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ABSTRACT

A r e p r e s e n t a t i v e  o f  each  o f  s i x  c l a s s e s  o f  commonly used a b s o r b e n t s  was 
chosen  f o r  a s e r i e s  o f  t e s t s .  A f t e r  r e v i e w i n g  ASTM and o t h e r  r e l a t e d  s t a n d a r d  
t e s t s ,  u n c o m p l i c a t e d  p r o c e d u r e s  were  d e v e lo p e d  f o r  c a r r y i n g  ou t  s p e c i f i c  t e s t s  
t o  d e t e r m i n e  a b s o r b e n c y  f o r  s i m u l a t e d  o i l  w a s t e  and f o r  w a t e r ,  unde r  s t a t i c  
and s i m u l a t e d  t r a n s p o r t a t i o n  ( r e p e t i t i v e  shock)  c o n d i t i o n s .  The t e s t s  were 
t h e n  a p p l i e d  t o  t h e  s i x  r e p r e s e n t a t i v e  a b s o r b e n t s .  S o l i d i f i c a t i o n  t e s t s  were 
pe r fo rm e d  u s i n g  t h e s e  a b s o r b e n t s  s a t u r a t e d  w i t h  o i l  and loade d  t o  50% o f  s a t u ­
r a t i o n .  The b i n d e r s  u sed  were P o r t l a n d  I cement  and Delaware Custom M a t e r i a l  
(DCM) cement  s h a l e  s i l i c a t e .  Samples  were  checked  f o r  p r o p e r  s e t ,  and t h e  
amounts  o f  f r e e  l i q u i d  were  m ea s u red .  A n o th e r  s e r i e s  o f  t e s t s  was pe r fo rm ed  
on samples  o f  s i m u l a t e d  o i l  w a s t e  w i t h o u t  a b s o r b e n t ,  u s in g  P o r t l a n d  cement  and 
DCM cement  s h a l e  s i l i c a t e .  Samples  were  c he cke d  f o r  p r o p e r  s e t ,  f r e e  l i q u i d  
was m e a s u r e d ,  and c o m p r e s s i v e  s t r e n g t h s  were  d e t e r m i n e d .  The s t a t e - o f - t h e - a r t  
p a r a m e t e r s  were i d e n t i f i e d  which s a t i s f y  NRC d i s p o s a l  c r i t e r i a  f o r  s o l i d i f i e d  
r a d i o a c t i v e  w a s t e .  The l i t e r a t u r e  was rev iew ed  f o r  a l t e r n a t i v e  methods of  
managing o i l  w a s t e s .  C o n c l u s i o n s  a r e  drawn on t h e  r e l a t i v e  u t i l i t y  o f  t h e  
v a r i o u s  m e th o d s .

iii ,̂,v;
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TESTS OF ABSORBENTS AND SOLIDIFICATION TECHNIQUES FOR OIL WASTES

1.  INTRODUCTION

Some o i l  w a s t e  i s  g e n e r a t e d  by e v e r y  n u c l e a r  power p l a n t  d u r i n g  i t s  n o r ­
mal o p e r a t i o n . (1 )  S i n c e  p u b l i s h e d  i n f o r m a t i o n  on k i n d s  and amounts  o f  t h i s  
w a s t e  and i t s  p r o p e r t i e s  a r e  no t  a v a i l a b l e ,  a q u e s t i o n n a i r e  was d e v i s e d  and 
s e n t  t o  o v e r  50 o p e r a t i n g  n u c l e a r  power p l a n t s .  Ten o f  t h e  p l a n t s  responded  
w i t h  answers  t o  mos*t o f  t h e  q u e s t i o n s .  A copy o f  t h e  q u e s t i o n n a i r e  i s  r e p r o ­
duced in  Appendix A a lo n g  w i th  a summary in  t a b u l a r  form o f  t h e  i n f o r m a t i o n  
o b t a i n e d  from t h e  r e s p o n d e n t s .  The main p o i n t s  a r e  g iv e n  below a s  background 
f o r  t h i s  r e p o r t .

The amount o f  w a s t e  o i l  g e n e r a t e d  a n n u a l l y  a t  r e p o r t i n g  power p l a n t s  
v a r i e d  from 100 t o  1000 g a l .  The m a j o r  component s  o f  t h e  o i l  w a s t e s  were pump 
o i l ,  t u r b i n e  s e a l  o i l ,  and  l u b r i c a t i n g  o i l .  Minor  amounts  o f  o t h e r  w a s t e s  
such as  g r e a s e ,  s n u b b e r  o i l  and s l u d g e s  may b e  mixed w i t h  t h e  o i l .  The w a t e r  
c o n t e n t  i n  t h e  o i l  w a s t e s  g e n e r a t e d  from PWR power p l a n t s  was n o r m a l ly  ve ry  
s m a l l .  However ,  i n  t h e  w a s t e  o i l s  from r e p o r t i n g  BWR p l a n t s ,  t h e  w a t e r  con­
t e n t  v a r i e d  from 0 t o  90%. At most  o f  t h e  power p l a n t s ,  t h e  pH v a l u e s  o f  t h e  
w a t e r  c o n t e n t s  i n  o i l  w a s t e s  have no t  been m e a s u r e d .  However,  o f  t h e  two t h a t  
were m e a s u r e d ,  one was r e p o r t e d  t o  be n e u t r a l  and t h e  o t h e r  was a c i d i c ,  w i th  a 
pH of  3 . 5 .

In g e n e r a l ,  t h e  l e v e l  o f  c o n t a m i n a t i o n  i n  t h e  o i l  w a s t e s  was low.  Two 
m ajo r  component s  o f  r a d i o a c t i v e  c o n t a m i n a t i o n  (C s -1 3 4 ,1 3 7  and C o-58 ,60 )  were 
found in  t h e  r an g e  o f  10"^ t o  1 0 " °  yCi/mL. Mn-54 h a s  been i d e n t i f i e d  a t  
one p l a n t  a t  a l e v e l  o f  1 0"°  yCi/mL. The o t h e r  components  i n  lower  l e v e l s  
t h a t  can be i d e n t i f i e d  were  Xe-133 ,  H-3 ,  Zn-65 ,  Np-239,  W-187, and T c -99 .  The 
s o u r c e  o f  o i l  c o n t a m i n a t i o n  in  BWR p l a n t s  i s  c o n s i d e r e d  t o  be t h e  t u r b i n e  o i l  
which has  been  in  c o n t a c t  w i t h  t h e  p r im a ry  c o o l a n t .  In PWR p l a n t s ,  i t  i s  t h e  
pump o i l  t h a t  ha s  been i n  c o n t a c t  w i th  a c o n t a m i n a t e d  a tm o s p h e re  t h r o u g h  ven­
t i l a t i o n .  T h i s  w a s t e  pump o i l  may i n i t i a l l y  c o n t a i n  o n ly  t r a c e s  o f  r a d i o a c ­
t i v e  c o n t a m i n a n t s  such as  Xe-133 ,  bu t  w i l l  l a t e r  be mixed w i th  c o n ta m in a t e d  
o i l s  from o t h e r  s o u r c e s  o r  become c o n ta m in a t e d  by c o n t a c t  w i t h  a c o n ta m in a t e d  
e n v i r o n m e n t  such a s  p i p i n g .

At t h e  p r e s e n t  t i m e ,  t h e r e  a r e  a number o f  methods in  u se  f o r  managing 
t h e  o i l  w a s t e s .  These i n c l u d e  s t o r i n g  t h e  w a s t e s  i n - p l a n t  f o r  f u t u r e  d i s ­
p o s a l ,  a b s o r b i n g  t h e  w a s t e s  u s i n g  a b s o r b e n t s  a c c e p t e d  by b u r i a l  s i t e s ,  f i l ­
t e r i n g  t h r o u g h  d i a t o m a c e o u s  e a r t h  and r e s i n ,  and  s o l i d i f y i n g  t h e  w a s t e s  w i t h  
cement  o r  s i m i l a r  r a p i d  s o l i d i f i c a t i o n  m a t e r i a l s  [ e . g . ,  De laware Custom 
M a te r i a l  (DCM) cement  s h a l e  s i l i c a t e  b i n d e r ] .  Fo r  w a s t e s  c o n t a i n i n g  w a t e r ,  
one t r e a t m e n t  method used  a t  a s i n g l e  power p l a n t  i s  t o  s e p a r a t e  t h e  w a t e r  f o r  
l i q u i d  r a d w a s t e  t r e a t m e n t .  At a n o t h e r  p l a n t ,  t h e  w a t e r - c o n t a i n i n g  w a s t e  i s  
loade d  on a b s o r b e n t  and s h ip p e d  t o  H anfo rd .  For  o i l s  s l i g h t l y  c o n ta m in a t e d  
w i t h  Xe-133,  t h e  o i l  i s  s t o r e d  t o  a l l o w  t h e  a c t i v i t y  t o  d e c a y ,  t h e n  i t  i s  
t r e a t e d  a s  c l e a n  o i l .



BNL has i n v e s t i g a t e d  methods o f  p r e p a r i n g  o i l  w a s t e s  f o r  d i s p o s a l  u s in g  
c o m m e rc i a l l y  a v a i l a b l e  a b s o r b e n t s  and s t a n d a r d  s o l i d i f i c a t i o n  t e c h n i q u e s .  We 
have a l s o  pe r fo rm ed  a l i t e r a t u r e  s u rv e y  t o  e v a l u a t e  a l t e r n a t i v e  methods f o r  
t r e a t i n g  o i l  w a s t e s .  These  a l t e r n a t i v e s  i n c l u d e  d e c o n t a m i n a t i o n ,  i n c i n e r a ­
t i o n ,  o z o n a t i o n ,  and r e g e n e r a t i o n .

In t h e  e x p e r i m e n t a l  p rog ra m ,  t y p i c a l  a b s o r b e n t s  were e v a l u a t e d  by d e t e r ­
m in ing  a b s o r p t i o n  c a p a c i t y  f o r  o i l  and f o r  w a t e r  unde r  s t a t i c  c o n d i t i o n s  and 
u n d e r  s i m u l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s .  The s o l i d i f i c a t i o n  media i n v e s t i ­
g a t e d  were P o r t l a n t  I cement  and Delaware Custom M a t e r i a l  (DCM) cement  s h a l e  
s i l i c a t e .  Oil w a s t e s  were  s o l i d i f i e d  u s in g  t h e s e  m e d ia ,  bo th  w i t h  and w i t h o u t  
a b s o r b e n t s .  Degree o f  s e t t i n g ,  amount o f  f r e e  l i q u i d ,  and c o m p r e s s iv e  
s t r e n g t h  o f  t h e  s o l i d  fo rm s  p r o d u c e d ,  a s  wel l  as  t h e  p r o p o r t i o n  o f  o i l  i n c o r ­
p o r a t e d  in  them, were t h e  p r o p e r t i e s  u sed  t o  e v a l u a t e  t h e  s o l i d i f i c a t i o n  t e c h ­
n i q u e s .  A t h i r d  s o l i d i f i c a t i o n  medium, Dow v in y l  e s t e r - s t y r e n e  p o ly m e r ,  was 
used  t o  p r e p a r e  a few t e s t  samples  w i t h  w a t e r  c o n t a i n i n g  0.2% o i l ,  b u t  c o u ld  
no t  be a p p l i e d  t o  o i l  i t s e l f .

I t  i s  e x p e c t e d  t h a t  t h e  r e s u l t s  o f  t h i s  s t u d y  w i l l  be of  use t o  NRC i n  
p r o v i d i n g  g u i d a n c e  t o  l i c e n s e e s  and ag reem en t  s t a t e s  on t h e  management o f  o i l  
w a s t e s .



2.  ABSORBENCY TESTS

Uncom pli ca ted  t e s t  p r o c e d u r e s  f o r  d e t e r m i n i n g  bo th  o i l  and w a t e r  a b s o r b -  
e n c i e s  were s e l e c t e d  and shown t o  be s a t i s f a c t o r y  by c a r r y i n g  out  e x p e r i m e n t a l  
a b s o r b e n c y  d e t e n m i n a t i o n s  us ing  s i x  r e p r e s e n t a t i v e  a b s o r b e n t s .  The d e t e r m i n a ­
t i o n s  were  made under  bo th  s t a t i c  and s i m u l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s .

2 .1  R e p r e s e n t a t i v e  Oil Wastes

For  t e s t i n g  a b s o r b e n t s ,  and a l s o  s o l i d i f i c a t i o n  t e c h n i q u e s ,  BNL d e v i s e d  a 
s i m u l a t e d  o i l  w a s t e  which was c o n s i d e r e d  r e p r e s e n t a t i v e  based on t h e  o i l s  used 
i n  PWRs and BWRs a c c o r d i n g  t o  i n f o r m a t i o n  o b t a i n e d  from t h e  l i c e n s e e s .  The 
c h o i c e  and t h e  r a t i o n a l e  f o r  i t  a r e  as  f o l l o w s .

R e a c to r s  can use  any b rand  of  o i l  f o r  t h e  c o o l a n t  pump o r  t u r b i n e  which 
m ee ts  t h e  s p e c i f i c a t i o n s  g iven  by t h e  pump o r  t u r b i n e  m a n u f a c t u r e r . *  D i f ­
f e r e n c e s  be tw een  b rands  s h o u ld  be n e g l i g i b l e  as  f a r  as t h e  r e f i n e d  h y d r o c a r b o n  
component  i s  c o n c e r n e d .  Any d i f f e r e n c e s  i n  t h e  minor  components  ( r u s t  and 
o x i d a t i o n  i n h i b i t o r s )  s h o u ld  have  an i n s i g n i f i c a n t  e f f e c t  on t h e  a b s o rb e n c y  t o  
be d e t e r m i n e d  in  l a b o r a t o r y  t e s t s .

The w a s te  pump and t u r b i n e  o i l s  a t  power p l a n t s  a r e  u s u a l l y  c o l l e c t e d  in  
5 5 - g a l l o n  drums f o r  s t o r a g e .  At t h i s  s t a g e ,  o i l  w a s t e  from o t h e r  s o u r c e s  and 
a s s o r t e d  r u s t ,  d i r t ,  s l u d g e  and g r e a s e  s u s p e c t e d  o r  known t o  be c o n t a m i n a t e d  
w i l l  o f t e n  be mixed w i t h  t h e m . ( 2 )  T h e r e f o r e ,  t h e  c o m p o s i t i o n  and l e v e l  of  
c o n t a m i n a t i o n  of  pump and t u r b i n e  o i l  w a s t e s  v a r i e s  from b a t c h  t o  b a t c h .  They 
w i l l  be l a r g e l y  e i t h e r  pump o i l  £T t u r b i n e  o i l  , b u t  not  a m i x t u r e  of  t h e s e  two 
t y p e s .  For  t e s t i n g  p u r p o s e s ,  how ever ,  b e c a u s e  t h e  o i l s  have  q u i t e  s i m i l a r  
c o m p o s i t i o n s ,  i t  was c o n s i d e r e d  r e a s o n a b l e  t o  u se  a m i x t u r e ,  r a t h e r  t h a n  c a r r y  
out  two s e r i e s  o f  t e s t s ,  one w i th  each  k i n d .  Because  of  t h e  v a r i a b i l i t y  and 
smal l  amount of  e x t r a n e o u s  m a t e r i a l  e n c o u n t e r e d  in  p r a c t i c e ,  no a t t e m p t  was 
made t o  d e v i s e  a r e p r e s e n t a t i v e  m i x t u r e  of  such  m a t e r i a l .  T h u s ,  t h e  s i m u l a t e d  
o i l  w a s t e  used was a 1 :1  m i x t u r e  of  t u r b i n e  seal  o i l  (Mobil DTE 797,  used in  
BWR t u r b i n e s )  and PWR c o o l a n t  pump o i l  (Mobil DTE medium).

2 . 2  S e l e c t i o n  o f  T e s t  P r o c e d u r e s  f o r  D e te rm in in g  Oil Absorbency

BNL has r ev iew ed  a v a i l a b l e  ASTM and o t h e r  s t a n d a r d  p r o c e d u r e s  f o r  t e s t i n g  
t h e  c a p a c i t y  o f  a b s o r b e n t s  and d e v e lo p e d  from t h e s e  t e s t s  an u n c o m p l ic a t e d  
s t a n d a r d  t e s t  p r o c e d u r e  f o r  u s e  w i th  o i l  w a s t e s .  The p r o c e d u r e  chosen  f o r  
d e t e r m i n a t i o n  of  a b s o r p t i o n  c a p a c i t y  has  two p a r t s ,  t h e  f i r s t  a p p ly i n g  t o  
s t a t i c  c o n d i t i o n s ,  and t h e  second  t o  a c c e l e r a t i o n  and v i b r a t i o n  c o n d i t i o n s  
e n c o u n t e r e d  d u r in g  t r a n s p o r t a t i o n .

♦Accord in g  t o  General  E l e c t r i c  Company manual GEI-1563Y on Oil Recommendations 
f o r  Steam T u r b i n e s ,  c l e a n l i n e s s  of  t h e  o i l  and l u b r i c a t i n g  sys tem i s  of 
u tm os t  i m p o r t a n c e .  A r e a s o n a b l e  v a r i a t i o n  in  o i l  p r o p e r t i e s  i s  a l l o w e d ,
e . g . ,  S a y b o l t  V i s c o s i t y  r a n g e  a t  1Q0°F i s  g i v e n  as  140-170 SSU.



2 . 2 . 1  T e s t  o f  A b s o r p t i o n  C a p a c i t y  Under  S t a t i c  C o n d i t i o n s

A number of  ASTM t e s t s  f o r  l i q u i d  a b s o r p t i o n  w ere  l o c a t e d  and r e v i e w e d .  
The one  which a p p e a re d  most  a p p l i c a b l e  t o  o i l  a b s o r p t i o n  by a v a r i e t y  of  a b ­
s o r b e n t s  was ASTM D/483-60  (Reapproved  1 9 7 9 ) ,  "Oil A b s o r p t i o n  o f  P igmen ts  by 
Gardner-Coleman  Method."  I t  was a d o p te d  f o r  o u r  p u r p o s e s ,  w i th  s l i g h t  m o d i f i ­
c a t i o n s .  These i n c l u d e  an e i g h t - f o l d  i n c r e a s e  i n  sample volume and a t e n - f o l d  
i n c r e a s e  i n  w e igh ing  s e n s i t i v i t y  t o  p r o v i d e  h i g h e r  p r e c i s i o n .

The m o d i f i e d  p r o c e d u r e  i s  as  f o l l o w s :

a .  Measure and r e c o r d  volume o f  a b s o r b e n t  (10 t o  15 ml)  i n  mL and i t s  
w e i g h t  i n  g ( t o  t h e  n e a r e s t  0 . 0 1  g) t h e n  pour  i n t o  a small  v i a l .

b .  Pour  o i l  w a s t e  i n t o  a b u r e t  and r e c o r d  t h e  i n i t i a l  volume.

c .  S lowly  t i t r a t e  t h e  a b s o r b e n t  w i t h  l i q u i d  w a s t e  w h i l e  s t i r r i n g  t h e  
m i x t u r e  g e n t l y  w i th  a s t a i n l e s s  s t e e l  s p a t u l a .  S e ve ra l  m in u t e s  
s h o u ld  be t a k e n  f o r  t h e  a d d i t i o n  when t h e  a b s o r b e n t  c o n t a i n s  c o a r s e  
p a r t i c l e s  t o  e n s u r e  t h a t  t h e  p a r t i c l e s  have been s a t u r a t e d .

d .  Stop add ing  t h e  l i q u i d  w a s t e  when a un i fo rm  m i x t u r e  ( w i t h o u t  a smear 
o f  e x c e s s  l i q u i d )  i s  r e a c h e d .

e .  Record t h e  f i n a l  volume of  l i q u i d  i n  t h e  b u r e t .

f .  S u b t r a c t  t h e  f i n a l  volume from t h e  i n i t i a l  volume t o  o b t a i n  t h e  
volume o f  l i q u i d  a dded .

g.  C a l c u l a t e  t h e  a b s o r b e n c y  by t h e  f o l l o w i n g  f o rm u la s

Absorbency  by volume = volume o f  l i q u i d  a b s o rb e d  in  ml
volume of  a b s o r b e n t  i n  ml

Absorbency  by w e ig h t  = volume o f  l i q u i d  a b s o rb e d  in  ml x d e n s i t y  (g/mL)
w e ig h t  o f  a b s o r b e n t  i n  grams

2 . 2 . 2  T e s t  o f  A b s o r p t i o n  C a p a c i t y  Under  S im u la te d  T r a n s p o r t a t i o n  C o n d i t i o n s

R e p o r t s  on shock  v i b r a t i o n s  e n c o u n t e r e d  i n  r a i l  and t r u c k  t r a n s p o r t a -  
t i o n ( 3 » 4 )  w ere  r e v i e w e d .  Among t h e  f i n d i n g s  d e s c r i b e d  in  t h e s e  r e p o r t s  was 
t h e  f a c t  t h a t  t h e  v i b r a t i o n s  o c c u r r i n g  on t h e  road  depend on t h e  c h a r a c t e r i s ­
t i c s  of  t h e  v e h i c l e  u s e d ,  ro ad  c o n d i t i o n s ,  shock a b s o r b e r s  u s e d ,  g e o m e t r i c  
p o s i t i o n  o f  t h e  sample  on t h e  v e h i c l e ,  and many o t h e r  f a c t o r s .  The s i t u a t i o n  
i s  s i m i l a r  f o r  r a i l  t r a n s p o r t a t i o n .  For  bo th  r a i l  and t r u c k  t r a n s p o r t a t i o n  
most  o f  t h e  v i b r a t i o n s  w i th  f r e q u e n c y  in  t h e  0 - 1 0  Hz r ange  show a high  p r o p o r ­
t i o n  of  i n t e m i i t t e n t  s h o c k - l i k e  i n p u t s  from an uneven road s u r f a c e ,  hav in g  
a c c e l e r a t i o n s  up t o  a p p r o x i m a t e l y  1 g . ( 4 )  Most o f  t h e  h i g h e r  f r e q u e n c i e s ,  
o v e r  50 Hz, such as  t h o s e  due t o  m o to r  v i b r a t i o n s ,  a r e  more n e a r l y  c o n t i n u o u s  
bu t  g e n e r a l l y  p roduce  a c c e l e r a t i o n s  up t o  o n ly  0 . 1 - 0 . 2  g .



Even a v e ry  e l a b o r a t e  v i b r a t i o n  t e s t i n g  machine w i t h  high  f r e q u e n c y  
c a p a b i l i t i e s  c a n n o t  s i m u l a t e  e x a c t l y  a c t u a l  t r a n s p o r t a t i o n  c o n d i t i o n s .  In any 
c a s e ,  t e s t i n g  w i t h  such a m ac h in e  u s in g  such r e f i n e d  methods would no t  f u l f i l l  
t h e  r e q u i r e m e n t  o f  an u n c o m p l i c a t e d  t e s t .  S e v e ra l  v i b r a t i o n  t e s t s  f o r  s im u­
l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s  a r e  a v a i l a b l e .  Two ASTM p r o c e d u r e s ,  a m i l i ­
t a r y  t e s t  and a DOT t e s t ,  ( t h e  l a s t  two r e p r o d u c e d  in  Appendix B ) ,  a r e :

1. ASTM D3580-77T " T e n t a t i v e  Method o f  V i b r a t i o n  ( V e r t i c a l  S i n u s o i d a l  
Motion)  T e s t  of  P r o d u c t s , "

2.  ASTM 0 9 9 9 - 7 5 ,  " S t a n d a r d  Methods f o r  V i b r a t i o n  T e s t i n g  of  Sh ipp ing  
C o n t a i n e r s , "

3.  MIL-STD-810C m i l i t a r y  s t a n d a r d  v i b r a t i o n  t e s t ,  and

4 .  DOT t e s t  f o r  s t e e l  d ru m s ,  from 49CFR178, S e c t i o n  1 6 - 1 3 ( a ) ( 2 ) .

