaerated

Deionized Water, 10 m™ " . . . . . . . . 0 L o e e e .
Comparison of Boron Average Normalized Releases from Isother-
mally Heat-Treated G]ass?s: MCC-3, 7 days, Deaerated

Deionized Water, 2000 m = . . . . . . . . . . . .o 0 e e .
Corrosion Data . . . . . . . . v ¢ i i i e e e e e e e e
Laboratory Test Arrangements . . . . . . . . . . . . . 0.
Melt Rate Data for Formate Glass-Former Feeds . . . . . . . . ..
Melt Rate Data for Frit Feeds . . . . . . . . . . . . . . . ..
Comparison of Melt Rates with 90% Confidence Intervals . . . . . .
Melt Rate Data for Hydroxide Glass-Former Feeds . . . . . . . . .

Melter Glass Production Rate, Slurry Melting Enthalpy, and
Slurry Yield Stress Versus Slurry Oxide Loading . . . . . . . ..

Waste Treatment Plasma Furnace and Off-Gas System . . . . . . ..

Xi

hh h



1.1

1.2

1.3

1.4
4.1

TABLES

Mean Estimates for the Parameters Showing Significant

Difference Among the CFMT Sample Types Taken During

SF-11 from Batch 1 . . . . . . . . . . . ..
Mean Estimates for the Parameters Showing Significant

Difference Among the CFMT Sampies at Different Tank

Volumes During SF-11 from Batch 2 . . . .. .. .. .. .. ..
Comparison of Two SBS Sulfur Removal Options . . . . . . . . . ..
Feed Matrix for Laboratory Testing . . . . . . . . . . . . ...

Feed Matrix for Laboratory Testing . . . . . . . . . . . ... ..

xXii



1.0 WEST VALLEY SUPPORT
W. A. Ross - Manager

1.1 OBJECTIVES

The Western New York Nuclear Services Center reprocessed nuclear fuel for
five years until operations were terminated in 1972. Underground tanks at the
site contain high-level waste (HLW) generated during the reprocessing opera-
tions. Based on original agreements, the state of New York has assumed
responsibility for the wastes and the site. The Department of Energy (DOE) is
assisting New York State, through the West Valley Demonstration Project
(WVDP), in processing and solidifying the HLW. The site contractor for the
WVDP is West Valley Nuclear Services Co., Inc. (WVNS). The Pacific Northwest
Laboratory (PNL), through the West Valley Support Project, has been supporting
WVNS and DOE in establishing vitrification and waste processing technology and
capability at the West Valley Site.

The specific objectives of the West Valley Support Project during FY 1989
were to 1) complete designs of remote equipment, 2) assist in characterizing
the WVNS feed, sampling, ceramic melter and off-gas systems, 3) provide chemi-
cal analysis of the radioactive wastes and testing of future processes with
actual radioactive wastes, 4) provide testing and modeling studies of the ref-
erence WV waste product, and 5) conduct special studies, such as evaluating
corrosion of the waste tanks and supporting operation of the supernatant
treatment system.

1.2 REMOTE TECHNOLOGY SUPPORT - J. M. Seay, D. N. Berger, R. L. Bogart,
R. M. Burnside, and B. G. Place

1.2.1 Decontamination Station

The main function of the decontamination and swipe station is to remave
surface contamination from the HLW canisters after they are filled with glass
and the top welded. A detailed description of the decontamination process has
been documented (Bray 1988; Bray and Seay 1988). At the statijon the canister
is inspected, and splattered glass or other Targe accumulations are removed
from the canister with vibratory tools. The canister is then inserted into a
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titanium decontamination tank. The tank is filled with cerium IV solution,
completely covering the canister, and the canister is allowed to soak for 3 to
6 hr, during which the cerium IV is reduced to cerium III. The surface mate-
rial of the canister is removed to a depth of 1 to 3 um along with the surface
contamination. The canister is then rinsed with water and moved to the swipe
station, where the Tevel of remaining contamination is determined. The decon-
tamination solution is routed back to the concentrator feed makeup tank and
the vitrification process.

During the past year the equipment specifications and the equipment draw-
ings were updated to reflect current plans and incorporate requested changes
from WYNS. The Tocation of the station in the vitrification cell also was
changed to allow better crane access for loading and unloading canisters. The
associated jumpers also were modified to accommodate the changes in Tocation.
The final drawings and specifications were provided to WVNS for their use in
procuring the equipment.

1.2.2 Maintenance Station

The maintenance station will be located in the vitrification process cell
to accommodate small, minor in-cell maintenance activities. The station will
be located in front of a cell window and have manipulators available to per-
form the work. Some specific activities expected to be performed at the
station include: replacing light bulbs in the remote lTight modules, size
reduction of components and parts for waste management purposes, repairing
small components or parts, connecting/disconnecting crane-carried tools,
repairing/replacing seals in "PUREX" connectors, cleaning small components or
assemblies, and providing for small in-cell tool storage. To accomplish these
activities, the station has electrical, fluid, air and spare connections for
providing the station’s utilities. It also has the capability to drain the
fluids used in its functions to the waste header. It may aiso have the func-
tion of welding 1ids on the canisters, but this capability will be added
later.

