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ABSTRACT 

Pacific Northwest Laboratory has completed a series of experimental tests 

sponsored by the U. S. Department of Energy (DOE) to determi ne the feasi bil ity 
of incinerating and vitrifying organic ion-exchange resins in a single-step 
process. The resins used in this study were identical to those used for decon
taminating auxiliary building water at the Three Mile Island (TMI) Unit 2 reac
tor. The primarily organic resins were loaded with nonradioactive isotopes of 
cesium and strontium for processing in a pilot-scale, joule-heated glass melter 
modified to support resin combustion. 

The glass melter contains molten glass which is electrically heated. The 
resins are fed to the melter via a novel technique, which forces contact of the 
combustion gases and molten glass. The glass, which absorbs cesium and stron
tium from the combustion gases, is poured and cooled 1n a disposal container. 
Thus the cesium and strontium from the loaded resin are incorporated in a 
chemically stable glass product. 

The feasibility of the vitrification process for organic resins is 
determined by various parameters. These include: 

• process rates 
• vol urne reduc.t ion 

• rad;onuclide retention in the glass 
• material conformance to operating conditions 
• process stability •. 

The feasibility tests demonstrated an average process rate of 3.0 kg/h. 
Based on this rate, if 50 organic resin liners were vitrified in a six-month 
campaign, a melter 2.5 times the size of the pilot scale unit would be adequate. 
A maximum achievable volume reduction of 91% was demonstrated in these tests. 
This means that the glass produced from the melter was 9% of the original vol
ume of the resins. The unique feeding technique was successful in absorbing 
most of the radionuclides into the glass. The average cesium retention in the 
glass throughout the feasibility tests was 84%; strontium retention was held 
at 95%. The portion of radionuclides entrained with the gaseous effluents may 
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be trapped with a wet scrubber or filter system and recycled back to the melter. 

Construction materials exposed to molten glass at 1000 to 1200°C demonstrated 

insignificant corrosion. Overall, the process operated very smoothly with few 
d i ff i cu It i es . 

In summary, test results show favorable performance of all the test param
eters. Where less than optimum performance was achieved (i.e., process rates 
and radionuclide retention), alternative approaches to improve those character

istics are described in this report. Once it is demonstrated that the wet 
scrubbing or filter sys~em decontaminates the effluent stream sufficiently, 

preparations could be made for a pilot-sc..c1le radioactive demorlstration or a 
larger-scale nonradioactive demonstration. 
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INTRODUCTION 

Cleanup of the auxiliary and fuel handling buildings' water at Three Mile 
Island (TMI) generates certain radioactive waste byproducts. These byproducts 
include 50 liners of EPICuR IJ® ion-exchange resins. The resins were used to 
decontaminate 1,9 million liters of water from the auxiliary and fuel handling 
buildings. If necessary, more EPICOR II resins will be used as a polishing 
system for the 2.6 million liters of containment building and reactor coolant 
system water (UPDATE 1981). The U.S. Department of Energy (DOE) is conducting 
feasibility studies for the final conditioning and safe disposal of these 
waste byproduc ts. 

One promising method for the conditioning of EPICOR II resins, which are 
primarily organic, is a single-step process that incinerates the resins and 
vitrifies the ash, radionucliaes, and inorganic ccmponents. The resultant 
glass solidifies. as a stable,nor.leachable product that incorporates the Cs 
and Sr radionuclides loaded on the EPICOR IIresi.l1s; •. By converting the 
EPICOR II resins into glass, their volume is significantly reduced for cheaper 
and safer disposal. 

Under DOE sponsorship, the Pacific Northwest Laboratory (PNL) has com:.. 
pleted a series of tests of the v·itrification process using EPICOR II resins 
loaded with nonradioactive isotopes of cesium and strontium .. For these tests, 
a pilot-scale version of a joule-heated glass melter was modified to support 
combustion. The modifications included installing a feed system unique to 
glass melters, so that the resins and simulated radionuclides would come in 
close contact with molten glass. The tests were conducted subsequent to 
screening tests performed for the same-type process in an in-can glass melter 
(BueTt 1981). The joule-heated meTter tests were conducted to determine volume 
reduction, process rates, and retention of Cs and Sr in the glass. The results 
of the tests were used to produce a conceptual process flow diagram representa
tive of full-scale operation. 