The ASTM p r o c e d u r e s  c a l l  f o r  t e s t i n g  o v e r  a b road  f r e q u e n c y  r a n g e  
( 0 . 2  Hz t o  a t  l e a s t  100 Hz) w hereas  t h e  m i l i t a r y  t e s t  uses  a f i x e d  f r e q u e n c y  
o f  284 rpm o r  4 . 7  Hz. The DOT t e s t  does  no t  s p e c i f y  a f r e q u e n c y  bu t  r e q u i r e s  
s u b j e c t i n g  t h e  t e s t  drums t o  one hour  of  v i b r a t i o n  a t  a f r e q u e n c y  t h a t  c a u s e s  
them t o  be r a i s e d  a t  l e a s t  1 /16  i n .  o f f  t h e  t e s t  p l a t f o r m .  The a m p l i t u d e  r e ­
q u i r e d  by t h e  m i l i t a r y  and DOT t e s t s  (1 i n .  peak t o  peak)  c a u s e s  an a c c e l e r a ­
t i o n  o f  a p p r o x i m a t e l y  1 g a t  t h e  284 Hz used  in  t h e  m i l i t a r y  t e s t ,  whereas  t h e  
ASTM t e s t s  c a l l  f o r  o n ly  0 . 1  t o  0 . 5  g .

A t e s t  m ac h ine  was a c q u i r e d  which was c a p a b l e  of  p r o v id i n g  t h e  v i b r a ­
t i o n  c o n d i t i o n s  s p e c i f i e d  i n  t h e  m i l i t a r y  and DOT p r o c e d u r e s  and i n  Method A 
o f  ASTM T e s t  D999. T h i s  m a c h i n e .  Type lOO-SVM m a n u fa c tu red  by L.A.B.  C o rp o ra ­
t i o n ,  has  a v i b r a t i o n  a m p l i t u d e  o f  1 i n .  peak t o  peak and t h e  f r e q u e n c y  can be 
v a r i e d  c o n t i n u o u s l y  from 0 t o  5 . 4  Hz. The p l a t f o r m  i s  d r i v e n  in  s i n u s o i d a l  
mot ion  which p r o v i d e s  b o t h  v e r t i c a l  and h o r i z o n t a l  v i b r a t i o n  components .

ASTM P r o c e d u r e  D999, "Method A - R e p e t i t i v e  Shock T e s t , "  does no t  r e q u i r e  
c o v e r i n g  t h e  c o m p l e t e  f r e q u e n c y  r a n g e  a v a i l a b l e  as  do t h e  o t h e r  ASTM m ethods .  
I t  s p e c i f i e s  s t a r t i n g  t h e  f r e q u e n c y  a t  ab o u t  2 Hz and s t e a d i l y  i n c r e a s i n g  i t  
u n t i l  some p o r t i o n  of  t h e  t e s t  specimen r e p e a t e d l y  l e a v e s  t h e  p l a t f o r m  o r  
u n t i l  t h e  a c c e l e r a t i o n  of  t h e  p l a t f o r m  i s  1 .1  g .  One hour  i s  t h e  t im e  recom­
mended f o r  m a i n t a i n i n g  t h i s  c o n d i t i o n .  In t h e  o p e r a t i n g  i n s t r u c t i o n s  f o r  t h e  
L.A.B.  t e s t  machine  i t  i s  s t a t e d  t h a t  one hour  i n  t h i s  r e p e t i t i v e  shock c o n d i ­
t i o n  i s  r o u g h ly  e q u i v a l e n t  t o  1 ,000  m i l e s  o f  s h ip p i n g  t r a v e l .

The t e s t  d e v e lo p e d  and used  by BNL, based  l a r g e l y  on Method A o f  ASTM 
P r o c e d u r e  D999 and t h e  DOT t e s t ,  i s  a s  f o l l o w s :

a .  P l a c e  on t h e  v i b r a t i o n  p l a t f o r m  t h e  sample from t h e  
s t a t i c  a b s o rb e n c y  t e s t  which i s  h e ld  in  a s e a l e d  
c o n t a i n e r .  A f e n c e  o r  b a r r i c a d e  must  be kep t  
a round  t h e  c o n t a i n e r  t o  p r e v e n t  i t  from f a l l i n g  o f f  
t h e  p l a t f o r m .



b .  S t a r t i n g  a t  z e r o  f r e q u e n c y ,  g r a d u a l l y  i n c r e a s e  t h e  
f r e q u e n c y  u n t i l  t h e  c o n t a i n e r  bounces  on t h e  t a b l e  
and a g a i n s t  t h e  f e n c e .  A d j u s t  t h e  f r e q u e n c y  u n t i l  
a 1 /16  i n .  s t r i p  o f  metal  can be s l i d  f r e e l y  under  
t h e  c o n t a i n e r .

c .  Shake unde r  t h e s e  c o n d i t i o n s  f o r  1 h o u r .

d .  Stop t h e  s h a k i n g ,  i m m e d i a t e l y  open t h e  c o n t a i n e r ,  remove 
and weigh any f r e e  l i q u i d .

e .  To d e t e r m i n e  a b s o r b e n c y  unde r  t r a n s p o r t a t i o n  c o n d i t i o n s ,  
s u b t r a c t  t h e  amount of  l i q u i d  measured in  d from t h a t  
o r i g i n a l l y  measured  i n  t h e  s t a t i c  a b s o rb e n c y  t e s t  and 
r e c a l c u l a t e  t h e  a b s o rb e n c y  u s in g  t h i s  c o r r e c t e d  amount .

2 . 3  E x pe r im en ta l  D e t e r m i n a t i o n  o f  Absorbency

As w i l l  be d e s c r i b e d  i n  t h e  n e x t  s e c t i o n  ( 2 . 3 . 1 ) ,  s i x  r e p r e s e n t a t i v e  
a b s o r b e n t s  were chosen  f o r  e v a l u a t i o n .  Oil a b s o r b e n c i e s  under  s t a t i c  and 
s i m u l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s  were  d e t e r m i n e d  u s in g  t h e  t e s t  p r o c e d u r e s  
o u t l i n e d  in  s e c t i o n s  2 . 2 . 1  and 2 . 2 . 2 .  Water  a b s o rb e n c y  under  t h e  same 
c o n d i t i o n s  was d e t e r m i n e d  a t  a number of  pH v a lu e s  a c c o r d in g  t o  t h e  p r o c e d u r e  
g iven  i n  s e c t i o n  2 . 3 . 2 .

2 . 3 . 1  Choice  o f  A b s o r b e n t s  t o  be T e s t e d

A l i s t  o f  a b s o r b e n t s  and t h e i r  m a n u f a c t u r e r s  s u p p l i e d  by NRC i s  g iv e n  
i n  Appendix C, T a b l e  C . l .  I t  c o n t a i n s  22 a b s o r b e n t s  and 10 d i f f e r e n t  s u p p l i ­
e r s .  BNL l o c a t e d  s u p p l i e r s  f o r  a l l  t h e  p r o d u c t s  l i s t e d  and o b t a i n e d  b r o c h u r e s  
w i t h  i n f o r m a t i o n  on t h e i r  p r o p e r t i e s .  T a b le  C .2  o f  Appendix C l i s t s  t h e  com­
p o s i t i o n s  and t h e  m a n u f a c t u r e r ' s  a b s o r b e n c y  v a l u e s  f o r  20 o f  t h e  a b s o r b e n t s .  
Based on t h e  v e n d o r ' s  d a t a  on t h e  c o m p o s i t i o n  o f  t h e  d i f f e r e n t  a b s o r b e n t s ,  
t h e y  can be g rouped i n t o  s i x  main c a t e g o r i e s ,  w i t h i n  which t h e r e  i s  u s u a l l y  
o n l y  a small  d i f f e r e n c e  in  o i l  a b s o r b e n c y .  Because of  t h e  s i m i l a r i t y  w i t h i n  
t h e  c a t e g o r y ,  i t  was d e c i d e d  t h a t  t h e  m a t e r i a l  w i t h i n  each  c a t e g o r y  h a v in g  t h e  
h i g h e s t  o i l  a b s o rb e n c y  would be t e s t e d .  The s i x  a b s o r b e n t s  c h o s e n  and t h e i r  
c a t e g o r i e s  a r e  l i s t e d  be low .

1. Conwed f o r  n a t u r a l  f i b e r s

2.  3M 'LSM' f o r  s y n t h e t i c  f i b e r s

3.  Amorphous S i l i c a t e  f o r  t h e  s i l i c a t e s

4.  S u p e r - F i n e  f o r  d i a to m a c e o u s  e a r t h

5.  V e r m i c u l i t e  f o r  mica

6 .  I n s t a n t - D r i  f o r  c l a y s .



2 . 3 . 2  P r o c e d u r e  f o r  T e s t i n g  E f f e c t  o f  pH on Water Absorbency

The w a t e r  a b s o r b e n c i e s  of  t h e  6 m a t e r i a l s  l i s t e d  above were  d e t e r m i n e d  
u s i n g  w a t e r  w i th  pH v a l u e s  1 ,  4 ,  7 ,  1 0 ,  and 13 .  The t e s t  p r o c e d u r e  was as  
f o 1 1ows :

a .  A d j u s t  t h e  pH o f  d i s t i l l e d  w a t e r  t o  t h e  d e s i r e d  v a lu e  w i t h  
NaOH and HCl.

b .  Record t h e  i n i t i a l  pH and c a r r y  o u t  t h e  a b s o rb e n c y  t e s t  
as  g i v e n  i n  S e c t i o n  2 . 2 . 1 ,  a t h r o u g h  g .

c .  C a l c u l a t e  a b s o r b e n c y .

d .  Add a volume of  d i s t i l l e d  w a t e r  equal  t o  t h a t  a l r e a d y  
added d u r i n g  d e t e r m i n a t i o n  o f  t h e  a b s o r b e n c e .  S t i r  
t h e  m i x t u r e  and m easu re  t h e  pH o f  t h e  e x c e s s  w a t e r .
I f  t h e  m easured  v a l u e  d i f f e r s  from t h e  i n i t i a l  pH 
v a l u e  by an amount o t h e r  t h a n  4 0 . 3  u n i t s , *  b e c a u s e
o f  r e a c t i o n  be tween  t h e  a b s o r b e n t  and w a t e r ,  r e ­
m easu re  t h e  a b s o rb e n c y  by t h e  f o l l o w i n g  p r o c e d u r e :

( i )  Using s t a n d a r d  HCl o r  NaOH s o l u t i o n ,  back t i t r a t e
t o  t h e  i n i t i a l  pH and c a l c u l a t e  t h e  e q u i v a l e n t s
of  a c id  o r  base  used i n  t h e  back t i t r a t i o n .

( i i )  R e pe a t  t h e  a b s o rb e n c y  t e s t  w i t h  a f r e s h  a b s o r b e n t
sample  o f  t h e  same s i z e  as  p r e v i o u s l y  u s e d .  Add
t h e  number of  e q u i v a l e n t s  o f  a c id  o r  base  d e t e r ­
mined i n  ( i ) ,  b e f o r e  r e a c h i n g  t h e  end p o i n t .  I n ­
c lu d e  t h e  amount of  w a t e r  i n  t h i s  a d d i t i o n  i n  t h e
t o t a l  u sed  f o r  c a l c u l a t i o n  o f  t h e  a b s o r b e n c y .

( i i i )  Check t h e  pH a s  i n  s t e p  d .

2 . 3 . 3  Oil A bsorbency  T e s t  R e s u l t s

R e s u l t s  f o r  t h e  o i l  a b s o r b e n c y  d e t e r m i n a t i o n s  a r e  r e c o r d e d  in  Tab le  
2 . 1 .  (Note t h a t  t h e  t a b l e  r e f e r s  t o  bo th  s t a t i c  and s i m u l a t e d  t r a n s p o r t a t i o n  
c o n d i t i o n s . )  Each v a l u e  l i s t e d  i s  t h e  a v e r a g e  o f  t h r e e  d e t e r m i n a t i o n s .  Re­
p r o d u c i b i l i t y  from s am p le  t o  sample was w i t h i n  +1%. T h i s  p r e c i s i o n  was r e a d i ­
l y  a c h i e v a b l e  w i t h  most  o f  t h e  m a t e r i a l s ,  b u t  wTth Conwed, s t i r r i n g  had t o  be
v e ry  g e n t l e  t o  p r e v e n t  small  v a r i a t i o n s  in  t h e  end p o i n t .  Even w i t h o u t  t h i s
s p e c i a l  p r e c a u t i o n  t h e  p r e c i s i o n  o b t a i n e d  was wel l  w i t h i n  jf5%. Values  o f

* I f  t h e r e  i s  no i n t e r a c t i o n  be tween  t h e  a b s o r b e n t - w a t e r  m i x t u r e  and t h e  
added d i s t i l l e d  w a t e r ,  d i l u t i o n  by a f a c t o r  o f  2 w i th  d i s t i l l e d  w a te r  
i n c r e a s e s  t h e  pH by 0 . 3  u n i t s  f o r  a c i d i c  s o l u t i o n s  and d e c r e a s e s  i t  by 0 . 3  
u n i t s  f o r  b a s i c  s o l u t i o n s .



a b s o r b e n c y  a r e  on ly  a b o u t  h a l f  t h a t  quo ted  by t h e  s u p p l i e r  in  s e v e r a l  c a s e s  
(LSM, Conwed, and I n s t a n t - D r i ) ,  b u t  d i f f e r e n c e s  a r e  e x p e c t e d  s i n c e  a b s o rb e n c y  
w i l l  v a ry  w i t h  t h e  v i s c o s i t y  o f  t h e  o i l  u s e d .  Some of  t h e  a b s o r b e n t  m a t e r i a l s  
a r e  d e s i g n e d  f o r  such u s e s  as  c l e a n - u p  a f t e r  c r u d e  o i l  s p i l l s ,  and a p p a r e n t l y  
t h e y  e x h i b i t  c o n s i d e r a b l y  h i g h e r  a b s o r b e n c i e s  w i th  t h e  v e ry  v i s c o u s  o i l s  
i n v o l v e d  i n  such  s p i l l s .

Tab le  2 .1

Oil Absorbency  Under  S t a t i c  and S im ula ted  T r a n s p o r t a t i o n  C o n d i t i o n s

Absorbency
g o f  o i l mL o f  o i l

A bso rb e n t D e n s i ty  (g/mL) g of  a b s o r b e n t mL o f  a b s o r b e n t

S u p e r -F i  ne 0 .4 8 2 1.16 0 . 6 4 6
Conwed 0 . 0 6 2 1 2 .9 0 . 9 2 6
Vermicu l i  t e 0 . 0 9 9 3 .0 3 0 .3 4 7
LSM 0.1 2 0 5 .7 2 0 . 7 9 6
Amorphous S i l i c a t e 0 . 0 4 6 11.1 0 . 5 8 7
I n s t a n t - D r i 0 . 7 1 4 0 .6 4 5 3 0 . 5 3 3 3

^Values  unde r  s t a t i c  c o n d i t i o n s .  Under  s i m u l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s  
t h e  a b s o r b e n c y  v a l u e s  d e t e r m i n e d  w e r e  0 .6 3 9  and 0 . 5 2 8 .

Under c o n d i t i o n s  of  t h e  s i m u l a t e d  t r a n s p o r t a t i o n  t e s t ,  t h e r e  was no 
r e l e a s e  o f  o i l  from any  of  t h e  a b s o r b e n t s  e x c e p t  I n s t a n t - D r i  a n d ,  p o s s i b l y ,  
v e r m i c u l i t e .  With I n s t a n t  Dri t h e  amount r e l e a s e d  was b a r e l y  enough t o  mea­
s u r e ,  and w i t h  v e r m i c u l i t e ,  t h e  amount  was so smal l  i t  was no t  c l e a r  w he the r  
d r  not  i t  r e p r e s e n t e d  an u n c e r t a i n t y  i n  de te n m in in g  t h e  end p o i n t  in  t h e  
s t a t i c  t e s t .  Even w i th  I n s t a n t - D r i  t h e  a b s o rb e n c y  d e t e r m i n e d  under  s im u­
l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s  was w i t h i n  1% of  t h a t  m easu red  u n d e r  s t a t i c  
c o n d i t i o n s .

2 . 3 . 4  Water  Absorbency T e s t  R e s u l t s

R e s u l t s  o f  t h e  w a t e r  a b s o r b e n c y  t e s t s  under  s t a t i c  c o n d i t i o n s  and a 
range  of  pH v a l u e s  a r e  g iv en  i n  T a b le s  2 . 2  and 2 . 3 .  Each v a l u e  l i s t e d  i n  t h e  
t a b l e s  i s  t h e  a v e r a g e  of  f i v e  d e t e r m i n a t i o n s .  As w i th  t h e  o i l  a b s o rb e n c y  
t e s t s  r e p r o d u c i b i l i t y  from sample  t o  sample  was w i t h i n  j^l%. The w a t e r  a b s o r b ­
ency unde r  s t a t i c  c o n d i t i o n s  f o r  a l l  a b s o r b e n t s  was a lm os t  c o n s t a n t  f rom pH 1 
t o  pH 10 .  A s m a l l  change in  a b s o rb e n c y  a t  pH 1 was o b se rve d  f o r  S u p e r - F i n e ,  
and a t  pH 13 f o r  S u p e r - F i n e  and I n s t a n t - D r i .  Conwed, showed a l a r g e  i n c r e a s e  
i n  a b s o r b e n c y  a t  pH 13 .  Accord ing  t o  t h e  i n f o r m a t i o n  s u p p l i e d  by t h e  manu­
f a c t u r e r ,  t h e  s u r f a c e  o f  Conwed was t r e a t e d  t o  r e p e l  w a t e r  i n  o r d e r  t o  make 
t h e  m a t e r i a l  e f f e c t i v e  i n  d e a l i n g  w i t h  m a r i n e  o i l  s p i l l s .  A p p a r e n t l y  i n  w a t e r



o f  pH 13 t h e  s u r f a c e  c o a t i n g  was a t t a c k e d  by t h e  0 . 1  M NaOH and e i t h e r  d e ­
s t r o y e d ,  o r  damaged t o  such an e x t e n t ,  t h a t  p o r e s  p r e v i o u s l y  no t  open t o  w a t e r  
became a v a i l a b l e .

T a b l e  2 . 2

Water Absorbency  by Weight  Under S t a t i c  C o n d i t i o n s  
(g of  W a te r /g  of  A b s o r b e n t )

Abso rbe n t pH 1 pH 4 pH 7 pH 10 pH 13

I n s t a n t - D r i 0 . 6 5 0 . 6 6 0 . 6 5 0 . 6 6 0 . 7 5
V e r m i c u l i t e 4 .0 8 3 .9 8 4.00 3 .93 3 .81
S u p e r - F i n e 1 .56 1 .4 4 1.40 1 .44 1 .56
Amorphous S i l i c a t e 13 .1 13.0 13.0 13.1 13 .5
Conwed 5 .6 5 .7 5 .8 6 .1 13 .9
LSM 6 .3 6 6 .2 6 6 .2 2 6 .1 6 6 .10

T a b l e  2 . 3

Water  Absorbency  by Volume Under  S t a t i c  C o n d i t i o n s
(mL o f  Water/mL o f  A b s o r b e n t )

A bso rbe n t pH 1 pH 4 pH 7 pH 10 pH 13

I n s t a n t - D r i 0 . 4 6 0 . 4 7 0 . 4 6 0 . 4 7 0 . 5 3
V e r m i c u l i t e 0 .4 0 0 . 3 9 0 . 3 9 0 . 3 9 0 . 3 8
S u p e r - F i n e 0 . 7 5 0 . 6 9 0 . 6 7 0 . 6 9 0 . 7 5
Amorphous S i l i c a t e 0 .6 0 0 .6 0 0 .6 0 0 .6 0 0 . 6 1
Conwed 0 . 3 5 0 . 3 5 0 . 3 6 0 . 3 8 0 . 8 6
LSM 0 . 7 6 0 . 7 5 0 . 7 5 0 . 7 4 0 . 7 3

As w i th  t h e  o i l  a b s o r b e n c i e s ,  v a r i a t i o n  among t h e  s i x  m a t e r i a l s  was 
o n l y  ab o u t  a f a c t o r  of  2 on a volume b a s i s .  Actual  v a lu e s  were s l i g h t l y  l e s s  
t h a n  f o r  o i l ,  but  p a r a l l e l e d  t h o s e  f o r  o i l  e x c e p t  f o r  Conwed a t  pH v a lu e s  from 
1 t o  10 ,  where i t s  s u r f a c e  c o a t i n g  d e n i e s  t o  w a t e r  some of  t h e  p o t e n t i a l l y  
a v a i l a b l e  s p a c e .  At pH 13,  Conwed e x h i b i t s  a w a t e r  a b s o rb e n c y  in  l i n e  wi th  
i t s  o i l  a b s o r b e n c y ,  b e in g  one of  t h e  two to p  a b s o r b e r s ,  f o r  bo th  o i l  and 
w a t e r ,  a lo n g  w i th  LSM.

In T a b le  2 . 4 ,  t h e  r e s u l t s  o f  t h e  v i b r a t i o n  t e s t s  a r e  r e p o r t e d  as  p e r ­
c e n t  w a t e r  abso rbed  u n d e r  s t a t i c  c o n d i t i o n s  which was r e l e a s e d  u n d e r  s imu­
l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s ,  r a t h e r  t h a n  as  a b s o r b e n c i e s .  T h i s  method o f  
r e p o r t i n g  t h e  r e s u l t s  i s  used s i n c e  f o r  one m a t e r i a l  (Amorphous S i l i c a t e )  
a lm o s t  a l l  a b s o rb e n c y  was l o s t .  The samples  used were t h e  same ones t h a t  had



been  used  f o r  t h e  a b s o rb e n c y  d e t e r m i n a t i o n  unde r  s t a t i c  c o n d i t i o n s ,  f i v e  f o r  
e a ch  m a t e r i a l  a t  each  pH. A f t e r  s t o r a g e  f o r  a week,  t h e y  were s u b j e c t e d  t o  
t h e  s i m u l a t e d  t r a n s p o r t a t i o n  t e s t ,  and t h e  amounts  o f  f r e e  w a t e r  m e a s u r e d .  
V e r m i c u l i t e  r e l e a s e d  no w a t e r  a t  any pH, and LSM r e l e a s e d  none e x c e p t  a t  
pH 13.  I n s t a n t - D r i  a l s o  pe r fo rm e d  q u i t e  w e l l ,  r e l e a s i n g  on ly  a p p r o x i m a t e l y  
0 . 0 1  ml p e r  ml o f  a b s o r b e n t  e x c e p t  a t  pH 13.  S u p e r - F i n e  and Conwed were 
i n t e r m e d i a t e  i n  p e r f o r m a n c e ,  and Amorphous S i l i c a t e  l o s t  a lm o s t  a l l  t h e  w a t e r  
i t  had a b s o rb e d  i n  t h e  s t a t i c  t e s t .  The r e p e t i t i v e  shock t r e a t m e n t  o f  t h e  
s i m u l a t e d  v i b r a t i o n  t e s t  r educed  t h e  m a t e r i a l  t o  a f i n e  powder and o b v i o u s l y  
e s s e n t i a l l y  d e s t r o y e d  a l l  i t s  a b s o r b e n t  powers f o r  w a t e r .  Note t h a t  t h i s  does 
n o t  o c c u r  w i t h  o i l  ( S e c t i o n  2 . 3 . 3 ) .

