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Abstract :

Experience gained fhrough the development and operation of calciners and
glass melting systems has provided the information needed for selection of a
high level waste solidification system. At the present time a spray calciner

N cbpp]ed to an in-can melter is sufficiently developed that'desigh of an integrated

system is underway for implementation at a U.S. commercia1,fue] reprocessing plant.
’ 2

A fluidized bed calciner operated with the addition of silica to produceAcontin-

ous inert bed (CIB) provides a second calciner which can also be used with the

" in can melter. A joule heated ceramic melter for converting calcine to'g1ass

shows great promise as a continuous one step process for converting 1iquid to
glass. These systems will -be demonstrated at the full scale capacities required
for vitrifying HLLW from the reprocessing of 5 MT/day of spent power reactor fuel.
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INTRODUCTION - o

At Pacific Northwest Laboratory (PNL) processes are be1ng deve]oped for
the vitrification of nuclear h1gh level waste. This work is be1ng_carr1ed
out by.Batte11e-Northwest for the United States Energy Research and Develop-

- ment Administration. Several processes have been evaluated. These include

spray and fluidized bed calciners and a wiped film evaporator for concen-
trating, evaporating and calcining 1iquid wastes and a continuous metallic
melter, a joule heated ceramic melter and a meta111c'in-can.me1ter (ICM) pro-
cess for vitrification of the calcined or concentrated waste. Vitrification
is accomp11shed by the addition of a q]ass fr1t additive which perm1ts melting
at 1050 to 1250°C. : '

The current Waste F1xat1on Program (WFP) is taking full advantage of the
knowledge gained in the previous waste So]1d1f1cat1on Eng1neer1ng Prototypes

(WSEP) program [1,2 3]
CThe intention of the WFP program is, to 1) carry out full scale development

and operation of vitrification processes to demonstrate reliable operation and

2) provide the design for similar equipment to be insta]]ed'in_waste management
facilities at nuclear fuel reprocessfﬁg~p1ants,.;Based'on accomplishments_to date
integrated processes have been'selected for full scale testing and design. The
mainline program is comprised of the spray calciner coupled to an in-can melter.

~ A plant design has been started for this integrated close coupled process. The

fluidized bed calciner as operated at PNL for vitrification purposes can be sub-
stituted in place of the spray calciner. A second vitrification process that is
being developed for longer term application is the joule heated ceramic melter.
-¥h*s—4s-the=3auie=hea£ed—eeram+e-me%%er—» The melter has the potential for direct
11qu1d feeding.

The glass Droduced in the above processes is a zinc boros111cate In all
cases the additives are added as a glass frit in a separate solids stream. The
high level waste compositions used in this program are typical of those anti-
cipated by Un1ted‘§tates fuel reprocessors. Purex Waste-4b (PW-4b) was typical
for the Genera]AMorr1s I1Tinois Plant, PW-7a is the mixed HLLW-ILLW for the
Allied General Nuclear Services, Barnwell, South Carolina plant and PW-8 is
that from the Nuclear Fuel Services West Valley New York plant.
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CALCINATION AND WASTE CONCENTRATION

o A spray ca1c1ner, fluidized bed calciner and wiped film evaporator have
ol ~ been evaluated and are described below.

''''' Spray Calcination ‘ | |

= - A spray calciner has been operated at PNL for several years and is ready
G for commercial application. Liquid is fed in at the top of the spray calciner

o chamber through a pneumatic.atomizina nozzle. The atomized waste is sequentially

o ~ -evaporated, dried, and calcined as it falls through the cylindrical calciner
= chamber at a temperature of 750°C. Sep&rat1onﬂfr3$’tﬁe'off -gases is effected
ol by porous stainless steel filters. A periodic pulsed blowback with air in
P the reverse d1rect1on through venturies into the f11ters removes the powder
' collected on the filters.
The calcine produced is a dry -Fuffy powder with a particle mediufl diameter
T of 3 microns. The bulk density varies from .51 to 1. 12 g/cc depending on feed type

- w1th a moisture content of <0.5 weight percent (Table I) The nonalkali metal. nltrates

are comp]ete]y decomposed and approx1mate1y 30% of the alkali metal nitrates
~are decomposed to ox1de§
The ease of automa&#ﬁg-the spray ca]ciner's process variables (feed rate,
atomizing air flow rate, furnace temperature and filter blowback timing) has
greatly simplified the spray calciner. Do to its simplicity in overall process
operation (start up, shutdown, ﬁ%#ﬁténanée, etc.), a trouble free operation is
obtained. Spprsvimetel
The spray ca1c1ner has been operated for ﬂ;800 hours calcining a wide variety
of feed compositions (Bw—éf—éwalv—2w~¥AT~and»@“~89 with sod1nw content ranging
from 0-2M simulating AGNS waste and high iron sfmulating NFS waste
~ A 510 hour continuous run varying in feg rates and coup]ed to
an Inconel Melter exposed two inadequacies: /Excessive nozzle vear and spray
chamber fou11ng.[4] Nozz]e wear on the air cap greatly affects atomization,
.*on spray chamber fouling. Through extensive study and

thus having a
‘testing, nozzle wear and spray chamber fouling has been eliminated.
The nozzle tip has evolved from a stainless steel to a ceramic tip (Figure
1). Barium carbide has decreased nozzle wear, but a ceramic tip made of 95%
alumina has not shown any detectable wear (< 0.5 mils) after nearTy 50
hours on the spray calciner and over nine hundred hours on thn nozzle test

station. -On the 1/4 inch orifice nozzle, a ratio of atomization air nozzle pressure
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TABLE I

