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Abstract

KEFCO(K orea Electric Fower Corporation) is responsible for safe operation of nuclear power
plants, One of its social responsikility is, thus, the safe storage and ultimately, complete
izolation of radicactive waste from the envircnment, Howewer, selection of disposal site is wery
difficult in Korea as well az in other countries with wast ameount of land, In this regard,
METEC/EEFCO launched a research project for developing a high welume reduction
technology, ie, witrification process, The objective of this paper is to present test results
which were obtained in a smal scale cold crucible melteriCCH) in order to acquire basic
design parameters for design of the pilot plant of 1/4 scale of the commercial wvitrification
plant, The tests were performed in MMarcoule, France using the induction melter of diameter of
300 rmmm combined with an off-gas treatment swstem, lon exchange resin, combustible dry
waste, and boron concentrates were simulated and witrified, The experiments showed that the
direct witrification process could effectively destrow organic compounds in the waste and the
off-gas could be treated in compliance with the enwviromrmental regulation, Mbximum capacity
of the CCM was found to ke 12 kg'h Off-gas characteristics such as flow rate, temperature
and dust concentration had been measured, based on which the pilet witrification plant of the
maximum throughput of 50 kg'h was designed, It is under construction to be completed b
the first half of the wear and piot tests will ke carried out with a view to dewvelop

vitrification process for cormnercial plant,

1. Introduction

Solid radicactive waste is generated during operation and maintenance of nuclear povwer
plants, It should ke safely treated and disposed for protection of human and enwironrment,
Howrewer, it has been only processed and stored on site sinee a dispeosal site is net awvailable,
Thus, KEPCO was forced to develop a new treatment technology which can significantly
reduce waste volume, compared with the conventional methods commercially awvailakde,



& feasikility of the application of witrification process to low-lewel radicactive waste for
miclear power plants was studied, Protective clothes, surgeon glowves, ete were witrified with
borosilicate glass in the laboratory-scale melter and their mechanical characteristics of the
vitrified waste were analveed, Volume reduction was found to be arcund B0 or higher for

Yoot div active waste generated from nuclear power

cotton which is the major composition
plants, It was concluded that lew-level radicactive waste wolume could be reduced to around
1/20 of the wolume as collected if plasma teorch system is combined with the cold crucible
melter to treat both combustible and non-combustible waste including filters,

Based on this feasibility study, a research project for the dewvelopment of a commercial
vitrification plant was launched in 1996, A5 a first step toward this goal, the cold crucikle
melter of diameter of 300 mmiFig, 1) and the off-zas treatment svstem were established to
tully evaluate the feasikility of the witrification process and finally obtain parammeters necessary
for the design of the pilot plant, The objective of this paper iz to examine main experitnental

results from the small-scale witrification facility in MBrcoule, France,

2. Experimental Setup

& gchematic of the hbench-scale witrification apparatus s shown in Fig, 2, The main
comnponent of the swsterm is the induction melter of diameter of 300 mm, It was made of
stainless steel and its wall is cooled during operation, Thus, thin film of solid glass is formed
ot the inner swurface of the melter, which prevents from chemical attack from corrosive
material contained in the waste,

Electric energy is delivered inside the melter by a high frequency generator of 240 EW and
conwerted to thermal energy to melt glass and destruct organic compounds of the wastes
which are fed on top of the glass melt Inorganic elements in the waste are incorperated in
the glass which is poured to a container for analysiz, Volatile material and gases resulting
fiom the reaction in the melter are drawn to a post combustion chamber(FPCC), It is an
electrically heated chamber desizned for a two second residence time at 1,100°%C to complete
the combustion reaction and thermally destruct hazardous chernicals in the off-gas such as
diozin,

