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ABSTRACT 

Process equipment and a control system have been developed for  an 
evaporation-calciner process fo r  reduction of radioactive waste solu- 
t ions t o  solids.  A 25-l i ter  evaporator close-coupled t o  an '8- in .  dia 
x 90-in.-long calciner was operated and controlled successfully. The 
l iquid  f i l l i n g  ra tes  fo r  -ex waste and TBP-25 wastes were 20 t o  30 
l i t e r  s/hr . The evaporator overhead decontamination factor was about 
lo3. 
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To be presented a t  the National Meeting of the American Ins t i tu te  of 
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information i s  not t o  be abstracted, reprinted or otherwise g iven pub l ic  d is -  
semination without the approval o f  the ORNL patent branch, Lega l  and Infor- 
mation Control Department. 



INTRODUCTION 

The over-all pot calcination process has been described before (1-3) - - . 
In t h i s  process high-radioactivity-level l iquid wastes from nuclear fue l  
processing plants would be reduced t o  thermally stable solids by evapora- 
t ion  and pot calcination t o  +OOO@, The calciner pot i t s e l f  would serve 
as  the ultimate waste storage container, t o  be disposed of by storage i n  
a dry, protected location, such as  a salt mine. The cost of this method 
of permanent disposal of radioactive wastes compared t o  the present method 
of tank storage as  l iquids i s  s t i l l  not certain ( 4  -9 - 5 ) ,  but it should 
resu l t  i n  a large reduction i n  hazard. 

A number of t e s t s  were made i n  an 8-in.-dia by 90-in.-high calcination 
pot, close-coupled t o  an evaporator, t o  determine the operabili ty of the 
pot calcination system and the nature of the product. Simulated Furex and 
TBP-25 wastes containing nonradioactive ruthenium were investigated. 

A batch process was also tested with these wastes, and the data and 
flowsheets developed w i l l  be used for  design of a p i l o t  plant t o  be b u i l t  
a t  the Idaho Chemical Processing s i t e .  

In the pot calcination process, radioactive waste i s  evaporated as 
much as possible without precipitation of solids, and i s  then pumped t o  a 
calcination vessel i n  which it i s  thermally decomposed t o  metal oxides and 
sulfates  a t  temperatures up t o  9 0 0 ' ~  ( FYg. 1) . After calcination i s  com- 
plete,  the vessel i s  disconnected from the system, sealed, and transported 
t o  a permanent storage s i t e .  The calcination off-gas i s  recycled t o  the 
evaporator, and the evaporator off-gas, containing all the n i t r i c  acid i n  
the original waste, i s  passed through a de-entraining section containing, 
e.g., Yorkmesh or impingement plates,  t o  remove entrained f ission products. 
The n i t r i c  acid thus decontaminated i s  concentrated by d i s t i l l a t ion ,  and 
the concentrated acid i s  recycled t o  the fue l  processing plant.  A second 
evaporation may be necessary t o  obtain suff icient  decontamination for  
re-use. The d i s t i l l a t e ,  ve-ry-low-concentration n i t r i c  acid which has been 
highly decontaminated, i s  discharged t o  the environment or recycled as  
makeup water. The volume of off-gas discharged i s  small, being only tha t  
from instrument bubblers and system leakage. The system can be made 
essent ial ly continuous with one evaporator feeding a number of calcining 
pots operating i n  sequence. 

The heat generated i n  the calcined solids by radioactive decay must 
be removed a t  a r a t e  suff icient  t o  keep the temperature of the solids 
below the calcination temperature. Otherwise, residual n i t r a t e  or sulfate  
may be decomposed during transportation and storage, causing a dangerous 
internal  pressure, and corrosion of the vessel may be accelerated. The 
po%s w i l l  be 6-24 i n .  dia  and 8-15 f t  high, the diameter being limited by 
the a b i l i t y  t o  lose decay heat (6) under storage conditions and the length 
by the size and weight of shipping cask permitted on public carr iers .  
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EQUIPMENT OPEAATION 

I n  t e s t s  with simulated Purex and TBP-25 waste, operation of a close- 
coupled evaporator and an 8-in.  -dia by 90-in. -high calciner was sa t i s fac tory .  
The average feed r a t e  fo r  TBP waste was 25-30 l i t e r s / h r  and fo r  Purex waste 
  able 1)  concentrated t o  40 ga l  per ton of uranium p r io r  t o  evaporation, 
20-25 l i t e r s / h r .  The calcination time was 8-10 h r ,  and the  change-out time 
8-10 h r .  Thus, i n  t h i s  equipment, Purex waste from processing of 1.75-2.0 
tons of uranium could be calcined i n  1 day on a 2-day cycle. 

