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Abstract 
-. Experience gained through the development and operation of c a l c i n e r s  and 
-- glass  .melting systems has provided the information needed for  selection of a 

high level waste so l id i f ica t ion  system. A t  the  present time a spray calciner  
'. , coupled to  an in-can melter is  suf f ic ien t ly  developed tha t '  design of an integrated 

.- . system i s underway fo r  imp1 ementat ion a t  a U . S. commercial . fuel reprocessing pl ant .  

. . A fluidized bed calciner  operated with t h e  addition of s i l i c a  t o  produc~Lcontin- 
A 

ous ine r t  bed (CIB) provides a second calciner  which can a1 so be used w.ith the 
, .- 
. .. in can me1 t e r .  A joule heated ceramic me1 t e r  for  converting calcine t o  g lass  " 

- .  
. . shows great  promise a s  a continuous one step process fo r  converting 1 iquid to  
.. ... 
.- . glass.  These systems will .be demonstrated a t  the f u l l  , scale  capaci t ies  required 
.- .. . fo r  vTi'l;r.ifying HLLW from the reprocessing of 5 MT/day of spent power reactor fuel .  



CLEARANCE AND REVIEW COPY 

INTRODUCTION . . \ . . 
-.- 
,-- A t  Pacific ~ o r t h w ' s t  Laboratory (PNL) processes are  being developed f o r  
---- - the v i t r i f i c a t i o n '  of nuclear h i g h  level waste. This wrk is  being :carried 
-. ... -.. o u t  by ~ a t t ' e l l e - ~ o r t h w e s t  fo r  the united s t a t e s  Energy Research and ~ e v e l ~ ~ . -  
c -- ment Admini s t r a t  ion; Several processes have been evaluated; These include 
-. " .  - spray and. fluidized bed calciners and a wiped film evaporator for  concen-' 
-- . -. t r a t ing ,  evaporating and calcining 1 iquid wastes and a continuous metal 1 i c  
-... . . 

. meltet, a joule heated ceramic me1 t e r  and a metal 1 i c  in-can me1 t e r  (ICM) pro- 
-. cess for  v i t r i f i ca t ion  of the ca1,cined or  concentrated waste. Vitr i f icat ion 
-- .. . . i s  accomplished by the addition of a glass f r i t  additive which permits melting 

a t  1050 t o  1250°C. . . 

The current Waste Fixation Program (WFP) i s  taking fu l l  advantage of the 
know1 edge gained in' the previous Waste Sol id i f  ication Engineering Prototypes 

. . . . 
[1,2 ,31,, ( WSEP) program. 

-._, _-.--- ...----- - -*- 
me ~ n t e n t i o n  of the WFP program is,  t o  1 ) carry out fu l l  scale development 

and operation of v i t r i f  jcation processes t o  demonstrate re1 iabl e operation and 
2 )  provide the design for  similar equipment t o  be instal led i n  waste management 
f a c i l i t i e s  a t  nuclear fuel reprdcessing p lants ,  , Based on accompl ishrnents t o  date 
integrated processes have been selected for  fu l l  scal e testing and design., The 
main1 ine program i s  comprised of the spray calciner coupled to  an in-can me1 t e r .  
A plant design has been started for  t h i s  integrated close coupled, process. The 
fluidized bed calciner as operated a t  PNL fo r  v i t r i f i ca t ion  purposes can be sub- 

..-. - -  . s t i tu ted  in place of the spray calciner.  A second v i t r i f i ca t ion  process tha t  i s  

.- . being developed for  longer term appl ication i s  the joule heated ceramic me1 t e r .  
.1,ea&da~*d*e The melter has the potential for  d i rec t  

1 iquid feeding. 

The glass  produced I n  the above processes i s  a . z i n c  borosilicate.  In a l l  

cases the additives are  added as  a glass  f r i t  i n  a separate sol ids  stream. The 
h i g h  level waste compositions used in this program are typical of those ant i -  

cipated by United States fuel reprocessors. Purex Waste-4b (PW-4b) was typical 
glad C r L  

for  the GeneralnMorris I l l i n o i s  Plant, PW-7a i s  the mixed HLLW-ILLW for  the 
A1 1 ied General ~ u c l  ear Services, Barnwell , South Carol ina plant and PW-8 i s  

tha t  from the Nuclear Fuel Services West Valley New York plant. 



A spray calciner ,  f luidized bed calciner and wiped film evaporator have 

been evaluated and a re  described be1 ow. 
Spray Calcination 

A spray calciner has been operated a t  PNL for  several years and i s  ready 

fo r  commercial application. Liquid i s  fed in a t  the top of the spray calciner  
chamber through a pneumatic atomizin? n9zzI e.  The atomized waste i s sequential l y  

evaporated, dried, and calcined as  i t  f a l l s  through the cylindrical calciner 
3F C A I C  ; f ie 

chamber a t  a temperature of 750°C. sep&ation4from the off-gases i s  effected 
by porous s ta in less  steel f i l t e r s .  A periodic pulsed blowback w i t h  a i r  i n  

the reverse direct ion through venturies into the f i l t e r s  removes the powder 
collected on the f i l t e r s .  

The calcine produced is  a dry +l=sSy powder with a par t ic le  mediufi diameter 

of 3 microns. The bul k density varies from .51 t o  1 .12 g/cc depending on feed type 

w i t h  a moisture content of <0.5 weight percent.(Table I )  The nonalkali metal n i t r a t e s  
/ 

a re  completely decomposed and approximately 30% of .the a1 kal i metal n i t r a t e s  

a re  decomposed to oxides. 
+4' !n .) 

The ease of a u t o m ~  the spray calciner ' s  process variabl es  (feed r a t e ,  

atomizing a i r  flow ra t e ,  furnace temperature and f i l t e r  blowback timing) has 
great ly  simplified the spray calciner .  Do to  i t s  simplicity i n  overall process 

r ~ J ~ ~ L l ! : Y y  
operation ( s t a r p u p ,  shutdovm, ~ ta - t r tww,  etc .  ), a trouble f r ee  operation i s  
obtained. dpprr ~ t r n  e je i;/ 
, The spray .calciner has been operated for  f i  800 hours calcining a wide variety 

of feed compositions (@tb&+...?5-"'- 
'2,:: :*J 

. & & W + ) - w i t h  sodiy content ranging 
: X L d  

from 0-2M - simulating AGNS waste and high iron simulating ~ ~ f ~ u n s t e .  
4 

, A 510 hour continuous r u n  varying i n  f$h r a t e s  and coupled to  

an Inconel- Melter exposed two inadequacies: ,l!xcessive nozzle w a r  and spray 
chamber foul i l e  wear on the a i r  -cap grea t ly  a f fec ts  atomization, 
thus having a on spray charnkr fouling. Through extensive study and 

' t es t ing ,  nozzle wear and spray chamber foul ing has been el iminated. 

