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SUMMARY 

This report is compiled by the Nuclear Waste Treatment Program and the 

Hanford Waste Vitrification Program at Pacific Northwest Laboratory to describe 
the progress in developing, testing, applying, and documenting liquid-fed 
ceramic melter (LFCM) vitrification technology. Progress in the following 
technical subject areas during the first quarter of FY 1987 is discussed: 
melting process chemistry and glass development, feed preparation and transfer 

systems, melter systems, off-gas systems, canister filling and handling 
systems, and process/product modeling. 

Melting Process Chemistry and Glass Development - A variability scoping 

study has been conducted using the Hanford Waste Vitrification Plant (HWVP) 
reference neutralized current acid waste (NCAW) and HW39 glass composition. 
This multiple-component waste variability study was conducted to characterize 

and produce a first-order model of the effects on glass and melt properties due 
to varying the proportions of Na2o, Fe2o3, Al 2o3, Si02, and rare earth oxides 

(RE203) in the waste fraction of the glass. The viscosity, electrical 

conductivity, and MCC-1 and MCC-3 28-day leaching results were evaluated in 
this study. First-order model results were fitted to the data from the test, 
which adequately predicted the 100 poise temperature (T100P} and the electrical 
conductivity at 1150°C (E1150} of any glass composition within the envelope of 

compositions tested. As the models do not predict leaching results well, 
further testing to develop a second-order model would be required to adequately 
predict leaching performance. 

Feed Preparation and Transfer Systems - An experimental test plan was 
prepared and approved for evaluating the rheological effects of the change in 
the neutralized current acid waste composition from NCAW '84 to NCAW '86. A 
topical report was completed and approved that documents the six laboratory 
tests conducted under the Feed Process Development subtask in FY 1986. These 
tests were performed to determine a melter feed composition and preparation 
procedure that will enable acceptable processing in the HWVP. Bench-scale 
heat-transfer studies using an internal steam coil bundle were continued for 
the NWTP. Analysis and evaluation of the performance of the ·air displacement 
slurry pump are under way. 
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Melter Systems - The discharge section lid of the radioactive liquid-fed 
ceramic melter was modified in place to remove the failed fixed discharge 
section heaters and to install three temporary replaceable heaters. Work 
continues on the design of a discharge section lid with replaceable heaters. 
Five canisters were filled with RLFCM-7 glass for the Federal Republic of 
Germany, completing the first ten-canister commitment. Three FRG canisters 
were filled with RLFCM-8 glass before the discharge tube to the receiving 

canister became plugged with glass. Work to remove the plug from the discharge 

tube has started. 

Off-Gas Systems - Performance data for off-gas scrubbing equipment were 

compiled and analyzed for an earlier pilot-scale ceramic melter (PSCM) experi
ment. Comparisons were made between the expected and observed performance of 
each unit comprising the off-gas treatment system. All equipment evaluated had 

performed as expected. 

Canister Filling and Handling Systems -The Nuclear Waste Treatment 
Program at Pacific Northwest Laboratory is preparing 30 radioactive canister 
containing borosilicate glass for use in high-level waste repository-related 
tests at the Federal Republic of Germany's Asse Salt Mine. After filling, the 
canisters will be welded closed and decontaminated in preparation for shipping 
to the FRG. Electropolishing was chosen as the primary decontamination 
approach, and an electropolishing system with associated canister inspection 
equipment has been designed and fabricated for installation in a large hot 
cell. This remote electropolishing system, now undergoing preliminary testing, 

is described. 

Process/Product Modeling - Emphasis during the report period was placed on 
obtaining an understanding of how West Valley plans to operate their vitrifica
tion system and on determining how best to model their operation. Particular 

emphasis was placed on what response would be made to off-control situations 

involving out-of-specification feed composition. The WVNS system will be 

simulated from the waste tank (all waste will be kept in one tank) to the 
canisters. The use of additives will be computed using the RECIPE code, 

previously developed for West Valley, as a subroutine. 
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INTRODUCTION 

In mid-FY 1982, the u.s. Department of Energy (DOE) assigned responsibil

ity for managing its commercial nuclear waste treatment activities in the 
United States to the Nuclear Waste Treatment Program {NWTP) at Pacific 
Northwest Laboratory {PNL).(a) The NWTP establishes the technology for 
treating and immobilizing high-level waste (HLW), transuranic waste (TRUW), and 

other related wastes from commercial nuclear fuel reprocessing. This work 
includes developing waste treatment system technology and components, testing 
treatment systems, verifying the operability of the technologies through 
practical applications, producing waste packages for storage and disposal 

testing, assisting others to resolve specific problems in transferring the 
developed technologies, and maintaining a resource of radioactive waste 

treatment capabilities and facilities for DOE. 

Major current activities include: developing vitrification equipment for 

HLW; operating a pilot-scale liquid-fed ceramic melter (LFCM) system under 
radioactive conditions; designing; fabricating, and installing canister 

closure, decontamination, destructive and nondestructive examination, and 
storage facilities for vitrified radioactive waste; providing highly 

radioactive glass-filled canisters as heat and radiation sources to the Federal 
Republic of Germany (FRG) for use in their repository test program; and 
providing processing technology and vitrification process equipment for 

treating West Valley wastes. 

The NWTP is multifunded with base program funds from DOE-Nuclear Energy 
(NE) and user funding supplied by DOE-NE-West Valley (DOE-NE-WV), DOE-Defense 
Programs-Richland (DOE-DP-RL), FRG, and Japan. During the reporting period the 
NWTP was managed by R. A. Brauns. The program is divided into the following 
tasks: 

• Technology Development and Nonradioactive Testing - w. L. Kuhn 
• RLFCM Operations - J. E. Minor 

(a) Operated for DOE by Battelle Memorial Institute under Contract 
DE-AC06-76RLO 1830. 

1 



• A-Cell Facility Preparation- G. H. Bryan 

• West Valley Support- J. R. Carrell. 

Progress in all program elements is reported through informal monthly 

status report, formal annual reports (McElroy and Burkholder 1984; Burkholder 
and Rusin 1985; Burkholder and Jarrett 1986), and formal topical reports. 
Because of both the magnitude of the first-generation HLW program element and 
the large number of applications currently under way, this quarterly report 

series was begun in FY 1985 to facilitate the transfer of LFCM vitrification 
technology between and among the central source (PNL) and the various user 

groups: the West Valley Demonstration Project (WVDP), the Hanford Waste 
Vitrification Program (HWVP), and the Defense Waste Processing Facility (DWPF) 

Project. Quarterly reports will be established for other program elements as 

the need arises. 

The results of applicable technical work performed by PNL in direct sup

port of the HWVP are included in this report. During this report period, the 

HWVP Program was managed by Rockwell Hanford Operations for DOE; PNL is 
providing technical support for development of vitrification system technology 

for application to the HWVP. The HWVP facility, one of three major U.S. vitri
fication facilities for HLW treatment, will use PNL-developed vitrification 
technology. This technology will also be used for the DWPF and the WVDP. 
Progress in the development of waste- and site-specific technologies is 
presented in this quarterly report to complement NWTP-supported activities. 
The PNL HWVP work is managed by C. R. Allen. 

Because the emphasis of these quarterly reports is technical rather than 
programmatic, the reports are organized to cover technical subject areas 
without regard to funding sources. This quarterly is organized as follows: 

• Melting Process Chemistry and Glass Development - S. 0. Bates 
• Feed Preparation and Transfer Systems - M. E. Peterson 

• Melter Systems - R. D. Dierks 
• Canister Filling and Handling Systems - M. R. Elmore 

• Off-Gas Systems - R. W. Gales 
• Process/Product Modeling and Control - w. L. Kuhn. 
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Each section contains summary, introduction, and technical progress sub

sections. This report was compiled by R. A. Brouns, C. R. Allen, and 

J • A. Powe 11 • 
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MELTING PROCESS CHEMISTRY AND GLASS DEVELOPMENT 

s. 0. Bates 

SUMMARY 

A variability scoping study has been conducted using the Hanford Waste 

Vitrification Plant (HWVP) reference neutralized current acid waste (NCAW) and 

HW39 glass composition. This multiple-component waste variability study was 

conducted to characterize and produce a first-order model of the effects on 
glass and melt properties due to varying the proportions of Na2o, Fe203, Alz03, 
Si02, and rare earth oxides (RE2o3) in the waste fraction of the glass. In 
this test, the composition range for each oxide exceeds the variation currently 

expected in the HWVP process. The viscosity, electrical conductivity, and 
MCC-1 and MCC-3 28-day leaching results were evaluated in this study. First
order model results were fitted to the data from the test, which adequately 
predicted the 100 poise temperature (T100P) and the electrical conductivity at 
1150°C (E1150) of any glass composition within the envelope of compositions 
tested. The first-order models produced do not predict leaching results well, 
and further testing to develop a second-order model would be required to 
adequately predict leaching performance. 

INTRODUCTION 

The objectives of the melting process chemistry and glass development 
efforts are to develop glass and melter feed compositions that will produce 
glass products having acceptable chemical durability and to design feed formu
lations that can be processed in a liquid-fed ceramic melter (LFCM) at an 
acceptable rate. Glass-forming chemicals and other chemicals used for REDOX 

control are selected to maximize melting performance and minimize problems due 
to foaming, metal precipitation, and other adverse phase separation. The 
resulting glass composition is designed to have a viscosity of 100 poise at 
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1150°C and an electrical conductivity between 0. 18 and 0.5 (ohm-cm)-1 at tem
peratures between 1070°C and 1150°C. In addition , the glass composition is 

designed to minimize the tendency to form crystals above 900°C or other 
secondary phases on the melt surface. 

A key product property is chemical durability. Specifications for chemi

cal durability of waste glass as determined by laboratory tests have not been 
defined. Existing regulations pertain to radionuclide release from the con
trolled zone of the repository. Thus a prudent development strategy is to 
assume that the chemical durability, as measured by laboratory tests, should be 
as high as possible within the other processing constraints. 

The technical approach involves close interaction among feed formulation, 

glass composition, and waste processing work being conducted at Pacific 
Northwest Laboratory (PNL). Hence a glass composition is being developed to 
provide the appropriate high-temperature properties (viscosity, electrical 

conductivity) and low-temperature properties (elemental release rate, crystal
lization rate). Nitrate, oxide, and hydroxide chemicals representing the waste 

fraction and glass-forming chemicals or frit are made into slurries in the 
laboratory. The REDOX state of the glass is then optimized using a reducing 

agent in the slurries until the ferrous/ferric ratio in the resultant glass is 
between 0.005 and 0.3. 

The melting rates of the feeds are then determined using laboratory 

melting tests that measure the rate at which the cold cap formed from these 
feeds melts on molten glass. Several variations are examined, and the feed 
formulation with the best melting characteristics in this rapid, inexpensive 
test is recommended for short-term testing in an experimental-scale melter. If 
problems occur, additional laboratory glass composition or feed formulation 
work is conducted. A successful short-term test leads to development of an 
extended test in the pilot-scale ceramic melter or high-bay ceramic melter. 

This work has focused on feed and glass developed for the HWVP, which is 

dedicated to vitrification of the liquid high-level and transuranic defense 

wastes produced and stored at the Hanford Site. HWVP objectives are to do the 
following: 
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• Develop reference glass formulations incorporating the different 
waste streams to be processed through HWVP. These glass compositions 
should have the required physical properties for processing in an 
LFCM (viscosity, electrical conductivity, and phase behavior) and for 

maximum chemical durability. 

• Evaluate the effects of possible variations of selected waste compo
nents on the physical properties and chemical durability of the 

reference glass. 

• Prepare simulations of the HWVP reference feeds that represent the 

true chemical and physical properties of the waste, except for radia
tion and heat generation, while creating no artificial difficulties. 

• Determine ways to modify the rheology of the melter feed to improve 

homogeneity and minimize transport difficulties. 

• Conduct laboratory-scale adjustment studies of feed rheological 
properties to support testing of feed processing and composition 
variables, optimization of melter feed, and evaluation of feed pro

cessing analytical requirements. 

• Document laboratory-scale testing of effects of process and waste 
composition variability on feed rheological and REDOX properties. 

• Document engineering-scale testing of effects of process and waste 

composition variability on feed rheological and REDOX properties. 

TECHNICAL PROGRESS 

EXPERIMENTAL DESIGN 

The following oxides have been identified as having a high potential for 
variation in the waste composition and for significantly affecting the physical 
and chemical properties of borosilicate glasses: Na 2o, Fe2o3, Al 2o3, Si02, and 
RE2o3 (rare earth oxides: La2o3 and Nd203). As these five components repre

sent 80 wt% of the reference waste as oxides, the variation of their concentra
tions will have the greatest potential for impact on the makeup of the waste 

and glass. Therefore a multiple-component waste variability scoping study was 
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designed and conducted to characterize and produce a first-order model of the 
effects on glass and melt properties due to varying the proportions of these 
oxides in the waste fraction of the glass. The composition ranges for the 
selected components, determined together with Rockwell Hanford, define a 

composition field around the reference glass composition. In this scoping 
study, the composition range for each oxide exceeds the variation currently 
expected in the HWVP process. 

The total waste loading, which is the sum of the varying and the nonvary

ing waste components, was held at 25 oxide wt% i n the glass. The composition 

of glass-forming oxides that make up the remaini ng 75 wt% of the glass, here
after referred to as frit, are the same as the HWVP reference glass frit 

composition shown in Table 1. Although the amount of the nonvarying waste 
components, hereafter referred to as the waste mi x, varies in the different 

test melts, the oxide proportions within the waste mix remain fixed at the 
proportions found in the reference waste composi tion. The waste mix includes 
also the frit components other than Na2o and Si02, which are addressed as 
separate components. Because the total waste loading in all melts was held 
constant at 25 wt% (the amount of frit was held at 75 wt%), all effects of the 
waste mix can be attributed to only the waste components. The waste mix was 
treated as a single component. The compositions i n the test matrix were target 
compositions, and the actual modeling was based on the ICP(a) analysis of each 

glass. The ranges shown in Table 2 were establ i shed for this test. 