Table Major Constituents of Simulated Waste 

Concentration, bJ 
Conc. Purex 

Ion (40 gal/ton) TBP-25 

H+ 5.6 0.5 
NO3' 6.1 5.4 
so4= 1.0 0.03 
c1- 
Fe 3++ 0.5 0.002 
~ 1 ~ '  0.1 1.6 
N i  2+ 0.01 
Cr"+ 0.01 
~ a '  0.6 

Decontamination fac tors  across the  evaporator ( ~ i g  . 2) were about lo3 
(7) ; t h i s  represents an average of the  bes t  data  from a number of t e s t s .  
The su l f a t e  DF was 1200, i ron  700, and ruthenium 1000. This evaporator was 
operated with l i t t l e  or no de-entraining material ,  but  i n  a well-designed 
evaporator with adequate de-entraining space and media a la rger  DF would 
be expected. 

Decontamination of the  calciner  off-gas i s  l e s s  important since it i s  
recycled t o  the  evaporator. Approximately 1% of the su l fa te ,  776 of the  
metal ions, and of t he  ruthenium are  expected t o  be returned t o  the  
evaporator ( f ig .  2) . 

The system consis ts  of a natural  c i rculat ion evaporator equipped with 
a 22-sq f t  hea t  exchanger, which uses 100-psi steam a s  the heating medium 
(Fig.  3) . A bottom drawoff frm the evaporator connects t o  a pump loop, 
which flows pas t  the  calciner pot and re turns  t o  the  evaporator. To de- 
crease chances of plugging and t o  maintain a constant feed t o  the  calciner ,  
a 10-gpm flow i s  maintained i n  t h i s  loop. The pipe fo r  t he  small side- 
stream of l i qu id  drawn off through a control  valve i n t o  the  calciner  pot  i s  
kept as  short  a s  possible, 2 f t ,  and the  control  valve i s  placed a s  near 
the  operating loop a s  possible.  A water purge bled i n t o  the  feed stream 
downstream of the  control  valve a t  1 l i t e r / h r  decreases the  frequency of 
p lwging  

The calciner  vapor i s  condensed i n  a 30-sq f t  downdraft heat  ex- 
changer and returned d i r ec t ly  t o  the  evaporator. The l i qu id  i s  super- 
cooled t o  recover 85-95% of the n i t r i c  oxides and decrease the gas 



UNCLASSIFIED 
ORNL-LR-DWG 63286R 

1 EVAPORATOR VAPOR x I 

J 
1.0 M H N 0 3  400 % 
0.004 M SO4 0 . 1 %  D F = 1 2 0 0  
0.004 M Fe 0 . 2 %  D F =  700 
0 . 0 0 0 2  g / l i t e r  R u  0.15 % DF=  1 0 0 0  

2 4 0 0  l i t e rs  

* *  PER CENT OF CALCINER FEED 0 . 2  g / l i t e r  Ru  
*** THESE NUMBERS REPRESENT 3 O O i t e r s  I l R u  0 ' 06w t9  60 l i ters I 

BEST  AVERAGES FROM A NUM- BULK DENSITY = 4.25 g / c c  
BER OF TESTS 

EVAPORATOR WATER CALCINER VAPOR ** 
H 2 0  RECYCLE 3-40 M NO3  95 % 

2 0 0 0  liters - 0.01 M SO4 0.8 % 
0.05 M Fe 7.0 % 
0 . 0 1  g / l i t e r  Ru 8.0% 