The nozzle tip has evolved from a s ta in less  s teel  t o  a ceramic t i p  (Figure 

1 ).  Sarium carbide has decreased nozzle wear, b u t  a ceramic  ti^ made of 96% 

alumina has not shown any detectable wear (< 0.5 mils) a f t e r2ea r -1 :~  50 
hours on the spray calciner and over nine hundred hours on4he  nozzle t e s t  . - ' ,  

J-: 

stat ion.  -@I the 1/4 inch o r i f i ce  nozzle,,-,?--ratio o f  atomiz~t 'on a i r  nozz'le pressllre 



TABLE I 

Operating Data f o r  t he  Spray Cal c iner 

.Sirnu1 a ted ~ e e d ,  Types: 

TY pe , 2IMTU 

PW-4 ~ ( G E )  378 
PW-6 ( ea r ly  AGNS) 378 
PW-7 (AGNS HLLW) 378 
PW-7A (AGNS H L L W - I L L W )  378 4W-8 (NFS HLLW) ,378 
GNS- ILLW 283 

P w - B ~  (uf-5 CILCUJ-=C~*J 378 
Feed Rates: 

Na Content, M g oxide/2 

1 /I-i nch chamber 0 - T 

21 inch chamber 0-762/ hr 

Feed Nozzle: 

Type: ' Internal  mix ! S p r a v t m  s ~ j d r n .  C, 5,4,15 4P a n d 7 L .  
Size:  Feed opening 1/8" and 174," 
Material : Ceramic (96% alumina)' a i r  cap SST . f lu id  cap and body 
Atomization: ~ tomiza t i on  Air <:; .:; :-. pressure ' ?  2-0 .  

- 

Feed ' .. Pressure - 

For dr~,de) s i z e  5 70 microns - 
Wear: ~ 0 . 5  mls I..: s M e t c . ?  . of 45 hours . ~ r l  the. spray ca lc iner  and 

over 900 hours [.n t he  nozzle t e s t  s t a t i on .  . . 

opera t ing  Temperature: 

Furnace ~ m p e r a t u r e :  780°C 
Spray Chamber : 700°C 

. F i l t e r  Housi'ng: 350°C ' 

F i l t e r  Data: 

.Type - 15 reinforced 316 SST s in te red  f i l t e r s  
Mean Pore Size - '"-P 1 ' 

y c . , . ' , l  Dimensions - 2 i n .  0  x 2 f t .  long x 1/16 in .  th ick  
Total F i l t e r  Area - 15 f t 2  
F i l t e r  A P  under normal operating condit ions % 13 inches of m t e r  

, Blowback system - a i r .  - 60 psig 
cycle  - .2 m i n u b s  

a pul se '- .z5 seconds . ' ' .  C 0. 
V i  bra tors :  ' Pneumatic v i  b r a t o r s b y  Cl eve1 and V i  bratorn,  Model 1300AC V i  bra-Might 

Frequency . 2000~2700 L\.br-~+ Lon r c  M I  fidAe. 

Force 260-370: pbu-45 

' .. Proper t ies  (~ependent  on Feed Type): 
-. 

Bul k dens i ty ,  g/cc ' cj, 5 ... 1 , 9 :. 
Angl e .of Rep.ose , degrees 4 0  
Moisture Content, wt p j e n t  <O.  5 



TABLE I  (CONTINUED) 

NO3 - conked ,  w t  p x e n t  . ~ 2 0 . 0  
P a r t i c l e  Size,  p <I0  3 ~ M P E ~ )  

... 7. .  : : .  ':":,.< . :- . 

LonSscaS ~ o n . ~ ! v r ~ c u s  Ru n 
. " 

51 0 hours 
I ,  0 p .:- la'<, : .. ' ' . . .  C . - . -  ,J . & 

. . , .  



, 

s"----' - /1"- ----. 
- .  -. . o f  g reater  than 2 w e & o z 2 ~ e  -- pressu r9  i s  a p re requ is i te  t o  atomize t he  
--. --. . feed t o  the  requ i red p a r t i c l e  s i ze  o f  l e ss  than 70 microns. r51 Nozzle p lug- 
-- - .  
v- . - jng has no t  been experienced; a sieve i n s t a l l e d  on the feed l i n e  i s  used t o  

f i l t e r '  ou t  l a rge  so l ids .  
.. . -- Spray chamber f ou l  i ng  has been compl e t e l y  e l  iminated by using tm, modi - 
- -- -- . f ied  commercial l y  ava i l ab l e  (Cleveland AC v i  bra-might) v ib ra to rs .  They a re  

. . 
-. - mounted on s p r i n g s  i n  a housing and f i t t e d  w i t h  extension sha f t swh i ch  per- 
--. - ' m i t t ed  mounting .on the e x t e r i o r  s'hell o f  the  spray furnace. The extension 
-- -- sha f t  passes thrcugh tunne ls  between the  upper and lower zone and a re  located 
-- 180 degrees apart'. The spray chamber was f i t t e d  w i t h  impact pads . . 
.- . 
. .. s t a i n l ess  s tee l .  The spray chamber was d e l i b e r a t e l y  scaled by 

. . 
-. +4$4 
. .. operat ing a t  h igh feed ra tes  wi thout  v ib ra t ion ;  bawve&, t h e  vibrators,~removed 

the scale w i t h '  o n l y  one 3 second pulse cycle.  Studies conducted on t he  v i b ra to r s  
-. hapye and spray chamber +as no t  shown any s ign o f  f a t i gue  o r  cor ros ion due t o  v i b r a t i o n  

r r l  

o r  ca l c i na t i on .  LbJ Trrl c I /LMJ f 
-. . The maximum demonstrate Acapac i t y  i s  762lhr  o f  simulated waste i n  a 21 inch  

(0.83f) I D  spray chamber. ( ~ i $ u r e  4)  Due t o  low capac i ty  o f  the f i l t e r s ,  the o f f  
-. gas was rerouted d i r e c t l y  t o  the condenser. Higher capac i ty  was jeopardized due 
-. .. 
,.. . t o  equipment not  r e l a t e d  t o  the  spray ca l c i ne r  u n i t  unable t o  handle t he  higher 
... . 
, . feed ra tes .  During the cdpac i ty  r un  i t  was' not iced t h a t  the higher t he  feed 
... .. 
. . r a t e  t he  lower the  percentage o f  ca lc ined powder ca r r i ed  t o  t he  f i l t e r  housing 
- .. 
.. - b y  the  off-gas,decreasing from 'approximately. 50 wt% a t  5021hr t o  30 wt% a t  SOL/hr. 