Computer-aided experimental design strategy was used to determine an 

optimal set of mixtures of the six components to i nclude in the test matrix in 
order to obtain data for fitting a first-order Scheffe polynomial model for 
each property. With the six components in this st udy, the first-order 
polynomial model has the form 

(a) Inductively coupled ~rgon plasma emission spectroscopy 

8 



TABLE 1. Composition of HWVP Reference Waste (NCAW), Substituted Waste, 
and Glass (HW39 ) at 25 wt% Oxide Waste Loading 

Normalized Substituted 
Waste Waste Nor. Frit Glass 

Oxide wt'f. Oxide wt'f. Oxide wt'f. Oxide wt'f. Oxide 
Si02 2.Y 3.0 67 .25 51.3 
s2o3 0.0 0.0 12 . 75 9.6 
Na2o lU .5 10.7 10.25 10 .4 
Li20 0.0 o.o 5 3.8 
CaO 0.3 0.3 3.75 2.9 
MgO 0.2 0.3 1 0.8 
Fe2o3 44.0 44.4 11.1 
Al 2o3 17 .o 17.2 4.3 
Cr203 5.3 5.3 1.3 
zro2 2.3 2.4 0.6 
NiO 2.3 2.4 0.6 
La2o3 2.2 2.2 0.5 
504 l.B 1.8 0.4 
Nd2o3 1.7 2.1 0 .5 
Mov3 1.2 1.2 0.3 
F 1.2 1.2 0.3 
CuO 0.6 0.6 0.1 
roc 0.6 0.6 
Mn02 0 .6 0 .7 0.2 
cea2 0.6 0.7 0.2 
Ruo2 0 .6 0.6 0.1 
0308 0.6 Subst . Nd 
cs2o 0.6 1.0 0.2 
BaO 0 .4 0.4 0 .1 
SrO 0.4 0.4 0.1 
Pr6o11 0,4 0.4 0.1 
Tc 2o7 0.4 Subst. Mn 
Rb20 0.2 Subst . Cs 
Y203 0.2 0 .2 0.04 
Sm203 0.2 0 .2 0 .04 
PdO 0.2 Delete 
Rh2o3 0.2 Delete 
Np02 0.1 Subst. Ce 
Te02 0.1 De lete 
Pm2o3 0.1 Subst . Nd 
BeO 0.1 Subst . Mg 
Se02 0 .03 Delete 
Sno2 0.02 Delete 
CdO 0.02 Delete 
Eu2o3 0.02 Subst. Nd 
Puo2 0.02 Subst. Ce 
Am2o3 U.U2 Subst. Nd 
P2o5 0 .02 Delete 
AgzO 0.01 Delete 
Nb2o5 0.01 Subst. Mo 
Gd2U3 0.01 0.01 0.003 
ra2o5 0.01 Delete 
TiOz 0.01 Delete 

---TOTAL 100.00 100.00 100.00 100.00 
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TABLE 2. Ranges of Waste Components in the Multiple-Component 
Waste Variability Test 

Oxide 
Na2o 
Fe2o3 
Al 2o3 
Si02 
RE2o3 
Waste Mix 

Range of Oxide wt% in the 
Waste Fraction of the Glass 

0 - 10 
5 - 15 

0 - 8 
0 - 5 

0 - 2 

0- 20 as required 

where Y = property 

Range of Oxide wt% 
in the Glass 

7.7- 17.7 
5.0 - 15.0 

0.0 - 8.0 
50.4 - 55.4 

0.0 - 2.0 
16.6 - 36.9 

N, F, A, S, R, and W = pseudo-components for Na2o, Fe2o3, Al 2o3, Si02 , RE 2o3, 

and waste mix, respectively (defined below) 
e = residual error, including lack of fit (LOF) and pure 

error 

and where the Bi are unknown coefficients that must be estimated from the 
experimental data. 

For a particular mixture, the pseudo-components N, F, A, S, R, and W 

(Na20, Fe203, Al203, Si02, RE203, and waste mix, respectively) in Equation (1) 
are given by 

PC = [(wt% of the com (2) 

where PC is one of the pseudo-components and the weight percent of each compo
nent is expressed as a percentage. Each pseudo-component is computed by sub
tracting the minimum weight percent of the component given in Table 2 from the 

weight percent of the component in the glass and then dividing the difference 
by the quantity 100 minus the sum of the minimum weight percent values for the 

six components. Pseudo-components are used instead of the original component 

weight percent values for computational reasons. 

The test compositions were selected statistically to provide the most use
ful information with the fewest melts. Compositions located on the boundaries 

10 



. . 

of the composition field are typically selected for fitting the linear property 
model. The overall centroid composition is included to provide data from 
within the composition field and will be replicated to estimate the experi

mental error variance and to test the fitted model for LOF. The test matrix is 
shown in Table 3. 

The mixtures were batched, melted, and tested in a completely randomized 
order. Each glass melt was analyzed by ICP. Each glass mixture was evaluated 
to determine T100P, E1150, and 28-day MCC-1 and MCC-3 leaching performance. 

RESULTS 

The results for each property are discussed separately in subsequent sec
tions. This section, however, presents some general information helpful in 
examining the results for each property. 

A first-order model was fitted and variance was analyzed for the proper
ties of interest. The adjusted R2 value was computed for each property, indi
cating the fraction of variation in the property values that is accounted for 

by the fitted model. Also, a test for LOF was performed for each property 
model. Generally, if a fitted model has an adjusted R2 value of ~.9 or larger 

TABLE 3. Test Matrix for Multiple-Component Variability Study(a) 

Oxide Wt% (in addition to frit) of Waste 
Run Glass Comeonents in Glass 

Order 10 Na2o Fe2o3 Al203 Si02 RE204 Waste 

1 10 0.00 5.00 0.00 0.00 0.00 20.00 
2 11 3.64 8.64 2.91 1.82 0.73 7.27 
3 5 o.oo 5.00 0.00 0.00 2.00 18.00 
4 7 0.00 15.00 0.00 5.00 2.00 3.00 
5 11 3.64 8.64 2.91 1.82 0.73 7.27 
6 6 0.00 15.00 8.00 0.00 0.00 2.00 
7 9 0.00 5.00 8.00 5.00 o.oo 7.00 
8 2 10.00 5.00 8.00 0.00 2.00 0.00 

(a) Assumes 75 wt% frit. 
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and a nonsignificant LOF, the model is said to adequately characterize the 
property over the experimental region. The LOF test compares the "average" of 
the squared deviations of the observed values from the fitted model (LOF mean 
square in each table) with the estimate of the experimental error variance 
(pure error mean square in each table) by comparing the ratio F = (LOF mean 
square)/(pure error mean square) with a table value from the F-distribution 
with 2 and 3 degrees of freedom at a specified significance level. For this 
study the 0.10 significance level was used; the table value is 9.3. If the 
F-ratio exceeds the table value, the LOF is statistically significant and 

indicates that the fitted model does not account for all the nonrandom 
variations in the property data. 

Effects plots were generated for each property evaluated. Each plot is 
centered at the reference glass composition (see Table 1). For a particular 
property, the components are considered one at a time by starting at the cen

troid composition, transforming it to pseudo-components, and then incrementally 
increasing the proportion of the pseudo-component of interest while decreasing 
the total proportion of the other five pseudo-components. At each incremental 
increase the fitted model is used to predict the property value. This contin
ues until the pseudo-component of interest reaches its upper limit. The pro
cess is repeated in reverse by starting at the centroid composition and 
incrementally decreasing the proportion of the pseudo-component of interest 
until it reaches its lower limit. After repeating this process for each compo
nent, the resulting predicted values for the si x components are plotted on the 
same graph so that the effects of varying components over their experimental 

ranges can be compared. 

Viscosity (T100P) 

The T100P modeling results are displayed i n Table 4. The fitted model has 

an adjusted R2 value of 0.97 and a significant LOF. However, with an adjusted 
R2 of 0.97, the fitted model should be reliable for predicting the major trends 

in T100P as the six components are varied over the experimental region. The 

maximum predicted error for T100P is estimated to be ±10°C. 

Figure 1 is the effects plot for T100P. Na20 has a strong negative effect 
as it is increased for its lower limit to the reference composition and on to 
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TABLE 4. Analysis of Variance and r~odeling Results for TlOOP 

Analysis of Variance 
Source Degrees of Sum of Mean 

of Variance Freedom Sguares Sguare 

Total 14 0.23651 X 10-1 

Regression 5 0.23173 X 10-1 0.46346 X 10-2 

Error 9 0.47761 X 10-3 0.53068 X 10-4 

LOF 7 0.46961 X 10-3 0. 67087 X 10-4 

Pure error 2 0.80000 X 10-3 0.40000 X 10-5 

Adjusted R2 = 0.9686 
Lack of Fit F test F = 16.77 Significant 

Pseudo-Component Coefficient Standard Deviation Lower Bound 
N 2.91375 0.01095 0.077 
F 3.00561 0.00970 0.050 
A 3.12504 0.01206 0.000 
s 3.10190 0.02255 0.504 
R 2.98771 0.05198 0.000 
w 3.11218 0.00961 0.166 

Na 2o•s upper limit. Fe2o3 also has a negative effect on T100P, but its effect 
is not as great as that of Na2o. Waste mix, Al 2o3, and s;o 2 have strong 
positive effects. RE2o3 has a very minor effect on viscosity over the range 
tested. 

Electrical Conductivity (E1150) 

The E1150 modeling results are displayed in Table 5. The fitted model has 
an adjusted R2 value of 0.86 and a nonsignificant LOF. Thus the fitted model 
should be quite useful for predicting the major trends in E1150 as the six 
components are varied over the experimental region. The E1150 95% confidence 
interval is ±0.025 (ohm-cm)-1. 
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Percentage Change in Component From Centroid Composition 

FIGURE 1. Effects Plot of Components on TlOOP. The HHVP reference 
glass, HW39, is the centroid composition. 

Figure 2 is the effects plot for EllSO. Na2o has a very strong positive 

effect. The other five components have neutral or only very slightly negative 
effects. The alkalis (Na2o and Li 20) are the ma jor charge carriers in the 

glass and in the past have shown the most dominant effect on the electrical 
conductivity of ·the glass. 

Leaching Results 

Leaching results did not model well using the first-order model. The fit
ted models for MCC-1 and MCC-3(a) 28-day boron, calcium, cesium, sodium, sili
con, and strontium release have low-adjusted R2 values, averaging about 0.6. 
The LOFs are very large and statistically signifi cant. Thus the first-order 

fitted model cannot be used reliably to predict the trends in leaching perfor
mance. Second-order testing needs to be conducted to produce adequate models. 

(a) MCC = Materials Characterization Center 
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TABLE 5. Analysis of Variance and Modeling Results for E1150 

Source Degrees of 
Analysis of Variance 

Sum of Mean 
of Variance Freedom Sguares Sguare 

Total 14 0.42812 

Regression 5 0.38849 a. 77696 x 10-1 

Error 9 a.39628 x 1o-1 a.44a31 X 10-2 

LOF 7 0.2a998 X 10-1 a. 29997 x 10-2 

Pure error 2 a.18630 X 10-1 0.9315a X 10-2 

Adjusted R2 = 0.856a 

Lack of Fit F Test F = 0.32 Not Significant 

Pseudo-Com~onent Coefficient Standard Deviation Lower Bound 
N a.21465 a.a9975 a.077 

F -a.58623 a.a8836 0.050 
A -0.68005 0.1a984 0.000 
s -0.736a1 a.20542 0.5a4 
R -a.72667 0.4735a a.oao 

w -0.52595 o.a8751 a.166 

Utilization of Model and Determination of Variability Limit 

Using the models for T100P and E1150 generated in this test, the maximum 

composition variation allowable without unacceptably altering the viscosity or 
electrical conductivity can be determined for the five oxides tested. 

Tables 4 and 5 display the estimates of the six coefficients in Equa-
tion (1) for each of the fitted property models. To illustrate the use of the 
fitted models to predict a property value, suppose that it is of interest to 
predict T100P at the reference glass composition. The reference glass composi
tion has 10.4 wtt Na 2o, 11.1 wt% Fe2o3, 4.3 wtt Al 2o3, 51.2 wt% Si02, 1.1 wtt 

RE2a3, and 21.9 wtt waste mix. The pseudo-components are computed as 
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FIGURE 2. Effects Plot of Components on E1150. The HWVP reference 
glass, HW39, is the centroid composition. 

= 
= 
= 
= 
= 
= 

(10.4- 7.7) I (100- 79.7) = 0.132 
(11.1- 5.0) I (100- 79.7) = 0.301 
(4.3 - 0.0) I (100 - 79.7) = 0.213 
(51.2- 50.4} I (100- 79.7) = 0.0371 
(1.1 - 0.0) I (100 - 79.7) = 0.0543 
(21.9- 16.6} I (100- 79.7) = 0.262 

The coefficient estimates are found in Table 4. Using the information 
from Table 4 together with the definition of Equation (1) in the main body of 
the text, the predicted value of log T100P at the centroid composition is 

computed as 
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Log (T100P} = 2.91375{0.132} + 3.00561(0.301} + 3.12504(0.213} 
+ 3.10190(0.0371} + 2.98771{0 .0543} + 3.11218(0.262) = 3 .04764 

and thus T100P = 1120°C. 

This compares very well to the measured value for the reference glass of 
1124°C. For electrical conductivity, the predicted value is 0.032 (ohm-cm}-1 

compared to the measured value of 0.29 (ohm-cm}-1. 

