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CONTAMINATED CO NCRETE SURF ACE LAYER REHOVAL 

J .  M. Ha l t e r  and R G. Su l l ivan  
P a c i f i c  Nor t h w  s t Laboratory 
Rich land, Washing ton 99 3452 
Operated by 
B a t t e l l e  Memorial I n s t i t u t e  

Equipment i s  being developed t o  economically 
remove contaminated concre te  su r faces  in  nuclear  
f a c i l i t i e s  .. To be e f f e c t i v e  t h i s  equipment should 
minimize personne 1 rad i a  t i o n  exposure, minimize the  
volume of m a t e r i a l  removed, and per  form the  opera t ion  
quickly  with the  l e a s t  amount of energy. Severa l  
methods fo r  removing concre te  su r faces  a r e  evaluated 
fo r  use in  decontaminating such f a c i l i t i e s  . Two 
unique methods e s p e c i a l l y  su i t ed  f o r  decontamination 
a r e  described:  one, the  water cannon, i s  a  device  
t h a t  f i r e s  a  h igh-ve loc i ty  j e t  of f l u i d  causing 
s p a l l a t i o n  of the  concre te  surface;  t h e  o the r ,  a 
concre te  s p a l l e r ,  i s  a  t o o l  t h a t  e x e r t s  r a d i a l  
p ressu re  aga ins t  the s i d e s  of a  p re -d r i l l ed  shallow - -  

c y l i n d r i c a l  h o l e  causing s p a l l a t i o n  t o  occur. Each 
method inc ludes  a means for  conta in ing a i rborne  
contamination.  Resul ts  of t e s t s  show t h a t  these  
techniques can rapid ly  and economic a 1  ly remove 
su r faces ,  and leave minimal rubble f o r  c o n t r o l l e d  
d i s p o s a l .  



IN TRODUC TI0 N 

'Ihe concre te  wa l l s ,  f l o o r s  and c e i l i n g s  of  many nuclear  
f a c i l i t i e s  have become contaminated with r a d i o a c t i v e  p a r t i c l e s  
because o f  a c c i d e n t a l  s p i l l s  o r  r e l e a s e s  o f  vapors and f i n e  
p a r t i c l e s .  I t  is d e s i r a b l e  t o  reduce the  quan t i ty  of contaminated 
rubble t h a t  must be  handled during the  decommissioning o f  su rp lus  
nuclear  f a c i l i t i e s  and to  provide an e a s i e r  method fo r  c leaning 
smal ler  contaminated areas.. 'Ihe amount o f  contaminated m a t e r i a l  
can be  reduced by removing the  contaminated concre te  surface .  
Several  contaminated surface  removal methods a r e  a v a i l a b l e .  

This paper p resen t s  c r i t e r i a  fo r  s e l e c t i n g  a s u i t a b l e  removal 
technique. a r r e n t l y  used codcre te  surface  removal techniques a r e  
summarized and d e t a i l e d  d e s c r i p t i o n s  of two new techniques a r e  
presented .  'Ihese techniques,  the water cannon and the  concre te  
s p a l l e r ,  have been developed or  adapted a t  P a c i f i c  Northwest 
Laboratory. 

BACK GROUND 

Die choice o.f a contamination removal method depends on the  
type of contamination, the  depth of contamination and the  type of 
su r  fac e . 

I f  contamination has  no t  penet ra ted  the concre te  
s i g n i  f i c a n  t ly  , vacuuming the  sur  face and then scrubbing i t  with 
mild soap and water or  so lven t s  sometimes success£ully 
decontaminates the  concrete.1 For facilities which a r e  t o  be 
used again,  p a i n t  i s  used to  f i x  low-level contamination i n  
p lace .  However, when the contamination h a s  penet ra ted  t o  the 
ex ten t  t h a t  i t  cannot be  cleaned a s  descr ibed above, and i t  emi t s  
excess ive  r a d i a t i o n ,  i t  i s  necessary to  remove the su r face  l aye r  
of  the  concre te .  

In some clean-up opera t ions  of the  p a s t ,  whole wal ls  were 
removed because t h i s  was f a s t e r  than removing only the  
contaminated surface .  But, the  h igh c o s t  of  s t o r i n g  contaminated 
m a t e r i a l s  r e q u i r e s  economical su r face  removal techniques t o  
minimize the  quan t i ty  of rubble which rmst b e  placed i n  c o n t r o l l e d  
s torage  f a c i l i t i e s .  