The spray' ca l c i ne r  has been coupled t o  the In-Can Mel ter  and has success- 
5/ ,,p:, 

.. . . . , f111 l y  t ransmi t ted the ca l c i ne  through a 60 degree4d,iverter 1 i ne  coup1 ing  the  two. 

. . u n i t s  w i thout  the  use o f  v i b ra to r s  o r  any mecha'nica'l devices. Th is  same i n t e -  
/ 

0- . , grated system was successfu l ly  demonstrated. i n  t he  WSEP program w i t h  f u l l  1 eve1 s 

o f  r a d i o a c t i v i t y .  r31 F igure 2 shows a photograph o f  t h e  WSEP ca l  c i n e r  w i t h  both 
-- . the  continuous metal 1 i c  me1 t e r  furnace and the in-can me l t i ng  furnace. 

Studies on the blow baek system f o r  the s in te red  s t a i n l ess  s tee l  f i l t e r s  
- .  have shown t h a t  the  solenoid valves can be located as f a r  as f i f t e e n  f e e t  away 

from the  ventur ies  and pul sed =&L 

. .. . , between pulses increased cake 
-. .. 
... t he  e n t i r e  f i l t e r .  Upon 
.- pressure drop across the  f i l t e r s  t o  6 value comparable t o  a "clean f i l t e r " .  

It was shown t h a t  AP across tho f i l t e r s  increased s l  i g h t l y  uver the value o f  a 
.., . "c lean f i l t e r "  when blown back every two minutes. 







An industrial scale spray calciner is in the dksign stage and w i l l  be i n  
operation this year. The spray calciner will have the capacity to  calcine 
the h i g h  level waste from a 5 metric t o b e  per day nuclear fuel reprocessing 

a d  plant containing up t o  2i sodium. 
h 

Fluidized Bed Calcination 
A fluidized bed calciner (Figure 3) has been installed and operated a t  PNL 

since l a t e  1974. Objectives have been to  study the calcination of simulated h igh  

level commercial nuclear w s t e  and its impact on the subsequent v i t r i f ica t ion step. 

Significantly improved operating concepts have been developed which capital ize 
on the fluidized beds excellent heat transfer,  heat distribution, and sol ids 
mixing properties. These unconventional operating techniques have reduced or 
el iminated problems such as decay heat consideration and part icle size control 
which frequently trouble conventional type calcination techniques. 

The pi lo t  scale equipment (Figured-):,consists of a 1.7m (5.5 f t . )  t a l l  
calciner vessel which has a 17.lcm (6.8 i n . )  square bed section and a 24.8cm 
(9.8 in.) square disengaging section. A perforated gas distr ibutor plate i s  
used. Product materials exi t  the calciner vessel via an overflow l ine ,  off -  
gas 1 ine or bed remoyal 1 ine al 1 1 eading to  a gas-particulate separator vessel . 
With  the present design gas and particulates are separated by a cyclone, gravity 1 
or sintered metal f i l t e r s .  The cluster of 17 f i l t e r s  offer  2.6m2 (27.6 f t 2 )  of 
f i l ter ing surface nominally rated a t  65 micron pore size, The f i l t e r s  are 7.0 
cm (2.8 in.) i n  diameter, ten f i l t e r s  are 45.7cm (18 in.) long and seven are 
91.4cm (36 in.) long. The f i l t e r s  are  housed i n  a 52.4cm (20.6. in.) diameter 
vessel, Conventional blowback, including a high pressure a i r  nozzle directed 
into venturi tubes i n  the end of each f i l t e r ,  is used a s  required t o  maintain 
satisfactory low pressure drop across the f i l t e r s .  

The most successful operati ng concept demonstrated w i t h  the cal ciner has 
been termed the continuous inert-bed process (CIB). A s tar t ing bed of iner t  
material (Si02) i s  fluidized a t  about 30 crnlsec (1 f t / sec)  superficial velocity 
while process heat is supplied by the combustion of oxygen and kerosene direct ly 
i n  the bed. As waste feed i s  introduced through an a i r  atomized nozzle and the 
calcination reaction occurs the continuous addition o f  ine r t s  t o  the bed is 
started. The calcine coats the particles, i s  spray dried, or  coats and a t t r i t s  
from the material. Product i s  o v e r f f o w d  and/ar elutr iated from the bed t o  main- 
tain the proper inventory. The degree of elutr iat ion or overflowing depends on 
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on the feed composition and amount of attriting force.app1ied to the bed. 
By using jet grinders, high attrition type feed nozzles or operating condi- 
tions condusive to the generationof fines, the amount of calcine in the bed 

can be reduced significantly. The particle size of the inert material added 
is generally in a size.range of 0.2 - 0.4 mm diameter. The rate of inert ad- 
dition is dependent on the next proces's-ing 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 wight of the 
calcine oxides being generated. Typically borosilicate glass frits are used 

at a frit to calcine ratio of 2.8:1. .The inert material is readily incorporated 
in, the ,frit. 

Some advantages of continuous inert bed operation 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 operabil ity is sig'nif icantly 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. 

Testing of this processing concept has shown it to be quite versatile over 
wide operating ranges. A summary of the cond'itions and performance to date has 
been summarized in Table X I ,    he 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 me1 ter with no operating problems observed. 

The use of sintered metal filters has been 'very satisfactory, no ill. effects from 
I, so.. .- 

the combustion heating has been noted. , .rSd- kSnetic ss pl ing has shown concen- "2 . to he-. 3$?:..'.aq I ,r_.---C_ . I 
trations of sol ids downstream of the filters ,: 0. f~~l , s c ~ , o f ,  non-condensabl e off ! ! X ~ ; , L C  

5 ++ 1 '.. -. . 

gas. This represents a DF of lo4 - 10 based ' concentration of calcined solids 

generated in the vessel divided by concentration in the off-gases. 
- . .  

\ 



TABLE ' IT 

OPERATING CONDITIONS TESTED WITH 
CONTINUOUS INERT BED CALCINATION 

. '  . 320. - 575 R/MTU Feed. 'Types 
; 0.01 - lM Na I ,  \ 

. . 80 - .  170-g oxide/& . , 

Feed Rates : 20 -'40 &/hr typical 
80 - 120 R/hr ft2 

Feed Nozzles .: .commercial air atomized external mix 
Simp1 e concentric tube type 

.Atomizing Air to Feed 
Volumetric Ratios 

Vessel Operating Pressure 2 - 10 in. H20 vacuum 
Operating Temperature 500 - 800°C 
Filter Pressure Drop 

Bed Properties 

Product Properties 

10 in. ; H20 average 
5 in. to 40 in. tested 

.0.2 -,0.5mm dia. 14 -.50% calcine 
Avg. Q 20% 

0.1 - 0.3 mm dia. 
Heavy fines or no fines dependent 
on feed, etc. 