300 l i te rs  

*** 
Purex Material Distribution Flowsheet 

, Ca (NO312 
6.0 M 

EVAPORATOR FEE D 

6.4 M NO3 
4.0 M SO4 

CALCINER SOLID 

NO3 0 . 0 5  w t  % 5 0 0  ppm 
SO4 51  w t %  

0.5 M F e  
0.45 g / l i t e r  R u  

400 l i t e r s  
CALCINER FEED 

6.0 M NO3 
1.2 M SO4 

* D.F. FROM EVAPORATOR 
- 

0.7 M Fe Fe 49 w t  % 



UNCLASSIFIED 
ORNL-LR-DWG 6 3 2 0 5 R  

8-in DIA x 90- in.  POT 

PLANT 
OFF-GAS 

CONTROL 

a EVAPORATOR PRESSURE - OFF-GAS FLOW 

@ EVAPORATOR LIQUID LEVEL y EVAPORATOR FEED RATE 

@ EVAPORATOR DENSITY EVAPORATOR BOILUP RATE 

@ EVAPORATOR TEMPERATURE - EVAPORATOR WATER RATE 
(LIQUID OR VAPOR) 

CALCINER LIQUID LEVEL - CALCINER FEED RATE 

CONDENSATE 
RECEIVER 

Calciner -Evaporator Control Flowsheet. 

Fig. 3 



volume for  be t ter  decontamination. Recycled water and feed are added t o  
the evaporator through the i r  ind iedua l  control valves from head tanks. 
The evaporator vapor passes through a de-entraining section and then t o  a 
34-sq f t  heat exchanger which operates downdraft. The condensable frac-  
t ion  of the vapor goes t o  a condensate receiver, where it i s  measured and 
discharged through a pressure seal .  The noncondensable vapor goes t o  the 
off-gas system, where it i s  f i l t e r e d  and the volume i s  measured i n  a wet 
t e s t  meter. 

The off-gas from a typical  30-hr Purex waste run was 1100 cu f t ,  or 
36 cu f t /hr ,  of which 32 cu f t /hr  was instrument purge and inleakage gas. 
The system operated under 1 psi  vacuum. The 4 cu f t /hr  of noncondensable 
gas averaged 3 cu f t  of oxygen per hour. Fkcess oxygen i s  always present 
i n  the off-gas *om decomposition of n i t r a t e  t o  NO2 and 02 (2) and a t  
times was as  high as  34 vol %. This small amount of off-gascan be easi ly 
decontaminated and discharged t o  the environment. 

The evaporator had 4-6 l i ters lmin boilup r a t e  and operated normally 
with 25-30 l i t e r s  holdup. The calciner pot had a nminal  1 l i te r lmin  
water boilup r a t e  a t  the full 54 kw heat input. As the solids are 
radial ly deposited on the w a l l s  of the vessel, the heat input t o  the pot 
i s  decreased. The external w a l l  of the calciner i s  held a t  a maximum of 
gOO°C by the furnace, which was divided in to  s i x  sections, each about 
13 in .  high. The furnace temperature could go t o  1050°C before there was 
danger of burnout. 

The variables tha t  must be controlled i n  the process are: 

1. Acidity i n  the evaporator. The evaporator i s  operated with an 
acidi ty of 6 M or l e s s  t o  reduce ruthenium vo la t i l i ty .  This con- 
centration is-maintained by recycling water or  weak n i t r i c  acid from 
the d i s t i l l a t i o n  column t o  the evaporator, the amount recycled being 
controlled by the temperature of the evaporating l iquid  or  the vapor. 
The vapor temperature was a be t ter  indication of the n i t r i c  acid 
concentration of the l iquid when metal ions were present i n  varying 
concentrations. The vapor temperature and l iquid  density are related 
(Fig. 4) , and the preferred operating range i s  between 0.5 and 0.7 M 
iron and between 4 and 6 M hydrogen ion fo r  Purex waste. 1ncreasiG 
the r a t e  of water addition increased the vapor volume and therefore 
the t o t a l  amount of f iss ion products entrained i n  the evaporator 
off -gas. 

2. &tal ion concentration i n  the evaporator. The metal ion concentration 
i n  the evaporator i s  kept a t  a maximum, limited by solution s t ab i l i ty ,  
by controlling the l iquid density, which i s  done by controlling the 
amount of steam used t o  vaporize the l iquid.  

3. Liquid level  i n  the evaporator. The l iquid  level  i n  the evaporator 
i s  controlled by the amount of evaporator feed added t o  the system. 