Using the above technique, the effects of individual oxides on T100P and 
E1150 can be determined, and their minimum and maximum concentrations in the 

glass can be determined. Holding the waste loading at 25 wt% and keeping the 
proportions of all but one of the waste components fixed at the proportion 

found in the reference waste composition, one component can be varied until the 
minimum and maximum limits for T100P and E1150 are predicted by the model. The 

weight percent of the varied oxide at these limits establishes the variability 
limits for that oxide (assuming all other oxides• proportions are held 

constant}. 

For melter operation, the temperature at which the glass has a viscosity 

of T100P should be between 1070°C and 1150°C . The E1150 should be between 
0.18 and 0.5 (ohm-cm}-1. 

Using these processing limits, the variability limits were estimated from 
the effects plots (Figures 1 and 2} and calculated using the model. 

CONCLUSIONS 

From this study the following conclusions are made: 

• For all five oxides tested, the viscosity of the melt, rather than 
the electrical conductivity, was the limiting factor. In other 
words, if the viscosity of the composition is acceptable, so also is 
the electrical conductivity. 

• For Na2o, the range of acceptable variability was from 8.8 to 
13.2 wt% in the glass . The concentration of Na2o in the reference 
glass is 10 .4 wt%. 
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• For Fe2o3, the range of acceptable variabili t y was from 7.3 wt% i n 

the glass to the maximum weight percent Fe203 evaluated in the test, 
15 wt%. The concentration of Fe203 in the r eference glass is 
11.1 wt%. 

• For Al 2o3, the range of acceptable variabili t y was from 0.4 to 
6.5 wt% in the glass. The concentration of Al2o3 in the reference 
glass is 4.3 wt%. 

• For Si02, the upper limit of acceptable vari ability was 54.8 wt% in 

the glass. At the lowest level of Si02 tested (50.4 wt%), the glass 
properties were still acceptable. This lowest level represents 0 wt% 
Si02 in the waste. The concentration of Si02 in the reference glass 

is 51.3 wt%. 

• For the rare earth oxides (RE203), the gla ss properties were 
acceptable over the complete range tested, 0.0 wt% to 2.0 wt% in the 
glass. Therefore, while the lower limit of RE2o3 in the glass was 
0.0 wt%, the upper variability limit was undetermined at some 
concentration >2. 0 wt% in the glass. The concentration of Si02 in 
the reference glass is 51.3 wt%. 

• It is recommended that sodium, iron, aluminum, and silicon be 
included in the component variability study to be conducted for 

waste-form qualification. 

• The effects of rare earths (lanthanum and neodymium) on the viscosity 
and electrical conductivity of the glass due to varying the rare 
earth oxide from 0 to 2 wt% were not signi f icant. It is recommended 
that the rare earth oxides not be included i n the HWVP waste-form 
qualification component variability study. 

18 



. . 

FEED PREPARATION AND TRANSFER SYSTEMS 

M. E. Peterson, R. K. Farnsworth, c. L. Fow 
R. K. Nakaoka, J. E. Surma and G. T. Thornton 

SUMMARY 

An experimental test plan was prepared and approved for evaluating the 

rheological effects of the change in the neutralized current acid waste 
composition from NCAW •s4 to NCAW •s6. A topical report was completed and 

approved that documents the six laboratory tests conducted under the Feed 

Process Development subtask in FY 1986. These tests were performed to 
determine a melter feed composition and preparation procedure that will enable 
acceptable processing in the HWVP. Bench-scale heat-transfer studies using an 

internal steam coil bundle were continued for the NWTP. Analysis and 
evaluation of the performance of the air displacement slurry pump are under 

w~. 

INTRODUCTION 

Feed preparation and transfer systems consist of the equipment used to 
contain and process the high-level liquid waste (HLLW) between the point of 
entry into the vitrification facility and the melter chamber. The equipment 
includes tanks, concentrators, agitators, pumps, process monitors, transfer 
lines, and the cooled melter feed nozzle. These systems also include the 
equipment used to batch the glass-forming additives and to convey them into the 
feed makeup tank for blending with the HLLW. 

TECHNICAL PROGRESS 

EVALUATION OF UPDATED HWVP FEED COMPOSITION 

An experimental test plan was prepared and approved for the rheological 

evaluation and comparison of neutralized current acid waste {NCAW) simulants. 
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The purpose of this study is to evaluate the effects of the FY 1986 change in 
the NCAW composition (NCAW 1986) on basic slurry properties. The experimental 

data will be used to determine whether the data base for HWVP feed processing 

is valid. This data base of feed properties was generated during FY 1985 and 
FY 1986 based on a 1984 NCAW composition (NCAW 1984). It was necessary to • · 
determine what effect modifying the NCAW 1984 composition to the NCAW 1986 
composition would have on the validity of the existing data base. The specific 
objectives are to 1) prepare a simulated NCAW '86 slurry according to standard 
procedures, 2) measure the rheological and physical properties of the simula-

tion, 3) compare the data obtained from the new simulation to those data 
obtained during the extensive FY 1986 testing of NCAW '84 simulations. 

RESULTS OF HWVP FEED PROCESS VARIABILITY TESTING IN FY 1986 

A topical report, Hanford Waste Vitrification Plant Feed Process Varia

bility Testing for FY 1986 by Farnsworth et al., was completed and approved for 
publication as a Rockwell Hanford Operations (Rockwell) document. It documents 
the work performed by the Feed Process Development subtask of the HWVP program 
in FY 1986. The testing of feed process variability performed in FY 1986 

included six laboratory studies using NCAW '84 feed. Three were single
variable scoping studies and three were larger, multivariable tests. 

The goal of the FY 1986 testing of feed process variability at PNL was to 

determine a melter feed composition and preparation procedure that would enable 
acceptable processing in HWVP. The specific objectives were: 1) to identify 
process variables that influence the rheological properties of the feed, 2) to 
evaluate the effects of the process variables on rheology, and 3) to establish 
the procedures for preparing laboratory simulations of the actual feed. 

In the first scoping study, the effect on rheology of different levels of 
formic acid addition was examined. The purpose of this study was to determine 
the relationship between rheology and the addition of formic acid. Formic aci d 

addition levels up to 0.5 g HCOOH/g waste oxide (g WO) were examined. In the 
second scoping study, the effect of boiling after melter frit addition was 
evaluated. Melter feeds having various oxide concentrations were evaluated, 

both with and without additions of formic acid. The third scoping study was 
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conducted to evaluate the rheologies of two feed simulants prepared at 
different initial waste oxide concentrations. The test was performed to 
evaluate whether feed preparation steps, such as concentration, influence feed 
properties. 

A multivariable test was conducted to evaluate the effect of four process 

variables on feed rheology. The variables selected were based partially on the 
results from the three scoping studies and included 1) the waste oxide concen
tration during formic acid addition, 2) the amount of formic acid added, 3) the 
degree of shear encountered during processing, and 4) the aging of the prepared 

melter feed. 

Also during FY 1986, rheological properties of feed prepared for an engi

neering-scale ceramic melter experiment were compared to the rheological prop
erties of feed prepared on a laboratory-scale. The test objective was to 
determine whether feed rheological properties are affected by the size of the 

batch. Feed samples were obtained from two engineering-scale ceramic melter 
experiments, representing four different feed compositions and three different 
oxide concentrations. 

In a final study, the properties of two simulated feeds, prepared by dif

ferent methods, were compared to determine the effects of the preparation 
method. The current PNL method of feed preparation involves the mixing of 
primarily hydroxide chemicals and a ferric hydroxide slurry. A second prepara

tion method involves preparing a simulated batch of current acid waste and then 
denitrating and neutralizing the waste to obtain NCAW. 

Conclusions 

The specific conclusions from the six FY 1986 feed process variable tests 
are given below. Details supporting these conclusions are provided in 
Farnsworth et al. (1986). 

Scoping Studies 

~ Treating with formic acid before adding frit significantly improves 
the rheological properties of the feed. Large reductions in yield 
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stress and apparent viscosity were obtained for two different feed 

concentrations when formic acid was added up to a level of 0.2 g 
HCOOH/g WO. 

• Boiling the simulated feeds before and after frit addition does not 
appear to influence feed rheologies, provided the pH stays below 8. 

• The physical and rheological properties of feeds are not affected by 

concentration history. 

Feed Process Variable Test 

~ The most important parameter affecting feed rheology is its pH 

level. The yield stress and apparent viscosity of the feed are both 

reduced when enough formic acid is added to reduce its pH to 4. The 
amount of fo rmic acid required for this pH is about 0 .2 g HCOOH/g WO. 

• An increase in the feed's yield stress occurs when high degrees of 

shear are applied after frit is added. The i ncrease in yield stress 
is thought to be caused by the reduced size of suspended particles 
after shearing has occurred . 

• The effects of aging and of feed concentration during formic acid 
addition are negligible compared to those of formic acid addition and 
shearing. 

• Using Defense Waste Processing Facility (DWPF ) design criteria to 
limit HWVP feeds narrows too much the range of feed properties 
acceptable for processing . Better limits can be determined by eval
uating the HWVP feed properties and the process ranges allowable for 
HWVP equipment. 

Effects of Scaleup 

o The differences in rheologies are not signifi cant between feeds pre

pared using engineering-scale equipment and those prepared under 
laboratory conditions. 

• Ferric hyd roxide chemistry is a major facto r controlling feed 

rheology before frit is added. 
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Comparison of Feed Simulations 

o Significant differences in yield stress and apparent viscosity exist 

for the two feed simulations. The difference, however, in yield 
stress and apparent viscosity exhibited for two versions of the 
rigorous simulation was greater than that exhibited between simula
tions. The measured rheologies of the two "rigorously prepared .. 

versions effectively bracketed the measured rheologies for the PNL 
s i mu 1 at i on. 

• The difference in rheology exhibited for the two "rigorously pre

pared" simulations may be due to observed differences in particle 

size distribution. 

• Hexavalent chromium, Cr(VII), is reduced by nitrite intermediates 
during denitration. 

Recommendations 

The following recommendations are based on the results of the rheological 
studies completed during FY 1986. The major conclusions from past studies were 
also considered in preparing these recommendations: 

• It is possible to concentrate the HWVP waste slurry to relatively 
high concentrations of oxide before adding frit. The increased waste 
oxide concentration may reduce the need for further concentration 

after frit is added. It is recommended that the ability to do this 
in the actual HWVP system be investigated and adopted if found to be 
feasible. Doing so will significantly reduce the dissolution of the 
frit and reduce its consequent alteration of the melter feed 
rheology. 

• It is recommended that the current PNL procedure for preparing simu

lated HWVP feeds be maintained as the reference method. Synthetic 
waste slurries produced using the second method of preparation are 

expected to be more representative of the actual waste than those 
prepared by the first method. However, the current variability 

observed between the rheological properties of the two synthetic 
slurries bracketed those of the PNL simulated HWVP feed. 
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• Ferric hydroxide in the waste slurry significantly affects the 
slurry•s rheological properties. Ferric hydroxide chemistry and the 

conditions that influence its chemical behavior in waste slurries and 
melter feeds should be examined. 

o The variables found to significantly influence the waste slurry or 

melter feed rheology include 1) the pH level to which the waste 
slurry is adjusted by the addition of formic acid, 2} the slurry 
concentration level during the addition of formic acid, and 3} the 

degree of agitator shear encountered during processing. These vari
ables should be included in statistically designed tests of process 

variables. The actual effect of shear on feed rheology over the 
expected range of HWVP pumping conditions should also be determined 
using a prototypic pump loop. 

• A range of acceptable slurry properties should be defined by the HWVP 
processing requirements and equipment capabilities instead of by the 
observed OWPF slurry/feed specifications. 

• The aging of unagitated feed samples for 2 weeks had minimal effect 
on rheological properties of melter feed. However, the effects of 
aging the melter feed under agitation will be more significant. Thus 

a test to evaluate the effects of aging under agitation is 
recommended. 

• A more fundamental approach to evaluating the reason(s) for observed 
differences in the rheological properties needs to be undertaken. 
Properties that may influence rheology include, for example, the 
ionic strength, the zeta potential, pH, and particle size. A funda

mental understanding of the parameters controlling the rheological 
properties would make it possible to confidently predict expected 

changes in slurry rheology resulting from changes in the HWVP slurry 

composition. 

• An evaluation of the effect of radiation exposure on slurry and feed 

properties and compositions is desirable. The effects of radiation 
on the states of ferric and chromium materials and its effect on 
formic acid breakdown should be evaluated. An evaluation of the 
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effect of heat exposure on slurry and feed properties is also recom

mended . Heat exposure may become prevalent upon prolonged storage of 
the feed. 

• It is recommended that an additional process study be conducted using 
a third batch of synthetic HWVP feed. This study would determine 
whether the observed variability in the rheological properties was 
due to small known differences in the methods used in preparing the 
two previous synthetic feeds or was due to compositional differences . 

BENCH-SCALE HEAT-TRANSFER STUDIES 

Bench- scale heat-transfer studies in support of the NWTP are continuing. 
A series of tests using an internal steam coil bundle as a heat source was 
completed . These tests were designed to evaluate the performance of the test

ing equipment and the efficiency of the steam coil in heating Newtonian and 
non-Newtonian fluids in an agitated vessel. The same series of tests will be 
performed using an external steam jacket . Equipment performance tests for the 
steam jacket were completed, and testing with a Newtonian fluid was started . 

RLFCM AIR DISPLACEMENT SLURRY PUMP 

The RLFCM air displacement slurry pump was operated this quarter for about 
90 hr. During that time, the ADS pump transferred over 2000 L of high-level 
radioactive waste slurry to the RLFCM to produce about 625 kg of glass. Analy
sis and evaluation of the ADS pump performance are currently under way . 
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MELTER SYSTEMS 

R. D. Dierks 

SUMMARY 

The discharge section lid of the radioactive liquid-fed ceramic melter 

(RLFCM) was modified in place to remove the failed fixed discharge section 

heaters and to install three temporary replaceable heaters. Work continues on 
the design of a discharge section lid with replaceable heaters. Five canisters 
were filled with RLFCM-7 glass for the Federal Republic of Germany (FRG), com

pleting the first ten-canister commitment. Three FRG canisters were filled 

with RLFCM-8 glass before the discharge tube to the receiving canister became 
plugged with glass. Work to remove the plug from the discharge tube has 
started. 