., . . . .... - 

WIPED FILM EVAPORATION, . /-== 

A h i r i z b n t a l  wiped f i l m  evaporator,  

face ' a s  used t o  demonstrate t h e  

evaporator concept i n  t h e  conversion o f  h igh  l e v e l  1 i q u i d  hastes t o  a boro- 

s i l i c a t e  g lass  product.  F igu re  6;' il l u s t r a t e f t h e  sa l  i e n t  f ea tu res  of 

t h e  evaporator.  

Several- s imulated HLW formula t ions  were c.oncentrated t o  s l u r r i e s  con- 

t a i n i n g  up t o  60 weight percent  t o t a l  so l i ds .  F igure  $shows t h e  per formance,  

o f  t h e  evaporator when us ing a s imulated PW-6 fo rmu la t i on  as a feed stock. 

The o v e r a l l  heat t.r-an.sfer c o e f f i c i e n t  f o r  t h e  evaporator ranged f rom 
K7 

150 t o  250 BTU/hr - (OF -9. While t h e  c o e f f i c i e n t  increased w i t h  i nc reas ing  \d- 
feed ra tes ,  i t  appeared t o  be unaffected by t h e  product  composit ion, a t  l e a s t  

up t o  about 50 w i g h t  percent  t o t a l  so l i ds ,  a t  which p o i n t  t h e  heat t r a n s f e r '  

sur face began t o  scale a t  t h e  d ischarge end o f  t h e  u n i t .  As t h e  product  t o t a l  

so l  i d s  concent ra t ion  increased above 50% t h e  s c a l i n g  increased and t h e  heat 

t r a n s f e r  c o e f f i c i e n t  dropped r a p i d l y .  A sho r t  se r ies  o f  t e s t s  demonstrated 

t h a t  w i t h '  j a c k e t  temperatures i n  t h e  range o f  300°C and s u f f i c i e n t  r o t o r  d r i v e  

power t o  scrape t h e  sca le  from t h e  heat t r a n s f e r  surface, a f r e e  f l o w i n g  powdered 

product  cou ld  be r e a l i z e d  d i r e c t l y  from t h e  evaporator discharge. While t h e  

'product appeared t o  be dry ,  i t  a c t u a l l y  contained 10-20 weight percent  17M - n i t r i c  

ac id .  - 

The evaporator w s  connected t o  several m e l t i n g  systems t o  eva luate  t h e  

f e a s l b i l  J t y  o f  opera t ing  t h e  me1 t e r s  w i t h  evaporator  concentrates r a t h e r  than 

w i t h  d r y  c a l c i n e  p o d e r s .  ~ i~ure ' ; lshows t h e  ho r i zon ta l  evaporator d i r e c t l y  

coupled t o  a metal1 i c - t y p e  me1 t e r  l oca ted  immediately below t h e  evaporator.  Over 

200& b f  g lass  was produced f r o m  t h e  metal1 i c y  t h e  in-can, and t h e  j o u l e  heated 

ceramic me1 t i n g  systems processing evaporator .concentrates.  While t h i s  d i r e c t  

coupled opera t i on  o f f e r s  many advantages, e.g. h i g h  capac i ty ,  small s ize,  and 

minimum product  hold up, i t .  i s  n o t  w i thout  i t s  problems, such as, premature 

c a l c i n a t i o n  i n  t h e  evaporator d ischarge nozzle, which b locks t h e  f low of con- 

c e n t r a t e  o u t  o f  t h i s  evaporator,  and h i g h  s o l i d s  entra inment  i n  t h e  m e l t e r  o f f  

gases. 

The joule-heatcd ceramic m e l t i n g  system was t h e  l e a s t  a f f e c t e d  by t h e  evapora- 

t o r  concentrates, and f u t u r e  m r k  w i t h  t h e  wiped f i l m  evaporator  w i l l  be i n  con- 

j u n c t i o n  w i t h  t h e  c ~ r a m i c  me l te r .  
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VITRIFICATION 

An i n  can mel te r ,  cont inuous metal 1 i c  me1 t e r  and j o u l e  heated ceramic 

me1 t e r  have been evaluated and a r e  descr ibed below. 

In-Can Me1 t ing  --. 

The in-can mei t i n g  p iocess uses. t h e  storage c a n i s t e r  as t h e  me1 t i n g  ' ', 

c r u c i  bl-e f o r  v i t r i f y i n g  d m i x t u r e  o f  ca l c ined  nuc lear  waste and g lass  forming 

frit. The canister!  i s  p laced i'n a mul t i -zone furnace and coupled d i r e c t l y  

t o  t h e  o u t p u t  of a c a l c i n e r .  The c a n i s t e r  i s  heated t o  between 1050°C and 
. . 

1 1 0 0 " ~ ,  and ca lc ined  waste and frit a re  fed  t o  t h e  c a n i s t e r  a t  a r a t e  which 

does no t '  exceed t h e  me1 t i n g  capac i t y  o f  t h e  system.   he frit i s  metered 

cont inuous ly  i n t o  t h e  m e l t e r  a t  a r a t e  p ropor t i ona l  t o  t h e  c a l c i n e  genera t ion  . .  

r a t e .  The o f f - g a s  f rom t h e  me1 t i n g  m ix tu re  i s  vented through t h e  coup1 i n g  
4 

sec t ion  t o  t h e  c a l c i n e r  o f f - g a s  systeni. Because heat i s  generated by t h e  

waste,. t h e  temperature below the  .me1 t 1 eve1 r i s e s  above t h e  processing tem- 
. . 

pera ture  as t h e  can f i l l s  and t h e  furnace zones are  tu rned o f f  as t h e  m e l t  

- . l e v e l  r i s e s  above them. Cool ing i s  i n i t i a t e d .  ir;~ these. zones, bu t  t h e  tem- 

pe ra tu re  i s  mainta ined above 750°C t o  prevent  s e n s i t i z a t i o n  o f  t h e  c a n i s t e r  

m a t e r i a l .  - 

A f t e r  t h e  c a n i s t e r  i s  f i l l e d ,  t h e  c a l c i n e  and frit a r e  d i v e r t e d  t o  
. . 

another c a n i s t e r  i n  another furnace. The c a n i s t e r  contents  a re  mainta ined 

a t  t h e  mel . t ing temperature f o r  several hours t o  assure complete me l t i ng .  