T a b l e  2 . 4

P e r c e n t  Water  R e l e a s e d  Under  S im u l a t e d  T r a n s p o r t a t i o n  C o n d i t i o n s

Absorben t pH 1 pH 4 pH 7 pH 10 pH 13

I n s t a n t - D r i 3 .7 6 2 . 4 1 . 9 1 .7 6 . 3
V e r m i c u l i t e 0 0 0 0 0
S u p e r - F i n e 1 2 .8 7 .0 6 . 5 8 .0 14 .7
Amorphous S i l i c a t e 86 87 83 97 84
Conwed 32 25 22 18 12
LSM 0 0 0 0 5 .4
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3.  SOLIDIFICATION TESTS

Using t h e  s o l i d i f i c a t i o n  media  P o r t l a n d  I cement  and De laware  Custom 
M a t e r i a l  (DCM) cement  s h a l e  s i l i c a t e ,  s o l i d i f i c a t i o n  o f  o i l  w a s te  was i n v e s t i ­
g a t e d  b o th  w i t h  and w i t h o u t  a b s o r b e n t s ,  A number of  t e s t  samples  were  p r e ­
p a re d  w i t h  v a r y i n g  p r o p o r t i o n s  o f  o i l ,  o r  o i l - c o n t a i n i n g  a b s o r b e n t s .  The 
amount  of  f r e e  l i q u i d ,  i f  a n y ,  a s s o c i a t e d  w i t h  t h e  samples  was m e a s u r e d .  In 
t h e  c a s e  o f  t h e  s am p les  p r e p a r e d  w i t h o u t  a b s o r b e n t ,  t h e  c o m p r e s s iv e  s t r e n g t h  
was a l s o  m e a s u r e d .

A t h i r d  commercial  s o l i d i f i c a t i o n  medium, Dow v i n y l  e s t e r - s t y r e n e  
p o ly m e r ,  c o u l d  n o t  be used  f o r  t e s t s  w i th  a b s o r b e n t s .  As d e s c r i b e d  in  
S e c t i o n  3 . 2 . 1 . 3 ,  s e v e r a l  s a m p le s  were p r e p a r e d  w i t h o u t  a b s o r b e n t ,  u s in g  w a t e r  
c o n t a i n i n g  0 . 2  w e ig h t  p e r c e n t  o i l .

3 . 1  S o l i d i f i c a t i o n  o f  Oil Waste With A b s o rb e n t

These  t e s t s  i n v o l v e d  s o l i d i f y i n g  s i m u l a t e d  o i l  w a s t e  c o n t a i n e d  i n  an a b ­
s o r b e n t  medium c o m p l e t e l y  s a t u r a t e d ,  and l o a d e d  t o  on ly  50% s a t u r a t i o n ,  w i t h  
o i l .  The s i x  a b s o r b e n t s  used  i n  t h e  a b s o r b e n c y  t e s t s  r e p o r t e d  i n  S e c t i o n  2 
w ere  used f o r  t h e  s o l i d i f i c a t i o n  t e s t s .

3 . 1 . 1  S o l i d i f i c a t i o n  T e s t s  With P o r t l a n d  Cement

3 . 1 . 1 . 1  T e s t  P r o c e d u r e

P o r t l a n d  I Cement was used f o r  t h e  cement  s o l i d i f i c a t i o n  t e s t s .  Each 
o f  t h e  6 a b s o r b e n t s  was t r e a t e d  w i th  s i m u l a t e d  o i l  w a s te  t o  form a s e t  o f  sam­
p l e s  s a t u r a t e d  w i t h  t h e  o i l ,  and a second s e t  c o n t a i n i n g  50% o f  t h e  amount r e ­
q u i r e d  t o - s a t u r a t e  t h e  a b s o r b e n t .  Each s e t  o f  samples  was used  t o  make up a 
s e r i e s  of  s o l i d i f i e d  sam p les  hav ing  5 o r  more d i f f e r e n t  a b s o r b e n t - t o - c e m e n t  
r a t i o s .  To p r e p a r e  w o r k a b le  s a m p l e s ,  a t  l e a s t  25% w a t e r  ( a s  w e igh t  p e r c e n t  o f  
t h e  cement)  was r e q u i r e d .  S i n c e  p a r t i a l l y  o i l  s a t u r a t e d  a b s o r b e n t s  a b s o rb  
some w a t e r ,  a d d i t i o n a l  w a t e r  was o f t e n  r e q u i r e d  f o r  m i x t u r e s  c o n t a i n i n g  t h e s e  
m a t e r i a l  s .

A f t e r  t h e  a b s o r b e n t  was e v e n l y  mixed w i t h  cement  and w a t e r ,  t h e  m ix ­
t u r e  was s e a l e d  i n  a c y l i n d r i c a l  p o l y e t h y l e n e  mold 5 cm in  d i a m e t e r  x 10 cm 
h ig h  and l e f t  u n d i s t u r b e d  f o r  3 d a y s .  The samples  were t h e n  t e s t e d  by p rob in g  
w i th  a s p a t u l a  t o  d e t e r m i n e  w h e th e r  t h e y  were f u l l y  s e t .  Any f r e e  l i q u i d  was 
removed and w e i g h e d .  In g e n e r a l ,  when samples  were s o f t ,  w i t h o u t  d e f i n i t e  
s e t t i n g ,  t h e r e  was no d i s t i n c t  s e p a r a t i o n  o f  l i q u i d  and i t  was no t  f e a s i b l e  t o  
make a d e t e r m i n a t i o n  of d r a i n a b l e  o r  u n i n c o r p o r a t e d  l i q u i d .  Thus,  t h e  t e s t  
f o r  f r e e  l i q u i d s  was c o n s i d e r e d  no t  a p p l i c a b l e  i n  such c a s e s .

3 . 1 . 1 . 2  R e s u l t s

R e s u l t s  o f  t h e  t e s t s  w i th  P o r t l a n d  cement a r e  summarized in  
T a b l e s  3 . 1 - 3 . 1 2 .  In a l l  t h e  t a b l e s ,  + and -  i n  t h e  co lumn,  " S e t  a t  3 d a y s , "  
mean s e t  and no t  s e t ,  r e s p e c t i v e l y .  "None" i n  t h e  co lumn,  " F re e  O i l , "  means
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no l i q u i d  was o b s e r v e d ,  o t h e r  t h a n  s u r f a c e  m o i s t u r e  i n  some c a s e s .  A rough 
measurement  o f  t h e  amount  o f  t h i s  s u r f a c e  o i l  c o u l d  be made by w e ig h in g  a 
Kimwipe b e f o r e  and a f t e r  w ip ing  t h e  sample c y l i n d e r  u n t i l  i t s  s u r f a c e  was 
" d r y . "  Amounts d e t e r m i n e d  in  t h i s  way were v e ry  low— much below 0 .5  volume 
p e r c e n t .  Whenever f r e e  o i l  c o u l d  be m e a s u r e d ,  a s  i n  s e v e r a l  o f  t h e  samples  
u s i n g  I n s t a n t - D r i  and V e r m i c u l i t e ,  t h e  amount was >0.5% by volume.

(C o n t in u e d  Page 17)

Tab le  3 .1

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement With I n s t a n t - D r i  
S a t u r a t e d  With S i m u l a t e d  Oil Waste

Cement
(g)

A bso rb e n t
(g)

Water
(mL)

S e t  a t  
3 days

F r e e  
Oil  (g)

D e n s i t y  o f  
S o l i d i f i e d  
Waste (g/mL)

200 5 3 .8 61 + None 1 .8 5
200 100 71 + None 1 .8 0
200 200 60 + 1 . 7 i a 1 .70
200 400 60 + 10. 7a 1 .6 5
200 800 60 + 32a 1 .48

3>0.5% by vo lume.

T a b le  3 . 2

S o l i d i f i c a t i o n  o f P o r t l a n d  Cement With I n s t a n t - ■Dri
H a l f S a t u r a t e d  With S i m u l a t e d Oil Waste

D e n s i t y  o f
Cement A bso rb e n t Water S e t  a t F r e e S o l i d i  f i e d

(g) (g) (mL) 3 days Oil  (g) Waste (g/mL)

200 50 60 + None 1 .6 5
200 100 60 + None 1 .6 8
200 160 60 + None 1 .69
200 400 60 + None 1 .52
200 800 60 + None 1 .26
200 1200 67 + None 1 .29

12



T a b l e  3 . 3

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement  W i th  Amorphous S i l i c a t e
S a t u r a t e d  With  S i m u l a t e d  Oi l  Was te

Cement
(g)

A bso rb e n t
(g)

Water
(mL)

S e t  a t  
3 days

F ree  
Oil (g)

D e n s i t y  o f  
S o l i d i f i e d  
Waste (g/mL)

200 100 51 + None 1 .4 0
200 120 50 + None 1 .30
200 200 60 - NA3 NA
200 400 65 - NA NA
200 600 75 - NA NA

3Not a p p l i c a b l e .

Tab le  3 . 4

S o l i d i f i c a t i o n  of  P o r t l a n d  Cement With Amorphous S i l i c a t e  
H a l f  S a t u r a t e d  With S i m u l a t e d  Oil  Waste

Cement
(g)

Abso rbe n t
(g)

Water
(mL)

S e t  a t  
3 days

Free  
Oil (g)

S o l i d i  f i e d  
Waste (g/mL)

200 20 55 + None 1 .65
200 50 60 + None 1 .42
200 100 70 + None 1 .24
200 200 90 - NAa NA
200 400 120 - NA NA

3Not a p p l i c a b l e .
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T a b l e  3 . 5

S o l i d i f i c a t i o n  of  
S a t u r a t e d

P o r t l a n d  Cement  W i th  V e r m i c u l i t e
With  S i m u l a t e d  Oi l  W as te

D e n s i t y  o f
Cement A b s o rb e n t Water S e t  a t F r e e S o l i d i f i e d

(g) (g) (mL) 3 days Oil  (g ) Waste (g/mL)

200 100 120 + None 1.09
200 200 170 + 2 . 2 ia 0.85
200 400 250 + 3 . 04a 0.65
200 500 300 + 4 . 47a 0.67
200 600 366 - NAb NA

3>0.5% by volume.
^Not a p p l i c a b l e .

Tab le  3 .6

S o l i d i f i c a t i o n  of P o r t l a n d  Cement With V e r m i c u l i t e
H a l f S a t u r a t e d  With S im u l a t e d Oil  Waste

D e n s i t y  o f
Cement A b s o rb e n t Water S e t  a t F re e S o l i d i  f i e d

(9) (g) (mL) 3 days Oil  (g) Waste (g/mL)

200 8.2 65.5 + None 1.86
200 12.6 63.2 + None 1.80
200 58.1 81 .4 + None 1.04
200 116.7 100 + None 0.90
200 225 135 + None 0.73A
200 300 160 + None 0.57
200 400 190 - NAa NA

9Not a p p l i c a b l e .
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T a b l e  3 . 7

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement  W i th  Conwed
S a t u r a t e d  Wi th  S i m u l a t e d  Oi l  Was te

Cement
(g)

A b s o rb e n t
(g)

Water
(mL)

S e t  a t  
3 days

F re e  
Oil  (g)

D e n s i t y  o f  
S o l i d i  f i e d  
Waste (g/mL)

200 40 60 + None 1 .80
200 60 60 + None 1 .64
200 80 65 + None 1 .54
200 200 70 + None 1 .26
200 300 70 + None 1.20A
200 400 75 - NAa NA
200 500 80 — NA NA

3Not a p p l i c a b l e .

Tab le  3 . 8

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement With Conwed 
H a l f  S a t u r a t e d  With S i m u l a t e d  Oil Waste

D e n s i ty  o f
Cement

(g)
A b s o rb e n t

(g)
Water
(mL)

S e t  a t  
3 days

Free  
Oil (g)

S o l i d i  f i e d  
Waste (g/mL)

200 20 55 + None 1.92
200 50 62.5 + None 1.70
200 120 70 + None 1.40
200 267 80 + 1. 23a 1.27
200 500 100 - NAb NA

a>0.5% by volume.  
^Not a p p l i c a b l e .
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T a b l e  3 . 9

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement  Wi th  S u p e r - F i n e
S a t u r a t e d  With  S i m u l a t e d  Oi l  Was te

Cement
(g)

A b s o rb e n t
(g)

Water
(ml)

S e t  a t  
3 days

F r e e  
Oil  (g)

D e n s i ty  o f  
S o l i d i f i e d  
Waste (g/mL)

200 66 .7 5 9 .2 + None 1 .77
200 200 80 + None 1 .40
200 400 114 + None 1 .37
200 600 160 + None 1 .32
200 800 150 - NA9 NA

3Not a p p l i c a b l e .

Tab le  3 . 1 0

S o l i d i f i c a t i o n  of  P o r t l a n d  Cement With S u p e r - F i n e
H a l f S a t u r a t e d  With S im u la te d Oil Waste

D e n s i ty  o f
Cement A bso rb e n t Water S e t  a t F r e e S o l i d i  f i e d

(g) (g) (mL) 3 days Oil  (g) Waste (g/mL)

200 50 7 1 .4 + None 1 .7 9
200 100 100 + None 1 .52
200 200 150 + None 1 .40
200 400 250 + None 1 .26
200 800 425 + None 1.16
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T a b l e  3 . 1 1

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement  W i th  LSM
S a t u r a t e d  Wi th  S i m u l a t e d  Oi l  Was te

Cement
(g)

A b s o rb e n t
(g)

Water
(ml)

S e t  a t  
3 days

F re e  
Oil  (g)

D e n s i t y  o f  
S o l i d i f i e d  
Waste (g/mL)

200 60 80 + None 1.54
200 200 120 + None 0.99
200 260 160 + None 0.95
200 300 165 + None 0.79
200 400 200 - NA3 NA

^Not a p p l i c a b l e .

T a b l e  3 .12

S o l i d i f i c a t i o n  o f  P o r t l a n d  Cement With LSM 
H a l f  S a t u r a t e d  With S i m u l a t e d  Oil Waste

D e n s i ty  o f
Cement

(g)
A bso rb e n t

(g)
Water
(mL)

S e t  a t  
3 days

Free  
Oil (g)

S o l i d i f i e d  
Waste (g/mL)

200 67 155 + None 1.17
200 100 167 + None 0.98
200 133 222 + None 0.80
200 200 266 + None 0.78
200 300 320 + None 0 .76
200 400 400 - NA3 NA

3Not a p p l i c a b l e .

With t h e  e x c e p t i o n  o f  one s a m p l e ,  a l l  t h o s e  p r o d u c i n g  f r e e  l i q u i d  
were  made w i t h  s a t u r a t e d  a b s o r b e n t  ( T a b le s  3 . 1  and 3 . 5 ) .  The e x c e p t i o n  was a 
sample  c o n t a i n i n g  Conwed, a n a t u r a l  f i b e r ,  h a l f  s a t u r a t e d  w i th  o i l  
(T a b le  3 . 8 ) .  I t  i s  e x p e c t e d  t h a t  o i l - s a t u r a t e d  a b s o r b e n t s  w i l l  g i v e  r i s e  t o  
f r e e  o i l  when one a t t e m p t s  t o  s o l i d i f y  t o o  l a r g e  an amount w i th  a small  amount 
o f  c e m e n t .  However,  i t  i s  no t  c l e a r  why t h i s  sample c o n t a i n i n g  h a l f  s a t u r a t e d  
Conwed y i e l d e d  f r e e  o i l  (T a b le  3 . 8 )  when t h o s e  c o n t a i n i n g  s a t u r a t e d  Conwed d i d  
no t  (T a b le  3 . 7 ) .  The reason  may have t o  do w i t h  t h e  a c t i o n  o f  t h e  pH 12 a q u e ­
ous p h a s e  in  f r e s h l y  mixed c o n c r e t e  on t h e  w a t e r - r e p e l l a n t  c o a t i n g  o f  Conwed 
(sefe s e c t i o n  2 . 3 . 3 ) .
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In sam ples  w i t h  o i l - s a t u r a t e d  a b s o r b e n t ,  t h e  o i l  may p r o t e c t  t h i s  c o a t i n g  from 
t h e  aqueous  p h a s e ,  whereas  some o f  t h e  c o a t i n g  on t h e  h a l f  s a t u r a t e d  a b s o r b e n t  
may be  d e s t r o y e d ,  a l l o w i n g  w a t e r  t o  compete  w i t h  o i l  f o r  p o r e  s p a c e .

All of  t h e  a b s o r b e n t s ,  w h e th e r  h a l f  o r  f u l l y  s a t u r a t e d ,  c o u l d  be i n ­
c o r p o r a t e d  w i th  P o r t l a n d  cement  i n  r e a s o n a b l e  p r o p o r t i o n s  t o  form s a t i s f a c t o r y  
s o l i d s  w i t h  no f r e e  o i l .  Some a b s o r b e n t s  gave  good s o l i d  fo rms  when used i n  a 
w e ig h t  r a t i o  o f  a b s o r b e n t  t o  cement  o f  as  h igh  as  3 f o r  o i l  s a t u r a t e d  a b s o r b ­
e n t  ( S u p e r - F i n e ,  T a b l e  3 . 9 ) ,  and 6 f o r  h a l f  s a t u r a t e d  a b s o r b e n t  ( I n s t a n t - D r i ,  
T a b l e  3 . 2 ) .  The a b s o r b e n t  which gave t h e  l o w e s t  w e ig h t  r a t i o ,  0 . 6 ,  was 
Amorphous S i l i c a t e  (T a b le  3 . 3 ) .  I t  s h o u ld  be k e p t  i n  mind t h a t ,  s i n c e  
Amorphous S i l i c a t e  was t h e  l e a s t  de nse  o f  t h e  a b s o r b e n t s  u sed  ( 0 .0 4 6  g /m L) ,  
t h i s  s t i l l  can be c o n s i d e r e d  a good p e r f o r m a n c e  s i n c e  i t  r e p r e s e n t s  a high  
r a t i o  on a volume b a s i s .  Thus r e l a t i v e l y  h igh  p r o p o r t i o n s  o f  e i t h e r  s a t u r a t e d  
o r  h a l f  s a t u r a t e d  a b s o r b e n t s  can be s o l i d i f i e d  w i t h  P o r t l a n d  cement  and s t i l l  
meet  t h e  c r i t e r i o n  o f  no f r e e  o i l .  I t  was o b s e rv e d  t h a t  a number o f  mixes  
which d i d  no t  s e t  i n  3 days  e v e n t u a l l y  d i d  s e t ,  w i t h o u t  l i b e r a t i n g  o i l .
(These  w e r e ,  o f  c o u r s e ,  t h e  mixes c o n t a i n i n g  t h e  l a r g e s t  amounts o f  a b s o r b ­
e n t . )  Q u i t e  l a r g e  amounts  of  a b s o r b e n t  can s a t i s f a c t o r i l y  be  s o l i d i f i e d  a f t e r  
a 3 -d ay  c u r i n g  t i m e .  We s e e  no p o i n t  i n  s p e c i f y i n g  a t e s t  p r o c e d u r e  employ­
ing  a long c u r i n g  t i m e  which would a c h i e v e  o n l y  a s l i g h t  i n c r e a s e  i n  t h e  
amount o f  a b s o r b e n t  i n c o r p o r a t e d .

3 . 1 . 2  S o l i d i f i c a t i o n  With DCM Cement S h a l e  S i l i c a t e

3 . 1 . 2 . 1  T e s t  P r o c e d u r e

For  t e s t s  w i th  DCM cement  s h a l e  s i l i c a t e ,  t h e  m a n u f a c t u r e r ' s  d i r e c ­
t i o n s  were f o l l o w e d .  In a d d i t i o n ,  s am p les  were  p r e p a r e d  in  which t h e  amounts  
o f  m a t e r i a l s  were v a r i e d  somewhat i n  o r d e r  t o  e s t a b l i s h  t h e  r a n g e  i n  which t h e  
f o n m u l a t i o n  was s a t i s f a c t o r y .  The m a n u f a c t u r e r ' s  recommended p r o c e d u r e  was as  
f o l l o w s .  Pour a b s o r b e n t  i n t o  t h e  c o n t a i n e r  o f  t h e  Gal-1  k i t  t o  2 / 3  o f  t h e  
c o n t a i n e r  volume.  Add w a t e r  t o  a l e v e l  1 i n .  above  t h i s ,  t h e n  add t h e  bag of  
powdered cement  p r o v id e d  w i th  t h e  k i t  and mix t h o r o u g h l y .  Add 312 mL o f  s i l i ­
c a t e  s o l u t i o n  and mix t h o r o u g h l y  f o r  10 s e c o n d s .  Leave u n d i s t u r b e d  f o r  
5 h o u r s .

For  t h e  BNL pe r f o r m a n c e  t e s t s ,  t h e  amounts  o f  m a t e r i a l s  u sed  were 
s c a l e d  t o  f i t  a 5 cm d i a m e t e r  x 10 cm h ig h  c y l i n d r i c a l  p o l y e t h y l e n e  m o ld .  The 
sam p les  were s e a l e d  w i th  a t i g h t  cap t o  p r e v e n t  e v a p o r a t i o n .  A f t e r  c u r i n g ,  
t h e  sam ples  were e v a l u a t e d  f o r  s e t t i n g  and t h e  p r e s e n c e  of  f r e e  l i q u i d  i n  t h e  
same way a s  f o r  t h e  P o r t l a n d  cement  t e s t s .  As w i th  t h e  P o r t l a n d  cement t e s t s ,
10 sam p les  o f  each a b s o r b e n t  were  p r e p a r e d ,  5 s a t u r a t e d  w i t h  s i m u l a t e d  w a s t e
011 and 5 c o n t a i n i n g  50% o f  t h e  s a t u r a t i o n  amount .  For  bo th  s a t u r a t e d  and 
h a l f - s a t u r a t e d  a b s o r b e n t s ,  spe c im ens  were p r e p a r e d  a t  t h e  c o m p o s i t i o n  recom­
mended by t h e  v e n d o r .  A d d i t i o n a l l y ,  spec im ens  w i t h  v a r i a t i o n s  o f  ^  30% i n  t h e  
amount of  a b s o r b e n t  i n c o r p o r a t e d  and _+ 30% in  t h e  amount o f  s i l i c a t e  s o l u t i o n  
used  were a l s o  p r e p a r e d .
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3 . 1 . 2 . 2  R e s u l t s

g iv e n  i n
The r e s u l t s  o f  t h e  
T a b l e s  3 . 1 3 - 3 . 2 4 .

s o l i d i f i c a t i o n  t e s t s  us ing  DCM w i t h  a b s o r b e n t s  a r e

All o f  t h e  s o l i d i f i c a t i o n  samples  p r e p a r e d  wi th  DCM s e t  s a t i s f a c t o r i ­
l y  i n  15 h o u r s .  However ,  m i x t u r e s  c o n t a i n i n g  s e v e r a l  of  t h e  a b s o r b e n t s  r e ­
l e a s e d  l i q u i d .  T h i s  l i q u i d ,  amounts  o f  which a r e  l i s t e d  i n  T a b le s  3 . 1 3 - 3 . 2 4  
u n d e r  " F r e e  L i q u i d , "  c o u l d  a r g u a b l y  be  d e s c r i b e d  as  s u r f a c e  m o i s t u r e .  I t  was 
d i f f i c u l t  t o  t e l l  how much o i l  i t  c o n t a i n e d  b e c a u s e  i t  was found o n l y  on t h e  
w a l l s  o f  t h e  c o n t a i n e r s  and t h e  o u t e r  s u r f a c e s  of  t h e  s o l i d  s a m p l e s ,  and was 
t o o  v i s c o u s  a n d / o r  p r e s e n t  i n  t o o  smal l  an amount t o  c o l l e c t  a t  t h e  bo t tom s  o f  
t h e  c o n t a i n e r s .  Amounts were d e t e r m i n e d  by wip ing  w i t h  a weighed Kimwipe and 
r e w e i g h i n g .  U n l ik e  t h e  s i t u a t i o n  w i t h  t h e  P o r t l a n d  cement  s a m p l e s ,  where any 
l i q u i d  p r e s e n t  was c l e a r l y  o i l  which c o l l e c t e d  a t  t h e  bot tom of  t h e  m o ld s ,  t h e  
l i q u i d  a s s o c i a t e d  w i th  DCM s o l i d i f i c a t i o n  sam ples  a p p e a r e d  t o  be m o s t l y  v i s ­
cous  aqueous  s o l u t i o n .