4. Pressure i n  the evaporator. The pressure i n  the evaporator i s  kept 
below atmospheric, t o  prevent outleakage of radioactive off-gas, by 
regulating the off-gas vacuum pump. 
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5. Calciner pot  l i qu id  leve l .  A d i f f e r en t i a l  pressure bubbler s a t i s -  
f ac to r i l y  controlled the calciner l i qu id  l e v e l  u n t i l  the  l a t t e r  p a r t  
of the t e s t  when the  bubbler tubes became plugged and a high-liquid- 
l eve l  s ignal  cut  off  the  feed. A d i f f e r e n t i a l  temperature device 
found sa t i s fac tory  consisted of a rod down the center of the  calciner 
pot extending 9-12 i n .  below the l iqu id  l eve l  (Fig. 5 ) .  When the 
l i qu id  l e v e l  i s  above the lower thermocouple but  has not reached the 
control  rod i t s e l f ,  the  rod i s  heated by rad ia t ion  from the w a l l s  of 
the  pot.  l a e n  l i qu id  reaches the end of the  rod, the  rod begins t o  
t ransfer  i t s  heat  t o  the  l iqu id .  The temperature a t  the thermocouple 
point i.s a function of the  height of l i qu id  on the  thermocouple rod, 
and, by maintaining a temperature difference of 100°c between the two 
thermocouples, it i s  possible t o  maintain a l i qu id  l eve l  4 i n .  lower 
than the  thermocouple i n  the  rod. 

SOLIDS RESULTING FROM CALCINING OF WASTE 

Both Purex and TBP waste a re  calcined with r a d i a l  so l ids  deposition 
(Fig. 6 ) ,  leaving a l i qu id  core down the center of the  pot u n t i l  near the  
end of the  feeding period. A t  the  end of the feeding period the resu l t ing  
l i qu id  i s  evaporated, leaving void space. 

The bulk density of calcined Purex waste was 1.1-1.4 g/cc, while t h a t  
of TBP waste was 0.4-0.8 g/cc  a able 2) . The bulk density, which i s  cal-  
culated from the weight of so l ids  i n  the  calciner  pot a f t e r  the  run and 
the volume of the calciner  vessel  t o  the  l i qu id  l e v e l  operating point, 
r e f l e c t s  the  f rac t ion  of the  calciner  vessel  unf i l l ed  ( 8 ) .  This f rac t ion  
varied from 0 t o  2@, depending on the f i l l i n g  time. The t e s t  was usual ly  
terminated when the feed r a t e  t o  the  calcining pot dropped below 5-10 l i t e r s  
/hr . An economic evaluation of the procedure w i l l  be needed t o  determine 
the  bes t  cut-off time. 

Table 2. Calcined Solids Character is t ics  

Thermal 
Conductivity R e s i d p l  

Density, a t  600° F, NO3, 
Waste g cc ~ t u / h r .  f t  0° F ppm Pgpearance 

Purex 1.1-1.4 0.2 300 Brown, hard 
TBP-25 0.4-0.8 0.1 500 White, ce l lu l a r  * 
Best r e su l t s .  

The volume reduction from Purex solvent extract ion r a f f ina t e s  t o  
calcined so l ids  i s  240-fold (1200 t o  5 ga l l ton  of U processed) (Fig. 7 ) .  
For TBP-25 waste, i n  which the s a l t  concentration i s  much higher, the  
volume reduction i s  6- t o  8-fold. Volume reduction i s  important because 
one of the  major costs  of the  process i s  the calciner vessel ,  
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The thermal conductivity of the Purex cake i s  approximately 0.2 Btu 
/hr . f t  . OF and of the TBP 0.1 ~ t u / h r .  f t  . OF, both measured a t  6 0 0 ' ~  (9,lo) - . 

The v o l a t i l i t y  of sulfate  during the calcination of Purex waste i s  
decreased by adding calcium t o  form calcium sulfate .  The addition of 
calcium t o  the evaporator feed a s  calcium hydroxide forms a s lur ry  which 
i s  d i f f i c u l t  t o  feed. Calcium n i t r a t e  added t o  the calciner as a separate 
stream a t  a fixed ra te ,  keeping an excess of calcium t o  sulfate  i n  the 
calciner vessel, decreased sulfate  v o l a t i l i t y  t o  about 1%. 