Then t h e  c a n i s t e r  i s  r a p i d l y  cooled t o  avo id  s e n s i t i z a t i o n ,  capped and seal , .  

welded, 1 eak checked, decontaminated and m ~ v e d  t a  storage.. 

t h e  advantages o f .  1n-can Me1 t l n g  (ICM) are: 

s I C M  minimizes p r o c e 6 s t e p s  and equipment, 

o I C M  does n o t  r e q u i r e  t rans fe r  or! va.1vi.n.g of me! t, 
c I C M  assures t h p t  eyery t  h ing  . . t h a t  en te rs  the. mel t e r  , wi,th..the: . 

. 
except ion  o f  

some v o l a t i l e  species, i s  f ixed i n  t h e  stoMg& can.ister, 



. . 

m I C M  e l iminates the problem o f  meltier de te r i o ra t i on  and disposal.  

I C M  i s  no t  a f fec ted  by the add i t i on  o f  reducing, agents t o  the batch f o r  

phase separation con t ro l .  

' I C M  has po ten t i a l  f o r  higher waste loadings and lower processing tempera- 

tu res  because the v i s c o s i t y  does no t  need t o  be low f o r  dra in ing.  

e The I C M  process i s  wel l  developed: . . 
&f/C. " 4 ~  

1. Two' rad ioac t i ve  ' r u n g  made dur ing,WSEP program a t  PNL ' (F igure 2) .  

2.   if teen months experience dur ing c u r r e n t ,  WFP i n  which over 1000KG o f  

me1 t 'were produced i n  14 runs. 

3.  B r i t i s h  HARVEST/FINGAL Process and French PIVER Process provide s im i l  a r  

experience although they are l i q u i d  fed. 

During t he  past  15 months 'over 1000.kg o f  v i t r i f i . e d  simulated; riuclear 

waste we're produced. by fourteen engineering scale in-can me1 t i n g  runs. a t  PNL. 

The can is te rs  used i n  these t e s t s  were fabr icated from four-foot long sections 

o f  8 i n .  and' 12' i n .  diameter, schedule. 40 pipe made o f  304L stainl.ess s tee l .  

Many o f  the can is te rs  contained i n te rna l ,  r a d i a l  ff ins made from 114 in .  th i ck ,  

304L s ta in less  s tee l  p la te .  These f i n s  a.re placed i n  the  can' f o r  improving the 

me1 t i n g  capac i ty  o f  the in-can me l t ing  equipment, but  they a1 so improve heat 

d i s s i p a t i o n  dur ing storage. The f i n  desig,n determined t o  be most 

sa t i s f ac to r y  through computer model ing  , and engineering scale t e s t s  i s  the drop 

! i n  assembly shown i n  Figure 8 - . The f i n s  terminate 112 i n .  short  o f  contact ing 

the can is te r  wal l  so t h a t . t h e  temperature d i s t r i b u t i o n  around the circumference 
. . 

o f  t he  c a n i s t e r - w i l l  be near l y  uniform. I f  the f i n s  contacted the wal l ,  there 

would be hot spots along the 1 ines o f  contact  dur ing storage. 

~ o r r o s i s n  o f  the. 304L s ta in less  s tee l  can is te r  by the  me l t  dur ing the 

process does no t  appear t o  be s i g n i f i c a n t .  The r e s u l t s  o f  l abora to ry  corrosion 
j 1.. J i  f i r  9 -  , . . 

testkl@ndicate a 0.08 t o  0.15 mm/day r a t e  a t  1050°C. Exaniination o f  the wal l  s 
F A E  *_.- 8 f i ' ~ ~ i ~ h "  - * _  of, 

a n d . f i n s  from ~rocessed  can is te rs  v e r i f y  these labora to ry  r e s u l t s . ' ~ S p a l l  from the , , 
r .AGi% 

7 $ Y  : ! 
e x t e r i o r  surfaces o f  the can is te rs  heated i n  a i r  i s  s i g n i f i c a n t ,  however,:: soon 

amount t o  a considerable accumulation i n  the process furnace. A plasma sprayed coat ing 



-. . 
.A of zirconia on the surface o f  the canister was demonstrated to be effective for - . .. . - .- .-. --&. 

preventing spall. The.use of inert cover gas . during processing . .  also being 
I\ 

, . e v a l u a t e d t d  e* k . 4  8 

-.. Sensitization of the canister material during processing does not appear 
- 

. . t o  be a problem, except in t h a t  p a r t  of the canister which i s  located between 

-- the exterior of the furnace and the heated chamber.. coupling sections are being 
. . 

evaluated which will permit the complete canister to be within the hot  zones of 
- .  ':.the :farn.aee. 

. . .  
.-J 

Because the mean linear coefficient of thermal expansion o f  the v i t r i -  

fied waste i s  approximately half that of the stainless steel ,  the glass restrains 

->,-. the canister from contracting during cool ing; thus) introducing tensi 1 stresses 

. . in the metal. These stresses have been measured and shoved the canister wall 

had experienced yielding during cooling. Various canister d.esigns and thermal 
cycles are bein? evaluated t o  reduce th'i s stress, b u t  some- &mpreiii"e, force-on 
the glass i s  good for i t s  integrity. % G b * .  ~ k y h  C?\) 

'3 
The engineering scale 'in-can melting equipment at'&&? PNL has been suc- 

c-. 
.. . cessfully operated while coupled directly t o  a spray calciner, a fluidized bed . . - - - - --- 
. . calciner, and a wiped fi?m.evaporator. Melting rates as a function of canister 
,- .. . ' diameter, f ins,  and  type of feed are presented in Table ..[I),,, calcine and 
-. .- f r i t  melting rates of u p  t o  30 ,kg/hr have, bee.n achieved wi.th 8 i n ,  diam, fi.nn.ed 

canisters. A computer model predicts rates in excess of 50 k g / h r  for 12 i n  d i a b n t  

finned canisters. LIquid feeds such as concentrate from the wiped film evapora- 
. . tor are no t  recommended for in-can melting because they greatly reduce the melting 
- .  capacity and load the off-gas with entrained solids. 
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... . TABLE I11 

IN-CAN MELTING WTES 

Can '~.iameter, .No. of 
Inches F i n s '  

Concentrated Liquid ' Feed 

8 8 

Batch 
P r e ~ a r a t  ion 

~l ended Polders 
Blended Powders 
Bl ended Powders 
Metered Frit 

WFE* Concentrate 
Metered Frit 
WFE* Concentrate 
Metered Frit 

Calcine t o  
Frit Ratio 

1:2 
1:3 
1:3 
1 :2.9 

~ e l t i n g  Rate 
kg/hr 

* Wiped Film Evaporator. 