Samples  w i t h  v e r m i c u l i t e  and Amorphous S i l i c a t e  r e l e a s e d  f r e e  l i q u i d  
w h e th e r  t h e  a b s o r b e n t  was s a t u r a t e d  o r  on ly  h a l f  s a t u r a t e d  w i th  s i m u l a t e d  o i l  
w a s t e ,  t h o s e  c o n t a i n i n g  Conwed ( n a t u r a l  f i b e r )  and S u p e r - F i n e  ( g r a n u l a r  
d i a t o m i t e  m a t e r i a l )  o n l y  when t h e  a b s o r b e n t  was s a t u r a t e d ,  and t h o s e  c o n t a i n ­
ing  LSM ( s y n t h e t i c  f i b e r )  and I n s t a n t - D r i  ( c l a y )  no t  a t  a l l .  With v e r m i c u l i t e  
and S u p e r - F i n e  t h e  amounts  r e l e a s e d  were <0.5% by volume;  w i th  Conwed and 
Amorphous S i l i c a t e  t h e y  were >0.5%, r a n g i n g  from j u s t  ov e r  0.5% t o  s l i g h t l y  
>1%. W ith in  t h e  r ange  o f  t h e  p r o p o r t i o n s  u s e d ,  t h e  amount o f  a b s o r b e n t  had no 
b e a r i n g  on w h e t h e r  o r  no t  f r e e  l i q u i d  was r e l e a s e d .  However,  t h e  amount of  
f r e e  l i q u i d  i n c r e a s e d  somewhat  w i th  t h e  amount o f  a b s o r b e n t .  The amount was 
a l s o  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  amount of  s i l i c a t e  s o l u t i o n  a d d e d ,  a l t h o u g h  
t h e  e f f e c t  was n o t  l a r g e .

(C o n t in u e d  Page 23)

T a b le  3 .1 3

S o l i d i f i c a t i o n  of  DCM With V e r m i c u l i t e  S a t u r a t e d  With S im u la te d  Oil Waste

DCM Cement
(g)

A bsorben t
(9)

Water
(mL)

S i l i c a t e  
(mL)

S e t  a t  
15 h

Free  
Liquid  (g )

D e n s i ty  o f  
S o l i d i f i e d  
Waste(g/mL)

52 33 69 15 + 0 . 5 4 0 .7 0
52 45 70 15 + 0 . 5 9 0 . 7 5
52 22 70 15 + 0 .4 0 1.19
52 34 70 20 + 0 . 4 1 1.20
52 33 70 10 + 0 . 4 7 0 .7 0
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T a b l e  3 . 1 4

S o l i d i f i c a t i o n  o f  DCM With  V e r m i c u l i t e  H a l f  S a t u r a t e d  Wi th  S i m u l a t e d  Oi l W a s te

DCM Cement
(g)

A bso rb e n t
(9)

Water
(mL)

S i l i c a t e  Se t  a t  
(ml) 15 h

Free  
L iq u id  (g )

D e n s i ty  o f  
S o l i d i f i e d  
Waste (g/mL)

52 21.8 50 15 + 0 .4 5 1 .13
52 3 1 .2 50 15 + 0 .5 5 1.11
52 14 .0 50 15 + 0 .41 1.18
52 22 50 20 + 0 .3 9 1 .19
52 22 50 10 + 0 .4 3 1.17

Tab le  3 .1 5

S o l i d i f i c a t i o n  of DCM With Conwed S a t u r a t e d  With S im u l a t e d Oil Waste

D e n s i ty  o f
DCM Cement A bso rb e n t Water S i l i c a t e  S e t  a t Free S o l i d i f i e d

(9) (9) (ml) (mL) 15 h L iq u id  (g ) Waste (g/mL)

52 62 .3 45 15 *+ 0 .8 3 0.81
52 8 0 . 8 45 15 + 1.71 1.02
52 4 7 .0 45 15 + 1 .27 0 .8 9
52 6 1 .8 45 20 + 0 .7 9 0 .9 8
52 61 .3 45 10 + 0 .9 0 0.91

Tab le  3 .1 6

S o l i d i f i c a t i o n  o f  DCM With Conwed H a l f  S a t u r a t e d With S im u la te d  Oil Waste

D e n s i ty  o f
DCM Cement A b s o rbe n t Water S i l i c a t e  S e t  a t F re e S o l i d i f i e d

(9) (9) (ml) (mL) 15 h L i q u i d  (g ) Waste (g/mL)

52 2 9 .4 80 15 + None 1 .27
52 4 0 . 0 80 15 + None 1.22
52 20.1 80 15 + None 1.21
52 3 0 . 0 80 20 + None 1.26
52 3 0 .0 80 10 + None 1 .2 3

2 0



T a b l e  3 . 1 7

S o l i d i f i c a t i o n  o f  DCM With Amorphous S i l i c a t e  
S a t u r a t e d  With S i m u l a t e d  Oil Waste

DCM Cement
(g)

A bso rb e n t
(g)

Water
(ml)

S i l i c a t e  
(mL)

S e t  a t  
15 h

Free  
L i q u id  (g)

D e n s i ty  o f  
S o l i d i  f i e d  
Waste (g/mL)

52 5 2 .0 60 15 + 0.91 0 .9 4
52 6 2 .0 60 15 + 1.88 0 .9 6
52 4 1 .2 60 15 + 1 .60 0 .9 3
52 52 .0 60 20 + 1.01 1.16
52 5 2 .0 60 10 + 1 .38 1 .09

T a b le 3 .1 8

S o l i d i f i c a t i o n  o f  DCM With Amorphous S i l i c a t e
H a l f  S a t u r a t e d  With S im u la te d Oil Waste

D e n s i ty  o f
DCM Cement A bso rbe n t Water S i l i c a t e S e t  a t F ree S o l i d i f i e d

(g) (g) (mL) (mL) 15 h L iqu id  (g ) Waste (g/mL)

52 33 .4 60 15 + 1 .89 1 .16
52 4 6 .6 60 15 + 2.12 1 .18
52 23 .9 60 15 + 1 .7 8 1 .15
52 3 4 .0 60 20 + 1.66 1.19
52 3 4 .0 60 10 + 1 .8 5 1 .15

TableI 3 . 1 9

S o l i d i f i c a t i o n  o f  DCM With S u p e r - F i n e  S a t u r a t e d  With S im u la te d  Oil Waste

D e n s i ty  o f
DCM Cement A bso rb e n t Water S i l i c a t e S e t  a t F ree S o l i d i f i e d

(g) (g) (mL) (mL) 15 h L iq u id  (g ) Waste (g/mL)

52 75 .6 60 15 + 0 .82 1.10
52 100.0 60 15 + 0 .85 1.02
52 51 .0 60 15 + 0 .8 0 1 .0 6
52 7 4 .8 60 20 + 0 .75 1.10
52 7 5 .0 60 10 + 0 .77 1 .14

2 1



T a b l e  3 . 2 0

S o l i d i f i c a t i o n  o f  DCM With  S u p e r - F i n e  H a l f  S a t u r a t e d  With  S i m u l a t e d  Oi l  Waste

DCM Cement
(g)

Abso rbe n t
(g)

Water
(mL)

S i l i c a t e  
(mL)

S e t  a t  
15 h

F ree  
L i q u id  (g)

D e n s i t y  o f  
S o l i d i f i e d  
Waste (g/mL)

52 6 0 .0 70 15 + None 1.11
52 8 1 .8 70 15 + None 1 .03
52 4 1 . 5 70 15 + None 1 .13
52 59 .4 70 20 + None 1.00
52 5 9 .3 70 10 + None 1.07

Tab le 3 .21

S o l i d i f i c a t i o n  o f  DCM With I n s t a n t - D r i S a t u r a t e d With S i m u l a t e d  Oil Waste

D e n s i t y  o f
DCM Cement A bso rb e n t Water S i l i c a t e Se t  a t F re e S o l i d i f i e d

(g) (g) (mL) (mL) 15 h L i q u id  (g) Waste (g/mL)

52 7 2 .3 60 15 + None 1 .26
52 101 .5 60 15 + None 1 .49
52 5 0 .4 60 15 + None 1.32
52 73 .3 60 20 + None 1 .34
52 72 .1 60 10 + None 1 .34

T ab le 3 .2 2

S o l i d i f i c a t i o n  o f  DCM With I n s t a n t - D r i  H a l f  S a t u r a t e d  With S i m u l a t e d  Oil Waste

D e n s i t y  o f
DCM Cement A bso rb e n t Water S i l i c a t e S e t  a t F re e S o l i d i f i e d

(g) (g) (mL) (mL) 15 h L i q u id  (g) Waste (g/mL)

52 7 3 .5 60 15 + None 1.33
52 95 .1 60 15 + None 1 .3 6
52 5 3 .0 60 15 + None 1 .37
52 73 .5 60 20 + None 1 .4 4
52 7 4 .0 60 10 + None 1 .35

2 2



T a b l e  3 . 2 3

S o l i d i f i c a t i o n  o f  DCM With  LSM S a t u r a t e d  Wi th  S i m u l a t e d  Oi l W a s te

DCM Cement
(g)

A bsorben t
(g)

Water
(ml)

S i l i c a t e
(mL)

S e t  a t  
15 h

Free  
Liquid  (g)

D e n s i ty  o f  
Sol i di f i  ed 
Waste (g/mL)

52 34 .2 70 15 + None 1.07
52 4 2 .4 70 15 + None 1.00
52 21 .3 70 15 + None 1.11
52 34.0 70 20 + None 1 .1 5
52 34.0 70 10 + None 1 .14

Tab le 3 .2 4

S o l i d i f i c a t i o n  of DCM With LSM H a l f  :S a t u r a t e d With S im u la te d Oil Waste

D e n s i ty  o f
DCM Cement Absorben t Water S i l i c a t e S e t  a t Free S o l i d i f i e d

(g) (g) (mL) (mL) 15 h Liquid  (g ) Waste (g/mL)

52 23 .3 70 15 + None 1.19
52 34.0 70 15 + None 1.02
52 12 .9 70 15 + None 1.16
52 23.0 70 20 + None 1 .17
52 23.0 70 10 + None 1 .04

3 . 2  S o l i d i f i c a t i o n  o f  Oil Waste W ithou t  A bso rbe n t

In t h e  e v a l u a t i o n  of  s o l i d i f i c a t i o n  t e c h n i q u e s  f o r  h a n d l i n g  o i l  w a s t e
w i t h o u t  t h e  u s e  o f  a b s o r b e n t s ,  t h e  same p r o p e r t i e s  were i n v e s t i g a t e d  as i n  t h e
c a s e  o f  s o l i d i f i c a t i o n  w i t h  a b s o r b e n t s ,  n am e ly ,  s e t t i n g  c h a r a c t e r i s t i c s  and
amount o f  f r e e  l i q u i d  a s s o c i a t e d  w i th  t h e  s o l i d  p r o d u c t .  In a d d i t i o n ,  
c o m p r e s s i v e  s t r e n g t h s  were d e t e r m i n e d  a t  a l l  c o m p o s i t i o n s  y i e l d i n g  samples  
which s e t  p r o p e r l y  and showed no f r e e  l i q u i d .

Two s o l i d i f i c a t i o n  m e d i a ,  P o r t l a n d  I cement and DCM cement  s h a l e  s i l i ­
c a t e ,  were used t o  i n v e s t i g a t e  t h e  r ange  of  o i l  c o n c e n t r a t i o n s  ov e r  which 
s u i t a b l e  s o l i d i f i c a t i o n  sam p les  c o u ld  be p r e p a r e d .  A few t e s t s  were done w i th  
a t h i r d  medium, Dow v i n y l  e s t e r - s t y r e n e  p o lym e r ,  bu t  i t  was not  f e a s i b l e  t o  
u s e  i t  f o r  t h e  same t y p e  o f  t e s t s  as  c a r r i e d  o u t  wi th  t h e  o t h e r  two m ed ia .
I t s  n u c l e a r  r e a c t o r  w a s t e  a p p l i c a t i o n s  have been t o  aqueous  w a s t e s ,  i n c l u d i n g  
o i l y  w a s t e s ,  bu t  no t  t o  o i l  w a s t e s .  Mr. B. Owens o f  t h e  Dow Chemical  Company
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in fo rm e d  us  t h a t  t h e  company c o u l d  no t  recommend f o r m u l a t i o n s  f o r  o i l  w a s t e  
w i t h i n  t h e  t i m e  frame o f  t h i s  t a s k . *  I t  was s u g g e s t e d  t h a t  BNL f o l l o w  t h e  
p r o c e d u r e  p u b l i s h e d  in  t h e  Dow T o p ic a l  Repor t  DNS-RSS-001P(5) on s o l i d i f i ­
c a t i o n  o f  s i m u l a t e d  BWR aqueous  w a s t e  c o n t a i n i n g  a small  amount o f  o i l .  The 
s i m u l a t e d  w a s t e ,  c o n t a i n i n g  0 . 2% m oto r  o i l  , was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o ­
c e d u r e  g iven  i n  t h e  Dow r e p o r t ,  and was s o l i d i f i e d  i n  a c c o r d a n c e  w i th  t h e i r  
p r o p r i e t a r y  p r o c e s s .

3 . 2 . 1  P r e p a r a t i o n  o f  S o l i d i f i c a t i o n  Samples

3 . 2 . 1 . 1  P o r t l a n d  Cement

Samples  were  p r e p a r e d  by v a r y i n g  each  o f  t h e  t h r e e  c o m p o n e n t s - - o i l  ,
w a t e r ,  and c e m e n t - - b y  10% i n c r e m e n t s  from 10% t o  80%, so t h a t  t h e  e x t r e m e  com­
p o s i t i o n s  c o n t a i n e d  10% o f  two of  t h e  components  and 80% of  t h e  t h i r d .  One 
sam ple  was p r e p a r e d  a t  each  c o m p o s i t i o n .  A number o f  e x t r a  samples  w i th  
c h a n g es  s m a l l e r  t h a n  10% in  t h e  amount of  each component were  p r e p a r e d  i n  t h e  
c o m p o s i t i o n  r e g i o n  where no f r e e  l i q u i d  was o b s e r v e d .  The r e a s o n  f o r  p r e p a r ­
ing t h e s e  samples  was t o  o b t a i n  more c o m p r e s s i v e  s t r e n g t h  d a t a .  The p r o c e d u r e  
used  f o r  sample  p r e p a r a t i o n  was t o  s t i r  t h e  o i l  and w a t e r  t o  form an e m uls ion  
a n d ,  w h i l e  s t i l l  s t i r r i n g ,  t o  add t h e  cement g r a d u a l l y .  The m i x t u r e  was 
s t i r r e d  u n t i l  homogeneous ,  t h e n  poured  i n t o  a s t a n d a r d  5 cm d i a m e t e r  x 10 cm 
h ig h  p o l y e t h y l e n e  m o ld .  I t  was s e a l e d  t o  p r e v e n t  e v a p o r a t i o n  and l e f t  un­
d i s t u r b e d  f o r  3 days  a t  room t e m p e r a t u r e  ( a b o u t  7 2 °F ) .

3 . 2 . 1 . 2  DCM Cement S h a l e  S i l i c a t e s

For  t h i s  medium, t h e  p r e p a r a t i o n  method was based  on t h e  m anufac ­
t u r e r ' s  recommended p r o c e d u r e .  T h i s  c a l l e d  f o r  a 6 : 1 4 : 1  r a t i o  by volume of  
o i l : w a t e r : d e t e r g e n t  (Nutek 316)  t o  be e m u l s i f i e d  by s t i r r i n g  f o r  5 m i n u t e s .
To t h i s  e m u ls ion  was t o  be added 0 . 4 9  g of  DCM cement  and 0 . 1 7 8  mL of  s i l i c a t e  
s o l u t i o n  f o r  e v e ry  mL o f  e m u l s i o n .  As in  t h e  t e s t s  w i t h  a b s o r b e n t s ,  t h e  
amounts  were  s c a l e d  t o  f i t  t h e  5 cm d i a m e t e r  x 10 cm h ig h  m o ld .  The a c t u a l  
amounts  f o r  t h i s  s i z e d  p r o d u c t  were 84 mL e m u l s i o n ,  40 g DCM cement  and 14 mL 
s i l i c a t e  s o l u t i o n .  The DCM ha s  t o  be mixed i n  f i r s t  and t h e  s i l i c a t e  s o l u t i o n  
added l a s t  w i th  r a p i d  s t i r r i n g ,  s i n c e  t h e  m i x t u r e  s e t s  i n  10 s econds  a f t e r  
a d d i t i o n  of  s i l i c a t e .  For  c u r i n g ,  t h e  m i x t u r e  was s e a l e d  i n  i t s  mold and l e f t  
u n d i s t u r b e d  o v e r n i g h t  a t  room t e m p e r a t u r e .

The p r o p o r t i o n s  o f  m a t e r i a l s  used  in  t h e  s t a n d a r d  p r o c e d u r e  were 
v a r i e d  i n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  c o m p o s i t i o n a l  v a r i a t i o n .  F i r s t  
t h e  p r o p o r t i o n s  o f  o i l ,  w a t e r  and d e t e r g e n t  i n  t h e  e m u l s io n  were v a r i e d ,  k e e p ­
ing  t h e  amounts  of  e m u l s i o n ,  DCM cement  and s i l i c a t e  s o l u t i o n  c o n s t a n t .  Five  
sa m p le s  were p r e p a r e d  w i th  t h e  volume f r a c t i o n  o f  o i l  r a n g i n g  from 0.211 t o  
0 . 3 4 8  (25% on each s i d e  of  t h e  recommended a m o u n t ) ,  w h i l e  t h e  r a t i o  o f  w a t e r  
t o  d e t e r g e n t  was k e p t  c o n s t a n t .  S i m i l a r l y ,  5 samples  were p r e p a r e d  where t h e

* T e lephone  communica t ion  be tween  R. E. Davis  of  Brookhaven  Na t io na l  
L a b o r a t o r y  and B. Owens o f  Dow Chemical Company, March 31 ,  1981.
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f r a c t i o n  of  d e t e r g e n t  v a r i e d  from 0 t o  0 . 0 9 0 ,  keeping t h e  o i l  r w a te r  r a t i o  
c o n s t a n t ,  and 5 w i th  t h e  w a t e r  f r a c t i o n  v a r y i n g  from 0 .6 0 0  t o  0 . 7 1 4  w h i l e  t h e  
o i l : d e t e r g e n t  r a t i o  remained  c o n s t a n t .  In t h e  second s e r i e s  of  e x p e r i m e n t s ,  
t h e  amounts  o f  s i l i c a t e  s o l u t i o n  and emmulsion were i n d e p e n d e n t l y  v a r i e d  w h i l e  
t h e  amount of  cement  was kep t  c o n s t a n t  a t  40 g and t h e  oi l  : w a t e r r d e t e r g e n t  
r a t i o  o f  t h e  em u l s io n  a t  6 : 1 4 : 1 .  F iv e  s e t s  o f  samples  were p r e p a r e d ,  one each  
u s in g  60 , 70 , 80 , 90 ,  and 100 ml o f  e m u l s i o n .  In each s e t  5 samples  were p r e ­
p a r e d ,  w i t h  t h e  amount o f  s i l i c a t e  s o l u t i o n  v a r y i n g  from 6 t o  22 ml i n  i n c r e ­
men ts  of  4 mL.

3 . 2 . 1 . 3  Dow Vinyl  E s t e r - S t y r e n e  Polymer

In Dow's p r o p r i e t a r y  t o p i c a l  r e p o r t ( 5 )  a f o r m u l a t i o n  i s  g i v e n  f o r  
t r e a t i n g  a r e p r e s e n t a t i v e  BWR aqueous  w a s t e  c o n t a i n i n g  up t o  0 .2% motor  o i l  by 
w e i g h t .  A s i m u l a t e d  w a s t e  was made up c o n t a i n i n g  t h e  same p r o p o r t i o n s  as  i n  
t h e  BWR w a s t e ,  which were 93.4% HgO, 5.5% Na2S04, 0.9% Na3P04 and 
0.2% o i l .  The m a t e r i a l s  used f o r  t h e  s o l i d i f i c a t i o n  p r o c e s s  were a b i n d e r  of  
v iny l  e s t e r - s t y r e n e  monomer, a p r o m o te r  and a c a t a l y s t ,  a l l  i n  l i q u i d  form.
The method of  mix ing  w i t h  t h e  w a s t e  i s  p r o p r i e t a r y ,  b u t  o b v i o u s l y  r e q u i r e s  
m ix ing  t h e  l i q u i d  aqueous  and o r g a n i c  p h a s e s .  These were mixed in  an a p p r o ­
p r i a t e  m a n n e r ,  p o u r ^  i n t o  5 cm d i a  x 10 cm h i g h  p o l y e t h y l e n e  molds and a l ­
lowed t o  c u r e  f o r  2 d a y s .

S in c e  t h e  amount o f  o i l  i n  t h e  s i m u l a t e d  w a s t e  was so s m a l l ,  t h e r e  
was p resum ab ly  no p o i n t  i n  p r e p a r i n g  sam p les  w i t h  amounts v a r y i n g  by t h e  
normal  25-50% used  i n  t e s t s  w i th  t h e  o t h e r  s o l i d i f i c a t i o n  m e d ia .  However , 
s e v e r a l  d i f f e r e n t  samples  were p r e p a r e d  in  which t h e  w a s t e : b i n d e r  r a t i o  was 
v a r i e d  from 1 .25  t o  2 . 2 5 ,  w h i l e  t h e  p r o p o r t i o n  o f  b i n d e r ,  p rom o te r  and c a t a ­
l y s t  was k e p t  c o n s t a n t .

3 . 2 . 2  R e s u l t s  o f  T e s t s  f o r  F r e e  L iq u id

All t h e  m i x t u r e s  t e s t e d  w i t h  t h e  DCM cement  s h a l e  s i l i c a t e  s o l i d i f i e d  
a t  t h e  e x p e c t e d  t i m e  o f  10 s e c o n d s  a f t e r  a d d i t i o n  o f  s i l i c a t e  s o l u t i o n .  The 
v i n y l  e s t e r - s t y r e n e  polymer samples  w i t h  s i m u l a t e d  aqueous  w a s t e  c o n t a i n i n g  
0.2% o i l ,  p r e p a r e d  by Dow's p r o p r i e t a r y  m ethod ,  a l s o  s o l i d i f i e d  w e l l .  In no
c a s e  w i t h  e i t h e r  medium was t h e r e  any f r e e  l i q u i d .