Operating Data for the Spray Calciner -
‘Simulated Feed Types: '

Type . 2/MTU Na Content, M - g oxide/%
PW-4b(GE) 378 0.07 708
PW-6 (early AGNS) 378 - 2.0 222
PW-7 (AGNS HLLW) . 378 : 0.1 151
PW-7A(AGNS HLLW-ILLW) 378 0.586 179
_PW-8 (NFS HLLW) -378 6.0 226
GNS-ILLW 283 0.76 4
Pw-Ba(nfs ALtw~ ~(,Lw) 373 ), 2 247
Feed Rates:
1 Linch chamber 4 0- .

21 inch chamber 0-764%/hr
Feed Nozzle: '

Type: Internal mix + Ipvaying Systems €, Sedops 42 And 72 .
Size: Feed opening 1/8" and 1/4" '
Material: Ceramic (96% alumina) air cap SST fluid cap and body
Atomization: Atom1zat1on Air =::.'. Pressure
> 2.0
Feed = . Pressure = -

For dropfet size < 70 microns

Wear: <0.5 mls - &Gkee s . of 45 hours 7n the spray calciner and
over 900 hours {mn the nozzle test station.

Operatﬁng Temperature:

Furnace Temperature: 780°C
Spray Chamber: 700°C
Filter Housing: 350°C

Filter Data:

Type - 15 reinforced 316 SST sintered f11ters
. Mean Pore Size - ‘&5 A
nctte Dimensions - 2 in. 0D x 2_ft. long x 1/16 in. thick
Total Filter Area - 15 ft2
Filter AP under normal operat1ng cond1t1ons v 13 inches of water
Blowback system - air.- 60 ps1g
cycle - 2 mins
. pulse -25 seconds -

Vibrators: Pneumat1c v1brators by Cleveland V1brator Mode] 1300AC V1bra Might

A’
: Frequency . 2000 2700 L\br\a‘*m‘\s Per M\A\JQQ
Force . 260-370; pounds

Properties (Dependent on Feed Type):

Bulk density, g/cc’ - 4.5 4
Angle .of Repose , de rees A0 -
Mo1sture Content '7E;ent <0.5



TABLE I (CONTINUED)

NO3 - Contert, wt percent
Particle Size, u
P2t T
If.on’?as-f Continvess Rvn

ODhfet T L

23

" <20.0

<10 3 (Mmean)

510 hours

.
o
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5;;’;;;;;;;—;;;;~E7£§:fgza“ﬁﬁiiTE’EFégggfgﬁis a prerequisite to afomize the
feed to the required particle size of less than 70 microns. 5]
ing:has not been experienced; a s1eve installed on the feed 1ine is used to
filter out large solids. . ' '
Spray chamber fou11ng has been completely e1iminéted by using two modi-

Nozzle plug-

fied commercially available (Cleveland AC vibra-might) vibrators. They are

" mounted on springs‘in a housing and fitted with extension shafts which per-

" mitted mounting -on the exterior shell of the spréy furnace. The extens1on
shaft passes thrcugh tunnels between the upper and lower zone and are 1ocated

gprox1mate1y 180 degrees apart. The spray chamber was fitted with impact pads /3 &
ﬁﬁfth1ck of 310 stainless steel. The spray chamber was deliberately scaled by
operat1ng at high feed rates without vibration; heowexer, .the v1bratorsj¥emoved
the scale with’ on]y one 3 second pulse cycle. Studies conducted on the vibrators
and spray chambErjhas not shown any sign of fatigue or corrosion due to vibration
The maximum demonstrate /
(0.8§V6 ID spray chamber..(F1gure 4) Due to low capacity of the filters, the off
gas was rerouted directly to the condenser. Higher capacity was jeopardized due
to equipment not related to the spray calciner unit unable to handle the higher
feed rates. During the capacity run it was noticed that the higher the feed
rate the lower the percentage of calcined powder carried to the filter housing
:by the off-gas)decreaéing from approximately. 50 wt% at 502/hr to 30 wt% at 508/hr.
The spray calciner has been coupled to the In- Qgp Melter and has success-
fully transmitted the calcine through a 60 degree dﬁbéfter Tine coupling the two"
units without the use of vibrators or any mechan1cal devices. Th1; same inte-

or ca1c1nat1on
ey c&/c//!s/

capacity is 762/hr of s1mu1ated waste in a 21 inch

grated system was_successfully demonstrated in the WSEP program with full levels
of radioactivity.[3] Figure 2 shows akphotograph of the WSEP calciner with both
the continuous metallic melter furnace and the in-can melting furnace.
Studies on the blow back system for the sintered stainless steel filters
have shown that the solenoid valves can be located as far as fifteen feet away .
from the venturies and pulsed approximately every ho Longer 1.£enxalsw———--tﬂm)V1"
between pulses increased cake buildup from (-P-"TW) thick over .
the entire filter. Upon blowback, the entjre cake 1is i1s]oge€,reducing.the
pressure drop across the filters to a value comparable to a "clean filter".
It was shown that AP across the filters increased é]ightTy over the value of a