There a r e  many ways to  remove contaminated concre te  su r faces  
and these methods have been used with varying degrees of  success.  
A s u i t a b l e  removal method should s a t  is fy t he  following c r i t e r i a .  
It should : 



minimize the  exposure of personnel  t o  harmful r a d i a t i o n  o r  
toxic  m a t e r i a l s ,  

minimize the  volume of removed m a t e r i a l  t h a t  mst  be  placed 
' i n t o  c o n t r o l l e d  s to rage  ( i . e . ,  remove no more m a t e r i a l  than 
is necessary to  c l ean  the  su r face ) ,  and 

perform the removal opera t ion  a s  quickly  a s  p o s s i b l e  us ing 
t h e  l e a s t  amount of energy. 

These cons ide ra t ions  and the  techniques which a r e  discussed 
apply equal ly  t o  the  decontamination of  nonnuclear f a c i l i t i e s .  

CONCRETE SURFACE REMOVAL TECHNIQUES 

Many techniques have been used f o r  removing contaminated 
concre te  su r faces  i n  nuclear  f a c i l i t i e s .  Table I provides  a 
l i s t i n g  o f  common methods f o r  reducing the  contamination l e v e l ,  a s  
we l l  a s  two methods now under development. A l l  of  these  
techniques a r e  aimed a t  keeping the  contaminat ion  spreading once 
i t  has  been removed. The s i z e  of the  f a c i l i t y  t o  b e  cleaned p lays  
an important p a r t  i n  determining the  technique which p h y s i c a l l y  
can be used. (For example, an impactor mounted on a back hoe w i l l  
not  f i t  i n t o  a small room.) 

Sand b l a s t i n g  and flame s p a l l i n g Y 2  where in tense  h e a t  is 
applied t o  concre te  su r faces ,  remove only minimal su r face  depth.  
However, they produce l a r g e  q u a n t i t i e s  of  smal l ,  contamination 
p a r t i c l e s .  A l a rge  exhaust and a i r  f i l t r a t i o n  system i s  needed 
with these ~ u e t h o d s . ~  These two techniques a r e  a l s o  r e l a t i v e l y  
s low. 

'ho surface  removal methods a r e  used more ex tens ive ly  than 
the r e s t .  n o s e  two methods a r e  jack hammers and impactors. Jack 
hammers, which a re  powered by compressed a i r ,  a r e  r e a d i l y  
a v a i l a b l e  and a r e  e a s i l y  operated by one man. They a r e  used t o  
chip o f f '  the  surface  ma te r i a l  deep enough t o  remove the  
contamination.  Because they a r e  d i f f i c u l t  t o  p o s i t i o n  on wa l l s  
and c e i l i n g s ,  jack hammers a r e  used pr imar i ly  on f loors .  
Impactors, which a r e  s i m i l a r  i n  opera t ion  t o  a jack hammer b u t  a r e  
much l a r g e r ,  have been used success£ully i n  s e v e r a l  
decorltamination p r o j e c t s .  A pick o r  c h i s e l  point  i s  d r i v e n  i n t o  
the  concre te  su r face  with h igh energy impacts a t  seve ra l  t imes pe r  
second. The impactors a r e  powered by e i t h e r  a i r  o r  hydrau l i c s  and 
a r e  held and pos i t ioned by l inkages  t y p i c a l  of those found on 
t r a c  tor-mounted back hoes and excavators .  



Table  I. Comparison o f  Var ious  Concre te  Su r face  Removal Techniques. 

Eat imated S i z e  Est imated R e l a t i v e  Speed 
o f  A i r  F i l t r a t i o n  a t  Which a Uni t  o f  

Technique L i m i t a t i o n  Type o f  Rubble Produced System Required S u r f a c e  Area Can Be Removed 

Jack  Hammer Awkward t o  u se  on Medium-sized p i eces  and Medium F a s t  
w a l l s  

Sand B l a s t i n g  Small p a r t i c l e s  

Flame S p a l l i n g  Heat may cause  unde- Small p a i t i c l e s  
s i r a b l e  chemical 
r eac  t i o n s  

Large 

Large 

Slow 

Slow 

Impactor Powered Limited l a r g e  access-  Medium-sized p i eces  and Medium F a s t  
by Ai r  o r  l lydraul ica  a b l e  f a c i l i t i e s  smal l  p a r t i c l e s  