The v o l a t i l i t y  of mercury from a TBP-25 calcination process i s  a 
problem s t i l l  unsolved. About 0.5% t o  3% of the mercury remained with 
calcined solids.  This mercury value may be lower i n  p i l o t  plant operation 
because scane of the products were not calcined completely. One approach 
may be t o  i n s t a l l  a mercury t r ap  i n  the calciner off-gas l i n e  operating 
a t  a temperature low enough t o  condense or absorb the mercury i n  whatever 
form it may be but high enough t o  keep the n i t r i c  acid going through the 
mercury t rap  a s  a vapor. This mercury t r ap  could be removed from the 
process when f i l l e d  and disposed of as a separate item. 

MECHANICAL HANDLING 

One proposed pot handling method for  a pot calcining plant i s  place- 
ment of the calcining vessel i n  the calciner furnace, which i s  then 
moved under a feed flange b u i l t  with l i n e s  through which the evaporator 
product i s  fed and the off-gas i s  removed from the pot (Fig. 8).  This 
feed flange provides a l l  connections for  thermocouples and sensing e le-  
ments. After the calcination, the flange i s  disconnected from the f i l l e d  
calciner vessel, which i s  then capped and/or sealed. The vessel i s  moved 
t o  a different  portion of the c e l l  for  surface decontamination and moni- 
toring, and l a t e r  moved t o  a permanent storage area. Twenty-six thermo- 
couples were attached t o  the 8-in.-dia by 90-in. -high calciner pots 
(Fig. 9) used for  the t e s t s  described, t h i s  large number being necessary 
for  experimental purposes. These thermocouples were i n  s i x  se ts ,  each 
s e t  including one attached t o  the exterior of the pot, one inside the 
pot 1 i n .  from the w a l l ,  one inside the pot a t  the center l ine ,  and one 
i n  each furnace section. In addition, there were two thermocouples fo r  
the d i f ferent ia l  l iquid  level  control system. 

Two types of flanged tops were used t o  connect the calciner t o  the 
feeding and off-gas system. The standard bolted flange used for  develop- 
ment studies i s  not applicable t o  a remote disconnect system, and a 
Grayloc flange was tested which would be applicable (Fig. 10) .  In a 
remote disconnect system a l l  the feed l ines  and l iquid  level  l ines  must 
terminate a t  the top level  of the pot so tha t  the pot can be disconnected 
from the feed flange and moved i n  l a t e r a l l y  with a minimum of flange-to- 
pot separation. 

CONCLUSION 

The pot calcination process may be the simplest and most d i rec t  
approach yet  studied for  preparing high-activity l iquid  wastes for  
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disposal; hopefully, it requires a small number of processing steps.  It 
i s  ve r sa t i l e  enough t o  handle a var ie ty  of f u e l  processing wastes, e.g., 
Purex, TBP-25, and it produces a minimum volume of off-gas t o  be processed 
f o r  recycle or disposal t o  the  environment. Rehandling and packaging of 
the calcined so l ids  are not required since the pot  serves a s  the permanent 
storage vessel .  The high temperature and prolonged heating a t  temperatures 
achievable i n  the  pot decrease n i t r a t e  i n  the  so l ids  t o  about 500 ppm 
under ordinary conditions, leading t o  greater  s t a b i l i t y  during storage i n  
sealed containers. Ingredients for  improving the  physical or  thermal 
proper t ies  of the so l ids  or fo r  f ixa t ion  of isotopes can be incorporated 
i n  the  system i f  desired.  

Potent ia l  l imi ta t ions  s t i l l  t o  be resolved axe capacity and mechani- 
c a l  operations. Although i n i t i a l  r e s u l t s  indicate  a sa t i s fac tory  ca lc i -  
nation r a t e ,  it has ye t  t o  be demonstrated t h a t  such fac tors  a s  foaming, 
entrainment, or  subsequent d i f f i c u l t i e s  i n  off-gas handling a re  not the  
l imi t ing  fac tors  ra ther  than heat  t ransfer .  The techniques and equipment 
t o  make and break process l i n e s  t o  the  calciner  vessel ,  s ea l  the  vessel ,  
remove it from the operating area, and ult imately t ransport  it t o  a 
permanent disposal s i t e ,  possibly many miles d i s tan t ,  must be developed 
and demonstrated. 
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