"clean filter" when blown back every two minutes.
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An industrial scale spray calciner is in the design stage and will be in
operation this year. The spray calciner will have the capacity to calcine
the high level waste from a 5 metric toﬁne per day nuclear fuel reprocessing

=
p1antﬂ

Fluidized Bed Calcination

containing up to 2M sodium.

A fluidized bed calciner (Figure 3) has been installed and operated at PNL
since late 1974. Objectives have been to study the calcination of simulated high

level commercial nuclear waste and its impact on the subsequent vitrification step.

Significantly improved operating concepts have been developed which capitalize
on the fluidized beds excellent heat transfer, heat distribution, and solids
mixing properties. These unconventional operating techniques have reduced or
eliminated problems such as decay heat consideration and particle size control
which frequently trouble conventional type calcination techniques.

The pilot scale equipment (Figure 4) consists of a 1.7m (5.5 ft.) tall
calciner vessel which has a 17.1cm (6.8 in.) square bed section and a 24.8cm
(9.8 in.) square disengaging section. A perforated gas distributor plate is
used. Product materials exit the calciner vessel via an overflow line, off-
gas 1ine or bed removal 1line all leading to a gas-particulate separator vessel.
With the present designygas and particulates are separated by a cyclone, gravity
or sintered metal filters. The cluster of 17 filters offer 2.6m2 (27.6 ft2) of
filtering surface nominally rated at 65 micron pore size. The filters are 7.0
cm (2.8 in.) in diameter, ten filters are 45.7cm (18 in.) long and seven are
91.4cm (36 in.) long. The filters are housed in a 52.4cm (20.6 in.) diameter
vessel. Conventional blowback, including a high pressure air nozzle directed
into venturi tubes in the end of each filter, is used as required to maintain
satisfactory Tow pressure drop across the filters.

The most successful operating concept demonstrated with the calciner has
been termed the continuous inert-bed process (CIB). A starting bed of inert
material (5102) is fluidized at about 30 cm/sec (1 ft/sec) superficial velocity
while process heat is supplied by the combustion of oxygen and kerosene directly
in the bed. As waste feed is introduced through an air atomized nozzle and the
calcination reaction occurs the continuous addition of inerts to the bed is
started. The calcine coats the particles, is spray dried, or coats and attrits
from the material. Product is overflowed and/or elutriated from the bed to main-

tain the proper inventory. The degree of elutriation or overflowing dependas on
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. the combustion heat1ng has been noted. TSGF kgvet1c sagpl1ng has shown concen-

- TN

~on the feed combosition.éhd amount of attriting force‘abb]ied to the bed.

By using jet grinders, high attrition type feed nozzles or operating condi-
tions condusive to the generation of fines,the amount of calcine in the bed

‘can be reduced significantly. The particle size of the inert material added

is’gehera]]y in a size.range of 0.2 - 0.4 mm diameter. The rate of inert ad- -
dition is dependent on the next proceésing step. At a minimum it would be
equivalent to the bed attrition rate i.e. that necessary to maintain proper
level. - When vitrifying, the rate would be one to two times the weight of the
calcine oxides being generated. Typically borosilicate glass frits are used

_at a frit to calcine ratio of 2.8:1. The inert materia] is readi1y incorporated

in the frlt . , A

Some advantages of cont1nuous inert bed operat1on as compared to con-
ventional operation are as follows: '

1) low inventory of fission products is maintained in the bed, hence

decay heat considerations are reduced. _
2) general operability is significantly improved.
" 3) equilibrium is reached quickly hence development is simplified.

4) calcination of sodium waste is possible without additives.

5) process capacity is increased.

6) vitrification of the product is not compromised.

7) high temperature operation is practical.

Test1ng of this processing concept has shown it to be quite versatile over
w1de operating ranges. A summary of the conditions and performance to date has
been summarized in Table TI. The process appears readily accomodating to most-
waste compositions. The calciner has been coupled directly to an in-can melter

and indirectly to a.continuous ceramic melter with no operating problems observed.

The use of sintered metal filters has been very satisfactory, no i1l effects from

trations of solids downstream of the f11terslj 0. {lng/scf\of non-condensable off((ﬂff LQ
gas. This represents a DF of 0% - 105 based concentration of calcined solids
generated in the vessel divided by concentration in the off-gases.