The off-gas from the PCC iz drawn to the offzas treatment swstem by an extraction fan
which keeps the whele systern at a slightly negative pressure in order to prevent untreated
gas from leaking out to the work place, The offgas process system consists of a quencher, an
air Jdiluter and a scrubker, High temperature gas from the PCC s pessed threugh the
quencher where the gas is rapidly cocled down to 80°%C after air dilution, Any particulate
entrained in the off-gas is filtered out in Venturl scrubber, Acld gas such as 50x is absorked
in the scrukker, The processed offzas iz then released to enviromment,



Fig 1. Photo of the Bench-5cale CCM
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Fig 2. Schematic of the Offgas Treatment System




2. Preparation of Waste

Ion exchange resin, combustibles and simulate horates were used for the tests, Howewver,
vitrification of ion exchange resin iz described in this peper. [ts elemental composition is
described in Tak, 1, Addifives such as Co, Cs, B, Li were loaded to fresh material in order
to simulate actual waste,

Table 1. Elemental Composition of Hesin 7O
Tvpe of Resin C H 9] ) =
Duolite ARA 749 92 B.0 b4 -
[RIN 78 613 9k 167 L3 =13
Duolite ARC RS E 4 .87 2210 - 14,6
IR 77 455 43 327 =01 13.6

There are many kinds of glass historically vsed for wifrification of high-lewel radicactive
waste, Borosilicate has widely been recognized ' for its good characteristics in terms of
process operation and the stability of the waste form, Therefore, borosilicate(Tak Z) was
chosen at first and then MNepheline which has ne iron and boron contents was used for testing

possible reduction of the dust entrained in the offgas,

Table 2, Chemical Contents of the Glass ey

Trvpe of Glass Si0a IanC Bals PAESE Faals
Eoresilicate 46 & Z0n 185 10,0 B0
Mepheline B4 Zan - 180 -

4 Process Operation and Measurement

At first, glass frit s fed inte the CCI and then, a small Ti ring is introduced on top of
the glass, The ring is heated bw the electric current induced by the high frequency generator
and thermal energy is dissipated from the ring to the glass, Its electric characteristics are
started to change, Temperature increase of the glass is then rapddly accelerated by induction
of electric energy to the glass directly by the generator, Excessive oxvgen(?h ~50%8)or ali is
also injected to the upper chamber of the CCM to help combustion of the waste, Mixzing of
the glass is boosted by alr or oxvgen bubbling to the glass melt from the bottom of the
CCM, During the feeding of the waste, glass temperature is maintained at akeout 1250 %2,

Status of combustion in the CCM was pericdically checked through the attached sight glass
and monitored by measuring CO and CxHy contents in the offgas at the exit of the CCI
Cust contents, gas concentration, temperature and flowrate were measured te  investizate
offgas characteristics and ewvaluate performance of each offgas equipment, Glass samples were



taken from the hettorn of the CCI for chemical analvsis with X-ray diffractor, ICP, &4, etc,
FPlorsicochermical properties of the witrified waste associated with waste form stahility are in
the scope of the future research work, COs concentration in the offzas was analveed with
mfrared analvzer after removing condensed water and particulates with 2 pm filter, CO and NO
were measured with the electrochernical sensors, An isokinetic sampler was used together
with 47 mm glass fiker filter whose collection efficiency was 99 22 or higher for particulates
of 02 pm oor greater, Size of particuletes entrained in the offzas was measured with an
eight-stage cascade impactor separately collecting dust of between 035 pmoand 7.5 pm,

5 Test Results

Destruction of Organics

Pure oxvgen proved to ke much more efficient in combustion of organic material in the waste
than air, This was clearly shown by the fact(Fig, 3) that inside of the CCM and its outlet
ppe was much meore clean with pure cxveen njection compared one with alr feeding in which
case unburned kblack deposit was observed on the inner surface of the associated pipe,

With Air Feeding With Pure Oxwveen Feeding

Fig. 3 Dust Deposit on the Inlet Pipe of the PCC



Letermination of the Maximurmn Capacity

Flazirnm capacity of a CCH may be determined by warious factors such as diameter of
CCH, electric capacity of the high frequency generator, the offzas characteristics, etc, Dust
contents and CO concenfration at the CCM outlet steeply increased at feed rate of around 10
~12 kgth for resin and combustibles, Thus, it was concluded that its mazimum process
capacity would be 12 kg/h,