Water Cannon 

Handheld Modified 
458 Magnum R i f l e  

Rapid F i r e  Model 

Concre te  S p a l l e r  
w i th  38 Pound Ai r  
D r i l l  t o  Make Holes 

Small p i eces  coated  wi th  Small 
g l y c e r i n e  and gun powder 
combustion products  

Limited l a r g e  access-  Small p i eces  coated  wi th  Small 
a b l e  f a c i l i t i e s  water  

Medium-sized p i eces  and Sma 11 
smal l  p a r t i c l e s  

Slow 
( 5-6 m i d  f t2  ) 

F a s t  
(6-10 s e c / f  t 2 )  

Medium F a s t  
(50-60 s e c / f t 2 )  

( a )  The water cannon i s  p r e s e n t l y  be ing  eva lua t ed  f o r  s u r f a c e  removal. The s t a t e d  performance i s  a b e s t  e s t i m a t e .  



Both methods produce dus t  which i s  t y p i c a l l y  removed from the  
v i c i n i t y  by p u l l i n g  the  dus t  laden a i r  i n t o  an exhaust duct .  
F i l t e r s  remove and c o l l e c t  the  dus t  fo r  proper d i sposa l .  

Water spray i s  a l s o  used t o  keep dus t  from spreading a s  l i g h t  
coat ings  of  water hold the dus t  to  the b igger  rubble.  Care must 
be taken not  t o  apply so much water t h a t  i t  flows o f f  the  rubble ,  
spreading contamination. 

WATER CANNON 

The water cannon removes concre te  su r faces  by shooting very 
high pressure  j e t s  of l iqu id  a t  the su r face  causing i t  t o  s p a l l .  
The advantages of t h i s  method a r e  t h a t  no i n i t i a l  s u r f a c e  
p repara t ion  i s  needed and the  equipment does not  con tac t  the  
surface .  The rubble which i s  removed by the  water cannon is  i n  
smal l  p ieces  and i s  coated with l i q u i d .  Because of  the  l i q u i d ,  
l i t t l e  o r  no dus t  i s  generated.  

- lbo d i f f e r e n t  ve r s ions  o f  the  water cannon have been 
developed which a re  app l i cab le  t o  concre te  su r face  removal. One 
i s  a modified 458 Magnum r i f l e  which shoots  s o l i d i f i e d  g lyce r ine  
through a nozzle.5 The second ve r s ion  uses  s tored  compressed 
g a s  t o  d r i v e  a p i s t o n  which fo rces  water through a smal l  diameter  
nozzle .6 

A 458 Magnum r i f l e  has  been modified by rep lac ing  t h e  
standard b a r r e l  with a shor te r  smooth-bored b a r r e l .  The end of  
the  b a r r e l  i s  threaded to  accept  a nozzle which reduces the  i n s i d e  
diameter from 0 45 i n .  t o  0 17 i n .  

A 9-in. sh ie ld  i n  the  shape of a funnel  h a s  been placed 
around the  nozzle i n  order  t o  p r o t e c t  the  opera tor  and t o  funnel  
the  rubble i n t o  a vacuum hose mounted on the  sh ie ld .  The rubble 
c o n s i s t s  o f  p ieces  which a r e  112 i n .  t o  314 i n .  i n  diameter  and ,  
small  p a r t i c l e s  which a r e  a l l  coated with g lyce r ine .  The s i z e  of 
the  rubble allows i t  t o  be e a s i l y  t ranspor ted  t o  a c o l l e c t i o n  b i n  
by a vacuum system. The sh ie ld  extends 1 i n .  beyond the  end of 
the  nozzle so t h a t  i t  can be  placed a g a i n s t  the su r face  and the  
c o r r e c t  nozz le- to-surface d i s t a n c e  w i l l  always be  achieved. 

The gun f i r e s  p r o j e c t i l e s  made of  s o l i d i f i e d  g l y c e r i n e ,  2 i n .  
long and 0.45 i n .  i n  diameter .  The g l y c e r i n e  p r o j e c t i l e s  a r e  
propel led  by gun powder loaded i n t o  a conventional  c a r t r i d g e  
case.  When the gun is f i r e d ,  t h e  g lyce r ine  a c c e l e r a t e s  down the  
b a r r e l  and i s  extruded through the  nozzle emerging a t  a very high 
v e l o c i t y .  



Wax i s  placed i n  the  c a r t r i d g e  case t o  hold the  powder i n  
p lace  and when the  gun i s  f i r e d  the wax h e l p s  t o  c r e a t e  a  moving 
s e a l  t o  keep the  combustion gas  from pass ing around the  
g lyce r ine  . 