. ] . N

10



TABLE IT

. OPERATING CONDITIONS TESTED WITH
. CONTINUOUS INERT BED CALCINATION

Feed Types | © 320 - 575 2/MTU
- | 4 ©0.01 - 1M Na -
80 -.170 g oxide/s

" Feed Rates , © 20 -'40 2/hr typical
| X | 80 - 120 &/hr ft2

Feed Nozzles - t'Coﬁmércia] air atomized external mix
: ' Simple concentric tube type

Atomizing Air to Feed ' 200 - 700

Volumetric Ratios
Vessel Operating Pressure 2 - 10 in. H,0 vacuum
Operating Temperature : 500 - 800°C
Filter Pressure Drop ' 10 in.iHZO average
~ : 5 in. to™40 in. tested
Bed Properties . ' 0.2 - 0.5mm dia. 14 -50% calcine
_Avg. v 20%
~ Product Properties 0.1 - 0.3 mm dia.

"Heavy fines or no fines dependent
on feed, etc.

11
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WIPED FILW EVAPORATION

' A hor1zonta] w1ped film evaporator, unth/g ft of heat transfer sur-
face was used to demonstrate the feas1b1]1ty of-Gtilizing the w1ped film
evaporator concept in the conversion of high level liquid uastes to a boro-

.s111cate glass product " Figure gﬁ[ ~ illustratesthe salient features of

the evaporator.

Several simulated HLW formulations were concentrated to slurries con-
taining up to 60 weight percent total solids. Figure 2§shows the .performance:
of the evaporator when using a simutated PW-6 formulation as a feed stock.

The overall heitqtpansfer coefficient for the evaporator ranged from -
150 to 250 BTU/hr - OF - ft2. While the coefficient increased with increasing
feed rates, it appeanEd‘to be unaffected by the product composition, at least

up to about 50 weight percent total solids, at which point the heat transfer

~surface began to scale at the discharge end of the unit. As the prOduct total

solids concentration increased above 50% the scaling increased and the heat
transfer coefficient dropped rapidly. A short series of tests demonstrated

that with‘jacket temperatures in the range of 300°C and sufficient rotor drive
power to scrape the scale from the heat transfer surface, a free flowing powdered
product could be realized directly from the evaporator discharge. While the
product appeared to be dry, it actually contained 10 -20 weight percent 17M nitric
acid.

The evaporator was connected to several melting systems to evaluate the
feasibility of operating the melters with evaporator concentrates rather than
with dry calcine powders. Figure’?zshows the horizontal evaporator directly
coupled to a metallic-type melter located immediately below the evaporator. Over
200 Xg of glass was produced frem the metallic, the in-can, and the jou]e‘heated
ceramic melting systems processing evaborator'concentrates. While this direct
coupled operation offers many advantages, e.g. high capacity, small size, and
minimum product hold up, it. is not without its problems, such as, premature ‘
calcination in the evaporator discharge nozzle, which blocks the flow of con-
centrate out of this evaporator, and high solids entrainment in the melter off
gases.

tor concentrates, and future work with the wiped film evaporator will be in con-
junction with the ceramic melter.

.]}

The joule-heated ceramic melting system was the.1east affected by the evapora-

e
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VITRIFICATION

3 An in can melter, continuous metallic melter and joule heated ceramic

‘me1ter'have been evaluated and are described below.

. In-Can Melting

The in-can meiting process,uses.the storage canister as the melting
crucible for vitrffying a mixture of ca]cined nuclear waste and glass forming .
frit. The canister is placed in a multi-zone furnace and coup1ed directly
to the output of a‘ca1ciner. The canister is heated to between 1050°C and
1100°C; and calcined waste apd frit are fed to the canister at a rate which

does not exceed the melting capacity of the system. The frit is metered

continuously into the melter at a rate proportional to the calcine generatioh.,‘

rate.. The off-gas from the melting mixture is vented through the coupling
éection to the calciner off-gas system. Because heat is generated by the
waste, the temperature below the melt level rises above the processing tem—

perature as the can fills and the furnace zones are turned off as the me]t

-level rises above them. Cooling is initiated in these zones, but the tem-

perature is maintained above 750°C to prevent sensitization of the canister

‘material.

' After the canister is filled, the calcine and frit are diverted to
anoﬁher canister in another furnace. The cenister conienfs are maintained
at the melting temperaturelfor severai hours to assure complete melting.
Then the canister is rapidly coo]ed to avoid sensitization, capped and seal

welded, leak checked decontam1nated and mqved ta storage

The advantages of In-Can Melting (ICM) are: 4
® ICM minimizes procesSsteps and equ1pment\

ry ICM does not requ1re transfer or valving of melt,

o ICM assures that everything that enters the me]ter, with. the.exceptlon of |
some volatile species, is fixed in the storage can1ster\

17



¢ ICM eliminates the problem of melter deterioration and disposal.

e ICM is not affected by the addition of reducing agents to the batch for
phase separation control. ' : :

e ICM has potential for higher waste 1oad1ngs and lower process1ng tempera-
tures because the viscosity does not need to be low for draining.

o The ICM process is well deVe]oped: '

' 1. Two‘radioactive'runéﬁﬁgge during?ﬁSEP program at PNL (Figure 2).
2. Fifteen months experience during current WFP in which over 1000KG of
melt were produced in 14 runs. ‘
3. British HARVEST/FINGAL Process and French PIVER: Process prov1de sxm11ar
. experience although they are 11qu1d fed.