INTRODUCTION 

The objective of this work is to demonstrate laboratory-developed melter 

concepts, first with simulated radioactive feeds in the engineering-scale 
ceramic melters, then in the nonradioactive pilot-scale ceramic melter (PSCM), 
and finally with radioactive feed compositions in the pilot-scale RLFCM. The 
laboratory-developed concepts include feed formulation modifications that 
affect melter performance (foaming, slag formation, free metal precipitation, 
scum formation) or the final glass characteristics (crack formation, leacha
bility, devitrification). 

An additional objective is to evaluate modifications of melter facility 

process equipment, first with simulated radioactive feeds in the PSCM and then 
with radioactive feeds in the RLFCM. The equipment modifications include feed 
tank agitation, slurry sampling, glass sampling, feed delivery systems, off-gas 

treatment systems, process variable sensor development, and process control 
concepts. 
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TECHNICAL PROGRESS 

RADIOACTIVE TESTING 

Failure of Discharge Section Heater 

The RLFCM experienced an unforeseen failure of the discharge section 
heater that kept the melter in an idling mode during most of the second half of 
FY 1986. Glass is transferred from the melter to the receiving canister in 
batches by use of an air-lift pump located in the vertical riser portion of the 

discharge throat. Because there is no direct Joule heating in the discharge 
throat riser, the glass, with its relatively low heat capacity, is readily 

cooled by the air from the lift pump, particularly if excess air is used to 
effect the transfer. 

To keep the glass at its desired viscosity and flow characteristics during 

transfer to the receiving canister, the RLFCM discharge section was maintained 

at about 1000 to 1100°C by a circular array of silicon carbide heaters, cen
tered on the vertical centerline of the discharge trough face. Two short 
heaters, each with an output of 4.6 kW and wired in parallel from a single 
power supply, straddled the back of the Inconel-690• discharge trough at a 
location referred to as Zone 1. Two longer heaters, each with an output of 
9.3 kW and wired in parallel from a second power supply, straddled the 
discharge trough just back of the trough lip at Zone 2. Two more 9.3-kW 

heaters wired in parallel from a third power source were positioned slightly i n 
front of the discharge face at Zone 3. 

The total power available from this heater array was 46.5 kW, and the 
power required to maintain the discharge section at 1100°C was only 14 kW. 
This redundancy was intended primarily to decrease the operating temperature of 
the heaters and prolong their life. For this reason the heaters were not 

designed. to be individually replaceable, but the entire discharge section lid, 

•A registered tradename of Huntington Alloys, Huntington, West Virginia. 
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in which the heaters were fixed, was designed to be replaced. Figure 1 shows 

the replaceable discharge section lid with its fixed array of silicon carbide 
heaters prior to installation in the RLFCM . 

As expected, the monitoring systems indicated very little degradation of 
the heaters during their first 18 months of operation. However, as was 
reported in the January-March 1986 Quarterly Progress Report, ..... feed to the 

melter was shut down because of loss of the discharge section heaters, damaged 
by a pressure spike-induced glass discharge on 2-2-86. 11 No replacement 

discharge section lid was ready for use, and the advisability of nonreplaceable 

discharge section heaters was in question. Thus the decision was made to 
remove the failed heaters and provide temporary replaceable heaters until a new 

discharge section lid could be designed and fabricated . 

During the April-June 1986 period the six silicon carbide heaters were 

removed from the discharge section lid, using remotely operated air-impact ham
mers to chip the castable refractory from the heater top. Inspection of the 
heaters as they were removed revealed that the bottom half-inch of each Zone 2 
and 3 heater was frozen in the glass pool on the discharge section floor and 
that the silicon carbide heating elements had broken as they contracted in 
length on cooling. 

The discharge section lid was modified in place to accept three 9.3- kW 

heaters in three of the four Zone 2 and 3 locations. Temporary devices were 
designed to connect these three replaceable heaters individually to the three 
zone power supplies . 

Although the discharge section was restored to its normal operating tem
perature without difficulty in early May using only the three 9.3-kW temporary 
heaters, some difficulties occurred with the devices used to transfer power 
from the in-cell copper cables to the aluminum power straps that are supplied 

with the silicon carbide heaters. In addition, individual heater failures 
began to occur for no apparent reason and with an unacceptable frequency . 

Three of these early failures showed some indication that the aluminum 

power straps clamped to the tops of the heaters might be melting due to 
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FIGURE 1. Discharge Section Lid 
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extreme heat. However, close examination of photographs taken of pieces of 
these failed heaters showed no damage to the aluminum power strap connections. 
They did, however, indicate that some electrical arcing had occurred between 
the two heater halves on the upper, nonheating sections of the heaters where 
they penetrate the discharge section lid insulation. In some instances where 
arcing had occurred at the extreme upper end of the heater, the arc had melted 
the cement that stabilized the upper portion of the heater, and this had been 
mistaken for molten aluminum. It was also clear from the photographs that the 
inside of the heater elements and the surfaces of the gaps between the two 
halves of the heater elements were being coated with a glassy deposit. Fig
ure 2, a view of the replaceable discharge section lid from below, shows the 
construction features of the silicon carbide heating elements and, in particu
lar, the orientation of the two halves of the heating elements as they 
penetrate the lid insulation. 

From these observations it was thought that the failures might be caused 
by an electrically conductive salt, perhaps cesium chloride (with a melting 
point of 646°C), continuously condensing in the cooler upper reaches of the 
heaters. Small quantities of salts normally volatilize from the glass as it is 
discharged from the melter. However, after the inadvertent discharge of glass 
onto that discharge section floor, volatilization of salt from the glass pool 
was continuous as long as the heaters were operating. Figure 3, a photograph 
of the extreme upper end of one half of a heater element, shows the nodular 
accumulations on the inside of the element and on the surfaces of the gap 
between the two halves. 

Eventually the salt deposit bridges the gap at some point between the two 
halves of the heater, creating an electrical short. While the salt bridge 
vaporizes quickly with the flow of current through the short, an electrical arc 
is maintained through the ion-rich atmosphere between the heater halves. (At 
this point the silicon carbide is oxidized at the arc site to silicon dioxide 
in the form of smoke, which with the sputtering arc typically gives the 

impression of a blazing fire.) The high arc temperatures create thermal 
I 

stresses in the silicon carbide that break the heater element rather quickly. 
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FIGURE 2. View of Discharge Section Lid from Below 
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FIGURE 3. Upper End of Heater Element, Showing Accumulations 

Heater elements continued to fail as several design modifications were 

implemented to find a way to minimize the transport of the conductive salt up 

the heater tubes. An inadvertent melter feed slurry spill to the top of the 
discharge section lid demonstrated a different failure mechanism: a complete 
set of temporary heaters was destroyed as feed slurry ran down alongside the 
heaters through the lid penetrations, chilling the upper end of the heaters and 

cracking the silicon carbide with thermal stresses. 

Twelve heaters were replaced during the current report period. Most of 
the failures were related to shorts caused by a condensed salt, while some 

occurred because of the awkward remote manipulations required to connect the 

heavy in-cell copper power cables to the fragile aluminum power straps on the 
temporary heaters. 
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Efforts to improve the life of the discharge section heaters are 

continuing. 

Melter Operation 

Thirty radiation and heat sources are being produced for the FRG for 

repository studies. Three combinations of radiation and heat levels will 
result in three ten-canister campaigns, RLFCM-7, 8, and 9. The first three 
canisters of RLFCM-7 were completed in January 1986, but because of problems 
with the discharge section heaters, the off-gas system, and the cell
ventilation system, the RLFCM was in an idling status until September 1986. 

During the last week of September 1986, two FRG canisters were filled with 

RLFCM-7 glass. 

During the current report period the last f i ve canisters of RLFCM-7 were 
successfully filled and the slurry feed for RLFCM-8 was prepared . During the 
last 2 weeks of the report period the first three RLFCM-8 canisters were 
filled. While the fourth RLFCM-8 canister was being filled , it was determined 
that the connecting section between the melter and the canister turntable, 
through which the glass stream pours, was plugged with glass. The RLFCM 
facility was then shut down to remove the plug from the discharge tube. 

Table 1 summarizes the major technical statistics of the first ten 
isotopic heat and radiation sources produced for the FRG. Briefly, the 
individual statistics were determined as follows: 

• Canister Number - This is the numerical sequence in which the canis

ter has been filled . 

• FRG Canister Number - These canister numbers correspond to those 

established by the canister fabricator . 

• Estimated Glass Mass in Canister - The glass mass in the canister has 

been calculated based on a measurement of glass height, assuming a 
homogeneous glass fill and assuming a glass specific gravity of 2.8. 

The glass mass for Canister 3, which has an internal void in the 
glass fill, has been determined by a preliminary canister weight 
measurement . Al l completed FRG canisters will be weighed in the 
A-Cell canister characterization facility . 
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TABLE 1. Summary Data (Estimated} for the First Ten FRG Canisters Filled 

• 

FRG Glass 90sr 137cs Decay Surface 
Can Can Mass, % Content, Content, Heat, Dose, 
No. No. kg Fill kCi kCi w R/hr 

1 1 170.5 91.5 99.9 192.3 1604 460,000 

2 2 166.0 89.2 108.4 191.9 1659 460,000 

3 3 154.0 78.9 97.8 175.6 1509 425,000 

4 5 166.6 89.5 94.6 205.9 1634 490,000 

5 6 165.0 88.6 80.9 212.9 1575 507,000 
6 7 166.6 89.5 81.8 221.6 1624 527,000 

7 8 169.5 90.9 80.3 203.5 1526 487,000 

8 12 176.7 94.6 79.7 203.2 1520 485,000 

9 17 166.6 89.5 74.0 187.7 1406 450,000 

10 14 167.5 90.9 75.6 190.5 1431 457,000 

Estimated Percent Fill of Canister- The canister glass fill has been 
calculated by measuring the glass height in the canister and assuming 
that the glass fill is homogeneous. The reference volume for the 
canister is considered to be the entire canister internal volume 
minus the volume associated with the lid. Based upon a volume cali
bration of a random canister, this reference volume was determined to 
be 69.7 L. The percent of canister glass fill is calculated from the 
following empirical equation, where H is the glass height. 

Percent Canister Fill = [1.60(H) + 2.36] g~~? 

• Estimated 90sr Content of Canister - The 90sr content of the canister 
is calculated by integrating the specific 90sr concentration in a 

sample of glass over the volume of glass poured at that time into the 
canister. In general, most canisters are filled with three glass 

pours, and a glass sample is obtained during at least one of the 
glass pours. 
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• Estimated 137cs Content of Canister - The 137cs content of the 

canister is determined by the same procedure as the 90sr content. 

• Estimated Decay Heat of Canister - The internal decay heat of the 
canister is calculated from the total 137cs and 90sr curie content 
estimates in the specific canister. 

• Estimated Surface Dose of Canister - The surface dose rate of the 
canister is calculated using the ISOSHIELD computer code. This code 
uses information on: the total 137cs and 90sr curie content of the 
canister, the glass chemical composition and specific gravity, and 

the canister wall thickness and canister material. The canister 
surface dose will also be measured in the A-Cell canister characteri
zation facility. 

CONCLUSIONS 

During normal glass transfers from the melter tank, the glass falls 
straight from the discharge trough lip, down the centerline of the discharge 
tube, and into the receiving canister. With the undercut lip design there is 

no evidence of "curl-back" to the falling glass stream, and with the "V" shape 
of the bottom of the discharge tube at the exit lip there is no evidence that 
the falling glass stream wanders from the discharge lip. However, during 

inadvertent glass discharges due to melter pressurizations, glass flows can be 
high enough that the glass stream arches away from the normal discharge tube 
centerline path and contacts the inside of the discharge tube, or even arches 
over th~ top of the discharge tube and flows onto the discharge section 
floor. Spiral-cut, bayonet-type silicon carbide heaters can be destroyed by 
electrically conductive salts that volatilize from molten glasses and condense 

on the cooler portions of the heater elements. 
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CANISTER FILLING AND HANDLING SYSTEMS 

D. E. Larson, R. P. Allen, D. N. Berger, G. H. Bryan, 

B. G. Place, and M. R. Elmore 

SUMMARY 

The Nuclear Waste Treatment Program (NWTP) at the Pacific Northwest 

Laboratory (PNL) is preparing 30 radioactive canisters containing borosilicate 
glass for use in high-level waste (HLW) repository-related tests at the Federal 

Republic of Germany's (FRG) Asse Salt Mine. After filling, the canisters will 
be welded closed and decontaminated in preparation for shipping to the FRG. 
Electropolishing was selected as the primary decontamination approach, and an 

electropolishing system with associated canister inspection equipment has been 
designed and fabricated for installation in a large hot cell. This remote 
electropolishing system, which is currently undergoing preliminary testing, is 
described. 

INTRODUCTION 

The Department of Energy (DOE) has a project agreement with the Federal 
Ministry for Research and Technology in the FRG to provide 30 canisters of 
radioactive waste for the German repository testing program. PNL is providing 

the vitrified waste in sealed stainless steel canisters for shipment to the 
FRG. Before shipment, the filled canisters will be inspected and decontami
nated: the smearable surface radionuclides will not exceed 2200 d/m-100 cm2 

beta-gamma. Because transuranic radionuclides are not contained in the waste, 
no alpha contamination will be present. An electropolishing system was 
constructed for canister decontamination. Radioactive decontamination 
operations will begin in the latter part of 1987. 

