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USE OF EVAPORATION FOR THE TREATMENT OF LCQUIDS 
IN THE NUCLEAR INDUSTRY 

H. W. Godbee 

ABSTRACT 

A survey of evaporation as applied to radioactive waste 
solutions was made to evaluate the effectiveness of this unit 
operation as a treatment method for reducing releases of 
radioactive effluents to the environment from nuclear power 
plants. Some nuclear installations have experienced good re- 
sults with evaporators - achieving decontamination factors of 
l o4  to lo6  from feed to overhead discharge. 
rienced poor results - achieving decontamination factors of 
less than 10. 
simple pots with steam heating pipes coiled inside to elab- 
orate devices with pumps to circulate the feed through out- 
side heaters and compressors for recompressing the vapor to 
increase its temperature and permit its reuse. 
data collected include the type of evaporators used; the kinds 
of ancillary equipment employed such as mist separators, con- 
densers, and preheaters; and the imprtant operating param- 
eters such as vapor velocity, boil-up rate, pressure or 
vacuum, etc. The results show that a system decontamination 
factor of lo3  to l o4  can be expected for nonvolatile radio- 
active contaminants treated in single-stage evaporators. 
Similar decontamination factors can be expected for ruthenium 
under alkaline, but not acidic and oxidizing, conditions. The 
decontamination factors for iodine can be expected to be a 
factor of 10 to 100 lower than those expected for nonvolatile 
species under alkaline, but not oxidizing or acidic, conditions. 
Decontamination factors are reduced by a factor of about 10 if 
organic materials are mixed with aqueous wastes. These values 
consider that the evaporator is well designed, adequately sized, 
and operated with reasonable skill. 

Others have expe- 

Evaporators for radioactive waste vary from 

Technical 

1.0 SUMMARY AND RECOMMENDATIONS 

Operating and design data on evaporators were collected by direct 

contacts with 30 organizations including suppliers of nuclear steam 
supply systems, architect-engineers, equipment manufacturers, operators 

of present and proposed nuclear power stations, as well as selected AEC- 

operated facilities. 

cerning the system decontamination factors (ratios of feed concentrations 

The principal emphasis was placed upon data con- 
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t o  condensate concentration) which were achieved. 

decontamination fac tor  (DF) values f o r  d i f fe ren t  c lasses  of radionuclides 

based upon t h e i r  known behavior i n  boi l ing solutions,  l i t e r a t u r e  data, 

and operating experience, The basic theore t ica l  and design fac tors  in-  
fluencing the DF' s of evaporators are a lso presented to f a c i l i t a t e  applica- 

t i o n  of the  r e su l t s  t o  the design and evaluation of evaporators f o r  

The report  includes 

l iqu id  radioactive wastes. The r e su l t s  of t h i s  survey show t h a t :  

An average system DF of lo3  t o  lo4 can be expected under 
routine operating conditions f o r  nonvolatile radioactive 

contaminants t r ea t ed  i n  evaporators. 

An average system DF of lo3 t o  lo4  can be expected under 

routine operating conditions f o r  ruthenium i n  alkal ine,  
but not acidic and oxidizing, solutions.  

An average system DF of lo2  t o  lo3 can be expected under 

routine operating conditions f o r  iodine i n  alkaline,  but 

not oxidizing or acidic,  solutions.  

O i l ,  soaps, and detergents mixed with aqueous wastes reduce 
the DF's by a fac tor  of about 10. 

All of the DF values above consider t h a t  the evaporator i s  

w e l l  designed, adequately sized, and operated with reasonable 

s k i l l .  
Higher decontamination factors ,  lo5 t o  lo6 average system DF's, 
can be achieved but require simultaneous optimization of a l l  
conditions; f o r  example, feed conditions t h a t  enswe a l l  solutes 
a re  nonvolatile; evaporator design and operating conditions t o  
minimize entrainment; and operator s k i l l  and a t ten t ion  t o  ensure 

tha t  these conditions a re  maintained. 

=quid radioactive waste (radwaste) evaporators should be t e s t ed  before 

use on ac tua l  waste streams. 
o f  demonstrating t h a t  the desired DF values can be achieved over the extremes 

of conditions expected. 
can be used i n  these t e s t s .  

This i s  probably the only r e l i ab le  method 

Stable isotopes and t r ace r  leve ls  of rad ioac t iv i ty  

The behavior of iodine i n  l i qu id  radwaste during evaporation i s  
complicated and poorly understood. Laboratory studies to  b e t t e r  define 

- .  

. 
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i t s  vapor pressure as  a function of pH value, redox potent ia l ,  and other 

parameters which determine the physicochemical behavior of iodine are 

needed. 
i n  large-scale evaporator t e s t s .  

Predicted improved operating conditions should then be confirmed 

2.0 BACKGROUND 

The purposes of t h i s  study were t o  co l lec t ,  co l la te ,  and report  infor-  
mation on the performance of evaporators a t  nuclear ins ta l la t ions ,  and, 

i n  par t icu lar ,  nuclear power plants .  Information col lected includes 

quant i t ies  of each kind of l i qu id  evaporated, the eff ic iency with which 
radionuclides a re  removed from the stream treated,  as well as a comparison 

of design and operating capacit ies.  

operating data t o  a s s i s t  the  AEC Directorate of Licensing and the nuclear 
power industry i n  t h e i r  evaluation of the eff ic iency of evaporators used 
i n  l iqu id  radwaste treatment systems a t  nuclear power plants .  

sense, the r e su l t s  a re  neededto evaluate the role  of this uni t  operation 
i n  lowering the discharge of radioact ivi ty  i n  the  l iquids  from any 

nuclear instal- la t ion.  

The r e su l t s  of t h i s  study provide 

Ir, a broader 

In  a t yp ica l  Pressurized Water Reactor (PWR), pressurized l i g h t  water 

c i rcu la tes  through the reactor  core (heat source) t o  an external  heat 

sink (steam generator).  
f l u ids  are separated by impervious surfaces t o  prevent contamination, heat 

i s  t ransfer red  from the pressurized primary coolant t o  secondary coolant 
water t o  f o m  steam f o r  driving turbines t o  generate e l e c t r i c i t y .  In  a 
t yp ica l  Boiling Water Reactor (BWR), l i g h t  water c i rculates  through the 

reactor  core (heat source) where it bo i l s  t o  form steam tha t  passes t o  an 

external  heat sink (turbine and condenser). I n  both reactor types, the  
primary coolant from the heat sink i s  pur i f ied  and recycled t o  the heat 

source. 

I n  the steam generator, where primary and secondary 

The primary coolant and dissolved impurities are  act ivated by neutron 

interact ions.  
the  f u e l  elements, reactor vessel ,  piping, and equipment. Activation of 

these corrosion products adds radioactive nuclides t o  the  primary coolant. 

Materials enter  the  primary coolant through corrosion of 
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Corrosion inhibi tors ,  such as l i t h i u m ,  a re  added t o  the reactor  water. A 

chemical shim, boron, i s  added t o  the  primary coolant of most PWR's f o r  

r eac t iv i ty  control.  These chemicals are act ivated and add radio- 

nuclides to t he  primary coolant. 
fue l  elements and add nuclides to the primary coolant. Radioactive 
materials from a l l  these sources are  transported around the  system and 

appear i n  other par t s  of the plant through leaks and vents as well as i n  

the eff luent  streams from processes used to t r e a t  the primary coolant. 

Gaseous and l i qu id  radioactive wastes (radwaste) are  processed within the  

plant to reduce the radioactive nuclides t h a t  w i l l  be released to the  

atmosphere and t o  bodies of water under controlled and monitored conditions 

Fiss ion products diffuse or leak from 

i n  accordance with federal  regulations. 1,2 

The pr incipal  methods or un i t  operations used i n  the treatment of 

l i qu id  radwaste a t  nuclear power plants  a re  f i l t r a t i o n ,  ion exchange, and 

evaporation as typ i f ied  f o r  a PWR i n  Fig. 1 and a BWR i n  Fig. 2. 

example of the volumes of these streams i s  given i n  Table 1. 

An 

Liquid radwastes i n  a PWR s t a t ion  are generally- segregated in to  f i v e  
categories according t o  t h e i r  physical and chemical properties as follows: 

a. 

b. 

C .  

d. 

Clean Waste includes l iqu ids  which a re  primarily controlled 

releases and leaks from the primary coolant loop and associ- 

a ted equipment. 
which are  t rea ted  i n  the reactor  coolant treatment system. 

These are  l iqu ids  of low sol ids  content 

Dirty or Miscellaneous Waste includes l iqu ids  which are col lected 
from the containment building, auxi l iary building, and chemical 

laboratory; regeneration solutions from ion-exchange beds; 

and solutions of high e l e c t r i c a l  conductivity and high sol ids  

content from miscellaneous sources. 

Steam Generator Blowdown Waste i s  condensate from the steam 

tha t  i s  removed (blowdown) per iodical ly  t o  prevent excessive 

sol ids  buildup. 

Turbine Building Drain Waste i s  leakage from the secondary system 

t h a t  i s  col lected i n  the  turbine building f loo r  sump. 
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RADWASTE SYSTEM, BORON RECYCLE SYSTEh 
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Fig. 1. Typical Liquid Radwaste Treatment System for a Pressurized 
Water Reactor Nuclear Power Plant. (From ref.  19) 
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Fig.  2 .  Typical Liquid Radwaste Treatment System f o r  a Boi l ing  
Water Reactor Nuclear Power Plant. (From re f .  19) 
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Table 1. Average Volumes of Liquid Radwaste for a PWR and a BWR" 

. -  

c 

Fraction of 
Volume Primary Coolant 

Source ( gpd ) Activity 

PWR Liquid Radwaste System 

Containment Building Sump 40 
Auxiliary Building Floor Drains 200 

400 

35 
Laboratory Drains and Waste Water 

Sample Drains b 

1 

0.1 

0.002 

1 

7200 Main Steam C Turbine Building Floor Drains 
ac t iv i ty  

Miscellaneous Sources 

Steam Generator Blowdown 

700 10- 

0.06% of main 0.001 
steam flow 

Detergent Waste (laundry, decon- 
t aminat ion, showers ) 450 p c i / d  

BWR Liquid Radwaste System 

Reactor Building Equipment Drain 2000 0.01 

Drywell Equipment Drain Sump 5800 1 

Radwaste Building Equipment Drain Sump 1000 0.01 

Turbine Building Equipment Drains 5700 0.01 

Reactor Building Floor Sump 2000 0.01 

Drywell Floor Sump 2900 1 

Radwaste Building Floor Drain 1000 0.01 

Turbine Building Floor Drains 2000 0.01 

Laboratory Drains 500 0.02 
Condensate Demineralizer Regeneration 1800 Main steam 

ac t iv i ty  
Ultrasonic Resin Cleaning 15  , ooo 0.05 

Demineralizer Backwash and Resin 
Transfer 42 00 0.002 

Detergent Wastes (laundry, decon- 
tamination, showers) 45 0 iom4 v C i / d  

%ram r e f .  3. 
bFifteen gallons per day for continuous purge recycle. 
C For once-through steam generator systems, equals 3200 gallons per day. 
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e. Detergent Waste includes l iqu ids  from the  laundry, personnel 

decontamination showers, and equipment decontamination. 

The volumes of these wastes f o r  a PWR plant  are  given i n  Table 1. 

Liquid radwastes i n  a BWR s t a t ion  a re  generally segregated in to  

four categories according t o  t h e i r  physical and chemical properties as  

follows : 

a .  High-Purity Waste includes l iqu ids  of low e l e c t r i c a l  con- 

duct ivi ty  (< 50 lJmho/cm) and low sol ids  content, i. e . ,  

reactor coolant water t h a t  has leaked from the  primary 

reactor system equipment, the  drywell f l oo r  drain, con- 

densate demineralizer backwash, and other  sources of high- 
qual i ty  water. 

b. bw-Purity Waste includes l iqu ids  of e l e c t r i c a l  conductivity 
i n  excess of 50 m o / c m  and generally l e s s  than 100 lJmho/cm; 

i . e . ,  primarily water from f loo r  drains.  

c. Chemical Waste includes solutions of caust ic  and su l fur ic  
acid which a re  u s e d t o  regenerate ion exchange res ins  as 
well as  solutions from laboratory drains and equipment 

decontamination. 

d. Detergent Waste includes l iqu ids  from the laundry and 
personnel decontamination showers. 

The volumes of these wastes for a BWR plant  are given i n  Table 1. 
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3 0 EVAPORATOR CHARACTERISTICS 

_. Evaporation i s  the process by which a solution or s lur ry  i s  con- 

centrated v ia  boiling away the solvent. It i s  a uni t  operation tha t  has wide 
application i n  the nuclear industry 

reducing the amount of radioactive nuclides i n  l i qu id  eff luents .  
oration i s  usually used for  radioactive wastes t h a t  require the high 

degree of separation between vo la t i l e  and nonvolatile components tha t  it 
offers  or  f o r  wastes t h a t  a re  not amenable to treatment by low-temperature 
operations such as precipi ta t ion,  f i l t r a t i o n ,  and ion exchange. An 

evaporator consis ts  basical ly  of a device to t ransfer  heat f o r  boil ing 

the solution or  s lur ry  and a device t o  separate the vapor phase from the 

l i qu id  phase. 
heat t ransfer ,  vapor - l iquid separation, volume reduction, and energy 

u t i l i za t ion .  I n  the design of evaporators f o r  concentrating radioactive 

l iquids ,  vapor-liquid separation i s  the most important fac tor  because 

decontamination of the l i qu id  i s  the most important objective and heating 
costs and volume reduction a re  r e l a t ive ly  l e s s  important. A small amount 

of entrainment can contaminate the condensed vapor and reduce the de- 

contamination to unsa t i s fac tor i ly  low levels .  

4 f o r  reducing waste volumes and f o r  

Evap- 

The pr incipal  elements involved i n  evaporator design are  

The device i n  which heat t ransfer  takes place i s  termed a heating 

element or calandria. Calandria a lso describes a type of evaporator tha t  

i s  so comon it i s  of ten referred t o  as  a standard evaporator (Fig, 3 ) .  
Many present-day evaporators are  equipped with external heaters (Fig.  3).  
Heaters may be ve r t i ca l  o r  horizontal, long- o r  short-tube. Circulation 

of l i qu id  past  the heating surface may be induced by the density variations 
brought on by boiling ( a  natural-circulat ion evaporator) o r  by mechanical 
means such as  a pump (a  forced-circulation evaporator). 

which vapor-liquid disengaging takes place i s  cal led a f l a sh  chamber, a 
vapor head, or sometimes a body. Evaporators used t o  concentrate radic- 

act ive wastes cornonly have a large f l a sh  chamber so that  the f lox  r a t e  o-i' 
the  vapor i s  slow, a condition which can induce e f f i c i e n t  vapor-liquid 

separation. Several types of evaporators used and proposed for use a t  

nuclear power plants  are  shown i n  Appendix A. These and other types used 

The device i n  
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a t  nuclear research laborator ies  and production s i t e s  are  reviewed i n  

r e f .  4. Evaporator accessories include devices such as entrainment 
separators, condensers, and vent systems f o r  noncondensable gases. Prob- 

lems tha t  must be considered i n  designing o r  selecting an evaporator 

include sa l t ing ,  scaling, fouling, corrosion, erosion, and foaming. The 
advantages and disadvantages of various evaporator types and the i r  appl i -  
cations a re  t rea ted  i n  more d e t a i l  i n  re fs .  4-7. 