Joul e  Heated' Ceramic Me1 t e r  
7 

@ -  - I n  t h i s  type o f  me l te r  a l t e r n a t i n g  c u r r e n t  i s  t ransmi t ted  f rom submerged 
.V.. . --.. e lec t rodes th rough . the  molten g lass  where i t i s  d i ss ipa ted  as heat. The mol ten 

.. .- 
. -  g lass  i s . con ta ined  by h igh  temperature, co r ros ion  r e s i s t a n t  ceramics.. Using 

-..~ the  mol ' ten g lass '  i t s e l  f a s  t h e  ' "heat ing eiement" assures thorough me1 t i n g  a t  
. .  . h i g h  throughput c a p a c i t i e s  wh i l e  me1 t i n g  even d i f f i c u l t  h i g h  i r o n  ox ide  con- 

[: .I . I 

t a i n i n g  glasses. 
[: 1 Development o f  a  . j o u l e  heated ceramic me1 t e r  s t a r t e d  i n  l a t e  1973. 

During 19'74 f o u r  l abo ra to ry  scale mel ters '  were constructed, and tes ted.  From 

e a r l y  t e s t i n g  i t  was determined t h a t  m e l t e r  s t a r t u p  'and r e s t a r t  w i t h  a  f rozen 

tank was a  f a c t o r  which might  l i m i t  i t s  use. The s c a r i f i c a l  element s t a r t u p  

techniqueC I was developed and t h e  i n i t i a l  s t a r t u p  and r e s t a r t  w i t h  a  f rozen 

tank has been repeated ly  demonstrated. T h i s  . techniqu.e . employs c o i l  s  o f  r e s i s -  

tance w i re  which span the  me1 t i n g  c a v i t y  between ,the main e lectrodes.  These 

c o i l s  a r e  used t o  heat the  g lass  t o  t h e  l iquidous'where - t h e  g l a s s  becomes con- 

duc t ive .  A f t e r  ach iev ing  c o n t i n u i t y  between t h e  main 'e lec t rodes through t h e  

glass, t h e  c o i l s  a r e  r a p i d l y  consumed. by t h e  mol ten g lass.  u s i n g  t h i s .  technique 

heat up r a t e s  as l o w  as 6"C/hr t o  as h igh  as 300°C/hr have been demonstrated. [: 1 
c o r r o s i o n  t e s t s  o f  commercial ly ava ia l  b l e  r e f r a c t o r i e i  aga ins t  t h e  re ference 

z i n c  b o r o s i l  i c a t e  glasses were completed by Bates. [ Among several acceptable 

m a t e r i a l s  a  fused c a s t  h igh  'chrome ox ide r e f r a c t o r y  was found t o  be super io r .  A  

sample of t h i s  m a t e r i a l  ccas r o t a t e d  i n  t h e  g lass  a t  1250°C'for 30 days and ex- 

per ienced o n l y  0.0$d wear. Th i  s  r e s u l  t suggested t h a t  r e f r a c t o r y  c o r r o s i  bn 

should n o t  l i m i t  me l te r  l i f e .  

The in fo rmat ion  from t h e s e  co r ros ion  t e s t s  and t h e  l a b o r a t o r y  scal e  me1 t e r s  

was used t o  des ign an engineer ing scale m e l t e r  i n  l a t e  1974. [ I n  January 1975 

t h e  mel te r ,  shown schemat ica l ly  i n  F igu re  10 was s t a r t e d  up. ' The s i z e  o f  t h e  

m e l t i n g  c a v i t y  was 0.36,d wide, 0. i$  long and 0.y deep. ' The u n i t  was maintained 

a t  a  nominal . g l ass  temperature i n  .excess o f  11 50°C f o r  10.8 cont inuous months 

, , be fore  i t  was shutdown. Simulated waste ca l c ine ,  g lass  frit and s imulated l i q u i d  

w s t e  s o l u t i o n  were fed  t o  t h i s  u n i t  t o  evaluate i t s  o p e r a b i l i t y .  A summary o f .  

t h e  m e l t e r ' s  performance i s  g iven i n  Table I V .  
, . While feeding. c a l c i n e  and frit po'wder, t he  engineer ing sca le  me l te r  repeat -  

% e d l y  demonstrated smooth opera t ion  a t  a  capac i t y  i n  excess o f  45 g/hr.  The 

h igh  me1 t i n g  capac i t y  o f  t h i s  t ypo  of melter suggested t h a t  d i r e c t  1 i q u i d  feeding 
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TABLE I V  

ENGINEERING SCALE CERAMIC MELTER PERFORMANCE 

-. . Time a t .  .Operating Temperature 
(Near1 y Continuous ) 

. , -  Tota l   mount o f  Glass Produced 

Capacity 
. Calc ine Feeding 

Maximum 
Average a'l:l. t e s t s  

L i qu i d  Waste Feeding 
Max imum 
Average a l l  t e s t s  

- 10.8 months 
(7900 h) 



'i . , 

of the HLLW might. be feasible .  Five separate t e s t s  were completed t o  evaluate 

t h i s  process. These t e s t s  showed tha t  t h i s  uni t  was capable of processing 25R/hr 
of simulated HLLW concentrated to  378R/MTU. I t  was found tha t  a portion of the 
g l a s s  f r i t  needed to be s lurr ied with the HLLW prior t o  feeding t o  insure rapid 

me1 ti'ng . In the most recent t e s t  the.molten . . su,rface 'was completely covered 

w i t h  20-40fl of the solution w i t h  no loss. i n  .processing rate.. Uhen the pool 
was covered . w i t h  the waste solution, i t  vas found tha t  . less  than 0.5% of the 
waste was entrained in the off gas stream. ~ r o m  these t e s t s  i t  appears f eas ib le .  

i' 
to. process l iquid waste. di .rectly p~ this type of. melter. This promises t o  provide 

L. 

a s ignif icant  simplification i n  the v i t r i f i ca t ion  process. .. 

After 10.8 months of continuous operation the melter was shut down and 
examined. No observable, general refractory ,wear could b e  noted. The  >conel (RJ 

I 

690 electrodes experience a weight loss  of l e s s  than 3.5%. These r e su l t s  suggest 
tha t  an operating l i f e  in excess of B y e a r s  may be readily achieved. 

The engineering scale melter has proven t o  be a rugged piece of process equip- 
ment. I t  has recovered from e lec t r ica l  power outages (>25 minutes), sudden addi- 
t ions of 1 iquid solution, periodic under- and ~ v e r - ~ o w e r i n ~  and the presence of 
molten metal [ ' without loss  of operabili ty.  The tes t ing  completed to  date 
strongly suggest tha t  t h i s  type of melter has excellant potential for  use as an. 
improved waste v i t r i f i ca t ion  system. 