Electropolishing is an electrochemical process that has been used exten

sively by industry for many years to produce a smooth, polished surface on a 
variety of metals and alloys. Studies (Allen et al. 1978; Allen and Arrowsmith 
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1979} have shown that electropolishing is also a rapid, versatile, and effec

tive technique for decontaminating radioactively contaminated metal surfaces. 
Mild steel, copper, aluminum, stainless steel, and highly alloyed corrosion
resistant metals have been successfully decontaminated. Electropolishing 

effectively removes a variety of radionuclides, including plutonium, uranium, 
radium, cobalt, strontium, cesium, and americium. Moreover, it is very 
effective at removing baked-on and ground-in contamination, which has proved 
difficult to remove with other procedures. 

Electropolishing is a complex electrochemical process whose application to 

decontamination is comparatively simple. For immersion electropolishing, the 
object to be decontaminated serves as the anode in an electrolytic cell. The 
passage of electric current produces anodic dissolution of the surface and, 
with the proper operating conditions, a progressive smoothing of the surface. 
Radioactive contamination, on the surface or entrapped by surface imperfec
tions, is removed and released into the electrolyte by the surface dissolution 

process. 

The amount of metal requiring removal is a function of surface topography 
and depth of contamination, but it generally ranges from 5 to 50 ~m for sur
faces that are not heavily corroded or pitted. This corresponds to an electro
polishing time of 3 to 30 min for a typical current density of 16 A/dm2. After 

electropolishing, the part is removed from the electrolyte and rinsed in hot 
water. Electropolishing produces a smooth, polished surface which facilitates 
the rinsing off of residual electrolyte to leave a contamination-free surface. 

Electropolishing can be used to prepolish surfaces of items that are 
exposed to contamination in their normal service environment. A study (Allen 
and Arrowsmith 1981} using specimens prepared at PNL has shown that electro
polished surfaces become far less contaminated than other common surface 

finishes under equivalent service or exposure conditions and that contamination 
that does adhere is more easily removed using conventional decontamination 

techniques. This benefit results directly from electrochemical removal of 
submicron-size imperfections that increase the surface area and serve as sites 
to adsorb, entrap, and retain contamination. 
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Electropolishing was selected for the canister decontamination process 
based on its demonstrated ability to decontaminate surfaces with tightly 

adherent or even ground-in contamination to nondetectable levels. Also, since 
the decontaminated canisters could become recontaminated during the storage and 

handling operations prior to shipment, the electropolished surface would 
facilitate preshipment decontamination using a water rinse. 

TECHNICAL PROGRESS 

ELECTROPOLISHING DECONTAMINATION SYSTEM FOR FRG HLW CANISTERS 

The FRG canisters are cylindrical and constructed of stainless steel 

similar to 316L. The canisters are 0.3 m in diameter by 1.2 m high, with a 
wall thickness of 8 mm. The canister is closed by welding on a lid that has a 
43-mm-high pintle attached for handling. The canister has a 12-mm-high skirt 

on the bottom with a 40-mm-high x 70-mm-dia dimple in the middle for standing 
canisters upright and stacking them atop each other. The glass fill volume in 
the canisters is 60 L. Table 1 summarizes their radionuclide content, heat 
generation, and radiation. The degree of canister surface contamination has 
not been characterized. 

The FRG canisters are being filled with molten glass at 11so•c. During 
filling, the canisters are contained in a closed turntable, which moves the 
canister beneath the melter. To minimize external radionuclide contamination, 
the canister is contained in a sleeve during filling. After the glass cools 

and solidifies, the canister is removed from the turntable and later from the 
sleeve. A helium leak source will be placed in the filled canister; the lid 

TABLE 1. Radiation Characteristics of Canisters 

137cs, 90sr, 
Heat 

Generation Dose 
Number of kCi/ kCi/ Rate, Rate, 
Canisters Canister Canister W/Can R/hr 

10 210 100 1680 5 X 1Q5 

10 40 220 1680 8 X 104 

10 210 160 2065 5 X 1Q5 
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will be placed on the canister and seal-welded shut. The canister will then 
undergo preliminary decontamination by water spraying before it is moved into 
the air lock and A-Cell for characterization and final decontamination as shown 
in Figure 1. 

The filled canister will be moved into an air lock for a dose-rate reading 
with a fixed monitor. The canister will then be placed in the helium leak 
check vessel. The canister will be leak-checked by evacuating the chamber and 
checking the chamber atmosphere for helium. The system detects leak rates down 

to 10-7 atm·cc/s. Any canister that fails will be returned to the cell con
taining the melter. On passing the leak check, the canister will be moved into 

the electropolish tank (EPT) located in another hot cell. 

The EPT will contain 85 wt% phosphoric acid at temperatures up to 120°C. 

Air flow through the EPT will be maintained to ensure a noncombustible 
concentration of hydrogen (,4.1 vol%) and to control contamination. A vacuum 
relative to the cell will be maintained on the EPT and the rinse/soak tank 

(RST) to prevent contamination of the cell by fugitive aerosols. The tank tops 
will be open to the cell to permit canister handling with the cell crane. 

The canister will be electropolished in segments by passing 500 amp of 
direct current for 15 min between the canister and an adjacent cathode. The 
top of the canister and the pintle will be electropolished first using the ring 
cathode shown in Figure 1, with the canister sitting on an electrode in the EPT 
to provide the necessary electrical contact. The canister will then be lifted 
about 1 in., and the bottom of the canister will be electropolished using the 
same electrode in the bottom of the EPT as the cathode. The grapple that 
supports the canister also provides the electrical contact. A pump recircula
tion system pumps electrolyte into the cavity at the canister bottom to 
displace air and provide good contact between solution and the canister. To 
electropolish the canister walls, the canister will be alternately raised 

6 in.; then 500 amp of current at 12 Vdc will be passed between the canister 
and the cathode ring, with the anode grapple providing the electrical contact. 
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Electropolishing conditions and electrolyte temperature (120°C) have been 

chosen so that about 1 mil of stainless steel will be removed with minimal 

thermal shock to the glass. Because circulation of solution enhances electro
polishing, it will move through the tank via a pump recirculation system using 

two eductors in the tank bottom to enhance circulation. A filter in the 

recirculation system removes solids and sediment from the electrolyte. 

As the canister is removed from solution using the anode grapple, it will 

be sprayed with water to remove residual phosphoric acid and will then be 
allowed to air-dry above the tank. The dried canister will be moved into the 
RST and released on the bottom of the tank. As the canister is raised, the 

bottom will be sprayed with water as are the side and top when the canister is 
raised through a spray ring. The canister will be allowed to dry while 

suspended in the RST. The cleaned canister will then be ready for inspection 
and testing. 

The canister will be smear-tested with a pad on a fixture held by a 
manipulator. All surfaces--top, sides, bottom--will be smeared. The fixture 
with pad is transferred through the cell wall using a pass-through tray. The 
pad will be counted to ensure that smearable contamination has been reduced to 

prescribed levels. The canister will be weighed using a strain gage that will 
be placed between the crane hook and canister grapple. The canister will be 
inserted in a full-length pipe gage to ensure that it does not bind on 

placement/removal and thus has not deformed. On removal from the gage, the 
canister will be scanned by a gamma-energy detectqr inserted in the c~ll wall 
to obtain a radiation profile. A thermocouple will be pressure-contacted at 
points over the canister length to obtain a temperature profile. The canister 
will then be placed in a water-cooled storage pod until ready for shipment. 

ELECTROPOLISHING EQUIPMENT 

The electropolishing decontamination process is performed in A-Cell of the 

Radiochemical Engineering Cells in the 324 Building. These cells consist of 

four large operating hot cells surrounding an air-lock cell. A-Cell has over
all dimensions of 2.8 m by 6.4 m by 10.4 m high. The cell and air lock can be 
serviced by two remotely operated 5-ton cranes. One crane is dedicated to 
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A-Cell operations. A-Cell has operating/service galleries on the first, 
second, and third floor levels. Two oil-filled lead glass windows are provided 
for in-cell viewing, one at the first floor level and another at the second 
floor level. Two master-slave manipulators can be made available at each 

-
window. The shielding walls of A-Cell are 1.4 m thick normal-density concrete. 

A-Cell "plug-in" modular groupings of process equipment are attached to 
the shielding walls with rack-mounted shield plugs containing process piping 
and wiring. Connections are made manually on the "cold" side of the shielding 

walls. The sleeves terminating in the galleries are for "cold" connections 
(i.e., steam, water, air, electrical supplies) except for some heat-exchanger 

steam condensate and cooling water effluents. 

Electropolish Tank (EPT) 

The EPT (Figure 2) contains the canister electropolishing system. Measur

ing 13ft 5 in. high and having an outside diameter of 4ft 5 in., the EPT can 
hold up to 1000 gal of solution. The outer wall is constructed of 304L stain
less steel (SS); the inner wall and internal piping are constructed of 
Hastelloy• C-276 for resistance to corrosion from hot phosphoric acid. Between 
the inner and outer walls there is about 4 in. of calcium silicate insulation, 
a 304L SS cooling coil, and a 304L SS steam jacket for temperature control. 

Three temperatures probes monitor solution temperatures. Three 1/2-in. 
Hastelloy C-276 pipes lined with ceramic extend 12ft, 8ft, and 4 ft from the 
EPT top flange just inside the EPT inner wall. The open pipe ends allow 

immersion of the probes in solution. To monitor the solution, specific gravity 
(SPG) and weight factor (WF) dip tube air bubblers are installed in the EPT. 

The tubes are constructed of Hastelloy C-276 1/2-in. pipe lined with ceramic on 
the outside. The WF monitor is located 1-1/2 in. from the bottom of the EPT, 
and the SPG monitor is located 10 in. above the WF monitor. 

•Hastelloy is a registered trademark of Haynes International, Inc., Kokomo, 

Indiana. 
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The EPT has a 3-ft-dia spray ring located 1.5 ft from the top flange of 

the vessel. The spray ring is constructed of l-in. Hastelloy C-276 pipe and 
has 16 equally spaced l/4-in. holes. The 1/2-in. 304L SS pipe chemical add 
line is used to add solutions. There are two solution circulators (ejectors) 

on the bottom of the tank to agitate the tank contents. There are also facili

ties for solution sampling and unloading. 

Rinse/Soak Tank {RST) 

After electropolishing, a canister is transported to the RST to rinse off 

residual phosphoric acid with a steam-water spray. The RST can be utilized as 
a canister immersion tank. The RST, constructed of 1/2-in. 304L SS plate, is 

13ft 5 in. tall, with an outside diameter of 2ft, and can hold up to 276 gal 
of liquid. 

The RST has two types of spray systems. One nozzle is located 9 in. from 

the bottom and rinses the canister bottom. The upper spray system, located in 
the tank top, is a ring constructed of l-in. 304L SS pipe with a diameter of 

1 ft 7-3/8 in. and contains 32 holes 1/8 in. in diameter. The canister is 
rinsed with a steam-water mixture as it is lifted out of the RST. The RST also 
has a heating/cooling coil for temperature control. Similar to the EPT, the 
RST is equipped with a temperature probe, WF, SPG, samplers, a chemical add 

line, and an outlet line. There is an air sparge ring in the bottom to promote 
solution mixing when the RST is used as an immersion tank. Like the upper 
spray system, it is constructed of 304L SS schedule 40 pipe with a diameter of 

1 ft 7-3/8 in; containing 32 l/8-tn.-dia holes. 

Vessel Vent System (VVS) 

The VVS provides an air sweep into the EPT and RST to prevent release of 
contaminated gas or aerosol into the cell. The air also dilutes hydrogen gas 
produced by water hydrolysis during electropolishing. The VVS consists of a 
condenser, entrainment separator, heater, filter, and blower. It is supported 
by a remotely replaceable rack constructed of 304L SS plate and mounted on the 
EPT rack. 

About 450 scfm of air is cooled in the condenser from 52°C to about 

32°C. The condenser, constructed of 316L SS, removes water vapor from the EPT 
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and RST air. The gas and condensate flows from the condenser to the entrain

ment separator {built of 304L SS) for removal of water drops and aerosols. 

The gas then flows to the electric heater for heating to at least 3°C 
above the dew point to protect the filter from moisture. The electric heater 

is constructed of 304L SS. The heated gas flows to the filter for removal of 
particulate. The filter element is remotely replaceable. 

The blower consists of a fan and a motor. All fan parts are constructed 
of type 304L SS, and the fan motor shaft is constructed of 400 series SS. The 

blower has a capacity to move 450 scfm of air at 21.5 in. of H2o pressure drop . 

The unit is a direct-drive, 5-hp, 3600-rpm motor with a lifetime-lubricated 
ball bearing. 

Recirculation System 

Radioactive particles and sediment, generated during electropolishing, are 

removed from the solution by the recirculation system. This system comprises a 

pump, filter, flowmeter, and various jumpers and adapters. The recirculation 
system is attached to the electropolish rack by dowel pins atop the 
electropolish rack. 

The pump is constructed of Hastelloy C-276 and is equipped with a 2-hp 
motor. It has permanently lubricated ball bearings with radiation-resistant 
grease. The pump has a capacity of 22 gpm. The liquid flows through a 
magnetic flowmeter and then through a filter assembly. Each of the three 
fil~er elements is cons~ructed of Hastelloy C-276 and has a pore size of 
100 ~m. To monitor the pressure drop through the filter assembly, pressure is 
measured before and after the filter. When the filter becomes clogged it can 
be backflushed. 

Cathode Cage 

The cathode cage functions as a working electrode and a counter electrode 

during electropolishing, depending on the electrode polarity. The cathode cage 

is about 10ft high and 2ft in diameter (Figure 3). The top of the cathode 
supports the cage internals from the tank top. The top, constructed of 304L SS 

plate, has attached to it two bent pipes 3/4 in. in diameter to serve as bails 
for handling. A l-in. ceramic plate is attached to the top as electrical 
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insulation. Four ceramic guides in the cathode cage keep the canister 
positioned correctly within the cage. 