3 . 2 . 2 . 1  P o r t l a n d  Cement

R e s u l t s  of  t h e  s o l i d i f i c a t i o n  t e s t s  w i t h  P o r t l a n d  cement  a r e  g iv e n  in  
T a b le  3 .2 5  and F i g u r e s  3 . 1  and 3 . 2 .  In T a b l e  3 .2 5  as  in  p r e v i o u s  t a b l e s ,  t h e  
+ and -  s i g n i f y  s e t  and not  s e t ,  r e s p e c t i v e l y .  NA ( n o t  a p p l i c a b l e )  i s  e n t e r e d  
s e v e r a l  p l a c e s  i n  t h e  f i n a l  column and a l s o  i n  t h e  f i g u r e s .  I t  i n d i c a t e s  t h a t  
t h e r e  was no f r e e  l i q u i d  but  t h e  sample was o t h e r w i s e  u n s u i t a b l e ,  namely 
b e c a u s e  i t  d i d  no t  s e t .

The c o m p o s i t i o n s  of  a l l  sam ples  a r e  p l o t t e d  on t h e  t e r n a r y  d iag ram  of  
F i g u r e  3 .1  w i t h  an i n d i c a t i o n  as  t o  w h e t h e r  t h e y  d i d  o r  d id  not  s e t .  The
amounts  o f  f r e e  l i q u i d  f o r  t h e  same sam ples  a r e  shown in  F i g u r e  3 . 2 .  These
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r e s u l t s  i n c l u d e  t h o s e  l i s t e d  i n  T a b le  3 . 2 5  and t h o s e  from t h e  e x t r a  s a m p l e s ,  
d e s c r i b e d  i n  S e c t i o n  3 . 2 . 1 . 1 ,  which were p r e p a r e d  in  t h e  c o m p o s i t i o n  r e g i o n  
where  no f r e e  l i q u i d  was o b s e r v e d .  The boundary  l i n e s  drawn in  F i g u r e  3 .1  and
3 .2  a r e  n o t  meant  t o  i n d i c a t e  a s h a r p  d i v i s i o n  between  r e g i o n s ,  bu t  r a t h e r  
r e p r e s e n t  c o m p o s i t i o n s  which a r e  on t h e  b o r d e r l i n e  of  g i v i n g  u n s a t i s f a c t o r y  
pe r f o r m a n c e  and where small  changes  i n  p r o c e d u r e  can t i p  t h e  b a l a n c e  i n  e i t h e r  
di  r e c t i  on.

T he re  i s  a c o n s i d e r a b l e  c o m p o s i t i o n  range  ov e r  which good s o l i d i f i e d  
s am p les  were p r e p a r e d ,  i n c l u d i n g  a number w i th  30% o r  more o i l .  These  a r e  o f  
p a r t i c u l a r  i n t e r e s t  f o r  an o i l  w a s t e  d i s p o s a l  m e thod .  The r e g i o n  of  no f r e e  
l i q u i d  i s  n e a r l y  t h e  same a s ,  b u t  s l i g h t l y  s m a l l e r  t h a n ,  t h e  r e g i o n  i n  which 
sam p les  s e t  p r o p e r l y .  A few sam ples  i n s i d e  but  a round t h e  edge of  t h e  r e g i o n  
o f  p r o p e r  s e t t i n g  r e l e a s e d  l i q u i d ,  bo th  on t h e  o i l - r i c h  and t h e  w a t e r - r i c h  
s i d e ,  bu t  i n  g e n e ra l  s a m p le s  e i t h e r  s e t  w i t h o u t  r e l e a s i n g  l i q u i d ,  o r  e l s e  d id  
no t  s e t .  In g e n e r a l ,  a l s o ,  t h e  f r e e  l i q u i d s  were o i l  f o r  samples  c o n t a i n i n g  a 
h igh  p r o p o r t i o n  of  o i l  , w a t e r  f o r  t h o s e  c o n t a i n i n g  a high p r o p o r t i o n  of  w a t e r ,  
and m i x t u r e s  o f  o i l  and w a t e r  f o r  t h o s e  w i th  i n t e r m e d i a t e  amounts .  With in  
t h i s  r e g i o n ,  when f r e e  l i q u i d  formed a t  a l l ,  i t  was always c o n s i d e r a b l y  X).5% 
by vo lume.
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T a b l e  3 . 2 5

S o l i d i f i c a t i o n  o f  Oil Wastes  by P o r t l a n d  Cement

Cement
(9)

Oil Waste
(g)

Water
(9 )

Se t  a t  
3 days9

Free  
L iq u id  (g)

10 10 80 6 3 .2
10 20 70 - 50.7
10 30 60 - 38 .9
10 40 50 - 17.0
10 50 40 - 21.0
10 60 30 - 32 .2
10 70 20 - 51.0
10 80 10 55.0
20 10 70 - 4 0 .3
20 20 60 - 37 .8
20 30 50 - 31 .6
20 40 40 - 32 .1
20 50 30 - HPP
20 60 20 - 39.9
20 70 10 61.0
30 10 60 - 24 .3
30 20 50 - 15 .9
30 30 40 - 6 .36
30 40 30 - NA
30 50 20 - NA
30 60 10 - 21 .4
40 10 50 + 11.5
40 20 40 - None
40 30 30 + None
40 40 20 - 1 .18
40 50 10 - 4 .30
50 10 40 + None
50 20 30 + None
50 30 20 + 10.8
50 40 10 - None
60 10 30 + None
60 20 20 + None
60 30 10 + None
70 10 20 + None
70 20 10 + None
80 10 10 - NA

3+ = s e t  a c h i e v e d ;  -  
^Not a p p l i c a b l e .

= no s e t .
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F i g u r e  3 . 1  S e t t i n g  o f  o i l - w a t e r  s a m p l e s  mixed With P o r t l a n d  I cement .  
•  S e t  a f t e r  3 days  
0 S o f t  o r  u n s o l i d i f i e d  a f t e r  3 days
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F i g u r e  3 . 2  F ree  l i q u i d  r e l e a s e d  from o i l - w a t e r  s a m p l e s  mixed w i t h  
P o r t l a n d  I c e m e n t .
-  C o m p o s i t i o n s  r e l e a s i n g  no l i q u i d s .

Numbers a r e  w e i g h t  p e r c e n t  amounts o f  f r e e  l i q u i d  
f o r  t h e  c o m p o s i t i o n s  shown.
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3 . 2 . 3  R e s u l t s  o f  C o m p r e s s i v e  S t r e n g t h  T e s t s

Compress ive  s t r e n g t h s  were d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  t h e  ASTM 
method C39-72 ,  "T e s t  f o r  t h e  Compress ion  S t r e n g t h  o f  C y l i n d r i c a l  C o n c r e t e  
S p e c i m e n s . "

3 . 2 . 3 . 1  P o r t l a n d  Cement

The r e s u l t s  of  t h e  c o m p r e s s i v e  s t r e n g t h  m easu rem en ts  a r e  g iv en  in  
F i g u r e  3 . 3 .  Each v a l u e  i s  t h e  a v e r a g e  o f  m easu rem en ts  made on s e v e r a l  r e p l i ­
c a t e  s a m p l e s ,  u s u a l l y  5 ,  b u t  as few a s  2 f o r  some of  t h e  spec im ens  which 
showed h ig h  s t r e n g t h .

Not s u r p r i s i n g l y ,  t h e  sam ples  w i th  t h e  h i g h e s t  c o m p r e s s i v e  s t r e n g t h  
c o n t a i n e d  t h e  l e a s t  o i l .  However ,  ve ry  good s t r e n g t h s  were o b t a i n e d  f o r  sam­
p l e s  w i th  r e l a t i v e l y  h igh  p r o p o r t i o n s  o f  o i l  a s  l o n g  as  t h e y  c o n t a i n e d  in  t h e  
n e ig h b o r h o o d  of  30% w a t e r .  The c o m p r e s s i v e  s t r e n g t h  v a l u e s  d ropped  o f f  r e l a ­
t i v e l y  r a p i d l y  n e a r  t h e  b o u n d a ry  o f  t h e  r e g i o n  in  which p r o p e r  s e t t i n g  o c ­
c u r r e d .  Thus ,  even  i f  c o m p o s i t i o n s  n e a r  t h e  boundary  g i v e  s o l i d s  which a r e  
s a t i s f a c t o r y  i n  t e r m s  of  s e t  and a b s e n c e  o f  f r e e  l i q u i d ,  t h e y  a r e  l i k e l y  t o  
have poo r  m ec h a n ic a l  s t r e n g t h .

I t  was o b se rve d  t h a t  a d d i t i o n  of  a small  amount of  d e t e r g e n t  t o  mix ­
t u r e s  c o n t a i n i n g  r e l a t i v e l y  l a r g e  p r o p o r t i o n s  o f  o i l  f a c i l i t a t e d  s o l i d i f i c a ­
t i o n  and i n c r e a s e d  s t r e n g t h .  For  e xa m p le ,  a m i x t u r e  of  50% cem en t ,  35% o i l ,  
and 15% w a t e r  d id  no t  s e t  a f t e r  3 days  and showed f r e e  o i l .  However ,  on a d d i ­
t i o n  of  10 ml d e t e r g e n t  (Nutek 316 ,  a s  used in  t h e  DCM p r o c e d u r e )  t o  t h e  
f o r m u l a t i o n ,  s o l i d i f i c a t i o n  o c c u r r e d  w i t h i n  3 days  w i th  no f r e e  l i q u i d .  Four  
r e p l i c a t e  samples  were  p r e p a r e d  f o r  c o m p r e s s i v e  s t r e n g t h  t e s t s  and gave an 
a v e r a g e  s t r e n g t h  o f  632 p s i , c o n s i d e r a b l y  h i g h e r  t h a n  samples  w i th  com pos i ­
t i o n s  i n  t h e  same r e g i o n  p r e p a r e d  w i t h o u t  d e t e r g e n t .

The s t r e n g t h  of  o i l - r i c h  samples  a l s o  i n c r e a s e d  w i t h  t im e  of  c u r i n g .  
Samples  c o n t a i n i n g  68% c e m e n t ,  22% o i l ,  and 10% w a t e r  c u re d  f o r  3 days  had an 
a v e r a g e  c o m p r e s s i v e  s t r e n g t h  of  173 p s i .  O the r  samples  o f  t h e  same com pos i ­
t i o n  c u re d  f o r  14 days y i e l d e d  an a v e r a g e  v a l u e  o f  372 p s i .  S i m i l a r  r e s u l t s  
were  o b t a i n e d  w i t h  samples  having s t i l l  h i g h e r  o i l  c o n t e n t s .
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F i g u r e  3 . 3  C o m p r e s s i v e  s t r e n g t h  o f  s a m p le s  prepared by s o l i d i f i c a t i o n  o f  
o i l - w a t e r  m i x t u r e s  w i t h  P o r t l a n d  I c e m e n t .  Numbers a r e  com-  

• p r e s s i v e  s t r e n g t h s  i n  p s i  f o r  t h e  c o m p o s i t i o n s  shown.
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3 . 2 . 3 . 2  DCM Cement S h a l e  S i l i c a t e

W ith in  t h e  range  of  c o m p o s i t i o n s  used i n  p r e p a r i n g  t h e  t e s t  samples
( d e s c r i b e d  i n  S e c t i o n  3 . 2 . 1 . 2 ) ,  t h e r e  was no a p p a r e n t  change  i n  c o m p r e s s i v e  
s t r e n g t h  w i t h  c o m p o s i t i o n .  One specimen f o r  each of  20 r e p r e s e n t a t i v e  com­
p o s i t i o n s  was t e s t e d ,  and a l l  t h e  s t r e n g t h  measurem ents  y i e l d e d  v a l u e s  a round  
300 p s i .  F ive  r e p l i c a t e  spec im ens  of  t h e  c o m p o s i t i o n  s p e c i f i e d  by DCM's 
f o r m u l a t i o n  were t e s t e d  u s i n g  equ ip m en t  i n  BNL's m e t a l l u r g y  d i v i s i o n  which 
p r o v i d e s  h igh  p r e c i s i o n  in  t h e  low s t r e n g t h  r a n g e .  The a v e ra g e  s t r e n g t h  d e ­
t e r m i n e d  f o r  t h e  f i v e  sam ples  was 287 ps i  w i th  a s t a n d a r d  d e v i a t i o n  o f  
+ 19 p s i .

3 . 2 . 3 . 3  Dow Vinyl E s t e r - S t y r e n e  Polymer

Five  samples  of t h e  s o l i d  po lymer  formed by t h e  Dow p r o c e s s  were
t e s t e d .  All o f  them w i t h s t o o d  s t r e s s e s  o f  10^ p s i  w i t h o u t  c r a c k i n g ,  but
showed d e f o r m a t i o n  of  15-20%. The a v e r a g e  v a l u e  of t h e  s t r e s s  a t  10% d e fo rm a ­
t i o n  was 3000 ^ 5 0  p s i .  In t h i s  c a s e  t h e  j^50 p s i  r e p r e s e n t s  t h e  s m a l l e s t  
s c a l e  d i v i s i o n  on t h e  t e s t  a p p a r a t u s  u s e d .

3 . 3  S t a t e - o f - t h e - A r t  T e s t  P a r a m e t e r s  t o  S a t i s f y  t h e  Minimum A c c e p ta n c e
C r i t e r i a

An a c c e p t a b l e  w a s t e  form i s  a f r e e s t a n d i n g ,  m o n o l i t h i c  s o l i d  which i s  
homogeneous and c o n t a i n s  no f r e e  l i q u i d . ( 6 ) F r e e  l i q u i d  i s  o p e r a t i o n a l l y  
d e f i n e d  h e r e  a s  "any  d r a i n a b l e  l i q u i d s  no t  bound by t h e  s o l i d i f i e d  m a t r i x . "
The J u n e  29 ,  1981,  d r a f t  of 10CFR61 r e q u i r e s  no f r e e  l i q u i d  upon s o l i d i f i c a ­
t i o n ,  bu t  p e r m i t s  a maximum o f  1% f r e e ,  n o n c o r r o s i v e  l i q u i d  a t  t h e  d i s p o s a l  
s i t e .  However ,  i n d i v i d u a l  d i s p o s a l  s i t e s  can have more s t r i n g e n t  r e q u i r e ­
m e n t s ,  and i n  f a c t  a t  B e a t t y ,  Nevada ,  no f r e e  l i q u i d  i s  a l l o w e d .  A no the r  p r o ­
posed  r e q u i r e m e n t  which m u s t  be met  by a w a s t e  form i s  t h e  a b i l i t y  t o  w i t h ­
s t a n d  t h e  p r e s s u r e  c a u se d  by o v e rb u r d e n  a t  t h e  b u r i a l  s i t e  and t o  m a i n t a i n  i t s  
f r e e s t a n d i n g  m o n o l i t h i c  c o n d i t i o n .  NRC i n  t h e  June  29,  1981,  d r a f t  o f  10CFR61 
i s  c u r r e n t l y  c o n s i d e r i n g  a minimum c o m p r e s s i v e  s t r e n g t h  o f  50 ps i  f o r  t h i s  
c r i t e r i o n .  The t h r e e  s o l i d i f i c a t i o n  t e c h n i q u e s  which we have examined a r e  
c o n s i d e r e d  f o r  t h e i r  s u i t a b i l i t y  i n  t e r m s  of  t h e  above c r i t e r i a .

3 . 3 . 1  P o r t l a n d  Cement

The c o m p o s i t i o n  r e g i o n  i n  which s a t i s f a c t o r y  s o l i d  w a s t e  forms can be 
made i s  c l e a r l y  i n d i c a t e d  i n  t h e  t e r n a r y  d i a g r a m s  of  F i g u r e s  3 . 1 ,  3 . 2 ,  and 
3 . 3 ,  d i s c u s s e d  in  S e c t i o n s  3 . 2 . 2 . 1  and 3 . 2 . 3 . 1 .  Up t o  35% o i l  (by w e i g h t )  can 
be i n c o r p o r a t e d  as  long  a s  t h e  w a t e r  c o n t e n t  i s  i n  t h e  range  of  25-35%. For  
exam ple ,  f o r  o i l r w a t e r : c e m e n t  r a t i o s  o f  3 5 : 3 0 : 3 5  and 3 5 :2 5 :4 0  t h e  c o m p r e s s i v e  
s t r e n g t h s  were  o v e r  400 p s i ,  we l l  o v e r  t h e  50 p s i  r e q u i r e d ,  and no f r e e  
l i q u i d  was o b s e r v e d .  For  c o m p o s i t i o n s  w i th  40% o i l ,  t h o s e  w i th  20% and 30% 
w a t e r  s e t  p r o p e r l y ,  b u t  r e l e a s e d  l i q u i d  w h i l e  a l l  t h e  o t h e r  c o m p o s i t i o n s  
f a i l e d  t o  s e t .  T h u s ,  40% o i l  i s  t o o  h igh  a p r o p o r t i o n  f o r  p r e p a r i n g  a c c e p t a ­
b l e  w a s t e  fo rm s .

32



For  s o l i d i f i c a t i o n  w i t h  a b s o r b e n t s ,  a t  l e a s t  30 w e ig h t  p e r c e n t  o i l  
c o u ld  be  c o n t a i n e d  i n  t h e  f i n a l  m i x t u r e s  w i t h  a l l  t h e  a b s o r b e n t s  t o  g i v e  s o l i d  
w a s t e  forms which s e t  p r o p e r l y  and r e l e a s e d  no l i q u i d .  With Conwed, 50% o i l  
c o u l d  be i n c o r p o r a t e d ,  and w i t h  t h e  o t h e r s ,  between  30 and 40%. Compress ive  
s t r e n g t h  t e s t s  were no t  c a r r i e d  ou t  on t h e s e  specimens t o  d e t e r m i n e  w h e t h e r  
t h e  50 p s i  c r i t e r i o n  c o u ld  be m et .

3 . 3 . 2  DCM Cement S h a l e  S i l i c a t e

Us ing  t h e  m a n u f a c t u r e r ' s  d i r e c t i o n s ,  c o m p l e t e l y  s a t i s f a c t o r y  was te  
forms a r e  o b t a i n e d ;  a l t h o u g h  t h e  a p p r o x i m a t e l y  300 p s i  com p re s s iv e  s t r e n g t h  i s  
n o t  h i g h ,  i t  i s  wel l  above 50 p s i .  The amount o f  o i l  i n c o r p o r a t e d  in  t h e  s o l ­
i d  of  t h i s  s t a n d a r d  c o m p o s i t i o n  (84  ml e m u l s i o n ,  40 g cement  and 14 mL s i l i ­
c a t e  s o l u t i o n )  i s  14.7% by w e i g h t .  The p r o p o r t i o n  o f  e m uls ion  was v a r i e d  by 
jf25%, and  t h e  p r o p o r t i o n  of  s i l i c a t e  s o l u t i o n  by 4j50%, keeping  t h e  amount of 
cement  c o n s t a n t  a t  40 g and t h e  o i l  r w a t e r : d e t e r g e n t  r a t i o  o f  t h e  em uls io n  c o n ­
s t a n t  a t  6 : 1 4 : 1 .  The p r o p o r t i o n  of  o i l  and d e t e r g e n t  i n  t h e  emuls io n  were  
l i k e w i s e  v a r i e d ,  t h e  o i l  by j f20% and t h e  d e t e r g e n t  by _+100%, keep ing  t h e  
amount  of  cement  and s i l i c a t e  c o n s t a n t .  Every sample p r e p a r e d  s o l i d i f i e d  
p r o p e r l y  w i t h o u t  f r e e  l i q u i d  and had a c o m p r e s s i v e  s t r e n g t h  o f  a p p r o x i m a t e l y  
300 p s i .  The maximum amount  of  o i l  i n c o r p o r a t e d  in  any o f  t h e s e  d i f f e r e n t  
c o m p o s i t i o n s  was 19.5% by w e i g h t .  Thus ,  w i t h i n  t h e s e  l i m i t s ,  t h e  m anufac ­
t u r e r ' s  p r o c e d u r e  can be v a r i e d ,  i n c l u d i n g  i n c r e a s i n g  t h e  p r o p o r t i o n  o f  o i l  t o  
a lm o s t  20%, w i t h o u t  a f f e c t i n g  t h e  q u a l i t y  o f  t h e  w a s t e  fo rm ,  i n c l u d i n g  i t s  
c o m p r e s s i v e  s t r e n g t h .

When used w i t h  a b s o r b e n t s ,  t h e r e  was a t e n d e n c y  t o  form f r e e  l i q u i d .
In most  c a s e s  i t  was d i f f i c u l t  t o  d i s t i n g u i s h  between s u r f a c e  m o i s t u r e  and 
f r e e  l i q u i d  b e c a u s e  of  t h e  h igh v i s c o s i t y  o f  t h e  s u r f a c e  l i q u i d  and i t s  poor  
d r a i n a g e  c h a r a c t e r i s t i c s .  We have  chosen  t h e  c o n s e r v a t i v e  app roach  o f  c on ­
s i d e r i n g  t h e s e  " m o i s t "  s a m p le s  t o  c o n t a i n  f r e e  l i q u i d .

Using t h e  m a n u f a c t u r e r ' s  p r o c e d u r e ,  a s  d e t a i l e d  i n  S e c t i o n  3 . 1 . 2 . 1 ,  and 
w i t h i n  ^33% o f  t h e  s t a n d a r d  p r o p o r t i o n s ,  no a c c e p t a b l e  s o l i d  w a s te  forms c o u ld  
be p r e p a r e d  w i t h  v e r m i c u l i t e  and Amorphous S i l i c a t e ,  s i n c e  t h e y  r e l e a s e d  f r e e  
l i q u i d .  With S u p e r - F i n e  and Conwed, a c c e p t a b l e  forms were p r e p a r e d  o n l y  when 
t h e  a b s o r b e n t s  were h a l f  s a t u r a t e d  w i t h  o i l .  With I n s t a n t - D r i  and LSM, a l l  
sam p les  were a c c e p t a b l e ,  w h e th e r  t h e  a b s o r b e n t  was h a l f  s a t u r a t e d  o r  f u l l y  
s a t u r a t e d  w i t h  o i l .  Fo r  I n s t a n t - D r i  and LSM, t h e  p r o p o r t i o n s  of  o i l  i n  t h e  
f i n a l  w a s t e  fo rm ,  u s i n g  t h e  m a n u f a c t u r e r ' s  p r o c e d u r e ,  were 14 and 17%, r e s p e c ­
t i v e l y .  The maximum p r o p o r t i o n s  i n c o r p o r a t e d  in  t h e s e  t e s t s  were 17 and 20%, 
r e s p e c t i v e l y .  Thus ,  u s i n g  DCM cement  s h a l e  s i l i c a t e  and s u i t a b l e  a b s o r b e n t s ,  
t h e  same p r o p o r t i o n  of  o i l  can be i n c o r p o r a t e d  i n  t h e  f i n a l  w a s t e  form a s  when 
no a b s o r b e n t  i s  u s e d .

3 . 3 . 3  Dow Vinyl  E s t e r - S t y r e n e  Polymer

As d i s c u s s e d  in  S e c t i o n s  3 . 2 ,  t h i s  medium c o u ld  no t  be t e s t e d  f o r  a 
r e a l i s t i c  s i m u l a t e d  o i l  w a s t e  b e c a u s e  t h e  m a n u f a c t u r e r  c o u ld  not  p r o v i d e  a
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f o r m u l a t i o n  w i t h i n  t h e  t im e  frame of  t h i s  i n v e s t i g a t i o n .  S a t i s f a c t o r y  w a s t e  
forms were p r e p a r e d  w i th  s i m u l a t e d  BWR aqueous  w a s t e  c o n t a i n i n g  0.2% o i l  by 
w e i g h t .