During the past year the specifications, drawings and supporting calcu-
lations were completed and reviewed, and WVNS comments were incorporated. The
final information was provided to WVNS for their use in procuring the station.
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1.2.3 Glass Pour Viewing System

The glass pour viewing system is to provide a visual monitor of the glass
stream as it pours from the melter into the canister. This will give assur-
ance that glass is pouring and that it has consistent characteristics. It
should allow for early detection of canister filling problems. In FY 1988 two
systems were proposed and were illustrated in the 1988 Annual Progress Report
(Brouns and Powell 1989). During the past year it was decided to use the
periscope approach so that it would be similar to the melter viewing system.
Following selection of the basic system, the preliminary design was completed
and provided to WVNS for comment and review.

1.2.4 Jumper Drawings

During the past year we have continued to modify jumper drawings as nec-
essary to conform to changes requested by WVNS. Some jumpers, such as those
for the decontamination station, were redesigned to account for moving the
station. Other jumpers, such as those for the maintenance station, were com-
pleted as the basic station drawings were completed.

1.2.5 Vitrification Cell Tank Nozzle Analysis

Continued stress analysis was performed for the nozzles in the vitri-
fication facility. A1l the nozzles attached to steam or process jumpers were
analyzed as they will be the most highly stressed segment. All nozzles
attached together in assemblies or subassemblies were analyzed as well as a
representative group of the others.

The Bijlaard analysis method (Wichman et al.) was employed for single
nozzles, and NISA® finite-element software was used for assemblies and sub-
assemblies. The Bijlaard analysis was performed on a LOTUS 1-2-3® spreadsheet
template; NISA analyses were performed on NISA on an IBM Model 60®. The two

® NISA is a registered trademark of Engineering Mechanics Research
Corporation, Troy, Michigan.

® LOTUS is a registered trademark of Lotus Development Corporation,
Cambridge, Massachusetts.

® IBM is a registered trademark of International Business Machines,
Armonk, New York.
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methodologies determined the stress levels in the tank wall around the nozzle.
NISA also determined the stress levels in the nozzle walls.

The results were compared with allowable stresses from American Society
of Mechanical Engineers (ASME)} Section VIII, Div. 1, to see whether over-
stressing occurred. The comparison determined which nozzles were overstressed
and also provided information from which to develop scenarios predicting which
situations lead to overstressing.

1.2.6 Remote Jumper B31.3 Code Compliance

Code compliance reports were compieted on all remaining remote jumpers.
The reports provided documentation demonstrating jumper compliance with
American National Standards Institute (ANSI) B31.3 code requirements.

Code compliance was proved using AUTOPIPE® (pipe finite-element software)
calculations. AUTOPIPE calculates stress and loading conditions in the
jumpers and compares results to B31.3 requirements. Current AUTOPIPE files
were either updated or generated from the most current AutoCAD® drawing files.

1.3 PROCESS SUPPORT - J. M. Perez, J. H. Westsik, B. A. Pulsipher,
D. L. Eggett, B. G. Place, D. E. Larson, M. L. Elliott, K. D. Wiemers,
L. A. Bray, R. W. Goles, D. D. Yasuda, P. I. Pohl, R. D. Peters, and
W. L. Kuhn

The objectives of this work are to support the definition of process
limits, conditions, and controls that permit the vitrification process to
operate safely and efficiently and to ensure that the product glass is
acceptable. Appropriate 1imits assure that the process maintains standard
conditions without either the need for shutdowns for safety concerns or the
production of of f-standard glass product. The Waste Acceptance Preliminary
Specifications (WAPS) and WVNS’s Waste Compliance PTan (WCP) (West Valley
Nuclear Services 1988) identified the basic requirements and WVNS’s plan for

® AUTOPIPE is a registered trademark of Engineering Design Automation,
Berkeley, California.

® AutoCAD is a registered trademark of Autodesk, Inc., Sausalito,
California.
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Figure 1.2 included the homogeneity of the MCC—HVZOS(a) glass used in the
testing program, which was shown to be very homogeneous.

1.3.2 Variance for Concentrator Feed Makeup Tank, Melter Feed Hold Tank,
and Slurry Sampler System

The control of composition of the final glass product depends on the
ability to obtain and maintain a homogeneous composition in the feed tanks.
The concentrator feed makeup tank (CFMT) receives wastes from the tank farm
and secondary waste streams from the vitrification process and then concen-
trates them to the desired level. It also receives the glass-forming chemi-
cals. The concentrated and mixed melter feed is transferred to the melter
feed hold tank (MFHT) to ailow the second batch of feed to be prepared while
the first is fed to the melter. The WFHT homogeneity was evaluated in detail
(Fow, Kurath, and Pulsipher 1989) and was summarized in Brouns and Powell
(1989). During the past year, tests were completed on the homogeneity of the
CFMT and on the Hydragard® slurry sampler. In general, the previous MFHT
testing showed that the current agitation system in the MFHT produced a homo-
geneous mixture. Assuming, however, that the reference sampling method (a
bottle-and-rod sampling technique) provided representative samples, the
Hydragard sampling system did not obtain representative samples. After inves-
tigation of the sampling procedure, a new Hydragard operating procedure was
devised to eliminate sampler bias for tests with the CFMT.

Tests of homogeneity and sampler representativeness were designed also
for the CFMT. Feed slurry samples were obtained from the CFMT during the
SF-11 run and were sent to PNL for analysis of chemical composition, total
solids, suspended solids, pH, and specific gravity. The first set of samples
received was obtained from the first SF-11 CFMT batch, and the second set from
the second SF-11 CFMT batch. Batch 1 samples were obtained to evaluate the
Hydragard sampler. Batch 2 samples were obtained primarily to characterize
the CFMT homogeneity although some samples were obtained to help evaluate the
Hydragard system.