Continuous Metallic Melter 
The continuous metal1 i c  melter, shown schematically i n  Figure 11 i s  an 

Inconel 6 9 0 Q  crucible i n  which calcine and glass  f r i t  a re  continuously me1 ted, 

then batch dumped through a 6 e e z e  valve into the receiving canister.  Since 
1965 over 2000 hours of operation have been loyyed a t  Bat tel le  w i t h  t h i s  type 

crsa e? 
me1 t e r .  Over 1200 of the operating hours hasce-Been logged during in-cell v i t r i -  
f icat ion of actual high level waste during the WSEP Program [21 

T ie meta l l i c  rnelter i s  designed t o  o p r a t e  a t  119.3 t o  1207OC. 

O?erating a t  a w l t  temperature of 115C1°C.viith mechanical agi,ta- 
*u-- t i o n ,  the capacity of the p i l o t  uni t  s h o i . i n A d e  
r\. 

.15 k g / h g  

QJ' Scalzup calculat ions f o r  a s t i r r e d  me1 tef- indicate  t h a t  a 

rhelter capable.of v i t r i f y i n g  w a s t i  a t  a r a t e  of over 69 k g / h r  \:auld 

bi;- diameter a 6 2 9  in '.d 



.During extended operation a cerium rich phase, which does 

: not  dissolve we1 1 i n  the glass a t  1 1  5 0 " ~ ,  hhs been observed t d  

accumulate on the rnelter f loor .  A1 though the exis tence of t h i s  

: phase is  not- detrimental t o  g l a s s  du rab i l i t y ,  
. : 

. . .  
the phase has a much higher viscosi ty  than the g.lass and can 

-. 

cause, ye1 t e r  drainage t o  be d i f f i c u l t .  l i i th  mild ag i t a t ion . , ;  . '. 
. . 

1 0  to  40 rpm, the p'hase can be kept dispersed. Excessive . . ." 

ag i t a t ion ,  grea-ter than 100 rpm,. should be avoided because o f .  

increased melter corrosion. In f a c t  corrosion ' resu l t ing  from . 

a g i t a t i o n  i s  believed to  be the major fac tor  l imi t ing  melter 

T l i f s c a J .  Due t o  corrosion t he  projected l i f e  of an mcone l  
. . . . 

melter with 1 /2 ' inch  thick k a l l s  i s  2 to  6'months. 

During long term hot ce l l  .operations , ' t h e  metal1 i c  me1 t o r  

has bee'n S!IOPI~ to  be a r e l i a b l e ,  remotely operable u n i t ,  capable 

of ~ r o d u c i n r ~  current ly acceptable . \raste glasses.  . 

-4, I, &'# 
d l  A 

fib* liorlever cerium pllase separations necess i ta tes  the 
A 

use o f  mechanical a g i t a t i o n ,  with i t s  attendant accelerated 

corrosion r a t e  and added complexity. Therefore i t  has heen 

deci Zed t o  deemphasi ze development o f  t h i s  mcl t e r  type, pending 

the i d e n t i f i c a t i o n  of more corrosion r e s i s t a n t  mater ials .  
- 
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Integrated Processes for Close Coupled Calcination and Vitrification 
Current U. S. regulations require sol idif ication of commercial h i g h  1 eve1 

wastes w i t h i n  5 years of reprocessing. Dur to the high cost of 1 i q u i d  waste 
storage tanks, earl ier  solidification i s  planned and waste sol idification facil i- 
t i e s  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 me1 ter.  
Due to i t s  versatil i ty  the spray calciner/in-can melter i s  currently being de- 
signed for use a t  the Nest Valley Nuclear Fuel Services eprocessing plant. P 
Direct Cal ci ner and Me1 ter  Coup1 ing 

The calciner and me1 ter  are closely coupled to  avoid the problems encountered 
i n  calcine storage and transport. In addition, the calciner and melter are easily 
operated as one u n i t  since the spray calciner has no holdup and startup and shut- 
down do= not produce any adverse effects. The fluidized bed calciner operated 
by the CIB technique i s  also relatively unaffected by startup and shutdown. For 
most plants, t w o  i n  can me1 ters are proposed. Thus, any failure of one u n i t  would 
be foll'okd by immediate switching to  the second canister. 

Storage of heat generating calcine i s  quite a different problem from storage 
of 1 i q u i d  due to  the difficulty of calcine transport and the difficulty of heat 
removal to avoid calcine sintering and agglomerating i n  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 

b. 
to the me1 ter.  The a1 ternative, gravity flow system, would require increasing 

rl A 
cell height about 4-6 

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 b i n ,  

it i s  anticipated that the maximum allowable routine storage temperature would 
be below 800°C. Based on this  center1 ine temperature and on recent thermal 
conductivity measurements of simulated c m e r c  ial HLW cal cineL I ,  the fol 1 owing 

he rle 
bin t h i c k n e x h  been calculated for calcine generating 90 watts of heat per 
kg. Thi s  corresponds to waste approximately t w o  years out of reactor. To store 
fluidized bed calcine from reprocessing o f  5 MTU/day for 14 days abour 2.7p of 



- '  

. ' storage is required. 
Maximum Ca1 'ne Bins Required 
Thickness # for 14 days 

Storage 
slab s r h a  bin ,eternal ly water cool ed 

x 1.2 W 10 10 
bin, free air convection cooled 7 . 15 

cyl indrical bin, externally water cooled 14 70 
(2.5mH. ) 

cylindrical. bin, free air convection cooled 9 170 

Since improved plant operational efficiency can a1 so 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 ta technology 
development and demonstration of the total waste so1 idif icatfon 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 me1 ter. The concep- 
tual integrated process is shown in Figure 12. As part of the. design effort, 
a full sf re developmental spray calciner/in-can me1 ter 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. . 

a HLLW-ILLW received from reprocessing 5 MT/day of 33,000 MWD burnup fuel 
a A waste concentration of 567fi/MN 
e 75 Kg cal cine-per MTU 
0 Borosil icate 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 proccssing equipment shown in Figure 13 can he contained in a 
cell 8 h i d e  by 6 PJdeep with a working depth of 12 ,d 
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Feed Tank and Cani s t e r  Sizing 

The waste s lur ry  i s  contained i n  an agi ta ted,  cooled feed tank capable 

of containing suf f ic ien t  waste to  f i l l  a glass  canis ter .  Many fac tors  contr i -  

bute t o  determining the s i ze  of the g lass  canis ter  and hence the  feed tank volume. 