The modified 458 Magnum r i f l e  ve r s ion  o f  the  water cannon has  
been extens ively  tested..  S p a l l  c r a t e r s  averaging between 3 and 4 
i n .  i n  diameter and 3 1 4  i n .  deep i n  the  c e n t e r  a r e  t y p i c a l l y  
obtained.. This i s  shown i n  Figure 1. ?he sho t s  a r e  spaced about 
3 i n .  a p a r t  i n  a  t r i a n g u l a r  p a t t e r n .  I n  a  t e s t  conducted on 
nuclear  reactor-grade concre te ,  2 4  sho t s  were requi red  t o  remove 
one square foot  of su r face  (See Figure  2 ) .  This took 5 t o  6 
minutes.. s i z e  v a r i a t i o n s  appear t o  be determined p r imar i ly  by t h e  
type and d i s t r i b u t i o n  of the  aggregate within the  concre te .  For 
example, i f  hard round r i v e r  g r a v e l  aggregate i s  s t ruck  by the  
sho t  of g lyce r ine  "head-on", small  s p a l l s  w i l l  genera l ly  r e s u l t .  
The b e s t  s p a l l s  occur when the  g lyce r ine  can work around and 
behind the embedded aggregate. 

The 458 Magnum water cannon is pos i t ioned and held  by hand 
and can by operated a s  f a s t  a s  a  person can re load and p o s i t i o n  
the  gun (See ~ i g u r e  3 ) .  This hand held s p a l l e r  i s  s u i t a b l e  f o r  
c leaning smal l  a r e a s  where l a rge  equipment would be  imprac t i ca l .  

Figure 1. Single  458 Magnum Water Cannon S p a l l .  



Figure 2 .  Test Panel Spalled by the 458 Magnum Water Cannon ( 1  
ft2). 

Figure 3 .  458 Magnum Water Cannon Being Fired . 



A second type of  water cannon i s  a l s o  being inves t iga ted  f o r  
s p a l l i n g  concre te  su r faces .  While the  water cannon descr ibed 
above uses  gun powder t o  d r i v e  g lyce r ine  through a nozzle ,  the  
second type uses  compressed gas  to d r i v e  a p i s t o n  to  impact a 
smal l  quan t i ty  of water and force  i t  through a nozzle  (See Figure  
4 ) .  

The gas which d r i v e s  the p i s t o n  is compressed by a hydraul ic  
impactor which w i l l  a l low f i r i n g  r a t e s  o f  up t o  5 times p e r  
second. Water i s  added a f t e r  each sho t  i n t o  a chamber i n  f r o n t  of  
the  p i s t o n .  

The u n i t  is mounted on a back hoe o r  excavator  and i s  
operated i n  a manner s i m i l a r  t o  a concre te  o r  rock breaker .  As  a 
r e s u l t ,  t h e  u n i t  is usable only i n  rooms which a r e  l a r g e  enough t o  
accommodate the  equipment.' 

Like the 458 Magnum water cannon, a funnel- l ike sh ie ld  w i l l  
be  placed around the  nozzle t o  p r o t e c t  the  opera to r s  and remove 
debr i s .  

The advantages of t h i s  water cannon over most o the r  su r face  
removal techniques a re :  1 )  i t  is  expected t o  have a removal r a t e  
of one square foot  i n  6 t o  10 seconds, and 2 )  t h e  water t h a t  i s  
f i r e d  by the  cannon c o a t s  the  rubble  p ieces  and p a r t i c l e s  which 
h e l p s  t o  minimize the  p o s s i b i l i t y  of  spreading contamination. 

F igure  4 .  Schematic of a Water Cannon Basic Components. 



CONCRETE SPALLER 

The conc re t e  s p a l l e r  i s  a device  which h a s  been developed 
s p e c i f i c a l l y  f o r  removing conc re t e  s u r f a c e s  by P a c i f i c  Northwest 
Laboratory (PNL). This device  w a s  developed t o  s a t i s f y  t h e  need 
f o r  a method of  removing only the  top l a y e r  of a contaminated 
sur face . .  Also, t he  device  was designed t o  b e  l i g h t w e i g h t ,  ea sy  t o  
hand l e ,  and convenient ly  used on any contaminated s u r f a c e  wi thout  
spreading  t h e  contaminat  ion .  