34



4 .  ALTERNATIVE METHODS FOR TREATING OIL WASTES

BNL has pe r fo rm ed  a l i t e r a t u r e  s u rv e y  t o  e v a l u a t e  a l t e r n a t i v e  methods f o r  
t r e a t i n g  o i l  w a s t e s .  The s u r v e y  was ba s ed  on a c o m p u t e r i z e d  s e a r c h  (RECON 
program)  a v a i l a b l e  a t  t h e  BNL Resea rch  L i b r a r y .  I t  c ove re d  t h e  t o p i c s  o i l  
w a s t e ,  d e c o n t a m i n a t i o n .  I n c i n e r a t i o n ,  o z o n a t i o n ,  and r e g e n e r a t i o n .

B e s i d e s  I n c i n e r a t i o n  and o z o n a t i o n ,  which a r e  d i s p o s a l  m ethods ,  BNL I d e n ­
t i f i e d  two methods  f o r  c l e a n i n g  t h e  o i l  so t h a t  I t  c o u ld  be hand led  as  non-  
r a d l o a c t l v e  m a t e r i a l .  These  d e c o n t a m i n a t i o n  methods  a r e  e x t r a c t i o n  w i th  w a t e r  
and f i l t r a t i o n .  A s t o r a g e  p r o c e d u r e  t o  a l l o w  f o r  r a d i o n u c l i d e  decay was em­
p loyed  a t  one o f  t h e  power p l a n t s  a n s w e r in g  BNL's s u r v e y .  Th i s  method I s  a p ­
p l i c a b l e  o n ly  t o  c o n t a m i n a n t s  o f  s h o r t - h a l f  l i f e .  The power p l a n t  a t  Beaver  
V a l l e y  ( se e  T a b le  In Appendix A) g e n e r a t e s  w a s t e  o i l  from t h e  r e a c t o r  c o o l a n t  
pump which I s  c o n t a m i n a t e d  w i t h  Xe-133. The o i l  I s  s t o r e d  u n t i l  t h e  Xe-133 
decays  ( 5 .2 7  day h a l f - l i f e )  and I s  t h e n  combined w i th  n o n r a d l o a c t i v e  w a s te  
o i l .

4 . 1  R e g e n e r a t i o n  Methods

4 . 1 . 1  D e c o n t a m in a t io n  by E x t r a c t i o n  With Water

The o i l  w a s t e s  g e n e r a t e d  a t  t h e  Kewaunee N u c le a r  P l a n t  a r e  s t o r e d  t o  
a l l o w  t h e  s e p a r a t i o n  o f  o i l  and w a t e r  (<10%) ( r e f e r  t o  T a b le  In Appendix A). 
The s e p a r a t e d  w a t e r  I s  t h e n  t r e a t e d  as  aqeuous  r a d w a s t e .  E x t r a c t i o n  of  o i l  
w i th  w a t e r  c o u ld  be a g e n e r a l  method o f  d e c o n t a m i n a t i n g  o i l  w a s t e s .  I s o t o p e s  
o f  Cs and Co a r e  t h e  most  common r a d i o a c t i v e  c o n t a m i n a n t s  o f  o i l  w a s t e s ,  and 
I n o r g a n i c  s a l t s  o f  t h e s e  e l e m e n t s  would be e x p e c t e d  t o  p a r t i t i o n  p r e f e r e n ­
t i a l l y  I n t o  an aqueous  phase  ( I f  no complexing  a g e n t s  were p r e s e n t )  when o i l  
and t h e  aqueous  pha se  were c o n t a c t e d .  S in c e  I n f o r m a t i o n  on t h e  p a r t i t i o n i n g  
o f  Cs and Co s a l t s  be tw een  o i l  and w a t e r  was not  a v a i l a b l e .  I t  was d e c id e d  t o  
c a r r y  o u t  an e x p e r i m e n t a l  d e t e r m i n a t i o n .  T h i s  was done by a dd ing  t h e i r  c h l o r ­
i d e s  t o  a m i x t u r e  of  w a t e r  and s i m u l a t e d  o i l  w a s t e  and m easur ing  t h e  e le m en t  
c o n c e n t r a t i o n  In bo th  p h a s e s  unde r  e q l l l b l r l u m  c o n d i t i o n s .  The r e s u l t s  were 
a s  f o l l o w s :

[ ^ ^ ^ o l l  -5D. = ------. = 1 . 7  X 10 ’

I w a t e r

and

^water
‘'co = = 3 .9  X 10

-5

where s q u a r e  b r a c k e t s  r e p r e s e n t  c o n c e n t r a t i o n s .  The c o n c e n t r a t i o n s  In o i l  a r e  
g iv e n  f o r  t h e  e l e m e n t s  s im p l y  b e c a u s e  I t  I s  n o t  known w h e th e r  t h e  s p e c i e s  I n ­
vo lved  a r e  I o n i c  o r  m o l e c u l a r .
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These  r e s u l t s  show t h a t  i s  i t  i m p o r t a n t  t o  remove t h e  w a t e r  i n  o i l  
w a s t e s  s i n c e  Cs and Co s a l t s  p a r t i t i o n  p r e d o m i n a n t l y  i n t o  t h e  w a t e r  p h a s e .  
A l s o ,  i f  no w a t e r  o c c u r s  w i t h  t h e  o i l  w a s t e  i t  can be added t o  e x t r a c t  t h e  
i o n i c  c o n t a m i n a n t s  (Cs''' and Co'*'2) from o i l  w a s t e s .  The d e c o n t a m i n a t i o n  
f a c t o r  (DF) i s  r ea l  l y  l i m i t e d  by t h e  e f f i c i e n c y  o f  s e p a r a t i o n  o f  o i l  and w a t e r  
p h a s e s .  As o b s e r v e d ,  DP's  o f  5 . 9  x 10^ f o r  Cs and 2 . 5  x 10^ f o r  Co may be 
a c h i e v e d .

4 . 1 . 2  F i l t r a t i o n

Much of  t h e  r a d i o a c t i v e  m a t e r i a l  i n  o i l  w a s t e  w i l l  be i n  t h e  form o f  
p a r t i c u l a t e s ,  e s p e c i a l l y  Co, F e ,  N i , and Mn which o r i g i n a t e  i n  c o r r o s i o n  p r o d ­
u c t s  i n  t h e  v a r i o u s  r e a c t o r  sy s te m s  exposed  t o  n e u t r o n s .  Some p a r t i c u l a t e  
m a t t e r  may s e t t l e  ou t  i n  an aqueous p h a s e  i f  one i s  p r e s e n t ,  b u t  f i l t r a t i o n  
w i l l  be a more  e f f i c i e n t  way t o  remove i t .

A f i l t r a t i o n  p r o c e s s  was p a t e n t e d  f o r  removing u r a n i u m - c o n t a i n i n g  s o l i d  
p a r t i c l e s  f rom o i l  w a s t e s . (7 )  T h i s  p r o c e s s  may a l s o  be used  t o  remove o t h e r  
r a d i o a c t i v e  s o l i d  p a r t i c l e s  from o i l  w a s t e s .  Ano the r  p r o c e s s  was p a t e n t e d  f o r  
o i l  w a s t e  r e g e n e r a t i o n . ( 8) The p r o c e s s  was a c o m b in a t io n  o f  w a t e r  washing 
( e x t r a c t i o n )  and f i l t r a t i o n  t h r o u g h  a c t i v a t e d  a lu m in a .  The r e s u l t s  
( T a b le  4 . 1 )  show a DF o f  more t h a n  5 was a c h i e v e d  f o r  most  n u c l i d e s .  The DF 
f o r  Cs was no t  m e a s u r e d ;  however ,  t h e  p r o c e s s  may s t i l l  be u s e f u l  i n  t r e a t i n g  
o i l  w a s t e s .  In f a c t ,  t h e  o i l  w a s t e s  c o l l e c t e d  a t  Vermont Yankee power s t a t i o n  
have been d e c o n ta m i n a t e d  by f i l t e r i n g  t h e  o i l  t h r o u g h  d i a t o m a c e o u s  e a r t h  and 
r e s i n ,  and Nine Mile  P o i n t  a l s o  p l a n s  f i l t r a t i o n  ( s e e  T a b le  i n  Appendix A).
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T a b le  4 .1

R e g e n e r a t i o n  o f  Oil Wastes  by F i l t r a t i o n ( 9 )

Element
New 
Oil a

Oil Wastes  
B e fo re  F i l t r a t i o n a

Oil Wastes  
A f t e r  F i l t r a t i o n a

Ag <1 5 <1
A1 <1 80 10
B <1 3 <1
Cd <1 <1 <1
Co <10 50 <10
Cr <1 30 <1
Cu 1 50 10
Fe <1 >200 5
Mg <1 30 1
Mn <1 60 <1
Ni <1 50 <1
Si <1 40 5
V <1 <1 <1
Zn <10 30 <10
Sn <1 30 1
Mo <1 10 <1
U <100 1037 241

^Amounts in  ug/mL

4 . 2  D i s p o s a l  Methods

4 . 2 . 1  I n c i n e r a t i o n

I n c i n e r a t i o n  t r e a t m e n t  o f  r a d i o a c t i v e  m a t e r i a l  can be d a t e d  back t o  
1952 i n  Los Alamos S c i e n t i f i c  L a b o r a t o r y  where  an e l e c t r i c a l l y  h e a t e d  s i n g l e  
b a s k e t  i n c i n e r a t o r  was used  f o r  Pu r e c o v e r y .  S i n c e  t h e n ,  many t y p e s  o f  i n ­
c i n e r a t o r s  have been d e s ig n e d  and t e s t e d  on t h e  p i l o t  p l a n t  o r  d e m o n s t r a t i o n  
u n i t  s c a l e .  Most o f  t h e  u n i t s  were b u i l t  t o  t r e a t  d r y  c o m b u s t i b l e  TRU w a s t e s .  
The w a s t e s  were  s o r t e d  and s h r e d d e d ,  t h e n  p l a c e d  in  a f e e d e r  t o  be i n t r o d u c e d  
i n t o  t h e  i n c i n e r a t o r .  The f e e d e r s  o f  some i n c i n e r a t o r s  a r e  c a p a b l e  o f  a c c e p t ­
ing bo th  s o l i d  and l i q u i d  w a s t e s  f o r  c o n t i n u o u s  b u r n i n g .  S u c c e s s f u l  demon­
s t r a t i o n s  o f  l i q u i d  f e e d i n g  s y s te m s  have been in  o p e r a t i o n  a t  Savannah R i v e r ,  
Rocky F l a t s ,  Mound L a b o r a t o r i e s ,  and P e n b e r t h y  E l e c t r o m e l t .  Al though  o f f - g a s  
sy s te m s  have y e t  t o  be t e s t e d  on a c t u a l  o i l  w a s t e s ,  i n c i n e r a t o r s  a r e  c u r r e n t l y  
c a p a b l e  o f  b u r n in g  a r o m a t i c  o r g a n i c s  ( e . g . ,  t o l u e n e )  a t  a r a t e  o f  180 k g / h r .  
The o t h e r s  s h o u l d  be a b l e  t o  h a n d l e  l i q u i d  w a s t e s  w i t h  some m o d i f i c a t i o n  t o  
t h e  w a s t e  i n t a k e  sy s te m .  A l t e r n a t i v e l y ,  w a s t e  o i l  c o u ld  be e n c a p s u l a t e d  and 
i n t r o d u c e d  as  s o l i d  w a s t e  t o  t h e  f e e d e r .  T h i s  t r e a t m e n t  was d e m o n s t r a t e d  in
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t h e  c y c l o n e  i n c i n e r a t o r  a t  t h e  Mound F a c i l i t y  where smooth b u rn in g  of  s c i n ­
t i l l a t i o n  c o c k t a i l  v i a l s  was a c h i e v e d  by hand f e e d i n g  v i a l s  i n t o  t h e  pne um a t ic  
i n j e c t i o n  sys tem a t  a r a t e  of  100 v i a l s  i n  8 m i n u t e s .

One f o r s e e a b l e  m o d i f i c a t i o n  which m us t  be made i s  w i t h  t h e  o f f - g a s  
t r e a t m e n t  s y s t e m s .  Most o f  t h e  i n c i n e r a t o r s  were d e s i g n e d  f o r  TRU w a s t e s .
Upon c o m b u s t i o n ,  t h e  heavy m e t a l s  i n  TRU w a s t e s  form n o n v o l a t i l e  o x i d e s  t h a t  
can be c o l l e c t e d  as  a s h e s .  The c u r r e n t l y  a v a i l a b l e  i n c i n e r a t o r s  a r e  a l l  
eq u ip p e d  w i t h  o f f - g a s  t r e a t m e n t  sy s te m s  t o  p r o c e s s  TRU w a s t e s ,  and m o d i f i c a ­
t i o n  o f  t h e  o f f - g a s  t r e a t m e n t  sy s te m s  f o r  p r o c e s s i n g  beta-gamma r a d w a s t e s  a r e  
u n d e r  way. A few i n c i n e r a t o r s  a r e  a t  a s t a g e ,  o r  n e a r l y  s o ,  where t h e y  c o u l d  
be u s e d  f o r  t e s t s  on o i l  w a s t e s .  They i n c l u d e  t h e  f o l l o w i n g .

•  I t  i s  p l a n n e d  t o  modi fy  t h e  f e e d i n g  sys tem  o f  t h e  e x c e s s - a i r  c y c l o n e  
i n c i n e r a t o r  a t  t h e  Mound F a c i l i t y  t o  p e r m i t  c o n t i n u o u s  b u r n in g  of  
e i t h e r  s o l i d  o r  l i q u i d  w a s t e s .  For  d e c o n t a m i n a t i o n  s t u d i e s  o f  
o f f - g a s e s  from b u rn in g  l o w - l e v e l  beta-gamma w a s t e s ,  a b e n c h - s c a l e  
c y c l o n e  i n c i n e r a t o r  has  been c o n s t r u c t e d . (9)

•  At t h e  Savannah R i v e r  P l a n t ,  a 180 kg /h  p r o t o t y p e  beta-gamma i n c i n ­
e r a t o r  was s c h e d u l e d  t o  be g in  t e s t  o p e r a t i o n  on n o n - r a d i o a c t i v e  w a s t e  
a t  t h e  end o f  1 9 8 0 . ( 1 )

•  At Rocky F l a t s ,  t h e  R o t a r y - k i l n  i n c i n e r a t o r  i s  e qu ippe d  w i th  a l i q u i d  
w a s t e  b u r n e r  t o  h a nd le  l i q u i d s  and o t h e r  w e t  w a s t e s  such as  r e s i n s  
and f i l t e r  s l u d g e s .  The f l u i d i z e d  bed i n c i n e r a t o r  has  been t e s t e d  
f o r  bu rn in g  l i q u i d  i n c l u d i n g  n a p h t h a ,  h y d r a z i n e ,  t r i b u t y l  p h o s p h a t e ,  
o i l ,  m e t h y le n e  c h l o r i d e ,  and o t h e r  l i q u i d  chemica l  w a s t e s . ( 10)

•  The P e n b e r t h y  E l e c t r o m e l t  I n t e r n a t i o n a l ,  I n c . ,  has  t e s t e d  s m a l l - s c a l e  
b u r n in g  of  t o l u e n e  i n  a m o l t e n - s a l t  i n c i n e r a t o r , ( H )  and an e l e c -  
t r o m e l t  i n c i n e r a t o r  c a p a b l e  o f  b u r n in g  100 kg of  t o l u e n e  p e r  hour  i s  
u nde r  c o n s t r u c t i o n . ( H )

•  The f l u i d i z e d - b e d  d r y e r / i n c i n e r a t o r  of  A e r o j e t  Energy C o n v e r s io n  
Company i s  a b l e  t o  burn c o n t a m i n a t e d  o i l  d i r e c t l y  i n  a s e p a r a t e  
f l u i d i z e d  bed i n c i n e r a t o r  i n s t e a d  of  having  t o  r educ e  i t s  volume 
f i r s t  i n  a f l u i d i z e d  bed d r y e r  as  i s  u s u a l l y  done w i th  aqueous  
w a s t e s . ( 1 )  The OF f o r  1 -1 3 1  a c r o s s  t h e  d r y e r  and o f f - g a s  c l e a n u p  
s y s te m  ha s  been d e t e r m i n e d  t o  be 10^ f o r  c h e m i c a l s  c o n t a i n i n g  
i o d i n e . (12 )  The f l u i d i z e d  bed c a l c i n e r / i n c i n e r a t o r  deve lped  by 
Newport News I n d u s t r i a l  Company i s  a b l e  t o  h a n d l e  bo th  l i g y i d  
(aqueous  and o r g a n i c )  and d ry  c o m b u s t i b l e  s o l i d  w a s t e s . (12)  The DF 
f o r  1-131  i s  1 X 1q5 and f o r  p a r t i c u l a t e s  i s  7 x 10

4 . 2 . 2  Acid D i g e s t i o n

Acid d i g e s t i o n  o f  c o m b u s t i b l e  o r g a n i c s  f o r  t r e a t m e n t  o f  TRU w a s t e  was 
a p p a r e n t l y  f i r s t  s u g g e s t e d  by Swedish w o r k e r s .  In t h i s  c o u n t r y  t h e  method  has  
been d e v e lo p e d  a t  Hanford E n g i n e e r i n g  Development  L a b o r a t o r y  t o  t h e  p o i n t
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where  a d e m o n s t r a t i o n  s c a l e  p r o c e s s  i s  be ing  o p e r a t e d ,  c a l l e d  t h e  R a d i o a c t i v e  
Acid D i g e s t i o n  T e s t  Un i t  o r  RADTU.(13) j h e  p r o c e s s  u s e s  b o i l i n g  c o n c e n t r a t ­
ed H2SO4 w i t h  HNO3 o x i d a n t  t o  c o n v e r t  o r g a n i c  compounds t o  CO2 and 
H2O. The main p u r p o s e  o f  RADTU i s  t o  r e c o v e r  t r a n s u r a n i c  e l e m e n t s ,  p a r t i c u ­
l a r l y  p l u t o n i u m ,  from TRU w a s t e .  The method i s  d e s i g n e d  f o r  t r e a t m e n t  of 
s o l i d s ,  a l t h o u g h  l i q u i d s  can be d i g e s t e d  i f  t h e y  a r e  n o n - v o l a t i l e . (14 )  For  
e x a m p le ,  i n  t r e a t i n g  Purex w a s t e  s o l v e n t ,  TBP ( t r i b u t y l  p h o s p h a t e )  i t s e l f  i s  
d i g e s t e d  a lm o s t  c o m p l e t e l y  bu t  t h e  k e r o s e n e  d i l u e n t  o n ly  p a r t i a l l y .  Oil 
w a s t e s  from power r e a c t o r s  may be  s u f f i c i e n t l y  n o n v o l a t i l e  t h a t  t h e y  c o u ld  be 
d i g e s t e d  e s s e n t i a l l y  c o m p l e t e l y .

One o f  t h e  main r e a s o n s  f o r  d e v e l o p i n g  t h e  a c i d  d i g e s t i o n  p r o c e s s  i s  
i t s  c a p a b i l i t y  o f  h a n d l i n g  c e r t a i n  un ique  w a s t e s  which ca nno t  be ha nd led  
e a s i l y  o r  a t  a l l  by most  i n c i n e r a t o r s .  T h i s ,  o f  c o u r s e ,  does  no t  a p p ly  t o  
r e a c t o r  o i l  w a s t e s ,  which can r e a d i l y  be  i n c i n e r a t e d .  The a c id  d i g e s t i o n  
p r o c e s s  i s  p r o b a b l y  more e x p e n s i v e  t o  o p e r a t e  t h a n  i n c i n e r a t i o n ,  and i s  t e c h ­
n i c a l l y  v e ry  de m and ing .  Equipment  t o  w i t h s t a n d  t h e  e x t r e m e l y  c o r r o s i v e  c o n d i ­
t i o n s  i s  v e ry  e x p e n s i v e .  I t  seems t h e r e f o r e  t h a t  as  a p r o c e s s  f o r  t r e a t i n g  
o i l  w a s t e s  from power r e a c t o r s  i t  would be f a r  more s o p h i s t i c a t e d  t h a n  r e ­
q u i r e d  and t o o  c o s t l y .

4 ^ 2 . 3  O zo n a t io n  o f  Oil Wastes

O zo n a t io n  a s  a p u r i f i c a t i o n  p r o c e s s  i s  d e s ig n e d  f o r  d e c o m p o s i t i o n  of  
sm a l l  amounts  of  o r g a n i c  i m p u r i t i e s  i n  w a t e r ,  r a t h e r  t h a n  f o r  d e s t r u c t i o n  of  
m a s s i v e  amounts  o f  o r g a n i c  w a s t e .  A l though  o z o n a t i o n  has  been used t o  decom­
pose  o r g a n i c  ccmplex ing  a g e n t s  (EDTA, HEDTA, NTA, and DTPA) i n  r a d i o a c t i v e  
w a s t e s , ( 6 , 1 5 , 1 6 )  no i n f o r m a t i o n  was a v a i l a b l e  on t h e  t r e a t m e n t  o f  o i l  w a s t e s  
s p e c i f i c a l l y .  As t h e  m o l e c u l a r  s t r u c t u r e  of  t h e s e  c h e l a t i n g  a g e n t s  i s  d i f ­
f e r e n t  f rom t h a t  o f  t h e  w a s te  o i l s ,  p r e d i c t i o n  o f  t h e  p r o d u c t s  o f  o z o n a t i o n  o f  
o i l  w a s t e s  from t h e  s t u d i e s  on c h e l a t i n g  a g e n t s  i s  no t  f e a s i b l e .  Ozona t ion  of  
s t r u c t u r a l l y  r e l a t e d  p a r a f f i n s  has  been s t u d i e d  in  ca rbon  t e t r a c h l o r i d e  s o l u ­
t i o n . (17 )  In t h i s  s t u d y ,  t h e  m a j o r  p r o d u c t  of  t h e  o z o n a t i o n  of  p e n ta n e  was 
i d e n t i f i e d  as  p e n t a n o l . From t h i s  i t  can be assumed t h a t  t h e  normal o z o n a t i o n  
p r o d u c t s  of  o i l  w a s t e s  ( s a t u r a t e d  h y d r o c a r b o n s )  w i l l  be t h e  c o r r e s p o n d i n g  s a t ­
u r a t e d  a l c o h o l s .  Such a r e a c t i o n ,  i f  i n d e e d  i t  o c c u r r e d  w i th  h igh  m o l e c u l a r  
w e i g h t  a l i p h a t i c  h y d r o c a r b o n s ,  would c o n v e r t  t h e  o i l s  t o  a l c o h o l s  which them­
s e l v e s  m ig h t  be o i l s ,  o r  p o s s i b l y  s o l i d s .  No volume r e d u c t i o n  would be accom­
p l i s h e d ,  and p re s u m a b ly  n o t h i n g  u s e f u l  would be ga in e d  by such a s t e p .  A l s o ,  
e f f i c i e n c y  a p p e a r s  t o  be l o w ,  even f o r  low m o l e c u l a r  w e ig h t  h y d r o c a r b o n s ,  and 
t h e  c o s t  of  such t r e a t m e n t  t h e r e f o r e  would l i k e l y  be p r o h i b i t i v e .
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5. CONCLUSIONS

In t h i s  s e c t i o n ,  c o n c l u s i o n s  a r e  drawn from t h e  r e s u l t s  o f  t h e  t e s t s  p e r ­
formed.  E v a l u a t i o n s  a r e  made r e g a r d i n g  v a r i o u s  methods o f  managing o i l  
w a s t e s ,  b o th  t h o s e  c o v e re d  i n  t h e  e x p e r i m e n t a l  work,  and o t h e r  p o s s i b l e  meth­
ods s u g g e s t e d  by i n f o r m a t i o n  o b t a i n e d  from t h e  l i t e r a t u r e  and t h e  s u r v e y  o f  
power p l a n t  e x p e r i e n c e .