Electric current is conducted by two 1-in.-dia copper bars, which also 
provide cage structural support. The copper bars have three layers of pro

tective outer coverings: 1-3/8 in. ceramic tubing as electrical insulator, 
1-1/2 in. Hastelloy C-276 to protect the copper from acid attack, and 2-1/2 in. 
ceramic tubing as electrical insulator. One copper bar, 5 ft 10 in. long, 
provides power to the middle electrode. The other, 10 ft 6 in. long, provides 

power to the bottom electrode. 

During electropolishing of the canister top, the middle electrode func

tions as the cathode and the bottom electrode functions as the anode. Both 
electrodes are constructed with Hastelloy C-276 and are copper-filled. The 
bottom electrode has two 8-in.-dia strips of tantalum embedded on its top to 
ensure proper electrical contact with the canister bottom. Functions are 
reversed when the canister bottom is being electropolished: the bottom elec

trode then serves as the cathode and the middle electrode is not utilized. In 
this configuration, the anode grapple is used as an anode. The canister bottom 
has a cavity that can entrap gases produced during electropolishing. Recircu

lated acid is sprayed into the cavity via the canister bottom spray to displace 
air and gases. The canister bottom spray is fed by a 12-ft Hastelloy pipe with 
1/2-in. diameter that is covered with 1-3/8-in. ceramic tube. During electro
polishing of a canister wall, the middle electrode functions as the cathode and 
the bottom electrode is not utilized. The anode grapple again serves as the 
anode. 

Anode Grapple 

During electropolishing of the canister bottom and side, the anode grapple 
provides the electrical contact. The anode grapple is used to raise the 
canister during polishing of the wall and to transfer the canister from the EPT 

to the RST for rinsing. The anode grapple is about 7 ft high with a diameter 
of about 10 in. (Figure 3). The bottom 3 ft of the anode grapple is con

structed of Hastelloy C-276; the rest is constructed of 304L SS. Tantalum is 
used to enhance electrical contact in the two places where the anode grapple 
contacts the canister. 
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The clamp of the anode grapple, used to latch on to a canister, can lift a 
canister weighing up to 1500 lb. Before electropolishing of the canister 

bottom and side, a torque of 200 ft-lb is applied to the hook-like clamp to 
close it around the canister lid pintle. As the clamp tightens, the tantalum 
ring pad makes a good electrical contact with the canister lid. 

After electropolishing of the canister, the outside of the anode grapple 
is sprayed by the EPT spray ring with a steam-water mixture while the inside is 
rinsed with steam by the spray ring located inside the anode grapple. 

Four cable connectors located atop the anode grapple complete the 

electrical circuit for canister electropolishing. A pivot bail on the anode 
grapple is used for transport. 

Power Rack 

The power rack provides the circuitry from the power supply to the 
electropolishing system. It is constructed of SS pipe and structural members. 

It contains 20 power cables that provide power to five circuits. Each circuit 
has four power cables that provide a total of 1000 amp of current. Two 
circuits lead to the cathode cage, one leads to the anode grapple, and two 

others are spares. 

The power rack is about 12 ft high and is supported at two places. The 
electropolish rack provides a groove made of angle iron to fit the lip on the 

bottom of the power rack. The power rack top is supported by the plug support 
attached to the wall. The power rack plugs into the wall plug, and the bottom 
rests on the electropolish rack. The electrical plugs are similar in construc
tion to the service plugs of the electropo1ish rack. 

Electropolish Rack 

The electropolish rack contains and supports the electropolish tank, rinse 
soak tank, vessel vent system, recirculation system, power rack, various plugs, 
and manipulator faces. The electropolish rack is fabricated from SS pipe and 

structural members. Its dimensions are about 16 ft high x 8 ft 10 in. long x 
4 ft x 11 in. wide (includes plug). It is equipped with two leveling pads on 

the bottom, which can be adjusted from the top of the rack. 
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There are three lead-filled service plugs on the electropolish rack, each 

weighing about 650 lb. There are radiation bends in each service line. One 
plug provides most of the services to the EPT, such as steam, cooling water, 
and instrument air. Another provides most of the services to the RST. Both 

plugs are constructed of SS plate and are 26-1/2 in. long. The third plug 
provides an outlet for cooling water, condensate, and jet discharges from both 
the EPT and RST. The jacket of the outlet plug is constructed of SS plate and 
is 27 in. long. 

Two manipulator faces are on the electropolish rack. The upper manip

ulator face is located about 12ft 6 in. from the floor on the electropolish 
rack. It carries service to equipment that is separate from the electropolish 

rack. The lower manipulator face is located about 1ft 6 in. from the floor. 
It is used to discharge condensate from the steam jacket of the EPT, cooling 
water from the VVS, and the liquid from the separator drain. 

FUTURE PLANS 

Before the remote canister electropolishing system is installed in the 
A-Cell facility, the system is undergoing a series of design verification 
tests, currently under way, to confirm the operability and maintainability of 

the process equipment and to establish the necessary control parameters for 

effective, uniform decontamination of canisters. Between July and September 
1987, the system will be installed in the hot cell. The actual FRG canister 
decontamination activities will begin in the fourth quarter of FY 1987. 

CONCLUSIONS 

Because of PNL's expertise in the technique, electropolishing was chosen 

for decontaminating the FRG canisters. The system is now being nonradioac
tively tested for proper functioning. 

50 .. 



. . 

REFERENCES 

Allen, R. P., et al. 1978. Electropolishing as a Decontamination Technique -
Progress and Applications. PNL-SA-6858, Pacific Northwest Laboratory, 
Richland, Washington. 

Allen, R. P., and H. W. Arrowsmith. 1979. "Radioactive Decontamination of 
Metal Surfaces by Electropolishing." Mater. Perform. 18(11):21-26. 

Allen, R. P., and H. W. Arrowsmith. 1981. "Prepolishing of Surfaces for 
Exposure Control and Increased Plant Availability." Trans. Am. Nucl. Soc. 
38:621-622. 

( 

51 





. . 

OFF-GAS SYSTEMS 

C. M. Ruecker, c. M. Andersen, R. W. Goles, and P. A. Scott 

SUMMARY 

Performance data for off-gas scrubbing equipment were compiled and 

analyzed for an earlier pilot-scale ceramic melter (PSCM) experiment. Com
parisons were made between the expected and observed performance of each unit 
comprising the off-gas treatment system. All equipment evaluated had performed 

as expected. 

INTRODUCTION 

In FY 1985, the processability of the current reference feed (HW-39) for 
the Hanford Waste Vitrification Plant (HWVP) was tested during PSCM-22. This 
melter run also provided an opportunity to obtain a preliminary 

characterization of the off-gas treatment system during processing of the 
simulated Hanford feed. Samples of the melter-generated off gas were obtained 

at several locations in the off-gas treatment system to determine the 
performance of its various components. 

A schematic of the pilot-scale off-gas system is shown in Figure 1. This 
off-gas system is intended to be conceptually representative of the system cur
rently shown in the design drawings for the HWVP. Major differences between 
the PSCM off-gas system and the conceptual design for the HWVP include the use 
of a box separator with the ejector venturi scrubber (EVS) instead of an off
gas condensate tank, the use of only one hydrosonic scrubber instead of tandem 
scrubbers, the use of air with the hydrosonic scrubber instead of steam, and 

the absence of a condenser upstream of the high-efficiency mist eliminator 
(HEME). The HWVP system is based largely on the off-gas system to be used at 
the Defense Waste Processing Facility (DWPF). 
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The primary scrubber, or quencher, for the PSCM system is an EVS. The off 
gas exiting the EVS enters an absorption column, which uses water flowing 
countercurrent over a structured packing to remove NOx; Normal operation has 
the effluent from the absorption column flowing into the hydrosonic scrubber 
(HSS); this scrubber, however, was bypassed until the last few days of testing. 
The final aerosol filtering device in the pilot-scale off-gas system is the 
HEME. Air was used in the film cooler, located at the exit of the melter, to 
prevent deposition of solids in the jumper that leads to the primary scrubber. 
Air was also injected into the system downstream of the EVS to improve the 

stability of the melter vacuum control system. 

TECHNICAL PROGRESS 

OFF-GAS SAMPLING PROCEDURE 

Samples of the melter off gas for determination of the aerosol mass 
loading were drawn from the off-gas system through a stainless steel probe 

(0.430 in. ID). An attempt was made to isokinetically sample the melter off 
gas. The sample probe was aligned with the off-gas flow; however, the insta
bility of the melter's off-gas flow rate precluded matching velocities inside 
the sample probe with that in the off-gas line. Sampling systems using auto
matic feedback have proved unsuitable for this environment. However, sampling 
errors resulting from not matching velocities inside and outside the sample 
probe are not expected to be significant for this system, based on results 
presented by Be lyaeu and Levin (197 4 )· ~ 

The sample stream was heated and passed through a deep-bed glass filter, 
where the solids in the off-gas were deposited. An aerosol mass concentration 
could be calculated by recording the initial and final weights of the filter 
and monitoring the total volume of off-gas samples. After passing through the 

filter, the condensible gases were quenched in a condenser to determine the 
water content of the off gas. The noncondensible gases were then scrubbed in 

either 1M nitric acid or sodium hydroxide. Silica gel was used to capture any 
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remaining moisture in the gas upstream of the pump and the flow meter. Samples 

were collected for 8 to 12.5 hr (usually -9.5 hr) to obtain enough material on 

the glass fiber filter for accurate measurement. 

The evolved gases CO, co2, o2, H2, NOx, and so2 were sampled by removing 

gas samples at the exit of the off-gas system. The sample stream passed 
through a demister pad, followed by several permeable-tube dryers, before 
entering a bellows pump, which was used to feed the sample stream to ·a header 
system. From the header system, the sample stream could be metered to each 

analyzer. 

EJECTOR VENTURI SCRUBBER 

The primary scrubber currently installed in the pilot-scale off-gas system 

is a 6-in. stainless steel Schutte & Koerting 7014 ejector venturi (shown in 
cross section in Figure 2). This arrangement is not strictly representative of 
either the OWPF or the HWVP off-gas systems . Instead of using a box separator, 
the EVS in the full-scale plants empties into a condensate tank, where the gas 

and liquids are separated. However, significant performance differences 
between the two configurations are not expected. 

The average inlet off-gas temperature for the EVS during the 2-week sample 

collection period was 212°C. The inlet aerosol concentration was consistently 
around 0.3 mg/std L of noncondensible off gas. The off gas entering the EVS 

consisted of -110 scfm of air (40 scfm from the film cooler and 70 scfm from 
inleakage) and 25 scfm of steam. Table 1 summarizes the EVS operating condi
tions during the 11 sampling periods. The recorded pressure drop across the 
EVS/box separator system is shown in Figure 3 for the interval spanning the 
sample periods. 

The inlet conditions to the EVS remained relatively constant throughout 

the 11 sampling periods, except for the pressure drop. The pressure drop 
recorded for the EVS includes also that associated with a demister pad inserted 

into the off-gas line downstream of the EVS (and not shown in the system sche
matic). The demister slowly plugged, leading to an excessive pressure drop. 
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Feed to the melter had to be stopped so that the demister pad could be removed 

from the line . This shutdown period corresponds to the sharp break in the 
curve shown in Figure 3. 

The pressure drop measured immediately after removal of the demister was 

closer to the expected values reported by the manufacturer of the EVS (-3 in. 
water column of draft). The slow increase in the observed pressure drop after 
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TABLE 1. Average Operating Conditions for the Ejector Venturi 
Scrubber During PSCM-22 

Sample 
Period 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Avg 

0 
N 

:I: 
en 
Q) 
.r=. u 
.5 

6 

3 

0 

Q. -3 
0 .... 
c 
Q) .... 
:::J en 
en 
Q) .... 

Cl.. 

-6 

-9 

-12 

-15 

Inlet 
Temp., 

oc 
223 
219 
206 
216 
205 
198 
214 
203 
231 
222 
194 

212 

32 

Outlet 
Temp., 

oc 
30 
30 
29 
30 
30 
30 
30 
30 
31 
28 
28 

30 

64 

Air Flow 
Rate, scfm 

111 
88 
97 
93 
94 

110 
114 

100 
109 
124 
119 

105 

9E 128 

Steam Flow 
Rate, scfm 

22.6 
20.2 
20.4 
20.9 
21.4 
26.9 
27.1 
23.1 
32.3 
24.9 
17.8 

23.4 

Inlet 
Cone., 

mg/std L 

0.30 
0.29 
0.28 
0.26 
0.32 
0.23 
0.31 
0.31 
0.37 
0.27 
0.30 

0.29 

160 192 224 

Water Flow 
Rate, gpm 

28 
28 
28 
26 
26 
24 
26 
26 
26 
28 
31 

27 

256 288 

Time From Start of First Sampling Period (hrs) 

Mass 
OF 

3.34 
3.43 
3.73 
3.52 
4.37 
3.27 
3.85 
3.86 
4.42 
3.28 
1.80 

3.5 

320 

FIGURE 3. Measured Pressure Drop Across the Ejector Venturi Scrubber 
During PSCM-22 
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the demister pad was removed probably resulted from accumulated solids and 

liquids in the exit line, since there was a localized low spot in the off-gas 

piping at the exit of the EVS. 

Because the inlet conditions were relatively constant, it is not surpris

ing that the decontamination factors (DF)--defined as the inlet mass concen
tration divided by the outlet mass concentration--also remained essentially 

constant. However, collection efficiency increased as inlet concentration 
increased, as is demonstrated in Figure 4. This result is consistent with the 
expected relationship between inlet aerosol loading and capture performance 
(Ekman and Johnstone 1951). The two curves presented in Figure 4 show that the 
off-gas flow rate had little influence on the observed OF. 