During the past 15 months over 1000 kg of vitrified simulated, nuclear
waste were produced by fourteen engineering scale in-can melting runs.at PNL.
The canisters used in these tests were fabricated from four-foot long sections
of 8 in. and 12 in. diameter, schedule 40 pipe made of 304L stainless steel,
Many of the canisters contained internal, radial ﬁ/ﬁns made from 1/4 in. thick,
304L stainless steel plate. These fins are placed in the can'fbr improving the
melting éapacity of the in-can melting equipment, but they also improve heat
dissipation during storage. The fin design determined to be most |

satisfactory through computer modeling, and engineering scale tests is the drop

‘in assembly shown in Figure é%_: The fins terminate 1/2 in. short of contacting

the canister wall so that the temperature distribution around the circumference

of the canister will be nearly uniform. If the fins contacted the wall, there
wou1d be hot spots along the lines of contact during storage
Corrosion of the 304L stainless steel canister by the melt during the

pr0cess does not aphear to be significant. The results of laboratory corrosion
,n(sex c‘J (R4 /r/&«!,rc R .

festsA}nd1cate a 0.08 to 0.15 mm/day rate at 1050°C. Examination of the wa]]s
7re 80n«/cw ‘3ib
and- fins from processed canisters verify these 1aboratory results. Spa]l from the ’
Lov T LLU-«(‘&

.exter1or surfaces of the canisters heated in air is s1gn1f1cant however,; soon

amount to a considerable accumulation in the process furnace. A plasma’ sprayed coating

18



of zirconia on the surface of the canister was demonstrated to be effective for

prevent1ng spall. The.use of ,inert cover gas ~ during processing - also being -

A
evaluatedta.»i wridd Muuv &&AWM

Sens1t1zat1on of the canlster mater1a1 during process1ng does not appear
to be a prob]em,(except in that part of the canister which is 1ocated between
the exterior of the furnace and the heeted chamber.. Coup]1ng sections are being
evaluated which w111 permlt the comp]ete can1ster to be w1th1n the hot zones of

the ‘furnace.

Because the mean Tinear coefficient of thermal expansion of the vitri-

. fied waste is approximately half that of the stéin]ess steel, the glass‘restrains :

the canister from contracting during coo]ingi thus)introducing tensil stresses
in the meta] These stresses have been measured and showed the canister Wal]

had experienced yielding dur1ng cooling, various canister designs_ and thermal
cycles are beina evaluated to reduce this stress, pyt some Ccmprnss1ve force on

the glass is qood for its 1ntegr1ty Oy ‘¥+L3’ o Coaanba N bu}iﬁﬂ“: ™
The eng1neer1ng scale‘in-can melting equipment at<§hg’PNL has been suc-

__cessfully operated while coupied directly to a spray calciner, a fluidized bed

ca1c1ner, and a wiped film-evaporator. Melting rates as a function of canister
diameter, fins, and type of feed are presented in Table 1], Calcine and '
frit melting rates of up to 30 kg/hr have been achieved with 8 in. diam. finned
canisters. A computer model predicts rates in excess of 50 kg/hr for 12 in diaw
finned canisters. Liquid feeds such as concentrate from the wipyed film evapora-
tor are not recommended for in-can melting because they greatly reduce the melting
capacity and load the off-gas with entrained solids. |
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Can Diameter, No. of

Inches Fins
. X
8 8
12 0
12 8
Concentrated Liquid Feed
8 8
12 8

* Wiped Film Evaporator

TABLE III

' IN—CAN.MELTING RATES

Batch
Preparation

‘Blended Powders

Blended Powders

- Blended Powders

Metered Frit

WFE* Concentrate

Metered Frit

WFE* Concentrate .

Metered Frit

22

Calcine to Melting Rate

Frit Ratio kg/hr
2 ‘14

1
1:3 20-30
1:3 14.5-17.0

1:2.9 2.0
1:2.2 12
1:2 . 13-19



Joule Heated Ceramic Melter o
In this type of melter alternating current is transmitted from submerged
electrodes through the molten glass where it is dissipated as heat. The molten

‘ glass is. contained by high temperature corrosion resistant ceramics.. Using
the mo]ten g.ass itself as the "heatlng element" assures thorough me1t1ng at
h1gh throughput capac1t1es while melting even d1ff1cu1t high iron oxide con-
taining glasses.