5 .1  T e s t i n g  o f  A b s o r b e n t s

ASTM and o t h e r  s t a n d a r d  t e s t  p r o c e d u r e s  were r e v i e w e d .  On t h e  b a s i s  o f  
t h a t  r e v i e w ,  u n c o m p l i c a t e d  t e s t s  were d e r i v e d  f o r  d e t e r m i n i n g  a b s o r b e n c i e s  o f  
o i l  and w a t e r  in  a b s o r b e n t  m a t e r i a l s  u nde r  s t a t i c  c o n d i t i o n s  and u n d e r  s imu­
l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s .  I t  i s  n o t  f e a s i b l e  t o  s i m u l a t e  t r a n s p o r t a ­
t i o n  c o n d i t i o n s  e x a c t l y  i n  an u n c o m p l i c a t e d  t e s t  w i t h  equ ipment  o f  r e a s o n a b l e  
c o s t ,  bu t  t h e  r e p e t i t i v e  shock  v i b r a t i o n  t e s t  d e s c r i b e d  in  S e c t i o n  2 . 2 . 2  r e ­
p ro d u ce s  t h e  v i b r a t i o n  f r e q u e n c i e s  e n c o u n t e r e d  most o f t e n  i n  a c t u a l  t r a n s p o r ­
t a t i o n ,  and w i th  an a m p l i t u d e  and d u r a t i o n  com pa rab le  t o  what  would be e x p e c t ­
ed i n  normal road o r  r a i l r o a d  t r a n s p o r t a t i o n .

C o n c l u s io n s  which can be drawn from t h e  t e s t s  c a r r i e d  ou t  on s i x  r e p r e ­
s e n t a t i v e  a b s o r b e n t s  a r e :

•  All t h e  a b s o r b e n t s  e x c e p t  Conwed, a n a t u r a l  f i b e r ,  whose s u r f a c e  has 
been t r e a t e d  t o  r e p e l  w a t e r ,  e x h i b i t  s i m i l a r  a b s o r b e n c i e s  f o r  o i l  and 
f o r  w a t e r .  With w a t e r  a t  pH 13 (O.IM NaOH), t h e  s u r f a c e  c o a t i n g  on 
Conwed a p p a r e n t l y  i s  a t t a c k e d  and t h e  a b s o rb e n c y  i n c r e a s e s  t o  r o u g h ly  
t h e  same v a l u e  as' f o r  o i l .  A s ide  from t h i s  t h e r e  i s  a lm o s t  no e f f e c t  
o f  pH on w a t e r  a b s o r b e n c y  i n  t h e  pH r a n g e  1 -13 .

t  With one e x c e p t i o n .  I n s t a n t  D r i , o i l  a b s o r b e n c i e s  a r e  no t  changed  when
samples  a r e  s u b j e c t e d  t o  t h e  s i m u l a t e d  t r a n s p o r t a t i o n  c o n d i t i o n s ;  i . e . ,  
no o i l  i s  r e l e a s e d  d u r i n g  t h e  1 - h o u r  r e p e t i t i v e  shock t e s t .  For  
I n s t a n t - D r i ,  a r e d u c t i o n  o f  <1% by volume i s  o b s e r v e d .

•  When t h e  a b s o r b e n t s  s a t u r a t e d  w i t h  w a t e r  a r e  s u b j e c t e d  t o  t h e  r e p e t i ­
t i v e  shock t e s t ,  o n l y  v e r m i c u l i t e  and LSM a r e  u n a f f e c t e d .  I n s t a n t - D r i  
l o s e s  a b o u t  0 .0 1  ml p e r  mL o f  a b s o r b e n t .  S u p e r - F i n e  and Conwed a r e  
i n t e r m e d i a t e  i n  p e r f o r m a n c e ,  w h i l e  Amorphous S i l i c a t e  i s  reduced  t o  a 
f i n e  powder  and  r e l e a s e s  a lm o s t  a l l  i t s  a b s o rb e d  w a t e r .

5 . 2  S o l i d i f i c a t i o n  o f  Oil  Waste  With A b s o rb e n t

The p r i n c i p a l  c o n c l u s i o n s  from t h e  t e s t i n g  done w i t h  a b s o r b e n t s  a r e :

•  With P o r t l a n d  I c e m e n t ,  a l l  o f  t h e  a b s o r b e n t s ,  w h e th e r  h a l f  o r  f u l l y  
s a t u r a t e d  w i t h  o i l ,  can be i n c o r p o r t e d  i n  r e a s o n a b l e  p r o p o r t i o n s  t o  
form s a t i s f a c t o r y  s o l i d s  w i th  no f r e e  l i q u i d .
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•  At l e a s t  30 w e i g h t  p e r c e n t  s i m u l a t e d  o i l  w a s t e  can be c o n t a i n e d  i n  t h e  
f i n a l  m i x t u r e s ,  w i t h  a l l  t h e  a b s o r b e n t s ,  t o  g i v e  s a t i s f a c t o r y  cement  
w a s t e  fo rm s .  With Conwed, 50% o i l  can be i n c o r p o r a t e d .

•  With t h e  DOM cement  s h a l e  s i l i c a t e ,  a l l  sam ples  s e t  s a t i s f a c t o r i l y ,  
b u t ,  w i th  s e v e r a l  o f  t h e  a b s o r b e n t s ,  f r e e  l i q u i d  p r e v e n t s  some o f  t h e  
specimens  from be in g  c o n s i d e r e d  s a t i s f a c t o r y .  T h i s  i s  t h e  s i t u a t i o n  
f o r  v e r m i c u l i t e  and Amorphous S i l i c a t e  f o r  bo th  s a t u r a t i o n  and h a l f  
s a t u r a t i o n  w i t h  o i l ,  and f o r  o i l - s a t u r a t e d  Conwed and S u p e r - F i n e .  All  
sam ples  p r e p a r e d  w i t h  I n s t a n t - D r i  and LSM have  shown no f r e e  l i q u i d .

•  Using  t h e  p r o p o r t i o n s  c a l l e d  f o r  in  DCM's p r o c e d u r e ,  a p p r o x i m a t e l y
15 w e i g h t  p e r c e n t  o i l  i s  c o n t a i n e d  i n  t h e  m i x t u r e s  w i t h  I n s t a n t - D r i  and 
LSM, t h e  b e s t  p e r f o r m e r s .  By v a r y i n g  t h e  m a n u f a c t u r e r ' s  p r o c e d u r e ,  up 
t o  20 w e i g h t  p e r c e n t  can be i n c o r p o r a t e d  u s i n g  LSM.

5 . 3  S o l i d i f i c a t i o n  o f  Oil Waste W ithou t  A b s o r b e n t s

For  t h e  r e a s o n s  g i v e n  i n  s e c t i o n  3 . 2 ,  s i m u l a t e d  o i l  w a s t e s  were  not  
t e s t e d  w i t h  t h e  Dow v i n y l  e s t e r - s t y r e n e  p o l y m e r i z a t i o n  p r o c e s s .  A s i m u l a t e d  
BWR aqueous  w a s t e  c o n t a i n i n g  0.2% o i l  was t e s t e d  w i t h  t h e  Dow p r o c e s s  and gave 
a c c e p t a b l e  w a s t e  fo rm s .  C o n c l u s io n s  f o r  t e s t s  done w i t h  P o r t l a n d  I cement  and 
DCM cement  s h a l e  s i l i c a t e  f o l l o w .

•  Using P o r t l a n d  I c e m e n t ,  t h e r e  i s  a c o n s i d e r a b l e  c o m p o s i t i o n  range  o v e r  
which a c c e p t a b l e  w a s t e  forms can be p r e p a r e d .  Up t o  35 w e ig h t  p e r c e n t  
o i l  can be i n c o r p o r a t e d  i n  a c c e p t a b l e  w a s t e  forms ( i . e . ,  w i t h  com pres ­
s i v e  s t r e n g t h  >50 p s i  and r e l e a s i n g  no f r e e  l i q u i d )  a s  lo n g  a s  t h e  
w a t e r  c o n t e n t  i s  in  t h e  range  25 -35  w e i g h t  p e r c e n t .

•  Compress ive  s t r e n g t h s  o f  t h e  c o n c r e t e  samples  a r e  many t i m e s  g r e a t e r  
t h a n  t h e  p ro p o se d  50 p s i  NRC r e q u i r e m e n t ,  a lm o s t  t o  t h e  boundary  o f  t h e  
c o m p o s i t i o n  r e g i o n  i n  which a c c e p t a b l e  forms a r e  o b t a i n e d ,  and  t h e n  t h e  
s t r e n g t h  d r o p s  o f f  r a p i d l y .

•  A d d i t i o n  o f  a small  amount o f  d e t e r g e n t  t o  m i x t u r e s  c o n t a i n i n g  r e l a ­
t i v e l y  h ig h  p r o p o r t i o n s  o f  o i l  f a c i l i t a t e s  s o l i d i f i c a t i o n  and i n c r e a s e s  
s t r e n g t h .  I n c r e a s i n g  t i m e  o f  c u r i n g  a l s o  g i v e s  i n c r e a s e d  s t r e n g t h .  
A c c e p t a b l e  samples  can  be p r e p a r e d  w i t h  p r o p o r t i o n s  o f  o i l  >35 w e i g h t  
p e r c e n t  by t h e s e  means.

•  All t h e  m i x t u r e s  used  w i th  DCM cement s h a l e  s i l i c a t e  s o l i d i f y  w i t h i n
10 s e c o n d s  and show no f r e e  l i q u i d .  V a r i a t i o n s  o f  a t  l e a s t  +̂ 20% can be 
made in  t h e  p r o p o r t i o n s  recommended by t h e  m a n u f a c t u r e r .

•  Com press ive  s t r e n g t h  cha nged  h a r d l y  a t  a l l  o v e r  t h e  r a n g e  o f  compos i ­
t i o n s  t e s t e d  f o r  t h e  DCM cement  s h a l e  s i l i c a t e  p r o c e s s .  The measured 
v a l u e  was a lw ays  c l o s e  t o  300 p s i ,  which i s  no t  h i g h ,  b u t  wel l  above 
t h e  p roposed  50 p s i  c r i t e r i o n .
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•  The p r o p o r t i o n  o f  o i l  i n c o r p o r a t e d  i n  DCM cement  u s in g  t h e  manufac ­
t u r e r ' s  p r o c e d u r e  i s  1 4 .7  w e i g h t  p e r c e n t .  W ith in  t h e  r ange  o f  compo­
s i t i o n s  c o v e re d  i n  t h e  v a r i a t i o n s ,  1 9 .5  w e i g h t  p e r c e n t  was t h e  maximum 
o i l  l o a d i n g .  T h i s  amount y i e l d s  an a c c e p t a b l e  w a s te  form.

5 . 4  Comparison o f  Methods

•  T h i r t y - f i v e  w e i g h t  p e r c e n t  o i l  can r e a d i l y  be i n c o r p o r a t e d  i n t o  con­
c r e t e  w i t h o u t  t h e  use  of  a b s o r b e n t s .  Somewhat more t h a n  35% can be 
i n c o r p o r a t e d  when a smal l  amount  o f  d e t e r g e n t  i s  i n c l u d e d ,  and when t h e  
m i x t u r e  i s  a l l o w e d  t o  c u r e  f o r  l o n g e r  t h a n  10 d a y s .  S o l i d s  p r e p a r e d
w i t h  t h e s e  c o m p o s i t i o n s  e a s i l y  s u r p a s s  t h e  50 p s i  c o m p r e s s i v e  s t r e n g t h
c r i t e r i o n .  The amount  o f  o i l  i n  t h e  s t a n d a r d  DCM f o r m u l a t i o n  i s
1 4 .7  w e ig h t  p e r c e n t  and t h e  g r e a t e s t  amount i n  t h e  v a r i a t i o n s  t e s t e d  i s  
19.5%. Thus w i t h o u t  c ha ng ing  t h e  DCM f o r m u l a t i o n  and c a r r y i n g  ou t  more 
t e s t s ,  i t  must  be c o n c lu d e d  t h a t  P o r t l a n d  I cement  can i n c o r p o r a t e  
a lm o s t  t w i c e  as  g r e a t  a w e i g h t  p e r c e n t  o i l  a s  can DCM.

•  When a b s o r b e n t s  c o n t a i n i n g  o i l  a r e  s o l i d i f i e d  i n  c o n c r e t e ,  a t  l e a s t
30 w e ig h t  p e r c e n t  o i l  can be c o n t a i n e d  in  a w a s t e  form which s e t s  
p r o p e r l y  and c o n t a i n s  no f r e e  l i q u i d ,  u s in g  a l l  t h e  a b s o r b e n t s  t e s t e d .  
With Conwed, 50 w e i g h t  p e r c e n t  o i l  can be i n c o r p o r a t e d .  Th i s  i s  an 
even  g r e a t e r  p r o p o r t i o n  o f  o i l  t h a n  can be h e l d  i n  c o n c r e t e  w i t h o u t  
a b s o r b e n t .

•  Using a b s o r b e n t s  w i t h  t h e  DCM p r o c e d u r e  does n o t  i n c r e a s e  t h e  amount o f  
o i l  which can be s a t i s f a c t o r i l y  s o l i d i f i e d .  Fo l low ing  t h e  m anufac ­
t u r e r ' s  p r o c e d u r e  w i th  LSM, t h e  a b s o r b e n t  p e r m i t t i n g  i n c o r p o r a t i o n  o f  
t h e  h i g h e s t  p r o p o r t i o n  o f  o i l ,  a s o l i d  w i t h  17 w e i g h t  p e r c e n t  o i l  i s  
o b t a i n e d .  By v a r y i n g  p r o p o r t i o n s  w i t h i n  t h e  range  used in  t h i s  s t u d y ,  
a,maximum o f  20 w e i g h t  p e r c e n t  o i l  can be i n c o r p o r a t e d .  T h i s  i s  e s ­
s e n t i a l l y  t h e  amount o f  o i l  t h a t  can be s o l i d i f i e d  w i t h o u t  a b s o r b e n t s ,  
and t h e  maximum w e i g h t  p e r c e n t  i s  l e s s  t h a n  h a l f  t h a t  o b t a i n a b l e  w i t h  
P o r t l a n d  I cement  and t h e  a b s o r b e n t  Conwed.

•  The use o f  a b s o r b e n t s  a l o n e  f o r  d i s p o s a l  o f  o i l  w a s t e  s h o u ld  p ro b a b l y  
no t  be a bandoned .  Three  power p l a n t s  an sw er ing  our  q u e s t i o n n a i r e  use 
a b s o r b e n t  t o  c o n t a i n  t h e i r  w a s t e  o i l s ,  and one (James A. F i t z p a t r i c k )  
s h i p s  t h e  w a s t e  t o  H a n fo rd .  Conwed and Amorphous S i l i c a t e  each can 
h o ld  o v e r  90 w e i g h t  p e r c e n t  o i l ,  o r  >45% even when o n ly  h a l f  s a t u r a t e d .  
N e i t h e r  r e l e a s e  any o i l  when t h e  s a t u r a t e d  a b s o r b e n t  u n de rgoe s  t h e  
s i m u l a t e d  t r a n s p o r t a t i o n  t e s t .  Thus ,  f o r  o i l  w a s te  c o n t a i n i n g  no 
w a t e r ,  o r  o n ly  small  am oun ts ,  use  of  a b s o r b e n t  a l o n e  f o r  d i s p o s a l  in  
s u i t a b l e  meta l  c o n t a i n e r s  seems f e a s i b l e .

t  S i m u l a t e d  t r a n s p o r t a t i o n  t e s t s  ( r e p e t i t i v e  shock)  w i l l  have t o  be 
c a r r i e d  o u t  on w a s t e  forms made from P o r t l a n d  cement and DCM cement 
s h a l e  s i l i c a t e  w i t h  and w i t h o u t  a b s o r b e n t  in  o r d e r  t o  p e rm i t  p r o p e r  
com par i son  o f  t h e i r  use  w i t h  t h e  use  o f  a b s o r b e n t s  a l o n e .
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5 . 5  A l t e r n a t i v e  Meth ods

•  R e g e n e r a t i o n  i s  w o r t h w h i l e  t o  c o n s i d e r  as  a method f o r  t r e a t i n g  o i l  
w a s t e s ,  w h e t h e r  o r  no t  t h e  r e c o v e r e d  o i l  can be r e - u s e d .  Washing w i th  
w a t e r  and f i l t r a t i o n  a r e  u s e f u l  p r o c e d u r e s .  I f  used  i n  s e r i e s ,  t h e y  
can remove a lm o s t  a l l  t h e  r a d i o a c t i v i t y .  S i n c e  t h e  w a t e r  would go t o  
l i q u i d  r a d w a s t e ,  t h e  on ly  new s e c o n d a r y  w a s t e  s t r e a m  c r e a t e d  would  be 
t h e  f i l t e r s .  Because  o f  t h e  v e ry  low a c t i v i t y  l e v e l  o f  t h e  o i l  w a s t e s ,  
f i l t e r s  c o u l d  be e x p e c t e d  t o  ha n d le  l a r g e  q u a n t i t i e s  o f  w a s t e  o i l  
b e f o r e  t h e y  would have t o  be d i s p o s e d  o f .

•  Of t h e  management  methods c o n s i d e r e d ,  i n c i n e r a t i o n  a p p e a r s  t o  be t h e  
on ly  p r a c t i c a l  one a t  p r e s e n t .  A number o f  d i f f e r e n t  t y p e s  have been 
d e v e lo p e d  f o r  u se  w i t h  TRU w a s t e ,  and s e v e r a l  have been a d a p t e d  f o r  
h a n d l i n g  l i q u i d s .  No m a jo r  p rob lem s  a r e  a n t i c i p a t e d  w i t h  t h e  o f f - g a s  
t r e a t m e n t ,  b u t  t h i s  p o i n t  s h o u l d  be v e r i f i e d .

•  Acid d i g e s t i o n ,  w h i l e  f e a s i b l e ,  i s  a r e l a t i v e l y  s o p h i s t i c a t e d  method 
and would  be v e r y  e x p e n s i v e .

•  O zo n a t io n  as  a p u r i f i c a t i o n  p r o c e s s  i s  d e s i g n e d  t o  decompose smal l  
amounts  o f  o r g a n i c  i m p u r i t i e s  i n  w a t e r .  App ly ing  i t  t o  d e s t r u c t i o n  o f  
hund reds  o f  g a l l o n s  o f  o i l ,  a s sum ing  chemica l  a t t a c k  c o u l d  l e a d  t o  such 
d e s t r u c t i o n ,  would be p r o h i b i t i v e l y  e x p e n s i v e .

•  Vermont Yankee p r e s e n t l y  u s e s  f i l t r a t i o n  and i t  i s  p l a n n e d  f o r  u se  a t  
Nine Mile  P o i n t .  None o f  t h e  p l a n t s  an sw er ing  our  q u e s t i o n n a i r e  have 
used  i n c i n e r a t i o n ,  bu t  i t  seems t o  be c o m p l e t l y  s u i t a b l e  a s  a d i s p o s a l  
method.
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APPENDIX A 

OIL WASTE QUESTIONNAIRE

Copy o f  q u e s t i o n n a i r e  s e n t  t o  37 u t i l i t i e s  o p e r a t i n g  o v e r  50 n u c l e a r  
power p l a n t s ,  and t a b u l a r  summary o f  i n f o r m a t i o n  c o n t a i n e d  in  r e t u r n e d  
q u e s t i o n n a i  r e s .
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QUESTIONNAIRE

Name o f  Power S t a t i o n

(A) Volume o f  r a d i o a c t i v e  w a s t e  o i l  g e n e r a t e d  p e r  y e a r  ( g a l / y r )

1 . l u b r i c a t i o n  o i l

2 . t u r b i n e  o i l

3 .  pump o i l

4.  g r e a s e

5.  s l u d g e

6 . o t h e r s  ( p l e a s e  s p e c i f y )

(B) R a d i o i s o t o p e s  and l e v e l  o f  r a d i o a c t i v i t y  i n  each  w a s t e

1. l u b r i c a t i o n  o i l

2 . t u r b i n e  o i l

3 .  pump o i l

4.  g r e a s e

5 .  s lu d g e

6 . o t h e r s  ( p l e a s e  s p e c i f y )

(C) pH and  amount  o f  w a t e r  i n  ea ch  w a s t e

1. l u b r i c a t i o n  o i l

2 . t u r b i n e  o i l

3 .  pump o i l

4.  g r e a s e

5.  s l u d g e

6 . o t h e r s  ( p l e a s e  s p e c i f y )
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Q u e s t i o n n a i r e  ( C o n t ' d )

(D) S o u r c e  o f  c o n t a m i n a t i o n  ( i . e . ,  c o n t a c t  w i t h  p r im a ry  c o o l a n t ,  b r e a t h  i n  open 
h a n d l i n g ,  e t c . )

1 . l u b r i c a t i o n  o i l

2 . t u r b i n e  o i l

3 .  pump o i l

4 .  g r e a s e

5 .  s l u d g e

6 . o t h e r s  ( p l e a s e  s p e c i f y )

(E) What b r a n d  o i l  o r  m a t e r i a l  i n  each  c a t e g o r y

1. l u b r i c a t i o n  o i l

2 . t u r b i n e  o i l

3 .  pump o i l

4 .  g r e a s e

5 .  s l u d g e

6 . o t h e r s  ( p l e a s e  s p e c i f y )

(F)  What i s  t h e  p r e s e n t  w a s t e  t r e a t m e n t  method employed?
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T a b l e  A . l

R e s u l t s  o f  Q u e s t io n n a i r e  on Oil Wastes From O p era t in g  N uc lea r  Power P l a n t s

Power S t a t i o n

Annual Oil Waste
 G e n e ra t io n  ( g a l / y r )

Pump Oil 
a n d /o r  Lubri

e a t i n g  o i l
T u rb in e  Sludge and 

01] Grease
R adioac t i v e  Co n ta m in a t io n  Water C ontent  

AmountI so to p e s and pH
Source of 

C on tam ination
P r e s e n t  Waste 

T reatment Method

PWR

cn
o

C r y s t a l  R iv e r  
U nit  3

Rancho Seco

PWR (W estinghouse) 
B eaver  Va l l e y

C o n n e c t i c u t
Yankee

Kewaunee

T ro ja n

75

400

500

>275

50-100

100

NA«

NA

n i l

NA

n i l

Cs-137,
Co-58,60

< 0 .1 t ,  pH not 
measured

H-3, Cs-137 .  10-6 .  10 -7
Co-58,60 uCI/mL

Xe-133 n1)

Cs-134,137 10 -6  yC1/mL n i l
Co-60 10-5 pC1/mL

Cs-137 10-5 pCI/mL <10*
Co-60 10-5 yC1/mL pH n e u t r a l

Co-60, Cs-137 < 1 0 -5  pci/mL NA 
1-131

pump o i l  con tam ina ted  
from v e n t i l a t i o n

pump o i l  con tam in a ted  
from v e n t i l a t i o n

pump o i l  con tam ina ted  
from v e n t i l a t i o n

n o t  known

I n d i r e c t  contam ina­
t i o n  from primary  
c o o la n t

rad w as te  pump, 
r e a c t o r  c o o la n t  
pumps

s to r a g e  In p l a n t  

a b s o r p t io n  In s o r b e n t s

kep t  t i l l  r a d i o a c t i v i t y  
decays

NA

w a te r  to  ra d w as te ,  
o i l  s t o r e d  on s i t e

absorbed  In Speed 1-Or 1 
In 55-ga l  drum

Peach Bottom 100 900 NA C s-134 ,137 ,  
Co-60, 2n-65

10-5 .  1 0 -6  
uCI/fll

0-90X, pH 
no t  measured

c o n ta c t  w i th  
c o o la n t  v ia  
seal

primary
steam

w a te r  to  rad w as te ,  
o i l  s o l i d i f i e d  In 
DCM Cement

Vermont Yankee 100 100 NA v a r i e s ,  low a c t i v i t y v a r i e s ,  pH 
n o t  measured

c o n ta c t  w i th  
c o o la n t

primary f i l t e r e d  th rough  
d ia tom aceous  e a r t h  
and r e s i n

Nine Mile P o in t 110 330 NA Cs-134,

Co-60

2 .4x10-5
uC1/mL

9.9x10-5
uCI/mL

NA c o n ta c t  w i th  
c o o la n t

primary p la n s  a r e  f o r  f i l t r a t i o n  
and vacuum c o a le sce n c e

James A. F i t z p a t r i c k 220 500 275
( s lu d g e )

Co-60

Cs-137

Mn-54

1 . 8 x10 -^
uCI/mL

2.75x10-5
uCI/mL

9 .3x10-6
uCI/mL

<1* in  o i l s  
pH 3 . 5 - 4 . 0  

20-30* In s ludge  
pH 4 . 0 - 5 . 5

c o n ta c t  w ith  
c o o la n t

primary absorbed  w i th  a b so rb en t  
and sh ipped  to  Hanford

^NA -  n o t  answered .