4.0 MODES OF EVAPORATOR OPERATION 

In  batch operations, feed and product flows are  intermit tent ,  process 

conditions are  generally programmed with time, and steady-state conditions 

a re  never a t ta ined.  I n  continuous operations, feed and product flows are  

constant and process conditions a re  constant with time. The operation i s  
a t  steady s ta te .  

uous (or semibatch), and continuous - are defined and described below. 

!Three modes of evaporator operation - batch, semicontin- 

I n  batch operation, t he  quantity of solution or s lur ry  to be 

evaporated a t  one time i s  charged t o  the evaporator, boil ing i s  in i t i a t ed ,  

and the vapors are then continuously removed, condensed, and collected.  

Evaporation i s  continued u n t i l  the  desired amount of condensate (often 

ca l led  overhead or d i s t i l l a t e )  has been col lected or  u n t i l  the  thick 

l iqu id  (of ten termed b o t t m s  or  concentrate) reaches the concentration, 
density, o r  viscosi ty  desired. 

the  evaporator. 
o r  when a very small volume of mater ia l  i s  t o  be concentrated. I n  a 
semicontinuous evaporation, a predetermined quantity of solution o r  

s lur ry  i s  charged t o  the evaporator; boil ing i s  i n i t i a t e d ;  and vapors a re  
then continuously removed, condensed, and collected.  Feeding of solution 

o r  s lur ry  t o  the  evaporator i s  continued a t  a r a t e  approximately equal t o  

the r a t e  a t  which condensate i s  removed, i . e . ,  a t  a r a t e  t o  maintain a 

constant l i q u i d  volume i n  the  evaporator. Evaporation i s  continued u n t i l  

the  feed i s  exhausted o r  a desired concentration of thick l iquor  i s  

achieved. 

mode of operation i s  widely used a t  nuclear ins ta l la t ions .  

The thick l iquor  i s  then removed from 

This mode of operation i s  frequently used i n  the  laboratory 

!The thick l iquor  i s  then removed from the  evaporator. This 

It i s  often 



described as  a batch operation ( r e f .  8) or semibatch operation. However, 

since it i s  nei ther  a t r u e  batch (feed and condensate flows are  constant)  

nor a t r u e  continuous operation ( thick l iquor  concentration i s  changing 
with time), semibatch or semicontinuous seems t o  be a more descr ipt ive 

name. I n  continuous evaporation, s ta r tup  of the  evaporator i s  car r ied  
out as f o r  the semicontinuous operation described above. After the 

desired concentration of thick l iquor  has been reached, a th ick  l iquor  

stream i s  withdrawn continuously from the  evaporator. Pressures, temper- 
atures,  concentrations, as well as  feed, condensate, and th ick  l iquor  

flow ra t e s  a re  held constant. 

i n s t a l l a t ions  and i s  widely used i n  the  process chemicals industry. Flow- 

sheets i l l u s t r a t i n g  a placement of evaporators used t o  t r e a t  l i q u i d  
radwastes a t  nuclear power plants  are  given i n  Figs. 1 and 2 .  

This mode of operation i s  used a t  nuclear 

* -  

5.0 DEFINITION OF DECONTAMINATION FACTORS 

The effectiveness of un i t  operations such as  demineralization ( ion  

exchange ), f i l t r a t i o n ,  centrifugation, and evaporation f o r  reducing the 

rad ioac t iv i ty  i n  eff luent  streams from nuclear i n s t a l l a t ions  i s  usually 

expressed i n  terms of the  decontamination fac tor  (DF) f o r  each isotope 

of concern and gross ac t iv i ty .  The instantaneous decontamination f ac to r  
across the  evaporator system, (DF)si, of ten ca l led  the  process DF, i s  
defined as the  r a t i o  of the feed concentration a t  any time t o  the con- 
densate concentration a t  t h a t  time. The average system DF, (E)s, i s  
the r a t i o  of the feed concentration t o  the  average condensate concentration. 

Evaporator manufacturers frequently use an equipment o r  evaporator DF, 

which i s  defined as the r a t i o  of the thick l iquor concentration t o  the 
condensate concentration. 

fo r  the three modes of evaporator operation defined i n  Sect. 4 are  derived 

i n  Appendix B. 

(DF),, 

The interrelat ionships  between (DF) ' s m d  (DF)e ' s 

A s  r e f .  8 points out, sampling and accurately analyzing the th ick  

l iquor from an evaporator t r ea t ing  l iqu ids  containing radioactive materials 
are  d i f f i c u l t  or nearly impossible. Evaporator DF's are  more readi ly  

- _  



determined from the  measured system DF's and the  appropriate concentration 
fac tors  (Appendix B ) .  

determined, it i s  d i r ec t ly  applicable to defining the reduction i n  the 

amount of radioactive materials released t o  the  environment. This i s  the  

value needed f o r  determining the environmental impact. 

Not only i s  the system DF more eas i ly  and accurately 

6.0 FACTORS IWLUENCING THE DF ' s OF EVAPORATORS 

In  evaporating radioactive solutions effect ive entrainment separation 

i s  required t o  avoid contaminating the condensate. Equally important i n  
evaporating radioactive l iqu ids  i s  operation under conditions (pH, redox, 
temperature) t o  suppress the  vo la t i l i za t ion  of radioactive materials such 

as iodine, ruthenium, and some organics tha t  can have high vapor pressures. 

Evaporators can separate water from sol ids  very effectively,  and a system 

decontamination fac tor  of 104-106 i s  generally expected f o r  a single- 
e f f ec t  evaporator separating water from a nonvolatile solute.  Decontamina- 

t i o n  fac tors  are  decreased by four basic fac tors  : entrainment, splashover, 

foam, and vo la t i l i za t ion  of solute.  

6.1 Entrainment 

Entrainment i s  l i qu id  suspended i n  t h e  vapor as f i n e  droplets t h a t  

are carr ied along with the r i s ing  vapor stream. 

losses  from an evaporator depends, for  the most part, on the vapor velocity 

and the  s i z e  d i s t r ibu t ion  of the droplets.  
major source of entrainment losses unless they s e t t l e  back in to  the l i q u i d  

or are  removed by entrainment separators (deentrainment devices). Evap- 
ora tors  generally have devices incorporated or attached t o  remove the 
entrained la rger  droplets t h a t  do not s e t t l e  back. 

be formed '-I1 i n  two ways: 

through the boi l ing l i qu id  and burs t s  a t  the l i qu id  surface, scat ter ing 

droplets whose diameters are  on the order of a few micrometers; and the 

second i s  t ha t  the rarefact ion caused by the passage of the bubble through 

the surface causes droplets of a few hundred micrometers t o  be j e t t e d  in to  

The extent of entrainment 

The la rger  droplets are  a 

Droplets appear t o  

the f i r s t  i s  t ha t  a steam bubble r i s e s  up 
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the  vapor space from the surface of the  l iquid.  

and r a t e  of ascent of vapor bubbles i n  the boiling l i qu id  determine the 

size, s ize  dis t r ibut ion,  and number of droplets formed. A droplet  can 
f a l l  or s e t t l e  back in to  the l i qu id  i f  i t s  terminal f a l l i n g  veloci ty  i s  
greater  than the velocity of the r i s ing  vapor. 

large f l a sh  chambers so tha t  the vapor velocity w i l l  be low and the 
la rger  droplets can s e t t l e  back. 

flashing, which i s  the sudden production of copious quant i t ies  of steam 

bubbles. It i s  caused by incidents such as  introducing feed t h a t  i s  
above i t s  boil ing point or poor vacuum control,  i . e . ,  sharply varying 

vacuum. 

The s ize ,  number, 

Evaporators usually have 

Entrainment losses  can be increased by 

A t  higher boilup rates,entrainment increases and thus the DF generally 
decreases with increasing boilup r a t e  as  shown by the empirical correlat ion 

f o r  DF's given i n  Appendix C (Fig.  C-1). 

a t  lower boilup r a t e s  the decontamination fac tor  would be higher. 

a t  very low boilup r a t e s  the decontamination fac tor  decreases with 

decreasing boilup r a t e .  4' 11' 13' 

gentle boiling lead t o  the  production of smaller droplets which are  readi ly  
car r ied  by the ascending vapor. For an evaporator without deentrainment 

devices, an optimum boilup r a t e  f o r  minimum entrainment and maximum DF 

ex i s t s  a t  a mass vapor velocity'' of around 20 t o  40 l b  ft-" hr-l,where 
the  velocity i s  calculated a t  the l a rges t  horizontal  cross-sectional area 
f o r  vapor flow. This optimum f o r  the evaporator alone should be between 
the  two regimes: 
by the low vapor ve loc i t ies  concomitant with low boilup, and ( 2 )  high boilup 
with la rger  droplets and high vapor ve loc i t ies  capable of carrying them. 
However, the extent of entrainment losses  from entrainment separators such 

as wire mesh, cyclones, and t rays  depends, for the most part ,  on the 

vapor veloci ty  and the s ize ,  s ize  dis t r ibut ion,  and number of the droplets.  

The desired optimum i s  the point a t  which the product of the DF's f o r  

the evaporator and entrainment separators i s  a t  a maximum. This 

optimum does not necessarily occur a t  the boilup r a t e  a t  which the  
evaporator DF i s  a maximum as i l l u s t r a t e d  by the data from re f .  11 presented 

i n  Appendix C (Fig. C - 2 ) .  

12 

These r e su l t s  could imply t h a t  

However, 

Smaller vapor bubbles produced by 

(1) low boilup with small droplets t h a t  can be entrained 

The overa l l  decontamination fac tor  for the 

4 



evaporator plus deentrainment devices may d i f f e r  widely from the DF f o r  
the evaporator alone. 11 

The importance of deentrainment devices t h a t  augment the  evaporator 

DF and of proper vacuum control i s  
evaporator i n s t a l l ed  a t  Ginna Nuclear Power Plant (Fig. 4) .  
from operating experience,15 the values of the system DF f o r  the evaporator 

as  or ig ina l ly  in s t a l l ed  were 10” or l e s s .  Design specifications ca l led  f o r  
a system DF of lo5 a t  a volume reduction fac tor  of 20. 

was shut down f o r  refueling i n  1971, the evaporator system was modified 

and recent operating results16 show system DF’s from lo3 t o  mid lo5.  
These mod i f i ca t ion~‘~  included: (1) i n s t a l l a t i o n  of steam j e t  pumps i n  
place of the o r ig ina l  mechanical vacuum pumps t o  improve vacuum control  
and ( 2 )  a l te ra t ions  t o  the evaporator in te rna ls  t h a t  consist  of addi t ional  

mesh separators, removal of downcomers, relocation of the  ref lux l i ne ,  and 

surrounding the heater bundle with a ba f f l e  assembly (Fig. 4 ) .  
modifications have been or are  being made t o  evaporators of t h i s  type a t  

other nuclear power plants  (Point Beach, H. B. Robinson Unit 2, and Turkey 

Point ) . 

i l l u s t r a t e d  by consideration of an 
A s  determined 

When the reactor  

Similar 

6.2 Splashover 

Splashover consists of the carryover of large parcels of thick l iquor  
in to  the condenser. It occurs a t  very high boilup r a t e s  when boiling 

becomes violent  and e r r a t i c .  Splashover losses  a re  usually ins igni f icant  
i f  suf f ic ien t  distance between the surface of the boi l ing l i qu id  and the  

ou t l e t  of the  f l a sh  chamber i s  provided so t ha t  the parcels f a l l  back 
before reaching the ou t l e t  or i f  an impingement baf f le  covering the  o u t l e t  
of the f l a sh  chamber i s  provided t o  def lect  the parcels downward. A 

single large splashover can ru in  a large volume of otherwise acceptable 

condensate. 

6.3 Foam 

Foam implies a mass of s tab le  bubbles formed i n  or on the surface of 

the  thick l iquor.  Among the causes of foam i n  an evaporator are  t races  
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Fig .  4. Modif icat ions t o  t h e  AMF Ray-Di-Pak Evaporator. (From ref .  17') 



of organics, f i ne ly  divided solids,  and dissolved gases. It leads to 
an increase i n  entrainment by rais ing the effect ive l i qu id  level ,  which 

decreases the amount of deentrainment space, and by supplying s table  

bubbles t h a t  the vapor can carry. 

fac tor  markedly. Foam control measures tha t  are  sometimes effect ive 

include: the addition of chemical antifoam agents, such as  the s i l icone 
preparations; baf f les  which the foam s t r ikes  a t  high velocity;  l i qu id  or 

steam j e t s  directed against the foam; and the sudden heating or chi l l ing  

of co i l s  located i n  the region where foaming occurs. Serious foam can 

cause an evaporator to be operated a t  reduced boilup r a t e s  to maintain 

the desired deentrainment space and decontamination fac tor .  If foam i s  

anticipated,  the evaporator design should provide reserve capacity, 

addi t ional  deentrainment devices, or foam breakers tha t  w i l l  permit the 

boilup r a t e  to be maintained during foaming. 

Thus, it can lower the decontamination 

6.4 Vola t i l i za t ion  of Solute 

c 

Vola t i l i za t ion  of solute,  though usually not of concern i n  the design 

of evaporators, i s  an important concern i n  the operation of evaporators with 

l i qu id  radioactive waste since the design objectives for release of 

radioactive materials to the  environment are  low. Several elements 
found i n  radwaste, such as ruthenium and iodine, as well as some organics 
a re  vo la t i l e  to varying degrees. Methods f o r  decreasing the v o l a t i l i t y  

of ruthenium and iodine include adjusting the pH and redox poten t ia l  of 

t he  solution or slurry to produce new conditions under which the  species 

i s  nonvolatile. Ruthenium i s  generally not vo la t i l e  during evaporation 

of nonoxidizing alkal ine solutions but i s  sometimes s l igh t ly  vo la t i l e  

during evaporation of oxidizing alkal ine solutions.  However, v o l a t i l e  

ruthenim tetroxide i s  usually evolved from boiling solutions of oxidizing 
acids i n  amounts ranging from several  percent to several  tens  of percent. 