(a) MCC: Materials Characterization Center.
® Hydragard is a registered trade name of Hines International, Inc.,
Hillsboro, Oregon.
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Hydragard System Testing

The data from the first CFMT batch were obtained using three sampling
methods (Hydragard, recirculation pump, and dip). A1l samples were obtained
at approximately the same vertical CFMT location although the radial location
may have been different for each sampling method. Samples were also obtained
using the Hydragard during transfer. Sample volumes ranged from 10 mL to
-30 mL, and there were 30 Samp]es of each type (Hydragard, pump, dip, and
transfer). For clarity, the four sample types obtained during the first CFMT
batch are described below:

Hydragard - Samples taken from the full CFMT using the Hydragard
sampler.

Pump - Samples taken from the full CFMT using a pump in a
recirculation loop.

Dip - Samples from the full CFMT using a bottle-and-rod sampling
method.

Transfer - Samples taken using the Hydragard sampler during transfer
of slurry from the CFMT to the MFHT.

The first sample set (SF-11, batch 1) was analyzed to characterize the
representativeness of samples taken with the Hydragard sampler. Analysis was
performed by statistically comparing the average compositions of the samples
obtained using the different sampling methods. The statistical technique of
analysis of variance was employed to compare the average compositions from the
four types of samples. The assumptions of normality and homogeneity of vari-
ance appeared to be appropriate for this data set. Significant is defined as
statistically significant with 95% confidence. The major conclusions from the
statistical analysis follow,

¢ For most of the elemental constituents, there were no significant

differences between the elemental concentrations obtained using the
Hydragard, dip, pump, and transfer samples.

o Samples obtained using the Hydragard sampler {(except those obtained
during transfer) had a significantly higher boron concentration
average {12% of 2.12 wt% higher) and a significantly lower neodymium
concentration average (2.5% of 839 ppm Tower) than the samples
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obtained using the other methods (see Table 1.1). The probability
of a false positive difference in boron was 0.001. The probability
of a false positive difference in neodymium was 0.011. No signifi-
cant differences in boron or neodymium concentrations occurred among
the dip, pump, and transfer sampie types.

¢ The averages of total solids and suspended solids in the transfer
samples marginally were statistically significantly greater than the
solids in the other three types of samples (significant at the 90%
confidence level but not at the 95% level).

TABLE 1.1. Mean Estimates for the Parameters Showing Significant
Difference Among the CFMT Sample Types Taken During
SF-11 from Batch 1

Parameter Sample Type Mean Comgarison(a)
Total Solids Dip 51.58 (wt%) A
Hydragard 51.55 A
Recirc. Pump 51.54 A
Transfer 51.75 B
Suspended Dip 27.70 {wt%) A
Solids Hydragard 27.78 A
Recirc. Pump 27.79 A b
Transfer 28.02 B( )
Boron Dip 2.11 {wt% metal) A
Hydragard 2.37 B
Recirc. Pump 2.10 A
Transfer 2.15 A
Neodymium Dip 835.1 (ppm wg/g) A
Hydragard 818.0 B
Recirc., Pump 839.9 A
Transfer B43.5 A
Phosphorus Dip 0.771 {wt% metal) A
Hydragard 0.812 B
Recirc. Pump 0.805 B
Transfer 0.781 AB

{a) For a given parameter/element, the means that do not share the same
letter in the comparison column are significantly different with at
least 95% confidence.

(b} Marginally significantly different from the other three means for
suspended solids.
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For those parameters showing significant differences among the four
sample types, the mean values obtained from each sample type are given in
Table 1.1. The results from these tests show that the Hydragard sampler’s
ability to obtain a representative sample has improved with the procedural
changes but that further improvements are possible.

CFMT Homogeneity

The CFMT homogeneity could be examined by comparing the elemental con-
centrations derived from samples obtained at various positions within the
tank. As it is difficult, however, to obtain samples at different positions
within the tank without first stopping the agitation system, a different
method was used. Using the Hydragard system, samples were taken from the sec-
ond SF-11 CFMT batch when the tank content was at four different volumes.
Samples were first obtained when the CFMT was full; then some of the tank con-
tent was transferred to the MFHT, and the CFMT was resampled. This trans-
ferring/sampling process continued unti]l the CFMT level was slightly above the
lower agitation blades. In addition, samples were obtained also using the
recirculation pump method at two of the four tank volumes (full and third
Tevel). In summary, 30 samples were obtained under each of the following
configurations:

Hydra-1 - Hydragard samples when the CFMT slurry level was at 86.5 in.

Hydra-2 - Hydragard sampies when the CFMT sTurry level was at 69 in.

Hydra-3 - Hydragard samples when the CFMT slurry level was at 54 in.

Hydra-4 - Hydragard samples when the CFMT slurry level was at 37 in.

Recir-1 - Recirculation line samples when the CFMT sTurry level was at
86.5 in.

Recir-3 - Recirculation line samples when the CFMT slurry Tevel was at

54 1in.

Two types of nonhomogeneities within the CFMT could exist. Stratifica-
tion could occur such that "heavier" materials concentrated near the bottom.
Besides a stratified nonhomogeneity, clumps containing certain constituents
may intersperse throughout the tank. Thus some samples may contain these
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clumps while others do not. In this study, clumping nonhomogeneities would be
evident from an increased standard deviation between samples taken at the same
tank volume. Stratification nonhomogeneities would be manifest by differences
between the average of the elemental concentrations taken at different tank
volumes.