APPENDIX B

STANDARD VIBRATION TEST METHODS FOR SIMULATION OF TRANSPORTATION CONDITIONS

1.  M i l i t a r y  S t a n d a r d  Envi ronm enta l  T e s t  M e thods ,  MIL-STD-810 C, Method 514,  
V i b r a t i o n .

2 .  DOT t e s t  f o r  s t e e l  d rum s ,  49 CFR 178,  S e c t i o n  1 6 - 1 3 ( a ) ( 2 ) .
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1. M i l i t a r y  S t a n d a r d  Env i ronm en ta l  T e s t  Methods ,  MIL-STD-810 C,
Method 514 ,  V i b r a t i o n

i M ,

4 . 6 . 1 2 . 1  P a r t  1 (F o rm er  4 . 1 6 . 1 )  DISCONTINUED

4 . 6 . 1 2 . 2  Part 2 , b ou n ce ,  l o o s e  cargo

4 . 6 . 1 2 . 2 . 1  P u rp ose . To determine t h a t  th e  equipment,  a s  prepared fo r  
f i e l d  u s e ,  s h a l l  be c a p a b le  o f  w ith stan d in g  t h e  v i b r a t i o n s  normally  induc­
ed du r in g  combat t r a n s p o r t a t i o n  as l o o s e  cargo .  Equipment i n  t h i s  c l a s s  
i s  norm ally  t r a n s p o r t e d  in  a t r a n s i t  c a s e ,  combination  c a s e ,  or  s p e c i a l  
c o n t a i n e r  from which i t  i s  removed j u s t  p r i o r  t o  u s e ,  e . g . ,  ammunition or 
m i s s i I c s .

4 . 6 . 1 2 . 2 . 2  A pparatus . A package t e s t e r  capable  o f  1 in c h  (double  ampli­
tude)  d isp lacem en t  and o f  s u i t a b l e  c a p a c i ty  f o r  t e s t i n g  m i l i t a r y  equipment.

4 . 6 . 1 2 . 2 . 3  T e s t  c o n d i t i o n s . The t e s t  bed o f  th e  package t e s t e r  s h a l l  be 
covered  with  a p an e l  o f  1 / 2 - i n c h  plywood, w ith  th e  g r a i n  p a r a l l e l  t o  the  
d r iv e  c h a in .  The plywood s h a l l  be secured w ith  s i x - p e n n y  n a i l s ,  with top  
o f  heads f l u s h  w i th  o r  s l i g h t l y  below the  s u r f a c e .  N a i l s  s h a l l  be spaced  
at  6 - inch  i n t e r v a l s  around a l l  four  edges .  I f  t h e  d i s t a n c e  between e i t h e r  
p a i r  o f  f e n c e s  i s  g r e a t e r  than 24 i n c h e s ,  th e  plywood s h a l l  a l s o  be n a i l e d  
at  3 - inch  i n t e r v a l s  i n  a 6 - in c h  square a t  the  c e n t e r  o f  t h e . t e s t  area .
Using s u i t a b l e  wooden f e n c e s ,  c o n s t r a in  th e  t e s t  i tem  t o  a h o r i z o n t a l  
motion o f  no t  more than 2 in c h e s  i n  a d i r e c t i o n  p a r a l l e l  t o  th e  axes  o f  the  
axes  o f  th e  s h a f t s ,  a d i s t a n c e  more than s u f f i c i e n t  t o  i n s u r e  t h e  t e s t  item  
w i l l  not  rebound from f e n c e  t o  f e n c e .  For la r g e  i t e m s ,  care  should  be 
taken t o  avoid  p o t e n t i a l  a i r - c u s h i o n i n g  e f f e c t s  which may e x i s t  between  
the  s u r f a c e  o f  th e  package  t e s t e r  and the t e s t  i tem .

4 . 6 . 1 2 . 2 . 4  Performance o f  t e s t . The t e s t  i tem ,  a s  sec u r e d  in  i t s  t r a n s i t  
c a s e ,  or  combination  c a s e ,  o r  as  o th erw ise  prepared f o r  f i e l d  t r a n s p o r t a t i o n ,  
s'hall be p la c e d  on th e  package t e s t e r  w ith in  th e  c o n s t r a i n t s  o u t l i n e d  above.  
The t e s t  i tem w i l l  no t  be  operated  during v i b r a t i o n .  The package t e s t e r  
s h a l l  be operated  in  t h e  synchronous mode with the  s h a f t s  in  ph ase .  (In 
t h i s  mode any p o i n t  on t h e  bed o f  the  package t e s t e r  w i l l  move in  a c i r c u l a r  
path in  a v e r t i c a l  p l a n e  p e r p e n d ic u la r  t o  th e  axes  o f  th e  s h a f t s . )  The 
package t e s t e r  s h a l l  be  o p era ted  a t  1 - in ch  double am pli tude  and 284 rpm
±2 rpm f o r  a t o t a l  o f  3 h ou rs .  At the  end o f  each 1 /2 - h o u r  p e r i o d ,  turn  
the t e s t  i tem  t o  r e s t  on a d i f f e r e n t  f a c e ,  so  t h a t  a t  t h e  end o f  th e  3-hour  
p er io d  t h e  t e s t  i t e m  w i l l  have r e s t e d  on each o f  i t s  s i x  f a c e s  ( t o p ,  bottom,  
s i d e s ,  and e n d s ) .  At t h e  end o f  th e  3-hour p e r i o d ,  t h e  t e s t  i tem  s h a l l  be 
operated  and i n s p e c t e d  and r e s u l t s  obtained in  accordance  w i th  General  
Requirements ,  3 . 2 .  The package  t e s t e r  s h a l l  be op era ted  in  t h e  v e r t i c a l  
l i n e a r  mode ( s t r a i g h t  up and down in  the  v e r t i c a l  p l a n e )  i n s t e a d  o f  in  the  
synchronous mode when one  o f  t h e  fo l lo w in g  c o n d i t i o n s  o c cu rs :

a.  Bouncing o f  t h e  t e s t  i tem  i s  very  sev ere  and p r e s e n t s  a hazard to  
p e r s o n n e l .

Forward and r e a r  o s c i l l a t i o n s  cannot be reduced ,  h'hcn operated  in  the  
v e r t i c a l  l i n e a r  mode, wooden f e n c e s  s h a l l ' b e  p la c e d  on a l l  fou r  s i d e s  o f  
the  t e s t  i tem  t o  c o n s t r a i n  i t s  n o t io n  to  not more than 2 in c h e s  in  e i t h e r  
d i r e c t i o n .
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2,  DOT T e s t  f o r  S t e e l  Drums

§ 178.252-3
tlvc mechanical locking and scaling de> 
vices to prevent leakage during normal 
conditions incident to transportation.
lAmdl. 178-60.37 FR 3688. Feb. 9.1972]

S178J152-3 Testing.
(a) Design qualification testing. In 

addition to the testing prescribed In 
{ 178.252-5 ta). a vibration and a drop 
test are also required on each design. 
For these tests, the tank must be filled 
with a fine, dry powdered material 
having a density that results in the 
tank having a gross weight not less 
than the rated gross weight of the 
tank.

(1) Vibration test This test must be 
performed for 1 hour using a mini­
mum double amplitude of 1 inch at a 
frequency that causes the test tank to 
be raised from the floor of the testing 
table so a piece of flat steel strap may 
be passed between the tank and the 
table. The tank must be restrained so 
that all horizontal motion is restricted 
and only vertical motion is permitted.

(2) Drop test The tank must be ca­
pable of withstanding without leakage 
of contents of 2-foot free drop onto a 
flat unyielding horizontal surface, 
striking the target surface In the posi­
tion and attitude from which maxi­
mum damage to the tank (including 
closures) is expected.

(b) Production quality control, test­
ing, and inspection— Leakage test 
Each tank must be tested by a mini­
mum air or hydrostatic pressime of at 
least 2 pounds per square inch gage 
applied to the entire tank. If the 
pressure is used, the entire surface of 
all Joints under pressure must be 
coated with, or immersed In, a solution 
of soap and water, or other material 
suitable for the purpose of detecting 
leaks. If the hydrostatic pressure test 
is used it must be carried out by using 
water or other liquid having a similar 
viscosity, the temperature of which 
may not exceed 100* F. and all Joints 
under pressure must be inspected for 
leaks. For either test, the pressure 
must be held for a period of time suffi­
ciently long to assure detection of 
leaks. All closures must be in place 
during the test. Any tank that has de­
tectable leakage or significant perma­
nent deformation does not meet the 
requirements of this specification.

Title 4 9 — T ra n tp o r ia l io n

(Amdl. 178-60.37 FR 2888. Feb. 9,19721

} 178.253 Specification 57; metal portable 
tank.

S 178.253-1 General requirements.
(a) Each tank must be in compliance 

with the genera] design and construc­
tion requirements in { 178.251 in addi­
tion to the specific requirements of 
this section.

(b> Each tank must have a capacity 
of at least 110 gallons but not more 
than 660 gallons.
(Arndt. 178-60.37 FR 2888, Feb. 9.1972)

S 178.253-2 Openings.
(a) Each fill and discharge opening 

must be equipped with a closure device 
that meets the following require­
ments:

(1) Any closure for a fill opening in 
excess of 20 square inches must be 
equipped with a device to prevent the 
closure from fully opening without 
first relieving internal pressure.

C2) Any product discharge valve, if 
used, must be provided with a leak 
tight device, such as a cap or plug.

(3) Each closure must be vapor tight.
(b) A drum-type locking ring closure 

is authorized for any opening less than 
23 inches in diameter. A drum-type 
locking ring closure must be at least a 
12-gage bolted ring with forged lugs 
having at least a %-inch steel bolt 
tapped into one of the lugs. The lock­
ing ring must be equipped with a lock 
nut or equivalent device.
[AmdU 178-60.37 FR 2888. Feb. 9.1972)

f 178.253-3 Protection of fittings.
Each fitting which could be dam­

aged sufficiently to result in leakage 
of tank contents must be protected by 
suitable guards or protective housings. 
The term “fitting** includes valves, clo­
sure devices, safety relief devices, and 
other accessories through which con­
tents could leak from the tank. Each 
fitting or fitting protection device 
must be capable of withstanding the 
fitting protection test specified in 
i 178.251-8.
[AmdL 178-60.31 FR 2888. Feb. 9.1972)
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Chapter I—Research an d  Special Program s Adm lnislrallon S 178.253-5

1178.253-4 Vent*.
(a) Each tank must be equipped with 

at least one pressure relief device such 
as a sprlnc'loaded valve, frangible disc 
or fusible plug.

(b) Each pressure relief device must 
communicate with the vapor space of 
the tank when the tank is in a normal 
transportation attitude. Shutoff valves 
must not be installed between the 
tank opening and any pressure relief 
device. Pressure relief devices must be 
mounted, shielded, or drained to pre­
vent the accumulation of any material 
that could Impair the operation or dis­
charge capability of the device.

(c) The total emergency venting ca­
pacity (cu. f t/h r .)  of each portable 
tank must be at least that determined 
from the following table.

» _

40_
S0._
S0_
ro_
w _
M_.
100-

1Z0-
140-

ToM surtte* *r»M 
$qu tr»h tl*  '

100-

tirptr/ieir
  1SS00
  23.700
  3IM0
  39SOO
  47.400
  55.300
  63S00
  71S00
  70,100
  04,000
  110.700
  126.500

'Interpolate for Intermediate sizes.
'Surface area excludes area of less.

(1) The pressure operated relief 
device must open at not less than 3 
pounds per square inch gage and at 
not over the design test pressure of 
the tank. The minimum venting capac­
ity for pressure activated vents must 
be 6,000 cubic feet of free air per hour 
(measured at 14.7 p.s.i.a. and 60* F.) at 
not more than 5 pounds per square 
inch gage.

(2) If a frangible device is used for 
relieving pressure, the device must 
have a minimum area of 1.25 square 
inches and must be rated at less than 
the design test pressure of the tank.

(3) If a fusible device is used for re­
lieving pressure, the device must have 
a minimum area of 1.25 square inches. 
The device must function at a tem­
perature between 220* P. and 300* P. 
and at a pressure less than the design 
test pressure of the tank, unless this 
latter function is accomplished by a 
separate device.

(d) No relief device may be used 
which would release flammable vapors 
under normal conditions of transpor­
tation (temperature up to and Includ­
ing 130* P.).
(Amdt. 178-60. 37 FR 2888. Feb. 9. 1672)

{178.253-5 Testing.
(a) Design qualification testing. In 

addition to the testing prescribed in 
{ 178.251-5, a vibration test, a drop 
test, and a pressure test are also re­
quired on each design. For the vibra­
tion and drop tests, the tank must be 
filled with a liquid to not less than the 
rated gross weight.

(1) Vibration test. This test must be 
performed for 1 hour using a mini­
mum double amplitude of 1 inch at a 
frequency that causes the test tank to 
be raised from the floor of the testing 
table so a piece of flat steel strap may 
be passed between the tank and the 
table. The tank must be restrained so 
that all horizontal motion is restricted 
3uid only vertical motion is permitted.

(2) Drop test The tank must be ca­
pable of withstanding without leakage 
of contents a 2-foot free drop onto a 
flat unyielding horizontal surface, 
striking the target surface in the posi­
tion and attitude from which maxi­
mum damage to the tank (including 
piping and fittings) is expected.

(3) Pressure test The tank must be 
capable of maintaining, under hydro­
static test for at least 5 minutes, at 
least one and one-half times the 
design pressure prescribed in this 
paragraph, without detectable leakage 
or significant permanent deformation. 
The pressure must be measured at the 
top of the tank. Each closure must be 
in place and blocked if necessary as for 
shipment. Each closure must be stand­
ard, except that tapping for pressuriz­
ing and gaging is permitted. Design 
pressure must be determined as fol­
lows:

P -(h d /l  15)4-3
Where:

P>Deslgn pressure In ps.Lg4 
h-Inside helsht of tank in Inches: 
d-Maximum allowable density in pounds 

per gallon:
115»Number of cubic Inches in 1 gallon 

(231) divided by a safety factor of two.
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APPENDIX C 

CANDIDATE ABSORBENTS

T a b le  C . l  r e p r o d u c e s  t h e  l i s t  o f  a b s o r b e n t s  and s u p p l i e r s  as  r e c e i v e d  
from NRC, and T a b l e  C.2  g i v e s  i n f o r m a t i o n  on c o m p o s i t i o n  and p r o p e r t i e s  as  
o b t a i n e d  from t h e  s u p p l i e r s  f o r  20 o f  t h e  a b s o r b e n t s .
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T a b l e  C . l

LIST OF ABSORBENTS 

I n f o r m a t i o n  S u p p l i e d  by NRC 

The f o l l o w i n g  i s  a l i s t  o f  a b s o r b e n t s  t o  be u s e d  i n  t h i s  s u b t a s k .  

ABSORBENTS POSSIBLE SOURCE

1. Floor Dry 85 
Super-Fine

Eagle Piecher Industries 
580 Walnut S t.
Mrs. Tava Witschy 
C incinnati, Ohio 
(513) 721-7010

2. Florco X F lo rid in  Company 
Jack Obara 
Three Pen Center 
P ittsbu rgh , Pa.

3. Instant-D ri Meridian Petroleum Company 
330 S. Wells S tre e t 
Chicago, I l l in o is  
(312) 939-2693

Hi-Dri 
grades #40 
grades #50 

••Dri-Zit" 
Petro-sorb 
Zip-Zorb #40

S. Lee Coogan 
Marketing Manager 
Waverly Mineral Products 
Philadelphia, PA 
(215) 243-1760

"LSM"
"Oil Sorbent"

Hy-6rade D is trib u to rs , Inc. 
574 Main S tree t 
Tonawanda, New York 
(716) 695-3960

Clean-Dri
Super-sorb
Safety-Sorb

Excel Mineral Company 
1288 Coast Village Road 
Santa Barbara, CA 
(805) 969-5811

Diatomaceous Earth 
Celatom M-P 78

8. Verraiculites (Uncoated) 
grades: #1, #2, #3, #4

W. R. Grace Company 
Trenton, New Jersey 
(609) 587-2570
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9. Speed Dry Fluoridium Co.

10. Super Fine

11. P erlite
fine and medium grades

12. Oil-dry

13. Amorphous S ilic a te

Wilson Paper Company 
160 S. Seminary S treet 
Galesburg, IL 
(309) 342-0168

Science Related M aterials, Inc.

14. Fiberperl

15. Petro-Grab

16. Conwed

17. 3M Sorbent

18. Sawdust
fine , medium and coarse grades
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T a b l e  C . 2

P r o p e r t i e s  of  A bsorben ts  a s  Given by S u p p l i e r s

Absorbent Composition Com bustib le C hem ica l ly
I n e r t

Absorbency 
by Weight 

For Oil For Water

Conwed n a tu r a l  f i b e r y e s ,  w i th  <4% 
r e s i d u a l  ash

yes® 26 0 .0 2

Sawdust n a t u r a l  f i b e r y es yes® — —

F ib e r p e r l m ix tu re  o f  i n e r t  
p e r l i t e  and 
c e l l u l o s e  f i b e r

— yes® 4-7 Nil

3M "Oil S o rb e n t" p o ly p ro p y le n e  
s y n t h e t i c  f i b e r

yes yes 13-25 Nil

3M "LSM" s y n t h e t i c  f i b e r yes yes 12 10

Celatcni MP-78 amorphous s i l i c a no yes 1.02 —

S u p e r -F in e  
F lo o r-D ry  85

g r a n u la r  d i a t o m i t e  
m a t e r i a l ^

no yes 1 .0 2 —

P e r l i t e e a r t h  m in e ra l^ no yes — —

Anx)rphous
S i l i c a t e

s i l i c a t e no yes 10 10

S a f e - t - S o r b al u m i n o s i l i c a t e s no yes 0 .7 5 0 .8 0

C lean-D ri al u m i n o s i l i c a t e s no yes 1.0 1.20

S uper-Sorb al umi n o s i l  i c a t e s  
and s i l i c a

no y es 1.25 1.35

V e r m ic u l i t e mica
(MgCa)o v(MgFe3Al)6 
(AT 5 1 ) 8 6 2 0 (0 8 )4 8 8 3 0

no yes — —

Oil Dry c la y no yes 0 . 7 - 0 . 8 - - -

Sp eed i-D ri m ineral no yes — —

F lo rc o  X c la y no yes 1.0 1 .2 0 -1 .2 5

Hi-Dri c l a y no y es 1.0 1.55

D r i - Z i t c l a y no yes 0 .9 0 1 .45

Z ip-Zorb c l a y no y es 0 .8 5 1.35

I n s t a n t - D r i c l a y no y es 1.20 1 .45

‘ S trong  a t l d  and ba se  a t t a c k  n a tu r a l  f i b e r s ,  b u t  th e y  
^M ix tu re  o f  s i l i c a t e s .

a r e  e s s e n t i a l l y  i n e r t  t o  O.IM s o l u t io n s .
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A r e p r e s e n t a t i v e  o f  ea ch  o f  s i x  c l a s s e s  o f  commonly us ed  a b s o r b e n t s  was 
c h o s e n  f o r  a s e r i e s  o f  t e s t s .  A f t e r  r e v i e w i n g  ASTM and o t h e r  r e l a t e d  s t a n d a r d  
t e s t s ,  u n c o m p l i c a t e d  p r o c e d u r e s  w ere  d e v e l o p e d  f o r  c a r r y i n g  out  s p e c i f i c  t e s t s  
t o  d e t e r m i n e  a b s o r b e n c y  f o r  s i m u l a t e d  o i l  w a s t e  and f o r  w a t e r ,  under  s t a t i c  
and s i m u l a t e d  t r a n s p o r t a t i o n  ( r e p e t i t i v e  s h o c k )  c o n d i t i o n s .  The t e s t s  were  
t h e n  a p p l i e d  t o  t h e  s i x  r e p r e s e n t a t i v e  a b s o r b e n t s .  S o l i d i f i c a t i o n  t e s t s  were  
pe r f o rm e d  u s i n g  t h e s e  a b s o r b e n t s  s a t u r a t e d  w i t h  o i l  and l o a d e d  t o  50% o f  s a t u ­
r a t i o n .  The b i n d e r s  u s e d  were  P o r t l a n d  T c em e n t  and D e l a w a re  Custom M a t e r i a l  
(DCM) cem e nt  s h a l e  s i l i c a t e .  Samples  we re  c h e c k e d  f o r  p r o p e r  s e t ,  and t h e  
amounts  o f  f r e e  l i q u i d  w ere  m e a s u r e d .  A n o t h e r  s e r i e s  o f  t e s t s  was per formed  
on s a m p l e s  o f  s i m u l a t e d  o i l  w a s t e  w i t h o u t  a b s o r b e n t ,  u s i n g  P o r t l a n d  cement  and 
DCM cement  s h a l e  s i l i c a t e .  Sa mples  were  c h e c k e d  f o r  p r o p e r  s e t ,  f r e e  l i q u i d  
was m e a s u r e d ,  and c o m p r e s s i v e  s t r e n g t h s  w e r e  d e t e r m i n e d .  The s t a t e - o f - t h e - a r t  
p a r a m e t e r s  w ere  i d e n t i f i e d  which  s a t i s f y  NRC d i s p o s a l  c r i t e r i a  f o r  s o l i d i f i e d  
r a d i o a c t i v e  w a s t e .  The l i t e r a t u r e  was  r e v i e w e d  f o r  a l t e r n a t i v e  methods  o f  
managing  o i l  w a s t e s .  C o n c l u s i o n s  a r e  drawn on t h e  r e l a t i v e  u t i l i t y  o f  t h e  
v a r i o u s  m e t h o d s .
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