The decontamination fac tor  f o r  ruthenium during evaporation of such 

solutions i s  improved by addition of caust ic  to give high pH values and 
addition of reducing agents such as sugar, formaldehyde, or formic acid. 

Iodine ex i s t s  i n  aqueous systems i n  oxidation s t a t e s  from -1 to +7 and 
forms a number of vo la t i l e  and nonvolatile inorganic and organic compounds. 
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Ordinarily, iodine present i n  the -1 oxidation s t a t e  ( iodide)  w i l l  have 

a low v o l a t i l i t y  except a t  very low pH values or when low-molecular- 

weight organics me present. Segregation of aqueous from organic waste 

streams, control  of pH values t o  high basici ty ,  and addition of complexing 

or other chemical agents t o  hold the s tab le  iodide s t a t e  are  measures 

used t o  improve the decontamination of iodine during evaporation. 

a t i l i z a t i o n  of organics may be a problem i f  the  condensate i s  t o  be 
recycled f o r  use as a heat t ransfer  medium. 
and form deposits on ( foul )  heating-surface walls and thus cause poor 
heat-transfer charac te r i s t ics .  

V o l -  

These organics can decompose 

Data from Oak Ridge Xational Laboratory (ORNL) on the  decontamination 
fac tors  obtained during the evaporation of a simulated intermediate-level 

radioactive waste (pH of about 11) and a simulated borate waste (pH of 

about 13) with selected organic and inorganic additives are  given i n  

Appendix D. 

and a schematic of the  small-scale equipment used i n  these studies a re  

a lso given i n  Appendix D. The average system decontamination fac tors  a re  

low l o4  f o r  cesium, sodium, and strontium; i n  the range of mid lo” t o  low 

lo4  fo r  ruthenium; and i n  the range of mid 1 0  t o  low lo4 f o r  iodine. 
Representative r e su l t s  a re  shown i n  Figs. 5 and 6. I n  a qua l i ta t ive  sense, 

f o r  the alkal ine solutions studied, cesium, sodium, and strontium represent 
nonvolatile solutes;  ruthenium a moderately vo la t i l e  to nonvolatile solute;  
and iodine a v o l a t i l e  t o  nonvolatile solute depending upon the  chemistry 

( the r a t i o  of iodide t o  elemental iodine and the r a t i o  of radioactive t o  
nonradioactive iodine i n  organic compounds ) of the solution. 

r e su l t s  f o r  cesium, sodium, and strontium i n  a small-scale calandria 
evaporator compare favorably with the results18 f o r  sodium i n  a p i lo t -  
plant-scale forced-circulation evaporator and with the  r e su l t s  4~11 f o r  

l i thium i n  a small-scale and pi lot-plant-scale  ver t ical- tube evaporator. 

The composition of the  simulated wastes (0.2 t o  0.4 V C i / m l )  

These 
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Fig. 6. Average System Decontamination Factors for Cesium, 
Ruthenium, and Iodine During Evaporation of a Simulated Radioactive 
Borate Waste. (From Appendix D )  
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7.0 INDUSTRIAL APPUCATION OF EVAPORATORS 

Thirty organizations were contacted to obtain design and operating 

data on the performance of evaporators. These organizations included 

14 utility companies, 7 evaporator manufacturers, 4 suppliers of nuclear 
steam supply systems, 2 architect-engineering firms, and 3 AEC operated 
facilities. The data obtained from the 18 organizations that responded 
to the inquiries are summarized in Tables 2-5, Figs. 7-9, Appendices 
E-H, and are discussed in the following sections. A compilation of 

design specifications for evaporators at nuclear power plants obtained 

from responses to the inquiries and gleaned from AEC dockets during the 

survey is given in Appendix I. A typical arrangement for a waste evaporator 

and associated equipment at a nuclear power plant is shown in Fig. 7. 

Much of the information received contained little detail on feed 

compositions, operating conditions, decontamination factors, problems 

and the actions taken to correct them. 

compilation will prove valuable as the nuclear industry gains more 

experience and operating information. 

of ion exchange in the nuclear industry is given in ref. 19. 

A supplemental survey and 

A similar survey on the application 

7.1 Vendors of Nuclear Steam Supply Systems and 
Architect -Engineers 

General Electric Company (GE) assumes an average system decontamination 

factor, (E)s, of lo3  with variations from lo2 to lo4 .  
an upper limit of 1 to 2 ppm solids in the condensate. 

represents abnormal operations such as foaming or splashover. In design 

verification tests with simulated waste containing fission product salts 

and sodium sulfate, but no phosphates or detergents, GE has routinely 

achieved a (m), of l o4 .  
In GE-designed plants, the condensate is processed through a filter and 

an ion exchange column to obtain additional decontaminatioc. 

have a Swenson long vertical-tube evaporator with external heater and 

natural circulation (cf. Fig. A-5 in Appendix A). 

similar type manufactured by Aqua-Chem. 

GE also specifies 

A (E), of l o2  

No specific isotopes were reported for these tests. 

Early plants 

Later plants have a 

Currently, GE is using a Unitech 
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Table 2. Typical Design Specifications for Evaporators Used a t  Nuclear Power Plants 

Ins ta l la t  ion Waste Evaporator Type Number Design Rated 
[Capacity I Stream Tubes 
Reactor Ty-pe Treated' Internal  External Horizontal Vertical  Natural Forced Manufacturer units (gal/ain) Gross Activity Ent ra iment  Separators 

DF f o r  Circulation of Capacity 

Dresden 2 & 3 
[2527 MW(t)l ea. 
BWR 

Chemical 

Dirty 

Clean 

Chemical 

Low Purity 

Chemic a1  

Chemicali 

Dirty 

X X X b Aqua -chem 2c 

1 

1 

lg 

l g  

2 

l1 

l1 

1 

1 

1 

1 

2 

1 

1 

25 

2 

12.5 

1 

1 

18.5 

10 

7.5 
7.5 

2 

12.5 

35 

5 
30 

15 
20 

1 io3  (DF), Baffle and wire mesh 

X 

X 
Xd 
Xd 

we 
AMF 

f Thermovac 

Thermovac 

Unitech h 

1 x lo6  (DF), 
1 x lo6  

X 
X 

Splash p la te  and wire mesh 

Perforated plate ,  sieve tray,  and 
wire mesh 

None 

None 

X 

X 
X 

X 

X 
X 

unknown 

unknown 

1 104 te 
1 x io6  (DF), 

X X X Trays and wire mesh 

j S wens on Nine Mile Point 

BWR 
b850 ~ ~ ( t ) l  

unknown Wire mesh X X 

1 x lo6 (DF)s 
1 x lo6  (E), 

Oconee X 

X 
Aqua-chem 

Aqua -chem 
Wire mesh with spray nozzles 

Wire mesh with spray nozzles 
PWR 

Point Beach 1 & 2 
[1518 MW(t)l ea. 
PWR 

m Dirty 

Clean 

Xd 

Xd 

1 x l o 6  (E), 

1 x l o 6  (E), 

1 i o 4  (E), 

X X AMF 

AMF 

Perforated plate ,  sieve tray,  and 
wire mesh 
Perforated plate ,  sieve tray,  and 
wire mesh 

Dis t i l l a t ion  trays 

X X 

Stone & Webstern Point Beach 1 & 2 
[I518 m(t)l  ea. 
PWR 

Dirty X X X 

X 

X 
Xk 

xk 
WHTDO 

W D  

1 x l o 6  
1 x l o 6  (DF), 

Sequoyah 1 & 2 Dirty 
Clean [3423 MW(t)l ea. 

PWR 

X 

X 
Packing rings and wire mesh 
Trays i n  absorption tower 

xk 
xk 

Zion 1 & 2 Dirty 
Clean 13391 m(t)l ea. 

PWR 

1 x lo6 (DF), 
1 x lo6  (DF), 

X 
X 

X 
X 

Aqua-chem 

W D  
Wire mesh with spray nozzles 
Absorption tower 

i 

'Swenson Evaporator Company, Harvey, I l l i n o i s .  

%ked sprays down onto heater tubes. 
'One dirty-waste and one clean-waste evaporator for the  3 reactors. 

?New dirty-waste evaporator being ins ta l led  a t  Point Beach. 
%tone and Webster Engineering Corporation, Boston, Massachusetts. 

See Figs. 1 and 2 and Table 1 for  sources of waste. A new 20-gpm forced-circulation type i s  planned. a 

bAqua-Chem, Inc., Milwaukee, Wisconsin. 

dWaste i s  circulated between evaporator and feed tank. 
e 

fThermovac Industries Corp., Copiague, New York. 

gThe same u n i t  i s  used for both wastes. 
h e  Unitech Company, Union, New Jersey. 

C One evaporator i n  use; one presently i n  reserve. 

American Machine & Foundry Company, York, Pennsylvania. 

0 Westinghouse Heat Transfer Division, Monroeville, Pennsylvania. 
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a Table 3. Performance of Evaporators Used a t  Nuclear Power Plants 

Evaporator Capacity 

I n s t  a l l a t  ion Waste Time Operated Volume 
[Capacity 1 S t r e y  Operating (% ) Pressure Anti-foam Re duct ion 
Reactor Type Treated De sign Max Min Avg Normal Abno mal (psi.) Agent ( f eed/thick l iquor ) Condensate Treatment Comments by Ut i l i t y  

(gal/min) 

- Dow B Dresden 2 & 3 Chemical 25 -21 -2 0 20 80 45 
[2527 MW(t)l ea. 
BWR 

8 F i l t e r  and ion Performance below de- 
exchange (mixed bed) sign. 

Ginna Dirty' 2 2 2 2 10-25 *loo 4 DOW H-10 10-70 (20 avg) Ion exchange (mixed Performance below de - 
[I300 M W ( t  ) 1 bed) sign. 
PWR 

- Yes Humboldt B a y  Chemic a 1  1 1 0.2 0.5 3Od 15  
[240 MW(t)l 

- Yes Low Purity 1 1 0.2 0.5 3Od 15  BWR 

- - - Nine Mile Point Chemical 10 3 36 1 5  No 
[I850 MW(t)l 
BWR 

25 

1000 

50-100 

Point Beach 1 & 2 Dirtye 2 1 1 1 -100 - 2 DOW H-10 24-40 
[1518 M W ( ~ ) ]  ea. 
PWR 

Clean 12.5 12.5 12.5 12.5 10-30 - 6-7 No Q 212 

F i l t e r  

F i l t e r  

Performance below de- 
s ign. 

Performance below de- 
sign. 

Ion exchange (mixed Performance s l igh t ly  
bed) below design. 

F i l t e r  (mixed bed ion 
exchange being added) sign. Modifications 

Ion exchange (anion) 
and f i l t e r  

Performance below de- 

being made. f 

Performance a t  design. 

Evaporators operated i n  semicontinuous mode as defined i n  Sect. 4. a 

bSee Figs. 1 and 2 and Table 1 f o r  sources of waste. 

%ame evaporator used fo r  chemical and high-purity waste; time i s  f o r  evaporating both wastes. 
e 

fSee ref .  17 fo r  modifications being made. 

C AMF 2-gpm evaporator with modifications described i n  ref. 17. 

AME' 2-gpm evaporator without modifications described i n  re f .  17. 



a Table 4. Performance Data for the  Oyster Creek Nuclear Generating 
Stat ion Waste Evaporator Treating Condensate-Demineralizer 

Regeneration Solution 

Concentration 
( p C i / u )  Average System 

Nu c li de Half'- Lif e Feed Condensate D F ~  

6oco 5.26 y 7.4 <1.3 x >5.7 x lo6 
8.1 d 4.6 <2 x x. 3 x lo3 

14'Ba 12.8 d 2.0 <1 x lo-6 >2 x io3  

-13? cs 30 Y 9.0 1.8 x lo-* 5 lo4  
" C r  27.8 d 7 .1  <6 x IO-' x . 2  x 103 

co 71.3 d 5.9 

134cs 2.05 Y 4.5 <9 x io--' >5 x i o 4  
>2.5 x io4 8 9 ~ r  51  d 3.8 

Sr 28 Y 2.3 x lom6 <2.2 x 10- >i io3 

i 3 i I  

Mn 303 d 1 .3  <1.5 x >8.7 x lo4 64  

68 - - 

<1.5 x ld8 

141ce 33 d 9.0 x <1 x lo-' >9 x lo2 
90 

a 

bAverage system decontamination factor ,  (E),, defined as the  feed 
From ref. 20. 

concentration divided by the  average condensate concentration. 



Table 5. Performance of Evaporators Used a t  AEC-Operated F a c i l i t i e s  

Evaporator Capacity 
(gal/min) 

Mo de Volume Ope rat ing 
Waste Stream Time Operated Pressure Anti-foam of Re duct ion 

Ins  t a l l a t  ion Treated Design Max. Min. Avg. (% 1 ( P s i 4  Agent Operation ( feed/thick l iquor)  Condensate Treatment Comments by Ins ta l la t ion  
a NRTS : 

TANb 

ANLC 

ICPPd 

OmLe 

f SRP: 
GPEg 

CEh 

P T E ~  

Chemical (Slightly 
bas ic )  

Chemical ( s l igh t ly  
bas ic )  

Chemical (Acidic 
and basic ) 

Chemical (Basic) 

Chemical (Basic, 
NaNO3 + NaOH) 
Chemical (Acidic, 
1 M HN03 + t races)  

Chemical [Acidic, 
1 M HN03 + 1 . 2  A4 
u ( N O 3  13 1 

1.7 

4.2 

12 .5  

10 

12 

40 

8 

1 

12.5  

7 

1 2  

40 

8 

0.8 0.9 4-6 10 Dow DB-31 Semicontinuous 10  Discharge or recycle 

0.4 0-20 -15 No S emicontinuous 50 Discharge or recycle 

8 30 1 2  No Semicontinuous 30 Ion exchange (cation) 

t o  evaporator 

t o  evaporator 

4 5 *loo -15 Dow A Semicont inuous 25-75; Ion exchange and 
35 avg. modified lime-soda 

water treatment 

1 0  30 3 NO S emicontinuous 

8 2% 30 -15 NO Continuous 

-15 No Semicontinuous 3 6 a0 

50 None 

Performance i s  below t h a t  
or iginal ly  achieved 

Performance below design. 
System being modified. 

Performance a t  design 
level .  Some scaling of 
tubes. 

Performance below design 
specifications on r a t e  
and DF 

Performance a t  design 
specifications.  

Fractionated to Performance a t  design 
recover HIT03 specifications.  Design 

capacity not required. 