No significant differences appeared in the sample-to-sample standard
deviations between each set of tank volume samples. This suggests that the
c¢lumping nonhomogeneity does not change as the tank volume changes. But this
finding does not quantify the c¢lumping nonhomogeneity. Other studies are
being conducted to characterize the sampie-to-sample variations.

Chemical analyses were performed at PNL using the x-ray fluorescence
(XRF), atomic absorption (AA), and inductively coupled plasma-atomic emission
spectrophotometry (ICP-AES) methods. The statistical technique of analysis of
variance was used to compare the six average elemental compositions. This
comparison is one check on the occurrence of stratification nonhomogeneity.

If differences are observed in the six tank volume average compositions, stra-
tification nonhomogeneity at one or more tank volumes may be the cause. The
following major results were observed:

e« The samples obtained when the CFMT slurry Tevel was at the lowest

level showed concentrations significantly different from those

taken at other tank levels for several elements (Si, Li, P, B, In,

and dry percent solids). There were no significant differences,

however, among the top three slurry level sample averages {see
Table 1.2).

« Recirculation pump samples were statistically significantly dif-

ferent from Hydragard samples taken from the top three slurry

levels for some elements and parameters {pH, suspended solids, Ce,

and B).

The average concentrations or parameter values for the six sample types
are shown in Table 1.2 for the elements or parameters that showed some differ-
ences among the averages. The concentrations for silicon, phosphorus, and dry
weight percent were all higher at the lower tank slurry height. The boron,
lithium and zinc concentrations were all Tower at the lower tank slurry
height. The pH, suspended solids, and cerium values were lower in the recir-

culation samples than in the Hydragard samples, whereas boron was higher in
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TABLE 1.2. Mean Estimates for the Parameters Showing Significant Difference Among the CFMT Samples
at Different Tank Volumes During SF-11 from Batch 2

(a) (b) (a) (b)

Parameter Sample Type Mean Comparison Parameter Sample Type Mean Comparison
Si-XRF Hydragard-86.5" 13.77 A
Hydragard-69" 13.82 A In-ICP Hydragard-86.5 0.184 A
Hydragard-54" 13.68 A Hydragard-69" 0.185 A
Hydragard-37" 14.20 o Hydragard-54" 0.184 A
Recirc - B6.5" 13.58 A Hydragard-37" 0.180 B
Recirc -54" 13.42 A Recirc - 86.5" 0.186 A
Recirc - 54" 0.184 A
Si-AA Hydragard-86.5" 13.77 AB
Hydragard-63" 13.56 A Dry Hydragard-86.5" 52.83 A
Hydragard-54" 13.40 A Percent Hydragard-69" 52.64 A
Hydragard-37" 13.96 8 Hydragard-54" 52_582 AC
Recirc - BG6.5" 13.62 A Hydragard-37" 53.12 B
Recirc - 54" 13.47 A Recirc - B6.5" 52.30 C
Recirc - 54" 52.46 AC
L1-AA Hydragard-86.5" 0.931 A
Hydragard-568" 0.935 A pH Hydragard-86.5" 2.91 A
. Hydragard-54" 0.934 A Hydragard-89 2.90 A
. Hydragard-37" 0.9z22 B Hydragard-54" 2.92 A
~ Recirc - B6.5" 0.937 A Hydragard-37" 2.94 A
Recirc - 54" 0.934 A Recirc - 86.5" 2.85 B
Recirc - 54" 2.85 B
P-XRF Hydragard-86,5" 0.730 A
Hydragard-69" 0.733 A Suspended Hydragard-86.5" 25.B7 AB
Hydragard-54" 0.730 A Solids Hydragard-69" 25.95 A
Hydragard-37" 0.744 B Hydragavrd-54" 26.09 A
Recirc - 86.5" 0.730 A Hydragard-37" 26.12 A
Recirc - 54" 0.730 A Recirc - 86.5" 25.66 B
Recirc - 5H4" 25.70 B
8-1CP Hydragard-86.5" 1.969 A
Hydragard-69" 1.9839 A Ce-ICP Hydragard-86.5" 771 A
Hydragard-54" 1.983 A Hydragard-89" 771.5 A
Hydragard-37" 1.841 B Hydragard-54" 776.9 A
Recirc - 86.57 2.071 C Hydragard-37" 719.8 A
Recirc - 54" 2.0586 C Recirc - 86.5" 749.8 B
Recirc - 54" 744.3 B

(2] Sample Type refers to the sampler used to obtain the samples and the CFMT tank volume when the samples were obtained.
{b) For a given parameter/element, the means that do not share the same letter in the comparison column are significantly different from one
another with at least 95% confidence.



the recirculation samples. Although statistically significant, the variations
may be acceptable for process and product control.

The CFMT tank contents became nonhomogeneous at the lowest tank slurry
height sampled in this study. The lowest tank slurry height is slightly above
the Towest agitation blade. Adequate mixing is not obtained under current
agitation speeds and configurations when the tank slurry level is at the mini-
mum tank slurry height tested. Thus, to get a representative sample from the
CFMT and obtain a homogeneous mixture, it is recommended that samples be
obtained only when the CFMT slurry level is above the 37-in. level (based on
this test at teast 54 in.).