®EPICOR II is a registered trademark of EPICOR Inc., Linden, New Jersey. 
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TEST EQUIPMENT 

The joule-heated glass melter chosen for this study is a key component of 

the reference process for high-level defense waste vitrification (Savannah 

River Operations Office 1981). Involvement with the development of this equip
ment has given PNL a great deal of experience in this area, which simplified 

the conversion of the joule-heated melter to an incineration/vitrification 
un it. 

In the joule-heated melter, molten glass is contained inside a melting 

cavity lined with dense refractory and insulating ceramics. The glass is kept 

molten by passing an alternating electrical current between submerged elec

trodes at opposite ends of the melting cavity. Brauns et al. (1980) describe 

the development and operation of the melter in greater detail. 

The joule-heated melter was chosen to vitrify the resin as opposed to 

another glass-melting precess known as the in-cin meltsr. Th~ ih-c~n melter 

produces glass directly inside a disposal canister'which is inserted into an 
electrically-h~ated furnace {Blair 1~79). Alt~ough EPICOR II vitrificatio~ 

screening tests employing the in-can melter showed that it operated well (Buelt 

1981), the joule-heated melter was anticipated to achieve higher processing 

r;te5. Alsv, as resins are vittified and more' glass is formed, the glass 

level rises in the in-can melte~, which can cause operational complexities in 
a remotely-operated cell or canyon. The joule-heated melter, on the other 
hand, maintains a near-constant level throughout the vitrification process. 

," '. '" . 

The incineration/vitrification method differs significantly from presently 
proposed radwaste incineratioh/vitrificationsystems. For example, though the 
PNL joule-heated melter and the Pehberthy Pyro-Converter (Oyen and T~cker 1980) 

both utilize a glass furnace, PNL'sjoule-he~ted ~elter incorporates a unique 
feeding system, which forces more contact of the glass andcornbustible resins. 

As shown in the process schematic (Figure 1), the PNL process adapts a vertical 
drop tube, the,end of which is submerged 5 to 8 ~m below the surface of the 
glass. The drop tube concept is similar,to that used by ,a molten salt incin
erator (Gay et al. 1981). Res; ns and oxygen,are fed though the drop tube 
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FIGURE 1. Resin Vitrification Process Schematic 

into,the melter shown in Figure 2, allfJtling the molten glass to scrub the 

radionuclides and residual particles from the off gas. 

The resins are fed by a volumetric feeder shown in Figure 3. The drop 

tube and feeder move vertically with a sci,ssors jack which coul(~ easily adjust 

the degree of submergence of the drop tubei n a ce 11. The, jack also withdraws 

the drop tube from the melt while the operation is idle. 
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FIGURE 2. Joule-Heated Glass Melter for Resin Vitrification 

The feed rate of res ins into the me lter is mon i tored by the feed 1 eve 1 in 
the feeder's hopper. The walls of the hopper are steep to avoid bridging of 
the most resins, which tend to agglomerate. The feeder is equipped with an 
intromitter at its base, which also helps to keep the resins free-flowing at 

this constriction. 

During fabrication the drop tube diameter was arbitrarily limted to 3.8 cm 
(1-1/2 in.), since it had to slip inside a small-diameter bellows which iso
lates the melter from the outside atmosphere (see Figure 1). A larger-diameter 

drop tube would have reduced the chances of plugging and decreased the pressure 
drop from combustion gases in the drop tube. 
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FIGURE 3. Remotely Adjustable Volumetric Feeder 

Process off gas is metered thorugh a vacuum control valve into a high
efficiency particulate air (HEPA) filter. The gas is then scrubbed before 
being exhausted to the building stack. Before treatment, the off gas is sam
pled at two locations to determine the simulated radionuclide concentrations. 
The gas is first sampled within centimeters of the exit of the melter; the 
second sample is drawn after the off gas passes through the HEPA filter. Each 
sampling system consists of two wet scrubbers, a vacuum plump, and a wet-test 
meter to totalize the sample volume. The first system also contains a sample 
boob for periodic mass spectrometry analysis of gaseous constituents. The sam

ple systems depicted in Figure 4, provide data to determine the quantity of 
strontium and cesium evolved from the process and the HEPA-filter efficiency 
at removing the simulated radionuclides. 
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SCREEN IN G TESTS 

Two screening tests were performed with the joule-heated glass melter 
prior to installing the feed system described in the preceding section. The 
objective of the screening tests was to verify that the joule-heated glass 
melter is the appropriate instrument for longer-term (12-h) tests. The tests 
were performed with minimal equipment modifications. The criteria for perfor
mance evaluation were retention of Cs and Sr .in the glass, combustion behavior, 
and general processing observations. 