Development of a joule heated ceramic melter started in late 1973 (]
During 1974 four laboratory scale me]ters[ ] were constructed and tested From
early testing it was determined that melter startup and restart with a frozen
tank was a factor which might 1imit its use. The scar1f1ca1 element startup
technique[ ] was deve]oped and the initial startup and restart with a frozen
tank has been repeated]y demonstrated.  This techn1que employs coils of resis-
tance wire which span the me1t1ng cavity between the main electrodes. These
coils are used to heat the glass to the 11qu1dous where the glass becomes con-
ductive. After achieving continuity EEEQEEH“EHe main electrodes through the
glass, the co1és are rapidly consumed by the molten glass.  Using this. technique
heat up rates as low as 6°C/hr to as high as 300°C/hr have been demonstrated L]

‘Corrosion tests of commerc1a11y avaialble refractor1es against the reference
- zinc borosilicate g]asses were completed by Bates. [] Among several acceptable
materials a fused cast high chrome oxide refractory wias found to be superior. A

samp]e of this material was rotated in the glass at 1250°C for 30 days and ex-
| per1enced on1y 0. 0§ﬂM wear. This result suggested that refractory corrosion
should not 1imit melter Tife. ‘

- The information from these corrosion tests and the laboratory scale melters

was used to design an engineering scale melter in late 1974. [] In January 1975
the melter, shown schematically in Figure 10 was started up. The size of the
melting cavity was 0. BQM/w1de 0. /QM’1ong and 0. ;M'deep The unit was maintained
at a nom1na1,g]ass temperature in .excess of 1150°C for 10.8 continuous months
before it was shutdown. Simulated waste calcine, glass frit and simulated 1iquid
waste solution were fed to this unit to evaluate its operab111ty A summary of
the melter's performance is given in Table IV.

While feeding calcine and frit powder, the engineering scale melter repeat-
edly demonstrated smooth operation at a capacity in excess of 45 /@/hr The
high melting capacity of this type of melter suggested that direct liquid feeding
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TABLE IV
ENGINEERING SCALE CERAMIC MELTER PERFORMANCE

Time at Operating Temperature - !0,8 months

(Nearly Continuous) . (7900 h)
Total Amount of Glass Produced - 3600 kg
Capacity o ‘ ‘

Calcine Feeding
-Maximum 60 kg/hr
.Average all tests . 46 kg/hr
Liquid Waste Feeding , :
Max imum - 29 &/hr

Average all tests 20 &/hr
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=, - of the HLLW might.be feasible. Five separate tests were cbmp1eted to evaluate
=. - this process. These tests showed that this unit was capable of processing 25%/hr
— of simulated HLLW concentrated to 378%/MTU. It was found that a portfon of the
= g]ass'fiit‘needed to be slurried with the HLLW prior to feeding to insure rapid
= melting. In the most recent test the molten surface was completely covered
g with 20-40WM of the solution with no loss in‘brocessing rate. When the pocl
= was covered with the waste solution, it was found that'les§ than 0.5% of the
=  waste was éntrained in the off gas stream " From these tests it -appears feasible-
o to process liquid waste directly en this type of melter. This promises to provide
- a significant simplification in the vitrification process _
After 10.8 months of continuous operation the melter was shut down and

- examined.” No observable, general refractory wear could be noted. The‘igconeI‘ﬁb
690 electrodes experience a weight loss of less than 3.5%. These results suggest
that an operating life in excess of’@i@)years may be readily achieved.
_ The engineering scale melter has proven to be a rugged piece of process equip-
o ment. It has recovered from electrical power outages (>25 minutes), sudden addi-
- tions of 1iquid solution, periodic undenaand'bverépowering and the presence of

molten metal‘[ ] without 1655 of operability. The testing completed to date
-~ strongly suggest that this type of melter has excellant potential for use as an
— improved waste vitrification system.

Continuous Metallic Melter , ,

The continucus metallic melter, shown schematically in Figure 11 is an
Inconel 690(R) crucible in which calcine and glass frit are continuously melted,
o then batch dumped through a Sieeze valve into the receiving canister. ‘Since
- 1965 over 2000 hours of operat1on have been 139§fd at Battelie with this type

T melter. Over 1200 of the operating hours have—~been 1ogged during in-cell vitri-
e fication of actual high level waste during the WSEP Program 2

Tre metallic melter is designéd to'operate.at 1199 to 1202°C.
Operating at a melt temperature of'1]50°C~Qith mechanical agita-
tion, tne"}§§§;z¢¥j of the pilot unit shown. alfewt 5 ké/bﬂ(
Scaleup calculations for a stirred me]terégﬁ indicate that a

malter capable of vitrifyinq waste at a rate oflover 60 kg/hr would

PRIaA oé/zgﬂ:;gi:;—:g diameter gnd 29 1nches nign.
\\__// \\___/'/’
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ADuring'extended operation a cerium rich phase, which does.
not dissolve well in the plass at'i150°t, has-been observed to
accumulate on the.me]tep floor. Although the existence ofhfhis
phase is not,eeﬁ§¢ée¢eﬁ=¥asse detrimental to g]ass durab111ty,
the phase has a much higher viscosity than the g1ass and can

cause. me]ter dra1nage to be d1ff1cu1t tiith mild agltat1on,n

10 to 40 rpm, the phase can be kept d1spersed Execessive
ag1tat1on, greater than 120 rpm,,shou]d be avoided because of- .
increased melter corrosion. In fact eorrosion‘fesd]ting from -
agitatiop‘is believed to be the major factor lTimiting melter

'hfe(ﬂ:j Due to corrosion the projected life of an:}pconel
me]ter with 1/2 inch thick walls is 2 to € months.

During long term hot cell operations,'the metallic melter
nas been shown to bée a re]iab]e, remotely operable unit, capable

of producing currently acceptable.ivaste g]asses

nv/»\\7 Mﬂz Q &MANL "fd-\.‘k Mﬂum«é ().IM»J?)