1.3.3 Removal of Sulfur from the Vitrification Process

The sulfur level in the current wastes at West Valley is higher than the
vitrification process can accept. It is expected that the excess sulfur will
be removed by the sludge-washing process that will occur after the supernatant
is removed from the HLW tank. This washing process should reduce the sulfur
to a level a factor of three below the solubility in the glass. This work
evaluated the potential means for removing sulfur from the vitrification pro-
cess assuming that the current sludge removal process was not sufficiently
effective.

Figure 1.3 provides a basic flow sheet for the currently planned sulfur
removal process; on it are overlaid two potential options identified in this
study for removal of sulfur from the submerged bed scrubber (SBS) condensate.
Following treatment of the supernatant in Tank 8D-2, three tanks at West
Valley will contain HLW: Tank 8D-1 will contain cesium-loaded zeolite; Tank
80-2 will contain PUREX alkaline sludge and residual supernatant; and Tank 8D-
4 will contain THOREX acid waste.(a) Current plans are to combine the
contents of 8D-1 and 80-4 into 8D-2 and to process the waste in the vitrifica-
tion facility to a borosilicate glass form.

The current WY glass limit for SO; is 0.22 wt%. Based on the results
given here and on the fact that the current WV glass is similar to a previous

{a) PUREX: plutonium-uranium extraction; THOREX: thorium extraction.
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FIGURE 1.3. Process Flow Sheet and Proposed Options for Sulfur Removal.
Process waste streams are not shown.

composition, WV182, for which sulfur solubility studies were performed, the
level of S04 in the waste could increase by a factor of 3 before reaching the
glass sulfur solubility. Sulfur levels in excess of this value could poten-
tially accumulate as a molten salt on the glass surface. However, the addi-
tion of reductants {such as sugar), as is now pianned to control Fe+2/Fe+3
ratio, would also reduce 504= to 503 and allow its escape from the melter as a
gas. To prevent undesirable buildup of sulfur in the process, excess sulfur
should be removed from the SBS condensate before it is recycled back to the
CFMT.

At plenum temperatures above 700°C, some sulfur would leave the melter
as sulfur dioxide, which has Timited solubility in the SBS.scrub solution. In
this case, release limits for 502 stack emissions would require evaluation.

Options for Removing Sulfur

Two options were considered to remove sulfur from the SBS condensate
before its recycle to the CFMT (refer to Figure 1.3): 1) direct decantation
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of the condensate from settled SBS solids (option 1) or 2) precipitation of
the sulfur from the SBS condensate as an insoluble sulfate such as barium
sulfate {option 2).

The following steps are identified for the direct decantation option:

Step Operation
1 Settle solids in SBS receiver tank or pump siurry to inter-
mediate tank and settle solids
2 Recycle SBS solids to CFMT as feed for vitrification
3A Dispose of sulfate-containing supernatant as transuranic (TRU)
waste

{or 3B Pump to zeolite column for cesium extraction
4 Jet spent zeolite from extraction to Tank 8D-2 for blending

5) Dispose of sulfate-containing liquor from cesium extraction as
low-level waste

The solids in the SBS slurry would be settled either by turning off the
circulators in the SBS receiver tank or by pumping the slurry to an interme-
diate tank for settling. The sulfate-containing supernatant would be treated
in zeolite columns remaining in the supernatant treatment system (STS) or in a
smalier-scale system which would require fabrication. If necessary, the
supernatant could be disposed of directly in cement as a TRU waste. The SBS
solids would be recycled to the CFMT for vitrification.

The following steps are identified for the precipitation optien:

Step Operation

1 Settle solids in SBS receiver tank or pump to intermediate tank to
settle solids

2 Recycle settled SBS solids to CFMT
3 Pump SBS supernatant to intermediate tank

4 Add precipitation agent to supernatant to precipitate sulfur
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Step Operation

5 Separate precipitated solids from 1iquid either by settling or
centrifugation

6 Pump liquid from precipitation step to CFMT or dispose of in
cement as TRU waste

7 Wash precipitated solids
8 Pump wash supernatant to CFMT or dispose of in cement as TRU waste

9 Dispose of sulfur-containing solids as low-Tevel waste

The SBS slurry would be allowed to settle in the SBS receiver tank by
turning off the air-Tift circulators. ATlternatively, the SBS sTurry could be
pumped to an intermediate tank for settling. The SBS supernatant would be
pumped off to an intermediate tank for precipitation of the sulfur with an
agent such as barium nitrate. The insoluble sulfate would then be separated
from the supernatant either by settling or centrifugation. After supernatant
is decanted, the solids would be washed. The supernatants from the precipita-
tion and washing steps would be transferred to the CFMT or possibly disposed
of directly in cement as a TRU waste, if necessary. The SBS solids remaining
from the initial settling step would be recycled to the CFMT. The precipi-
tated solids (containing the sulfur) would be encapsulated in cement and
disposed of as low-level waste.

Table 1.3 compares the two SBS sulfur-removing options. Based on this
comparison, direct decantation was recommended for the follow-on laboratory
work. The benefits of direct decantation SBS sulfur removal over precipita-
tion are: fewer process steps, no additives required, no major equipment
changes, minimal additional Tiquid and solid waste generated, and the availa-
bility of preliminary laboratory support data.