A total of 5.73 kg of EPICOR II resins loaded with nonradioactive Cs and 
Sr were divided evenly for the two screening tests. The loadings were based 
on the analytical detection limits of Cs and Sr in the glass (0.02 wt%). Since 
the mass of glass inthe melter (21 kg) is determined by the volume of the 
melting cavity, at least 4.2 g each of Cs and Sr had to be added to be detecti
ble. The resins were thus loaded to 2.0% Cs and Sr each on a dry-resin basis 
so that 1 kg of dry resins would approach five times the detection limits of 
Cs and Sr in the glass. These resin loadings are many orders of magnitude 
higher than the loadings expected from TMI. 

Each run was carried out at an average processing rate of 2.3 kg/h, which 
is considerably higher than the 0.6 kg/h demonstrated with the in-can melter 
screening tests (Buelt 1981). Mass spectrometry of five off-gas samples showed 
no detectable carbon monoxide. Only 0.24% and 0.31% of the mass of resins fed 
collected on the HEPA filter during each run, indicating most resins were 
destroyed by combustion with very little particulate entrainment. 

Because of the higher velocities and turbulence due to combustion at the 
higher processing rates, the retention of Cs and Sr in the glass product was 
not expected to be as high as with the in-can melter screening tests. Still 
the retention of Sr in the glass was 99.5% [decontamination factor (OF) = 200J 
in both screening tests, and 98.9% and 98.0% (OF = 91 and 50,respectively) of 
the Cs was retained in the glass during the two runs. In comparison, Buelt 
(1981) reported retention figures of 99.3% and 99.8% for Cs and 99.8% and 99.9% 
for Sr at the lower processi ng rate of 0.6 kg/h in the in-can melter. The 
retention values for. the joule-heated melter show that all but a small portion 
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of the radionuclides can be contained in the glass without the benefit of 
effluent scrubbing equipment. The tests also demonstrate that higher 
processing rates can be achieved with the joule-heated glass melter without 
seriously increasing the radionuclide or particulate losses. 
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. nlELVE-HOUR TESTS 

Based on the successful screening tests with the joule-heated glass 
melter, two 12-h tests were then conducted. The EPICOR II resin loadings for 
the longer-term tests were more closely representative of the anticipated true 
loadings of resins at TMI than those foi the screening tests. Because more 
resins were vitrified during the longer-term tests, lower Cs and Sr loadings 
were required to allow detection in the glass; Cs was loaded to 0.070 wt% and 
Sr to 0.11 wt% on a dry resin basis. To prepare the resin, cesium and stron
tium nitrates were added with distilled water tQ (;1 140-liter batch of resins 
and mixed thoroughly. The supernate was filtered from the resins, which were 
allowed to drain overnight. The residual moisture content of the resins fed 
to the melter was 40%. The resins were not dried to better simulate the resins 
in the TMI liners. 

The 12-h tests were conducted to: 

• determine the maximum processing rates with the pilot-scale equipment 

• demonstrate the attainable reductionin:volume from converting resins 
to glass 

• verify postulated Cs, Sr and other effluent characteristics 

• demonstrate a method of recycling Cs, Sr and particulates into the 
vitrification process 

• determine drop tube material conformance to processing conditions 

• develop a conceptual process flow diagram based on test results. 

PROCESS ING RATES 

One of the important objectives of these tests was to determine the 
processing rates achievable in the joule-heated melter. Two tests were 
carried out over 10.2- and 12.0-h time spans, with average feed rates of 
2.9 and 3.1 kg/h, respectively. If the time allotted for momentary process 

shutdown (oxygen bottle changeout, HEPA filter replacement, and off-gas line 
and glass overflow inspection) is not included, the average feed rate for both 
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runs was 3.7 kg/h. Refinement of operating techn~ques could achieve the 3.7 
kg/h feed rate on a total elapsed time basis. The limiting factor for process 

rates was surprisingly not the melter size nor the vacuum on the system, but a 
resin-flow restriction in the drop tube whose diameter was limited by the flex
ible bellows. Once the 3.7-kg/h feed rate was exceeded, the agglomerated 

re:;ins bridged inside and plugged the 3.8-cm (l-1/2-in.) diameter drop tube. 
Although the demonstrated feed rates are respectable for the pilot scale equip

ment used in this study, even higher rates could have been achieved had a 

larger-diamet2r drop tube been used. 