However cerium phase separat1onsAnecess1tates the
" use of mechanical agitation, with its attendant accelerated
corrosioh rate and added complexity. Therefore it has heen
decicded to deemphasize deve1opment of this melter type, pending

the identification of more corrosion resistant materials.
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Integrated Processes for Close Coupled Calcination and Vitrification

Current U.S. regulations require solidification of commercial high level
wastes within 5 years of reprocessing. Dur to the high cost of Tiquid waste
storage tanks, earlier solidification is planned and waste solidification facili-
ties are needed by the early 1980's.

To meet this need, current vitrification processes were studied and two
well developed processes were chosen. The selected process consists of the
spray calciner or fluidized bed calciner (CIB) coupled to the in-can melter.

Due to its versatility the spray calciner/in-can melter is currently being de-
signed for use at the West Valley Nuclear Fuel Services/Réprocessing plant.

Direct Calciner and Melter Coupling

The calciner and melter are closely coupled to avoid the problems encountered
in calcine storage and transport. In addition, the calciner and melter are easily
operated as one unit since the spray calciner has no holdup and startup and shut-
down doe® not produce any adverse effects. The fluidized bed calciner operated
by the CIB technique is also relatively unaffected by startup and shutdown. For
most plants, two in can melters are proposed. Thus, any failure of one unit would
be followed by immediate switching to the second canister.

Storage of heat generating calcine is quite a different problem from storage
of 1iquid due to the difficulty of calcine transport and the difficulty of heat
removal to avoid calcine sintering and agglomerating in the storage bin. To avoid
further cell height increase, calcine storage should be located below the calciner
and a calcine transport system should be added to elevate and transfer the calcine
to the melter. The a1ternativei:gravity flow system, would require increasing
cell height about 4-9M<

When heated sufficiently, calcine will off-gas, sinter and agglomerate.
Depending on calcine sodium content, agglomeration occurs over a range of 300
to 900°C. Since agglomerated calcine may be difficult to remove from a bin,
it is anticipated that the maximum allowable routine storage temperature would
be below 800°C. Based on this centerline temperature and on recent thermal
conductivity measurements of simulated commercial HLW ca]cine[ ], the following
bin thickng;;\@igﬁbeen calculated for calcine generating 80 watts of heat per
kg. This corresponds to waste approximately two years out of reactor. To store
fluidized bed calcine from reprocessing of 5 MTU/day for 14 days abour Z.Zyﬁ of
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“storage is required.

Maximum Ciéﬁjne Bins Required

Thickness for 14 days
Storage
slab shaped bin, externally water cooled
ﬁk»/(Z.&ﬂy/xl.ZmE) 10 10
¥ _“slab shaped bin, free air convection cooled 7. 15
cylindrical bin, externally water cooled 14 70
(2.5mH. )
cylindrical. bin, free air convection cooled 9 170

Since improved plant operational efficiency can also be obtained by in-
creasing both HLLW storage capacity and vitrification equipment capacity, it
is recommended that the calciner and melter be direct coupled to avoid the
complexities of intermediate calcine storage.

Vitrification Plant Design

Work in the WSEP program and the WFP have been directed to technology
development and demonstration of the total waste solidification system. The
various equipment pieces in the process from waste storage through canister

decontamination and off gas treatment have been developed and design is cur-
rently underway for a vitrification facility to begin operation in the early
1980's.

The vitrification process under design consists of a spray calciner or a
CIB-operated fluidized bed calciner coupled to an in-can melter. The concep-
tual integrated process is shown in Figure 12. As part of the design effort,

a full size developmental spray calciner/in-can melter is being prepared for
operation this year to verify remote equipment design and scale up factors.

The following discussion of a full scale plant design is based on several
factors.

0 HLLW-ILLW received from reprocessing 5 MT/day of 33,000 MWD burnup fuel

¢ A waste concentration of 567%;MTU

e 75 Kg calcine per MTU

e Borosilicate glass containing 33 weight percent calcine

Equipment in the vitrification process is designed with the goal of totally
remote operation and maintenance with manipulator use restricted to infrequent
maintenance. The procecssing equipment shown in Figure 13 can he contained in a
cell 8,M/Qide by 6,M/8eep with a working depth of 12)*(7
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Feed Tank and Canister Sizing : '
~The waste slurry is contained in an agitated, cooled feed tank capable

 of containing sufficient waste to £iN a glass canister, Many factors contri-

bute to determining the size of the glass canister and hence the feed tank volume.
However, for T year out of reactor reference waste a canister of glass containing
8 internal drop in fins can be as large as 35)4@/1n d1ameter and hold the waste
from 4 MT of fuel in a nominally 3 meter long canister. The diameter is limited
by the requirement that the center11ne temperature of the: glass be less than 800°C
during air storage. At two years out of reactor the canister could be 5l€§(4”ﬂf
diameter (Figure 14) and contain waste from 8 MT of fuel. Thus, the feed tank
would'cohtain 25002 of waste depending mainly on the heat generation rate.
Calciner - The nominal Waste‘f1dwrate to the ca]ciner.is'130 2/hr including 10%
recycle from the effluent scrubbing system.. At this feedrate a single spray |
calciner or f1u1d1zed bed calciner about 1)W/5n diameter by 3/M/ta11 converts