1.3.4 Mass Balance Spreadsheet

The mass balance spreadsheets that were started in FY-88 and reported in
Brouns and Powell (1989) have been further improved, verified, and validated.
They were verified by performing representative hand calculations and compar-
ing the results to the software output data. The software was shown to
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TABLE 1.3.

Operation

Location of
operation

Sulfate removal

Disposal of
supernatant

Disposal of solids

perform all calculations within acceptable accuracy.

Comparison of Two SBS Sulfur Removal Options

Direct Decantation

Precipitation

Potentially no additional
transfer steps required.

No additional chemicals
required. May require
intermediate tank and
small-scale STS facility.

Supernatant from SBS
decantation contains
sulfur. Treatment options:

1) Dispose in cement as TRU
waste

2) Cesium extraction with
zeolite column: spent
zeolite to Tank 8D-2 and
liquor containing the
sulfur to low-level waste.

SBS solids recycle to CFMT.

Requires transfer to inter-
mediate tank({s).

Requires addition of chemi-
cals, 1 or 2 intermediate
tanks, and potentially a
centrifuge.

Supernatant derived from
precipitation and wash
steps. Treatment options:

1) Dispose in cement as TRU
waste

2) Recycle to CFMT.

Two types of waste solids
treatment required:

1) SBS solids recycle to
CFMT

2) Solids from precipi-
tation step (containing
sulfur) disposed in cement
as low-level waste or as
TRU waste, if necessary.

VYalidation consisted of

an independent review of the approach, methodology, assumptions, and mass bal-

ance structure.

The software was greatly improved by combining the previous

separate programs into one large pregram that requires extended memory to

operate.

Several other modifications were completed to improve the ease of

following the calculations, inputting information, and modifying values to

reflect the current reference compositions.

The modified program provides a

convenient framework to which engineering information can be added to deter-

mine effects of flow sheet changes.
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1.3.5 VYolatilization Losses During Glass Pouring

A first-principles conservative analysis was prepared for the amount of
material that can vaporize from a glass stream as it pours from the melter
into the canister. Since the calculation was prepared as a bounding analysis,
the analysis is expected to overestimate the material and thus provide a con-
servative estimate. '

The analysis is based on the following description. As glass pours from
the pour spout down into a canister, a surface forms that simultaneously
releases both heat and mass. As the glass descends, its surface is cooled by
radiant heat transfer but is also heated by conduction from inside the glass
stream. The glass stream also narrows in diameter as it falls because its
velocity increases but its volumetric flow rate remains constant. Thus the
pour stream stretches as it descends, increasing the ratio of surface area to
volume.

The volatile species in the glass evaporate from the surface. New mass
comes to the surface via mass diffusion from within the glass stream, and it
leaves the surface by diffusion through a boundary layer in the surrounding
air. Cesium is considered the model volatile material.

The analysis gives the following results:

e The surface temperature of the glass as it falis into a canister is
calculated to drop about 120°C. The depth of depletion by diffu-

sion of volatiles in the molten glass is orders of magnitude

smaller than the depth of cooling by conduction of heat.

» The fraction of cesium released from the glass during the first
0.5 sec of its fall (1.2 m) is less than 0.1%.

¢ The calculation provided no better than order-of-magnitude esti-
mates of the fraction of material volatilized.

1.3.6 Effect of Melter Feed Composition on Processing Characteristics

An analysis was performed to identify the key feed components that
affect the cold-cap chemistry and, thus, the melter production rate. The
effects of these components were then tested using Jaboratory techniques to
determine how they can be varied to attain higher melter production rates.
This work was conducted in conjunction with the production rate enhancement
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effort described in Sections 4.3 and 4.4. These sections should be referred
to for data base and experimental details.

The most evident finding of this study was that although there is a
large body of previous results, the characteristics of the existing data base
do not support true statistical analysis. There have been enough runs com-
pleted, but each run falls into one of three narrow windows: Defense Waste
Processing Facility {DWPF) feed, Hanford Waste Vitrification Plant (HWVP)
feed, or West Valley Demonstration Project (WVDP) feed. Each site has its own
basic flow sheet and does not stray much from this composition. The gaps that
lie between the three feed composition windows are unexplored. This is the
area where further research needs to be conducted to allow more general eval-
uations of composition effects,

Based on the results of the statistical analysis, improved processing
conditions should be achieved by the WVDP through reduction of nitrates and
sugar in the melter feed. Also, the use of frit to replace the chemical
glass-formers to the maximum extent possible should be investigated. Reduc-
tants in the form of oxalates, formates, and perhaps metal reductants such as
silicon should be studied.

The results of the laboratory experiments confirm the statistical
results: the West Valley flow sheet changes to reduce nitrate and sugar con-
centrations in the feed should be pursued. Sugar concentrations in the feed
could be minimized by using formate glass-formers as reductants. The results
suggest that Tower nitrates (higher hydroxide) and lower reducing agents were
faster melting. They suggest also that it was beneficial to use frit and to
add formates rather than nitrates.

1.3.7 Nitrous Oxide Reduction by Selective Catalytic Reduction

A selective catalytic reduction (SCR) system for abating process NOx
emissions was evaluated at the WVDP site during both the SF-10 and SF-10A WVOP
melter tests. This technology employs an NH3 reductant and a hydrogen zeolite
catalyst to selectively reduce process off-gas concentrations of NO, . The
efficiency of SCR destruction of NOx depends on the stoichiometric NH3:NDx
ratio employed. The SCR effluent concentration of unreacted NH3 also depends
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on this ratio. Unreacted NH3 can combine with residual NOx to form poten-
tially hazardous NH,NO;. Consequently, SCR operating control Timits have to
be estabiished that will obtain the required (>91%) NO, destruction perform-
ance while limiting NH4N03 production.