30 

Fractionated t o  Performance a t  design 
recover HNOs 

2-35 
spec i f  i c  a t  ions 

a National Reactor Testing Stat ion (NRTS ), Idaho. 
bTest Area North (TAN); see Appendix F f o r  more d e t a i l  on waste and evaporator. 
Argonne National Laboratory(ANL) West - operator of the EBR-I1  s i t e  a t  the National Reactor Testing Station, Idaho. 
Appendix A. The evaporator system a t  ANL i s  presently undergoing extensive modifications; but, no operating data on the performance of these modifications a re  yet available. 

%dah0 Chemical Processing Plant (ICPP); see Appendix G fo r  more d e t a i l  on waste and evaporator. 
e Oak Eidge National Laboratory (OPXL); see Appendix H fo r  more d e t a i l  on waste and evaporator. 
'Savannah River Plant (SRP), Aiken, South Carolina. 

The evaporator referred t o  i s  of the  type shown i n  Fig. A-5 of C 

0' 
OGeneral Purpose Evaporators (GPE)  of the type shown i n  Fig. A-6 of Appendix A. 

hContinuous Evaporators (CE)  of the type shown i n  Pig. A-5 of Appendix A. 
i 

Vapors pass through four wet bubble-cap t rays .  

Vapors pass through three bubble-cap t rays  (bottom dry, middle wet, top d r y ) .  

Pot Type Evaporators ( R E )  of the  type shown i n  Fig. A - 1  of Appendix A with steam co i l s  instead of tube-and-shell heat exchanger. Vapors pass through three wet bubble-cap t rays ,  
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SEE TABLE 4 FOR LIST OF ISOTOPES. 
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Fig. 8. Comparison of System Decontamination Factors from 
Several Operating Nuclear Power Plants.  
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Fig. 9. Comparison of System Decontamination Factors from 
Several AEC -Operated F a c i l i t i e s .  
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fa,lling-film evaporator with forced c i rcu la t ion  (cf .  Fig. A-9  i n  Appendix 

A ) .  GE believes t h i s  type i s  be t t e r  for handling sludges. All the uni ts  
furnished by GE have several  inches of wire mesh i n  the  f l a s h  chamber f o r  

demisting. 
and they are  operated i n  a semi-continuous mode. 

The capaci t ies  of the evaporators vary from 10 t o  25 gal/min 

Westinghouse Elec t r ic  Corporation assumes tha t  an average equipment de- 

contamination factor ,  (?%?),, of 10' (including iodine)  can be obtained 
with a properly designed and operated evaporator. 

evaporators a t  Westinghouse PWR's range up to 30 gal/min. 

i s  used i n  the chemical and volume control system (CVCS) and the radwaste 

treatment system. Westinghouse i s  now designing and t e s t ing  evaporators 
f o r  use at nuclear power plants .  One design i s  based on the  horizontal-  

tube evaporator with U-bend tubes shown i n  Fig. A-3  (Appendix A )  with the 

feed sprayed down onto the tubes. 
modified AMF 2-g-pm unit (Fig. 4)  with fur ther  modifications of the 

internals ,  steam i n  place of hot water heating, and an external  condenser 

instead of the in t e rna l  one. Vapors from the evaporators pass through 

absorption columns containing t rays  or packing rings and wire mesh. 

The capaci t ies  of 

The same s ize  

Another appears to be similar t o  the  

Bechtel Corporation assumes a (E), of lo3 but has achieved 10' i n  

t e s t s  with radioactive sodium t racer .  Bechtel s t a t e s  t h a t  recycle of 
organic materials from laboratory o r  decontamination wastes through an 
evaporator i s  undesirable since vo la t i l e  organic material ,  such as 

hexone (methylisobutyl ketone), pass in to  the purif ied water. When 
recycled t o  the reactor, these organics could decompose and deposit on 

hot surfaces, such as f u e l  elements, and seriously a f fec t  operations. 
Bechtel reports t h a t  d i r t y  o r  miscellaneous waste (such as decontamination 
solutions,  demineralizer regenerant solutions,  and laboratory wastes ) i s  
the la rges t  source of radioactive materials which must be evaporated, 

so l id i f ied ,  and shipped off  - s i t e .  

gal/day a t  a 1000-MW(e) BWR p lan t ]  contain about 1% N a ~ S 0 4  and are  con- 

centrated by evaporation t o  20-25$ N a ~ S 0 4 .  

These solutions [ 18,000 t o  20,000 

Stone and Webster (S&W) assumes a (z)s , evaluated a t  the maximum 
feed-to-thick l iquor  r a t io ,  o f  LO4. S&W believes tha t ,  based on t h e i r  



t e s t s  and experience, t h i s  i s  a reasonable value f o r  an evaporator designed 

spec i f ica l ly  t o  reduce entrainment and leaves some margin fo r  upsets and 

differ ing v o l a t i l i t i e s  of isotopes such as  iodine under low pH, oxidizing 

conditions, e tc .  I n  recent evaporators, S&W has modified the design of 

the vapor-liquid separator section t o  l imi t  entrainment as  well  as  

vo la t i l i za t ion  of boron and iodine. 

are  used above and below the feed point fo r  this purpose. 

t rays  are used. 

plants has a ver t ica l ,  external, shell-and-tube heat exchanger. To reduce 

o r  eliminate the deposition of sol ids  on heating surfaces, no vaporization 

occurs within the exchanger. T h i s  i s  accomplished by forced c i rcu la t ion  
i n  conjunction with a r e s t r i c t ion  device i n  the  heat exchanger ou t l e t  l i ne .  

An evaporator incorporating these features  i s  depicted i n  Fig. A-10 

(Appendix A ) .  

of 35 gal/min. 

Trays with a design DF of 8 per t r a y  

Five t o  eight 

The S&W evaporator designed f o r  use a t  nuclear power 

The la rges t  unit designed by S&W thus f a r  has a capacity 

7.2 U t i l i t y  Companies 

Typical design specifications fo r  evaporators used a t  nuclear power 

plants are  presented i n  Table 2 and typ ica l  operating r e su l t s  i n  Table 3. 
Examples of evaporator types used and proposed fo r  use i n  the  nuclear 

power industry are shown i n  Appendix A. The established single-stage 

chemical evaporators (depicted i n  Figs. A - 1  t o  A-6 of Appendix A )  and 

variations thereon are  widely used a t  nuclear power plants  as shown by 
the l ist ing i n  Appendix I. Pilgrim-1, Indian Point-1, and Shippingport 
report having the vapor-compression type (cf .  F ig .  A-7  i n  Appendix A ) .  

Connecticut Yankee's Haddam Neck plant has a un i t  t h a t  could be considered 

a double-effect evaporator (cf .  F ig .  A-8 i n  Appendix A),but it i s  not 

operated as  such. 

the condensate from the f i r s t  evaporator being condensed i n  the heat 

exchanger of the second and t h i s  condensate being used as  feed t o  the 

second evaporator. Another way i s  as  two evaporators i n  pa ra l l e l .  

Fi tzPatr ick 
Fig. A-11)  t o  fur ther  concentrate the thick l iquor  (-25 w t  % so l id s )  from 

the  waste evaporator t o  a product containing 60 t o  70 w t  % solids.  Other 

One way the uni t  i s  operated a t  Haddam Neck i s  with 

The 
radwaste system specif ies  a turbulent-film evaporator ( c f ,  

. -  

. r  
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plants ,  Hwnboldt Bay and Indian Point, are reported t o  be considering 
t h i s  + , n e  evaporator for fur ther  concentration of  wastes. 

Essent ia l ly  a l l  plants  have experienced some d i f f i c u l t i e s  with organic 

materials and foaming. These problems have generally been dea l t  with 
by careful  segregation of aqueous and organic wastes and by use of an t i -  

foam agents. 
a ra t ions)  seem t o  be about equally s p l i t  between good r e su l t s  and no 

ef fec t .  Several plants  - among them, Ginna, Point Beach, and H. B. 

Robinson Unit no. 2 - were unable t o  achieve the  design leve ls  of boil-off 

ra te ,  vacuum control,  and decontamination with t h e i r  evaporators as 

or ig ina l ly  ins ta l led .  The modifications t o  these evaporators t o  improve 

performance are  discussed i n  Sect. 6.1. 
t o  process more waste than predicted by design estimates. This i s  re f lec ted  

i n  the f a c t  t ha t  when evaporators are  replaced, the replacement uni t  usually 

has a higher r a t e  than the or ig ina l  un i t .  For example, the new uni t  a t  
Point Beach w i l l  be 35 g p m  vs 2 gpm and a t  Nine Mile Point 20 gpm vs 10 gpm. 

Results with the antifoam agents used ( the s i l icone prep- 

Most evaporators have been required 

Corrosion i s  a pr incipal  concern with evaporators. Dresden 2 reported 

tha t  the or ig ina l  evaporator f a i l e d  due t o  acid at tack (sulfur ic  acid 

f rom the incomplete neutral izat ion of demineralizer regenerant solutions ) . 
The replacement un i t  i s  made of 3 1 6 ~  s ta in less  s t e e l  while the or ig ina l  was 

made of 304L and 308. 
sol ids .  
and caused reduced boil-off ra tes .  
boil ing t o  induce c i rcu la t ion  (i . e. ,  forced-circulation evaporators ) or 
evaporators with low vapor release i n  the tubes (e.g., the  Stone & Webster 

design discussed above) a re  used t o  reduce the problem of lowered boil-off 
r a t e s  caused by crys ta l l iza t ion ,  sal t ing,  and scaling. 

The tubes of heat exchangers sometimes plug with 

Some tube plugging has occurred i n  the evaporator a t  Oyster Creek 
Evaporators t h a t  do not depend on 

About two-thirds of the plants  report  achieving decontamination fac tors  

t h a t  are  l e s s  than the design estimates, frequently 1/10 of design, but i n  

several  instances 1/1000 t o  l/lO,OOO of design. 

several  operating power plants a re  shown i n  Fig. 8, and performance data 

f o r  the evaporator a t  Oyster Creek are  given i n  Table 4. 
performance test2' on the  waste evaporator a t  H. B. Robinson Unit No. 2 are  

Decontamination fac tors  f o r  
20 

Results from a 



presented i n  Appendix E. Except for the  small, 10-year-old evaporator 

a t  Humboldt Bay and the unmodified uni t  a t  Point Beach, the  average 
system DF's shown i n  Fig. 8 are  greater  than approximately l o3 .  
average system DF's f o r  the Oyster Creek evaporator (Table 4) range 

from lo3 t o  mid l o 6 .  
plants  i n  West Germany indicated tha t  a r e a l i s t i c  average system DF for a 

waste evaporator i s  l o2  -lo3. Apparently, no d i f fe ren t ia t ion  i s  made 

between nonvolatile and vo la t i l e  solutes or aqueous and nonaqueous 

solutions.  

The 

A recent survey2* of radwaste from nuclear power 

The problem of increasing decontamination factors ,  where they a re  

l e s s  than design estimates, i s  being approached i n  several  ways a t  nuclear 

power plants .  One way i s  improved evaporator control  systems, including 

improved l iquid- level  detectors, foam sensors, and pressure control lers  

( i n  par t icu lar ,  the vacuum units). 
ment of entrainment separators so tha t  they match or complement the 
evaporator's performance as discussed i n  Sect. 6 and Appendix C .  S t i l l  

another and very important way i s  increased a t ten t ion  t o  the evaporator 
operation by t ra ined  personnel. 

Another way i s  modification or replace- 

7.3 AEC-Operated F a c i l i t i e s  

Evaporation has been widely and routinely used a t  AEC-operated 
f a c i l i t i e s  with sa t i s fac tory  r e su l t s  for over two decades. 
and typ ica l  performance r e su l t s  of the evaporators a t  several  of these 

in s t a l l a t ions  a re  summarized i n  Table 5, Fig. 9, and Appendices F-H. 

The average system DF's shown i n  Fig. 9 range from mid lo2 t o  mid lo6 .  
An in te res t ing  observation t o  be made concerning the performance r e su l t s  

(Appendix H )  f o r  the ORNL waste evaporator i s  t h a t  i n  a given run the 

DF's f o r  a l l  isotopes are,  within a fac tor  of about two, the same. 
t he  waste did not contain iodine for comparison of i t s  DF's with nuclear 

power plant  resu l t s .  
s l i gh t ly  below design r a t e s  and DF's. 

Descriptions 

However, 

I n  general, the  evaporators have performed a t  or 

Consideration of a l l  the information col lected i n  t h i s  study leads 

t o  the  conclusion tha t  evaporation i s  very e f fec t ive  i n  separating non- 

vo la t i l e  radioactive contaminants from waste water. It can be useful  f o r  
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rapidly cleaning up large volumes of highly contaminated water, e i t he r  

routinely or i n  emergencies. 
higher than water (organic mater ia ls)  a re  not separated from water by 
evaporation. Materials with moderately high vapor pressures (iodine and 
ruthenium) are  not separated effect ively from water under some conditions. 

An average system decontamination fac tor  of lo3 t o  lo4 can be expected 

for nonvolatile radioactive contaminants t r ea t ed  i n  single-stage evaporators. 

Similar ( E ) s ' s  
acidic  and oxidizing, conditions. 

t o  be a fac tor  of 10 t o  100 lower than those expected for nonvolatile 

species under alkaline,  but not oxidizing o r  acidic,  conditions. The 

(w)s's f o r  wastes t h a t  contain soaps and detergents can be expected t o  

be a fac tor  of 10 t o  100 lower than those expected when such organic 
materials are  absent. 
designed, adequately sized, and operated with reasonable s k i l l .  Higher 

decontamination factors  can be achieved but require simultaneous optimization 

of (1) pH and redox poten t ia l  of the feed t o  ensure t h a t  a l l  solutes  are  

nonvolatile; (2  ) evaporator design and operating conditions t o  minimize 

Toam, splashover, and entrainment; and (3)  the operator 's  skill and 
a t ten t ion  t o  ensure t h a t  conditions (1) and ( 2 )  are maintained. 

Materials having vapor pressures t h a t  are  

can be expected fo r  ruthenium under alkaline,  but not 

The ( E ) s ' s  f o r  iodine can be expected 

These values assume tha t  the evaporator i s  well 
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APPENDIX A. EXAMPLES OF WAPOFATOR TYPES USED AND 
PROPOSED FOR USE IN THE NUCLEAR POWER INDUSTRY 
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Fig. A-1. Short Vertical-Tube (Calandria o r  Standard) Evaporato r. 
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Fig. A-2. Horizontal-Tube Evaporator (Classic Construction). 
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Fig. A-4. Long Vertical-Tube Evaporator with Natural Circulation. 
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Fig. A-5. brig Vertical-Tube Evaporator with External Heater 
and Natural Circulation (Thermosiphon). 
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Forced-Circulation Evaporator with an External 
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Fig .  A-8. Double-Effect Evaporator with External Vert ical  Heaters, 
Forced Circulation, and Forward Feed. 
feed and vapor are pa ra l l e l .  ) 

( In  a forward-feed system, the 
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Fig. A-9. Falling-Film Evaporator with Forced Circulation. ... 