The results of the final sampling period differed significantly from the 

rest of the data, yet the operating conditions were not exceptionally differ
ent. What the data do not show is that a new feed was started just before the 
last sampling period. Differences in the OF can probably be attributed to 

differences in the aerosols formed, as a result of either the new feed compo
sition or because the system was not at steady state during this sampling. One 
would expect that the inlet aerosol concentration would change in either case, 

but it did not. As the new feed was started, the composition and size distri
bution of the aerosols presumably changed, but the mass concentration did 

not. Because of the uncertainty associated with this data point, it has not 
been included with the data presented in Figure 4. 

Most aerosols present in the off gas from the liquid-fed ceramic melter 

(LFCM) are in the submicron size range. Figure 5 shows a typical size 
distribution for LFCM aerosols, measured during PSCM-9 while processing a 
simulated West Valley neutralized feed. The EVS, however, is not designed to 
remove aerosols much smaller than 3 urn, as shown by the manufacturer•s 
generalized performance curve, Figure 6. For this reason, the EVS is not 
expected to be a very efficient filtering device for the predominantly 

submicron-sized aerosols generated when processing high-level waste. This 
conclusion is supported by the small DFs observed during PSCM-22. 
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An expected OF for the EVS can be calculated by assuming that the particle 

size distribution shown in Figure 5 is representative of that entering the EVS 
during PSCM-22 and by obtaining the corresponding scrubbing efficiencies from 
Figure 6. The collection efficiencies are approximately 40%, 95%, 99.3%, and 
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99.5% for the submicron, 1 to 6 urn, 6 to 16 um, and 16+ urn size ranges, respec
tively. The predicted OF based on the above information is 2.2. The actual 
average OF observed during PSCM-22 was 3.5. These numbers are in reasonable 
agreement considering the assumptions involved. 

The performance curve shown in Figure 6 is applicable for typical sizes of 

the 7014 EVS/box separator system. This curve can be used over a wide range of 
inlet conditions to estimate the expected aerosol scrubbing performance because 
the removal efficiency is not very sensitive to the off-gas flow rate. The 
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manufacturer's claim that the EVS performance i s insensitive to the off-gas 

flow rate was verified during PSCM-22, as shown i n Figure 4. 

Aerosol scrubbing performance of the EVS i s not very sensitive to the 
off-gas flow rate as long as the design limits of the box separator are not 
exceeded. Excessive flow rates will cause cont aminated waste droplets to be 
blown through the separator. Conversely, if the flow rate is t~o low, the 
droplets will have too little i nertia for the separator to be effective. The 
most important variables influencing the collect i on efficiency of the EVS are 
the water droplet size distribution and concentration. The size distribution 
is controlled predominantly by the scrubbing water pressure at the spray noz

zle, while the concentration of water droplets i s determined by the scrubbing 
water pressure, the size of the spray nozzle, and the off-gas flow rate. 
Higher water pressures generally result in sma l l er droplets and a higher over
all droplet concentration, which tends to improve the aerosol capture 
performance. 
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The actual aerosol removal efficiency will depend on the scrubbing solu
tion pressure at the spray nozzle and on the inlet aerosol concentration. Per
formance is also slightly dependent on the physical characteristics of the off 
gas. EVS performance can be sensitive to whether the aerosol is soluble or 
insoluble (Hesketh 1986) and to the concentration of captured aerosol in the 

recycled scrubbing solution, but no information is available from the manu
facturer on these subjects. 

Although the EVS is not effective at removing submicron aerosols, it is 

capable of quenching hot melter off gas (from over 200°C to 30°C) and prevent
ing particles larger than 10 ~ from prematurely plugging high-efficiency 
equipment downstream. These are really the only responsibilities of the pri

mary scrubber in the LFCM off-gas system. A key advantage of the EVS as a pri

mary scrubber is its insensitivity to the off-gas flow rate; this is important 
because the off-gas flow rate is not constant during operation of an LFCM. 

NOx ABSORPTION COLUMN 

The NOx column used during PSCM-22 was a 153-in. column constructed of 
12-in. schedule 40 pipe (304L stainless steel). The bed was packed to a depth 

of 76 in. with Glitsch Gempak• 4A, a structured packing made from corrugated/ 
perforated stainless steel plates. Above the packing was a liquid distributor 
designed by Glitsch to distribute water evenly across the packing for flow 
rates ranging from 1 to 10 gpm. The column was designed to operate in a 
countercurrent fashion with the off gas flowing up through the packing. A 

demister was located in the top of the column to disengage entrained water 
droplets from the exiting off gas. The mist eliminator was fabricated of 304 ~ 

stainless steel and had a density of 9 lb/ft3. 

Table 2 summarizes the average operating conditions of the column during 

the sample periods. The pressure drop across the NOx column was 5 in. of 
water column throughout PSCM-22. Some limited information on particulate 
loading was obtained indicating that the mass particulate OF for the NOx 

~egistered trade name of Glitsch, Inc., Dallas, Texas. 
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TABLE 2. Average Operating Conditions for the NOx Column During PSCM-22 

Off-Gas Water 
Sample Flow Rate, Inlet Gas Outlet Gas Flow Rate, Inlet Water Outlet NOx NO Mass 
Period scfm Temp., oc Temp., oc gJlll Temp., uc Cone. , p Jl1l ~ DF 

1 160 29.9 26.7 5.3 26.6 510 0.77 <1.2 

2 180 29.5 26.8 5.3 26.7 440 0.81 <1.3 

3 180 29.4 27.2 5.3 27.2 430 0.87 
4 180 29.9 27.2 5.2 27.2 430 0.81 

5 175 29.8 27.6 5.2 27.6 460 0.80 
0'\ 6 155 30.4 26.8 5.3 26.7 670 0. 72 +=-

7 140 29.9 30.0 5.2 30.0 540 0.68 
8 125 30.1 26.9 5.3 26.6 550 0.81 
9 ---200 31.1 27.2 5.2 27.2 25o(a) 0.77 

10 ---200 28.2 25.9 5.3 25.8 18o(a) 0.80 
11 ---200 28.3 24.9 5.3 24.8 32o(a) 0.85 

(a) These concentrations were diluted by inject air used by the HSS. Actual column outlet 
concentrations were higher. 
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column is essentially one; i.e., no aerosols were captured by the column. This 
result was to be expected due to the size distribution of the entering 
aerosols, the transport mechanisms involved, and the geometry of the column. 

The NOx concentrations listed in Table 2 were measured at the exit of the 
off-gas treatment system using an on-line NOx analyzer. These concentrations 
represent the exit NOx column concentration except for sample periods 9-11, 
which were diluted by the motive air injected at the hydrosonic scrubber (HSS), 

downstream of the column but upstream from the NOx analyzer. Periodically the 
on-line analyzer was switched to the inlet sampling port. No measurable 
increases in the NOx concentration were observed. These results imply that the 

absorption column removed little or no NOx· 

The removal efficiency for N02, or conversion, as a function of the par
tial pressure of N02 is given by Counce (1978) based on the work of Peters 
(1955) using a three-plate bubble-cap column operated at room temperature. 
The water flow rate was 5.0 x 10-6 m3/s and the gas flow rate 5.9 m3/s. The 

results are reproduced in Figure 7. The conversion of N02 drops off rapidly as 
the partial pressure of N02 decreases. 

The NOx concentration at the column inlet was -450 ppm, or a partial pres
sure of 0.00045 atm. The NO/NOx ratio going into the column was approximately 
0.8. This assumption implies that the actual N02 partial pressure entering the 
absorption column was -0.0001 atm, or two orders of magnitude below the range 

of the data reported in Figure 7 (0.01 atm). It is safe to conclude that the 
expected removal of NOx will be extremely low for the PSCM column based on this 
information. In fact, changes in the NOx concentration were not detectable. 

HYDROSONIC SCRUBBER 

The HSS purchased for the PSCM off-gas treatment system was the Hydro
Sonic Scrubber- designed to accommodate a gas flow not exceeding about 200 scfm 
of total exit off gas. Figure 8 is a schematic of the HSS. The driving fluid, 

steam or compressed air, is expanded througn a nozzle fitted with a water 

•Registered trade name of the Lone Star Steel Company, Dallas, Texas. 
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injector ring. Turbulent m1x1ng of the atomized water and expanding gas occurs 

as the compressible fluid exits the supersonic nozzle . Shock waves produced by 
the expanding gas increase the turbulence. The dirty off gas becomes enveloped 
by the driving fluid and is exposed to the atomized water droplets. The turbu
lent mixing ensures that slip-streams of particulate-laden gas cannot form, 
thus forcing the dirty off gas into intimate contact with the water droplets. 

The resulting mixture is directed toward a length of pipe where droplets can 

agglomerate. The large droplets, now containing captured material, are removed 

from the off gas by a cyclone. 

The HSS was used in the off-gas system on ly during the last few days of 

PSCM-22. The operating conditions and resulting DFs are listed in Table 3. 
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TABLE 3. Average Operating Conditions for the Hydrosonic Scrubber 
During PSCM-22 

Air Water 
Inlet Outlet Off-Gas Inject Spray Pressure Inlet 

Sample Temp., Temp., Rate, Rate, Rate, Drop, Cone., Mass 
Period oc oc scfm scfm gpm H20 mg/L DF --

9 27.2 26.7 250 20 3.8 -21.3 0.084 4.0 
10 25.9 25.7 260 20 3.8 -22.6 0.083 5.5 
11 24.9 25.3 230 20 3.8 -20.8 0.165 15 

The operating conditions for sample periods 9 and 10 were very similar, as 

are the resulting DFs. The higher DF for sample period 11 probably resulted 
directly from the higher inlet concentration. The performance of this scrubber 

may tend to be re-entrainment-limited. In other words, the outlet aerosol 
concentration of the HSS depends more on the cyclone's ability to remove the 
agglomerated droplets than on the inlet concentration and the number of par
ticles not being captured by water droplets. Therefore, the DF should increase 
with increasing inlet aerosol concentration. 

Figure 9 provides performance data obtained from the manufacturer for sev

eral industrial applications. Outlet concentrations are reported as a function 
of the pressure drop across the scrubber. Inlet data are not provided because 
the manufacturer shares the opinion that the outlet concentration is inde

pendent of the inlet concentration. The data shown in Figure 9 are for the 
SuperSub Hydro-Sonic system. The air ejector drive unit, however, used in the 
PSCM off-gas system is not exactly the same. The PSCM HSS is a more effective 
unit than its sister scrubber, the SuperSub, which is consistent with the 
PSCM-22 data points shown in Figure 9. 

The water scrub solution was recirculated during PSCM-22, and thus the 
previously captured material could become re-entrai ned after being atomized by 
the spray nozzle. Further improvements may be realized by using clean water 

instead of recirculated water. The manufacturer cl aims that re-entrainment is 
not significant for insoluble aerosols and that the recycle solution can con
tain up to 15% dissolved solids before significant re-entrainment begins. This 
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claim may hold for typical industrial applications, but probably not for high
level waste (HLW ) processing. The inlet aerosol concentrations encountered in 
HLW processing are much lower than those for typical HSS processes. Informa
tion provided by the manufacturer shows exit concentrations for a tandem nozzl e 
system for both recirculated scrubbing solution and once~through water (Fig
ure 10). Differences between the two modes of operation will probably be more 
pronounced for HLW processing applications as a result of the low inlet aerosol 

concentrations. 

0.46 mg/L 
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FIGURE 10. Outlet Concentrations for a Hydrosonic Gas Cleaner 
for Recycled and Once-Through Water Operations 
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HIGH-EFFICIENCY MIST ELIMINATOR 

The high-efficiency mist eliminator (HEME) currently employed in the 
pilot-scale off-gas system is a cylindrical filter, 3 in. thick, with an 
outside diameter of 12 in. and a length of 24 in. Purchased from Koch Engi
neering Company, the filter is composed of 8- to 10-~m-dia fiberglass fibers. 
The fiber packing density is the manufacturer's proprietary information. 

Figure 11 is a schematic of the filter and its housing. Inlet gas enters 
through the top of the filter housing. Off gas flows from the inside of the 

Gas Inlet 

Spray Nozzle 

Fiber Packing 

Liquid Drain 

FIGURE 11. Cross-Sectional View of the High-Efficiency 
Mist Eliminator 
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filter cartridge to the outside. A water spray nozzle is located on the center 
line near the top of the filter element. The water spray is used to flush the 

filter of captured aerosols, increasing the life of the filter. The spray can 
be used continuously or periodically, to test which mode of operation produces 

the best collection efficiencies. 

The HEME was located downstream of the HSS in the PSCM off-gas treatment 

system, but the HSS was used only during sampling periods 9-11. The HSS was 
never completely valved out of the off-gas system since piping arrangements did 

not provide for this option. Instead the off gas was routed from the NOx 
column to the HEME through the HSS housing and accompanying cyclone without 

using the motive air and spray water needed to make the HSS a functioning 

scrubber. 

The pressure drop across the HEME (Figure 12) is a function of the off-gas 

flow rate, particulate loading, the water spray rate, the packing material, and 
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FIGURE 12. Measured Pressure Drop Across the High-Efficiency 
Mist Eliminator During PSCM-22 
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the fiber packing density. The pressure drop was stable at ,10 in. of water 

column while the water spray was not used. The pressure drop steadily increased 

once the water spray was started . 

The operating conditions for the HEME during PSCM- 22 and the corresponding 

DFs are given in Table 4. Mass DFs could not be calculated fo r the first two 

sample periods because outlet off-gas samples were unavailable . The HEME inlet 

conditions during sampling periods 3-5 were very consistent. The resulting DFs 

for these sampling periods are essentially the same, ,15 . 5, demonstrating the 

reproducibility of the off-gas sampling procedu re . Koch Engineering Company 

claims that all particles greater than 3 ~m should be captured using a properly 

designed HEME . Particles less than 3 ~mare collected at a 95% efficiency rate 
(OF of 20) . The experimental results from PSCM-22 (DF=15) are close to this 

expected value . 