Gas phase production of NH4N03 was not detectable under steady-state SCR
operating conditions. However, aqueous interactions with unreacted NH3 and
NO, gaseous effluent were appreciable. Aqueous interactions could account for
significant process off-gas accumulations of NH4NO3 if off-gas system tempera-
tures are not maintained above the dew point of the exhaust stream. Of the
two mechanisms responsible for off-gas production of NH4N03, aqueous effluent
accumutation appears the more important and, fortunately, is the easier one to
resolve. Future evaluations will be directed toward this issue in FY 1990.

1.4 WASTE QUALTFICATION - S. 0. Bates and G. F. Piepel

This task supports the development of the West Valley Waste Qualifica-
tion Report (WQR) that will be used to show that the West Valley product will
meet the requirements established by the DOE Waste Acceptance Preliminary
Specifications (WAPS) {Office of Civilian Radioactive Waste Management 1987).
A major activity completed this year is the leach-testing of heat-treated
glasses. The development of literature reviews and testing plans for the WQR
was started, but no reports were sufficiently completed in FY 1989 to be
reported.

The thermal heat treatment work in this task was coordinated with work
at Catholic University of America, which prepared the glass samples, and with
Alfred University, which heat-treated the glasses. PNL responsibility was the
leach-testing of the glass samples.

Nuclear waste glasses can devitrify at temperatures above the glass
transition temperature (~530°C). Devitrification is the formation of crystals
in the glass, which may lead to some loss of chemical durability. The
selected method for examining the devitrification kinetics involives heat-
treating the specimens under isothermal conditions so that any thermally acti-
vated transformations can be identified and characterized. The efforts were
focused on the reference West Valley waste composition WVCM-59 glass. The
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Rohsenow and Hartnett (1973, pp. 3-128) reference an expression that
incorporates the effect of solid conductivity, interstitial gas conductivity,
pore diameter, and mean temperature. The expression is

kepe = (1-a) kg +a ky +4d o T3

where keff = an effective thermal conductivity of the porous layer
K. = thermal conductivity of the sotid

k. = thermal conductivity of the gas in the pores

e = porosity (= volume of pores/unit volume)

d = is pore diameter

T = mean temperature, K

o = Stephan-Boltzmann constant.

The 1ast term is a thermal radiation effect across the pores., Note that
in this equation T = (ThOt + Tco]d)/z' In a meiter the porous Tayer may
exist at different positions in the cold cap because nitrates release gas at
higher temperatures than do other materials that may be present. In a melter
the bulk glass temperature is typically 1150°C while the cold cap (boiling)
surface is near 100°C. Thus the hot, cold and average temperatures would be
within this range.

The limit of the normalized effective thermal conductivity, keff/ks’ of
a porous layer is greater than 1 for the cases of high gas thermal conduc-
tivity or low gas conductivity with low porosity. The enhancement comes from
thermal radiation across the pores. Furthermore, it also can be shown that
there will be enhancement (keff/ks >1} as tong as relative radiation is
greater than the poresity fraction. The condition can be generalized further
so that enhancement will occur for

73

k
1.9
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If the inequality is not satisfied, then heat transfer through the layer
will decrease (e.q., keff/ks <1). By plotting these results it can be shown
that the radiation contribution to conductivity is as significant as the con-
ductivity of interstitial gas at small pore diameters and becomes more sig-
nificant as pore volume increases. For pore diameters on the order of 1 mm,
the radiation component becomes equivalent to the thermal conductivity of
glass. It should also be noted that the radiation component is a strong func-
tion of temperature, increasing a factor of 40 {(at fixed pore diameter d) with
an increase in average temperature of 100 to 1000°C.

An increased void fraction of the cold cap decreases solid conductivity
and increases interstitial gas thermal conductivity. The order of magnitude
of each is directly proportional to porosity ranging from 0 to about 0.8. The
sensitivity of the effective conductivity to change in void fraction is pro-
portional to the difference in kg - k. The point of least sensitivity is for

kg = ks; e.g., the gas has the same conductivity as the solid.

The significance of these results is that if gas voids are created and a
porous layer develops in a hotter zone of the cold cap, effective heat trans-
fer will be enhanced more than if they are created in a colder zone. This is
because of thermal radiation across the voids. Thermal conductivity of the
gas in the voids has only a secondary effect on K,cc, unless it is of the same
order as the solid conducting material. Because glass has a conductivity at
least an order of magnitude greater than expected interstitial gases, this
latter is not expected to occur readily. These calculations coensider the cold
cap only as a porous solid/gaseous matrix in which gases are trapped. A
preferable cold cap would be thin and flexible and would release all gases
from the decomposing feed as they are generated within it.