47 

ORNL DWG. 73-6896 

- -  

VAPOR 
9 

DlST I L L ATlON 
TRAY 

CUTAWAY VIEW OF 
DISTILLATION TRAY 
SECTION uu 

UU 

uu +FEED 

Fig. A-10.  I ~ n g  Vertical-Tube Evaporator with External Heater, 
Forced Circulation, Restriction Device t o  Prevent Boiling i n  Tubes, 
and Di s t i l l a t i on  Tray Section. 
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Fig. A-11. Turbulent-Film Evaporator. (This type evaporator i s  
also ca l led  thin- ,  agitated-,  and wiped-film. Units may be horizontal  
o r  v e r t i c a l  and the heated walls may be tapered.)  
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APPENDIX B.  INTERRELATIONSHIPS BETWEEN SYSTEM ADID EQUIPMENT 
DECONTAMINATION FACTORS FOR COIVTINUOUS, BATCH, AND 

SEMICONTINUOUS MODES OF EVAPORATOR OPERATION 

The ins tan taneous  decontamination f a c t o r  f o r  an evaporator  (DF) e i ’  
a l s o  c a l l e d  equipment DF, i s  def ined  as t h e  r a t i o  o f  t h e  t h i c k  l i q u o r  

concent ra t ion  a t  any t ime, 

t ime,  Cct, as g iven  by t h e  equat ion  

t o  t h e  condensate concent ra t ion  a t  any Clt 

Clt 
Cc t  

( D F ) ~ ~  = - . 

( D F ) ~ ~ ,  o f t e n  
con cent r at  ion  

t ime as given 

c a l l e d  

a t  any 

by t h e  

The ins tan taneous  decontamination ac ross  t h e  evaporator  system, 

t h e  process  DF, i s  def ined  as t h e  r a t i o  of t h e  feed  

t ime, C 

equat ion 

t o  t h e  condensate concent ra t ion  a t  any f t ’  

I b  ( D F ) ~ ~  = - . 
Cct  

With a cons tan t  f eed  concent ra t ion ,  Cf,  t h e  concent ra t ion  f a c t o r  a t  
any t ime, (CF)t, i s  g iven  by t h e  equat ion  

Clt 
cf 

(CF) = - .  
Combination of Eqs. ( B - l ) ,  (B-2), and ( B - 3 )  shows t h e  r e l a t i o n s h i p  

between (DF)ei and (DF)si t o  be  

For an evaporator  opera ted  i n  a continuous mode (as def ined  i n  

S e c t -  41, Eqs* ( B - l ) ,  (B-2), and (€3-4) a l s o  g ive  the average DF’s s ince ,  
f o r  an evaporator  opera ted  i n  a continuous mode, concent ra t ions  a r e  not 

t ime dependent. 

t h i c k  l i q u o r  r a t e .  

The concent ra t ion  f a c t o r  i s  t h e  feed r a t e  divided by t h e  

For an evaporator  opera ted  i n  a b a t c h  mode (as def ined  i n  Sec t .  4), 
i f  t h e  concent ra t ion  o f  t h e  t h i c k  l i q u o r  i s  reasonably l i n e a r  wi th  volume, 



- 
t h e  average th i ck  l iquor  concentration, 
of the  o r ig ina l  feed concentration, Cfo,  and the  f i n a l  th ick  l iquor  

concentration, Clf, as given by the  equation 

i s  equal t o  one-half the  sum 

- cfo + 

2 c =  1 

The f i n a l  volume reduction fac tor ,  (VR)f ,  f o r  a batch evaporation i s  

the  r a t i o  of t he  volume of feed o r ig ina l ly  charged t o  the  evaporator, Vfo, 

as Vlf t o  the  f i n a l  volume of t h i ck  l iquor  removed from the  evaporator, 

given by the  equation 
T T  
" fo 

= - 
Vlf 

The th ick  l iquor  concentration at any time as obtained from a mater ia l  

balance across the  evaporator, where V c  represents t h e  volume of  condensate 

and ? t he  average condensate concentration, i s  given by t h e  r e l a t ion  
C 

LI II 

The average equipment DF, (E),, f o r  a batch evaporation i s  t h e  r a t i o  

of the average th i ck  l iquor  concentration t o  the  average condensate 

concentration as given by t h e  equation 

subs t i t u t ion  of Eqs. ( B - 5 )  and ( B - 7 )  i n to  Eq. (B-8) shows t h a t  the  
average equipment DF, (E)e, for  a batch evaporation i s  equal t o  

If the  solut ion volumes are  additive,  V equals Vfo minus V 
C If  and 

Eq. (B-9) may be wri t ten as 

.. 



(B-10) 

In most p rac t i ca l  cases, t h e  l a s t  term i n  Eqs. ( B - 9 )  and (B-10) i s  

small and (E)e i s  given as 

(B-11) 

The average system DF, (E)s, f o r  a batch evaporation i s  the  r a t i o  of 
t h e  o r ig ina l  feed concentration t o  t h e  average condensate concentrat, ion as 

given by the  equation 

(E)s = cfo 

cC 

( B - 1 2 )  

Subst i tut ion of Eq. (B-12) i n to  Eqs. (B-9), ( B - l o ) ,  and ( B - 1 1 )  shows 

the  relat ionship between (E) and (E)s f o r  a batch evaporation t o  be e 

( B - 1 3 )  

with t h e  respective assumptions given above. 
For an evaporator operated i n  a semicontinuous mode (as  defined i n  

Sect.  4) with feed of constant composition, Cf,  i f  the  th ick  l iquor  

concentration i s  reasonably l i nea r  with time, the  average th ick  l iquor  

concentration i s  given by Eq. ( B - 5 )  and the  average equipment DF by 

Eq. ( B - 8 ) .  

The ove ra l l  volume reduction fac tor ,  (VR) , f o r  a semicontinuous 0 

evaporation i s  t h e  r a t i o  of t h e  t o t a l  volume of feed processed, V t o  
f P’ 
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t he  inventory of th ick  l iquor ,  V, ,  i n  t he  evaporator as given by 
I 

equation 

(VR)  =a. vf 

O 

The th i ck  l iquor  concentration a t  
mater ia l  balance across the evaporator 

any time as determined by 
i s  given by t h e  equation 

5). 
v1 

t h e  

( B-16) 

a 

(B-17) 

. -  

Subst i tut ion of Eqs. (B-5) and (B-17) i n to  Eq. (B-8) shows tha t  t h e  

average equipment DF for  a semicontinuous evaporation i s  given by the  

r e l a t  ion 

If t h e  solut ion volumes are  additive,  V equals V minus V a n d  
C rp 1 

Eq. (B-18) may be expressed as 
, -  .. 

I n  most evaporations the  las t  term i n  Eqs. (B-18) and (B-19) i s  s m a l l  

and (z) i s  given as e 

(B-20) 

The average system DF for  a semicontinuous evaporation i s  t h e  r a t i o  of 

t h e  feed concentration t o  the  average condensate concentration as given by 

t h e  equation 

cf 

cC 

= =- . (B-21) 
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Substitution of Eq. (B-21) into Eqs .  (B-18), (B-lg), and (B-20) 

shows the relationship between (E) e and (E) S for a semicontinuous 
evaporation to be 

(B-22) 

with the respective assumptions given above. 

( B-24) 

.I 
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APPENDIX C .  CORRELATION OF ENTRADNEUT LOSSES 

The empirical correlation12 depicted i n  Fig. C - 1  shows a decrease 

i n  DF with increasing boilup rate .  
data and gives evaporator decontamination fac tor  as a function of a 

correlat ing constant. This constant, inferred from Stoke's se t t l i .ng  law, 

i s  a measure of the droplet s ize  tha t  w i l l  be car r ied  over by the vapor 

and may be expressed as 

The curve i s  an average of available 

where 

E = entrainment factor ,  f t /h r ,  

g 
u = l i nea r  vapor velocity, ft/hr, calculated a t  the la rges t  

horizontal  cross-sectional area fo r  vapor f low,  
p = vapor density, lb / f t3 ,  

p 
g 
1 = thick l iquor density, l b / f t 3 .  

These ( D F ) e ' ~  are  for the evaporator (calandria plus f l a sh  chamber plus 

impingement p l a t e  or baf f l e )  and do not include external  entrainment 

separators such as wire packed columns, cyclones, and t rays .  Decon- 
tamination fac tor  correlations are  presented also, e.g. ,  r e f .  4, as  p lo t s  

of DF vs u p v z  and DF vs u p ,where p 
u Most evaporators 

have devices incorporated or attached to remove entrained l i qu id  droplets. 
The overa l l  decontamination fac tor  f o r  t he  evaporator plus deentrainment 
devices may d i f f e r  widely from the  DF f o r  the evaporator alone as  

i l l u s t r a t e d  i n  Fig. C-2. The r e su l t s  shown i n  Fig. C - 1  could imply tha t  

a t  lower boilup ra tes  the decontamination fac tor  would be higher. 

resu l t s  4y11'13'14 have shown t ha t  a t  very low boilup r a t e s  the  decontm- 

inat ion fac tor  decreases with decreasing boilup r a t e  ( c f .  Fig. C - 2 ) .  

i s  the  density of the  vapor and 
g g  g g  g 

i s  the  l i nea r  veloci ty  of the vapor as defined above. 
g 

But, 

A s  an example of the application of t he  correlat ion shown i n  Fig. 

C - 1 ,  consider the information given i n  ref .  8 f o r  the 2-gp-n AME' Model 

120 Ray-Dipak Evaporator i n s t a l l ed  at the  Ginna Station: 

pressure equal to about 3 ps ia  and vapor l i nea r  veloci ty  equal to about 

operating 

. -  

. _  

.. 
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100 
I O *  

I O  

I 
E=U, [ P g  1" 

Pa - P g  
Fig .  C - 1 .  Evaporator Decontamination Factor, 

Entrainment Factor, E. (Redrawn from re f .  1 2 )  

1000 
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ORNL DWG. 73-15 R I  

OVERALL DF FOR BOILER PROPER, 
CYCLONE AND PACKING TOWER 
(SMALL- SCALE UNIT 1 

OVERALL DF FOR BOILER PROPER, 
CYCLONE AND PACKING TOWER 

OVERALL DF FOR BOILER PROPER 
(LARGE-SCALE U N I T )  

AND CYCLONE (SMALL-SCALE UNIT)  

OVERALL DF FOR BOILER PROPER 
AND CYCLONE (LARGE-SCALE UNIT) 

DF FOR CYCLONE 
(SMALL- SCALE UNIT) 

(DF), FOR BOILER PROPER 
(SMALL-SCALE UNI T )  

(DF), FOR BOILER PROPER 
(LARGE-SCALE UNIT) 

I IO IO2 lo3 lo4 
VAPOR VELOCITY, 

G ( I b / f 1'- hr 1 

- -  

I .  

Fig. C-2. Overall Decontamination Factor of Evaporator and 
Entrainment Separators vs Mass Velocity of Vapor. (Redrawn from 
ref. 11) 
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6 f t / sec  or  21,600 f t / h r .  

(steam t ab le s ) .  
a t  the conditions (-3 ps ia  and -142°F) i n  the  evaporator, E may be 

evaluated from Eq. ( C - 1 )  as 

At 3 ps ia  the value of p i s  0.0084 lb / f t3  
If the thick l iquor  has a density of about 75 l b / f t 3  

g 

E = 21,600 [0.0084/(75 - 0.0084)]1/2 

o r  

E = 229 f t / h r .  

From Fig. C - 1 ,  a t  t h i s  value of E, (DF), equals about 6 x l o 2 .  
would be f o r  the  evaporator and would not include DF's f o r  the perforated 

plate ,  sieve t ray,  and mesh i n  the  deentrainment section of the evaporator 

(Fig. 4 ) .  
i n s t a l l ed  were reported15 t o  be from 3.2 x 10" t o  lo3  as  determined from 

operating experience. 

DF of  l o 6 .  
operating r e su l t s  

This DF 

The values of equipment DF's f o r  t h i s  evaporator as or ig ina l ly  

Design specif icat ions ca l led  f o r  an equipment 

The evaporator system was modified (Sect. 6.1) and recent 
16 show equipment DF's from low l o 4  to mid lo5 .  
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APPENDIX D. OAK RIDGE NATIONAL LABORATORY (OFiNL) STUDIES I N  
SMALL-SCAU EQUI€MENT ON THE DECONTAMINATION OF L I Q U I D  

RADWASTE BY EVAPORATION 

A se r ies  of experiments was carr ied out t o  study the decontamination 

The wastes studied factor  (DF) obtained during evaporation of radwastes. 

were a simulated OmL intermediate-level radioactive waste and a simulated 
radioactive borate waste with the compositions given i n  Table D-1 .  

schematic of t h e  small-scale equipment used i n  these s tudies  i s  shown i n  
Fig. D-1. The average system decontamination factors ,  (E), ' s ,  achieved 

a re  low lo4  f o r  cesium (Figs. D-2  and D - 8 ) ,  sodium (Fig. D - 3 ) ,  and 
strontium (Fig. D - 4 ) ;  a re  i n  the  range of mid lo3  t o  low lo4  f o r  ruthenium 

(Figs. D-5 and D - 9 ) ;  and a re  i n  the range of mid 10 t o  lo2 fo r  iodine 

(Figs. D-6 and D-10) with the  wastes as made up i n  Table D-1.  

broadly, the system decontamination fac tor  obtained i n  an evaporation 

with t h i s  equipment i s  f a i r l y  steady with volume reduction f ac to r  ( r a t i o  
of the volumes of feed processed t o  the  volume of th ick  l i quor )  and the 

equipnent decontamination fac tor  increases with increasing volume reduction 

fac tor  (Figs, D-2  through D - 1 7 ) .  

A 

Speaking 

A possible explanation of the low DF's f o r  iodine shown i n  Figs.  D-6 
and D - 1 0  i s  the  very low concentration of iodine compared t o  the  concen- 

t r a t i o n  of low-molecular-weight organics i n  the  solutions (viz . ,  organics 
i n  the tap  water used t o  prepare solutions, sorbed from the  a i r ,  and 
leached from p l a s t i c  containers used i n  preparing and for stor ing the  
solut ions) .  
organics t o  the  concentration of t r a c e r  iodine ( the  only iodine added i n  
the above two experiments) i s  high and the probabi l i ty  of forming organic 
iodides with most or a l l  of the  t r a c e r  i s  high. 

radioactive iodine i n  organic iodides, an iodide s a l t  containing only 

nonradioactive iodine was added t o  t h e  wastes - a technique frequently 

ca l led  isotopic  di lut ion.  