OPERATION 

Other than occasional plugging of the drop tub~when the maximum feed rate 

was exceeded, the process o~erated very smoothly. Although most of the com
b~stion took place below the surface of the glass, occasionally a bright flash 
of flame could be seen through a view port at the glass surface. ,Fluctuations 
in the melter vacuum, which was generally operated at 25 cm H20, were minimal. 

The oxygen concentration in the off-gas stream was controi.led arbitrarily 

between 15% and 25% which kept particulate entrainment low. No carbon monoxide 

was detected in any of the eight off-gas samples analyzed by gas chromatography 

or mass spectrometry. However, if the oxygen supply was inadequate (near 0% 
in the off gas), carbonaceous, sooty particulates immediately formed and were 

entrained in the off gas. Particulate loss~s, based on the wet resin feed, 
were O. 45% for the two experiments. The low part i cul ate losses kept the 2. 5-cm 
(I-in.) tubing off-gas line between the melter and particulate filter generally 
free of obstructions. Only on two occasions was an off-gas restriction prOb
lem detected. These incidents both occurred at the vacuum control valve 

between the melter and filter. The ball valve had interfered with the fully 

developed, laminar flow (KeD ~ 570 for 2.5-cm tubing) at that point, creating 
stagnant areas for particulates to collect. This rroblem could be avoided in 
the future by placing the vacuum control valve dowristream of tile filter. 
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VOLUME REDUCTION 

Wet EPICOR II resins from the long-term tests contained a fraction of 
zeolite resins, which restricted the volume reduction that might have been 
obtained from purely organic resins. The theoretical volume reduction limit, 
restricted by the quantity of zeolite, is 91%, meaning the volume of the glass 
product is 9% of the original volume of the resins. This theoretical limit 
was demonstrated during the two 12-h tests. The final glass product consisted 
primarily of vitrified zeolite, glass formers and absorbed radionuclides. 
Glass formers have already been developed for LINDE IONSIV IE-96i!l1 zeolfte 
resins in another program conducted at PNL. These glass formers, whose com
position is given in Table 1,were added to the zeolite resins in the second 
of the two tests, yielding a glass former:zeolite ratio of 3:7. 

CESIUM AND STRONTIUM RETENTION 

In order. to totalize the Cs and Sr losses in the effluent strea~, mass· 
balances are necessary. The off-gas sampling system determines the concentra
tion of radionuclides in the off gas. The mass balances ~etermine total 6ff
gas flow at various time periods throughout the run. Together they totalize 
radionuclide losses and thus the radionuclide retention in the gl~;~ can be 
calculated. The oxygen input rate was continually metered with a rot0l11eter. 
The volumetric feed rate of the wet resins, whose compacted density was 
0.78 gcm3, .was monit()redby recording the level in the feeder hopper. iThe 

TABLE 1. Gl ass-Former Comt-'lositi on 

Component 

Borax (Na2B407olOH20) 
Soda ash (Na2C03 ) 

Lithium carbonate (Li 2C03) 

Titania (Ti03) 

Weight % 

32 
23 
29 
16 

®Linde Ionsiv IE-96 is a registered trademark of Union Carbide Corp., New 
York, New York. 
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composition of the main components of the off gas was determined by gas chro

matograllhy arid mass spectrometry of gaseous samples. From this data, a mass 

balance was performed to determine the rate of air in-leakage and total off-gas 

flow. The mass bal.ance was necessary because condensate interfered with flow 

measurements by a pitot tube installed in the off-gas line. The results of 

these conditions are plotted in Figure 5 for the second test. 

Retention of Cs and Sr in the glass was determined by analysis of three 

sampling techniques: 

• off-gas sample 

• HEPA fi Her 

• gl ass product. 