4.6 PILOT-SCALE TESTING - R. K. Nakaoka, J. M. Perez, Jr., and C. C. Chapman

A pilot-scale melter test was completed using the pilot-scale ceramic
melter (PSCM) at PNL as part of the effort to enhance glass production rate.
The experiment, PSCM-24, was statistically designed to evaluate the effect of
bulk glass temperature, feed oxide loading, and mixing by air-bubbling. The
temperature was varied from 1080 to 1225°C, and the oxide loading was varied
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from 440 to 660 g'TO/L. During the high-temperature portion of the run, a
maximum feed rate of about 110 L/hr was maintained with an oxide Toading of
660 g TO/L. Thus the glass production rate exceeded 66 kg/hr. On a normal-
jzed basis this translates into 130 L/hr-m? and 86 kg/hr-m?. This exceeds the
previous records of 120 L/hr-m2 and 55 kg/hr—mz, respectively, which used
plenum heating whereas this test did not. It exceeds the previous best HWVP
result, PSCM-23, which had rates of 54 L/hr'-m2 and 38 kg/hr—mz. This is 240%
over the previous HWVP slurry rate and 225% over the glass rate for the PSCM
melter.

For the low-temperature test segment, 1080°C, the processing rate was
estimated to be less than 30 L/hr (40 L/hr-m? and 52 kg glass/hr-m?). This
was unexpected. The results from the dilute feed and bubbling segments of the
test were inconclusive due to mechanical problems. Technically significant
conclusions cannot be made about this test until the feed and glass composi-
tions are known. The major contrast between the test segments is believed to
contain some key information. More thorough data reduction and analysis are
needed and will be compieted during FY 1990.
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5.0 HISCELLANEOUS WASTE TREATMENT

R. D. Peters - Manager

5.1 OBJECTIVE

The objective of the Miscellaneous Waste Treatment Program within the
Contaminated Materials Treatment Program is to design and construct a plasma
furpace for treating contaminated or activated metals. Various technologies
for volume reduction of Greater-than-Class-C {GTCC) metals have been evaluated
in predecessor programs at PNL. Metal meiting, specifically via plasma heat-
ing, has emerged as a promising approach.

5.2 INTRODUCTION

Early in FY 1989, a report on activities conducted during FY 1987 was
completed which was ultimately published in a waste management journal, Radio-
active Waste Management and the Nuclear Fuel Cycle. The report described a
successful test in which hardware from a simulated pressurized water reactor
assembly was melted into a dense ingot using a vendor-owned research and
development plasma furnace. The work in FY 1989 has been primarily to design
a plasma furnace with similar melting capabilities, but with remote features
s0 that it can treat highly radioactive waste metal.

Possible missions for the plasma furnace include the treatment of
1) irradiated metals from decommissioned commercial reactor cores and 2) spent
fuel assembly hardware from consolidation of fuel rods. Other uses that
became apparent in FY 1989 are the treatment of remote-handled transuranic
(TRU) waste stored at Hanford and the melting of TRU waste stored in 55-gal
drums at several DOE sites. A description of the plasma furnace and its
capabilities was submitted to PNL’s Research, Development, Demonstration
Testing and Evaluation (RDDT&E) 5-year plan. Other accomplishments of the
program are provided below.

5.3 DESIGN PROGRESS

The major accomplishments in FY 1989 were to 1) prepare the functional
design criteria for the plasma furnace, 2) establish a contract with a
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manufacturer to design and build the plasma torch, 3) develop design concepts
for the furnace, and 4) initiate design on the furnace and torch.

The key design criteria for the torch are summarized as follows:

o Feedstock is radioactive metal having a maximum cross-section of
24 in.

¢« Nominal metal melting rate is 180 1b/hr.

o The furnace shall be remotely operable with a crane and impact
wrench,

¢ Continucusly exposed qu1pment in the process cell shall be
radiation-resistant (10° to 107 R/hr exposure).

» The work-force requirement will be low, one or two operators.
+ Molten metal is to be drip-cast into the canister.

« Secondary waste streams will be minimal. Collected dust from the
off-gas system will be recycled to the furnace.

A conceptual design of the furnace is given in Figure 5.1. Waste metal
is fed horizontally and is melted by the torch into a hearth. The hearth
remains in a fixed position, which is advantageous in that mechanical com-
plexity is avoided. When the hearth is full, the torch melts a frozen plug of
metal at the hearth’s pouring tip. This allows the moTten metal to flow into
the waste canister. When the canister is full, it is lowered and moved out of
the way by a trolley and is replaced by an empty canister. The power supply,
gas supply, and control systems will be situated in a nonradicactive, manned
access area, while the furnace and torch will be in a radiation cell. The
furnace chamber atmosphere is kept inert with argon gas to minimize oxidation
of the molten metal and prevent slag formation.

The furnace exhaust will discharge to a gas-c¢leaning system. The major
system components are a submerged bed scrubber (SBS), a heater, and a high-
efficiency particulate air (HEPA) filter. Solid aerosols captured by the SBS
can be collected and fed through the furnace, thus minimizing secondary waste
streams.
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Criteria supplied to the torch manufacturer call for a transferred arc
with a torch power rating of at least 250 kW. The plasma-forming gas will be
an inert gas such as argon or helium. The torch has a water-cooled ram and a
graphite end-piece which is slowly consumed during operation. The low-cost
graphite portion can be remotely accessed for replacement by vertically with-
drawing the ram from the top of the furnace.

5.4 STATUS AND PLANS

Detailed design of the torch and the furnace is now under way. Plans
call for the design to be finished by early FY 1990, at which time bids will
be sought on fabrication. The unit would be installed and tested in a non-
radicactive facility in FY 1991 and FY 1992. Remote cell installation is
planned for FY 1993, and treatment demonstrations will occur in FY 1994
through FY 1996. Decommissioning is planned to take place no sooner than
Fy 1997.

5.4
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