Characterization of the Offgas Characteristics

Zince combustion of resin and combustibles is exothermic reaction, gas temperature at CCR
outlet increased almost linearly with feedrate, Fig, 4 shows offgas temperature wersus waste
feedrate, In case of resin wvitrification, offgas flow rate from the CCM was measured to be
about 27 Nrm’fh including air inleakage of & Nm¥%h During steady ctate operation, CO and
CxzHw concentration at the CCM outlet was less than around 200 pprm, 50 ppm respectively,
This could be a Jdirect indication of good combustion of organie confents in the waste, In
startup peried, howewer, concenfration of CO exceeded B00 ppim which iz the release limit to
the environment due to the low temperature in the CCM, 502 and NO were found to be 6000
pran, 2000 ppin respectively,  The former was not detected at the outlet of the scrubber
whereas the latter was not effectively remowved in the scrubber, Hence, selective catalwtic
reduction bed was proposed to be installed in the pilet plant to reduce NOx contents in the
off zas,

Dust contents were in the range of 1 ~10 g/Mm® It seemed that many factors could affect
ameounts of dust entrained in the offgas, Thev depended on the welocity of oxyzen injected,
glass type, etc, Particulate was less entrained in the offgas  with Nepheline than with
borosilicate glass, Boron contained in borosilicate seemed to wolalitize easily at relatively low
termperature, During pilot tests further study will be carried out for optimum selection of the
glass type, Measurement of the size distribution revealed that 85 te 90 22 of dust was less
than 3.1 am. The dust was identified to be mostly CeLis(SOg): by X-ray diffraction analysis,
Entrainment factor for Co, Cs needs to be precisely evaluated in the pilot test,

High temperature filter made of ALDs was added to the offzas treatment swstem for
effective dust remewval Its remewal efficiency was messured fo ke 999 22, Keeping the
temperature of the filter abowe 1580 “C was idenfified to be one of the critical factors to the
efficiency, Below this temperature, the efficiency was reduced due to condensation of the
offgas on the filter media,
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Fig. 4 Offgas Temperature against Feedrate of YWaste

Properties of the Vitrified Waste

Phase separation was found in the glass when noe air was injected intoe the glass melt, Air

oxveen injection through the bottom of CCH greatly improved glass homogeneity,
Cevegen-injected glass was analveed and compared with the air injected glass{Tab. 3). The
former was found to be more effective in cmidation of metal components and expulsion of C
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and 5 which were known to be limiting factors ¥ to the glass quality,




Table. 3, Glass with O=zygen and Air injection

iterns glass with oxvegen injection glass with air injection remarks
0% 05 #isurface) 098 *2(surface)
0.3 ¥ (bottom) 044 22 (bottorn)
Pt 2BE 2 isurface) 3.8 ¥isurface)
245 2 (bottorm) 255 % (bottom)
C <001 ¥ {surface) 045 *2(surface)
Fedox 0.76 24 (surface) 0.93 (surtace) (Fe™/Fe™)

6, Conclusion

Surrogate nactive ion exchange resin was successfully witrified in the CCHI of 300 mm
diameter and the offgas could be treated in compliance with ernvironmental regulation except
MNm, Through the hkench scale tests, besic design parameters such as mazimum capacity of
the CCM and offgas characteristics were obtained for design of the pilot scale witrification
plant, Based on these tests, the pilot plant was designed, It is under construction(Fig &) and
Iz planned to ke completed by the first half of 1999, Thereafter, pilot tests will ke carried out
until the keginning of 2000, During this period, process optimization study will be performmed
including  determination of optimum  oxvgen feedrate, entrainment factors  for  major
radicnuclides and performance of the offgas treatinent equiptnent will be tested,

Fig. 5 Pilot Plant under Construction
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