The off-gas sampling system and mass balances provide the most accurate mea

surement of radionuclide retention. The analyses of the glass product and 

filter particulates serve as a check for the retention values measured by the 

off-gas sampling system. The retention values measured by the various tech

niques are tabulated in Table 2 for different periods of each run. The overall 

retention fOt' Cs was 84% whilelhat of Sr was 95%. (OF = 6.3 and DF = 20, 

respectively.) These values are somewhat less than observedduring.the 

screening tests for two reasons: 

1. Higher processing rates were achieved during the longer-term tests. 

2. Resin loadings of Cs and Sr were reduced for the longer-term tests. 

Processing Rate Effect 

.For the same drop..,tube diameter,higher proce~sing rates result in reduced 

contact time etween the :ombustion gas and molten glass phases. Therefore the 

higher processing rates could account for ~ome decrease in retention. However. 

the average rate during the long-term tests was only 30% higher than. the rates 

achieved during the screening tests. This rate increase could not be the total 

cause of the reductions of Cs from 50 OF to 6.3 OF. Even so. retention values 

mi ght be increased with a 1 arger drop-tube diameter thus i ncreasi ng the contact 

time. 

Resins Loading Effect 

The simulated radionuclides were absorbed .into the glass product during 

these tests simply by mass transfer of Sr and Cs chemical compounds from the 

14 
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TABLE 2. Ce,sium and Strontium Retention as Measured by Three 
Independent Detecti on Mechani sms 

Off-Gas Filter Glass 
Sample Particulate Product 

Anal~sis! % Anal~sisz % Anal~sis! % 
Time Peri od Cs Sr Cs Sr Cs Sr 

Run 1 : 0.0 to 4.6 h 70 86 
Run 1 : 5.0 to 10.2 h 82 95 
Run 1 : Overall 78 92 90 9U 

Run 2: 0.0 to 4.5 h 95 97.8 
Run 2: 4.9 to 8.7 h 95 98.7 
Run 2 : 8.9 to 12.0 h 77 95.7 
Run 2: Overall 89 97.8 70 80 

Runs 1 and 2 COOlbi ned 84 95 94 97 80 90 

combustion gases into the molten glass phase. Assuming that the Cs and Sr are 
present in the vapor phase, the mass transfer rate is governed by the equation 

(We lty, Wi cks and .Wil s.Dn 1959) , 

where NA2 = mass transfer flux 
KG = overall mass transfer coefficient 

PAG = bulk composition of the radionuclide in the gas phase 
PA* = partial pressure of the radionuclide in equilibrium with 

the bulk composition ;n the liquid phase. 
Reducing the resin loading, as done in the 12-h tests, reduces the radionu
clide's partial pressure gradient (ttle driving force for mass transfer). This 
explains, at least in part, the reduction of Cs and Sr retention in the glass. 

The resin loading used in the longer-term tests, although more represen
tative, may still be higher than the true Cs and Sr loadings. To find out if 

even lower loadings might affect radionuclide retention further; PA*, the 
equilibrium partial pressure, must be considered along with the reduction of 

resin load1ng (PAG)' 
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The expected Cs concentration in the glass from vitrifying EPICOR-II 
resins from TMI can be estimated. If the mass fraction of Cs isotopes in the 
resins and the volume reduction (demonstrated at 91%) are known, the maximum 
Cs concentration in the glass can be calculated. Radiation surveys of one 
liner from TMI indicate the mass fraction of all Cs isotopes is 3.2 x 10-5 

based on a wet resin content of 680 kg per liner. (The ratio of Cs-137 
detected by the radiation survey to the combined Cs isotopes was established 
from existing ORIGEN runs. Although an ORIGEN run was not available for the 
conditions at TMI-2, a range of established conditions from 2% to 3.3% enrich
ment and from 33,000 MWD/t to 10,000 MWD/t showed that variance in the isotope 
ratio was le~s th~n 1%.) The mass-fraction Cs loading used in these tests was 
4.2 x 10-4 (wet resin basis). Assuming 100% retention, the final glass product 
concentration with the 91% volume reduction would be 0.012% for the actual TMI 
resins, somewhat less than the '0.071% achieved during the two tests conducted 
in this study. Even though the resin loading in this study was higher than 
that expecte.J .cor actual resins, the radionuclide concentr,ation in the glass 
wa3 correspondingly hi~her.Assuming PAG and PA* are proportional to resin 
loading and radionuclide glass concentration, the partial pressure driving 
force for mass transfer very nearly approximates the anticipated partial ,pres
sure gradient for the TMI resins. Thus. the value for cesium retention in the 
glass demonstrated in this study is expected to be representative of the cesium 
retention for actual TMI resins. The driving force may actually be increased, 
thus obtaining a higher retention value at the expense of adding more glass 
formers and reducing the radionuclide concentration in the glass. 