0.01 g-mole/liter of nonradioactive potassium iodide t o  the  wastes as  

shown i n  Table D-1, the  average system DF for iodine increased t o  mid 
103-104 with the  ORNL ILW (cf. Fig. D-6 t o  Fig. D - 7 )  and increased t o  
low l o4  with the borate waste (cf .  Fig. D - 1 0  t o  Figs. D - 1 1  and D - l 2 ) .  

I n  other  words, the r a t i o  of the  concentration of t race  

To reduce the amount of 

After the addition of 0.2 uCi/ml of 13'1 and 

. -  
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To determine the e f f ec t  of a la rge  amount of an organic known 

readi ly  to form iodides on the  above iodine DF's, 0.5 g / l i t e r  of diethyl- 

benzene was added to the borate waste i n  addition t o  the 0.2 pCi/ml of 1311 

and 0.01 g-mole/liter of K I .  

experiments (Figs. D - 1 3  and 11-14) were about half  those without the 

diethylbenzene, i. e. ,  i n  the range of low t o  mid lo3 .  
the amount of KI t o  0.02 g-molell i ter  of borate waste, while maintaining 

the ( C 2 a ) ) a C 6 &  a t  0.5 g / l i t e r  and the t r ace r  iodine a t  0 , 2  pCi/ml., 

lowered the average system DF's to about mid 10" (Figs. D-15 and D-16). 

The average system DF's obtained i n  these 

An increase i n  

A possible explanation of the l a t t e r  r e su l t  with K I  addition i s  t h a t  

the concentration of iodide i n  the aqueous phase was increased beyond a 
value a t  which it could a l l  be maintained i n  the nonvolatile iodide s t a t e ,  

That i s  to say, elemental iodine was probably vola t i l i zed  from the  waste. 

To t e s t  t h i s  supposition, sodium su l f i t e  was selected as a reductant t o  
adjust  the redox poten t ia l  of the  waste. To the  borate waste containing 

0.2 pCi/ml. of I3'I, 0.5 g / l i t e r  of ( C 2 & ) 2 C G H 4 ,  and 0.02 g-mole/liter of 

KI, was added 0 .1  g-mole/liter of N k S 0 3 .  

mid 10" obtained without s u l f i t e  addition increased t o  mid lo3 with s u l f i t e  

addition (c f .  Figs. D-16 and D - 1 7 ) .  

The average system DF's of 

In  these experiments, r e l a t ive ly  large amounts of additives were 
In-depth employed since the purpose was to i l l u s t r a t e  gross e f fec ts .  

studies to determine the mount of additive for  maximum enhancement of 

iodine DF and minimum sol ids  loading of the evaporator a re  needed. 

physicochemical studies t o  be t t e r  define the behavior of iodine during 
the evaporation of inorganic and organic l iqu ids  are desirable.  

Basic 
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Table D-1. Composition and Properties of Simulated Liquid 
Radwastes Used i n  ORNL Evaporation Studies 

Concentration" ( g-mole/li t e r  ) 
ORJYL I L W ~  Bo r a t  e Waste 

Constituents 

Na+ 

c S+ 

m+ 
H+ 

Ca2+ 

Sr2+ 

A13 + 

c 1- 
OH- 

Property 

PH 

0.128 0.55 
0.0082 

0.001 

0.0693 
0.0017 

0.0023 

0.0025 

0.06 

0.0633 

0.031 

0.295 

0.0313 

. -  

0.128 

0.0231 

10.9 12.8 

Elec t r i ca l  con- 
duc t i v i  t y 6.9 x mho/cm 22 x i ~ - ~  &o/cm 

a 

bOak Ridge National Laboratory (OWL) Intermediate-Level Waste (cf . 
A s  made up. 

Appendix H) .  



61 

ORNL DWG. 73-750 

CONDENSER 

F 
T 

I 

I ON 

\o; 

1 

Fig. D - 1 .  Schematic of 3-kW Evaporator Used i n  Laboratory Studies 
on Decontamination of Simulated Radioactive Wastes. Evaporator pot i s  
3 i n .  I D  x 6 in .  high and f l a sh  chamber i s  6 in .  I D  x 8 i n .  high. (See 
ref. 23) 
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ORNL DWG 73-17RI 

I I I I I I 

4 A  
,-+- 

D F  

INSTANTANEOUS 
SYSTEM DF 

I I I 1 I 1 
IO  20 30 4 0  50 60 

VOLUME REDUCTION FACTOR (VR), 
D 

Fig. D-2. Comparison of Average Equipent  and System Decontamination 
Factors fo r  Cesium ( 1 3 ? C s )  i n  a Small-Scale Evaporator. 
i s  ORNL ILW as given i n  Table D - 1  plus 0.2 pCi/ml of 13?Cs t racer .  
Evaporator operated i n  a semicontinuous mode. 

Feed composition 

. -  
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ORNL DWG 73-13 R I  

ff AVERAGE E Q U I P M E N T  D F  

0 

AVERAGE SYSTEM DF 

1 1 I I I I I 03; 
VOLUME REDUCTION FACTOR (VR) ,  

Fig. D-3. Comparison of Average Equipment and System Decontamination 
Factors for Sodium in a Small-Scale Evaporator. 
ORNL ILW as given in Table D-1. 
mode. 

Feed composition is 
Evaporator operated in a semicontinuous 
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ORNL DWG 73-12Rl 

I I I I I I 1 

4 AVERAGE EQUIPMENT DF 

INSTANTANEOUS SYSTEM DF r 

I I I I I I 
10 20 30 40 SO 60 70 VOLUME REDUCTION FACTOR, (VR), 

Fig. D-4. Comparison of Average Equipment and S y s t e m  Decontamination 
Factors fo r  Strontium (“Sr)  in a Small-scale Evaporator. 
composition is ORNL ILW as given in Table D-1 plus 0.2 pCi/ml of 85Sr 
tracer. 

Feed 

Evaporator operated in a semicontinuous mode. 

-. 
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ORNL DWG 73-llRI 

I I I I 1 1 
10 20 30 40 50 60 

V O L U M E  R E D U C T I O N  FACTOR,  (VR), 
0 

Fig. D-5. Comparison of Average Equipment and System Decontamination 
Factors for Ruthenium (lo6Ru) i n  a Small-Scale Evaporator. 
composition i s  ORNL ILW as given i n  Table D - 1  plus 0.4 pCi/ml of lo6Ru 
t racer .  Evaporator operated i n  a semicontinuous mode. 

Feed 
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ORNL DWG 73-14 R I  

,'- .' e 4 
0 

/' 
AVERAGE SYSTEM DF 

Fig. D-6. Comparison of Average Equipment and System Decontamination 
Factors for Iodine (I3?) in a Small-scale Evaporator. 
is ORNL ILW as given in Table D-1 plus 0.2 pCi/ml of '"I tracer. 
Evaporator operated in a semicontinuous mode. 

Feed composition 
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ORNL DWG. 73-5921 

I I I 1 I I 
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/ 
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00 - -_ _ _  0. 
INSTANTANEOUS SYSTEM D F  

1 I I I I I 
IO V O L U M E  20 REDUCTION 30 FACTOR, 40 (VR), 50 60 70 

Fig. D-7 .  Comparison of Average Equipnent and System Decontamination 
Factors for Iodine (1311) i n  a Small-Scale Evaporator. 
i s  ORNL ILW as given i n  Table D-1 plus 0.2 pCi/ml of 13’1 t r ace r  and 0.01 
g-mole/liter of K I .  

Feed composition 

Evaporator operated i n  a semicontinuous mode. 
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ORNL DWG. 73-5922 

I I I I I 1 IO 
0 

V O L U M E  R E D U C T I O N  F A C T O R , ( V R ) ,  

Fig. D-8. Comparison of Average Equipment and System Decontamination 
Factors fo r  Cesium (137Cs) in a Small-scale Evaporator. 
is borate waste as given in Table D-1 plus 0.2 pCi/ml of 137Cs tracer. 
Evaporator operated in a semicontinuous mode. 

Feed composition 
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ORNL DWG. 73-5923 
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INSTANTANEOUS SYSTEM D F  /’ r 

D F  

I I I I I I 

I I I I I I 
60 

IO VOLUME 20 REDUCTION 30 FACTOR, 40 (VR), 50 
70 

Fig. D-9 .  Comparison of Average Equipment and System Decontamination 
Factors for Ruthenium (lo6Ru) i n  a Small-scale Evaporator. 
i s  borate waste given i n  Table D - 1  plus 0.4 vCi/ml of lo6Ru t racer .  
Evaporator operated i n  a semicontinuous mode. 

Feed composition 
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Fig. D-10. Com arison of Average Equipment and System Decontamination 
Factors for Iodine ('3'1) i n  a Small-scale Evaporator. Feed composition 
i s  borate waste as given i n  Table D-1 plus 0.2 pCi/ml of I3lI t r ace r .  
Evaporator operated i n  a semicontinuous mode. 
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ORNL DWG. 73-5924 
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Fig. D-11. Com arison of Average Equipment and System Decontamination 
Factors fo r  Iodine ('311) in a Small-scale Evaporator. Feed composition 
is borate waste as given in Table D-1 plus 0.2 pCi/ml of '"I tracer and 
0.01 g-mole/liter of KI. Evaporator operated in a semicontinuous mode. 
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APPENDIX E. RFSULTS OF PERFORMANCE TEST ON THE 
H. B. ROBINSON UNIT NO. 2 WASTE EVAPORATOR 
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a Table E-1. Results of a Performance Test on the  Waste Evaporator a t  H. B. Robinson Unit No. 2 After Modification 

Date April  13, 1972 April 14, 1972 

T i m e  1000 12  00 1400 1600 1800 2000 2200 2400 02 00 0400 0600 1000 

Condensate (ppm) 
(m,b 

Boron 
Feed ( P P )  
Condensate (ppm) 
(5) sb 

(E) sb 

4Mrl 
Feed (pCi/ml) 
Condensate (pCi/ml) 

5 8 c ~  
Feed (pCi/ml) 
Condens a t  e (pCi/ml) 

co 6 0  

PH 
Feed 
Condensate 

Gross p 
Feed (pCi/ml) 
Condensate (pC i / m l  ) 

2933 
3.22 
9.10 x 10" 

250 
0.2 
1.25 x lo3  

1.11 x lo+ 

>3.7 x 10" 
C3.0 x lo-* 

2.54 x loe6 

5.6 x lo1 

4.92 x lo-' 
1.46 x 

4.53 x lo-? 

3.37 x lo1 

12.9 
5.7 

1.86 x ioe6 
-- 
-- 

4633 

4.68 l o4  

477 
0.4 
1.19 x io3 

0.10 

-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 

12.9 
7.1 

7.57 x 
1.10 x lo-? 
6.88 x 10" 

402 5 
0.32 
1.26 x io4  

946 

>9.46 io3  

3.24 

>i. 08 io3 

<o. 1 

<3.0 x lo-' 

9.76 x 16' 
3.1  x 10" 
3.14 io3 

1.18 x 

1.35 x io3 
8.73 x 16' 

13.0 
7.3 

1.25 x 
-- 
-- 

3233 3163 
0.02 0.03 
1.61 x io5 1.05 x lo6  

1125 1223 

>I. 2 l o 4  4.07 io3  
<o. 1 0.3 

12.7 11.7 
7.8 7.7 

1.19 x 1.45 
1.12 x 6.20 x 10" 
1.06 x io4  2.33 i o 4  

4051 5027 4134 3438 3374: 
0.02 0.11 0.12 0.06 0.15 
2.03 x lo5 4.57 x io4  3.45 l o 4  5.58 lo4'  5.73 x l o 4  

1545 2250 2128 1988 2086' 
<o. 1 <0.1 0.6 0.5 0.5' 
>1.55 x l o 4  >2.25 x l o 4  3.55 x lo3  3.98 x lo3  1.02 io3' 

-- 6.50 x lo-' 
<3.0 x lo-' <3.0 x lo-'' - -  

1.11 x lo-'' 

x . 1 3  x io3  >3.04 103c -- 

8.78 x lo-' 2.27 

>2.19 x lo3  
<4.0 x 10- <3.0 x lo-' 

>7.57 x 103 

1.97 x lom4 2.85 x -- 2.55 6.43 

>6.56 io3  >9.5 x lo3 
<3.0 x lo-* <3.0 x lo-' -- <6.0 x io-' 2.82 x lo-' 

>4.25 103 2.28 x 103 -- 

10.75 10.6 10.2 9.9 10.0 
7.3 7.0 6.9 6.6 4.5 

1.88 x loe4 2.53 2.42 2.50 x 4.04 x 
2.50 x lo-' 1.16 x io-' 4.22 x 16' C1.7 x lo-* 5.21 x 16' 