TABLE 4. Average Operating Conditions for the High- Efficiency Mist 
Eliminator During PSCM- 22 

Sample 
Period 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Inlet Pressure Air Flow 
Temp . , 

oc 
26 . 2 

26 .2 

26.4 

26.6 

26 .8 
26 . 2 

29 .3 
26 . 3 

26.7 

25 . 7 

25.3 

Drop, 
in . H20 

10 . 4 

11 . 1 

11.0 

11.1 

10.9 

15 . 4 

17 .8 

21.2 

18.0 

17 . 4 

22 . 3 

Rate, 
scfm 

160 

180 

180 

180 

175 
155 

140 

125 

250 

260 

230 

Water Spray 
Rate, gph 

73 

0 

0 

0 

0 

0 

16 

17 

17 

0 

0 

0 

Inlet 
Cone., 

mg/L 

0.09 

0. 084 

0.075 

0. 074 

0. 074 
0. 069 

0. 081 

0. 080 
0.021 

0. 015 

0 . 011 

Mass OF 

Not 
obtained 

Not 
obtained 

15 

16 

16 

16 

22 
12 

14 

14 

20 

HSS Used 
Upstream 

No 

No 

No 

No 

No 
No 

No 

No 

Yes 

Yes 

Yes 



The water spray was used during sampling periods 6-8 to determine its 
influence on aerosol collection efficiency. During the first sampling period 
the water spray was used, the OF remained constant at a value of 16, which was 

consistent with the values observed during the earlier periods. During the 
next sampling period the OF increased to a value of 22, only to drop to 12 
during the subsequent one. 

Use of the water spray reduced the fi ·lter's porosity, leading to a higher 

pressure drop across the filter and lower flow rates. The lower gas flow rates 
should have increased the collection efficiency, since HEMEs are designed to 
capture aerosols by Brownian diffusion, which is favored by longer residence 

times in the filter. The gas flow rate, however, was apparently high enough 

to cause contaminated water to be re-entrained off the downstream side of the 
filter, thus lowering the OF. It is also possible that the actual velocity 
through the filter increased even though total flow rate decreased because 
of the reduced porosity. The higher velocities would explain the observed 

decrease in the OF. 

The OF returned to a stable 14 after the water spray was discontinued, a 
slightly lower value than the previous 16 during the previous interval when the 
water spray was not used. The lower value can be explained by the fact that 
the HSS was used upstream of the HEME during these sampling periods (9-11). 
The combination of the scrubbing performed by the HSS and the dilution of the 
off gas from the injection of motive air into the HSS significantly lowered 
inlet concentrations. Lower inlet concentrations will result in lower DFs, 
since performance is related to the inlet concentration (York and Poppele 
1970). The off-gas flow rate also rose; this too lowers the filter efficiency 
because aerosol capture by Brownian diffusion is related inversely to flow rate 
(Hinds 1982). 

Wet and dry operations of the HEME must be compared carefully for the 
data from PSCM-22 because the HEME was severely undersized for the conditions 

encountered during the run. The HEME used during PSCM-22 was originally sized 

before the film cooler was added to the PSCM off-gas system. The injection air 
system for controlling the melter vacuum was also added after the HEME had been 
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installed. These modifications increased the flow rate through the HEME from 
an expected value of 50 acfm to a value as high as 260 acfm during PSCM-22. 

A properly sized filter should have a face velocity of 15 ft/min based 
on the log mean diameter, with the recommended operating range being 10 to 

40 ft/min. The face velocity for the PSCM filter, at an off-gas flow rate of 

175 acfm, is ~2 ft/min, that is, at the extreme end of the operating range. 
The full-scale HEMEs for OWPF and HWVP are being sized to operate at a face 

velocity of 5.0 ft/min, which is well below the manufacturer's recommended 

range. This low flow rate has been chosen to further limit re-entrainment of 
material off the back side of the filter, as well as to ensure that plenty of 

surface area is available so that the filter does not unexpectedly become 

plugged with solids on the upstream surface. 

CONCLUSIONS 

The off-gas treatment system performance data collected during PSCM-22 
were reasonably consistent and within the expected performance ranges provided 
by the manufacturers. The EVS functioned satisfactorily as a primary scrubber, 
quenching the off gas from slightly over 200°C to 30°C, while maintaining an 
average OF of 3.5. Fluctuations in the melter off-gas flow rate did not appear 

to affect its performance. The NOx column appeared ineffective at removing any 
NOx, which was not surprising considering the low NOx inlet concentrations 

(~00 ppm) and the high NO/NOx ratio 0.80). 

Few data were obtained on the HSS, making it difficult to characterize its 

performance during melter operation. The OF ranged from 4.0 to 15 and appeared 
to be an increasing function of the inlet concentration. The observed outlet 
concentrations were comparable to those reported by the manufacturer for a 
similar system. The HEME performance data were very consistent (OF of 16) 
until a water spray was started, when they became very sporadic, ranging from 
12 to 22. The OF returned to a stable value of 14 after the water spray was 

discontinued. The slight drop in performance from the previous 16 occurred 
because the HSS was used during this interval. The motive air from the HSS 
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increased the off-gas flow rate through the HEME and lowered the inlet concen
tration. The HEME was operated at a face velocity about eight times greater 

than that expected for the full-scale HEMEs of DWPF or HWVP. Thus a OF greater 
than the average value of 16 observed during PSCM-22 should be achieved with 
the full-scale filters. Operational experience at the Savannah River Labora

tory has demonstrated DFs of 100 for cesium removal during a melter run in 
which a simulated DWPF waste was processed (Kessler and Randall 1984). 

REFERENCES 

Belyaeu, S. P., and L. M. Levin. 1974. "Techniques for Collection of 
Representative Aerosol Samples." J. Aerosol Sci. 5:325. 

Counce, R. M. 1978. Nitrogen Oxide Absorption int o Water and Dilute Nitric 
Acid in an Engineering-Scale Sieve-Plate Column--Description of a Mathe
matical Model and Comgarison with Experimental Data. ORNL-5438, Oak Ridge 
National laboratory, ak Ridge, Tennessee. 

Ekman, F. 0., and H. F. Johnstone. 1951. "Collect ion of Aerosols in a Venturi 
Scrubber ... Ind. Eng. Chern. 43(6):1358. 

Hesketh, H. E. 1986. Fine Particles in Gaseous Media. Lewis Publishers, 
Inc., Chelsea, Michigan. 

Hinds, W. C. 1982. Aerosol Technology: Properti es, Behavior, and Measurement 
of Airborne Particles. John Wiley and Sons, New York. 

Kessler, J. L., and C. T. Randall. 1984. 11 Performance of a Large-Scale 
Melter and Off-Gas System Utilizing Simulated SRP DWPF Waste." Waste 
Management 1 84, Vol. 1, p. 279, University of Arizona, Tucson, Arizona. 

Peters, M. S. 1955. University of Illinois Engineering Experiment Report 
No. 14. USAEC-C00-1015. 

York, 0. H., and E. W. Poppele. 1970 • .,Two-Stage Mist Eliminators for 
Sulfuric Acid Plants ... Chern. Eng. Prog. 66(11):67. 

76 

. . 

.. 



. . 

PROCESS/PRODUCT MODELING 

W. L. Kuhn, D. W. Faletti, C. L. Fow, 
and B. A. Pulsipher 

SUMMARY 

Emphasis during the report period was placed on obtaining an understanding 

of how West Valley plans to operate their vitrification system and on determin
ing how best to model this operation. Particular emphasis was placed on what 
response would be made to off-control situations involving out-of-specification 

feed composition. The West Valley Nuclear Services (WVNS) system will be 
simulated from the waste tank (all waste will be kept in one tank) to the 
canisters. The use of additives will be computed by using the RECIPE code, 
previously developed for West Valley, as a subroutine. 

INTRODUCTION 

The principal objective of this effort under the Nuclear Waste Technology 
Program (NWTP) is to close out, demonstrate, and document the technical 
approach to waste-form qualification. Special attention, however, is being 
given to the approach•s applicability to the West Valley Demonstration Project 
(WVDP). A technical approach has been designed that calls for product and 
process models to be developed that relate product quality to process 
measurements. Because the NWTP is not responsible for qualifying a specific 
vitrification process, its contribution is chiefly to provide and demonstrate 
methodology for waste-form qualification in a way that will help producers 
develop their qualification reports. 

The process models consist of a mass balance model predicting the composi
tion of the glass and a thermal model predicting the temperature history in 

glass poured into a canister. Work on product models is limited to integrating 
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into the process model the general relationships between the composition and 
durability of a glass and the extent of devitrification and temperature history 
of a glass. Work on process and product models is described below. 

TECHNICAL PROGRESS 

PROCESS SIMULATION MODEL - D. W. Faletti 

Emphasis during the report period was placed on obtaining understanding of 

how West Valley plans to operate their system and on determining how best to 
model the West Valley operation. Contacts were made with WVNS personnel to 
determine how they plan to operate their slurry-fed ceramic melter (SFCM). 
Particular emphasis was placed on what their control action would be in 
response to an out-of-specification feed composition. 

The information gained from West Valley indicates that the following 
approach is best: The WVNS system will be simulated from the waste tank (all 
waste will be kept in one tank) to the canisters. The components to be modeled 
will thus include the waste tank, the concentrator feed makeup tank (CFMT), the 
main feed tank (MFT), the melter, the off-gas system, and the canister-filling 
operation. The use of additives will be computed by using the RECIPE code as a 
subroutine. The cold chemical makeup tank (CCMT) will probably not be 
simulated; the additives will appear as a source. Off-gas system modeling will 
probably be minimal because of funding constraints; however, return of 
submerged bed scrubber bottoms from the off-gas system to the CFMT will 
probably be modeled. 

Feed not prepared within specifications will be returned to the waste 
tank; i.e., no attempt will be made to correct its composition. Similarly, 
glass-forming chemicals not mixed within specifications will be dumped. 

Part of the simulation is already addressed by the MASBAL code previously 
developed for West Valley. A new code, however, will be written because 
MASBAL's logic differs significantly from what will be used here. The new code 
will be able to simulate entire waste vitrification campaigns. 
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The length of the campaigns and the total amount of feed make-up chemicals 
required and glass produced will vary, depending on how well feed composition 
is controlled. This is because rejected feed batches will be returned to the 

waste tank and rejected cold slurry will be dumped. These factors will: 

• increase total run time because additional batches of cold slurry 

and/or feed will have to be prepared 

• increase the amount of glass that needs to be produced because 
nonradioactive waste species will be added to the CFMT during feed 
makeup. 

Multiple campaign simulations conducted using a given set of statistical 

inputs (standard deviations, etc.) will provide a statistical body of data on 
items such as variations in the length of the campaign and in the amount and 
quality of glass produced. 

THERMAL MODEL - 0. W. Faletti 

Work this quarter was limited to developing the appropriate level of 
quality assurance that will allow future or current users of the technology to 
incorporate a model into their projects and to validate it against their own 

data. 

STATISTICAL PROCESS CONTROL - B. A. Pulsipher 

The first draft of a paper to be presented at the Waste Management '87 

meeting in Tucson was completed. The paper, "Statistical Process Control: An 
Approach to Quality Assurance in the Production of Vitrified Nuclear Waste," 
briefly describes statistical quality control together with examples where 
application would be appropriate or necessary to demonstrate the quality of 
waste glass produced by a liquid-fed ceramic melter. 
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CONCLUSIONS 

1. It is appropriate to simulate the West Valley vitrification system 
from the waste tank to the canister, including recycle from the off
gas system. 

2. In the simulation, the addition of glass-forming chemicals can be 
computed using the RECIPE code as a subroutine . 

3. The previously developed MASBAL code is not appropriate for this 
simulation, although some of its modules may be of use. 
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APPENDIX 

ACRONYMS AND ABBREVIATIONS 

ADS - air displacement slurry (pump) 
amp - ampere 
atm - atmosphere 
BMFT - Federal Ministry for Research and Technology (in the FRG) 
°C - degree Celsius 
CCMT - cold chemical makeup tank 
CFMT - concentrator feed makeup tank 
em - centimeter 
OF - decontamination factor 
dia - diameter 
DOE - U.s. Department of Energy 
OP - DOE Defense Programs 
DWPF -Defense Waste Processing Facility 
Ell50 - electrical conductivity at 1150°C 
EPT - electropolishing tank 
EVS - ejector venturi scrubber 
FRG - Federal Republic of Germany 
g - gram 
gph - gallons per hour 
gpm - gallons per minute 
HEME - high-efficiency mist eliminator 
HLLW - high-level liquid waste 
HLW - high- level waste 
HSS - hydrosonic scrubber 
HWVP - Hanford Waste Vitrification Plant 
ICP - inductively coupled argon plasma emission spectroscopy 
kCi - kilocuries 
kg - kilograms 
L - 1 iter 
LFCM - liquid-fed ceramic melter 
LOF - lack of fit 
m - meter 
MCC - Materials Characterization Center (at PNL ) 
MFT - main feed tank 
mg - mi 11 i gram 
l111l- millimeter 
NCAW - neutralized current acid waste 
NE - DOE Nuclear Energy 
NWTP - Nuclear Waste Treatment Program 
PNL - Pacific Northwest Laboratory 
PSCM- pilot-scale ceramic melter 
R - roentgen 
REDOX - chemical reduction oxidation 
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RLFCM - radioactive liquid-fed ceramic melter 
RST - rinse/soak tank 
s - second 
scfm - standard cubic feet per meter 
SCFM - slurry-fed ceramic melter 
SPG - specific gravity 
SS - stainless steel 
TlOOP - the temperature at which viscosity is 100 poise 
TC - thermocouple 
TO/L - total oxides per liter 
TRUW - transuranic waste 
VVS - vessel vent system 
W - watts 
WF - weight factor 
wt% - weight percent 
WO/L - waste oxides per liter 
WV - West Valley 
WVDP -West Valley Demonstration Project 
WVNS - West Valley Nuclear Services 
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