the liquid waste to'a drg powder for melting. Glass former added to the Tower
unheated part of the calciner flows by gravity to the melter below. Totally re-
mote features such as 1ncorporat1on of the spray ca1c1ner feed nozz]e into a
remote connector enhance the maintainability of the system. ’ .
Effluent Treatment - Vapors passing through the sintered stainless steel cal-
ciner filters cegntain less than 0.1% of the nonvolatile feed constituents and
less than 2% of the radioruthenium. These radionuclides are removed by wet
scrubbing techniques, concentrated, and returned to the caiciner. Designing

the effluent treatment system for waste several years out of reactor offers
little savings over design for 1 year out of reactor waste.

In-Can Melter - Since ea1c1nat1on is a continuous process and melting is batqh?

two melters are coupled to the calciner via a diverter valve. Each melter fur-
nace is 1.2M in diameter by slightly over 3 M tall and is capable of process1ng
60 gﬁyby 3‘M/Ean1sters In operat1on, calcine and frit are fed to one melter

.until the desired melt level is reached at which time the feed is diverted to

the other canister. After the melter operation is complete the furnace is dis-
connected from the fill head and translated fdr enough for canister removed by
crane. An empty canister is inserted in the furnace and reconnected to the fill
head. Use of a 4. §M'1ength canister -instead of 3‘M/ﬁay improve melter capacity
and will allow 50% more waste per canister, but will require a 1. §/M increase in
cell height.
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FIGURE QZ} Canister Diameter Selection
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Canister Operationsh- Although the canisters-are designed to be safe during
air storage, water cooled storage and work 1ocations are provided to prevent

‘excessive heating of the cell air. "The cooled canisters are closed and seal
‘ welded then leak checked with a mass spectrometer prior to decontamlnat1on by

Fransie

water spray and-dAschange to the water storage basin.

'Joule Heated Ceramic Melter pﬁrcéaé

<A vitrification facility ut111z1ng a ceramic melter wou]d be similar to
the previously descrlbed facility. Since the height of the melter is signi-
ficantly less than that of a calciner the required cell height would be re-
duced to about 8 M while other cell dimensions would: be relatively unaffected.
With the exclusion of the ca1c1ner other major cell equipment, including the
feed system, off gas treatment, and canister operation would be similar.

From the experiments completed with the current ceramic melter it appears
4o=be practical to feed the HLLﬁﬁgﬂreference 5 MTU/day reprocessing‘plant directly
to the melter when concentrated to 3782/MTU. This process consolidates the
evaporation-calcination.and vitrification -steps into a single piece of process
equipment and thus provides a significant simplification in the conversion pro-
cess. Near term development p]ans are to construct on improved melter design
which will be capable of process1ng y 50£/hr of HLLW. Methods of boost1ng the
capacity are under study and will be tested if promising (e.g. ionic heating
the aqueous solution in the melter, microwave heat1ng,or preconcentration by a
wiped film evaporator) The direction of development which will be pursued is
dependant upon the success of the bo®sting schemes. If successful, the melter
will be designed for remote nperation and tested. If bo@sting is not a promising
approach, the melter will be scaled up and tested. The objective'of this develop=-
ment program is to have a viable design by 1978 which can be used in a full scale
reprocess1ng plant. .Conso]1dat1on of all wastes from a fuel reprocessing plant
appears economically attract1ve. A flow sheet has been proposed which would ac-
complish this goal. The HLLW, ILLW and o waste (incinerated ash) streams would
be combined and converted to a glass. The glass would then be drained into a
canister filled with cladding hulls and would form a matrix around the hulis.
Evaluation and laboratory testing of this scheme is in progress. Should this
process appear feasible, the ceramic me]ter would p]ay a central role. A joule
heated ceramic melter would be designed to process the much higher g]ass through-
puts required and alsoc provides the needed melt draining control into the clad
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filled canisters. Initia1 téstfng and evaluation of this scheme is planned
for early 1977. If this process proves worthwhile, a demonstrated system will
be ready for use by 1979.

Summar . S . o _ .

' EXpefience'gained through the development and opefation of ca]éiners(and
. glass melfing'systems has provided the information needed for selection of a
high‘1eve] waste solidification system. At the present time a spray calciner
.coupled to an in-can melter is sufficiently developed that désign of an inte-
_ grated syStem‘is'underway for implementation at a U.S. commercial fuel repro-
ceésing plant. A fluidized bed calciner operated with the addition of sﬁ1ica -
to produce a continuous inert bed (CIB) provides a second calciner which can
also be used with the in-can melter. A joule heated ceramic melter for con-
verting calcine to glass shows great promise as a future continuous one step
process for converting liquid to glass. AThese systems will be demonstkated at
the full sca]e capacities required for v1tr1fy1ng HLLw from the reprocess1ng of
5 MT/day of spent power reactor fuel.
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