Ihe  conc re t e  s p a l l e r  c o n s i s t s  o f  t h r e e  b a s i c  p a r t s :  a 
h y d r a u l i c  c y l i n d e r ,  a push rod,-and a b i t  wi th  expanding wedges. 
'Ihe hydrau l i c  c y l i n d e r ,  which i s  a t t a c h e d  a t  one end, a c t i v a t e s  a 
push rod ,  which is  i n s t a l l e d  i n s i d e  t h e  b i t  (See '  F i g u r e  5 ) .  

Ihe  b i t  is a p i e c e  of  s t e e l  t ub ing ,  t h e  i n s i d e  d iameter  of 
which i s  tapered  a t  one end. A c i r c u l a r  wedge i s  machined i n t o  
t h e  tubing a t  the tapered end. The b i t  i s  s p l i t  i n t o  4 e q u a l l y  
spaced segments p a r a l l e l  t o  i t s  c e n t r a l  a x i s .  

- I n s i d e  the  tubing i s  p laced  a push rod with an  o u t s i d e  
diameter  s l i g h t l y  sma l l e r  than the  i n s i d e  o f  t h e  b i t .  This  rod i s  
a l s o  tapered a t  one end which matches the  tapered end of  t h e  
tub ing  . ' 

Ihe  conc re t e  s p a l l e r  i s  opera ted  by i n s e r t i n g  the  a c t i o n  end 
o f  t h e  b i t  i n t o  a p r e d r i l l e d  h o l e ,  approximately 2 i n .  deep and 1 
i n .  d iameter .  The h y d r a u l i c  c y l i n d e r ,  powered by a 10,000-psi 

F igu re  5.. Schematic o f  a Concrete S p a l l e r  . 



pump, i s  then a c t i v a t e d ,  forc ing the  push rod toward the  end of 
the  b i t . .  'Ibo th ings  cause the  s p a l l i n g  t o  take  p lace .  F i r s t ,  the  
wedges a r e  forced r a d i a l l y  outward embedding i n t o  the  wal ls  of  t h e  
h o l e .  Second, when the t i p  of the  push rod reaches the  bottom of 
the  d r i l l e d  ho le ,  i t  forces  the  wedges away from the  bottom, 
causing the s p a l l i n g  t o  take  p lace .  

The i n i t i a l  h o l e  d r i l l i n g  i s  the  time-consuming p o r t i o n  of  
the  use of  the  concre te  s p a l l e r .  Three d i f f e r e n t  types o f  d r i l l s  
were t e s t ed  t o  determine the  most e f f i c i e n t :  a compressed a i r  
powered d r i l l  (38-lb model), an e l e c t r i c  co re  d r i l l ,  and an 
e l e c t r i c  r o t a r y  hammer. The e l e c t r i c  core  d r i l l  was d iscarded 
because i t  produced a f i n e  d u s t  and was a l s o  very slow. ( D r i l l i n g  
a 2 i n .  deep hole  required 90-120 seconds .) Although the  e l e c t r i c  
r o t a r y  hammer was ab le  t o  d r i l l  a 2 in .  deep h o l e  i n  30 t o  40 
seconds, t h e  compressed a i r  powered d r i l l  was shown to  be  more 
e f f i c i e n t  a s  i t  was able  t o  d r i l l  the  h o l e  i n  10 t o  15 seconds. 
Both the  e l e c t r i c  r o t a r y  hammer and the compressed a i r  powered 
d r i l l  produces smal l  chips  which a r e  more e a s i l y  handled by the  
a i r  f i l t r a t i o n  system. To keep the  d r i l l i n g  chips  from 
contaminating the  a i r ,  a vacuum attachment i s  placed around the  
d r i l l  b i t  t o  remove the chips  generated during the  d r i l l i n g  
opera t ion .  

The h o l e s  were d r i l l e d  i n  a t r i a n g u l a r  p a t t e r n .  Tes t s  show 
t h a t  the  optimum space between the  h o l e s  i s  8 i n .  With 8-in. 
spacing,  some a r e a s  o f  the  su r face  = r e  no t  removed due t o  
v a r i a t i o n s  i n  the  d i s t r i b u t i o n  of  the  aggregate wi th in  t h e  
concre te .  It is the re fo re  necessary t o  r e d r i l l  and spa11 the  
remaining su r face .  Closer spacing o f  h o l e s  is  l e s s  e f f i c i e n t  
s i n c e  more h o l e s  a r e  u l t i m a t e l y  being d r i l l e d  than by using 8-in. 
spacing , even though add i t  iona  1 ho l e  s t o  remove the  random 
remaining su r face  a re  needed (See Table 11) .  