4.45 x io3  >i.k x l o4  4.64 x io3  1.84 lo4  1.62 x io3  
~~~~ ~ ~~ 

?From ref .  21. 

bRatio of feed t o  condensate concentration. 
I 

c Inconsistent s e t s  of numbers (as given i n  re f .  2 1 ) .  
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APPENDIX F. EVAPORATOR AT TEST AREA NORTH (TAN) 

The Test Area North ( a t  the  National Reactor Testing Station, Idaho) 
includes several  nuclear t e s t  f a c i l i t i e s  and provides various fabrication, 
decontamination, and hot-shop services t o  the s ta t ion.  The Technical 

Services Fac i l i t y  (TSF) i s  the  center of t h i s  t e s t  area and contains 
several  large machine shops, laborator ies ,  hot ce l l s ,  a large shielded 
hot shop, as well as decontamination f a c i l i t i e s .  Nuclear t e s t  f a c i l i t i e s  

located around the TSF include the I n i t i a l  Engineering Test Fac i l i t y  
( I E T ) ,  Field Engineering Test Fac i l i t y  (FET), Low Power Test Fac i l i t y  
(LPT), and Experimental Beryllium Oxide Reactor Fac i l i t y  (EBOR). 

A l l  po ten t ia l ly  radioactive l i qu id  wastes generated a t  TAN a re  
accumulated i n  three 10,000-gal col lect ion tanks and are  concentrated i n  
an evaporator (Fig. F-1). 

annually and include waste from laboratory sinks, c e l l  and shop f loor  
drains, equipment decontamination, and &el  storage pool. Representative 
analyses of l i qu id  waste i n  the col lect ion tanks are  given i n  Table F-1. 

The evaporator i s  a 1,000-gal, steam-jacketed ke t t l e .  No in t e rna l  
entrainment separators such as  baf f les  or wire mesh are  i n  the  evaporator; 

however, vapors from the evaporator pass through a cyclone separator. 
The design capacity of the evaporator i s  about 100 gal/hr. 

These l iqu ids  amount t o  about 15,000 g a l  

I 
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Fig .  F-1. 
Stat ion)  Radwaste. 
Experimental Beryllium Oxide Reactor Fac i l i t y ;  LPT = Low Power Test 
Fac i l i ty ;  IET = I n i t i a l  Engineering Test Fac i l i t y ;  TSF = Technical 
Services Fac i l i ty .  

Flowsheet for Test Area North (National Reactor Testing 
FET = Fie ld  Engineering Test Fac i l i t y ;  EBOR = 



Table F-1. Representative Analyses of Liquid Radwaste a t  T e s t  Area North 

Specific Gravity 

Total  Dissolved Solids 
Sulfate  
Phosphate 
Ni t ra te  

Free Halide ( C l - ,  B r - )  

CY 

B 

y-Scan 
CO-60 
C s  -134 

Mn-54 
C ~--.137 

Rnission Spectrograph 
Major 5 5% 

7.51 

1.000 

0.076 g / l i t e r  
0.20 & i t e r  

<0.2 = / l i t e r  
0.82 = / l i t e r  

550 Plpn 

0.2 a/s/ml 

7.05 x lo3 d/s/ml 

4.35 x lo2  d/s/ml 
7.95 x 10 d/s/ml 
5.76 x I O 3  d/s/ml 
c1.10 x lo2 d/s/ml 

sodium 

7.57 

1.002 

0.058 g / l i t e r  
0.018 g / l i t e r  

<0.2 = / l i t e r  
<0.6 % / l i t e r  

0.3 d/s/ml 

1.18 x lo4 d/s/ml 

7.97 x 10” d/s/ml 
2.38 x 10; d/s/ml 
7.86 x 10 d/s/ml 
3.30 x 10” d/s/ml 

Sodiwn 

7.54 

1.000 

0.069 g / l i t e r  
0.020 g / l i t e r  
0.28 50.18 mg/liter 
1.36 mg/liter 

0.3 d/s/ml 

1.46 x l o 4  d/s/ml 

6.82 x l o 2  d/s/ml 
3.78 x lo2 d/s/ml 
1.44 x l o4  d/s/ml 

c2.62 x l o 2  d/s/ml 

a3 
[u 

So d i m  



APPENDIX G. WAFORATOR AT IDAHO CHEMICAL PROCESSING PLANT (ICPP) 

. 

The Idaho Chemical Processing Plant ( a t  the National Reactor Testing 

Station, Idaho) i s  one of four plants  owned and administered by the AEC 

f o r  the primary purpose of recovering uranium from spent fue l .  

but i m p r t a n t  purpose of these MC f a c i l i t i e s  i s  the development of improved 

f u e l  reprocessing methods. During f u e l  reprocessing, high- and i n t e r -  

mediate-level radioactive wastes containing greater  than 99% of the f i s s i o n  
products, and low-level waste containing l e s s  than 1% of the f i s s ion  products 

are  generated. 

then converted t o  a so l id  i n  the Waste Calcining Fac i l i t y  (WCF). 

A secondary 

The high-level wastes a re  s tored f o r  an interim period and 

All potent ia l ly  radioactive l i qu id  wastes generated a t  ICPP, except 

high-level wastes, a re  routed t o  an evaporator waste col lect ion tank 

(Fig. G - 1 ) .  

include waste from laboratory sinks process sampler drains, c e l l  f l oo r  

drains, equipment decontamination, and some wastes from the  t e s t  reactor  

areas a t  the  National Reactor Testing Stat ion (NRTS). 

mainly water containing low concentrations o f  sodium, potassium, aluminum, 

permanganate, carbonate, hydroxide, and n i t r a t e ,  as well as  t races  of 

other chemicals occasionally. The solutions are  usually acidic  but may 
be basic with concentrations up t o  1 M  acid or base. 

the evaporator and associated equipment i s  given i n  Fig. G-2. 

orator  has an external  heat exchanger with v e r t i c a l  tubes and natural  

c i rcu la t ion  (thermosiphon). 
and the vapors from the  f l a sh  chamber pass in to  an entrainment-separator 

colwnn containing four bubble-cap t rays  (Fig. G-2). The design capacity 
of  the evaporator i s  500 gal/hr. 

mode, and a system decontamination fac tor  of lo4 t o  m i d  lo4 i s  usually 
achieved. 

These l iqu ids  amount t o  about 1,200,000 g a l  annually24 and 

These wastes a re  

A diagram of 

The evap- 

The f l a s h  chamber has an impingement p l a t e  

It i s  operated i n  a semicontinuous 

The r e su l t s  of an operating t e s t  are  shown i n  Table G-1. 
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Fig. G-1. Radwaste Collection System a t  the Idaho Chemical 
Processing Plant. (From ref. 24)  
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F i g .  G - 2 .  Waste Evaporator and Associated Equipment a t  the 
Idaho Chemical Reprocessing Plant. (Redrawn from ref .  24) 
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Table G-1.  Results of an Operating Test" on the  ICPP Evaporator 

Measurement Result 

Volume of feed, gallons 14,730 
Volume reduction fac tor  

Gross p a c t i v i t y  i n  feed, p C i / m l  

b 21.2 

185 

Gross B a c t i v i t y  i n  condensate, pCi/ml 

System decontamination factor' 

3.6 x 

5.4 x lo4 
d Equipment decontamination fac tor  1 x lo6 

%rom r e f .  24. 
bFeed r a t e  divided by thick l iquor  r a t e .  
C Feed concentration divided by condensate concentration. 
%hick l iquor  concentration divided by condensate concentration. 

-. 
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APPENDIX H. EVAPORATOR AT OAX RIDGE NATIONAL LABORATORY (ORNL) 

Oak Ridge National. Laboratory is a research and development center 

made up of laboratories, chemical pilot plants, radioisotope production 

plants, nuclear reactors, and supporting facilities. The central waste 

system can treat these categories of liquid waste: high-activity waste, 

containing more than 5 Ci/gal; intermediate-level waste (ILW), containing 
between 0.001 and 5 Ci/gal; and low-level process waste water, containing 
less than 0.001 Ci/gal. ILW is treated by evaporation. 

Intermediate-level wastes are discharged at a rate of about 8,000 

gal/day into any of 21 underground stainless-steel monitoring tanks, each 

located near a source. The wastes drain or are discharged from hoods, 

glove boxes, cells, and process vessels in the source buildings. The 

wastes are neutralized with NaOH in the tanks. 

wastes are transferred by pumps and steam jets through stainless-steel 

pipelines to an underground l70,OOO-gal concrete surge tank. The radio- 

nuclides in these wastes (Table H - 1 )  are mainly 13'Cs, 134Cs, 12'Sb, 

At proper intervals the 

90 60 Ru, 96Zr-Nb, Sr, Co, and traces of rare earths. Sodium nitrate 1 0 6  

and hydroxide comprise about three-fourths of the nonradioactive chemical 

content. Aluminum, ammonia, sulfate, carbonate, chloride, and traces of 

other chemicals make up the balance. 

to around 10 g/liter. 

the wastes are pumped in batches through stainless steel pipelines to the 

waste evaporator feed tank (Fig. H - 1 ) .  

The total solids range from several 

After a period for decay of short-lived radionuclides, 

The waste evaporator is a 600-gal/hr stainless steel, submerged-coil 

pot type which is operated in a semicontinuous mode. 

tors include an impingement baffle in the flash chamber and a bed of wire 

mesh between the evaporator and the condenser. 

through an ion-exchange column and is sent to the process (low-level) waste 

system. 

H - 1  and show average system decontamination factors of low l o 4  to mid lo6 .  

Entrainment separa- 

The condensate flows 

Routine operating results for the evaporator are given in Table 



Table H-1. Performance Data f o r  ORNL Intermediate-Level Waste Evaporator 

R u n  3-16-72 R u n  4-27-72 R u n  6-27-72 
b 

R u n  2-3-72 
Average Feeda Condens ateb Average Feeda Co nden s a t  e b Ave rag e Feed" Condensate b Average Feed" Condens a t  e 

( P C i / d )  (PCi/ml) system D F ~  Nuclide ( P W d  1 (PCi /d>  system D F ~  ( P W d  1 ( P C i / d )  System DF' ( pc i/d ) ( r _ l C i / d )  system D F ~  

co 7.03 x 10'" 4.39 x 10" 1.6 x 10' 4.00 2.19 x io-? 1.8 x 104 4.50 x I O e 2  6.26 x lo-' 7.2 x lo5  1.80 x lo-" 1.11 x 10- 1 .6  lo4 
Sr 6.85 x lo-' 2.93 x 2.3 x 10' 2.60 x io-' 7.61 x 3.4 io4  3.87 3.01 x 1.3 x lo6  6.04 x lo-' 3.60 x 1 .7  lo4  

g g ~ r - ~  54 x lo-2 9.46 x lo-' 1 4  x l oE  52 x 1.05 x io-? ~2 x lo4  '3 x 2.93 x lo-* 'I x lo6 54 x 10'~ 1.52 52 l o4  

7.43 x io-' 2.99 x io+ 2.5 x l o 4  

6 0  

90 

lo6Ru 51 ioW1 4.21 io-? '2 i o9  2.47 x lo-' 4.19 x 5.9 io4  4.86 8.33 x 5.8 x I O 6  

'"'Sb 

134cs 

'3 x 1.70 x lo-? S2 x 10' 'I x lo-" 1.68 x 56 x lo4  51 x IO-' 6.89 x IO-' 51.5 x lo6  '2 x 1.80 x 51 l o 4  
1.98 x loe2 1.11 x IO-? 1.8 x l o6  1.30 x lo-' 9.66 x 1.3 lo4  22-55 2.21 x lo-6 1 . 2  x lo6  1.32 x lo-' 8.56 x 1.5 x lo4  

l 3 ? C S  3.44 8.11 x 4.2 x io' 2.51 5.30 4.7 i o 4  7.21 3.36 x 2 . 1  x lo6 1.99 1.05 1 .9  x l o 4  
Gross Y 
(counts min-l d-1) 1.26 x io6  7 1.8 x 10' 1.10 x lo6  23 4.8 l o 4  5.67 x lo6  5 1.1 x lo6 1.02 x lo6  78 1 .3  i o4  

%o iodine detected i n  feed. 
bThe condensate i s  t reated fur ther  by ion  exchange and a modified water-softening process using lime, soda ash, and clay. 
C Average system decontamination factor ,  (E) s, defined as the feed concentration divided by the average condensate concentration. 
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APPEXDIX I. DESIGN SPECIFICATIONS FOR EVAPORATORS 
AT N U C m  POWER PLANTS 
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Table 1-1. Design Specifications for Evaporators at Nuclear Power Plants 

Evaporator Type Design Rating 

DF Entrainment 
Installation Waste Number 
[Capacity] Stream Manufacturer of Capacity Pressure 

Tubes Circulation 

(Reactor Type) Treated Internal = I Horizontal = H Natural = N 
Forced = F External = E 

Separators Units (gal/min) (psis) Equipment = E 
System = S Vertical = V 

Notes 

Arkansas Nuclear One 
1 [2568 MW(t)] 
2 [2900 MW(t)] 

(PWR) 
Arnold 

[ 1670 MW(t)] 
(BWR) 

Big Rock Point 
[240 MW(t)] 

(BWR) 
Brown's Ferry I, 2, 

[3293 MW(t)] ea. 

Calvert Cliffs 1 and 2 
[2450 MW(t)] ea. 

and 3 

(BWR) 

(PWR) 

Dirty 

Clean 

Chemical 

Low purity 

Dirty 

Clean 

Dirty 

Clean 

Dirty 

Clean 

Chemical 

Chemical 

Dirty 

Clean 
Chemical 

Dirty 

Dirty 

Clean 

1 20 

1 20 

1 

Unit 1 uses filters and demineralizers 
until unit 2 evaporators become 
available for sharing. 

(No Evaporator) 

1 30 

F A M F ~  

F AMF 

5 s: I2 = lo2 Perforated plate, sieve tray and 

5 S: 1, = 5 X 10 Perforated plate, sieve tray and 
Others = 5 X lo2 

Others = 2.5 X lo2 

wire mesh. 

wire mesh. 

H 

H 

20 

20 

Connecticut Yankee 
[ 1825 MW(t)] 

(PWR) 

1 

2 

15 

20 F S: 8 X IO4 to 

E: lo6 gross 

2 x io5 gross 

Wire mesh column. 

lo6 gross Absorption column. 

See Sect. 7.2 for description of 
evaporator. 

Cook 1 and 2 

(PWR) 
[3250 MW(t)] ea. 

Cooper 
[2381 MW(t)] 

(BWR) 
Dresden 1 

(BWR) 
[700 MW(t)] 

Dresden 2 and 3 
[2527 MW(t)] ea. 

(BWR) 
Parley 1 and 2 

(PWR) 
[2766 MW(t)] ea. 

Fitz Patrick 
[2436 MW(t)] 

(BWR) 
Ft. Calhoun 

[ 1420 MW(t)] 
(PWR) 

Ft. St. Vrain 
[482 MW(t)] 

(HTGR) 

Ginna 
[ 1300 MW(t)] 

(PWR) 

W H T D ~  1 2 

30 

IO 

2 

1 Deep bed demineralizer to  be 
added (in addition to powdex). 

(No Evaporator) 

E V N Aqua-Chem.c 2 45 S: io3 gross Baffle and wire mesh. 25 One evaporator now in use with one 
in reserve. Uses Dow B Anti-Foam. 

1 15 

15 

20 
0.8 

V N 

N 

65 