However, for  1 year out of reactor reference waste a canis ter  of g lass  containing 
8 internal drop-in f i n s  can be as  large a s  35 @&"diameter and hold the waste 

from 4 MT of fuel in a nominally 3 meter long canis ter .  The diameter i s  limited 

by the requirement tha t  the center l ine temperature of the g lass  be l e s s  than 800°C 

during a i r  storage. A t  two years out of reactor the canis ter  could be 5 1 1 -  
diameter (Figure 14) and contain waste from 8 MT of fuel .  T h u s ,  the feed tank 

would contain 25002 of waste depending mainly on the heat generation ra te .  
Calciner - The nominal waste flosvrate t o  the calciner i s  130 2/hr including 10% 

recycle from the eff luent  scrubbing system. A t  this feedrate a s ingle  spray 

calciner or fluidized bed calciner about 1 , d i n  diameter by 3 , d t a l l  converts 
the l iquid waste t o ' a  dr powder fo r  melting. Glass former added t o  the lower 4 
unheated part  of the calciner  flows by gravi ty to  the melter below. Totally re-  

mote features  such as  incorporation of the spray calciner feed nozzle into a 
remote connector enhance the maintainabili ty.of the system. 
Effluent Treatment - Vapors passing through the sintered stain1 ess  s tee l  ca l -  

ciner f i l t e r s  cgntain l e s s  than 0.1% of the nonvolatile feed constituents and 
l e s s  than 2% of the radiorutheniurn. These radionuclides a re  removed by wet 
scrubbing.techniques, concentrated, and returned to  -the calciner.  Designing 

the eff luent . t reatment  system fo r  waste several years out of reactor of fers  . . 

l i t t l e  savings over design fo r  1 year out of reactor waste. 
In-Can Melter - Since calcination i s  a continuous process and melting i s  batch., 

two me1 t e r s  a re  coupled t o  the cal ciner via a d iver te r  valve. Each me1 t e r  fur- 

nace i s  1 .&.n diameter by s l  ight ly  over 3 ,Pf t a l l  and i s  capable of processing 

60 &by 3 pdcanisters.  In operation, calcine and f r i t  a r e  fed to  one melter 
un t i l .  the  desired me1 t level i s  reached a t  which time the feed i s  diverted t o  
the other canis ter .  After the melter operat ion is complete the furnace is  dis-  

connected from the f i l l  head and t ranslated f a r  enough fo r  canis te r  removed by 

crane. An empty canis te r  i s  inserted in the furnace and reconnected t o  the f i l l  

head. Use of a 4.f length canis ter  ins tead  of 3 /may improve me1 t e r  capacity 
and will a1 low 50% more waste per canis te r ,  b u t  will require a 1.5/ increase i n  
ce l l  height. 
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FIGURE $4 Canister Diameter Selection -. 
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canister  Operations - Although the c a n i s t e r s a r e  designed t o  be safe during 

a i r  storage, water cooled storage . . and work locations a re  provided t o  prevent 

'excessive heating of the ce l l  a i r .  -The cooled canisters  are closed and seal 

welded then leak checked w i t h  a mass spect'rometbr prior t o  decontamination by 
++rsLir . 

water spray. and duchaqg t o  the water storage basin. 
. . 

Joule Heated Ceramic Me1 t e r  PRO[€% 

c . K v i t r i f i c a t i o n  f a c i l i t y  u t i l iz ing  a ceramic me1 t e r  .would be similar to  
the.previously described f a c i 1 i . t ~ .  .Since the  height of the.melter i s  signi- 
fic'antly l e s s  than tha t  of a calciner  the. required ce l l  height would be re-  

duced t o  about 8,dwhil e other '  ce l l  dimensions would be re1 a t ive ly  unaffected. 
/ With the  exclusion of the calciner ,  other major ce l l  equipment, including the 

feed system, o f f  gas treatment , and canister  operation would be similar. 

From the experiments compl esed with the current ceramic me1 t e r  i t  appears 
3:.p;,p> 

3 ~ 3 , e  practical t o  feed the HLL\;J, a reference 5 MTU/day reprocessing .plant d i r ec t ly  
t o  the melter when concentrated $0 3 7 8 . ~ 1 ~ ~ ~ .  This process consolidates the 
evaporation-calcination.and v i t r i f i ca t ion . s t eps  into a single piece of process 

equipment and t h u s  provides a s ignif icant  simplification i n  the conversion pro- 
cess. Near term development plans are  t o  construct on improved melter design 

[fl*'c: -.;;..:> f ;  

which will be capable of processidg 3 5OL/hr of HLLW. Methods of boosting the 
capacity are  under study and will be tested i f  promising (e.g. ionic heating 
the aqueous solution in the me1 t e r ,  microwave heat ing,or preconcentration by a 
wiped film. evaporator). The direction of development w h i c h  will be pursued i s  , 

dependant upon the' success of the boasting schemes. If  successful, the me1 t e r  
will be designed fo r  remote nperation and tested.  If boosting i s  not a promising 
approach, the me1 t e r  will be scaled u p  and tested. The objective of t h i s  develgp- 
rnent program i s  to  have a viable design by 1978 which can be used i n  a fu l l  scale 

reprocessing plant.  *consol idation of a1 1 wastes from a fuel reprocessing plant 
-. 

- ' appears economically a t t rac t ive .  A flow sheet has been proposed which would ac- 
compl ish this goal. The HLLW, ILLW and a wdstc (incinerated ash) streams would 

-.. - be combined ar~d  converted to  a glass.  The glass  would then be drained into a 

cani kter f i l l  ed with cladding hull s and would form a matrix around the hull s. 
Evaluation and laboratory test ing of t h i s  scheme is  in progress. Should t h i s  

,--. . 
. - process appear feasible ,  the  ceramic me1 t e r  wuld play a central  role .  A joule 

heated ceramic mclter would he desiqned to processthkmuchhigher  cjlass through- 
puts required and a1 so provides the needed me1 t draining control into the clad 
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filled canisters. Initial. testing 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. 

. . . . 

Surrunary 
Experience gained through the development and operation of calciners and 

glass melting systems has provided the information needed for selection of a 

high level waste sol idification system. At the present time a spray calciner 
coupled to an in-can melter is sufficiently developed that design of an inte- 
grated system is underway for implementation at a U.S. commercial fuel repro- 

cessing plant. A fluidized bed calciner operated with the addition of silica 
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. These systems will be demonstrated at 
the full scale capacities required for vitrifying HLLW from the reprocessing of 
5 MTIday of spent power reactor fuel. 
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