Table 11. Hole Spacing ,Versus Number of  Holes Required. 

Average Number of % of  Addit ional  
Spacing Between Holes Required f o r  Holes Required Compared 

Holes. i n .  1 vd2 of Surface With 8 i n .  Soacing 



The concre te  s p a l l e r  has  been t e s t ed  on va r ious  su r faces  on 
the  Hanford Nuclear Reservation.  F igure  6 i l l u s t r a t e s  the  
s p a l l i n g  which resu l t ed  from two t e s t s  and a panel  which has  been 
d r i l l e d  and i s  ready t o  be s p a l l e d .  As  can be seen,  smal l  a r e a s  
of  su r face  = r e  l e f t  i n t a c t  when the  panels  were spa l l ed .  These 
a r e a s  were l a t e r  removed by d r i l l i n g  a d d i t i o n a l  h o l e s  and s p a l l i n g  
again.  

Figure 7 shows the  d r i l l e d  panel  i n  Figure  6 a f t e r  s p a l l i n g  and 
the  s p a l l e r  t o o l  used t o  remwe the  su r face .  Note t h a t  the  rubble  
produced by the  spa l l ing  i s  conveniently s i zed  fo r  easy hand l i n g  
and t h a t  much pf the  su r face  layer  of  the  rubble remains i n t a c t ,  
holding the  contamination f ixed.  According t o  t h i s  t e s t i n g ,  
approximately 53 seconds were requi red  t o  d r i l l  and spa11 one 
square foot  of su r face  area ( o r  approximately 8 minutes t o  remove 
one square ya rd ) .  

As with o ther  surface  removal techniques,  i f  t he  spa l l ed  
su r face  i s  s t i l l  contaminated, i t  can be  r e d r i l l e d  and spa l l ed  a 
second time. 

.. ' 

Figure  6 .  Test  Panels Spalled by Concrete S p a l l e r  (1 yd2). 



Figure 7 .  Concrete S p a l l e r  Next t o  a  Spalled Test Panel .  

FUTURE EQUIPMENT 

Contamination removal equipment of  the  fu tu re  w i l l  l i k e l y  be  
remotely operated.  The opera tors  w i l l  poss ib ly  b e  s t a t ioned  
wi th in  view of the s p a l l i n g  opera t  ion,  b u t  f a r  enough removed t o  
reduce the  amount of r a d i a t i o n  exposure. I n  some circumstances 
the  machine operat  ion may be  viewed by t e l e v i s i o n  and c o n t r o l l e d  
from a  remote locat ion .  Quite poss ib ly ,  f u t u r e  machinery might b e  
f u l l y  automated, so t h a t  it w i l l  ope ra te  unattended.  

Included with the su r face  removal t o o l s  w i l l  b e  machinery t o  
handle the  contaminated rubb le .  Big p ieces  w i l l  b e  conveyed t o  a  
loading s t a t i o n  for  packing i n t o  a i r t i g h t  d i s p o s a l  boxes. Small 
chips  and dus t  w i l l  be  moved by a  vacuum system t o  separa to r s  f o r  
removal and placement in  s to rage  conta iners .  

The phys ica l  dimensions of f u t u r e  equipment w i l l  depend on 
the  s i z e  of the  f a c i l i t y .  With f a c i l i t i e s  varying i n  s i z e  from 
very  l a rge  canyon bu i ld ings  wi th  60 t o  80 f t  high wa l l s  t o  smal l  
c o n t r o l  and equipment rooms, var ious  spec ia l i zed  too l s  and rubble 
handling systems w i l l  be needed., 



CONCLUSIONS " 

Several  techniques a r e  p resen t ly  used f o r  removing 
contaminated concre te  surfaces .  So f a r ,  none of them have been 
developed t o  the  extent  t h a t  they meet a l l  t h ree  o f  these  
requirements : minimal r a d i a t i o n  exposure, removing only the  
contaminated por t ion  of the  s u r f a c e ,  and performing the  removal i n  
the  l e a s t  amount of time. The two , techniques discussed i n  t h i s  
paper ,  the  water cannon and the  concre te  s p a l l e r ,  a r e  f e l t  t o  be 
promising developments toward equipment t h a t  w i l l  meet the  needs 
of  f u t u r e  decontamination p r o j e c t s  . 

This work was performed under the  auspices  of t h e  U S 
Department of Energy, c o n t r a c t  EY-76-C-06-1830. 
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