Vac. to 165 

The 0.8-GPM Unit is a turbulent-film 
evaporator for further concentration 
of thick liquor. 

E: lo4 gross 16 to 17 1 

(No Evaporator) 

F AMF 

F AMF 

2 

12.5 

4 E: IO6 gross Splash plate and wire mesh. Uses Dow H-10 Anti-Foam. 

Perforated plate, sieve tray and E: lo6 gross 
wire mesh. 

H 

H 
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Table 1-1 (continued) 

Evaporator Type Design Rating 
- Installation Waste 

[Capacity] Stream Tubes 

(Reactor Type) Treated Internal = I Horizontal = H 
External = E Vertical = V 

Notes 
Equipment = E Separators 

System = S (psia) Forced = F 

Humboldt Bay 
[240 MW(t)] 

(BWR) 
Indian Point 1 

[615 MW(t)] 
(PWR) 

Indian Point 2 

(PWR) 
Kewaunee 

(PWR) 

[2758 MW(t)] 

[1650 MW(t)] 

Lacrosse 
[ 165 MW(t)] 

Limerick 1 and 2 
(BWR) 

[3293 MW(t)] ea. 
(BWR) 

Maine Yankee 

(PWR) 
Millstone Pt. 1 
’ [2011 MW(t)] 

(BWR) 
Monticello 

[1670 MW(t)] 
(BWR) 

Nine Mile Point 
[1850 MW(t)] 

(BWR) 

[2440 MW(t)] 

North Anna 1 and 2 
[2652 MW(t)] ea. 

North Anna 3 and 4 
(PWR) 

[2763 MW(t)] 
(PWR) 

Oconee 
1 [2452 MW(t)] 
2 and 3 [2584 
MW(t)] ea. 
(PWR) 

Oyster Creek 

(BWR) 
[ 1930 MW(t) 

Palisades 
[2212 MW(t)] 

(PWR) 
Peach Bottom 1 

(HTGR) 
[I15 MW(t)l 

Chemical I 

Low purity 

Dirty 

and 
V 15 1 

12 

2 

12 
2 

1 

18.5 

6 to 8 

25 

None. Same unit is used for both waste 
streams. 

25 1 Equipped but not described. 

Duty 

Clean 

Duty 

Clean 

Chemical 

I H 

H 

AMF 1 

AMF 2 
WHTD 1 

1 
1 

External wire mesh demister. 

External wire mesh demister. 

Absorption tower. 

Wire mesh. 

Internal and external wire mesh. 

E: lo6 gross 

E: lo4 gross 

E: IO4 gross 

18 

V 

V 

Vac. 

30 

Chemical UNITECHe 2 E H E: lo4 to  lo5 
gross 

Vac. to 65 S:  lo4 gross 

s: 104 gross 

s: 12 = 50 
Others = lo3 

Trays and wire mesh. 

Duty 

Clean 

Chemical 

E 

E 

V 
V Wire mesh demister 

(No Evaporators) 

N S W E N S O N ~  1 10 Chemical 

Dirty 

Clean 

Dirty 

Clean 

Dirty 

Clean 

Chemical 
and 

Low purity 

Duty 

Clean 

I V 15 Wire mesh. Being replaced by 25-GPM 
forced-circ. unit made by 
Horton Process Industries. 

6 1 

1 
1 

1 

H F AquaChem. 1 

20 

6 

20 

7.5 I Wire mesh with spray nozzles. S: 10’ gross 

s: 105 gross Wire mesh with spray nozzles. 

Wire mesh column. Troubles with tubes plugging. 

H F AquaChem. 1 

N 1 

7.5 

AMF 1 

AMF 1 

30 

30 

(No Evaporator) 
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Table 1-1 (continued) 

Evaporator Type. Design Rating - -  

DF Entrainment Installation Waste Number 

[Capacity] Stream Tubes Manufacturer of Separators Capacity 
(gal/min) 

Circulation 

External = E Vertical = V Forced = F 
Equipment = E 

System = S (psi4 (Reactor Type) Treated Internal = I Horizontal = H Natural = N Units 
Notes 

Peach Bottom 2 and 3 
[3294 MW(t)] ea. 

(BWR) 
Pilgrim 1 

[ 1998 MW(t)] 
(BWR) 

Point Beach 1 and 2 
[1518 MW(t)] ea. 

(PWR) 

(No Evaporators) 

I H F 1 

I H F AMF 1 

I H F AMF 1 

Addition of a 20-GPM Evaporator 
was considered earlier. 

Wire mesh with spray nozzles. Spray-Film Vapor Compression 
Evaporator. 

Chemical 

Duty 

Clean 

Duty 

Duty 

Duty 
Clean 

Dirty 

Clean 

Duty 

Duty 

Clean 

Duty 

Duty 

Clean 

Duty 

Clean 

Duty 

2 

2.5 

2 E: lo6 gross 

6-7 E: io6 gross 

Perforated plate, sieve trays and 

Perforated plate, sieve trays and 

Distillation trays. 

wire mesh. 

wire mesh. 

Waste circulates between feed tank 
and dirty waste evaporator; anti- 
foaming agent is Dow H-10. N o  
anti-foam used in clean waste. 

This evaporator is replacing the dirty 
waste unit above. 

E V F sstwg 1 35 30 S:  104gross Point Beach 1 and 2 
[1518 MW(t)] ea. 

Prairie Island 1 and 2 
[ 1650 MW(t)] ea. 

(PWR) 

( W R )  

1 2 E: lo4 gross 

E: lo4 to105 
gross 

E: lo6 gross 

Flexiring packing and wire mesh 

Wire mesh. 
absorption tower. 

H F WHTD 

(No Evaporators) 

1 5 
1 ea. 15 

QuadCities 1 and 2 
[2511 MW(t)] ea. 

(BWR) 
Robinson - 2 

(PWR) 
San Onofre 1 

( W R )  

[2200 MW(t)] 

[1347 MW(t)] 

San Onofre 2 and 3 
[3410 MW(T)] ea. 

( W R )  
Sequoyah 1 and 2 

[ 3423 MW(t)] ea. 
( W R )  

Shippingport 

(PWR) 
Surry 1 and 2 

[2441 MW(t)] ea. 
(PWR) 

1505 MW(t)l 

2 4 E: lo6 gross 

6-7 E: lo6 gross 

Perforated plate, sieve tray and 

Perforated plate, sieve tray and 
wire mesh. 

wire mesh. 

Uses Dow H-10 Anti-Foam H F AMF 

F AMF 

1 

2 H 

(No Evaporators) 

1 50 H 

E: 10’ gross 

E: 10’ gross 

E: lo6 gross 

Packing rings and wire mesh. 

Trays in absorption tower. 

WHTD 1 

WHTD 2 
Mech. Equip.h 1 

5 18 

30 18 
1.67 Vapor compression (as installed). I V 

E 

E 

6 

2 30 

12 

H 

V 

F 

F E: lo4 to lo5 

E: lo4 gross 
gross 

Three Mile Island 
1 [2535 MW(t)] 
2 I2772 MW(t)] 

Turkey Point 3 and 4 
[2097 MW(t)] ea. 

(PWR) 

(PWR) 
Vermont Yankee 

[1593 MW(t)] 
(BWR) 

Unit 1 has powdex system. 
Unit 2 has deep-bed regenerated ion 

exchangers. 

E: lo6 gross Perforated plate, sieve tray and 
wire mesh 

Modified AMF Unit. I H 

(No Evaporators) 

F AMF 3 
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Table 1-1 (continued) 

Evaporator Type 
Number __ Circulation 

Tubes Manufacturer of Capacity 
(Reactor Type) Treated Internal = I Horizontal = H Natural = N Units @al/min) 

Installation Waste 
[Capacity] Stream 

External = E Vertical = V Forced = F 

Design Rating 

DF 

Equipment = E 
System = S 

Pressure 
(psis) 

Entrainment 
Separators Notes 

Yankee-Rowe Dirty E 
[600 MW(t)] 
(PWR) 

[3391 MW(t)] ea. 
Zion 1 and 2 Dirty I 

(PWR) Clean 

V F 1 

H F AquaChem. 1 

F WHTD 1 

6 

15 15 

20 18 

Cyclone. 

E: IO6 gross 

E: lo6 gross 

Wire mesh with spray nozzles. 

Absorption tower. 

Feed sprays down onto heater tubes. 

‘American Machine and Foundry Company, York, Pennsylvania. 
bWestinghouse Heat Transfer Division, Monroeville, Pennsylvania. 
CAquaChem., Inc., Milwaukee, Wisconsin. 
dThermovac Industries Corp., Copiague, New York. 
eThe Unitech Company, Union, New Jersey. 
fswenson Evaporator Company, Harvey, Illinois. 
@tone and Webster Engineering Corp., Boston, Massachusetts. 
hMechanic-wl Equipment Co., New Orleans, Louisiana. 
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61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 

70-94. 
95. 
96. 
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98. 
99. 

100. 
101. 
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104. 
103. 

229. 
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231. 
232. 
233. 
234. 
235. 
236. 

Central Research Library 
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L. C. Lasher 
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105. 
106. 
107. 
108. 
109. 
110. 
111. 

1 1 2  - 211. 
212. 

214. 
213. 

215. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 

224. 
223. 

225. 
226. 
227. 
228. 

EXTEIWAL DISTRIBUTION 

L. E. McNeese 
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K. J. Notz 
J. R. Parrot t  
W. W. P i t t  
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E. G. Struxness 
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D. B. Trauger 
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H. 0. Weeren 
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J. C. Frye ( consultant)  
C. H. Ice (consultant)  
J. J. Katz (consultant)  
E. A. Mason (consultant)  
Peter Murray (consultant)  
R. B. Richards (consultant 

E. H. Hardison, AEC-ORO. 
V. Benaroya, AEC, Directorate of Licensing, Washington, D. C. 20545. 
J. T. Collins, AEC, Directorate of  Licensing, Washington, D. C. 20545. 
H. R. Denton, AEC, Directorate of Licensing, Washington, D. C. 20545. 
J. M. Hendrie, AEC, Directorate of Licensing, Washington, D. C. 2054-5. 
D. R. Muller, AEC, Directorate of Licensing, Washington, D.C. 20545. 
R. L. Tedesco, AEC, Directorate of Licensing, Washington, D. C. 20545. 
G. K. Rhode, Manager, System Planning, Niagara Mohawk Power Corp., 
300 Erie Boulevard, West, Syracuse, New York 13202 
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240. 
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242. 

243. 

244. 

245. 

246. 

247. 

248. 

249. 

250. 

251. 

252. 

253. 

254. 

255. 
256. 
257. 

258. 

259. 

J. C. Carroll, Pacific Gas and Elec t r ic  Company, 77 Beale Street, 
San Francisco, California 94106 
E. B. Sheldon, Superintendent, Separations Technology, E. I. du Pont 
de Nemours & Company, Atomic Energy Division, Savannah River Plant, 
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Garry D. Frieling, Radiochemical Engineer, Point Beach Nuclear Plant, 
Wisconsin Michigan Power Company, Postal  Route 3, Two Rivers, 
Wisconsin 54241 
Glenn A. Reed, Manager, Nuclear Power Division, Point Beach Nuclear 
Plant, Wisconsin Michigan Power Company, P o s t a l  Route 3, Two Rivers, 
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John C. Noon, Technical Assistant, Robert E. Ginna Station, Rochester 
Gas and Elec t r ic  Corporation, 89 East Avenue, Rochester, N.Y. 14604 
R. L. O'Mara, Process Supervisor, Power Division, Stone & Webster 
Engineering Corporation, 225 Franklin Street ,  P. 0. Box 2325, 
Boston, Massachusetts 02107 
J. R. Parrish, Director of Engineering Design, Tennessee Valley 
Authority, 505 Union Building, Knoxville, Tennessee 37902 
W. L. Allbrecht, Nuclear Engineer, Tennessee Valley Authority, 
505 Union Building, Knoxville, Tennessee 37902 
J. T. Head, Jr., Manager of Power Supply, Southern California Edison 
Company, P. 0. Box 800, 2244 Walnut Grove Avenue, Rosemead, C a l i f .  91770 
J. H. Hicks, Principal Engineer, Babcock & Wilcox, Power Generation 
Division, P. 0. Box 1260, Lynchburg, Virginia 24505 
R. A. Mulford, Project Manager, Engineering and Research Department, 
Philadelphia Elec t r ic  Company, 2301 Market Street, Philadelphia, 
Pennsylvariia l 9 l O l  
Joseph S. Scott, Jr., Production Control, Commonwealth Edison Company, 
P.O. Box 767, 111 West Cermak Road, Chicago, I l l i n o i s  60690 
J. P. Carrera, Systems Standards and Analysis, PWR Systems Division, 
Westinghouse Elec t r ic  Corporation, Box 355, Pittsburgh, Pa. 15230 
R. W. Davies, Chief Mechanical Engineer, E lec t r ic  Engineering 
Department, Baltimore Gas and Elec t r ic  Company, Gas and E lec t r i c  
Building, Baltimore, Maryland 21203 
Scott Delicate, Power Generation Division, Babcock & Wilcox, Nuclear 
Development Center, P. 0. Box 1260, Lynchburg, Virginia 24505 
A. N. Chirico, Executive Vice President, The Unitech Company, Ecodyne 
Corporation, U.S. Highway 22, Union, New Jersey 07083 
W. P. Worden, Station Superintendent, Dresden Nuclear Power Station, 
R u r a l  Route 1, Morris, I l l i n o i s  60450 
C. G. Amato, Nuclear Engineer, New Jersey State  Government Department 
of Environmental Protection, P.O. Box 1390, BRP, Trenton, New Jersey 

H. 0. G. Witte, NUKEM GmbH, Wolfgang be i  Hanau/Main, Germany 
K. G. Hackstein, NUKEM, GmbH, Wolfgang be i  Hanau/Main, Germany 
H. J. Cordle, Manager, Reactor Fluid Systems, PWR Systems Division, 
Westinghouse Elec t r ic  Corporation, Box 355, Pittsburgh, Pa. 15230 
Craig W. Angell, Vice President-Sales, Artisan Industries, Inc., 
73 Pond Street ,  Waltham, Massachusetts 02154 
Carl F. Falk, Manager, Liquid Solids System, General Elec t r ic  Company, 
Nuclear Energy Division, Mail Code 372, 175 Curtner Avenue, 
San Jose, California 95125 
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260. 

261. 

262. 

263. 

264. 

265. 

266. 

267. 

268-461. 

John M. Skarpelos, General Elec t r ic  Company, Mail Code 772, 
175 Curtner Avenue, San Jose, California 95114 
Theodore Rockwell, MPR Associates, Inc., 1140 Connecticut Avenue, N. W., 
Washington, D. C. 20036 
John Arthur, Chief Nuclear Engineer, Rochester Gas and Elec t r ic  
Corporation, 89 East Avenue, Rochester, New York 14604 
W. B. Lawrence, Engineering Specialist ,  Power and Indus t r ia l  
Division, Bechtel Corporation, 50 Beale Street ,  S a  Francisco, 
California 94119 
R. L. Ashley, Chief Nuclear Engineer, Bechtel Power Corporation, 
Post Office Box 607, 15740 Shady Grove Road, Gaithersburg, Md. 20760 
Ken Gablin, Vice President - Marketing, Protective Packaging, Inc., 
P. 0. Box 1192, Tacoma, Washington 98401. 
Paul C. Williams, Stock Equipment Company, Research & Development 
Department, 16490 Chillicothe Road, Chagrin Falls, Ohio 44022 
L. T. Lakey, Allied Chemical Corporation, P. 0. Box 2204, Idaho Falls, 
Idaho 83401 
Given d is t r ibu t ion  as shown i n  TID-4500 under Waste Management 
Category ( 2 5  copies - NTIS). 