The mass transfer equation among two dissimil ar phases (combustion off gas 
and molten glass) may be studied further to arrive at some additional conclu
sio~s. Cesium oxide, as it exists in the glass, is a semivolatile component. 
vJhen heated above 640°C, Cs20 volatilizes from glass melts according to the 
equati on: 

(A1brethsen and Schwendiman 1967) 

17 



TABLE 3. Filter Decontamination F ac tors 01' Cesium 
and Strontium 

Cs Sr 

Filter No. 1, Run 1: o to 5.3 h 5.2 2.4 

Fil ter No. 2, Run 1: 6.5 to 10 h 1.6 1.1 

Filter No. 2, Run 2: 0 to 4.7 h 6.4 2.1 

To obtain a higher DF, the off gases .would probably have to be scrubbed 

in a wet scrubber. The off-gas sampling and scrub systems consistently removed 

all detectable Cs and Sr in the first scrubbing step. Nevertheless, the simu

lated radionuclides collected on the filter during the 12-h tests were recycled 
, 

to the molten glass where all detectable radionuclides were incorporated into 

the glass. Thus, if a more efficient radionuclide filter can be designed, the 

filter and associated radionuc 11des could be recycled to the glass melter. 

MATERIAL CONFORMANCE 

The drop tube was construcLd of a nickel/chromi urn all oy k~nQwn as 

Inconel 601®, Following .the feasibility tests the. drop tube was' withdrawn 

from the melt. The drop tube displayed tlo significant corrosion at 'or below 

the metal line (glas$ melt level),where oxidation might have been suspected. 

Thus the temperature and oxidizing conditions did not cause, material confor

mance problems. 

CONCEPTUAL PROCESS FLOW DIAGRAM 

One of the objectives of the 12-h tests was to provide data for a concep

tual process flow diagram. The conceptual process presented in this report is 

scaled up to vitrify the resins from all 50 liners in a six-month campaign. The 

mass balances and flow diagram are shown in Figure 6. 

®Inconel 601 is a registered trademark of Huntington Alloys, Inc., 
Huntington, West Virginia. 
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Assuming each liner contains 680 kg of wet resins, the total mass to be 
processed is 34,000 kg. The average required process rate is thus 8.3 kg/h, 
assuming 24-h operation and 5% down time. Glass formers premixed with the 
resi nswoul d comprise an additi onal 0.50 kg/h of the feed. 

At this higher feed rate (8.3 kg/h) a 1 ar;er-diameter drcp tube is neces
sary to keep the agglomerated, wet resins from plugging up the tube and to keep 
the upward vertical velocities of the combustion gases in the glass at or below 
those experienced in the pilot-scale tests. Assuming that vertical velocity 
is a function of bubble size, the size of bubbles in the glass must be kept 
constant. For design purposes, the bubble size is assumed to be proportional 
to the circumference or diameter of the drop tube. Thus, the drop-tube dia
meter was scaled proportiJnally to the feed rate. At the 8.3 kg/h rate, a 
15-cm-dia drop tube is required. The melting cavity should allow the same 
amount of clearance between the drop tube and melter cavity walls. Thus the 
melting cavity in the process flow diagram shoulrl be 30 cm x 46 cm x 20 cm 
deep. 

The oxygen requirements, 260 std L/min, were calculated proportionally 
from the oxygen to average feed ratiq (94 std L/min:3.0 kg/h) demonstrated 
during the tests. The oxygen combusts the resins in the drop tube yielding 
primarily CO 2 and H20. The air in-leakage, which comprises 61% (by volume) 
of the total off gas,is determined fromacceptabl~ design criteria of the 
joule-heated melter. The total off-gas rate is 940 std L/min. The off qases 
also entrain 0.037 kg/h of particulates based on the 0.45% losses determined 
in these tests. 

Glass would be produced from this process at a rate of 2.1 kg/h or 
0.85 l/h. If disposal criteria allows, the glass could be poured into a 
container that would fit in a 200-L (55-gal) burial drum for disposal. All 
50 liners of resins could be disposed in 21 burial drums. 



SUMMARY AND CONCLUSIONS 

The nonradioactive feasibility tests for vitrifying EPICORI! resins have 

provided an important data base for development of this process. Process rates 

and their limiting factors have been determined for the pilot-scale equipment. 

A method for predicting attainable process rates on a larger scale has been 

proposed in the process flow sheet. The maximum theoretical vJlume reduction 

from converting the resins to glass is 91%. This has been demonstrated during 

the tests. The quantities and mechanisms of radionuclide losses as well as a 

method to recycle the radionuclides h-ave alsobee,n identiffed. 

The average process rate duri ng the two 12-h tests was 3.~ kg/h '(wet res in 

basis). The Process rate was limited by anagglomeratio~ of wet resins in the 

3.B-cm (1.5-in.)-dia drop tube. Although ~e~onsirated process rates were 

acceptable, higher .rateswould likely have been achieved.ifthe resins were 

dried before feeding since dry resins become free-flowing granular particles. 

Wet resins were used in this stud:! to more accurately simulate worst-case con

ditions in the TMI liners. Process rates would also have incfeased in the 

pilot-scale melter if a larger-dia~eter drop tube had been used. 

Nevertheless, the process flow diagrC' . for the larger-scale unit was based 

on the 3.0-kg/h demonstrated process rate. The flow diagram suggests that the 

drop-tube diameter be scaled proportionally with the feed rate to keep the 

upward combustion gas velociti~s in ~he glass constant. The melter design must 

accommodate the drop tube because the combusti on gases must contact the glass 

freely without interference from the melter cavity walls. The electrodes must 

also be separated from the drop tube enough to minimize the electrical shorting 

effect created by the drop tube. 

Although less Cs and Sr were r,etained in the longer-term tests than in the 

scre~ning tests, it has been argued that these values are close to the minimurr. 

retention expected with EPICOR I.I resins. The test results indicate that as 

the ratio of resin loading to final radionuclide ~oncentration in the glass 

decreases, less retention can be expected. Since the resins contain zeolite, 

which becomes part of the glass produCt, the radionuclide concentration in the 

glass is low. The ratio of Cs mass fraction loading in the resins to the Cs 

23 



mass fraction in the glass gives a good indication 0: relative mass-transfer 
driving forces. A high ratio indicates a high driving force. The ratio during 
the screening tests, which demonstrated 98% to 98.9% retention, was 4.7 while 
that during the 12-h tests, which averaged 84% retention, was 0.56. According 
to the process flow diagram, every unit weight of resins is converted to 
0.25 units of glass; thus the expected Cs ratio for resins stored at TMI is 
0.25. Obviously, the longer-term tests more closely approximated the mass 
transfer driving force expected for the true resins. Expected retention values 
for Cswould remain near 80% to 90%. These relationships may not explain Sr 
behavior, since SrO is a nonvolatile component of molten glass. Most Sr losses 
might be attributed to particulate entrainment. 

The supply bf pure oxygen rather than air into the drop tube had some 
merits. The data presented in this report suggests that Cs is absorbed lnto 
the glass as an oxide. Thus the use of pure oxygen for combustion may be an 
important factor in attainirigthedemonstrated Cs retention figures. The pure 
oxygen supplyal'so helped maintafn t~oro~gn ~ornbustion, keeping particulate 
entrainment low with negligible cbncentratiOriS of CO and pyrolysis prbducts. 

~ , . ~ " 

A method for recycling volatilized or entrained radion~clides was demon-
.' . . . 

strated in these tests. Although the HEPA,:"filter decontamination factors were 
not as high as desired, the basic principle of recycling the filter material 
and absorbed radionuclides to the melter ;~ feasible. 

Overa 11, the p.roces$ fea~ ibil ity test~ did not present any; nsurmountab 1 e 
technological difficulties. Vitrifying orga,), . ,'esins appears to be a techni
cally feasible approach •. The process is bas:;: Don equipment which has been 
under development for nuclear. waste vitI I •• :,ti,)tl for many years and is now 
part of the reference process for high-leYl;;ldefense waste stabilization. The 
construction materials of the joule-heated melter conform well with resin 
vitrification-processing conditions. The tests performed in this study demon
strate the advantages of using the joule-heated melter for vitrification of 
radioactive wastes based on process rates, volume reduction, radionuclide 
retention, and material conformance. A successful radionuclide decontar.lination 
scrubber or filter needs to be demonstrated for the process. Once that is 
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completed, the resin vitrification process will be to the development stage so 
that preparation can then be made for a pilot-scale, radioactive demonstration 
or a larger scale, nonradioactive demonstration. 

I,' ' 
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